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PREFACE 

'The need f o r c o m f o r t i n p e r s o n a l p r o t e c t i v e d e v i c e s ( p p d ) ' , was t h e 

theme o f t h e r e s e a r c h s t u d y . The s t u d y was c a r r i e d o u t i n t h r e e 

p h a s e s . I n t h e 1 s t phase t h e p r o b l e m was v i e w e d g l o b a l l y and c o n s i s t e d 

o f t h e t h e o r e t i c a l p a r t o f t h e p r o j e c t . T h i s p a r t i n c l u d e d t h e 

r e v i e w i n g o r t h e d e s c r i p t i o n o f t h e ' s t a t e o f a r t ' o f t h e p r o b l e m . The 

2nd phase was t h e p r a c t i c a l o r e x p e r i m e n t a l p a r t . I n t h i s phase t h e 

p r o b l e m was v i e w e d i n a more s p e c i f i c sense i n v o l v i n g one t y p e o f ppd, 

v i z . s a f e t y h e l m e t , used i n a d e v e l o p i n g c o u n t r y , v i z . S r i Lanka (a 

t r o p i c a l c o u n t r y i n A s i a ) . T h i s case s t u d y i n S r i Lanka e n a b l e d t o 

make s p e c i f i c r e c o m m e n d a t i o n s f o r an ergonomic d e s i g n o f a s a f e t y 

h e l m e t f o r t h e t r o p i c s . I n t h e f i n a l phase, making use o f t h e 

i n f o r m a t i o n o b t a i n e d f r o m t h e ' s t a t e o f a r t ' and t h e f i n d i n g s o f t h e 

c a s e s t u d y , i t was a b l e t o draw more g e n e r a l c o n c l u s i o n s on e r g o n o m i c 

r e q u i r e m e n t s f o r ppd and s u g g e s t s t r a t e g i e s o f a c t i o n t o p r o v i d e such 

r e q u i r e m e n t s w h i c h can be made a p p l i c a b l e i n a l l c o u n t r i e s . 

John D.A.Abeysekera 

A p r i l 1989, Luleå, Sweden 
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1. INTRODUCTION 

The p r e v a i l i n g o c c u p a t i o n a l a c c i d e n t s (and d i s e a s e s ) i n D e v e l o p i n g 

C o u n t r i e s (DC) have been i d e n t i f i e d as a p r o b l e m a r e a r e q u i r i n g u r g e n t 

a t t e n t i o n , ( A S E A N , 1 9 8 1 ) . A c c o r d i n g t o I n t e r n a t i o n a l Labour O f f i c e ( I L O ) 

t h e r a t e o f f a t a l a c c i d e n t s has t r i p p l e d i n some DC and i s a b o u t f i v e 

t i m e s h i g h e r t h a n i n I n d u s t r i a l i z e d C o u n t r i e s ( I C ) , c a u s i n g an 

econo m i c l o s s as h i g h as 5% o f Gross N a t i o n a l P r o d u c t i n some 3 r d 

W o r l d c o u n t r i e s , ( X t h W o r l d C o n g r e s s, 1 9 8 3 ) . The m a g n i t u d e o f t h e 

l o s s e s and d i s a d v a n t a g e s due t o o c c u p a t i o n a l h a z a r d s such as work 

d e l a y s , d r o p i n e f f i c i e n c y , p r o d u c t i o n d e f i c i e n c y and damage t o t h e 

w o r k e r m o r a l e and w e l l b e i n g a r e t o o much t o be bo r n e by DCs where 

a l m o s t t h r e e - q u a r t e r ( 3 / 4 ) o f t h e w o r l d s p o p u l a t i o n l i v e and work. 

T h e r e a r e many c l a s s i c a l methods o f c o n t r o l o f o c c u p a t i o n a l h a z a r d s , 

v i z . p r e v e n t , r e d u c e o r c o n t a i n t h e h a z a r d o r p r o t e c t p e r s o n a l l y t h e 

i n d i v i d u a l a t r i s k . The b e s t way i s o f c o u r s e t o be away f r o m 

h a z a r d o u s p r o c e s s e s . U s i n g a l t e r n a t i v e m a t e r i a l t h a t i s n o t h a z a r dous 

o r l e s s h a z a r d o u s i s a n o t h e r way o f p r e v e n t i o n . The h a z a r d o u s m a t e r i a l 

c o u l d be e i t h e r removed o r r e d u c e d by u s i n g e n g i n e e r i n g d e v i c e s , e.g. 

e x h a u s t v e n t i l a t i o n . The e n g i n e e r i n g methods c o u l d be a l s o used t o 

c o n t a i n t h e h a z a r d , e.g. s a f e t y g u a r d s , f e n c e s o r e n c l o s u r e s . 

H a z a r d o u s o p e r a t i o n s can be s h i f t e d t o l o c a t i o n s where no p e r s o n o r 

l e a s t number o f p e r s o n s work. When a l l o t h e r p a t h s o f c o n t r o l l i n g 

o c c u p a t i o n a l h a z a r d s have been t a k e n , a t t e m p t e d o r c o n s i d e r e d b u t 

r e j e c t e d , t h e p e r s o n a l p r o t e c t i v e wear (ppw) has been recommended as 

t h e l a s t l i n e o f d e f e n c e , ( R i d d e l l , 1 9 7 7 ) . T h i s i s p a r t i c u l a r l y so 

beca u s e o f t h e i n h e r e n t l i m i t a t i o n s i n t h e c o n t r o l o r p r e v e n t i o n o f 

h a z a r d s u s i n g ppw, such as e f f i c i e n c y , p e r i o d o f use, d i s c o m f o r t i n 

u s e , m a i n t a i n a b i l i t y , a v a i l a b i l i t y , i n t e r f e r e n c e s t o work i n use, e t c . 

However ppw becomes an i n e v i t a b l e method o f d e f e n c e i n e m e r g e n c i e s , 

e.g. f i r e f i g h t i n g , o r s h o r t t e r m means o f p r o t e c t i o n when no o t h e r 

method o f c o n t r o l i s p o s s i b l e . A t t i m e s , i t may be u s e f u l as an 

a d j u n c t t o e x h a u s t v e n t i l a t i o n o r o t h e r c o n t r o l measures i n t o x i c 

a t m o s p h e r e s (Sax, 1 9 7 9 ) . But i n DC t h e use o f ppw i s a d o p t e d by some 

e m p l o y e r s as a f i r s t l i n e o f d e f e n c e a g a i n s t o c c u p a t i o n a l h a z a r d s due 
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t o t h e f o l l o w i n g r e a s o n s . 

( a ) I t seems c h e a p e r t h a n o t h e r e n g i n e e r i n g c o n t r o l methods. 

( b ) I t i s e a s i e r t o p r o v i d e . 

( c ) I t i s a s h o r t c u t t o escape t h e l e g a l r e q u i r e m e n t o f p r o v i d i n g 

s a f e w o r k i n g c o n d i t i o n s . 

I n d u s t r i a l i z e d c o u n t r i e s h a v i n g t h e a d v a n t a g e s o f modern t e c h n o l o g y 

and r e s e a r c h p o t e n t i a l , t o g e t h e r w i t h t h e s t i p u l a t i o n s by t h e 

r e s p e c t i v e c o u n t r i e s p e r t a i n i n g t o S t a n d a r d s and l e g a l r e q u i r e m e n t s , 

have been t h e l e a d i n g m a n u f a c t u r e r s o f a p p r o v e d ppw. DC t o a l a r g e 

e x t e n t depend f o r t h e s u p p l y o f ppw f r o m IC due t o m a i n l y t h e g r o s s 

s h o r t a g e o f m a n u f a c t u r e r s o f s u i t a b l e and a p p r o v e d ppw l o c a l l y . L a r g e 

c o n s i g n m e n t s o f ppw a r e a l s o t a k e n t o DC un d e r d e v e l o p m e n t a s s i s t a n c e 

programmes o r by c o n t r a c t i n g e n g i n e e r i n g c o m p a n i e s , { S k a n s k a , 1 9 8 6 ) . 

I n d u s t r i a l i z e d c o u n t r i e s c o n t a i n o n l y 23% o f t h e w o r l d s p o p u l a t i o n , 

y e t t h e y c o n t r o l 8 0% o f t h e w o r l d s goods, ( S a n c t o n , 1 9 8 9 ) . W i t h t h e 

w i d e v a r i e t y i n t h e a n t h r o p o l o g i c a l , s o c i a l , c u l t u r a l , e c onomic, 

e n v i r o n m e n t a l , and t e c h n o l o g i c a l f a c t o r s o f t h e u s e r s between IC and 

DC, t h e q u e s t i o n a r i s e s w h e t h e r t h e a r t i c l e s d e s i g n e d i n IC w o u l d be 

s u i t a b l e and a c c e p t a b l e t o t h e p e o p l e and e n v i r o n m e n t s o f DC. 

T e c h n o l o g y t r a n s f e r r e d w i t h o u t c o n s i d e r i n g t h e above m e n t i o n e d 

d i f f e r e n c e s have been shown t o be h a z a r d o u s , h a r m f u l and u n s u c c e s s f u l , 

( I ) . One main d i f f e r e n c e i s t h e body s i z e s o f p e o p l e i n IC and DC 

( A b e y s e k e r a , 1 9 8 5 . , Kennedy,1975., D a v i e s . , 1 9 8 0 . , Shahnavaz,1977.,). 

G e n e t i c , ( R o b e r t s , 1 9 7 5 ) , c l i m a t i c ( F r o m e n t , 1 9 8 4 ) , and a c t i v i t y 

( H i e r n a u x , 1 9 8 0 ) , a r e some causes o f d i f f e r e n c e s i n body s i z e s . A n o t h e r 

d i f f e r e n c e i s t h e c l i m a t i c c o n d i t i o n s v i z . c o l d and d r y c l i m a t e i n 

most IC and h o t and humid c l i m a t e i n most DC. The p r o b l e m s c o n f r o n t e d 

by t h e u s e r s o f i m p o r t e d goods ( f r o m IC) i n DC a r e t h e r e f o r e s a i d t o 

be o f an er g o n o m i c n a t u r e . 

E r g o n o m i c s i s r e g a r d e d as b o t h a s c i e n c e and a t e c h n o l o g y . E rgonomics 

i s a s t u d y ( s c i e n c e ) o f mans b e h a v i o u r i n r e l a t i o n t o h i s w o r k , 

( G r a n d j e a n , 1 9 8 6 ) . E rgonomics i s a l s o t h e a p p l i c a t i o n (hence a 

t e c h n o l o g y ) o f s c i e n t i f i c i n f o r m a t i o n a b o u t human b e i n g s (and 

s c i e n t i f i c methods o f a c q u i r i n g such i n f o r m a t i o n ) t o t h e p r o b l e m s o f 

d e s i g n , ( P h e a s a n t , 1 9 8 6 ) . Ergonomics w h i c h had i t s o r i g i n i n t h e 

W e s t e r n ( d e v e l o p e d ) w o r l d i s now an e m e r g i n g c o n c e p t i n i n d u s t r i a l l y 

d e v e l o p i n g c o u n t r i e s . I n a r e c e n t i n v e s t i g a t i o n i t has been r e v e a l e d 
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t h a t 5 2 % o f a l l o c c u p a t i o n a l i n j u r i e s and d i s e a s e s were due t o 

e r g o n o m i c i n a d e q u a c i e s , ( M e s h k a t i , 1 9 8 7 ) . T h e r e f o r e c o n s i d e r a t i o n o f 

e r g o n o m i c s i n w ork p l a c e and p r o d u c t d e s i g n r e q u i r e s v e r y h i g h 

p r i o r i t y b o t h i n IC and DC. 

A d e s i g n e r o f an IC a f t e r c o n s i d e r i n g t h e e r g o n o m i c s a s p e c t s o f t h e 

t a r g e t p o p u l a t i o n assumes a c o g n i t i v e model o f t h e u s e r s c a p a c i t y . The 

e r g o n o m i c s a s p e c t s t h a t a r e c o n s i d e r e d w h i c h can be c a t e g o r i z e d u n d e r 

3 m a i n f a c t o r s , c o n s i s t o f ( a ) a n t h r o p o l o g i c a l , s uch as p h y s i o l o g i c a l 

and e n v i r o n m e n t a l c h a r a c t e r i s t i c s , e t c . , ( b ) t e c h n o l o g i c a l , s uch as 

t y p e o f t e c h n o l o g y , i n f r a s t r u c t u r e , m a r k e t , m a i n t a i n a b i l i t y , e t c . , and 

( c ) s o c i o - e c o n o m i c , such as f i n a n c e , l a b o u r d i s t r i b u t i o n , c u l t u r a l and 

p o l i t i c a l v a l u e s , e t c . The a c t u a l a v e r a g e u s e r c a p a c i t y t o a l a r g e 

e x t e n t l i e s w i t h i n t h e d e s i g n e r ' s c o g n i t i v e model a s s u m p t i o n as t h e 

d e s i g n e r had a l r e a d y c o n s i d e r e d t h e e r g o n o m i c s a s p e c t s . W i t h i n i t s 

c o g n i t i v e model t h e d e s i g n e r f o r m u l a t e s t h e demand o f h i s p r o d u c t so 

t h a t t h e m a j o r i t y o f t h e u s e r p o p u l a t i o n (90 p e r c e n t ) c o u l d use h i s 

d e s i g n p r o d u c t s a f e l y and e f f i c i e n t l y . P r o d u c t s so made f o r o p e r a t i o n 

i n an IC when t r a n s f e r r e d i n t o a d i f f e r e n t e n v i r o n m e n t t o be used by a 

d i f f e r e n t p o p u l a t i o n (unknown t o t h e d e s i g n e r ) , e.g. i n D.C., i t i s 

r e a l i z e d t h a t t h e r e i s o n l y l i t t l e o v e r l a p p i n g between t h e a v e r a g e 

u s e r c a p a c i t y i n IC and t h e a v e r a g e o p e r a t o r s c a p a c i t y i n DC as shown 

i n F i g 1 , ( S h a h n a v a z , 1 9 8 5 ) . Though t h e u s e r c a p a c i t y i n DC i s n o t 

n e c e s s a r i l y l e s s t h a n i t s c o u n t e r p a r t s i n IC, d i s c r e p e n c i e s a r e seen 

i n t h e d i f f e r e n t d i m e n s i o n s o r f a c t o r s such as a n t h r o p o l o g i c a l , 

t e c h n o l o g i c a l , o r s o c i a l , t h a t a r e c o n s i d e r e d i n t h e f o r m u l a t i o n o f 

u s e r c a p a c i t y m o d e l s i n q u e s t i o n . 

The d e s i g n e r i n an IC hence d e s i g n s p r o d u c t s s u i t a b l e f o r a p o p u l a t i o n 

he knows i n a g i v e n known e n v i r o n m e n t . T h e r e f o r e t h e a r t i c l e s need 

s u i t a b l e m o d i f i c a t i o n t o t h e c h a n g i n g s i t u a t i o n i n DC. I f t h e 

d i f f e r e n c e s a r e n e g l e c t e d , i t means i m p o r t i n g a l i e n m o dels and t r y i n g 

t o f i t t h e p o p u l a t i o n i n t o t h e m , ( S h a h n a v a z , 1 9 7 7 ) . F o r c i n g t o use a 

m a c h i n e o r an a r t i c l e w h i c h i s d e s i g n e d d i s r e g a r d i n g t h e d e s i g n 

p a r a m e t e r s o f t h e u s e r s , w o u l d n o t o n l y cause i n c o n v e n i e n c e b u t 

becomes an u n n a t u r a l mode o f i n t e r a c t i o n , w h i c h i s a p r i m a r y cause o f 

human e r r o r , (Norman, 1 9 8 0 ) . 

T h e r e f o r e c o n s i d e r a b l e i n c o n v e n i e n c e and f a t i g u e can be c aused by t h e 

w e a r e r s o f i n a p p r o p r i a t e ppw i n DC due t o t h e h o t and humid 

e n v i r o n m e n t s and t h e i l l f i t t i n g e q u i p m e n t . The u n f i t t i n g ppw can a l s o 



4 

c a u s e p r o b l e m s l i k e r e s t r i c t i o n Tn movements and o b s t r u c t i o n i n t h e 

use o f s e n s e s r e s u l t i n g i n a d r o p i n e f f i c i e n c y , l o w c a p a c i t y and 

p r o d u c t i v i t y , (Kamin and S c a l o n e , 1 9 7 4 . , W o r k i n g E n v i r o n m e n t , 1 9 8 2 ) . 

F i g . 1 D e s i g n e r s C o g n i t i v e Model o f User's C a p a c i t y and Models o f 

User C a p a c i t i e s i n IC and DC, s h o w i n g l i t t l e o v e r l a p p i n g , 

( A f t e r Shahnavaz, 1 9 8 5 ) . 

M a n u f a c t u r i n g and s a l e o f ppw a r e i n f l u e n c e d by S t a n d a r d s ( S I S . 

B S I . A N S I . I S O . e t c ) . L i c e n c e f o r c e r t i f i c a t i o n o f c o n f o r m i t y w i t h 

S w e d i s h ( S I S ) o r D a n i s h (DS) S t a n d a r d s g i v e s t h e m a n u f a c t u r e r 

p e r m i s s i o n t o mark i n d u s t r i a l s a f e t y h e l m e t s w i t h t h e mark o f 

c o n f o r m i t y o f t h e N o r d i c c o u n t r i e s and i s s u e d by t h e r e s p e c t i v e 

s t a n d a r d i z a t i o n o r g a n i z a t i o n o f t h e s e c o u n t r i e s . C e r t i f i c a t e s o f 

DS, 
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a p p r o v a l ( l i k e i n UK) a c c o r d i n g t o R e g u l a t i o n s u n d e r O c c u p a t i o n a l 

H e a l t h and S a f e t y (e.g.H & S a t Work A c t , U.K.), a r e r e q u i r e d i n 

v a r i o u s c o u n t r i e s . 

I n B r i t a i n , 9 5% o f t h e S t a n d a r d s a r e p e r t a i n i n g t o p r o t e c t i v e 

e f f i c i e n c y o r p e r f o r m a n c e . I t i s seldom t h a t S t a n d a r d s a r e a p p r o v e d 

f o r human f a c t o r r e q u i r e m e n t s v i z . c o m f o r t , f i t o r w e a r a b i l i t y needs. 

B u t t h e r e a r e r a r e i n s t a n c e s where some human f a c t o r needs a r e 

i n c o r p o r a t e d i n t o some p r o t e c t i v e S t a n d a r d s , e.g. maximum b r e a t h i n g 

r e s i s t a n c e i n r e s p i r a t o r s (BS2091,BS4275). B ut t h e q u e s t i o n a r i s e s 

w h e t h e r t h e s e human f a c t o r o r e r g o n o m i c s S t a n d a r d s a r e r e a l l y 

n e c e s s a r y , w h i c h w i l l depend how i m p o r t a n t w o u l d t h i s be f o r an 

e f f e c t i v e ppw programme. I n r e s p e c t t o IC t h e s e r e q u i r e m e n t s a r e 

s o m e t i m e s c o n s i d e r e d by t h e d e s i g n e r s u s i n g common sense e.g. use o f 

e f f e c t i v e i n s u l a t i o n m a t e r i a l i n h e l m e t and s a f e t y c l o t h i n g 

m a n u f a c t u r e f o r use i n c o l d c l i m a t e s o r c o n s i d e r a t i o n o f t h e 

d i m e n s i o n s o f u s e r p o p u l a t i o n i n s i z i n g o f ppw. 

The use o f ppw i s more common i n IC. I t i s r e p o r t e d t h a t seven o u t o f 

t e n Swedes p u t on o v e r a l l s , b i b o v e r a l l s , p r o t e c t i v e smocks, o r 

u n i f o r m s a t work ( W o r k i n g E n v i r o n m e n t , 1 9 8 2 ) . D i s s a t i s f a c t i o n w i t h 

p r o t e c t i v e wear i s a l s o common i n IC. Common c o m p l a i n t s a r e t h a t 

s a f e t y c l o t h i n g i s t o o t i g h t , g e t c a u g h t i n f u r n i t u r e o r m a c h i n e s , t o o 

i m p e r v i o u s and " s w e a t y " , o r a d o w n r i g h t n u i s a n c e on t h e j o b and may 

e v e n l e a d t o a c c i d e n t s ( W o r k i n g E n v i r o n m e n t , 1 9 8 2 ) . 

L i t e r a t u r e r e v e a l s t h a t human s c i e n t i s t s have been a c t i v e i n t h e f i e l d 

o f ppw. The f a c t t h a t t h e r e had been a c o n t i n o u s i n t e r e s t i n t h i s 

f i e l d b u t s t i l l t h a t no a d e q u a t e laws o r S t a n d a r d s e x i s t o r a r e 

e n f o r c e d , c a l l s f o r a s y s t e m a t i c e v a l u a t i o n o f t h e need f o r human 

f a c t o r r e q u i r e m e n t s i n ppw and f i n d i n g a p p r o p r i a t e d e f i n i t i o n s f o r 

human f a c t o r s needs i n ppw. 

I t i s a l s o n o t e d t h a t e r g o n o m i c s t u d i e s c o n d u c t e d on ppw, such as 

c o m f o r t i n t h e use o f ppw ( e i t h e r t o r e t a i n h e a t i n w i n t e r o r 

d i s s i p a t e h e a t i n summer), c o r r e c t s i z i n g o f ppw a c c o r d i n g t o 

a n t h r o p o m e t r i c measurements o f t h e p o p u l a t i o n , e t c . , have been more 

r e l e v a n t t o c o n d i t i o n s p r e v a i l i n g i n IC. Such s t u d i e s have been 

a l m o s t n o n - e x i s t e n t i n r e s p e c t o f DC. The need i s now b a d l y f e l t i n 

DC whe r e t h e s e p r o b l e m s seem a c u t e , ( S e n , 1 9 8 4 ) . 
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I n i m p l e m e n t i n g an e f f e c t i v e ppw programme as a method t o p r e v e n t 

a c c i d e n t s and o c c u p a t i o n a l d i s e a s e s a t w o r k , DCs a r e c o n f r o n t e d w i t h a 

number o f o t h e r d i f f i c u l t i e s , v i z . h i g h c o s t o f i m p o r t e d w e a r s , l a c k 

o f S t a n d a r d s , l a c k o f l a w s , l a c k o f r e s e a r c h f a c i l i t i e s , l a c k o f 

s p a r e s and a c c e s s o r i e s , s h o r t a g e s , poor m a i n t e n a n c e f a c i l i t i e s , l a c k 

o f t r a i n e d p e r s o n n e l , p r o b l e m s o f u n d e r s t a n d i n g t h e l a n g u a g e o f 

i n s t r u c t i o n s , d i f f e r e n c e s i n i n t e r p r e t a t i o n o f t e r m i n o l o g y and l a c k o f 

aw a r e n e s s and e d u c a t i o n i n o c c u p a t i o n a l h e a l t h and s a f e t y . 

Summary 

The n a t i o n a l and c u l t u r a l v a r i a b l e s between n a t i o n s v i z . 

e n v i r o n m e n t a l , body s i z e s , l a n g u a g e s , c u s t o m s , w o r k i n g methods and 

p r a c t i c e s , have been r e s p o n s i b l e i n many d e s i g n p r o b l e m s i n v o l v e d i n 

a d a p t i n g e q u i p m e n t t o non-Western s o c i e t i e s , ( S i n g l e t o n , 1 9 6 7 ) . The 

need f o r human f a c t o r s i n ppw, has been r e c o g n i s e d as i m p o r t a n t b o t h 

by human and o t h e r s c i e n t i s t s , ( S h e p h a r d , 1 9 6 1 , C h a t t e r j e e , 1 9 6 9 , 

S t o k e s , 1 9 7 2 , C r o c k f o r d , 1979, P r o c t o r , 1 9 8 2 , Sen,1984, Holmer.1986) and 

w o r l d o r g a n i s a t i o n s c o n c e r n e d w i t h h e a l t h and s a f e t y , ( I L O , 1 9 8 1 ) . The 

need a p p e a r s more p r o n o u n c e d i n case o f DC who depend on IC f o r most 

i n d u s t r i a l g o o ds. B u t t h e l i t e r a t u r e i s s c a r c e i n t h i s a r e a . 

The w o r l d i s b e g i n i n g t o r e c o g n i s e e r g o n o m i c s as an i n t e g r a l p a r t o f 

t e c h n o l o g i c a l d e v e l o p m e n t . Ppw t h o u g h a r e s m a l l a r t i c l e s become a p a r t 

o f mans a t t i r e and work c l o t h e s and t h e r e f o r e e r g o n o m i c s o f ppw s h o u l d 

be g i v e n h i g h p r i o r i t y and i s o f paramount i m p o r t a n c e f o r t h e i r (ppw) 

e f f e c t i v e use i n b o t h IC and DC. 

I f ppw a r e p r e s e n t e d t o t h e employee w i t h o u t any r e g a r d t o a c c e p t a n c y 

f a c t o r s , i t w i l l r e s u l t i n t h e i r non-use. T h i s w i l l l e a v e t h e employee 

e x p o s e d t o t h e h a z a r d and t h e wh o l e e x e r c i s e o f b u y i n g and p r o v i d i n g 

ppw w o u l d be a s h e e r w a s t e o f money. 

Aims of the Study 

The aims o f t h i s s t u d y o f er g o n o m i c s a s p e c t s o f ppw can be summarised 

as f o l l o w s . 

a. To g e n e r a t e t h e er g o n m i c c r i t e r i a and t o d e f i n e t h e e r g o n o m i c s 

f a c t o r s i n ppw f o r a p p l i c a t i o n i n b o t h IC and DC. 
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b. To i n v e s t i g a t e t h e s t a t e o f a r t r e g a r d i n g t h e c o n c e p t s and 

d e f i n i t i o n s o f ppw i n b o t h IC and DC, a t d i f f e r e n t s e c t i o n s o f t h e 

m a r k e t , ( i . e . m a n u f a c t u r e r s and d e a l e r s i n IC) g o v e r n m e n t c o n t r o l 

o r g a n i z a t i o n s , b u y e r s and u s e r s i n DC. 

c. To d e t e r m i n e t h e demands p l a c e d on such wear i n e n v i r o n m e n t s 

p r e v a i l i n g i n DC and how t o meet t h e s e demands c o n s i d e r i n g t h e 

f a c t o r s t h a t a f f e c t t h e m a n u f a c t u r e r s such as c o s t s , demand i n DC, 

p r i n c i p l e s g u i d i n g d e v e l o p m e n t , f a c i l i t i e s and f e a s i b i l i t y o f 

e r g o n o m i c s d e s i g n s . 

d. To a s c e r t a i n t o w h a t e x t e n t t h e s e p r o b l e m s a f f e c t ppw u s e r s i n DC. 

e. To d e v e l o p g e n e r a l t e c h n i q u e s t o h a n d l e e r g o n o m i c s p r o b l e m s i n t h e 

use o f ppw and s u c c e s s f u l l y i m p l e m e n t ppw programmes i n DC. 
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2. METHODS AND MATERIALS 

The m a j o r p a r t o f t h i s r e s e a r c h s t u d y was c a r r i e d o u t a t t h e 

D e p a r t m e n t o f Human Work S c i e n c e s , Luleå U n i v e r s i t y , Sweden between 

1984 and 1988. Most o f t h e d a t a f o r t h e s t u d y on r e s p i r a t o r s (V) were 

c o l l e c t e d by t h e a u t h o r a t t h e D e p a r t m e n t o f Human S c i e n c e s , 

U n i v e r s i t y o f T e c h n o l o g y , L o u g h b o r o u g h , UK, d u r i n g 1978 & 79. The d a t a 

on body s i z e s o f S r i Länkans ( I V ) and t h e a n t h r o p o m e t r i c d i m e n s i o n s o f 

t h e head ( V I I ) were o b t a i n e d f r o m a n a t i o n a l a n t h r o p o m e t r i c s u r v e y and 

a head d i m e n s i o n s s u r v e y r e s p e c t i v e l y c o n d u c t e d i n S r i Lanka by t h e 

a u t h o r b e t w e e n 1981 and '83. The h e a t t r a n s f e r measurements t h r o u g h 

h e l m e t s ( V I I I ) , w e re c a r r i e d o u t m a k i n g use o f f a c i l i t i e s i n t h e 

C l i m a t i c P h y s i o l o g y U n i t , N a t i o n a l I n s t i t u t e o f O c c u p a t i o n a l H e a l t h 

and S a f e t y , S o l n a , Sweden, d u r i n g 1987. 

2.1 Study Plan 

The o v e r a l l t a r g e t was t o make a compromise between t h e p r o d u c e r and 

u s e r o f a p r o d u c t so t h a t t h e p r o d u c t has a good demand and a m a r k e t , 

be w i t h i n t h e economic c a p a c i t y o f t h e b u y e r , a c c e p t a b l e t o t h e u s e r 

and can be e f f e c t i v e l y and s u c c e s s f u l l y u s e d , s e r v i n g t h e p u r p o s e s o f 

t h e p r o d u c e r , b u y e r and t h e u s e r . I n o r d e r t o a c h i e v e t h i s o b j e c t i v e 

t h e w o r k p l a n was d i v i d e d i n t o t h r e e phases. The f i r s t phase was a 

c o m p r e h e n s i v e t h e o r e t i c a l s t u d y w h i c h i n c l u d e d a l i t e r a t u r e r e v i e w on 

e r g o n o m i c s o f p e r s o n a l p r o t e c t i v e d e v i c e s ( p p d ) , c r i t i c a l r e v i e w s and 

q u e s t i o n n a i r e s u r v e y s . The second phase was t h e e x p e r i m e n t a l o r t h e 

p r a c t i c a l p a r t o f t h e p r o j e c t w h i c h i n c l u d e d a case s t u d y c o n d u c t e d i n 

a t r o p i c a l DC, v i z . S r i Lanka. The t h i r d phase i n c l u d e d t w o r e v i e w s 

w h i c h c o m b i n e d t h e s t u d i e s c o n d u c t e d u n d e r phase 1 and 2. A 

t h e o r e t i c a l model o f t h e r e s e a r c h methods p l a n i s shown i n F i g . 2 

w h i c h was u s e d i n phase 1 and 2 w i t h some m o d i f i c a t i o n s as t h e s t u d y 

p r o g r e s s e d . 
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2.2 The Theoretical Investigations 

T h i s p a r t o f t h e s t u d y p r o v i d e d v a l u a b l e b a s i c i n f o r m a t i o n and was 

i n t e n d e d t o a c h i e v e most o f t h e o b j e c t i v e s t h a t were i n i t i a l l y 

p l a n n e d . Much e m p h a s i s was l a i d on t h i s p a r t , as an e x h a u s t i v e 

d e s c r i p t i o n o f t h e p r o b l e m a r e a was needed p r i o r t o any p r a c t i c a l 

a p p l i c a t i o n s . From t h e v a s t amount o f i n f o r m a t i o n w h i c h s u r f a c e d f r o m 

t h i s p a r t o f t h e s t u d y , i t s i m p o r t a n c e was o b v i o u s . T h e r e v i e w s and 

s u r v e y s c o n d u c t e d u n d e r t h i s phase were as f o l l o w s . 

2.2.1 Literature Review on Human Factors of Ppd 

The l i t e r a t u r e on human f a c t o r s o f ppd was r e v i e w e d m a k i n g u s e o f t h e 

k n o w l e d g e o f t h e v a r i o u s d i s c i p l i n e s i n v o l v e d i n an e r g o n o m i c 

e v a l u a t i o n . Emphasis was l a i d on t h e p r o b l e m a r e a s t h a t w ere s p e c i f i c 

and a p p l i c a b l e i n DC. The l i t e r a t u r e s e a r c h c o v e r e d t h e f o l l o w i n g 

l i b r a r i e s , i n f o r m a t i o n c e n t r e s and o r g a n i z a t i o n s . 

i . E r g o n o m i c I n f o r m a t i o n A n a l y s i s C e n t r e ( E I A C ) , D e p a r t m e n t o f 

E n g i n e e r i n g P r o d u c t i o n , U n i v e r s i t y o f B i r m i n g h a m , UK. The 

b i b l i o g r a p h i e s i n c l u d e d t h e e r g o n o m i c a s p e c t s o f p r o t e c t i v e head g e a r 

and c l o t h i n g , m a t e r i a l s used f o r ppd, v i s u a l p r o t e c t i v e w ear, t h e r m a l 

p r o t e c t i o n , r e s p i r a t o r y and e a r p r o t e c t i o n , hand, f o o t and body g e a r 

and c l o t h i n g e n s e m b l e s . 

i i . R e s e a r c h I n s t i t u t i o n s and O r g a n i z a t i o n s i n O c c u p a t i o n a l H e a l t h , 

S a f e t y and E r g o n o m i c s i n DC. 

i i i . I n t e r n a t i o n a l O c c u p a t i o n a l S a f e t y and H e a l t h I n f o r m a t i o n C e n t r e , 

( C I S ) , ßureau du T r a v a i l , Geneve, S w i t z e r l a n d - a w e l l known and 

c o m p r e h e n s i v e d a t a bank i n o c c u p a t i o n a l h e a l t h a s p e c t s . 

i v . M a i n l i b r a r y o f t h e Luleå U n i v e r s i t y , Sweden. 

v. S e v e r a l d a t a banks i n c l u d i n g PRODIS ( A r b e i t s w i s s e n - S c h a f t l i c h e , 

D a t e n b a n k i n Germany). 

v i . R e s e a r c h i n s t i t u t i o n s and Government o r g a n i z a t i o n s w o r k i n g on 

o c c u p a t i o n a l h e a l t h , s a f e t y and e r g o n o m i c s i n 30 DC were c o m m u n i c a t e d 

by p o s t f o r i n f o r m a t i o n and l i t e r a t u r e on work a l r e a d y c o m p l e t e d by 

them o r w o r k i n p r o g r e s s w i t h r e s p e c t t o e r g o n o m i c s o f ppd. 
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2.2.2 'State of Art" C r i t i c a l Reviews 

2.2.2.1 Ergonomics of Technology Transfer ( I ) 

The p u r p o s e o f t h i s r e v i e w was t o u n d e r s t a n d t h e t h e o r y and 

i n t r i c a c i e s b e h i n d t e c h n o l o g y t r a n s f e r p r o b l e m s i n DC w h i c h f o r m e d t h e 

b a s i c c o r e o f t h e c u r r e n t s t u d y . The s o u r c e s o f knowledge and 

i n f o r m a t i o n f o r t h i s c r i t i c a l r e v i e w were: 

( a ) A d o c t o r a l c o u r s e on human f a c t o r s o f t e c h n o l o g y t r a n s f e r 

c o n d u c t e d a t t h i s D e p a r t m e n t , Luleå U n i v e r s i t y i n 1986 i n t h e company 

o f emminent s c h o l a r s on t e c h n o l o g y t r a n s f e r , v i z . P r o f e s s o r s G.McRobie 

(UK) and E.Braun ( A u s t r i a ) . 

( b ) L i t e r a t u r e r e v i e w on t h i s t o p i c . 

( c ) P e r s o n a l e x p e r i e n c e s o f t h e a u t h o r i n e r g o n o m i c s , b o t h i n IC (6 

y e a r s ) and DC (10 y e a r s ) . 

2.2.2.2 Body Size V a r i a b i l i t y ( I I ) 

Though i t was known t h a t p e o p l e a r o u n d t h e w o r l d v a r i e d i n body s i z e , 

t h e i m p a c t i t made on p r o d u c t s d e s i g n e d by IC f o r use i n DC was vague. 

The bad o r l o o s e f i t o f i m p o r t e d ppd when used i n DC was a m a j o r 

p r o b l e m as r e v e a l e d i n l i t e r a t u r e . A n t h r o p o m e t r i c d a t a o f DC were n o t 

r e a d i l y a v a i l a b l e and v e r y l i t t l e d a t a were p u b l i s h e d . A n t h r o p o m e t r i c 

d a t a f r o m IC as w e l l as DC were c o l l e c t e d u s i n g t h e f o l l o w i n g s o u r c e s . 

T h i s d a t a were l a t e r compared and c r i t i c a l l y r e v i e w e d i n r e s p e c t t o 

p r o d u c t s a l r e a d y d e s i g n e d by IC f o r use i n DC. 

( a ) Review o f p u b l i s h e d d a t a w h i c h were m a i n l y f r o m IC. 

( b ) A m a i l q u e s t i o n n a i r e s e n t t o 35 go v e r n m e n t c o n t r o l l e d 

o r g a n i z a t i o n s i n DC r e s p o n s i b l e f o r o c c u p a t i o n a l h e a l t h and 

s a f e t y . 

( c ) A n t h r o p o m e t r i c s u r v e y s c o n d u c t e d i n S r i Lanka. 

2.2.3 Questionnaire Surveys (Appendices 1 and 2) 

The s p e c i f i c p a r t o f t h e s t u d y on e r g o n o m i c s o f ppd commenced a t t h i s 

s t a g e . To a r r i v e a t a compromise between t h e p r o d u c e r i n IC and u s e r 

i n DC, i n v e s t i g a t i o n s were c e n t e r e d a r o u n d c o l l e c t i n g i n f o r m a t i o n 

r e g a r d i n g , b e h a v i o u r , a t t i t u d e s , p o l i c i e s and demands o f m a n u f a c t u r e r s 
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i n IC and p r o b l e m s i n v o l v e d i n s u p p l y and u s e , c u s t o m s , needs, 

k n o w l e d g e and c a p a c i t i e s o f u s e r s i n OC. Two-hundred and f i f t y p o s t a l 

q u e s t i o n n a i r e s ( A p p . l ) were s e n t t o t h i r t e e n IC and s i x t y - n i n e p o s t a l 

q u e s t i o n n a i r e s (App.2) were s e n t t o h e a l t h and s a f e t y a u t h o r i t i e s (who 

r e s p o n d e d on b e h a l f o f t h e u s e r s o f ppd) i n t h i r t y - s i x DC. 

2.3 Experimental and Practical Investigations 

The t h e o r e t i c a l k n o w l e d g e g a i n e d f r o m t h e phase 1 o f t h e s t u d y was 

e x p e r i m e n t e d p r a c t i c a l l y t h r o u g h a case s t u d y u s i n g one t y p e o f ppd, 

v i z . i n d u s t r i a l s a f e t y h e l m e t , i n one DC, v i z . S r i Lanka. P r i o r t o t h e 

i n v e s t i g a t i o n s on t h e e r g o n o m i c s a s p e c t s o f i n d u s t r i a l s a f e t y h e l m e t s 

w h i c h i n c l u d e d t h e d e v e l o p m e n t and m o d i f i c a t i o n o f i m p o r t e d h e l m e t s t o 

m a t c h t h e human f a c t o r needs o f S r i Länkans, two o t h e r i n v e s t i g a t i o n s 

as f o l l o w s w e r e c a r r i e d o u t t o r e i n f o r c e i d e a s and p r o v i d e d a t a and 

o t h e r i n f o r m a t i o n f o r t h e h e l m e t s t u d y . 

2.3.1 Body Sizes of Sri Länkans (IV) 

A r e m a r k a b l e v a r i a b l e e v i d e n t i n t h e t h e o r e t i c a l i n v e s t i g a t i o n s 

b e t w e e n p e o p l e o f d e v e l o p e d and d e v e l o p i n g c o u n t r i e s was t h e body 

s i z e s and body p r o p o r t i o n s . M o r e o v e r t h e body s i z e d a t a were one o f 

t h e e s s e n t i a l r e q u i r e m e n t s i n t h e d e s i g n o f most p r o d u c t s i n c l u d i n g 

p p d. S r i Lanka w i t h a p o p u l a t i o n o f 16 m i l l i o n p e o p l e and 65,000 

s q u a r e k i l o m e t e r s i n a r e a i s a s m a l l i s l a n d and l a c k e d n a t i o n a l 

a n t h r o p o m e t r i c d a t a . Due t o i t s s m a l l s i z e a n a t i o n a l s u r v e y o f body 

s i z e s was f e a s i b l e and u s e f u l . N i n e t y - f i v e i m p o r t a n t body measurements 

needed f o r d e s i g n ( i n c l u d i n g ppd d e s i g n ) were c o l l e c t e d by a team o f 3 

e x p e r i m e n t e r s ( m e a s u r e r s ) on 724 s u b j e c t s ( 6 0 . 5 % m a l e s and 39.5% 

f e m a l e s ) f r o m 80 work e s t a b l i s h m e n t s c o v e r i n g a l l 24 d i s t r i c t s ( F i g . 1 

i n I V ) i n t h e c o u n t r y . 

2.3.2 Ergonomics of Respirators (V) 

F o u r d i f f e r e n t t y p e s o f c o m m e r c i a l l y a v a i l a b l e B r i t i s h r e s p i r a t o r s , 

( s i m p l e d u s t mask, h a l f - f a c e mask, f u l l - f a c e mask and a i r s t r e a m ) were 

e v a l u a t e d on 9 S r i Länkans l i v i n g i n B r i t a i n i n a s i m u l a t e d t r o p i c a l 

e n v i r o n m e n t , v i z . c l i m a t i c chamber. O b j e c t i v e t e s t s and s u b j e c t i v e 

a s s e s s m e n t s w e r e c a r r i e d o u t on d i s c o m f o r t and f a t i g u e e x p e r i e n c e d 

when t h e s u b j e c t s w o r k e d on a b i c y c l e e r g o m e t e r w e a r i n g t h e 

r e s p i r a t o r s . H e a r t r a t e s and s k i n t e m p e r a t u r e measurements were 
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r e c o r d e d d u r i n g t h e t e s t s . A n t h r o p o m e t r i c d i m e n s i o n s o f t h e head and 

f a c e o f S r i Länkans were measured u s i n g a s p e c i a l head m e a s u r i n g r i g , 

and t h e s e measurements were compared w i t h s i m i l a r measurements o f t h e 

B r i t i s h t o t e s t t h e f i t o f t h e B r i t i s h r e s p i r a t o r s on S r i Länkans. 

I n t e r f e r e n c e i n t h e use o f senses v i z . speech and h e a r i n g , and v i s i o n , 

when w e a r i n g t h e r e s p i r a t o r s , were e v a l u a t e d u s i n g speech 

i n t e l l i g i b i l i t y t e s t s and p e r i m e t r y , r e s p e c t i v e l y . 

2.3.3 Ergonomics of Safety Helmets (VI) 

W i t h t h e k n o w l e d g e o b t a i n e d f r o m t h e t h e o r e t i c a l s t u d y and t h e 

f i r s t p a r t o f t h e p r a c t i c a l i n v e s t i g a t i o n s , a Swedish h e l m e t ( w h i c h 

was a p o p u l a r l y i m p o r t e d h e l m e t i n S r i L a n k a ) , was m o d i f i e d t o f i t t h e 

e r g o n o m i c needs ( e . g . h o t c l i m a t e , " s m a l l s i z e s o f p e o p l e and heads, 

e t c ) o f t h e u s e r s , and e v a l u a t e d i n S r i Lanka. M o d i f i c a t i o n s were made 

t o i m p r o v e v e n t i l a t i o n ( p r o v i d i n g h o l e s ) and t o r e d u c e w e i g h t ( c u t t i n g 

o f f t h e sunshade and b r i m o f t h e h e l m e t s h e l l ) . P r i o r t o t e s t i n g t h e 

h e l m e t i n S r i Lanka a p i l o t t e s t was c o n d u c t e d i n Sweden u n d e r 

s i m u l a t e d t r o p i c a l c o n d i t i o n s , where 6 s u b j e c t s (3 f r o m IC and 3 f r o m 

DC) c a r r i e d o u t a work s c h e d u l e ( s t e p t e s t ) w e a r i n g t h e h e l m e t s . S i n c e 

w h i t e c o l o u r e d h e l m e t s gave some a d v a n t a g e s i n c o m f o r t , i n t h i s 

l a b o r a t o r y p i l o t t e s t , o n l y w h i t e m o d i f i e d h e l m e t s were used i n S r i 

Lanka t r i a l s . U n m o d i f i e d w h i t e h e l m e t s were used as c o n t r o l s . 48 

s u b j e c t s f r o m a l a r g e s h i p y a r d ( D o c k y a r d ) i n Colombo, S r i Lanka, wore 

t h e h e l m e t s f o r s h o r t p e r i o d s ( 1 t o 3 d a y s ) and l o n g p e r i o d s (one 

week) d u r i n g w h i c h t i m e s u b j e c t i v e e v a l u a t i o n s were made u s i n g 

i n t e r v i e w q u e s t i o n n a i r e s ( A p p e n d i x I i n V I ) , and c l i m a t e 

c o n d i t i o n s were r e c o r d e d d u r i n g t h e t r i a l p e r i o d . 

2.3.4 Headform for Sri Länkans (VII) 

W i t h t h e d i v e r s i t y o f head s i z e s and shapes i n t h e w o r l d and t h e need 

f o r p r o p e r f i t t i n g f o r b o t h c o m f o r t and s a f e t y i n h e l m e t s , t h e c o r r e c t 

s i z e s and shapes o f u s e r s a r e e s s e n t i a l r e q u i r e m e n t s f o r head g e a r 

d e s i g n . I n o r d e r t o o b t a i n t h e s e c r u c i a l head s i z e d a t a and head 

p r o f i l e s o f S r i Länkans, a s u r v e y o f head s i z e s was c a r r i e d o u t . Due 

t o t h e l a c k o f a d e q u a t e a n a t o m i c a l l a n d m a r k s f o r a s c e r t a i n i n g t h e 

shapes and p r o f i l e s o f t h e head, a p h o t o m e t r i c method was a d o p t e d . 

P h o t o g r a p h s o f f o u r v i e w s o f t h e head, v i z . f r o n t , b a c k , t o p and s i d e , 

w e r e t a k e n a t a f i x e d d i s t a n c e f r o m t h e camera on 41 shaven S r i Lankan 

heads s e l e c t e d a t random. 80 p h o t o m e t r i c measurements o b t a i n e d on each 
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s u b j e c t were used t o s c u l p t u r e a wooden h e a d f o r m f o r S r i Länkans. The 

method d e s c r i b e d i n d e t a i l i n V I I i s s i m p l e and cheap, and d i d n o t 

i n v o l v e t h e use o f s o p h i s t i c a t e d head m e a s u r i n g r i g s , o p t i c a l 

i n s t r u m e n t s o r c o m p u t e r s , and seems a f e a s i b l e and a r e l i a b l e method 

t o d e v e l o p h e a d f o r m s f o r p o p u l a t i o n s i n DC. 

2.3.5 Heat Transfer Through Helmets (V I I I ) 

H o t n e s s i n s i d e h e l m e t s i s a m a j o r cause o f d i s c o m f o r t i n t h e use o f 

s a f e t y h e l m e t s i n t r o p i c a l h o t e n v i r o n m e n t s , e.g. S r i Lanka. S i n c e t h e 

h e a t o f t h e head s u r f a c e and t h e m i c r o e n v i r o n m e n t w i t h i n t h e h e l m e t 

s h e l l a r e o f t e n g r e a t e r t h a n t h e s u r r o u n d i n g a i r , t h e t r a n s f e r o f h e a t 

has t o t a k e f r o m i n s i d e t o o u t s i d e t h e h e l m e t s h e l l . U s i n g d i f f e r e n t 

s h e l l m a t e r i a l and by making m o d i f i c a t i o n s on t h e s h e l l t h e h e a t 

t r a n s f e r c h a r a c t e r i s t i c s o f s e v e r a l h e l m e t s were t e s t e d . D i f f e r e n t 

h e l m e t s ( w i t h and w i t h o u t m o d i f i c a t i o n s ) h a v i n g d i f f e r e n t s u r f a c e 

c h a r a t e r i s t i c s , c o l o u r , s h e l l m a t e r i a l and v e n t i l a t i o n f a c i l i t i e s , 

( e . g . h o l e s ) were t e s t e d i n a c l i m a t i c chamber by p l a c i n g t h e h e l m e t s 

on a t h e r m a l mannequin head. I t was n e c e s s a r y t o t e s t w h i c h h e l m e t o r 

f a c t o r t h a t gave t h e optimum h e a t t r a n s f e r c h a r a c t e r i s t i c s . The 

manneq u i n was e l e c t r i c a l l y h e a t e d and e l e c t r o n i c a l l y c o n t r o l l e d ( b y a 

c o n t r o l u n i t ) t o m a i n t a i n a s u r f a c e ( s k i n ) t e m p e r a t u r e o f 34°C. The 

h e a t power needed t o c o n t r o l t h e s u r f a c e t e m p e r a t u r e was programmed i n 

a c o m p u t e r and r e c o r d e d f o r each h e l m e t . Out o f a 30 m i n u t e r e c o r d i n g s 

( o n e f o r e v e r y m i n u t e ) t h e l a s t 10 m i n u t e r e c o r d i n g s were used f o r 

e v a l u a t i o n . 

2.3.6 Adaptation to Safety Helmets (IX) 

U n a v o i d a b l e d i s c o m f o r t i n ppd has t o be t o l e r a t e d by t h e u s e r . I t i s 

known t h a t t h e p e r c e p t i o n o f d i s c o m f o r t can be r e d u c e d when one i s 

ex p o s e d t o a h o t c l i m a t e r e p e a t e d l y due t o a c c l i m a t i z a t i o n , o r 

when one wears t i g h t shoes r e p e a t e d l y due t o t h e b r e a k i n g i n f a c i l i t y 

i n s h o e s . T r i a l s w i t h s a f e t y h e l m e t s were c a r r i e d o u t t o a s c e r t a i n t h e 

d e g r e e and p e r i o d o f a d a p t a t i o n , i f any. Ten s u b j e c t s wore h e l m e t s 

( w h i c h were c o n s i d e r e d u n c o m f o r t a b l e f o r S r i Länkans) r e p e a t e d l y (6 

h o u r s a da y ) f o r a p e r i o d o f one month. S u b j e c t i v e e v a l u a t i o n s were 

made u s i n g an i n t e r v i e w q u e s t i o n n a i r e a t t h e end o f 1 s t , 3 r d , 5 t h , 

1 4 t h and 3 0 t h day. E v a l u a t i o n s i n c l u d e d d i s c o m f o r t c o m p l a i n t s , v i z . 

h o t n e s s , h e a v i n e s s , bad f i t , e t c . On t h e 5 t h , 1 4 t h and 3 0 t h days t h e 

s u b j e c t s were asked t o r e p o r t any improvements f e l t o r a d a p t a t i o n t o 
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d i s c o m f o r t . 

2.4 Reviews from the Theoretical and Practical Studies 

2.4.1 Human Factors i n Safety Helmets: The Past and The Present 

The human f a c t o r s o f s a f e t y h e l m e t s were r e v i e w e d i n t h e c o n t e x t o f 

p a s t l i t e r a t u r e and i t s p r e s e n t f o r m . The d e s c r i p t i o n o f t h e p r e s e n t 

d e v e l o p m e n t s c o n s i s t e d m a i n l y o f t h e f i n d i n g s f r o m t h e s t u d i e s c a r r i e d 

o u t u n d e r t h i s r e s e a r c h p r o j e c t . 

2.4.2 Need f o r Ergonomics Standards for Ppd (X) 

N e a r l y a l l t h e s t u d i e s c o n d u c t e d under t h i s r e s e a r c h programme were 

r e v i e w e d i n o r d e r t o a r r i v e a t some c o n c r e t e c o n c l u s i o n s . As a r e s u l t 

o f s u c h an a t t e m p t one o f t h e main r e c o m m e n d a t i o n s t h a t emerged was, 

t h e need f o r n a t i o n a l and i n t e r n a t i o n a l e r g o n o m i c s s t a n d a r d s f o r ppd, 

w h i c h has been d i s c u s s e d i n t h i s r e v i e w . 
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3. HUMAN FACTORS OF PERSONAL PROTECTIVE WEAR - A LITERATURE REVIEW  

3.1 E r g o n o m i c s 

E r g o n o m i c s as d e f i n e d i n t h e d i c t i o n a r y i s t h e s c i e n t i f i c s t u d y o f 

human b e i n g s i n r e l a t i o n t o t h e i r w o r k i n g e n v i r o n m e n t . The o b j e c t i v e s 

o f e r g o n o m i c s i s t o a c h i e v e an optimum man a t work s y s t e m , i n w h i c h a 

p r o p e r b a l a n c e can be m a i n t a i n e d between t h e w o r k e r and t h e w o r k i n g 

c o n d i t i o n s . 

Mans' i n t e r n a l r e s o u r c e s f o r work e.g. e n e r g y , r e a c h e t c . , can be 

a d a p t e d o n l y t o a c e r t a i n d e f i n e d l i m i t s , t o t h e c h a n g i n g s i t u a t i o n s 

a t w o r k . B u t t h e e x t e r n a l r e s o u r c e s f o r work e.g. m a c h i n e s , w o r k 

t o o l s , e n v i r o n m e n t e t c . , can be a d a p t e d t o a g r e a t e r e x t e n t t o t h e 

needs o f t h e man, f o r h i s e f f i c i e n t p e r f o r m a n c e and h i s g e n e r a l w e l l 

b e i n g a t w o r k . T h e r e f o r e a m u l t i - d i s c i p l i n a r y a p p r o a c h was f o u n d 

n e c e s s a r y t o a d a p t t h e s e e x t e r n a l r e s o u r c e s a t work i n o r d e r t o 

c i r c u m v e n t t h e p r o b l e m s c o n f r o n t e d by a w o r k e r . To u n d e r s t a n d t h e 

r e a c t i o n and b e h a v i o u r o f t h e w o r k e r more f u l l y , t h e d i s c i p l i n e s o f 

p h y s i o l o g y , anatomy and p s y c h o l o g y have been most h e l p f u l . The 

t e c h n o l o g y o r a p p l i c a t i o n s o f e r g o n o m i c s has t h e same r e l a t i o n s h i p t o 

t h e human b i o l o g i c a l s c i e n c e s v i z . a n a t o m y , p h y s i o l o g y and p s y c h o l o g y 

w h i c h t h e e n g i n e e r i n g t e c h n o l o g y has t o t h e n a t u r a l s c i e n c e s , v i z . 

p h y s i c s and c h e m i s t r y ( S i n g l e t o n , 1 9 6 7 ) . B u t t h e d i s c i p l i n e s t h a t 

encompass t h e s c i e n c e o f e r g o n o m i c s have gone beyond t h e b o u n d a r i e s o f 

anat o m y , p h y s i o l o g y and p s y c h o l o g y . More and more d i s c i p l i n e s a r e 

added e v e r y d a y . I t has been now r e a l i s e d t h a t a l l t h e s e d i s c i p l i n e s 

t h a t a r e i n v o l v e d i n e f f e c t i v e man-machine i n t e g r a t i o n have t o be 

s t u d i e d i n a s y s t e m when i n p u t s have t o be t r a n s f o r m e d t o o u t p u t s . 

From t h e o t h e r d i s c i p i n e s o f e r g o n o m i c s , e n g i n e e r i n g , d e s i g n i n g , 

management, f i n a n c e , l a w , m a i n t e n a n c e , c o n s u m p t i o n , i n s t a l l a t i o n , 

o p e r a t i o n and c o n t r o l , t r a i n i n g and s e l e c t i o n , o p e r a t i o n a l r e s e a r c h 

and w o r k s t u d y and management i n f o r m a t i o n , a r e c o n s i d e r e d t o be more 

i m p o r t a n t . 
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3.2 Personal Protective Wear 

I n o r d e r t o c r e a t e o p t i m u m c o n d i t i o n s a t w o r k , i t i s n e c e s s a r y t h a t 

a l l f a c t o r s c o n n e c t e d w i t h w o r k , v i z . m a c h i n e s , work t o o l s , 

e n v i r o n m e n t , work c l o t h e s , e t c . , must be d e s i g n e d a f t e r c o n s i d e r i n g 

t h e r e l e v a n t e r g o n o m i c d i s c i p l i n e s . P e r s o n a l p r o t e c t i v e wear (ppw) 

w h i c h becomes a p a r t o f mans' a t t i r e a r e b e l i e v e d t o cause many 

p r o b l e m s t o t h e w e a r e r s due t o i n a d e q u a c i e s i n r e s p e c t o f human 

f a c t o r s . 

M a k i n g use o f t h e kn o w l e d g e o f t h e v a r i o u s d i s c i p l i n e s i n v o l v e d i n an 

e r g o n o m i c e v a l u a t i o n , t h e l i t e r a t u r e r e v e a l s t h e f o l l o w i n g human 

f a c t o r needs and p r o b l e m a r e a s i n t h e use o f ppw. 

3.3 Human Factors 

3.3.1 Physiological Aspects 

The p h y s i c a l f a c t o r s o f t h e e n v i r o n m e n t and t h e p h y s i c a l work l o a d 

p e r f o r m e d by man can b o t h a f f e c t t h e normal f u n c t i o n s o f h i s body. 

Optimum c o n d i t i o n s i n t h e e n v i r o n m e n t and optimum work l o a d , 

c o n t r i b u t e t o e f f i c i e n c y and r e d u c t i o n o f f a t i g u e a t w o r k . 

I n t h e use o f ppw t h e w o r k e r can e x p e r i e n c e s e v e r a l p h y s i o l o g i c a l 

p r o b l e m s , b o t h f r o m t h e e n v i r o n m e n t and f r o m h i s w o r k . I t i s most 

a p p r o p r i a t e t o q o u t e what C r o c k f o r d (1979) had t o say a b o u t ppw." From 

t h e d e s i g n e r s p o i n t o f v i e w he d e s i g n s a s h e l l o r a p i e c e o f 

e n v i r o n m e n t a l armour w h i c h keeps a l l t h e n a s t y a s p e c t s o f t h e 

e n v i r o n m e n t away f r o m t h e w e a r e r . From t h e w e a r e r ' s p o i n t o f v i e w , t h e 

d e s i g n e r p l a c e s a b a r r i e r a r o u n d him w h i c h makes work more d i f f i c u l t ' . 

A d v e r s e e n v i r o n m e n t a l e f f e c t s and a d d i t i o n a l work e f f e c t s c o n t r i b u t e 

t o d i s c o m f o r t and d i s p l e a s u r e i n t h e use o f ppw. 

3.3.1.1 Thermal Environment 

V e r y h o t and humid e n v i r o n m e n t c o n t r i b u t e t o f a t i g u e and 

o p p r e s s i v e n e s s a t work (Newburgh,1949., W i n s l o w , 1 9 4 9 . , L e i t h e a d and 

Lund,1964) and have a d v e r s e e f f e c t s t o t h e d e g r e e o f c o m f o r t a t work 

( F a n g e r , 1 9 7 2 ) . W e a r i n g ppw o f any t y p e i n h o t w o r k i n g c o n d i t i o n s 

a g g r a v a t e s t h a t f a t i g u e and d i s c o m f o r t . An i n c r e a s e i n s t r e s s and 

s t r a i n due t o w e a r i n g o f ppw as a r e s u l t o f t h e t h e r m a l c o n d i t i o n s has 

been r e p o r t e d i n l i t e r a t u r e , (Hänane,1981). 
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When man's h e a t b a l a n c e i s d i s t u r b e d , i t can c o n t r i b u t e t o d i s c o m f o r t , 

( F a n g e r , 1 9 7 2 ) . I n h o t e n v i r o n m e n t , h e a t i s g a i n e d by c o n d u c t i o n , 

c o n v e c t i o n and r a d i a t i o n and l o s t by e v a p o r a t i o n . I n a h o t e n v i r o n m e n t 

t h e h e a t l o s s p r o p e r t i e s o f ppw a r e more i m p o r t a n t t h a n t h e h e a t g a i n 

p r o p e r t i e s . 

3.3.1.1.1 Clothing 

The h e a t e x c h a n g e d between t h e body and e n v i r o n m e n t depends upon t h e 

d i f f e r e n c e s b e t w e e n t e m p e r a t u r e and t h e v a p o u r p r e s s u r e e x i s t i n g 

b e t w e e n t h e s k i n and t h e a m b i e n t e n v i r o n m e n t . C l o t h i n g w h i c h 

c o m p l i c a t e s t h e p r o c e s s o f t h i s h e a t exchange, i s a l s o a m a j o r f a c t o r 

t h a t a f f e c t s t h e r m a l c o m f o r t i n man. The p r o p e r t i e s o f c l o t h i n g , v i z . 

p o r o s i t y , p e r m e a b i l i t y , f l e x i b i l i t y , e l a s t i c i t y , d e s i g n and f i t , 

t h i c k n e s s , number o f l a y e r s , c o l o u r , s u r f a c e c h a r a c t e r i s t i c s , t e x t u r e 

and w e i g h t and p r o p e r t i e s o f f i b r e s , such as s i z e , i n s u l a t i o n , 

s t i f f n e s s , b e h a v i o u r t o w a r d s w a t e r , e t c . , can i n f l u e n c e t h e r a d i a t i v e , 

c o n v e c t i v e and e v a p o r a t i v e h e a t e x c h a n g e s , ( R e i s c h l and 

S t r a n s k y , 1 9 8 0 ) . 

I n c o l d e n v i r o n m e n t , heavy and t h i c k c l o t h i n g c o n t r i b u t e t o w a r d s 

t h e r m a l c o m f o r t b u t i n h o t e n v i r o n m e n t s c l o t h e s worn s h o u l d be minimum 

and c o n d u c t a n c e o f h e a t maximum. I n Y a g l o u and Messer's ( 1 9 4 1 ) e x p e r i m e n t s , 

s u b j e c t s w e a r i n g c l o t h i n g w e i g h i n g 0.05 Kg. p r e f e r r e d an e n v i r o n m e n t a l 

t e m p e r a t u r e o f 28°C and t h o s e who wore c l o t h e s w e i g h i n g 6.6 Kg. were 

c o m f o r t a b l e a t 13.2°C. 

The i n s u l a t i o n p r o v i d e d by c l o t h i n g depends on t h e p r o p e r t i e s o f y a r n 

o r f i b r e (Gagge and W i n s l o w , 1 9 3 8 ) . S y n t h e t i c o r w o o l e n m a t e r i a l can 

have b e t t e r i n s u l a t i n g p r o p e r t i e s t h a n c o t t o n ( O l e s e n , 1 9 8 6 ) . I n an 

e x p e r i m e n t by H o l m e r , ( 1 9 8 5 ) on c o m p a r i s o n o f w o o l e n and n y l o n 

g a r m e n t s , i t has been shown t h a t t h e r e were s i g n i f i c a n t i n c r e a s e s i n 

s k i n and r e c t a l t e m p e r a t u r e s i n wet w o o l e n compared t o w e t n y l o n 

g a r m e n t s and o v e r a l l t h e r m a l i n s u l a t i o n i n wet g a r m e n t s were l o w e r 

t h a n d r y g a r m e n t s . T h e r e had been no s i g n i f i c a n t d i f f e r e n c e s i n h e a t 

e x c h a n g e and t h e r m a l i n s u l a t i o n between wool and n y l o n when w a l k i n g 

and r u n n i n g . The i n s u l a t i o n o f c l o t h i n g i s s a i d t o be i n f l u e n c e d by 

body p o s t u r e , movements, w i n d and m o i s t u r e , ( H o l m e r , 1 9 8 6 ) . D u r i n g 

m o t i o n , i n s u l a t i o n i s r e d u c e d by 18-35% t h a n when s e a t e d , 

( H o l m e r . 1 9 8 6 ) . I n a i r speeds o f 1.1 m/s, i n t r i n s i c c l o t h i n g i n s u l a t i o n 

had been maximal i n s t a n d i n g p o s i t i o n and r e d u c e d t o 8-18% i n s e a t e d 
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p o s i t i o n and 30-50°/. d u r i n g b i c y c l i n g and w a l k i n g , ( N i e l s e n e t 

a l , 1 9 8 5 ) . 

A i r i s known t o be a s u p e r i n s u l a t o r . T h e r e f o r e i n s u l a t i n g v a l u e o f 

c l o t h i n g s h o u l d be p r o p o r t i o n a l t o t h e amount o f a i r t r a p p e d w i t h i n 

t h e m a t e r i a l i t s e l f . I n t h e case o f f u r , a i r i s t r a p p e d i n t h e space 

b e t w e e n h a i r s , b u t t h e s u p e r i o r i n s u l a t i o n q u a l i t y o f c a r i b o n f u r 

( u s e d by E s k i m o s ) o v e r and above o t h e r f u r s , l i e s i n t h e f a c t t h a t t h e 

C a r i b o n h a i r i s h o l l o w and c o n t a i n s t r a p p e d a i r i n s i d e each h a i r as 

w e l l as i n t h e space between them. The i n s u l a t i n g v a l u e o f d i f f e r e n t 

f u r s has been d e m o n s t r a t e d t o be p r o p o r t i o n a l a l s o t o t h e t h i c k n e s s o f 

t h e f u r , ( S c h o l a n d e r e t a l , 1 9 5 0 ) . 

A ' C l o ' u n i t r e p r e s e n t s t h e t h e r m a l i n s u l a t i o n p r o v i d e d by t h e normal 

i n d o o r c l o t h i n g f o r a s e d e n t a r y w o r k e r i n c o m f o r t a b l e s u r r o u n d i n g s 

( B l i g h and J o h n s o n , 1 9 7 3 ) . On t h e same p r i n c i p l e o f i n s u l a t i o n 

e f f i c i e n c y , due t o a i r t r a p p e d between t e x t i l e f i b r e s i t i s v e r y 

l i k e l y t h a t more l a y e r s o f g a r m e n t s can have h i g h e r i n s u l a t i o n 

p r o p e r t i e s t h a n one t h i c k g a r m e n t o f e q u a l C l o v a l u e t o t h e t o t a l 

l a y e r s o f s e v e r a l g a r m e n t s . More s t u d i e s may be needed t o c o n f i r m t h i s 

h y p o t h e s i s . 

H u m i d i t y and C l o t h i n g : The w a t e r c o n t e n t i n t e x t i l e f i b r e depends on 

t h e r e l a t i v e h u m i d i t y (R.H) o f t h e a m b i e n t a i r . When t h e r e i s a sudden 

d r o p i n R.H., e v a p o r a t i o n o f w a t e r w i l l o c c u r u n t i l t h e m o i s t u r e 

c o n t e n t o f t h e f i b r e c o r r e s p o n d s t o t h e s t a t e o f e q u i l i b r i u m . I n h o t 

e n v i r o n m e n t s , d u r i n g t h i s p r o c e s s t h e e n v i r o n m e n t w i l l be p e r c e i v e d as 

c o o l e r . S i m i l a r l y c o n d e n s a t i o n w i l l o c c u r i n t h e c l o t h e s w i t h a 

c o n s e q u e n t h e a t r e l e a s e when t h e h u m i d i t y o f t h e a m b i e n t a i r i s 

i n c r e a s e d s u d d e n l y . V a r i o u s t e x t i l e r e s e a r c h w o r k e r s , (Day,1949) have 

f o u n d t h a t t h e t h e r m a l e f f e c t i s g r e a t e s t i m m e d i a t e l y a f t e r t h e 

h u m i d i t y c h a n g e , a f t e r w h i c h i t d e c r e a s e s r e l a t i v e l y q u i c k l y . F u r t h e r , 

c o t t o n and e s p e c i a l l y wool seem t o cause g r e a t e r t h e r m a l e f f e c t d u r i n g 

h u m i d i t y c hanges t h a n s y n t h e t i c f i b r e s . F u r t h e r r e s e a r c h seems 

n e c e s s a r y i n t h i s f i e l d t o o . 

C l o t h i n g i n h o t e n v i r o n m e n t : I n a m o i s t h o t c l i m a t e when t h e 

t e m p e r a t u r e o f t h e e n v i r o n m e n t i s l o w e r t h a n t h e s k i n , i t i s a d v i s a b l e 

t o w e ar as l i t t l e c l o t h i n g as p o s s i b l e . I f t h e a m b i e n t t e m p e r a t u r e i s 

h i g h e r t h a n t h a t o f t h e s k i n , t h e c l o t h i n g may p r o t e c t t h e i n d i v i d u a l 

f r o m t h e r a d i a n t h e a t o f t h e e n v i r o n m e n t . Loose f i t t i n g g a r m e n t s w h i c h 
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p e r m i t f r e e c i r c u l a t i o n o f a i r between t h e s k i n and t h e c l o t h i n g a r e 

p r e f e r a b l e . W o r k e r s h a b i t u a l l y e xposed t o i n t e n s e h e a t i n t h e i r w o rk 

have l e a r n e d t o d r e s s i n heavy c l o t h i n g f o r p r o t e c t i o n . T h i s a l l o w s 

some r a d i a n t h e a t t o be a b s o r b e d i n t h e c l o t h i n g , a d i s t a n c e away f r o m 

t h e s k i n . However, i t a l s o i m p a i r s t h e f a c i l i t y f o r e v a p o r a t i v e h e a t 

l o s s . 

C e r t a i n p r o t e c t i v e c l o t h i n g , i n c r e a s e s t o l e r a n c e t o e x t r e m e h e a t b u t 

m o s t t y p e s o f c l o t h i n g worn i n m o d e r a t e and m i l d h e a t , d e c r e a s e h e a t 

t o l e r a n c e due t o t h e d i f f i c u l t y i n t h e e v a p o r a t i o n o f sweat. 

S h v a r t z , ( 1 9 7 2 ) has d e m o n s t r a t e d u n a c c l i m a t i z e d men c l a d i n v a p o u r 

b a r r i e r c l o t h i n g c o v e r i n g t h e e n t i r e body c o u l d n o t p e r f o r m m i l d w o r k 

f o r more t h a n 2 h o u r s a t an a i r t e m p e r a t u r e o f 30°C. I n a n o t h e r s t u d y 

p e r f o r m i n g p r o d u c t i v e work a t 37°C f o r 6 days , p a r t i a l 

a c c l i m a t i z a t i o n w h i c h was a t t r i b u t e d t o l o w e r i n g o f r e s t i n g body 

t e m p e r a t u r e had o c c u r r e d and r e s u l t e d i n t h e i n c r e a s e i n t o l e r a n c e 

t i m e by 13 m i n , ( S h v a r t z , 1 9 7 3 ) . The w a t e r v a p o u r p e r m e a b i l i t y o f 

c l o t h i n g a l s o i n f l u e n c e s human r e s p o n s e s and e n d u r a n c e . D u r i n g work 

w e a r i n g i m p e r m e a b l e c l o t h i n g t h e body t e m p e r a t u r e and t h e h e a r t r a t e 

r i s e f a s t e r t h a n w i t h o u t i m p e r m e a b l e c l o t h i n g , w h i c h had been 

d e m o n s t r a t e d by A t t e r b o u n and o t h e r s , ( 1 9 7 8 ) . W i t h i m p e r m e a b l e 

c l o t h i n g t h e h e a t l o s s by t h e e v a p o r a t i o n o f s w e a t i s n o t p o s s i b l e . 

G arments w o r n n e x t t o t h e s k i n i n h i g h t e m p e r a t u r e , s h o u l d be a b l e t o 

a b s o r b t h e m o i s t u r e o f p e r s p i r a t i o n . I n t h i s r e s p e c t c o t t o n work 

c l o t h e s and b r i g h t o r w h i t e c o l o u r e d o r a l u m i n i z e d o r a l u m i n i u m c o a t e d 

f a b r i c s w h i c h have a h i g h h e a t r e f l e c t a n c e p r o p e r t i e s have been 

recommended t o h i g h t e m p e r a t u r e j o b s ( N a t i o n a l S a f e t y News, 1 9 8 0 ) . I n 

t h e d e s i g n o f c l o t h i n g f o r w o r k e r s i n h o t work p l a c e s , Sen and D u t t a 

( 1 9 8 5 ) have u s e d l i g h t w e i g h t , w a s h a b l e , f i r e r e s i s t a n t and v a p o u r 

p e r m e a b l e f a b r i c s t o make an a p r o n t y p e c l o t h i n g w i t h o u t l e t s f o r a i r . 

S m a l l p i e c e s o f r e f l e c t i n g a l u m i n i u m f o i l a t t a c h e d t o t h e c l o t h i n g had 

p r o v e d u s e f u l i n r e d u c i n g h e a t r a d i a t i o n and p h y s i o l o g i c a l r e s p o n s e s 

among w o r k e r s . 

H e a t t r a n s f e r t h r o u g h c l o t h i n g : Gagge, B u r t o n and B a z e t t ( 1 9 4 1 ) 

d e f i n e d ' C l o ' u n i t as a measure o f t h e r e s i s t a n c e o f c l o t h i n g t o 

s e n s i b l e h e a t t r a n s f e r . S y s t e m a t i c a t t e m p t s t o d e v e l o p c o n c e p t s and 

m e t h o d s f o r t h e q u a n t i t a t i v e a n a l y s i s o f h e a t t r a n s f e r t h r o u g h 

c l o t h i n g have been made o v e r a number o f y e a r s a t t h e US Q u a r t e r m a s t e r 

L a b o r a t o r i e s a t NATK, Mass. (Goldman, 1977). More r e c e n t l y Holmer and 
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E l n a s ( 1 9 8 1 ) , have r e v i e w e d t h e r o l e o f c l o t h i n g f r o m human h e a t 

e x c h a n g e s w i t h t h e e n v i r o n m e n t , w i t h p a r t i c u l a r e mphasis on how t o 

e v a l u a t e o b j e c t i v e l y t h e p r o t e c t i o n o f f e r e d by a c l o t h i n g s y s t e m 

a g a i n s t t h e t h e r m a l s t r e s s o f t h e e n v i r o n m e n t and how t o compare 

d i f f e r e n c e s b e tween g a r m e n t s . The p r o p e r t i e s o f c l o t h i n g t h a t 

d e t e r m i n e t h e r a t e o f h e a t t r a n s f e r a r e ( a ) r e s i s t a n c e t o d r y h e a t 

l o s s ( b y c o n v e c t i o n and r a d i a t i o n ) and ( b ) r e s i s t a n c e t o e v a p o r a t i v e 

h e a t l o s s by t r a n s f e r o f e v a p o r a t i v e s w e a t , (Holmer and E l n a s , 1 9 8 1 ) . 

An i m p r o v e d e v a p o r a t i v e h e a t t r a n s f e r ( t w i c e t h a t o f o t h e r g a r m e n t s ) 

has been d e m o n s t r a t e d i n v e n t i l a t e d g o r e t e x l a m i n a t e d s u i t ( p r o t e c t i v e 

w e a r ) compared t o v e n t i l a t e d o v e r a l l s made o f PVC-coated n y l o n , 

(Sköldstrom and H o l m e r , 1 9 8 4 ) . 

C o l o u r and r a d i a t i o n e f f e c t s o f C l o t h i n g : C l a r k and Cena ( 1 9 7 8 ) , have 

d e m o n s t r a t e d t h a t t h e r e a r e e f f e c t s o f c l o t h i n g c o l o u r and r e f l e c t a n c e 

on t h e s e n s i b l e h e a t l o a d . They c o n c l u d e d t h a t w h i l e t r a n s m i s s i o n o f 

t h e r m a l r a d i a t i o n w i l l be i d e n t i c a l f o r f a b r i c s o f a l l c o l o u r s , s h o r t 

wave r a d i a t i o n w i l l be a b s o r b e d t h r o u g h t h e s u r f a c e o f a b l a c k s h i r t 

w h i l e t h e r e i s c o n s i d e r a b l e t r a n s m i s s i o n t h r o u g h w h i t e f a b r i c s . 

V e n t i l a t i o n and M i c r o e n v i r o n m e n t : To e v a p o r a t e s w e a t , a i r i s r e q u i r e d 

and so t h e f l o w o f a i r t h r o u g h t h e c l o t h i n g m i c r o e n v i r o n m e n t i s o f 

p a r a m o u n t i m p o r t a n c e . I n a s t u d y o f f i r e f i g h t e r s c l o t h i n g , R e i s c h l e t 

a l ( 1 9 8 2 ) , have r e v e a l e d h e a t l o s s a d v a n t a g e s i n an i n n o v a t i v e d e s i g n 

and f a b r i c c h a r a c t e r i s t i c s w h i c h p r o v i d e d b e t t e r v e n t i l a t i o n and h e a t 

d i s s i p a t i o n f e a t u r e s . 

I t was r e p o r t e d t h a t even b l a c k and l o o s e g a r m e n t s worn by A r a b s i n 

v e r y h o t e n v i r o n m e n t by day and v e r y c o l d e n v i r o n m e n t by n i g h t had 

some a d v a n t a g e s t o t h e w e a r e r s . The l o o s e n e s s o f t h e g a r m e n t s and t h e 

o p e n i n g s a t t h e f e e t and neck l e v e l s seem t o a l l o w a f r e e f l o w o f a i r 

w i t h i n t h e g a r m e n t and t h e b l a c k c o l o u r w h i c h a b s o r b e d t h e r a d i a n t 

h e a t h e l p s t o c r e a t e a dynamic c i r c u l a t i o n , v i z . c o o l a i r e n t e r i n g a t 

f e e t l e v e l and h o t a i r l e a v i n g a t neck l e v e l , ( L o b e r g , 1986, P e r s o n a l 

C o m m u n i c a t i o n ) . 

T h e r m a l C o n d u c t i v i t y o f C l o t h i n g : The h e a t l o s s c h a r a c t e r i s t i c s o f 

c l o t h i n g a r e s a i d t o depend on t h e r m a l c o n d u c t i v i t y o f c l o t h i n g and 

w i n d o r f l o w o f a i r t h r o u g h t h e c l o t h i n g m i c r o e n v i r o n m e n t . P o r o s i t y , 

i n s u l a t i o n and t h i c k n e s s o f c l o t h i n g d e t e r m i n e t h e t h e r m a l 

c o n d u c t i v i t y , ( C r o c k f o r d , 1 9 7 9 ) . 
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A c t i v i t y / C o m f o r t o f C l o t h i n g : C r o c k f o r d (1979) has f o u n d t h a t 

i n s u l a t i o n v a l u e o f workwear and p r o t e c t i v e c l o t h i n g w i l l have m i n i m a l 

e f f e c t s on c o m f o r t i f t h e w e a r e r i s s e d e n t a r y b u t w i l l have marked 

e f f e c t s when t h e w e a r e r i s a c t i v e . He has f u r t h e r d e m o n s t r a t e d t h a t a t 

h i g h a c t i v i t y l e v e l s , m o d e r a t e changes i n c l o t h i n g t h i c k n e s s can cope 

up w i t h l a r g e t e m p e r a t u r e changes. I n o r d e r t o d e t e r m i n e t h e c l o t h i n g 

f o r c o m f o r t i n h o t e n v i r o n m e n t t h e f o l l o w i n g t h r e e methods a r e 

recommended. 

( a ) . D e p e n d i n g on t h e p a r a m e t e r s t h a t i n f l u e n c e c o n d i t i o n o f c o m f o r t 

v i z . a c t i v i t y l e v e l , t h e r m a l r e s i s t a n c e o f c l o t h i n g , a i r t e m p e r a t u r e , 

mean r a d i a n t t e m p e r a t u r e , r e l a t i v e a i r v e l o c i t y and w a t e r v a p o u r 

p r e s s u r e , Fanger ( 1 9 7 0 ) has used e q u a t i o n s t o c a l c u l a t e a C l o f o r 

c l o t h i n g c o m f o r t w i t h t h e h e l p o f P r e d i c t e d Mean V o t e s (PMV) ( c o m f o r t 

v o t e s ) . 

( b ) . A method t o d e t e r m i n e t h e r a t e o f a i r f l o w t h r o u g h - t h e " m i c r o 

e n v i r o n m e n t ( C r o c k f o r d , ( 1 9 7 9 ) can be used when i m p e r m e a b l e f a b r i c s 

w i t h l o w v a p o u r p e r m e a b i l i t y ( p o r o s i t y ) a r e used. 

( c ) . C l o t h i n g V e n t i l a t i o n I n d e x ( B i r n b a u m and C r o c k f o r d , 1 9 7 8 ) w h i c h 

d e s c r i b e s t h e r m a l p e r f o r m a n c e o f g a r m e n t s i s used when a c t i v i t y l e v e l 

i s h i g h , p r o d u c i n g s w e a t i n g . 

I n t h e e v a l u a t i o n o f c o m f o r t c h a r a c t e r i s t i c s o f c l o t h i n g , Umback 

( 1 9 8 1 ) showed t h e f o l l o w i n g l e v e l s o f t e s t i n g t o e v a l u a t e t h e 

r e s i s t a n c e o f f e r e d by g a r m e n t s t o t h e t r a n s m i s s i o n o f h e a t and 

m o i s t u r e . 

i . P h y s i c a l a n a l y s i s o f f a b r i c s , ( s k i n m odel) 

i i . B i o p h y s i c a l a n a l y s i s o f c l o t h i n g s y s t e m , ( m o v a b l e m a n i k i n ) , 

i i i . C o n t r o l l e d wear t e s t s w i t h s u b j e c t s i n t h e c l i m a t i c chamber, 

( p h y s i o l o g i c a l d a t a / s u b j e c t i v e r a t i n g ) , 

i v . C o n t r o l l e d and l i m i t e d f i e l d t e s t s , 

v . F i e l d t e s t . 

U s i n g b i - p o l a r a d j e c t i v e s a s u b j e c t i v e assessment o f c l o t h i n g c o m f o r t 

has been d e v i c e d by F r e d e r i c k R o h l e s e t a l ( 1 9 8 1 ) . 

3.3.1.1.2 Other ppw and the Thermal Environment 

H e a t d i s s i p a t i o n p r o p e r t i e s i n c l o t h e d i n d i v i d u a l s a r e maximum a t t h e 
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body e x t r e m i t i e s , l i k e 20% i n hands (Day, 1949) and 30% i n head 

( P r o c t o r , 1 9 8 2 ) . F e e t a r e e x t r e m i t i e s w h i c h have lo w i n t r i n s i c h e a t 

p r o d u c t i o n . T h e r e f o r e h e a t d i s s i p a t i o n p r o p e r t i e s i n warm c l i m a t e s and 

h e a t i n s u l a t i o n p r o p e r t i e s i n c o l d c l i m a t e s become c r u c i a l when u s i n g 

ppw a t t h e body e x t r e m i t i e s , v i z . head, hands and f e e t . 

Shoes and B o o t s : P r o p e r l y i n s u l a t e d s a f e t y shoes o r b o o t s p r o v i d e 

t h e r m a l c o m f o r t i n c o l d c l i m a t e s . I n warm c l i m a t e s s w e a t d i s p o s a l f r o m 

shoes may be more i m p o r t a n t ( S t o k e s , 1 9 7 2 ) . I n c o l d e n v i r o n m e n t s t o 

a v o i d h e a t l o s s t h r o u g h c o n d u c t i o n f r o m t h e f o o t t o t h e g r o u n d , t h e 

shoes m u s t be c o n s t r u c t e d by i n s e r t i n g i n s u l a t i n g m a t e r i a l w h i c h t r a p s 

a i r . By k e e p i n g t h e o u t e r s u r f a c e d r y and c l o s e t o a m b i e n t 

t e m p e r a t u r e , t h e o t h e r h e a t l o s s e s due t o c o n v e c t i o n , e v a p o r a t i o n and 

r a d i a t i o n can be c o n t r o l l e d . However h e a t l o s s w h i c h i s e s s e n t i a l l y 

d e t e r m i n e d by t h e s u r f a c e a r e a and a i r t e m p e r a t u r e , c o u l d n o t be 

d i r e c t l y c o n t r o l l e d by t h e d e s i g n e r ( M o n t i e t h , 1 9 7 3 ) . Most o f i n c i d e n t 

r a d i a t i o n i s a b s o r b e d i f d a r k c o l o u r e d b o o t s a r e used. 

The use o f l a y e r p r i n c i p l e f o r h e a t i n s u l a t i o n has n o t been f o u n d v e r y 

u s e f u l i n b o o t d e s i g n . W o r g l e y e t a l (1974) f o u n d t h a t o v e r b o o t s 

h i n d e r m o b i l i t y and t h e i r i n s u l a t i o n e f f e c t v e r y s m a l l . When b o o t s f i t 

o n l y one s o c k , s e v e r a l s o c k s c a n n o t be used. B u t s t i l l s o c k s have 

f o u n d t o p r o v i d e t h e b e s t i n s u l a t i o n ( O a k l e y , 1 9 8 4 ) . Wear r e s i s t a n t 

compounds w h i c h p r o v i d e good g r i p a r e g e n e r a l l y p o o r i n s u l a t o r s . M e t a l 

s h a n k s i n s e r t e d t o i m p a r t s t i f f n e s s a r e a c t u a l l y good c o n d u c t o r s . 

I n h o t e n v i r o n m e n t s b o o t s and shoes s h o u l d have good h e a t d i s s i p a t i o n 

and s w e a t a b s o p r t i o n p r o p e r t i e s . To d i s p o s e o f sweat and i n s e n s i b l e 

p e r s p i r a t i o n , t h e s o c k s and b o o t s must a b s o r b s w e a t . L e a t h e r do t h i s 

w e l l . When t h e o u t e r l a y e r s a r e t r e a t e d w i t h w a t e r p r o o f i n g a g e n t by 

t a n n i n g o r a wax l i k e a p p l i c a t i o n , w a t e r i s removed l e a v i n g t h e f e e t 

r e l a t i v e l y d r y , ( O a k l e y , 1 9 8 4 ) . 

A c c o r d i n g t o Audemars, ( 1 9 7 8 ) an i n d u s t r i a l w o r k e r i s s a i d t o g e n e r a t e 

a t an a v e r a g e o f 40 ml o f sweat f r o m h i s f e e t f o r 8 h o u r s . I n h i s 

d i s c u s s i o n he has r e v e a l e d t h a t i f l e a t h e r u p p e r s a r e w o r n , 1/3 r d o f 

t h i s s w e a t can be a b s o r b e d , some o f w h i c h i s t r a n s m i t t e d t o o u t s i d e 

and e v a p o r a t e d . Out o f t h e 2/3 r d o f t h e r e m a i n i n g s w e a t , an i n s o l e 

made o u t o f l e a t h e r o r f i b r e b o a r d w i l l a b s o r b p a r t i a l l y and t h e o t h e r 

p a r t w i l l r e m a i n i n t h e s o c k s o r t h e s k i n . But i f b o o t s a r e made o u t 

o f s y n t h e t i c m a t e r i a l t h e e n t i r e amount o f sweat (40 m l ) w i l l r e m a i n 
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i n s i d e u n t i l i t i s removed by t h e end o f t h e day. A r e s i l i e n t h i g h l y 

a b s o b e n t l a y e r p l a c e d between f o o t and i n s o l e can do much t o t a k e up 

e x c e s s s w e a t . 

F e e t become u n c o m f o r t a b l e when s k i n t e m p e r a t u r e i s 33°C and r e l a t i v e 

h u m i d i t y n e x t t o t h e s k i n i s a b o u t 60% ( H a r d y and Webber,1972). 

G o r e t a x (W.L.Gore & A s s o c i a t e s I n c . , ( O a k l e y , 1 9 8 4 ) has d e v e l o p e d a new 

v a p o u r p e r m e a b l e b u t w a t e r p r o o f m a t e r i a l s w h i c h when p l a c e d u n d e r t h e 

b o o t s n e x t t o s o c k s a l l o w f r e e t r a n s m i s s i o n o f w a t e r v a p o u r down 

t e m p e r a t u r e and / o r v a p o u r p r e s s u r e g r a d i e n t s b u t t h e y p r e v e n t l i q u i d 

w a t e r f r o m p a s s i n g . 

H e a t r e f l e c t a n c e p r o p e r t i e s , b r i g h t c o l o u r , and p o l i s h e d o u t e r s u r f a c e 

h e l p t o r e f l e c t i n c i d e n t r a d i a n t h e a t . R e f l e c t i v e a l u m i n i z e d s p a t s i n 

f i r e f i g h t e r s ' b o o t s have been f o u n d e f f e c t i v e ( M i l t o n B a i l e y , 1 9 7 9 ) . 

H e l m e t s : N u n n e l e y e t a l , ( 1 9 7 1 ) i n h i s s t u d i e s on t h e e x t e n t o f head 

c o o l i n g have f o u n d t h a t head i s an e x c e l l e n t s i t e f o r r e m o v i n g body 

h e a t . Head c o o l i n g has removed on an a v e r a g e some 30% o f r e s t i n g 

m e t a b o l i c h e a t and 19% o f a v a i l a b l e h e a t d u r i n g w o r k . Under n o n - c o o l e d 

c o n d i t i o n s t h e mean s k i n t e m p e r a t u r e had been s l i g h t l y h i g h , ( 9 % ) . 

T h e r e f o r e a head c o v e r o r h e l m e t may s i g n i f i c a n t l y o b s t r u c t t h e 

r e l e a s e o f body h e a t . 

T h e r m a l d i s c o m f o r t had been a m a j o r p r o b l e m i n a s u b j e c t i v e a s sessment 

s u r v e y c o n d u c t e d w i t h 6 commonly used i n d u s t r i a l h e l m e t s i n U.K. 

N e a r l y 75% o f t h e u s e r s have c l a i m e d t h a t t h e i r heads f e l t 

u n c o m f o r t a b l y h o t and s w e a t y d u r i n g t h e t r i a l . I n t h i s s u r v e y one 

r e m a r k a b l e o b s e r v a t i o n was t h a t even when t h e w e a t h e r had n o t been h o t 

( w i t h an a v e r a g e shade t e m p e r a t u r e o f approx.16°C) t h e s u b j e c t s f e l t 

u n c o m f o r t a b l y h o t ( S t r o u d and R e n n i e , 1 9 8 2 ) . The h e a t d i s c o m f o r t when 

t h e same h e l m e t s a r e used i n a t r o p i c a l e n v i r o n m e n t w o u l d n a t u r a l l y be 

q u i t e h i g h . 

S i g n i f i c a n t d i f f e r e n c e s i n sweat l o s s , body h e a t s t o r a g e and s t r a i n 

have been o b s e r v e d by K i s s e n e t a l ( 1 9 7 6 ) , by a t t a c h i n g a f a c e c o o l i n g 

d e v i c e t o t h e A i r F o r c e h e l m e t w h i c h h e l p e d t o a m e l i o r a t e 

p h y s i o l o g i c a l s t r a i n r e s u l t i n g f r o m h y p e r t h e r m i c e x p e r i e n c e s . 

I n a s t u d y t o i m p r o v e t h e p r o t e c t i v e head g e a r f o r f o r e s t r y w o r k , 

V a y r y n e n , ( 1 9 8 3 ) f o u n d t h a t most common p r o b l e m s r e l a t e d t o h e l m e t were 
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s w e a t i n g i n summer and c o l d n e s s i n w i n t e r and t h e w e i g h t . Improvement 

i n v e n t i l a t i o n f o r h e l m e t s worn i n summer and d i f f e r e n t h e l m e t s f o r 

summer and w i n t e r were recommended. T h i s i s a c l e a r i n d i c a t i o n t h a t 

h e l m e t s used i n c o l d c o u n t r i e s may n o t be s u i t a b l e i n t r o p i c a l 

c o u n t r i e s . Roszkowski (1977) a g r e e d t h a t h e l m e t d e s i g n i n v a r i o u s 

c o u n t r i e s s h o u l d v a r y i n t h e i r a b i l i t y t o a l l o w sweat e v a p o r a t i o n . 

Fonseca ( 1 9 7 4 ) has shown t h a t e v a p o r a t i o n o f sweat i n c r e a s e d as s t a n d 

o f f d i s t a n c e o f h e l m e t and head i s i n c r e a s e d . Van Graan and 

S t r y d o m , ( 1 9 6 8 ) s u g g e s t e d a v e n t i l a t i o n gap between t h e h a t s h e l l and 

t h e i n n e r h a t band r a t h e r t h a n v e n t i l a t i o n h o l e s i n h a r d h a t s . They 

d e m o n s t r a t e d t h a t v e n t i l a t i o n h o l e s on t h e h e l m e t s h e l l d i d n o t 

p r o v i d e a s i g n i f i c a n t e f f e c t on t h e t e m p e r a t u r e o f t h e w e a r e r s s c a l p . 

However t h e o n g o i n g r e s e a r c h on c o m f o r t a s p e c t s o f h e l m e t s r e v e a l s 

t h a t t h e second most p r e v a l e n t c o m p l a i n t t o be t h e excess o f h e a t 

i n s i d e t h e h e l m e t and i n s p i t e o f t h e head h e l m e t c l e a r a n c e t h e r e i s 

s t i l l a ' g r e e n house' e f f e c t , (Kamin and S c a l o n e , 1 9 7 4 ) . 

G l o v e s : The same p r i n c i p l e s t h a t a p p l y t o g e n e r a l c l o t h i n g d e s i g n t o 

be u s e d i n d i f f e r e n t t h e r m a l e n v i r o n m e n t s w o u l d g e n e r a l l y a p p l y t o 

g l o v e s and m i t t e n s . S i n c e body r e l e a s e s 20'/. o f t h e h e a t t h r o u g h t h e 

h a n d s , (Day, 1 9 4 9 ) , t h e m a t e r i a l used f o r s a f e t y g l o v e s w o u l d have t o 

d i f f e r f o r c o l d and h o t e n v i r o n m e n t s . L i t e r a t u r e on g l o v e d e s i g n f o r 

h o t c l i m a t e s i s s c a r c e . C o n s i d e r i n g t h e c o m p l e x i t y o f t h e p r o b l e m s 

w h e r e g l o v e s made o f i m p e r v i o u s m a t e r i a l have t o be used i n h o t 

e n v i r o n m e n t s , e.g. t o p r o t e c t t h e hands f r o m c h e m i c a l h a z a r d s , more 

s t u d i e s i n t h i s a r e a a r e w a r r a n t e d . 

R e s p i r a t o r s : The r e s p o n s e t o h e a t may be a f f e c t e d i n men w e a r i n g 

p r o t e c t i v e r e s p i r a t o r s by r a i s i n g t h e i r s k i n t e m p e r a t u r e o r i n c r e a s i n g 

t h e s w e a t r a t e , ( R o b i n s o n and G e r k i n g , 1 9 4 5 ) . A r i s e i n s k i n 

t e m p e r a t u r e a t p a r t i c u l a r l o c a t i o n s may add f u r t h e r p h y s i o l o g i c a l 

s t r e s s . The f a c e and f o r e h e a d were f o u n d t o be i m p o r t a n t l o c a t i o n s i n 

t h e measurements o f s k i n t e m p e r a t u r e w h i l e w o r k i n g w i t h d u s t masks as 

t h e s e a r e a s may be p a r t i a l l y o r t o t a l l y c o v e r e d w i t h t h e r e s p i r a t o r , 

( A b e y s e k e r a , 1 9 7 8 ) . Shephard (1961) has f o u n d t h a t sweat a c c u m u l a t i o n 

g i v e s d i s c o m f o r t , b u t h e a t s t o r a g e i s i n s i g n i f i c a n t , (0.2 K C a l / m i n ) . 

R e s p i r a t o r s have s a i d t o cause 9° F r i s e i n t e m p e r a t u r e and 16% 

i n c r e a s e i n r e l a t i v e h u m i d i t y i n s i d e t h e f a c e p i e c e when compared t o 

a m b i e n t c o n d i t i o n s , (Emmerson e t a l , 1 9 6 7 ) . A c c o r d i n g t o M a r t i n and 

C a l l a y ( 1 9 7 4 ) p r o t e c t i v e f a c e mask imposes a s i g n i f i c a n t a d d i t i o n a l 

h e a t s t r e s s w h i c h i n c r e a s e s w i t h t h e l e v e l o f t h e p r e v a i l i n g s t r e s s . 
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3.3.1.2 Work E f f e c t s and F a t i g u e 

The w o r k p e r f o r m e d by man i s a f u n c t i o n o f t h e e n e r g y he expends. The 

amount o f e n e r g y expended depends on t h e volume o f w o r k , w h e t h e r t h e 

w o r k i s p e r f o r m e d d y n a m i c a l l y by t h e movement o f m u s c l e s o r i n a 

s t a t i c p o s i t i o n when t h e m u s c l e s can g e t s t i f f and r i g i d . The f a c t o r s 

s u c h as t h e w e i g h t he c a r r i e s , t h e d i s c o m f o r t s caused by u n s u i t a b l e 

c l o t h i n g o r work wear and t h e a d v e r s e e f f e c t s o f t h e e n v i r o n m e n t can 

c o n t r i b u t e t o a d d i t i o n a l e n e r g y e x p e n d i t u r e . I t has been r e p o r t e d t h a t 

t h e e n e r g y e x p e n d i t u r e i n c r e a s e d by 1.2% f o r e v e r y k i l o g r a m o f added 

w e i g h t , ( P a n d o l f e t a l , 1 9 7 7 ) . F a t i g u e r e s u l t s i n p r o l o n g e d heavy w o r k 

o r due t o e x p e n d i n g e n e r g y t o an e x t e n t t h e body c a n n o t cope up w i t h . 

I n t h e p h y s i o l o g i c a l s e n s e , f a t i g u e i s t h e r e d u c t i o n o f t h e f u n c t i o n a l 

c a p a c i t y o f an o r g a n due t o p r o l o n g e d w o r k . F a t i g u e causes d i s p l e a s u r e 

and d i s c o m f o r t . 

From t h e e r g o n o m i c s p o i n t o f v i e w , s t r e s s , ( t e n s i o n due t o e x c e s s 

e n e r g y e x p e n d i t u r e ) and s t r a i n , ( body c o n d i t i o n s u b j e c t e d t o s t r e s s ) 

s h o u l d be d e c r e a s e d by t h e i n f l u e n c e o f p r o t e c t i v e wear as t h e y 

p r o h i b i t any i m p a i r m e n t o f h e a l t h . B ut i f t h e r e i s an i n c r e a s e i n 

s t r e s s and s t r a i n as a r e s u l t o f p r o t e c t i v e w ear, a n e g a t i v e e f f e c t 

r e s u l t s . An e x p e r i m e n t was c a r r i e d o u t by H e t t i n g e r and E i s s i n g 

( 1 9 8 3 ) , i n w h i c h s u b j e c t s w a l k e d on a t r e a d m i l l w i t h 10 1 

i n c l i n a t i o n , w e a r i n g f o u r s e t s o f c l o t h i n g , v i z . b a s i c c l o t h e s ( m a i n l y 

made o f c o t t o n , w e i g h i n g 5 K g ) , b a s i c c l o t h e s and a p r o n ( a l u m i n i u m 

c o a t e d , w e i g h i n g 6.5 K g ) , b a s i c c l o t h e s and c o a t ( a l u m i n i u m c o a t e d 

a s b e s t o s , w e i g h i n g 8.5 Kg) and c o m p l e t e p r o t e c t i o n w h i c h i n c l u d e d 

b a s i c c l o t h i n g , c o a t , g l o v e s , l a g g i n g s and head p r o t e c t i v e hood, 

( w e i g h i n g 11.8 K g ) . The p h y s i o l o g i c a l p a r a m e t e r s ( m e t a b o l i c r a t e and 

h e a r t r a t e ) have i n d i c a t e d t h a t s t r e s s and s t r a i n w ere i n c r e a s e d by 

w e a r i n g t h e a p r o n by a b o u t 6% compared t o t h e b a s i c c l o t h i n g , by 

w e a r i n g t h e c o a t by a b o u t 10% and by w e a r i n g t h e c o m p l e t e p r o t e c t i o n 

by a b o u t 29%. A n o t h e r e x p e r i m e n t by Duncan and o t h e r s ( 1 9 7 9 ) , where 

men w o r k e d i n f i r e f i g h t e r s e q u i p m e n t has shown s i g n i f i c a n t i n c r e a s e s 

i n h e a r t r a t e s and oxygen c o n s u m p t i o n between norma l l i g h t w e i g h t 

c l o t h i n g w i t h m o d e r a t e and heavy f i r e f i g h t e r s c l o t h i n g and s a f e t y 

e q u i p m e n t . A d d i t i o n a l w e i g h t and i n s u l a t i o n p r o p e r t i e s o f f i r e 

f i g h t e r s e q u i p m e n t have been r e s p o n s i b l e f o r t h e s i g n i f i c a n t s t r e s s . 

A n o t h e r c a u s e f o r i n c r e a s e d e n e r g y c o s t can be due t o m u l t i p l e l a y e r s 

o f c l o t h i n g as shown by T e i t l e b a l u m and Goldman ( 1 9 7 2 ) , i n t h e i r 
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e x p e r i m e n t s w i t h 7 l a y e r u n i f o r m and 2 l a y e r u n i f o r m ( w i t h e q u i v a l e n t 

w e i g h t as t h e 7 l a y e r ) . D i f f e r e n c e s i n e n e r g y c o s t had been h i g h l y 

s i g n i f i c a n t ( p > 0 . 0 0 1 ) caused by m u l t i p l e l a y e r u n i f o r m . 

S i g n i f i c a n t i n c r e a s e s i n e n e r g y c o s t has been r e p o r t e d i n w e a r i n g 

l e a t h e r m i l i t a r y b o o t s (1776 g) when compared w i t h l i g h t w e i g h t 

a t h l e t i c s h o e s (616 g ) , ( J o n e s Bruce e t a l , 1 9 8 4 ) . W e i g h t a l o n e had 

a p p e a r e d t o a c c o u n t f o r 48-70 % o f added e n e r g y c o s t . 

The b u r d e n i n g e f f e c t o f h e a t l o a d on w e a r e r s o f h e l m e t s has been 

r e p o r t e d by Sandor Erdösi ( 1 9 7 0 ) . S i g n i f i c a n t i n c r e a s e s i n HR (7 t o 8 

% p u l s e a t r e s t ) when w o r k i n g w i t h and w i t h o u t h e l m e t s i n h o t 

e n v i r o n m e n t s a r e r e c o r d e d . Excess w e i g h t i n h e l m e t s has been a c h i e f 

c a u s e f o r d i s c o m f o r t . I n a a n o t h e r s u r v e y on human f a c t o r s o f h e l m e t s 

n e a r l y 90 % have r e s p o n d e d t h a t w e i g h t i s e x c e s s i v e i n p r o t e c t i o n 

h e l m e t s (Kamin and S c a l o n e , 1 9 7 4 ) . 

I n t h e use o f g l o v e s a m a j o r c o n s i d e r a t i o n i s u s e r c o m f o r t . I f g l o v e s 

a r e s t i f f o r i n s e n s i t i v e , f a t i g u e may become a f a c t o r w h e t h e r t h e 

w o r k e r w i l l keep u s i n g t h e g l o v e s , ( N a t i o n a l S a f e t y News,1980). 

Work s t r e s s f a c t o r s i n r e s p i r a t o r s have a new d i m e n s i o n as t h e 

r e s p i r a t o r u s u a l l y c o v e r s t h e mouth and t h e nose w h i c h a r e body o r g a n s 

u s e d t o b r e a t h e a i r o r o x y g e n , w h i c h i s an e s s e n t i a l f u e l f o r work and 

m u s c u l a r a c t i v i t y . R e s p i r a t o r s can cause p h y s i c a l e x e r t i o n by r e d u c i n g 

a i r f l o w and i n c r e a s i n g d y s p n ea, ( T e r r e l l , 1 9 8 4 ) . 20 % work d e c r e m e n t 

has been r e p o r t e d w h i l e w o r k i n g w i t h r e s p i r a t o r s w h i c h has been m a i n l y 

r e s p o n s i b l e f o r t h e w e i g h t ( 1 5.8 K g ) , (Raven P e t e r e t a l . 1 9 7 7 ) . 

P u l m o n a r y i m p a i r m e n t had been a p p a r e n t above w o r k l o a d r e q u i r i n g 8 0% 

V02 max, when u s i n g i n d u s t r i a l r e s p i r a t o r s , (Raven e t a l , 1 9 7 9 ) . 

I n c r e a s e s i n b l o o d p r e s s u r e and HR as w e l l as d e c r e a s e i n e n d u r a n c e 

t i m e may o c c u r w i t h r e s p i r a t o r s . A d d i t i o n a l i n s p i r a t o r y and e x p i r a t o r y 

b r e a t h i n g r e s i s t a n c e s a r e i m p o r t a n t p a r a m e t e r s t h a t a f f e c t 

p h y s i o l o g i c a l s t r a i n , ( L o u h e v a a r a e t a l , 1 9 8 4 ) . Added dead s p a c e and 

i n s p i r a t o r y r e s i s t a n c e o f c a n n i s t e r s have caused a r e s p i r a t o r y l o a d , 

( S h e p h a r d , 1 9 6 1 ) . The h i g h e r p h y s i o l o g i c a l s t r a i n i n t h e use o f a 

n e g a t i v e p r e s s u r e r e s p i r a t o r when compared w i t h a p o s i t i v e p r e s s u r e 

r e s p i r a t o r i s m a i n l y due t o t h e b r e a t h i n g r e s i s t a n c e , 

( A b e y s e k e r a , 1 9 7 8 ) . As g e n e r a l i z e d by C h a t t e r j e e ( 1 9 6 9 ) i n h i s 

e x p e r i m e n t s c o n d u c t e d i n I n d i a , t h e p h y s i o l o g i c a l s t r e s s w h i l e w o r k i n g 

w i t h r e s p i r a t o r s i s l i k e l y t o be g r e a t e r i n t r o p i c a l e n v i r o n m e n t s t h a n 
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i n t e m p e r a t e e n v i r o n m e n t s . B u t even i n a c o o l e n v i r o n m e n t t y p i c a l 

t a s k s w i t h gas p r o t e c t i v e c l o t h i n g have caused marked p h y s i o l o g i c a l 

s t r a i n among s u b j e c t s , (Smolander e t a l , 1 9 8 5 ) . Smolander and o t h e r s 

( 1 9 8 5 ) have e m p h a s i z e d t h e need t o e v a l u a t e p h y s i c a l f i t n e s s f o r 

w o r k e r s who may have t o use gas p r o t e c t i o n . I t i s a l s o r e p o r t e d by 

C h a t t e r j e e ( 1 9 6 9 ) , t h a t HR r e s p o n s e d u r i n g work w i t h o r w i t h o u t 

i n d u s t r i a l p r o t e c t i v e f a c e mask had no s i g n i f i c a n t e f f e c t on t h e work 

l o a d . F u r t h e r t h a t f a t i g u e c o n s e q u e n t t o work w i t h f a c e masks i n 

c o n d i t i o n s o f h i g h t h e r m a l s t r e s s c o u l d be e l i m i n a t e d by p r o v i d i n g 

more c o m f o r t a b l e c o n d i t i o n s . 

3.3.1.3 Human Characteristics 

The use o f ppw has p r o v e d t o i n c r e a s e t h e s t r e s s e s and s t r a i n s o f t h e 

w e a r e r i n v a r y i n g d e g r e e s . I t w i l l be i m p o r t a n t a l s o t o c o n s i d e r human 

f a c t o r s w h i c h may be used t o r e d u c e t h e s t r a i n o f any g i v e n s t r e s s o f 

t h e w e a r e r , (Hammer W i l l i e , 1 9 8 1 ) . Among t h e s e a r e : 

- P h y s i c a l C o n d i t i o n ( A b i l i t y t o endure w o r k ) 

- L e v e l o f a c c l i m a t i z a t i o n ( P h y s i o l o g i c a l changes w h i c h r e d u c e 

s t r a i n caused by h e a t s t r e s s ) 

- L e v e l o f H y d r a t i o n ( E x c e s s i v e l o s s o f body w a t e r ) 

- Age 

- Sex 

- W e i g h t (Of t h e w e a r e r ) 

- P s y c h i c d r i v e 

3.3.2 Anatomical Aspects 

3.3.2.1 Anthropometry and F i t 

Out o f many a n t h r o p o l o g i c a l and c u l t u r a l v a r i a b l e s t h a t e x i s t i n 

d i f f e r e n t s o c i e t i e s , one o b v i o u s and i m p r e s s i v e v a r i a b l e i s t h e 

d i f f e r e n c e s i n t h e s i z e s and body p r o p o r t i o n o f p e o p l e . D i f f e r e n c e s i n 

s t a t u r e and s i t t i n g h e i g h t s , ( K e n n e d y ,1 9 7 5 ) , body p r o p o r t i o n s ( T a n n e r 

e t a l . 1 9 8 2 ) , hand d i m e n s i o n s , ( D a v i s e t a l , 1 9 8 2 ) , head d i m e n s i o n s , 

( A b e y s e k e r a , 1 9 8 5 ) and as a m a t t e r o f f a c t e v e r y p a r t o f t h e human 

body, between p e o p l e o f d i f f e r e n t n a t i o n s have been c i t e d i n 

l i t e r a t u r e . 

The d i f f e r e n c e s i n body d i m e n s i o n s have been c l e a r l y shown between 
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p e o p l e o f IC and DC, ( A b e y s e k e r a , 1 9 8 5 ) . D i f f e r e n c e s i n 

d i m e n s i o n s o f head, f o o t , hand and body between p e o p l e o f IC and DC 

a r e a p p a r e n t . T h e r e f o r e m a c h i n e s o r c l o t h i n g d e s i g n e d t o f i t one 

p o p u l a t i o n c a n n o t be a l w a y s s a f e l y and c o m f o r t a b l y used by a f o r e i g n 

p o p u l a t i o n . The p r o b l e m s a r e even more marked when a r t i c l e s d e s i g n e d 

i n IC a r e u s e d by p e o p l e i n DC. 

C o r r e c t f i t t i n g o f ppw ( w h i c h becomes a p a r t o f w o r k e r s ' a t t i r e ) i s 

e s s e n t i a l t o d e r i v e t h e p r o t e c t i o n o f f e r e d by such w e a r s . C o r r e c t l y 

f i t t i n g w e a r s r e d u c e d i s c o m f o r t and become more a c c e p t a b l e t o t h e 

w o r k e r s . I n p r o t e c t i v e c l o t h e s t h e body movement can be r e s t r i c t e d i f 

t h e c l o t h i n g does n o t f i t p r o p e r l y . T i g h t f i t t i n g c l o t h e s can be 

u n c o m f o r t a b l e . Loose f i t t i n g c l o t h e s g i v e e x t r a v e n t i l a t i o n i n h o t 

c l i m a t e s b u t may i n t e r f e r e o r s t a n d i n t h e way w i t h ones w o r k o r 

movements. U n u s u a l l y l a r g e c l o t h e s a r e c l u m s y and a f f e c t ones 

a p p e a r a n c e o r s t y l e . 

C l o t h e s and g a r m e n t s a r e m a n u f a c t u r e d t o s t a n d a r d s i z e s w i t h d i f f e r e n t 

s i z e s f o r m a l e s and f e m a l e s . A g a r m e n t m a n u f a c t u r e r u s u a l l y t a k e s i n t o 

c o n s i d e r a t i o n t h e d i m e n s i o n s o f t h e t a r g e t p o p u l a t i o n t o whom t h e 

g a r m e n t s a r e made, when d e t e r m i n i n g t h e s t a n d a r d s i z e s . The s t a n d a r d 

s i z e s p r e v a i l i n g f o r g a r m e n t s a r e a l m o s t i n t e r n a t i o n a l , e.g. L a r g e , 

Medium and S m a l l . B u t l a r g e d i f f e r e n c e s i n s t a t u r e and body 

p r o p o r t i o n s b e tween p e o p l e o f DC and IC and a l s o b e tween g r o u p s o f 

c o u n t r i e s have been shown, ( A b e y s e k e r a , 1 9 8 5 . , K e n n e d y , 1 9 7 5 ) . 

A common m i s c o n c e p t i o n among g a r m e n t m a n u f a c t u r e r s i n DC i s t h a t t h e y 

f o l l o w s t a n d a r d s p r e v a i l i n g i n IC w i t h r e g a r d t o g a r m e n t s i z e s . For 

e x a m p l e i n mass m a n u f a c t u r e o f r e a d y made g a r m e n t s e.g. s h i r t s and 

t r o u s e r s , t h e m a n u f a c t u r e r u s u a l l y c o n s i d e r s t h e c o l l a r s i z e and w a i s t 

s i z e r e s p e c t i v e l y , t o be t h e most i m p o r t a n t measurements. The o t h e r 

m e asurements t h a t go w i t h t h e s e i m p o r t a n t measurements v i z . c h e s t 

s i z e , s l e e v e s i z e i n t h e case o f s h i r t s and i n n e r l e g s i z e and t h e 

o u t e r l e g s i z e i n t h e case o f t r o u s e r s a r e s i m p l y c o p i e d f r o m 

s t a n d a r d s a l r e a d y p r e v a i l i n g i n IC f o r such g a r m e n t s . W i t h t h e l a r g e 

d i f f e r e n c e s i n body p r o p o r t i o n s o f p e o p l e between IC and DC, 

i n v a r i a b l y t h e s e g a r m e n t s do n o t f i t . A s i m i l a r s i t u a t i o n a r i s e s when 

r e a d y made c l o t h e s o r p r o t e c t i v e g a r m e n t s made i n IC a r e u s e d i n DC. 

The L a r g e , Medium and S m a l l s i z e s o f g a r m e n t s i n IC t h e r e f o r e do n o t 

m a t c h o r f i t t h e r e s p e c t i v e s i z e s o f p e o p l e i n DC. 
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T h e r e a r e i n s t a n c e s when c o r r e c t f i t t i n g o f ppw i s r e q u i r e d by l a w . 

T h e r e i s an OSHA r e q u i r e m e n t t h a t eye p r o t e c t o r s must f i t s n u g l y 

( A N S I , 1 9 6 8 ) . Some i m p o r t a n t a n t h r o p o m e t r i c measurements f o r c o r r e c t 

s i z i n g o f g o g g l e s a r e i n t e r o c u l a r and b i o c u l a r b r e a d t h s and n a s i o n t o 

t r a g i o n h o r i z o n t a l d i s t a n c e . 

C o r r e c t f i t o f shoes o r b o o t s d e t e r m i n e s f o o t c o m f o r t and m o b i l i t y . 

Shoes and b o o t s a r e m a n u f a c t u r e d i n d i f f e r e n t s t a n d a r d s i z e s . 

D e p e n d i n g on t h e l e n g t h s and b r e a d t h s o f f e e t , shoes a r e p r o d u c e d 

e i t h e r i n 1/2 s i z e s o r f u l l s i z e s w i t h t h e a p p r o p r i a t e w i d t h d e p e n d i n g 

s o m e t i m e s i n t h e l e n g t h . A p a r t f r o m t h e b a s i c measurements such as t h e 

l e n g t h and w i d t h o f a f o o t , c i r c u m f e r e n c e s o f t h e b a l l o f f o o t , i n s t e p 

s o l e and h e e l i n s t e p have t o be c o n s i d e r e d i n t h e c o r r e c t d e s i g n i n g o f 

s a f e t y shoes and b o o t s . I n UK c e r t a i n s a f e t y b o o t s a r e p r o d u c e d i n 1/2 

s i z e s w i t h o n l y one w i d t h and m i l i t a r y b o o t s i n f u l l s i z e s w i t h 3 

w i d t h s ( O a k l e y , 1 9 8 4 ) . L a r g e amount o f f i t t i n g r e s e a r c h has been 

c a r r i e d o u t by m a j o r shoe makers i n c l u d i n g SATRA (The Shoe and A l l i e d 

T r a d e s R e s e a r c h A s s o c i a t i o n ) t o e n s u r e t h a t one r a n g e o f shoes w i l l 

f i t t h e h i g h e s t p o s s i b l e number o f f e e t on w h i c h i t i s t r i e d , 

( A u d e m a r s , 1 9 7 8 ) . B u t no one r a n g e o f shoes w i l l f i t 100% o f t h e f e e t 

on w h i c h i t i s t r i e d on. 

A n o t h e r a n t h r o p o m e t r i c f e a t u r e o b s e r v e d by r e s e a r c h e r s i s t h a t w i t h 

a d v a n c i n g age t h e b i g t o e t e n d s t o i n c l i n e i n w a r d s , and women t a k e t h e 

l e a d f r o m t h e t e n d e r age o f 11 y e a r s , ( H e l m e r s s e n , 1 9 8 6 ) . The Swedish 

Shoe I n s t i t u t e has d e m o n s t r a t e d t h a t f e e t k e p t i n a m o u l d i n g m achine 

f o r e i g h t h o u r s a d a y , t h e b i g t o e w i l l f i n a l l y move t o t h e m i d d l e 

w h i c h can be an a d v a n t a g e f o r l a d i e s w e a r i n g p o i n t e d f a s h i o n s h o e s , 

( H e l m e r s s e n . 1 9 8 6 ) . 

The a p p r o p r i a t e d a t a r e q u i r e d t o d e s i g n c o r r e c t and c o m f o r t a b l e 

f i t t i n g o f an e a r p r o t e c t o r depends w h e t h e r i t i s an e a r m u f f o r an 

e a r p l u g . To d e s i g n an e a r m u f f , d i m e n s i o n s such as b i t r a g i o n c o r o n a l 

a r c and t h e l e n g t h and b r e a d t h o f e a r a r e c o n s i d e r e d u s e f u l . Ear p l u g s 

w h i c h a l s o p r o v i d e a d e q u a t e p r o t e c t i o n , a r e becoming more and more 

p o p u l a r t h a n e a r m u f f s . A n t h r o p o m e t r i c d a t a such as l e n g t h and 

d i a m e t e r o f e a r c a n a l r e q u i r e d f o r t h e c o r r e c t f i t t i n g o f e a r p l u g s 

a r e however n o t r e a d i l y a v a i l a b l e . I n c o r r e c t s i z i n g has been shown as 

a p r e s e n t day d e f i c i e n t f a c t o r i n h e a r i n g p r o t e c t o r s , ( A c t o n , 1 9 7 7 ) . 

To a l a r g e e x t e n t t h e p r o t e c t i o n p r o v i d e d by an e a r p l u g depends on 

w h e t h e r i t i s c o r r e c t l y f i t t e d . T h i s i s e i t h e r done by a t r a i n e d 
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p e r s o n o r p r o p e r i n s t r u c t i o n s must be g i v e n by him t o t h e w e a r e r s as 

t o how t o f i t , o r t h e m a n u f a c t u r e r s i n s t r u c t i o n s on f i t t i n g must be 

f o l l o w e d . 

S a f e t y g l o v e s a r e a l s o a v a i l a b l e i n e i t h e r two s i z e s ( l a r g e and s m a l l ) 

o r t h r e e s i z e s ( s m a l l , medium and l a r g e ) . The hand l e n g t h , hand 

b r e a d t h , hand c i r c u m f e r e n c e and f i n g e r l e n g t h s and c i r c u m f e r e n c e s a r e 

u s e f u l i n d e s i g n i n g c o r r e c t l y f i t t i n g hand g l o v e s . The l e n g t h o f t h e 

f o r e a r m may be r e q u i r e d f o r g a u n l e t s . To make g l o v e s t o work w i t h 

m e c h a n i s e d t o o l s , t o h o l d h a n d l e s and c o n t r o l s , t h e c i r c u m f e r e n c e and 

w i d t h o f t h e hand have been f o u n d more i m p o r t a n t t h a n t h e l e n g t h , 

( T e l h e l k o v a , 1 9 6 9 ) . 

L o o s e l y f i t t i n g g l o v e s o f non p r o t e c t i v e m a t e r i a l can s l i p e a s i l y on 

t h e s u r f a c e o f c o n t r o l and can i n c r e a s e t h e o p e r a t i o n t i m e , 

( B r a d l e y , 1 9 6 9 ) . For p r e c i s e w ork, a snug f i t may be i m p o r t a n t t o g e t 

t h e f e e l o f t h e hand. 

Good f i t t i n g o f a h e l m e t i s o f p r i m e i m p o r t a n c e b o t h i n t e r m s o f 

c o m f o r t and p r o t e c t i o n i t g i v e s t o t h e w e a r e r . E i t h e r l o o s e o r t i g h t 

f i t t i n g h e l m e t s can be u n c o m f o r t a b l e . The s i z i n g s y s t e m o f h e l m e t s a r e 

s m a l l , medium, l a r g e and e x t r a l a r g e . T h e r e q u i r e d head d i m e n s i o n s f o r 

f i t t i n g h e l m e t s a r e , head c i r c u m f e r e n c e , head l e n g t h , head b r e a d t h and 

head h e i g h t , (Kamin and S c a l o n e , 1 9 7 4 ) . Headforms have s a i d t o p r o v i d e 

u s e f u l i n f o r m a t i o n o f t h e shapes, c o n t o u r s and s i z e s o f head f o r head 

g e a r d e s i g n . Due t o t h e g r e a t c o m p l e x i t y o f t h e head and f a c e , t h e 

h e a d f o r m s have been used t o p r o v i d e a c c u r a t e a n t h r o p o m e t r i c d a t a 

f o r h e l m e t d e s i g n e r s , ( Z e i g e n e t a l , 1960) and f o r h e l m e t t e s t i n g , 

( A N S I , 1 9 8 1 . , S I S , 1 9 8 2 ) . 

T h e r e a r e s t r o n g i n d i c a t i o n s f r o m r e s e a r c h i n t h e p a s t t h a t h e l m e t f i t 

p l a y s an i m p o r t a n t p a r t i n h e l m e t c o m f o r t . I t i s a l s o r e v e a l e d t h a t 

h e l m e t f i t c o n t r i b u t e s h e a v i l y w i t h r e t e n t i o n , v i s i o n , c o m m u n i c a t i o n , 

n o i s e a t t e n u a t i o n and r e d u c t i o n o f h o t n e s s (Kamin and S c a l o n e , 1 9 7 4 ) . 

W i t h r e g a r d t o t h e use o f r e s p i r a t o r s , a bad f i t on t h e w e a r e r a f f e c t s 

t h e d e g r e e o f p r o t e c t i o n p r o v i d e d by t h e r e s p i r a t o r . T h e r e can be a 

c o n s i d e r a b l e l e a k a g e t h r o u g h t h e f a c e s e a l s o f t h e r e s p i r a t o r i f a 

p r o p e r f i t and s e a l a r e n o t m a i n t a i n e d , (Hounman e t a 1,1963., 

Luxon,1968., W h i t e and B e a l , 1 9 6 6 ) . A more c o m f o r t a b l e p n e u m a t i c 

c u s h i o n s e a l can however be f i t t e d and p r o v i d e a s a t i s f a c t o r y s e a l on 
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d i f f e r e n t f a c e s h a p e s , a l t h o u g h B u r g e s s e t a l (1961) d i s a g r e e d w i t h 

t h i s v i e w i n t h e case o f f u l l f a c e masks. 

Modern r e s p i r a t o r s a r e d e s i g n e d i n one s t a n d a r d s i z e , n o r m a l l y t o f i t 

t h e w e a r e r o f t h e c o u n t r y o f m a n u f a c t u r e , a l t h o u g h i n some cas e s a 

p r o p e r f i t i s n o t a c h i e v e d . The f a c e c o n t o u r s , f a c i a l s i z e s and 

s u p p o r t s t o h o l d t h e r e s p i r a t o r f i r m l y , a l l c o n t r i b u t e t o t h e p r o p e r 

f i t o f t h e f a c e p i e c e . The f a c e l e n g t h measurement v i z . n a s i o n t o 

m e n t o n , i s c o n s i d e r e d t o be t h e most i m p o r t a n t s i n g l e measurement, 

t h o u g h o t h e r f a c i a l c h a r a c t e r i s t i c s a l s o must be c o n s i d e r e d i n t h e 

d e s i g n o f a f i t t i n g r e s p i r a t o r , ( A I H A , 1 9 6 3 ) . L i p t o l i p measurement 

and t h e mouth l e n g t h a r e a l s o u s e f u l . A c c o r d i n g t o Kumura ( 1 9 8 0 ) , f a c e 

f i t t i n g d epends on t h e r e l a t i o n between t h e shape and q u a l i t y o f t h e 

s i t e o f f a c e c o n t a c t o f d u s t r e s p i r a t o r and t h e shape o f t h e w e a r e r ' s 

f a c e . He f o u n d t h a t t h e f a c e f i t t i n g was d i f f e r e n t t o some e x t e n t f r o m 

p e r s o n t o p e r s o n . He s u g g e s t s m o d i f i c a t i o n s o f e x i s t i n g r e s p i r a t o r s 

w h i c h e n a b l e s t h e u s e r t o examine f a c e f i t t i n g e a s i l y . 

T h e r e f o r e a n t h r o p o m e t r i c f e a t u r e s w i t h r e g a r d t o r e s p i r a t o r f i t t i n g 

c a n n o t be e a s i l y d e f i n e d , due t o t h e v a s t d i f f e r e n c e s i n shapes and 

s i z e s o f f a c e s o f p e o p l e l i v i n g i n d i f f e r e n t p a r t s o f t h e w o r l d . These 

d i f f e r e n c e s a r e p r o n o u n c e d between males and f e m a l e s , between 

d i f f e r e n t a g e s , and i n d i f f e r e n t c o u n t r i e s and between IC and DC. 

3.3.2.2 A d j u s t a b i l i t y 

A d j u s t a b i l i t y i n ppw i s e s p e c i a l l y i m p o r t a n t c o n s i d e r i n g t h e g r e a t 

v a r i a b i l i t y i n p h y s i c a l body d i m e n s i o n s as w e l l as shapes o f b o t h 

homogenous and h e t e r o g e n o u s p o p u l a t i o n s . F i t t i n g most o p e r a t o r s 

r e q u i r e s a d j u s t a b i l i t y . I t i s seldom t h a t a f i x e d s e t o f d i m e n s i o n s 

c a n f i t an e n t i r e r a n g e o f body s i z e s o f t h e u s e r p o p u l a t i o n o r i t i s 

n e a r l y i m p o s s i b l e t o accommodate t h e e n t i r e r a n g e o f body s i z e s i n a 

p o p u l a t i o n w i t h one a r b i t a r y s e t o f d i m e n s i o n s . When a f a c i l i t y can be 

a d j u s t e d f o r e x a m p l e , t h e c i r c u m f e r e n c e o f a head h a r n e s s i n a h e l m e t , 

i t c a n be d e s i g n e d t o accommodate a r e a s o n a b l e r a n g e o f i n d i v i d u a l s , 

s a y f r o m 5 t h t o 9 5 t h p e r c e n t i l e . A s m a l l p e r c e n t a g e o f i n d i v i d u a l s 

f r o m e i t h e r end ( v e r y s m a l l and v e r y l a r g e s i z e s o f heads) o r t h e 

r a n g e o f a d j u s t a b i l i t y i n t h e end i t e m s o f t e n r e q u i r e so many 

a d d i t i o n a l s i z e s t h a t t h e i r i n c l u s i o n i s i m p r a c t i c a b l e o r 

u n e c o n o m i c a l . 
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When h e l m e t s w i t h a d j u s t a b l e h a r n e s s e s a r e d e s i g n e d i n IC and a r e used 

i n DC, t h e r e i s l i k e l y t o be a s i g n i f i c a n t p e r c e n t a g e o f u s e r s (who 

have s m a l l e r heads) u n a b l e t o f i t t h e h e l m e t s p r o p e r l y , ( A b e y s e k e r a , 

1 9 8 5 ) . A n o t h e r i m p o r t a n t f a c t o r i s t h e i n c r e m e n t a v a i l a b l e f o r 

a d j u s t m e n t . I f t h e i n c r e m e n t s a r e t o o l a r g e ( a s i n many c a s e s , 

( P r o c t o r T h o m a s , 1 9 8 2 ) ) , h e l m e t s w i l l n o t a l l o w a c o m f o r t a b l e 

c o m p r o m i s e between t i g h t n e s s and a d e q u a t e f i r m n e s s on t h e head. W i t h 

r e g a r d t o t h e h a r n e s s t h e r e s h o u l d be a l s o p r o v i s i o n f o r t i l t , f o r w a r d 

and r e a r a d j u s t m e n t f o r b a l a n c e and f i t , ( S chremmer ,1983). 

The f a c i l i t y o f a d j u s t i b i 1 i t y may a l s o be a v a i l a b l e on t h e two s i d e 

arms on s a f e t y g l a s s e s , on t h e head band o f e a r m u f f s and i n c h i n 

s t r a p s , j a w s t r a p s and c r a d l e o f head g e a r h a r n e s s . 

3.3.2.3 Biomechanical Aspects of F i t t i n g 

T i g h t n e s s and p o o r f i t i n ppw can i m p a r t p r e s s u r e on t h e s k i n 

r e s u l t i n g i n p a i n s and aches. 

I n j u r y , t r a u m a o r s w e l l i n g c o u l d o c c u r w i t h p o o r f i t when shoes a r e 

t o o t i g h t and c u t s b e h i n d h e e l caused by f r i c t i o n even when t h e shoes 

a r e t o o l o o s e s o m e t i m e s . Repeated t r a u m a i s s a i d t o p r o d u c e s t r e s s , 

f r a c t u r e s , j o i n t i n j u r i e s and even l o w back p a i n , ( O a k l e y , 1 9 8 4 ) . As 

t h e t h i c k n e s s o f t h e soc k s a l s o c o n t r i b u t e t o t i g h t n e s s i n shoe 

f i t t i n g , t h i s has t o be c o n s i d e r e d i n shoe d e s i g n . O t h e r c o m f o r t 

f a c t o r s o f f i t t i n g t o be c o n s i d e r e d i n shoe d e s i g n a r e , b r e a k i n g - i n 

c a p a c i t y ( a b i l i t y t o r e a c h optimum f l e x i b i l i t y and shape, (De 

Mo y a , 1 9 8 2 ) , c u s h i o n i n g o f i n n e r s o l e , l a c i n g s i t e s and ease o f p u t on 

and o f f . W i t h r e g a r d t o b r e a k i n g - i n , t h e g r e a t e r t h e i n n e r 

f l e x i b i l i t y t h e l e s s b r e a k i n g - i n i s r e q u i r e d . Sometimes t h e shoes t h a t 

f i t s t a t i c p o s i t i o n may n o t f i t when a p e r s o n i s d y n a m i c . Due t o t h e 

s w e a t g e n e r a t e d , e x p a n s i o n and c o n t r a c t i o n o f m u s c l e s and f l a t t e n i n g 

o u t and r i s e o f a r c h e s a t each s t e p w h i l e w a l k i n g , t h e shoes t h a t 

f i t t e d a t s t a t i c p o s i t i o n d i d n o t f i t a t t h e end o f an 8 h o u r w o r k i n g 

d a y , ( A u d e m a r s , 1 9 7 8 ) . 

S t e p s h o c k s on h a r d s u r f a c e w h i c h can r e v e r b e r a t e up t h e l e g s t h r o u g h 

t h e p e l v i c g i r d l e and up t h e s p i n e has been shown t o be a c o n t r i b u t o r y 

c a u s e o f m e n t a l t i r e d n e s s , l a c k o f c o n c e n t r a t i o n and bad t e m p e r . 

P r o v i s i o n o f u n d e r f o o t c u s h i o n i n g f o r shock a b s o r b e n c y i n w o r k i n g 

f o o t w e a r has been recommended, (Audemars,1978). 
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I n an i n v e s t i g a t i o n by a r e s e a r c h team a t t h e Swedish Shoe I n s t u t u t e 

on f o o t wear f o r S c a n A i r s t e w a r d e s s e s , i t i s m e n t i o n e d t h a t u n s u i t a b l e 

shoes have been p a r t o f t h e r e a s o n f o r v a r i o u s d i s c o m f o r t s , such as 

m u s c l e f a t i g u e , s l i p up i n j u r i e s , s p r a i n s , s w o l l e n l e g s and back and 

s h o u l d e r p a i n s , ( H e l m e r s e n , 1 9 8 6 ) . The Managing D i r e c t o r and d e s i g n e r 

o f t h i s shoe i n s t i t u t e were o f t h e v i e w t h a t p o i n t e d shoes w i t h h e e l s 

maybe j u s t t h e t h i n g t o go o u t d a n c i n g and v i s i t s t o a r e s t a u r a n t , b u t 

as w o r k i n g shoes t h e y a r e v e r y u n h e a l t h y . A new d e s i g n d e v e l o p e d f o r 

S c a n A i r s t e w a r d e s s e s i s w i d e r and t e n d e r on t h e f e e t , t h e h e e l h a v i n g 

been l o w e r e d and w i d e n e d so as t o d i s t r i b u t e body w e i g h t o v e r t h e 

e n t i r e f o o t . The new shoes have been v e r y w e l l r e c e i v e d by b o t h a i r 

s t e w a r d e s s e s and w a i t r e s s e s i n r e s t a u r a n t s . 

Undue p r e s s u r e on t h e s k i n due t o ppw can d e v e l o p aches and p a i n s i n 

l o n g t e r m u s e . Ear m u f f w h i c h i s b a d l y f i t t i n g and w i t h d e f i c i e n t head 

band f o r c e can r e s u l t i n e x t r a p r e s s u r e f e l t i n t h e e a r w h i c h makes i t 

u n c o m f o r t a b l e and p a i n f u l . As s l i g h t e s t p r e s s u r e on t h e l o b e can 

become p a i n f u l i n t i m e , i n c i r c u m a u r a l p r o t e c t o r s (more known as e a r 

m u f f s ) , t h e s m a l l e s t p o s s i b l e c i r c u m f e r e n c e o f t h e m u f f s h o u l d be a b l e 

t o accommodate t h e l a r g e s t e a r l o b e i n t h e p o p u l a t i o n o f w e a r e r s , 

( N a t i o n a l S a f e t y News,1980). I n a s t u d y o f p r o b l e m s on l o n g t e r m wear 

o f f u l l f a c e masks, i t has been r e v e a l e d t h a t symptoms such as 

h e a d a c h e s , i r r i t a t i o n b e h i n d e a r s o v e r t h e m a s t o i d p r o c e s s , i n g r o w n 

h a i r s and i n f l a m e d sebaceous g l a n d s on t h e cheeks and s k i n and odema 

o f t h e s c a l p due t o impeded lymph damage a r e l i k e l y t o o c c u r , ( T e r r e l 

P h i l l i p , 1 9 8 4 ) . 

The m e c h a n i c a l p r e s s u r e o f head band and h i g h t e m p e r a t u r e have s a i d t o 

c a u s e headaches i n h e l m e t w e a r e r s , ( A n o n , 1 9 7 6 ) . P r e s s u r e o f 1.5 p s i 

c a u s e d by a h e l m e t i n t h e t e m p l e r e g i o n had been s u f f i c i e n t t o c a u s e a 

h e a d a c h e , (Kamin and S c a l o n e , 1 9 7 4 ) . 

H e l m e t s w h i c h do n o t e x t e n d down t o t h e back o f t h e neck have been 

shown t o be c a p a b l e o f p r o d u c i n g s e r i o u s i n j u r i e s t o t h e c e r v i c a l 

s p i n e , ( P u r s w e l l and D o r r i s , 1 9 7 7 ) . H e l m e t s t h a t a r e now d e s i g n e d do 

n o t seem t o have t h i s f a c i l i t y u n l i k e t h e h e l m e t s worn by f o o t b a l l 

p l a y e r s w h i c h e x t e n d s w e l l down i n t o t h e back o f t h e neck i n t h e 

r e g i o n o f t h e c e r v i c a l s p i n e . I n t h e same s t u d y i t has been f o u n d 

n e c e s s a r y i n t h e d e s i g n o f an a p p r o p r i a t e h e l m e t , t o p r o v i d e f o r t h e 

d i s t r i b u t i o n o f i m p a c t f o r c e s o v e r a w i d e an a r e a o f head as p o s s i b l e 
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and t o p a r t i c u l a r l y a v o i d h e l m e t and l i n e r d e s i g n w h i c h l i k e l y t o 

l o c a l i z e t h e f o r c e p r o d u c e d on t h e h e l m e t t o a s m a l l a r e a o f t h e head. 

L o c a t i o n o f c e n t r e o f g r a v i t y can be c r u c i a l i n f e e l i n g s o f h e a v i n e s s 

o r d i s c o m f o r t i n u s i n g a h e l m e t . S t u d i e s seem t o be l a c k i n g i n t h e 

r e l a t i o n s h i p o f c o m f o r t and l o c a t i o n o f t h e h e l m e t c e n t r e o f g r a v i t y . 

Kamin and S c a l o n e , ( 1 9 7 4 ) have shown t h a t f e e l i n g s o f w e i g h t i s 

d e p e n d a n t on p o s i t i o n o f c e n t r e o f g r a v i t y . F u r t h e r t h e y f o u n d t h a t 

r i g i d s u s p e n s i o n s y s t e m t h a t do n o t c o n f o r m t o t h e shape o f t h e head, 

i m p r o p e r a d j u s t m e n t and l o w q u a l i t y mechanism t h a t l o s e t h e i r 

a d j u s t m e n t e a s i l y c o n t r i b u t e t o poor s t a n d a r d o f c o m f o r t . 

3.3.3 Psychological Aspects 

When d e a l i n g w i t h human f a c t o r s i n p r o t e c t i v e c l o t h i n g , t h e 

p s y c h o l o g i c a l a s p e c t s c a n n o t be o v e r l o o k e d . However, i n s t a n c e s where 

t h e w e a r a b i l i t y o r a c c e p t a b i l i t y o f ppw have been i n f l u e n c e d by 

p s y c h o l o g i c a l a s p e c t s a r e few i n l i t e r a t u r e . 

The a e s t h e t i c f a c t o r s o r t h e a p p e a r a n c e , s t y l e and f a s h i o n o f ppw have 

been m e n t i o n e d as human f a c t o r needs i n some s t u d i e s , e.g. m i l i t a r y 

f o o t w e a r ( O a k l e y , 1 9 7 4 ) , r e s p i r a t o r s ( T e r r e l l P h i l l i p , 1 9 8 4 ) , s a f e t y 

c l o t h i n g ( N e w t o n , 1 9 7 9 ) , h e l m e t s (Kamin and S c a l o n e , 1 9 7 4 ) . Modern 

s t y l e , l a t e s t f a s h i o n o f ppw o r t o be more a c c u r a t e t h e good 

a p p e a r a n c e on t h e w e a r e r , i s no d o u b t an i n c e n t i v e t o wear. A s t r o n g 

r e s i s t a n c e t o t h e use o f c h i n s t r a p s i n h e l m e t s have been n o t e d on 

g r o u n d s o f a p p e a r a n c e and c o m f o r t , ( S t r o u d and R e n n i e , 1 9 8 2 ) . Lack o f 

good l o o k s i n g l a s s e s has been one o f t h e m a j o r causes o f r e l u c t a n c e 

t o w e ar s a f e t y g o g g l e s by t h e employees o f V o l v o c a r m a n u f a c t u r e r s i n 

Sweden, ( B i e s h e n v a l e t a l , 1 9 8 0 ) , t h o u g h t h e r e were s t r i c t r u l e s by t h e 

company t o g e t t h e employees t o wear them. I t i s a l s o r e p o r t e d t h a t 

some do n o t wear ppw t o p r o j e c t a " t o u g h guy" o r macho image, ( T e r r e l 

Phi 1 l i p , 1 9 8 4 ) , t o show o f f t h e i r a b i l i t y o r t o u g h n e s s t h a t t h e y can 

w i t h s t a n d t h e h a z a r d s w i t h o u t p r o t e c t i o n . The a p p e a r a n c e o f ' s t r o n g ' 

and ' s a f e ' had been f o u n d i m p o r t a n t i n t h e a e s t h e t i c s o f d e s i g n o f a 

h e l m e t , ( S t r o u d and R e n n i e . 1 9 8 2 ) . 

P s y c h o p h y s i o l o g i c a l f a c t o r s have been m e n t i o n e d as one o f t h e causes 

o f n o n-use o f r e s p i r a t o r y p r o t e c t i v e wear. Shephard ( 1 9 6 1 ) , r e p o r t s o f 

a r e d u c t i o n o f p s y c h o m o t o r p e r f o r m a n c e ( b y 2-107.) due t o t h e use o f 

r e s p i r a t o r s . I n t h e same s t u d y Shephard a t t r i b u t e s t h e f e e l i n g o f 
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" C l a u s t r o p h o b i a " , ( d r e a d o f c l o s e d p l a c e s ) as one o f t h e l i m i t i n g 

f a c t o r s i n p r o b l e m s i n t h e use o f r e s p i r a t o r s f o r l o n g p e r i o d s . 

C l a u s t r o p h o b i a and a n x i e t y have a l s o been m e n t i o n e d as more i m p o r t a n t 

f a c t o r s t h a n p h y s i o l o g i c a l f a c t o r s f o r n o t w e a r i n g r e s p i r a t o r s , 

( T e r r e l l P h i l l i p , 1 9 8 4 ) . 

L i t t l e i s known a b o u t p s y c h o l o g i c a l e f f e c t s o f s e n s o r y d e p r i v a t i o n due 

t o ppw. C u r t i s and Zuckerman ( 1 9 6 8 ) , have shown t h a t a d v e r s e r e a c t i o n s 

can be e x p e c t e d f r o m t o t a l s e n s o r y d e p r i v a t i o n i n t h e use o f h e l m e t s . 

3.3.4 Other Human Factor Needs 

3.3.4.1 Use of Senses 

P e r c e p t i o n o f i n f o r m a t i o n t h a t a w o r k e r r e c e i v e s f r o m t h e w o r k p l a c e 

e n v i r o n m e n t , t a k e s p l a c e v i a t h e s e n s e s . For each o f t h e s e senses t h e 

human body commands p e r c e p t u a l s e n s a t i o n s , i n p a r t i c u l a r , s i g h t , 

h e a r i n g , s c e n t ( s m e l l ) , t a s t e and f e e l i n g . U n s a t i s f a c t o r y t h e r m a l and 

m e c h a n i c a l e n v i r o n m e n t s and l i g h t i n g , h i n d e r t h e w o r k i n g o f t h e sense 

o r g a n s and may even cause i n j u r y t o t h e s e o r g a n s . 

I n t h e u s e o f ppw any o b s t a c l e s t o t h e use o f senses s h o u l d be c h e c k e d 

t o t h e b e a r e s t minimum. A p a r t f r o m b e i n g a w e a r a b i l i t y p r o b l e m t h e s e 

o b s t a c l e s can r e d u c e p r o d u c t i o n e f f i c i e n c y and make t h e w e a r e r more 

p r o n e t o a c c i d e n t s . 

3.3.4.1.1 Vision 

U s u a l l y r e s p i r a t o r s r e s t r i c t b i n o c u l a r , ( M i u r a e t a l , 1 9 7 9 ) and 

p e r i p h e r a l v i s i o n , ( A b e y s e k e r a , 1 9 7 8 ) . The d e g r e e o f r e s t r i c t i o n 

d epends w h e t h e r i t i s a h a l f mask ( w h i c h r e s t r i c t s more) o r f u l l face 

mask, ( A b e y s e k e r a , 1 9 7 8 ) . 

S u b j e c t i v e a s s e s s m e n t o f a i r m e n h e l m e t s has i n d i c a t e d t h a t a s i n g l e 

v i s i o n i s p r e f e r a b l e t o d u a l v i s i o n as among o t h e r a d v a n t a g e s t h e 

s i n g l e v i s i o n had l e s s r e s t r i c t i o n t o t h e v i s u a l f i e l d , ( L a z o w s k i and 

L e f e b o r e , 1 9 8 2 ) . F o r t h e i m p r o v e m e n t o f t h e v i s i o n s y s t e m i n h e l m e t s 

Schremmer ( 1 9 8 3 ) , s u g g e s t s t h a t a h e l m e t s h o u l d accommodate a r a n g e o f 

s n a p - f i t v i s o r s , and t h e v i s o r a s sembly s h o u l d l i f t c l e a r o f t h e f a c e 

t o a s t a n d b y p o s i t i o n . For t o t a l v i s i o n i n u n d e r w a t e r d i v i n g , Masson 

( 1 9 8 2 ) has d e v e l o p e d a h e l m e t w i t h a t r a n s p a r e n t s p h e r e e n g l o b i n g t h e 
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w h o l e head. C o l o u r e d v i s o r s i n h e l m e t s have i n c r e a s e d t h e number o f 

c o l o u r r e c o g n i t i o n e r r o r s , ( W a r n e r , 1 9 7 3 ) . Green, b l u e and y e l l o w 

v i s o r s have i n c r e a s e d t h e p r o b a b i l i t y o f r e c o g n i s i n g c o l o u r s such as 

r e d , y e l l o w and g r e e n , r e s p e c t i v e l y . C o l o u r e d s u n g l a s s e s can have t h e 

same e f f e c t and t h e i r r e s t r i c t e d use by d r i v e r s can h e l p t o r e d u c e 

a c c i d e n t s . 

F o g g i n g o f t h e g l a s s e s , g o g g l e s o r v i s o r s due t o h i g h b r e a t h i n g r a t e 

a n d / o r h u m i d i t y o f e x t e r n a l a i r o r d u s t p a r t i c l e s d e p o s i t i n g on t h e 

g l a s s e s o r due t o c o l o u r e d g l a s s e s can cause b l o c k i n g o r i n t e r f e r e n c e 

o f t h e v i s i o n t o a g r e a t e x t e n t . O t h e r i m p o r t a n t v i s i o n r e q u i r e m e n t s 

o f g o g g l e s a r e t h a t c o r r e c t i v e l e n s e s must be used b e h i n d p r o t e c t i v e 

l e n s e s f o r t h o s e w e a r i n g s p e c t a c l e s , as r e q u i r e d by t h e OSH A c t , Eye 

and Face P r o t e c t i o n G e n e r a l R e q u i r e m e n t s , ( N a t i o n a l S a f e t y News, 

1 9 8 0 ) . S a f e t y g l a s s e s can be a d a p t e d t o " o r d i n a r y s p e c t a c l e s " t o 

accommodate any o r d i n a r y d e f e c t s o f v i s i o n and b i g g l a s s e s must be 

u s e d t o g e t a b e t t e r p e r i p h e r a l v i e w , ( B i e s h e n v a l e t a l . 1 9 8 0 ) . 

The c o l o u r o f s a f e t y wear becomes i m p o r t a n t t o i m p r o v e v i s i b i l i t y and 

i d e n t i f i c a t i o n , ( W i l s o n , 1 9 6 0 ) . V i s i b l e c o l o u r s have been f o u n d b e t t e r 

t h a n u n o b t r u s i v e c o l o u r s . When h e a r i n g p r o t e c t o r s a r e u s e d , o t h e r 

p e r s o n s r e a d i l y a p p r e c i a t e t h e l i m i t a t i o n o f h e a r i n g o f t h e u s e r s , 

( A c t o n , 1 9 7 7 ) . I n a s u r v e y i n a s h i p r e p a i r y a r d i n S r i Lanka, by t h e 

a u t h o r i t was r e v e a l e d by t h e management t h a t h e l m e t s o f d i f f e r e n t 

c o l o u r s a r e worn by d i f f e r e n t g r a d e s o f w o r k e r s , e.g. E x e c u t i v e s use 

w h i t e h e l m e t s and shop f l o o r w o r k e r s use o r a n g e h e l m e t s , e t c . 

3.3.4.1.2 Feeling 

The sense o f t o u c h becomes p a r t i c u l a r l y i m p o r t a n t i n t h e use o f 

g l o v e s . When d e x t e r i t y i s r e q u i r e d t h e use o f t h i n g l o v e s i s 

recommended. PVC d o t s on c o t t o n c anvass g l o v e s g i v e a p o s i t i v e g r i p 

e v e n i n h a n d l i n g g l a s s s h e e t s , ( N a t i o n a l S a f e t y News,1980). 

A s e n s e o f f e e l i n g on t h e f e e t and t h e head among w e a r e r s o f s a f e t y 

shoes and head g e a r r e s p e c t i v e l y can p r o v i d e i m p o r t a n t i n f o r m a t i o n t o 

t h e w e a r e r a t c e r t a i n s i t u a t i o n s , e . g . c o n d i t i o n o f t h e f l o o r when 

w a l k i n g o r f e e l t h e h e a t o f an a c c i d e n t a l f i r e o v e r h e a d r e s p e c t i v e l y . 

T h e r e seems t o be h a r d l y any s t u d i e s c o n d u c t e d i n t h i s a r e a . 
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3.3.4.1.3 H e a r i n g and Speech 

When ppw c o v e r s t h e e a r s o f t h e w e a r e r s , h e a r i n g power i s r e d u c e d and 

t h e r e b y v e r b a l c o m m u n i c a t i o n i s a f f e c t e d . Speech c o m m u n i c a t i o n 

e f f e c t i v e n e s s t e s t e d u s i n g A r t i c u l a t i o n I n d e x ( A I ) and Speech 

I n t e r f e r e n c e L e v e l ( S I D have i n d i c a t e d t h a t i n n o i s y c o n d i t i o n s , 

h e a r i n g p r o t e c t o r s i n c r e a s e d t h e v a r i a b i l i t y o f t h r e s h o l d a t h i g h e r 

f r e q u e n c i e s , ( G r a v e s e t a l , 1 9 8 4 ) . B o t h e a r m u f f s and e a r p l u g s can 

a f f e c t v o c a l c o m m u n i c a t i o n by a s i m i l a r d e g r e e i n s p i r e o f t h e g r e a t e r 

a t t e n u a t i o n p r o v i d e d by t h e e a r m u f f , ( A c t o n , 1 9 7 7 ) . Ear p l u g s a r e a l s o 

a v a i l a b l e f o r t h e r e c e p t i o n o f m u s i c and messages, ( N a t i o n a l s a f e t y 

N e w s,1980). 

S i n c e t h e r e s p i r a t o r s u s u a l l y c o v e r t h e w e a r e r s mouth t h e speech 

c h a r a c t e r i s t i c s o f r e s p i r a t o r s a r e p o o r . T h e r e f o r e w o r k e r s can be 

f o r c e d t o remove t h e masks f r o m t h e i r f a c e s i n o r d e r t o t a l k , 

( F a w c e t t , 1 9 6 1 ) . F a c t o r s t h a t seem t o be i m p o r t a n t a r e f r e e d o m o f j a w 

movement, v o l u m e o f a i r i n s i d e t h e f a c e p i e c e c a v i t y , s i t u a t i o n o f t h e 

e x h a l a t i o n v a l v e s and t h e p r e s e n c e o r absence o f a speech d i a p h r a g m , 

( A b e y s e k e r a , 1 9 7 8 ) . 

One d i s a d v a n t a g e i n t h e use o f m o t o r c y c l e h e l m e t s i s t h e e . ' f e c t on 

a u d i t o r y c a p a c i t y . A s t u d y o f h e a r i n g p r o b l e m s i n m o t o r c y c l e h e l m e t s 

b y Aldman and o t h e r s ( 1 9 8 3 ) , have shown t h a t ( a ) An a e r o d y n a m i c a l l y 

g e n e r a t e d n o i s e i n s i d e f u l l f a c e h e l m e t s seems t o be v e r y h i g h , ( b ) 

A l t h o u g h a t t e n u a t i o n l e v e l s o f 5 dB(A) and 2 dB(A) f o r f u l l and open 

f a c e h e l m e t s r e s p e c t i v e l y have been f o u n d w i t h r e g a r d t o t h e h e a r i n g 

o f a common s i g n a l h o r n o f a c a r , t h e h e l m e t s d i d n o t p u t t h e w e a r e r 

a t a d i s a d v a n t a g e compared w i t h a non h e l m e t s i t u a t i o n , ( c ) 

C o n v e r s a t i o n a t maximum n o i s e l e v e l was p o s s i b l e t o h e a r o n l y a t 

d i s t a n c e o f 25 cm. But a s i m i l a r s t u d y by P u r s w e l l and D o r r i s ( 1 9 7 7 ) 

has shown s i g n i f i c a n t d e f i c i e n c i e s i n t h e w e a r i n g o f h e l m e t s Vs. n o t 

w e a r i n g , i n t h e d i s t a n c e a t w h i c h an a u d i t o r y s i g n a l c o u l d be d e t e c t e d 

and t h a t t h e f i t o f t h e h e l m e t p l a y s a s i g n i f i c a n t p a r t i n t h e a b i l i t y 

o f t h e s u b j e c t s t o d e t e c t a u d i t o r y i n f o r m a t i o n . 

3.3.4.2 Mobility 

A n o t h e r i m p o r t a n t r e q u i r e m e n t i n e r g o n o m i c s f a c t o r s i n ppw i s t h e 

m o b i l i t y o f t h e u s e r o r f r e e d o m o f movement, ( C r o c k f o r d , 1 9 7 7 ) . 

R e s t r i c t i o n s i n m o b i l i t y c aused by ppw may be f o r t h e w h o l e body o r 

movement o f p a r t o f t h e body. 
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I n t h e d e s i g n o f s a f e t y c l o t h i n g and work wear, p r o v i s i o n f o r t h e 

w e a r e r t o move e a s i l y seems t o be most i m p o r t a n t . O b s t r u c t i o n i n t h e 

movement due t o c l o t h i n g i s a p r o b l e m f o r t h e w e a r e r and t h e r e f o r e 

needs due c o n s i d e r a t i o n i n d e s i g n . Some d e g r e e o f l o o s e n e s s i n 

c l o t h i n g f a c i l i t a t e s b o t h easy movement and v e n t i l a t i o n . S l e e v e s 

d e s i g n e d t o a c t as b e l l o w s and s u s p e n d e r s t o a l l o w g a r m e n t t o f i t 

l o o s e l y , ( R e i s c h e l and S t r a w s k y , 1 9 8 0 ) were some exa m p l e s o f l o o s e n e s s 

i n t h e d e s i g n o f s a f e t y g a r m e n t s . 

I n a c o m p e t i t i o n i n t h e d e s i g n o f p r o t e c t i v e c l o t h i n g f o r w o r k e r s i n 

c o n s t r u c t i o n s i t e s , t w o - p i e c e s u i t s were r a t e d b e t t e r t h a n o n e - p i e c e 

s u i t s due t o t h e f a c i l i t y o f ease o f movements, (HMS0.1969). I n t h e 

same s t u d y i t was f o u n d t h a t t h e most i m p o r t a n t a s p e c t o f ease o f 

m o b i l i t y o f body p a r t was t h e f r e e d o m o f t h e w e a r e r t o l i f t h i s arms 

above h i s head. F u r t h e r , i f any p a r t o f t h e g a r m e n t be s u b j e c t t o 

undue t e n s i l e s t r e s s as a r e s u l t o f w e a r e r c r o u c h i n g , c l i m b i n g o r 

r e a c h i n g up, t h e n t h e g a r m e n t has n o t met t h e s p e c i f i c a t i o n o f ease o f 

movement. 

O b v i o u s l y t h e p r i m e r e q u i r e m e n t i n b o o t s and shoes i s m o b i l i t y o r ease 

o f movement. O a k l e y ( 1 9 8 4 ) , i n a r e v i e w o f d e s i g n and f u n c t i o n 

o f m i l i t a r y f o o t w e a r , s p e c i f i e s t h a t f l e x i b i l i t y o f s o l e s a l o n g 

l o n g i t u d i n a l a x i s and s o l e s p a t t e r n e d t o p r o v i d e good g r i p w i t h o u t 

c l o g g i n g , m a i n t a i n a<id enhance m o b i l i t y i n w a l k i n g o r m a r c h i n g b o o t s . 

I n t h e same r e v i e w t h e a u t h o r m e n t i o n s t h a t t h e f i t o f a b o o t 

d e t e r m i n e s m o b i l i t y and t h e w e i g h t o f b o o t s i n f l u e n c e s m o b i l i t y o f t h e 

w e a r e r . The g r e a t e r t h e w e i g h t , t h e more t h e e f f o r t r e q u i r e d t o move. 

F u r t h e r t h e use o f o v e r b o o t s a l s o h i n d e r m o b i l i t y a c c o r d i n g t o 

W o r s l e y and o t h e r s ( 1 9 7 4 ) . 

T h e r e i s a l s o a l e g a l r e q u i r e m e n t t h a t ppw s h o u l d n o t i n t e r f e r e w i t h 

w e a r e r s movements, u n d e r OSH A c t S e c t . 1 9 1 0 . 3 3 , Eye and Face P r o t e c t i o n 

G e n e r a l R e q u i r e m e n t s , ( N a t i o n a l s a f e t y News,1980). 

The w e i g h t and c e n t e r o f g r a v i t y can i n f l u e n c e t h e ease o f movements 

o f t h e head when w e a r i n g a h e l m e t . T h e r e f o r e m a i n t e n a n c e o f head 

c o n t r o l and movement o f t h e w e a r e r a r e p o i n t s o f r e f e r e n c e i n 

c o n s i d e r i n g h e l m e t d e s i g n , ( F i r i c a n o , 1 9 8 2 ) . 
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3.3.4.3 Task Obstacles and Work Performance 

A n y t h i n g t h a t has n e g a t i v e e f f e c t s on work p e r f o r m a n c e w i l l be 

d e t r i m e n t a l and u n p r o f i t a b l e t o b o t h t h e work e s t a b l i s h m e n t and t h e 

w o r k e r . A p a r t f r o m i n t e r f e r e n c e s t o t h e use o f sen s e s , t h e r e s t i l l can 

be o t h e r o b s t a c l e s f r o m t h e use o f ppw. I n s t a n c e s where t h e work 

e f f i c i e n c y i s r e d u c e d due t o o b s t a c l e s ( o t h e r t h a n s e n s e s ) imposed by 

w e a r i n g ppw have been r e p o r t e d as f o l l o w s . 

I n a s t u d y on p h y s i o l o g i c a l e f f e c t s on work p e r f o r m a n c e s w e a r i n g ppw, 

A t t e r b o m and Mossman ( 1 9 7 8 ) , have c o n c l u d e d t h a t i m p e r v i o u s s u i t s 

r e s u l t e d i n d e c r e a s e d work p e r f o r m a n c e , a e r o b i c m e t a b o l i s m and 

t o l e r a n c e t i m e . One o f t h e i m p o r t a n t w e a r e r p r o b l e m s i n t h e use o f 

p r o t e c t i v e c l o t h i n g has been t h a t i t t a k e s a l o n g e r p e r i o d t o p e r f o r m 

a c e r t a i n j o b a c c o r d i n g t o C r o c k f o r d ( 1 9 7 9 ) . 

O p e r a t i o n t i m e s can be i n c r e a s e d w i t h l o o s e l y f i t t i n g g l o v e s w h i c h 

s l i p e a s i l y on t h e s u r f a c e o f t h e c o n t r o l s , ( B r a d l e y , 1 9 6 9 ) . However, 

t h e i n c r e a s e s i n o p e r a t i o n t i m e s due t o g l o v e s have been f o u n d much 

l e s s t h a n i n c r e a s e s i n o p e r a t i o n t i m e s f r o m f i n g e r numbness. S p e r l i n g 

and o t h e r s ( 1 9 8 0 ) , have d e m o n s t r a t e d t h a t p e r f o r m a n c e d e c r e m e n t s a r e 

l i k e l y t o o c c u r i n t h e m o t i l i t y o f t h e hand and f i n g e r , t a c t i l e 

d i s c r i m i n a t i o n , g r i p and t o r s i o n s t r e n g t h and s t r e n g t h o f thumb, w h i l e 

w e a r i n g g l o v e s . F u r t h e r , t h e y have shown t h a t w i t h e l e c t r o m y o g r a p h i c 

measurements i t i s p o s s i b l e t o j u d g e t h e r a t e o f change o f f u n c t i o n o f 

a g l o v e d hand and t o show t h e d i f f e r e n c e s i n f u n c t i o n i n g between 

r e l a t i v e l y s i m i l a r t y p e s o f g l o v e s . 

S i m i l a r t o work p e r f o r m a n c e t h e maximum p h y s i c a l c a p a c i t y can be 

r e d u c e d as d e m o n s t r a t e d by Shephard ( 1 9 6 1 ) , i n h i s e x p e r i m e n t s where a 

r e d u c t i o n o f maximum p h y s i c a l c a p a c i t y by 4 % has been o b s e r v e d among 

r e s p i r a t o r w e a r e r s . 

W e a r i n g s p e c t a c l e s can be an o b s t a c l e when o t h e r ppw e.g. h e l m e t s , 

r e s p i r a t o r s o r e a r m u f f s a r e used. S p e c t a c l e s a r e a p r o b l e m w h i l e 

swimming t o o . S i m i l a r l y o b s t a c l e s o c c u r when e a r m u f f s and h e l m e t s a r e 

used a t t h e same t i m e . S p e c i a l p r o v i s i o n must be made t o accommodate 

t h e second ppw i n such i n s t a n c e s e.g. a h e l m e t w i t h b r a c k e t s t o f i x 

e a r m u f f s o r u s i n g h e l m e t s w h i c h f u n c t i o n as h e a r i n g p r o t e c t o r s a l s o , 

(Aldman e t a l , 1 9 8 3 ) . A n o t h e r example i s t h e use o f a i r h e l m e t s when 

head and l u n g p r o t e c t i o n a r e r e q u i r e d a t t h e same t i m e . 
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S m i t h and A n d e r s o n ( 1 9 7 8 ) , p r o p o s i n g a r e d e s i g n o f head g e a r b e l i e v e d 

t h a t f u n c t i o n a l i t y i s a m a j o r t r a d e o f f i n head g e a r . They p r o p o s e d 

t h a t e y e , f a c e , e a r and l u n g p r o t e c t i o n t o be a t t a c h e d t o t h e h e l m e t . 

3.3.4.4 Easy Donning and Doffing 

D i f f i c u l t i e s e x p e r i e n c e d i n w e a r i n g , f i t t i n g , f i x i n g o r r e m o v i n g o f 

ppw enhance t h e r i s k o f r e j e c t i o n o f t h e w e a r e r s . M o r e o v e r b a d l y 

f i t t e d ppw i s u n c o m f o r t a b l e and does n o t p r o v i d e t h e e x p e c t e d 

p r o t e c t i o n . T h e r e f o r e easy p u t t i n g on and o f f a r e i m p o r t a n t 

r e q u i r e m e n t s t o be c o n s i d e r e d i n t h e d e s i g n o f ppw. M a j o r weaknesses 

i n t h e p r e s e n t h e l m e t s , r e s p i r a t o r s and e a r p l u g s a r e t h a t c o n s c i o u s 

e f f o r t i s r e q u i r e d t o p u t on and f i t them p r o p e r l y . Some e a r p l u g s 

have t o be f i t t e d by t r a i n e d p e r s o n n e l , as a d v i c e d by some 

m a n u f a c t u r e r i n s t r u c t i o n s . I n h e l m e t s and r e s p i r a t o r s t h e h a r n e s s 

p l a y s an i m p o r t a n t r o l e i n f i t t i n g and r e m o v i n g . Head band and c h i n 

s t r a p s w i t h b u r t y p e o f f a s t n e r s a r e c o n s i d e r a b l y e a s i e r t o f i t o r 

remove and t o a d j u s t t o v a r i o u s s i z e s . H e l m e t s o r r e s p i r a t o r s m ust be 

e a s i l y a d j u s t a b l e and f i r m l y l o c k e d a t e v e r y p o s i t i o n . When a d j u s t a b l e 

s y s t e m s a r e c o m p l i c a t e d and d i f f i c u l t t o m a n i p u l a t e t h e w e a r e r w i l l 

n o t be i n c l i n e d t o f i t t h e h e l m e t p r o p e r l y . 

Under some i m p o r t a n t s p e c i f i c a t i o n s f o r a h e l m e t d e s i g n , Schremmer 

( 1 9 8 3 ) s u g g e s t s t h a t t h e e n t i r e s y s t e m c o n s i s t i n g o f v i s o r , h a r n e s s 

and o t h e r a c c e s s o r i e s s h o u l d be c a p a b l e o f d i s a s s e m b l y f o r easy 

c l e a n i n g o r r e p l a c e m e n t . B r a c k e t f i t t i n g i s easy, c o n v e n i e n t and 

q u i c k . 

To o b t a i n a good f a c e p i e c e s e a l and f i t some r e s p i r a t o r m a n u f a c t u r e r s 

e ven s u g g e s t l e a k p r o o f t e s t ( p y r i d i n e s p r a y o v e r t h e edge o f 

r e s p i r a t o r ) each t i m e t h e f a c e p i e c e i s f i t t e d o n , ( W o r k i n g 

E n v i r o n m e n t , 1 9 8 5 ) . B u t t h i s i s n o t f e a s i b l e a l w a y s . 

A S w e d i s h d e s i g n e r who has been s u c c e s s f u l i n d e s i g n i n g work c l o t h i n g 

t h a t l o o k e d b e t t e r and more c o m f o r t a b l e had f o u r good p r i n c i p l e s i n 

h i s d e s i g n as f o l l o w s , ( W o r k i n g E n v i r o n m e n t , 1 9 8 5 ) . 

( a ) Make t h e g a r m e n t easy t o g e t on and g e t o f f . 

( b ) Make i t o f good q u a l i t y . 

( c ) Make i t l o o k good. 

( d ) Make i t so i t can c a r r y t o o l s f o r t h e p a r t i c u l a r j o b t o be done. 
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3.3.5 Other Considerations 

3.3.5.1 Adaptation 

By n a t u r e a l l human b e i n g s a r e r e s i s t a n t t o c h a n g e . T h i s r e s i s t a n c e i s 

v e r y commonly o b s e r v e d i n work s i t u a t i o n s . Whether t h e change i s f o r 

b e t t e r o r f o r w o r s e , t h e f i r s t r e a c t i o n t o any change i s d i s l i k e o r 

r e j e c t i o n , w h i c h i s c a l l e d t h e Hawthorne e f f e c t . B u t as t i m e e l a p s e s 

i t i s p o s s i b l e f o r t h e changes t o be a c c e p t e d , l i k e d and p r o m o t e d by 

t h e v e r y p e o p l e who r e j e c t e d them a t t h e s t a r t . T h i s change o f 

a t t i t u d e can be a t t r i b u t a b l e as p a r t l y due t o a d a p t a t i o n o r g e t t i n g 

u s e d t o t h e new s y s t e m . 

T h i s i s a l s o a p p l i c a b l e i n t h e use o f ppw. When ppw a r e f i r s t 

i n t r o d u c e d a l m o s t 100 % o f t h e w o r k e r s t e n d t o r e j e c t them as 

u n c o m f o r t a b l e and messy. B u t i f t h e y a r e t r a i n e d t o use them 

r e p e a t e d l y and c o n t i n o u s l y , g r a d u a l l y t h e s t r e s s e s and s t r a i n s o f wear 

can be r e d u c e d . T h i s a d a p t a t i o n p r o c e s s can be s i m i l a r t o how a p e r s o n 

g e t s a c c l i m a t i z e d t o t h e a d v e r s e c l i m a t i c c o n d i t i o n s . A c c l i m a t i z a t i o n 

f o r e x a m p l e i s a g r a d u a l a d j u s t m e n t t o t h e t h e r m a l e n v i r o n m e n t and i s 

s a i d t o o c c u r when p e o p l e a r e c o n t i n o u s l y and r e p e a t e d l y e x p o s e d t o 

h e a t , w h i c h r e s u l t s i n a b e t t e r t o l e r a n c e o f t h e t e m p e r a t u r e s t r e s s . 

I n e x p e r i m e n t s c o n d u c t e d on s u b j e c t s w o r k i n g w i t h r e s p i r a t o r y 

p r o t e c t i v e d e v i c e s , M i u r a and o t h e r s , (1959) have d e m o n s t r a t e d t h a t by 

w o r k i n g f o r s e v e r a l m i n u t e s p e r day a t w o r k i n g c a p a c i t y c l o s e t o 

maximum, i n d u c e d a r a p i d a d a p t a t i o n p r o c e s s . I m p r o v e m e n t s i n t h e 

p h y s i o l o g i c a l p a r a m e t e r v i z . e x t e r n a l r e s p i r a t o r y w o r k , t o l e r a n c e t i m e 

and p h y s i c a l p e r f o r m a n c e r a t h e r t h a n p s y c h o l o g i c a l s e n s a t i o n s 

( s u b j e c t i v e ) have been o b s e r v e d . Shephard ( 1 9 6 1 ) , was o f t h e v i e w t h a t 

s u b j e c t i v e f a c t o r s l i m i t t h e p r o l o n g e d w e a r i n g o f r e s p i r a t o r s and 

t h e r e f o r e t o l e r a n c e i s d e t e r m i n e d l a r g e l y by t r a i n i n g and n e c e s s i t y . 

He c o n c l u d e d t h a t r e p e a t e d w e a r i n g makes t h e w e a r e r h a b i t u a t e d t o 

d i s c o m f o r t s . 

I n t h e use o f s h o e s , r e p e a t e d w e a r i n g o r w a l k i n g w i t h shoes h e l p i n 

t h e a d a p t a t i o n even i f t h e shoes seem t o be t i g h t a t t h e s t a r t . T h i s 

i s m a i n l y due t o t h e f a c i l i t y o f b r e a k i n g - i n w h i c h a l l o w s t h e shoes t o 

r e a c h o p t i m u m f l e x i b i l i t y and shape. 
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A p a r t f r o m t h e a d a p t a t i o n t o w e a r i n g , a d a p t a t i o n t o e x t e r n a l l i g h t i n g 

c o n d i t i o n s a r e s a i d t o be i m p r o v e d by u s i n g s p e c i f i e d f i l t e r s on 

g o g g l e s . Among d a r k room w o r k e r s d a r k a d a p t a t i o n t i m e s have been 

r e d u c e d by 607. when n e u t r a l f i l t e r s were used on s p e c t a c l e s , 

(Cushman,1980). 

P a r t i c u l a r l y due t o some i n h e r e n t d i s c o m f o r t s t h a t a r e e x t r e m e l y 

d i f f i c u l t t o overcome w i t h o u t c o m p r o m i s i n g t h e p r o t e c t i o n e f f i c i e n c y 

o f a ppw, t h e p r i n c i p l e o f a d a p t a t i o n seems t o be a v e r y i m p o r a t n t 

f a c e t w h i c h has t o be d e v e l o p e d f o r an e f f e c t i v e ppw programme. 

S y s t e m a t i c s t u d i e s i n t h i s f i e l d i s l a c k i n g i n l i t e r a t u r e . I f a 

s i g n i f i c a n t a d a p t a t i o n o f a ppw i s p o s s i b l e , t h e w e a r e r s can be made 

t o go t h r o u g h t h e a d a p t a t i o n p e r i o d by means o f s t r i c t s u p e r v i s i o n , 

t r a i n i n g and i n c e n t i v e s , t i l l t h e a d a p t a t i o n i s c o m p l e t e . However 

a d a p t a t i o n t o u n a v o i d a b l e d i s c o m f o r t s h o u l d b e g i n o n l y a f t e r optimum 

d e s i g n o f ppw w h i c h s h o u l d i n c l u d e b o t h p r o t e c t i o n and c o m f o r t ( l e a s t 

d i s c o m f o r t ) has been made. 

3.3.5.2 Persuasion 

A l l e f f o r t s t o s e l e c t and p r o v i d e s u i t a b l e and o p t i m a l ppw w i l l be o f 

no a v a i l i f t h e w o r k e r s s t i l l r e f u s e t o wear them. A s u s t a i n e d e f f o r t 

o f p e r s u a s i o n w o u l d be n e c e s s a r y and be an a d v a n t a g e a t t h i s s t a g e . 

C are i n ppw s e l e c t i o n , i n v o l v i n g t h e w o r k e r i n t h e c h o i c e , e d u c a t i n g 

t h e w o r k e r on o c c u p a t i o n a l h a z a r d s and p r o t e c t i o n p r o v i d e d by ppw a r e 

methods t o e f f e c t i v e l y p e r s u a d e t h e w o r k e r s t o wear them, 

( R i d d e l ! , 1 9 7 7 ) . I n some DC, d i g n i t y o f l a b o u r i s n o t p r a c t i s e d w h i c h 

i s a t t r i b u t e d t o c u l t u r e o f t h e s e c o u n t r i e s . Some j o b s a r e c u l t u r a l l y 

r e g a r d e d as d e g r a d i n g . S i n c e i t may p r o j e c t t h e image o f a shop f l o o r 

w o r k e r , u s u a l l y managers o r e n g i n e e r s do n o t p r e f e r t o wear ppw. I n 

a t t e m p t s t o t e a c h i n d u s t r i a l s a f e t y , i n L a t i n A m e r i c a , t h e s a f e t y 

e n g i n e e r had t o wear o v e r a l l s and " d e m o n s t r a t e " s a f e t y measures on 

ma c h i n e s i n t h e p l a n t s , ( H a l l , 1 9 5 9 ) . 

I n c e n t i v e payments ( e x t r a payment) on a d a i l y b a s i s f o r t h o s e who wear 

ppw has s u c c e s s f u l l y p e r s u a d e d w o r k e r s t o wear ppw i n E a s t Germany, 

( R e n t z s c h , 1 9 8 6 ) . 

3.3.5.3 Material Characteristics 

P r o p e r t i e s o f m a t e r i a l p l a y a m a j o r p a r t i n c o m f o r t o f ppw. The 
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d i f f e r e n t c h a r a c t e r i s t i c s o f f a b r i c used i n p r o t e c t i v e wear have been 

a l r e a d y m e n t i o n e d u n d e r ' c l o t h i n g ' . D e p e n d i n g on t h e p u r p o s e and t h e 

c l i m a t i c c o n d i t i o n s o f use, t h e f o l l o w i n g c h a r a c t e r i s t i c s o f c l o t h i n g 

a r e s a i d t o i n f l u e n c e t h e c o m f o r t o f t h e w e a r e r . I n s u l a t i o n i n c o l d 

c l i m a t e s , p e r m e a b i l i t y , p o r o s i t y , c o l o u r , r e f l e c t a n c e and a b s o r p t i o n 

o f s w e a t f o r h o t c l i m a t e s . Some g e n e r a l p r o p e r t i e s o f s a f e t y c l o t h i n g 

w h i c h have shown t o be o f r e l e v a n c e b o t h f o r s a f e t y and c o m f o r t a r e , 

s o f t n e s s , n o n - i r r i t a t i n g and r e s i s t a n c e t o w a t e r , f l a m e , c r a c k s and 

a b r a s i o n s , g o o d t e a r s t r e n g t h , c o l o u r f a s t and n o t a f f e c t e d by 

s o l v e n t s , (HMS0.1969). 

Some i m p o r t a n t p r o p e r t i e s o f h e l m e t s h e l l s as r e p o r t e d a r e w a t e r 

r e s i s t a n c e , meet f l a m m a b i l i t y r e q u i r e m e n t s , non i r r i t a t i n g , d i e l e c t r i c 

and l i g h t w e i g h t , ( N a t i o n a l S a f e t y News,1980). I n an a t t e m p t t o 

r e d e s i g n p r o t e c t i o n h e l m e t s S m i t h and A n d e r s e n ( 1 9 7 8 ) , were o f t h e 

v i e w t h a t t h e new m a t e r i a l s h o u l d have b e t t e r i m p a c t s t r e n g t h p e r 

d e n s i t y and c o m p r e s s i v e and t e n s i l e s t r e n g t h . I n a p r e l i m i n a r y 

i n v e s t i g a t i o n c o n s i s t i n g o f s u b j e c t i v e a s s e s s m e n t o f s a f e t y h e l m e t s , 

i t has been c o n c l u d e d t h a t d i f f e r e n t m a t e r i a l s used i n head h a r n e s s o f 

h e l m e t s a p p e a r t o a f f e c t c o m f o r t and a c c e p t a b i l i t y ( S t r o u d and 

R e n n i e , 1 9 8 2 ) , and c r a d l e s made f r o m t e r r y l e n e were c o n s i d e r e d more 

c o m f o r t a b l e t h a n t h e r e l a t i v e l y t h i c k and s t i f f p l a s t i c t y p e . 

3.3.5.4 Cost 

To c o n t r o l o c c u p a t i o n a l h a z a r d s i t i s u s u a l l y b e l i e v e d t h a t t h e l e a s t 

c o s t l y m ethod i s t h e p r o v i s i o n o f p e r s o n a l p r o t e c t i v e wear t o p r o t e c t 

t h e i n d i v i d u a l a t r i s k . B u t t h i s a s s u m p t i o n may n o t be a l w a y s t r u e i f 

f o r e x a m p l e an e f f e c t i v e ppw programme i s l a u n c h e d . Due t o t h e use o f 

s u b - s t a n d a r d ppw w h i c h may be cheap, l a c k o f p r o p e r m a i n t e n a n c e , l a c k 

o f s p a r e s and a c c e s s o r i e s e t c . , t h e p r o v i s i o n o f ppw a p p e a r s l e s s 

c o s t l y . B u t i n t h e o p e r a t i o n o f a c o m p r e h e n s i v e ppw programme t h e 

f o l l o w i n g c o s t s may be i n v o l v e d , ( A b e y s e k e r a , 1 9 7 8 ) . 

( a ) C a p i t a l c o s t s o f ppw 

( b ) C a p i t a l c o s t s o f m a i n t e n a n c e s y s t e m w h i c h may i n c l u d e b u i l d i n g s , 

s e r v i c e s and e q u i p m e n t . 

( c ) R u n n i n g c o s t s : 

R eplacement c o s t s , 

R e g u l a r b a s i s : e.g. f i l t e r s i n r e s p i r a t o r s , e t c . 

I r r e g u l a r b a s i s : e.g. a c c i d e n t s , b r e a k a g e s , e t c . 
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B u i 1 d i n g s 

S t a f f i n g c o s t s : e.g. m a i n t e n a n c e , s t o r e s , e t c . 

T r a i n i n g c o s t s : w e a r e r s , s u p e r v i s o r s , managers, e t c . 

To have an e c o n o m i c a l l y a c c e p t a b l e r e t u r n t o t h e management any 

i n v e s t m e n t must be c o s t b e n e f i c i a l . A p r o f i t a b l e r e t u r n has been 

d e m o n s t r a t e d by K l e n and Väyrynen ( 1 9 8 3 ) , i n t h e use o f l o g g e r s s a f e t y 

e q u i p m e n t . I n s e l e c t i n g a ppw f o r a p a r t i c u l a r h a z a r d , t h e n a t u r e o f 

t h e p r o t e c t i o n i t a f f o r d s w i l l have t o be w e i g h e d a g a i n s t i t s c o s t . I n 

t h e m a n u f a c t u r e o f ppw, a p a r t f r o m i t b e i n g e f f e c t i v e and l e a s t 

u n c o m f o r t a b l e , i t s h o u l d a l s o be e c o n o m i c a l l y p r i c e d ( P o w e l l , 1 9 8 4 ) . A 

co m p r o m i s e has t o be r e a c h e d w i t h p r o t e c t i o n , w e a r a b i l i t y and p r i c e . 

An e m p l o y e r a l r e a d y b u r d e n e d w i t h h i g h c o s t s o f m a c h i n e r y , raw 

m a t e r i a l s and l a b o u r w i l l n o t be i n c l i n e d t o buy h i g h p r i c e d ppw 

u n l e s s i t i s c o s t b e n e f i c i a l . Cost i s an i m p o r t a n t c o n s i d e r a t i o n i n 

t h e s e l e c t i o n and use o f ppw i n DC. 

3.3.6 Some Aspects not covered in Literature 

I n c o n s i d e r i n g t h e e r g o n o m i c s f a c t o r s o f any a r t i c l e o r e q u i p m e n t o r 

w o r k s i t u a t i o n c o n f r o n t i n g t h e human w o r k e r , a t h o r o u g h e x a m i n a t i o n o f 

many d i s c i p l i n e s and f a c t o r s a r e n e c e s s a r y . 

T h i s l i t e r a t u r e r e v i e w on human f a c t o r s o f ppw c o v e r s i m p o r t a n t a r e a s 

s u c h as p h y s i o l o g i c a l , a n a t o m i c a l and p s y c h o l o g i c a l a s p e c t s . I t a l s o 

c o v e r s t h e p r o b l e m s i n t h e use o f s e n s e s , m o b i l i t y , t a s k o b s t a c l e s and 

w o r k p e r f o r m a n c e and ease o f d o n n i n g and d o f f i n g . L a s t l y t h e 

a d a p t a t i o n o f ppw, need f o r p e r s u a s i o n t o wear, p r o p e r t i e s o f m a t e r i a l 

u s e d f o r ppw and c o s t s a r e c o n s i d e r e d . For a t h o r o u g h a n a l y s i s o f t h e 

p r o b l e m s i n v o l v e d , t h e r e a r e more a r e a s t o be i n v e s t i g a t e d . Some o f 

them as h y p o t h e s i s e d by t h e a u t h o r a r e m e n t i o n e d b e l o w . 

(a) The c a p a c i t i e s o f t h e u s e r s i n r e s p e c t o f o c c u p a t i o n a l h a z a r d s , 

e n v i r o n m e n t a l c o n d i t i o n s , c u l t u r e , and customs i n IC and DC. 

( b ) M a n u f a c t u r e r s c o n c e p t s , o p i n i o n and knowledge o f human f a c t o r s 

o f ppw. A r e m a n u f a c t u r e r s aware o f human f a c t o r p r o b l e m s and i f so 

a r e t h e y aware t h a t t h e s e p r o b l e m s a r e d i f f e r e n t i n IC and DC? 

( c ) The l a n g u a g e o f o p e r a t i n g i n s t r u c t i o n s s e n t w i t h ppw. Do t h e u s e r s 

o f i m p o r t e d ppw a b l e t o r e a d and u n d e r s t a n d t h e s e i n s t r u c t i o n s ? 

( d ) A v a i l a b i l i t y o f ppw, s p a r e s and a c c e s s o r i e s and b u y i n g p o l i c i e s i n 

d i f f e r e n t c o u n t r i e s . 
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( e ) A r e t h e ppw i m p o r t e d by DC f r o m I C , a p p r o p r i a t e f o r t h e p u r p o s e 

and a r e t h e y a d e q a u t e l y s u p p l i e d ? Can t h e y be used e f f e c t i v e l y 

and s u c c e s s f u l l y i n t h e new e n v i r o n m e n t s ? A r e t h e y a c c e p t a b l e t o 

t h e w o r k e r s who a r e d i f f e r e n t a n a t o m i c a l l y , p h y s i o l o g i c a l l y and 

p s y c h o l o g i c a l l y ? 

( f ) D u r a b i l i t y , r e p a i r , m a i n t e n a n c e and s h e l f l i f e . A r e t h e i m p o r t e d 

w e a r s d u r a b l e i n h o t and humid c l i m a t e s ? Can t h e y be r e p a i r e d a nd 

m a i n t a i n e d w i t h t h e l i m i t e d knowhow a v a i l a b l e i n DC? 

( g ) S t a n d a r d s and l e g i s l a t i o n p e r t a i n i n g t o ppw. A r e t h e i r 

s p e c i f i c a t i o n s o f e r g o n o m i c s S t a n d a r d s f o r ppw? To w h a t e x t e n t 

a r e t h e use o f ppw have become m a n d a t o r y r e q u i r e m e n t s ? 

3.4. Conclusions 

From t h e r e v i e w o f t h e l i t e r a t u r e t h e f o l l o w i n g c o n c l u s i o n s can be 

d r a w n . 

i . The l a c k o f human f a c t o r needs p r o v i d e d i n ppw seems t o be t h e 

c h i e f c a u s e f o r t h e g r o s s u n p o p u l a r i t y i n t h e use o f ppw. T h i s can be 

more so i n DC ( w h e r e ppw i m p o r t e d f r o m IC a r e used) where 

e n v i r o n m e n t a l c o n d i t i o n s , w o r k i n g methods and s i z e s o f p e o p l e l a r g e l y 

d i f f e r f r o m t h a t o f IC. 

i i . I t i s n e c e s s a r y t o d e v e l o p d e f i n i t i o n s o f human f a c t o r s i n ppw 

w h i c h w o u l d be b e n e f i c i a l i n t h e f u t u r e d e s i g n s o f ppw. The p r e s e n t 

k n o w l e d g e on human f a c t o r s seem t o be vague and i n t r e p r e t a t i o n s 

d i f f e r . A h i e r a r c h y o f human f a c t o r demands has t o be 

d e v e l o p e d . 

i i i . W i t h some d e g r e e o f a c c u r a c y i t i s p o s s i b l e t o guess f r o m t h e 

l i t e r a t u r e r e v i e w , w h i c h a r e a s o f human f a c t o r s t h a t need a t t e n t i o n 

a nd f u t u r e i n v e s t i g a t i o n . Out o f t h e f a c t o r s t h a t a f f e c t a c c e p t a b i l i t y 

a nd c o m f o r t , t h e more i m p o r t a n t ones a r e , p h y s i o l o g i c a l demands due t o 

h o t and humid e n v i r o n m e n t s , f i t t i n g and a e s t h e t i c f a c t o r s . 

i v . The d i v e r s i t y o f o p i n i o n s exposed i n t h e l i t e r a t u r e on human 

f a c t o r s o f ppw and w h i c h a r e p a r t i c u l a r l y a p p l i c a b l e t o s i t u a t i o n s a nd 

c o n d i t i o n s i n I C , i t i s now n e c e s s a r y t o l a y down t h e p r i o r i t i e s f o r 

p e o p l e i n DC. B u t most p r o b l e m s a p p e a r t o be s i m i l a r i n b o t h IC and 

DC. F u r t h e r i n v e s t i g a t i o n s on w o r k i n g c o n d i t i o n s i n DC and t h e 

demands o f ppw u s e r s i n IC and DC a r e n e c e s s a r y . 
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v. I n d e v e l o p i n g t h e g e n e r a l t e c h n i q u e s t o h a n d l e human f a c t o r 

p r o b l e m s , t h e method o f a d a p t a t i o n ( a d a p t a t i o n h e r e means a d a p t a t i o n 

o f ppw t o t h e w e a r e r ) and m o d i f i c a t i o n o f t h e e x i s t i n g ppw t o s u i t t h e 

demands o f t h e u s e r s , a p p e a r t o be f e a s i b l e s o l u t i o n s a l t h o u g h 

r e d e s i g n may be n e c e s s a r y i n r a r e i n s t a n c e s . 
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4. DISCUSSION  

4.1 Methods 

E r g o n o m i c s as a m u l t i - d i s c i p l i n a r y s c i e n c e and t h e human as an 

i n t e g r a l p a r t o f a s y s t e m , were t h e key i s s u e s c o n s i d e r e d i n 

d e v e l o p i n g t h e methods p l a n , ( F i g . 2 ) f o r t h i s r e s e a r c h s t u d y . 

The d i s c i p l i n e s o f anatomy, p h y s i o l o g y and p s y c h o l o g y , among o t h e r 

d i s c i p l i n e s , have Deen c h i e f l y r e s p o n s i b l e i n d e v e l o p i n g t h e 

t e c h n o l o g y o f e r g o n o m i c s . The r e l a t i o n s h i p o f e r g o n o m i c s and t h e s e 

d i s c i p l i n e s i s shown i n F i g . 3 , where t h e b o u n d a r i e s o v e r l a p , 

( S i n g l e t o n , 1 9 6 7 ) . The o v e r l a p p i n g d i s c i p l i n e s e n a b l e t h e i r 

d e f i n i t i o n s t o be f i e l d based r a t h e r t h a n b o u n d a r y l i m i t e d . 

F i g . 3 E r g o n o m i c s and t h e o v e r l a p p i n g d i s c i p l i n e s 

A human i s an i n t e g r a l p a r t o f a s y s t e m , as t h e s y s t e m i s d e s i g n e d and 

s p o n s o r e d by humans, o p e r a t e d , m a n i p u l a t e d o r used by humans and 

l a s t l y i t s b e n e f i c i a r i e s a r e humans. I n c a r r y i n g o u t a t a s k , t h e r e i s 

i n t e r a c t i o n b e t w e e n u s e r and machine ( o r work t o o l ) w i t h i n some 

w o r k s p a c e , w h i c h i t s e l f i s l o c a t e d i n an e n v i r o n m e n t , ( F i g . 4 ) . T h i s i s 

c a l l e d a s y s t e m w h i c h i n o t h e r words i s a s e t o f i n t e r a c t i n g 

c o m p o n e n t s . 
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F o r a s u c c e s s f u l e r g o n o m i c e v a l u a t i o n o f a p r o d u c t , e.g. p e r s o n a l 

p r o t e c t i v e d e v i c e , t h e knowledge o f anatomy, p h y s i o l o g y and p s y c h o l o g y 

was t h e r e f o r e u s e d w i t h i n t h e s y s t e m , w h i c h i s t h e f r a m e o f r e f e r e n c e . 

F i g . 4 The s i m p l e b u t i m p o r t a n t f r a m e o f r e f e r e n c e and 

o r i e n t a t i o n needed 

The s t u d y so p l a n n e d r e s u l t e d i n d e v e l o p i n g l o w c o s t e r g o n o m i c s 

r e s e a r c h t e c h n i q u e s and methods w h i c h were o f p a r t i c u l a r b e n e f i t t o 

DC. Some o f t h e s e s i m p l e t e c h n i q u e s were: 

i . A n t h r o p o m e t r y : Body s i z e measurements w h i c h a r e e s s e n t i a l f o r 

m a c h i n e and w o r k s p a c e d e s i g n were c a r r i e d o u t m a n u a l l y m a i n l y by u s i n g 

s i m p l e m e a s u r i n g i n s t r u m e n t s , v i z . a n t h r o p o m e t e r , c a l l i p e r and 

m e a s u r i n g t a p e . The measurement t e c h n i q u e s were l e s s s o p h i s t i c a t e d b u t 

a c c u r a t e and s i m p l e . The s u r v e y programmes a r e e x p l a i n e d i n d e t a i l i n 

I I , IV and V I I . Body s i z e s , head s i z e s , i n t e r n a t i o n a l d a t a , n a t i o n a l 

d a t a , s a m p l e s u r v e y s and p i l o t s u r v e y s were c a r r i e d o u t a t v a r i o u s 

s t a g e s o f t h i s i n v e s t i g a t i o n . The t e c h n i q u e o f p h o t o m e t r y o f t h e head 

was us e d t o c o l l e c t head and f a c e s i z e and shape. The head d i m e n s i o n s 

w e r e l a t e r u s e d t o d e v e l o p a h e a d f o r m . T h i s t e c h n i q u e was s i m p l e and 

d i d n o t i n v o l v e t h e use o f e x p e n s i v e m e a s u r i n g r i g s o r c o m p u t e r s . 

P e r h a p s t h e o n l y drawback i n t h e a n t h r o p o m e t r i c t e c h n i q u e s w o u l d have 

been t h e l o n g t i m e p e r i o d t a k e n f o r measurements. 

i i . Q u e s t i o n n a i r e s : The use o f t h e q u e s t i o n n a i r e method was w i d e l y 

a d o p t e d t h r o u g h o u t t h e s t u d y . A q u e s t i o n n a i r e can be employed t o 

c o l l e c t p e o p l e s k n o w l e d g e , c o n c e p t s and i d e a s o f t h e o b j e c t s o f 
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i n v e s t i g a t i o n . I t i s a l s o p o s s i b l e t o guage t h e awareness o f p e o p l e t o 

a c e r t a i n p r o b l e m o r s i t u a t i o n . The common methods o f q u e s t i o n n a i r e 

a d m i n i s t r a t i o n a r e : ( a ) t h r o u g h t h e m a i l , ( b ) by i n t e r v i e w i n g . A 

c o m p r e h e n s i v e r e p o r t on q u e s t i o n n a i r e d e s i g n was p r e p a r e d by t h e 

a u t h o r , ( A b e y s e k e r a ) and Shahnavaz, ( 1 9 8 5 ) p r i o r t o a d o p t i n g t h e 

q u e s t i o n n a i r e method i n t h e ppd r e s e a r c h s t u d y . The use o f 

q u e s f ' o n n a i r e e n a b l e d t o i n t r o d u c e i n t o t h e s t u d y t h e p r i n c i p l e o f 

' A c t i o n L e a r n i n g ' , a t e c h n i q u e i n i t i a t e d , d e v e l o p e d and p r o p a g a t e d by 

P r o f e s s o r Reg Revans o f UK, (Revans, 1 9 8 0 ) . A c t i o n l e a r n i n g i s a 

t e c h n i q u e w h e r e t h e s o l u t i o n s t o t h e p r o b l e m s , e x p e r i e n c e d by e.g. 

u s e r o r m a n u f a c t u r e r o f a product-, a r e seeked amongst t h e u s e r s and 

m a n u f a c t u r e r s t h e m s e l v e s r e s p e c t i v e l y . A c t i o n l e a r n i n g i s a method 

w h e r e p e o p l e l e a r n f r o m and w i t h one a n o t h e r and i n v o l v e s l o w c o s t t o 

i m p l e m e n t . T h i s method has been e x p e r i m e n t e d , p r a c t i c e d and f o u n d 

h i g h l y s u c c e s s f u l , among o t h e r t h i n g s , f o r r e d e s i g n i n g p r o d u c t s t o be 

more a c c e p t a b l e t o t h e u s e r s and i m p r o v i n g w o r k i n g c o n d i t i o n s , 

( R e v a n s , 1 9 8 5 ) . 

4.2 Reviews 

4.2.1 Human Factors of Personal Protective Devices (ppd) 

The l i t e r a t u r e on e r g o n o m i c s o f ppd i n d i c a t e d t h a t t h e work done so 

f a r has been on i s o l a t e d cases o f t h e p r o b l e m , i n v o l v i n g m a i n l y 

d i s c o m f o r t i n u s i n g p a r t i c u l a r t y p e s o f ppd. The p a s t s t u d i e s have 

been c o n d u c t e d i n p a r t i c u l a r c o u n t r i e s u n d e r one s e t o f c o n d i t i o n s , 

v i z . h o t o r c o l d c l i m a t e , body s i z e s o r w o r k i n g c a p a c i t y o f one 

p o p u l a t i o n , e t c . I n o t h e r w o r d s t h e p r o b l e m has n o t been v i e w e d 

g l o b a l l y , n o r was t h e r e been a g e n e r a l o v e r v i e w o f t h e human f a c t o r 

p r o b l e m s i n ppd. How t h e s e p r o b l e m s d i f f e r f r o m I n d u s t r i a l i z e d 

C o u n t r i e s ( I C ) t o D e v e l o p i n g C o u n t r i e s (DC) o r w h e t h e r p r o d u c t s made 

i n IC a r e m o d i f i e d t o t h e new c o n d i t i o n s i n OC o r a c c e p t a b l e t o p e o p l e 

i n DC have been h a r d l y m e n t i o n e d i n l i t e r a t u r e . A g l o b a l v i e w a b o u t 

t h e p r o b l e m s i s i m p o r t a n t , p a r t i c u l a r l y due t o t h e l a r g e exodus o f 

g o o d s f r o m IC t o DC. From t h e l i t e r a t u r e s e a r c h i t was r e v e a l e d t h a t 

r e s e a r c h and d e v e l o p m e n t i n human f a c t o r s o f ppd were f a r f r o m 

c o m p r e h e n s i v e and a l s o i t was c o n f i n e d t o c o n d i t i o n s i n IC. However 

t h e l i t e r a t u r e was c l e a r t h a t t h e c h i e f cause f o r n o n - a c c e p t a n c e o f 

ppd was d i s c o m f o r t , e i t h e r due t o wrong s i z e s as a r e s u l t o f body s i z e 

v a r i a b i l i t y , o r p h y s i o l o g i c a l demands f r o m t h e i m p a c t o f t h e c l i m a t e , 

o r t h e e x t r a e n e r g y c o s t f r o m ppd wear. 
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L i t e r a t u r e was n o t c l e a r as t o how e r g o n o m i c p r o b l e m s can be a v o i d e d 

a t t h e d e s i g n s t a g e . T h e r e was no m e n t i o n o f t h e i n t e r f a c e c o n c e p t 

w h e r e t h e m a n u f a c t u r e r demands and u s e r c a p a c i t i e s a r e matched a t t h e 

s y s t e m s i n t e r f a c e w h i c h seems t o be t h e a c c e p t a b l e method f o r a 

s u c c e s s f u l e r g o n o m i c e v a l u a t i o n . The o t h e r a s p e c t s n o t c o v e r e d 

s u f f i c i e n t l y i n l i t e r a t u r e were d e v e l o p m e n t o f methods t o i m p l e m e n t a 

s u c c e s s f u l ppd programme f r o m t h e human f a c t o r s p o i n t o f v i e w . For 

e x a m p l e , methods o f p e r s u a s i o n t o a c c e p t ppd, a d a p t a t i o n t o ppd, how 

t o o v e r c o m e d i f f i c u l t i e s e x p e r i e n c e d t o r e a d and u n d e r s t a n d o p e r a t i n g 

i n s t r u c t i o n s o f t h e m a n u f a c t u r e r , how t o i n v o l v e w o r k e r s i n t h e d e s i g n 

and s e l e c t i o n o f ppd and s a f e t y t r a i n i n g , were h a r d l y m e n t i o n e d i n 

l i t e r a t u r e . T h e r e f o r e t h e s e a s p e c t s o f e r g o n o m i c s w h i c h a r e i m p o r t a n t 

b u t s t i l l n o t a d e q u a t e l y examined b e f o r e have been c o n s i d e r e d i n t h e 

c u r r e n t s t u d y . 

4.2.2 Technology Transfer 

A r e v i e w o f human f a c t o r s o f t e c h n o l o g y t r a n s f e r e x p o s e d t h e 

d i s c r e p e n c i e s i n t h e p r e s e n t s y s t e m , v i z . t h e t r a n s f e r o f 

i n a p p r o p r i a t e , i n a d e q u a t e and h a z a r d o u s t e c h n o l o g y f r o m IC t o DC. I t 

was o b s e r v e d t h a t t h e m i s m a t c h e x p e r i e n c e d by DC u s e r s o f i m p o r t e d 

goods was n o t o n l y due t o d i f f e r e n c e s i n body s i z e s , c l i m a t e and 

e d u c a t i o n and t r a i n i n g w h i c h o f c o u r s e were o b v i o u s , b u t t h e r e were 

h i d d e n c a u s e s , v i z . c o m p l i c a t i o n s due t o d i f f e r e n c e s i n m a n a g e r i a l , 

o r g a n i z a t i o n a l , s o c i o l o g i c a l , c u l t u r a l , l a n g u a g e , i n f r a s t r u c t u r e and 

s t a n d a r d s o f l i v i n g , ( I ) . I t was seen t h a t m o d i f i c a t i o n , a d a p t a t i o n o r 

r e d e s i g n o f IC p r o d u c t s t o t h e c h a n g i n g s i t u a t i o n s i n DC were 

n e c e s s a r y p r i o r t o t r a n s f e r . 

4.2.3 Body Sizes 

The d i f f e r e n c e s i n body s i z e s between n a t i o n a l i t i e s seem o b v i o u s , b u t 

u n f o r t u n a t e l y t h e s e d i f f e r e n c e s have n o t been c o n s i d e r e d i n t h e d e s i g n 

o f goods t o t h e f o r e i g n m a r k e t . The c o m p a r a t i v e s t u d y o f body s i z e 

v a r i a b i l i t y between d i f f e r e n t n a t i o n s and more p a r t i c u l a r l y between IC 

( p r o d u c e r s ) and DC ( u s e r s ) has r e v e a l e d s i g n i f i c a n t d i f f e r e n c e s n o t 

o n l y i n s t a t u r e s ( F i g . 1 i n I I ) and s i t t i n g h e i g h t s , ( F i g . 2 i n I I ) , b u t 

a l s o head and hand d i m e n s i o n s and body p r o p o r t i o n s . D i f f e r e n t ppd a r e 

u s e d t o p r o t e c t d i f f e r e n t p a r t s o f t h e body. C o n s i d e r a t i o n o f body 

s i z e d i f f e r e n c e i n d e s i g n i s o f paramount i m p o r t a n c e f o r b o t h c o m f o r t 
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and p r o t e c t i o n t o t h e u s e r s . Examples o f o v e r s i z i n g o f h e l m e t s , 

g o g g l e s and g l o v e s made i n IC, and l a t e r used by s m a l l s i z e d p e o p l e i n 

OC have been d i s c u s s e d i n t h i s r e v i e w , ( I I ) . 

4.2.4 Third World Ergonomics 

T h e r e can be a complex i n t e r p l a y o f i d e a s when e r g o n o m i c p r o b l e m s o f 

DC a r e v i e w e d t h r o u g h t h e eyes o f an IC e r g o n o m i s t . The i d e a s o f an IC 

r e s e a r c h e r o r a t r a n s f e r o r o f t e c h n o l o g y a b o u t t h e a c t u a l c o n d i t i o n s 

i n DC seem t o be vague. T h e r e f o r e one i s s c e p t i c a l a b o u t t h e 

u s e f u l n e s s o f e r g o n o m i c s r e s e a r c h on DC and d e s i g n a d a p t a t i o n s c a r r i e d 

o u t by a r e s e a r c h e r and a m a n u f a c t u r e r r e s p e c t i v e l y i n I C , who have 

n o t been a d e q u a t e l y exposed t o t h e DC e n v i r o n m e n t . The IC d e s i g n e r 

t h o u g h has a good k n o w l e d g e i n e r g o n o m i c s , t r y i n g t o f i t h i s d e s i g n t o 

a s t r a n g e e n v i r o n m e n t unknown t o him can m i s e r a b l y f a i l as shown i n 

F i g . 1 . T h e r e f o r e e r g o n o m i c s f o r t h e 3 r d w o r l d e i t h e r i n t h e case o f 

ppd o r any o t h e r p r o d u c t d e s t i n e d t o be used i n DC must emerge f r o m 

t h e 3 r d w o r l d . S i n c e e r g o n o m i c s i n i t i a t e d and l a t e r d e v e l o p e d i n t h e 

W e s t e r n w o r l d , t h e t h e o r y and t h e knowledge o f t h e s c i e n c e o f 

e r g o n o m i c s must be however o b t a i n e d f r o m t h e Western w o r l d . 

I n o r d e r t o empha s i z e t h a t t h e 3 r d W o r l d e r g o n o m i c s s h o u l d emerge i n 

t h e 3 r d W o r l d , i t i s w o r t h m e n t i o n i n g t h e C h i n e s e i n n o v a t i v e d e s i g n o f 

a s a f e t y h e l m e t , ( F i g . 5 , a, b and c ) made o u t o f i n t e r w o v e n c a ne, ( X ) . 

The h e l m e t d e s i g n e d and made i n China i s l i g h t e r , more a i r y , more 

c o m f o r t a b l e and has been f o u n d v e r y p o p u l a r and a c c e p t a b l e t o 100'/. o f 

t h e w o r k e r s i n a C h i n e s e s t e e l m i l l e m p l o y i n g a b o u t 10,000 w o r k e r s . 

Though t h e p r o t e c t i o n p e r f o r m a n c e o f t h i s cane h e l m e t may be l o w , i t 

p r o v i d e s a f a i r d e g r e e o f p r o t e c t i o n w h i c h i s b e t t e r t h a n no 

p r o t e c t i o n a t a l l , as a c c e p t a b i l i t y o f an i m p o r t e d p l a s t i c h e l m e t i n 

a n o t h e r s t e e l m i l l i n China e m p l o y i n g s i m i l a r number o f w o r k e r s had 

been 0%, (Shahnavaz and Sunback, 1 9 8 8 ) . 

4.3 Postal Questionnaires 

The f i r s t main e x e r c i s e i n t h i s r e s e a r c h s t u d y was t h e c o l l e c t i o n o f 

i n f o r m a t i o n a b o u t d e s i g n c o n c e p t s and demands p l a c e d on t h e p r o d u c t s 

by ppd m a n u f a c t u r e r s i n IC and c h a r a c t e r i s t i c s and c a p a c i t i e s o f ppd 

u s e r s i n DC, t o be mat c h e d a t t h e systems i n t e r f a c e . The p o s t a l 

q u e s t i o n n a i r e s a d o p t e d f o r t h i s p u r p o s e went a s t e p f u r t h e r by a s k i n g 

t h e r e s p o n d e n t s t o s u g g e s t s o l u t i o n s t o t h e p r o b l e m s i n t h e 
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m a n u f a c t u r e and use o f ppd. A r e m a r k a b l e f i n d i n g f r o m IC m a n u f a c t u r e r 

r e s p o n d e n t s was t h a t t h e y were unaware o f e r g o n o m i c s p r o b l e m s 

e x p e r i e n c e d by DC where 6 0% o f ppd used were i m p o r t e d f r o m IC. T h i s 

may be t h e r o o t c a u s e why u n a d a p t e d ppd a r e e x p o r t e d t o DC. A n o t h e r 

i m p o r t a n t f i n d i n g was t h a t t h e m a n u f a c t u r e r s a d h e r e c t o s t a n d a r d s 

w h i c h were m a i n l y on p r o t e c t i o n a s p e c t s . T h i s paves t h e way f o r t h e 

need t o d e v e l o p s t a n d a r d s f o r e r g o n o m i c s a s p e c t s o f ppd w h i c h w o u l d as 

i n t h e c a s e o f p r o t e c t i o n s t a n d a r d s be ad h e r e d t o by t h e 

m a n u f a c t u r e r s . 

F i g 5. The C h i n e s e Cane Helmet (an i n n o v a t i v e d e s i g n ) 

(a) The helmet w i t h v e n t i l a t i o n (b) The helmet and harness 
openings 

g l a s s f i b r e harness 
r e i n f o r c e d 
l a y e r 

(c) The helmet f i t 
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The c o n c e p t s o f m a n u f a c t u r e r s and u s e r s were c o n t r a d i c t o r y . W h i l e t h e 

m a n u f a c t u r e r s e m p h a s i z e d t h e p r o t e c t i o n p e r f o r m a n c e o f ppd i n t h e 

d e s i g n , t h e u s e r s p l a c e d g r e a t e r emphasis on c o m f o r t i n use. The 

p r o t e c t i o n p e r f o r m a n c e was c o u p l e d w i t h a d h e r e n c e t o s t a n d a r d s by t h e 

m a n u f a c t u r e r s and c o m f o r t was c o u p l e d w i t h l e s s h o t n e s s , good f i t , low 

w e i g h t and l e s s o b s t r u c t i o n i n t h e use o f ppd. A t t h e i n t e r f a c e s t a g e 

one s o l u t i o n became v e r y a p p a r e n t , v i z . d e v e l o p s t a n d a r d s f o r c o m f o r t 

i n ppd. 

E r g o n o m i c s i n a d e q u a c i e s o f ppd made i n IC p r i o r t o t r a n s f e r t o DC were 

s u r f a c e d a t t h e i n t e r f a c e f r o m i n f o r m a t i o n r e c e i v e d t h r o u g h 

q u e s t i o n n a i r e s . A case s t u d y i n a t r o p i c a l c o u n t r y , v i z . S r i Lanka, 

i n i t i a l l y u s i n g r e s p i r a t o r s and l a t e r u s i n g s a f e t y h e l m e t s , examined 

and s t u d i e d some o f t h e s e e r g o n o m i c p r o b l e m s w h i c h a r e d i s c u s s e d 

b r i e f l y b e l o w . 

4.4 Case Study 

4.4.1 Sri Lanka 

S r i Lanka i s a t r o p i c a l i s l a n d s i t u a t e d i n A s i a w i t h a p o p u l a t i o n o f 

16 m i l l i o n p e o p l e o f w h i c h 25% c o n s i s t s o f t h e w o r k i n g p o p u l a t i o n . 

Over f i f t y p e r c e n t o f t h e w o r k i n g p o p u l a t i o n a r e employed i n 

a g r i c u l t u r e . The a v e r a g e t e m p e r a t u r e i n f o u r - f i f t h s o f t h e l a n d i s 

a b o u t 27°C ( r a n g e 22°C - 32°C) and a v e r a g e h u m i d i t y 70% ( r a n g e 6 0 % -

8 0 % ) , r i g h t t h r o u g h o u t t h e y e a r . The av e r a g e s t a t u r e o f a S r i Lankan 

male b e i n g 164 cm ( r a n g e 154-175 cm) and f e m a l e 152 cm (142-162 cm). 

The r e s u l t s o f t h e n a t i o n a l a n t h r o p o m e t r i c s u r v e y where 90 body 

d i m e n s i o n s were measured were compared w i t h some r e l e v a n t d i m e n s i o n s 

i n IC w h i c h r e v e a l e d t h a t a l m o s t 100% d i f f e r e d s i g n i f i c a n t l y , ( I V ) . 

C o m p arison o f s t a t u r e s o f S r i Länkans w i t h o t h e r n a t i o n a l i t i e s showed 

t h a t S r i Länkans can be g r o u p e d w i t h p e o p l e f r o m South A s i a who were 

among t h e s h o r t e s t p e o p l e i n t h e W o r l d . 

L i k e o t h e r DC, o c c u p a t i o n a l a c c i d e n t s and d i s e a s e s a r e m a j o r p r o b l e m s 

i n w o r k p l a c e s i n S r i Lanka. Though t h e number o f a c c i d e n t s where 

c o m p e n s a t i o n has been p a i d has been r e p o r t e d as 1166 i n 1982, (Census 

and S t a t i c s , 1 9 8 3 ) , t h e a c t u a l number can be s e v e r a l t i m e s t h i s 

number, ( w h i c h i s due t o t h e poor r e p o r t i n g s y s t e m ) . I n f o r m a t i o n 

s u p p l i e d by S r i Lanka f o r t h e q u e s t i o n n a i r e (App.2) c o n d u c t e d on 

t h e s u p p l y and use o f ppd r e v e a l e d t h a t most p r e v a l e n t o c c u p a t i o n a l 
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d i s e a s e s were l u n g d i s e a s e s and h e a r i n g l o s s and t h e most common 

o c c u p a t i o n a l a c c i d e n t s were head i n j u r i e s and f r a c t u r e s . S r i Lanka 

i m p o r t s t o d a y t h e m a j o r p a r t o f t h e i n d u s t r i a l goods i n c l u d i n g ppd 

f r o m I C . The answers t o t h e q u e s t i o n n a i r e a l s o i n d i c a t e d t h a t t h o u g h 

t h e most u s e d method t o c o n t r o l o c c u p a t i o n a l d i s e a s e s and a c c i d e n t s 

was p p d , t h e d e v i c e s were most u n p o p u l a r as t h e w o r k e r s r e j e c t e d them 

as v e r y u n c o m f o r t a b l e . H o t n e s s , bad f i t , h e a v i n e s s and n u i s a n c e were 

some i m p o r t a n t c a uses o f d i s c o m f o r t . 

4.4.2 Case Study Strategies 

The s t r a t e g i e s u s e d i n t h e case s t u d y o f ppd use i n S r i Lanka were 

t w o f o l d , v i z : 

( a ) To a s c e r t a i n t h e d e g r e e and t y p e s o f d i s c o m f o r t t h a t S r i Länkans 

e x p e r i e n c e - w h i l e u s i n g i m p o r t e d ppd. For t h i s p u r p o s e f o u r B r i t i s h 

made r e s p i r a t o r s w ere t e s t e d on S r i Länkans i n an e n v i r o n m e n t a l 

chamber s i m u l a t e d t o t r o p i c a l c o n d i t i o n s , where o b j e c t i v e and 

s u b j e c t i v e e v a l u a t i o n s were c a r r i e d o u t . T h i s s u r v e y was a l s o i n t e n d e d 

t o s e t p r i o r i t i e s f o r e r g o n o m i c s f a c t o r s i n t h e d e s i g n o f ppd f o r S r i 

Länkans. 

( b ) T h r o u g h m o d i f i c a t i o n s o r a d a p t a t i o n s o f t h e c o m m e r c i a l l y a v a i l a b l e 

ppd made i n I C , w h e t h e r t h e y can be made a c c e p t a b l e t o S r i Länkans. 

T h i s was c a r r i e d o u t t h r o u g h a s e r i e s o f f i e l d t r i a l s ( s h o r t and l o n g 

t e r m t e s t i n g ) , u s i n g m o d i f i e d s a f e t y h e l m e t s i n a l a r g e s h i p y a r d i n 

Colombo, S r i Lanka. 

4.4.2.1 Respirators 

O u t o f t h e f o u r t y p e s o f r e s p i r a t o r s w h i c h had d i f f e r e n t p r o t e c t i o n 

f a c t o r s and b r e a t h i n g r e s i s t a n c e s , t h e ones t h a t gave t h e l o w e r 

b r e a t h i n g r e s i s t a n c e s ( w h i c h were p o s i t i v e p r e s s u r e ) were f o u n d more 

a c c e p t a b l e and c o m f o r t a b l e i n b o t h o b j e c t i v e and s u b j e c t i v e t e s t s , 

( V ) . B u t u n f o r t u n a t e l y t h e h i g h c o s t o f t h e p o s i t i v e p r e s s u r e 

r e s p i r a t o r s do n o t r e n d e r them c o s t b e n e f i c i a l f o r t h e p o o r economies 

i n t h e S r i Lankan work e s t a b l i s h m e n t s . The n e g a t i v e p r e s s u r e 

r e s p i r a t o r , v i z . r e s p i r a t o r *Y' ( V ) , w h i c h i s m o d e r a t e l y p r i c e d w i t h 

an a c c e p t a b l e p r o t e c t i o n f a c t o r , was f o u n d t o be t h e most 

u n c o m f o r t a b l e one a c c o r d i n g t o t h e e v a l u a t i o n s . P h y s i o l o g i c a l s t r e s s 

f r o m b r e a t h i n g r e s i s t a n c e and h o t n e s s seemed t o be t h e main e r g o n o m i c 
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p r o b l e m w h i l e h e a v i n e s s ( r e s p . ) and a c t i v i t y were a l s o c o n t r i b u t i n g t o 

t h e d i s c o m f o r t . Some r e s p i r a t o r s a l s o r e s t r i c t e d v i s i o n , speech and 

h e a r i n g a p p r e c i a b l y . However, r e m a r k a b l y t h e p r o b l e m o f f i t was f o u n d 

n e g l i g i b l e i n s p i t e o f t h e f a c t t h a t t h e head and f a c e d i m e n s i o n s o f 

S r i Länkans and t h e B r i t i s h d i f f e r e d s i g n i f i c a n t l y . M o d i f i c a t i o n o f 

t h e r e s p i r a t o r s o r r e d e s i g n t o s u i t t h e c l i m a t e s and t o be made 

a c c e p t a b l e t o S r i Länkans i s needed. C o n s i d e r i n g t h e d i f f i c u l t i e s o f 

c o m p r o m i s i n g c o m f o r t , p r o t e c t i o n and l o w c o s t i n t h e d e s i g n , a 

r e s p i r a t o r p e r h a p s w i t h a r e a s o n a b l e p r o t e c t i o n f a c t o r , b u t a c c e p t a b l e 

t o t h e w e a r e r and l e s s c o s t l y i s b e t t e r t h a n an e x p e n s i v e and h i g h l y 

e f f i c i e n t b u t s t i l l u n c o m f o r t a b l e r e s p i r a t o r . 

4.4.2.2 Safety Helmets 

H o t n e s s , s w e a t n e s s , h e a v i n e s s and wrong s i z e s were m a j o r p r o b l e m s i n 

t h e use o f i m p o r t e d s a f e t y h e l m e t s i n S r i Lanka. T h e r e f o r e p r o v i s i o n 

o f v e n t i l a t i o n h o l e s and r e d u c t i o n o f w e i g h t were t h e m a j o r 

m o d i f i c a t i o n s made t o s a f e t y h e l m e t s p r i o r t o t e s t i n g them i n S r i 

Lanka. S i n c e b r i g h t c o l o u r e d h e l m e t s , p a r t i c u l a r l y , w h i t e ones, 

i n d i c a t e d a d v a n t a g e s o f low p e r c e p t i o n o f h o t n e s s d u r i n g a p i l o t s t u d y 

i n t h e l a b o r a t o r y , o n l y w h i t e h e l m e t s were used f o r f i e l d t e s t i n g , 

( V I ) . The s u b j e c t i v e assessments made d u r i n g s h o r t t e r m and l o n g t e r m 

w e a r i n g o f h e l m e t s gave f a v o u r a b l e i n d i c a t i o n s t h a t b e t t e r v e n t i l a t i o n 

r e d u c e d d i s c o m f o r t due t o h o t n e s s and s w e a t i n g . V e n t i l a t i o n h o l e s and 

m a t e r i a l c h a r a c t e r i s t i c s f o r optimum h e a t t r a n s f e r t h r o u g h h e l m e t 

s h e l l s a r e w o r t h c o n s i d e r i n g i n h e l m e t d e s i g n t o be used i n t h e 

t r o p i c s . S i n c e a r e d u c t i o n o f 50g w e i g h t was p e r c e i v e d and p r e f e r r e d 

by t h e w e a r e r s d u r i n g t h e t r i a l s , i n d e v e l o p i n g a h e l m e t f o r s m a l l 

p e o p l e ( u s u a l l y f r o m DC), low w e i g h t and l o w p e r c e p t i o n o f t h e w e i g h t 

( w h i c h can be a c h i e v e d by t h e p r o p e r p l a c e m e n t o f c e n t e r o f g r a v i t y o f 

t h e h e l m e t ) must be g i v e n due c o n s i d e r a t i o n . I n t h i s r e s p e c t a l e s s 

b u l k y h e l m e t and a s h e l l w h i c h t a k e s t h e shape o f t h e head o f w e a r e r s 

a r e o t h e r i m p o r t a n t f a c t o r s t o be c o n s i d e r e d i n t h e d e s i g n . D u r i n g t h e 

f i e l d t r i a l s i t a l s o became e v i d e n t t h a t a c o n s i d e r a b l e d e g r e e o f 

d i s c o m f o r t , s t i l l p r e v a i l e d even i n m o d i f i e d h e l m e t s . S i n c e any 

a d d i t i o n a l c o v e r i n g on t h e body b l o c k s t h e h e a t t r a n s f e r p r o c e s s i n 

h o t e n v i r o n m e n t s and due t o t h e i n h e r e n t o r u n a v o i d a b l e d i s c o m f o r t s 

p r e s e n t i n ppd, a c e r t a i n d e g r e e o f d i s c o m f o r t has t o be t o l e r a t e d by 

t h e w e a r e r . T h i s p e r h a p s i s p o s s i b l e t h r o u g h a s y s t e m a t i c a d a p t a t i o n 

t o t h e d i s c o m f o r t e x p e r i e n c e d i n h e l m e t s o r any ppd w e a r i n g . 
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N o t e : The d i s c u s s i o n on human f a c t o r s o f s a f e t y h e l m e t s i n t h e c o n t e x t 

o f t h e p a s t and p r e s e n t s t u d i e s ( m a i n l y t h a t o f t h e a u t h o r ) i s 

c o n t i n u e d i n t h e n e x t c h a p t e r . 

4.4.3 Other Studies 

The c a s e s t u d y was c o n t i n u e d by e x a m i n i n g t h e 3 f a c t o r s t h a t emerged 

f r o m t h e f i e l d t r i a l s , v i z . h e a t t r a n s f e r t h r o u g h h e l m e t s , d e v e l o p i n g 

h e l m e t s t o c o n f o r m t o head shape w i t h t h e h e l p o f a h e a d f o r m and 

a d a p t a t i o n t o w e a r i n g h e l m e t s . 

4.4.3.1 Heat Transfer 

A p a r t f r o m t h e r e s u l t s and d i s c u s s i o n p r e s e n t e d under 'Heat t r a n f e r 

c h a r a c t e r i s t i c s o f s a f e t y h e l e m t s ' , ( V I I I ) , i t has t o be emphasized 

t h a t head v e n t i l a t i o n i s an e s s e n t i a l r e q u i r e m e n t i n h e l m e t s t o be 

used i n t h e t r o p i c s , even a t t h e c o s t o f a l o w e r p r o t e c t i o n f a c t o r . 

The C h i n e s e example ( m e n t i o n e d e a r l i e r ) o f a cane h e l m e t a c c e p t e d by 

a l m o s t 100% o f t h e w e a r e r s when compared t o t h e i m p o r t e d p l a s t i c 

h e l m e t w h i c h i s r e j e c t e d by a l m o s t 100% o f t h e w e a r e r s i s a good case 

i n p o i n t , ( F i g . 5 and X ) . Though i t i s an e x t r e m e example where 

p r o t e c t i o n t o t h e head f r o m f a l l i n g heavy o b j e c t can be much l o w e r , 

t h e p r i n c i p l e b e h i n d t h i s r e v o l u t i o n a r y d e s i g n must be a c c e p t e d . The 

h e a t t r a n s f e r t e s t s t h r o u g h h e l m e t s h e l l s a l s o r e v e a l e d t h a t t h e 

m e t a l l i c s u r f a c e s had a d v a n t a g e s when compared t o o t h e r s u r f a c e s . But 

l a t e r when a l u m i n i u m s u r f a c e h e l m e t s were used i n t h e t r i a l s , t h e 

w o r k e r s r e j e c t e d them due t o t h e g l a r e and u n p l e a s a n t r e f l e c t e d l i g h t 

r a y s on t h e e y e s . T h e r e f o r e t h i s i n v e s t i g a t i o n must be c o n t i n u e d t o 

f i n d a m e t a l l i c c o l o u r t h a t i s a c c e p t a b l e t o t h e u s e r s . The ad v a n t a g e s 

o f a m e t a l l i c s u r f a c e t o re d u c e h e a t w i t h i n o r e f f e c t i v e l y t r a n s f e r 

h e a t f r o m i n s i d e t o o u t s i d e , may a l s o be used i n t h e d e s i g n o f motor 

v e h i c l e h o o d s , e.g. c a r s and t r a i n s , and house r o o f s , u m b r e l l a s ( s u n ) , 

e t c . , f o r t h e t r o p i c s . 

4.4.3.2 Headform 

The a d v a n t a g e d e r i v e d f r o m t h e he a d f o r m t e c h n i q u e ( V I I ) , i s i t s 

s i m p l i c i t y i n d e v e l o p i n g t h e head p r o f i l e w i t h p h o t o m e t r i c d a t a . The 

shape o f t h e h e l m e t s h e l l c o n f o r m i n g t o t h e shape o f t h e head o f t h e 

w e a r e r w i l l be i m p o r t a n t f o r t h e minimum p e r c e p t i o n o f t h e w e i g h t o f a 

h e l m e t as m e n t i o n e d b e f o r e . The p r o f i l e o f t h e S r i Lankan head 
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o b t a i n e d f r o m t h e p h o t o m e t r i c d a t a was d i f f e r e n t a t t h e back o f t h e 

head and t h e crown a r e a , when compared w i t h t h e A m e r i c a n h e a d f o r m , 

( X ) . I t i s t h e r e f o r e assumed t h a t s i m i l a r v a r i a t i o n s can o c c u r b e tween 

p e o p l e f r o m d i f f e r e n t n a t i o n s . Perhaps t h e h e l m e t shape s h o u l d be 

d i f f e r e n t f o r d i f f e r e n t p o p u l a t i o n g r o u p s . 

4.4.3.3 A d a p t a t i o n 

The a d a p t a t i o n t r i a l s i n d i c a t e d t h a t g e t t i n g used t o d i s c o m f o r t o r 

i m p r o v e m e n t i n c o m f o r t f o r h e l m e t s o - i g i n a l l y been r e g a r d e d as h o t , 

h e a v y o r bad f i t t i n g was p o s s i b l e i n w e a r i n g them c o n t i n o u s l y f o r l o n g 

p e r i o d s o r a t l e a s t f o r one month, ( I X ) . Though t h e p r i n c i p l e o f 

a d a p t a t i o n i s v a l i d i n any o t h e r s i t u a t i o n l i k e e x p o s u r e t o v e r y h o t 

o r v e r y c o l d c l i m a t e , a s y s t e m a t i c a d a p t a t i o n programme i n t h e use o f 

ppd i s e s s e n t i a l due t o t h e i n h e r e n t and u n a v o i d a b l e d i s c o m f o r t 

p r e s e n t i n most ppd. The p r o t e c t i o n f a c t o r can be i n c r e a s e d i n a ppd 

a t t h e e x p e n s e o f h i g h d i s c o m f o r t . But even a t a r e a s o n a b l e p r o t e c t i o n 

f a c t o r i n a h e l m e t t h e r e i s a c e r t a i n d e g r e e o f d i s c o m f o r t w h i c h has 

t o be a c c e p t e d and t o l e r a t e d . The p e r i o d o f a d a p t a t i o n t o each k i n d o f 

h e l m e t o r a ppd u n d e r d i f f e r e n t c l i m a t i c c o n d i t i o n s and on d i f f e r e n t 

p o p u l a t i o n s , have t o be a s c e r t a i n e d by c a r r y i n g o u t a s e r i e s o f f i e l d 

t r i a l s . 
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5. HUMAN FACTORS OF INDUSTRIAL SAFETY HELMETS-THE PAST AND THE PRESENT 

( W i t h e m p h a s i s f o r t h e i r needs i n D e v e l o p i n g C o u n t r i e s ) 

5.1 Introduction 

The l a c k o f human f a c t o r c o n s i d e r a t i o n s ( c o m f o r t , f i t , a c c e p t a b i l i t y , 

e t c . ) i n p e r s o n a l p r o t e c t i v e wear (ppw) has seemed t o cause d i s c o m f o r t 

and u n p o p u l a r i t y i n t h e i r use p a r t i c u l a r l y i n D e v e l o p i n g C o u n t r i e s 

( D C ) , ( I I I ) . A ca s e s t u d y had been c a r r i e d o u t by t h e a u t h o r ( V I ) i n 

S r i Lanka i n t h e use o f i n d u s t r i a l s a f e t y h e l m e t s w i t h t h e i n t e n t i o n 

o f d e v e l o p i n g a n d / o r m o d i f y i n g h e l m e t s t o be c o n v e n i e n t and a c c e p t a b l e 

t o t h e w e a r e r s . The i m p o r t a n c e o f human f a c t o r s r e g a r d i n g i n d u s t r i a l 

h e l m e t s f o r u s e r a c c e p t a b i l i t y has been a l s o m e n t i o n e d i n s e v e r a l 

s t u d i e s , ( H i c k l i n g , 1 9 8 4 . , Väyrynen.1983., Thomas P r o c t o r , 1 9 8 2 . , S m i t h 

and A n d e r s o n , 1 9 7 8 . , Kamin & S c a l o n e , 1 9 7 4 ) , c a r r i e d o u t i n 

I n d u s t r i a l i z e d C o u n t r i e s ( I C ) . T h e r e f o r e , q u a l i t a t i v e l y t h e p r o b l e m s 

i n p r o t e c t i v e wear seem s i m i l a r i n b o t h DCs and I C s , b u t t h e 

e n v i r o n m e n t a l , c u l t u r a l and s o c i a l d i f f e r e n c e s between ICs and DCs 

( I ) , may p r o d u c e q u a n t i t a t i v e d i f f e r e n c e s i n t h e s e p r o b l e m s . T h i s 

c h a p t e r d e s c r i b e s and d i s c u s s e s , t h e p a s t and more r e c e n t s t u d i e s ( b y 

t h e a u t h o r ) i n human f a c t o r s o f i n d u s t r i a l s a f e t y h e l m e t s i n DCs and 

I C s . 

P r o t e c t i o n o f t h e head becomes most i m p o r t a n t , as t h e p a r t o f t h e body 

t h a t i s most s u s c e p t i b l e t o d i s a b l i n g i n j u r y i s s a i d t o be t h e head o r 

more s p e c i a l l y , t h e b r a i n . The head p r o t e c t i o n r e q u i r e d , v a r i e s f r o m 

more s e v e r e h a r d i m p a c t s f r o m f a l l i n g o r moving o b j e c t s o r a g a i n s t 

s o l i d o b j e c t s d u r i n g movements and f r o m h a z a r d s such as c h e m i c a l 

s p l a s h e s , e l e c t r i c a l s h o c k s , r a d i a t i o n e t c . , o r f r o m m i l d h a z a r d s o r 

d i s c o m f o r t l i k e t h e r a i n , s un, h e a t , e t c . Head can be c o n s i d e r e d more 

v u l n e r a b l e t o a c c i d e n t s t h a n any o t h e r p a r t o f t h e body. Kamin and 

S c a l o n e ( 1 9 7 4 ) have r e p o r t e d t h a t 70% o f a l l a u t o m o b i l e a c c i d e n t s had 

been on t h e head. I n i n d u s t r i a l a c c i d e n t s i n v o l v i n g f a l l i n g o b j e c t s , 

1/2 t h e i m p a c t s o c c u r on t o p o f t h e head and 1/2 a r o u n d t h e p e r i p h e r y , 

as d i v u l g e d by Kamin and S c a l o n e ( 1 9 7 4 ) . A c c o r d i n g t o t h e N a t i o n a l 

S a f e t y C o u n c i l o f N o r t h A m e r i c a , i n 1 9 7 1 , head had been i n v o l v e d i n 7% 

o f a l l i n d u s t r i a l i n j u r i e s and 8% o f a l l f a r m a c c i d e n t s . I n a more 



60 

r e c e n t s u r v e y ( p o s t a l q u e s t i o n n a i r e ) c a r r i e d o u t by t h e a u t h o r ( I I I ) , 

i n 35 DCs, i t was r e v e a l e d by t h e r e s p o n d e n t s t h a t head i n j u r i e s 

a c c o u n t e d f o r 17% o f a l l o c c u p a t i o n a l a c c i d e n t s . I n j u r i e s due t o head 

i m p a c t can be o f t h r e e d i f f e r e n t t y p e s , v i z . ( a ) p e r f o r a t i o n o f 

b r a i n - p a n ( b ) f r a c t u r e o f s k u l l o r o f t h e c e r v i c a l v e r t i b r a e and ( c ) 

b r a i n i n j u r i e s w i t h o u t a f r a c t u r e ( c o n c u s s i o n , haemorrhage e t c . ) , 

(Mayer and Sal s i , 1 9 8 0 ) . O t h e r l e s s f r e q u e n t i n j u r i e s o b s e r v e d a r e 

b u r n s f r o m c o r r o s i v e l i q u i d s o r e l e c t r o c u t i o n by a c c i d e n t a l c o n t a c t o f 

t h e head w i t h e x p o s e d l i v e w i r e s . Head i n j u r i e s a r e e x t r e m e l y 

d a n g e r o u s as t h e y can r e s u l t i n i n s t a n t a n e o u s d e a t h o r p r o f o u n d 

c o n s e q u e n c e s t o t h e b r a i n o r cause s e v e r e i n j u r i e s l a s t i n g f o r l o n g 

p e r i o d s . 

H u n d r e d s o f m i s c e l l a n e o u s head g e a r o r d e v i c e s a r e used t o d a y t o 

p r o t e c t , c o v e r o r a d o r n t h e head. I n d u s t r i a l s a f e t y h e l m e t s a r e use d 

by m i n e r s , c o n s t r u c t i o n and i n d u s t r i a l w o r k e r s , c r a s h h e l m e t s by m o t o r 

b i c y c l e r i d e r s , f i r e m e n s h e l m e t s i n f i r e f i g h t i n g , w e l d e r s h e l m e t s , 

a l u m i n i u m h e l m e t s ( w h i c h a l s o g i v e p r o t e c t i o n f r o m r a d i a n t h e a t ) by 

b l a s t f u r n a c e w o r k e r s , s p o r t s h e l m e t s i n i c e - h o c k e y , s k i - i n g , h o r s e 

r i d i n g and f o o t b a l l , d i v i n g h e l m e t s , h a r d h a t s and bump caps t o 

p r o t e c t f r o m m o d e r a t e head h a z a r d s , s t r a w h a t s t o p r o t e c t f r o m t h e 

s u n , w o o l l e n o r i n s u l a t e d h a t s and caps f o r c o l d p r o t e c t i o n , s c a r v e s 

o r caps t o p r o t e c t t h e h a i r f r o m g e t t i n g c a u g h t t o m o v i n g m a c h i n e r y , 

e t c . Some wear head c o v e r i n g t o p r o t e c t t h e p r o d u c t o r work m a t e r i a l 

o r o b j e c t f r o m h a i r c o n t a m i n a t i o n , e.g. s u r g e o n s , n u r s e s , b a k e r s , 

c o n f e c t i o n e r y w o r k e r s , e t c . S t i l l o t h e r s wear h a t s f o r s t y l e and t o 

a d o r n t h e i r heads o r as a c u s t o m w i t h o u t any r e q u i r e m e n t f o r 

p r o t e c t i o n . Head c o v e r i n g as a p a r t o f a r e l i g i o u s h a b i t i s seen among 

C a t h o l i c n u n s , M u s l i m women and t u r b a n s by I n d i a n S i e k s . 

Out o f t h e many f o r m s o f head g e a r , ones t h a t a r e used t o p r o t e c t t h e 

head f r o m h a r d i m p a c t s o r s e v e r e h a z a r d s , i . e . i n d u s t r i a l s a f e t y 

h e l m e t s , c r a s h h e l m e t s , w e l d e r s and f i r e m e n s h e l m e t s , a r e u s u a l l y 

c o v e r e d by p r o t e c t i o n S t a n d a r d s , e.g. shock a b s o r p t i o n , p e n e t r a t i o n 

r e s i s t a n c e , f l a m e r e s i s t a n c e , w a t e r a b s o r p t i o n , e l e c t r i c a l r e s i s t a n c e , 

e t c . ( S I S 1982, DS 1982, ANSI 1 9 8 1 , BSI 1975, e t c . ) . T h e r e a r e a l s o 

some human f a c t o r s o r e r g o n o m i c S t a n d a r d s f o r h e l m e t s , e.g. head band 

s i z e s , v e n t i l a t i o n , h a r n e s s c o n s t r u c t i o n , e t c . , m e n t i o n e d i n t h e above 

S t a n d a r d s , t h o u g h t h e s e S t a n d a r d s a r e n o t s t r i c t l y a d h e r e d t o by a l l 

h e l m e t m a n u f a c t u r e r s o r s t r i c t l y e n f o r c e d i n many c o u n t r i e s u n l i k e t h e 

p r o t e c t i o n S t a n d a r d s . C o n s i d e r i n g t h e need f o r head p r o t e c t i o n i n 
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i n d u s t r i a l w o r k s i t u a t i o n s and t h e p r e s e n t u n p o p u l a r i t y i n t h e i r u s e , 

( I I I ) ( p a r t i c u l a r l y by p e o p l e i n t h e t r o p i c s ) , i t was f e l t needed 

f o r a t h o r o u g h i n v e s t i g a t i o n on human f a c t o r s o f i n d u s t r i a l s a f e t y 

h e l m e t s and d e v e l o p m e n t o f a new d e s i g n o r a d a p t a h e l m e t t o s u i t t h e 

human needs and a s p i r a t i o n s o f p e o p l e i n DCs and ICs. 

5.2 Human Factors of Industrial Safety Helmets 

No m a t t e r how e f f i c i e n t i s t h e p r o t e c t i o n p e r f o r m a n c e o f h e l m e t s , t h e 

p u r p o s e i s l o s t i f t h e y a r e n o t worn c o n s t a n t l y by w o r k e r s d u r i n g 

d a n g e r p e r i o d s and a t p l a c e s l i k e l y t o cause head i n j u r i e s . Many human 

f a c t o r p r o b l e m s i n h e l m e t s seem t o make p e o p l e t o evade w e a r i n g o r 

d i s c a r d t h e use o f h e l m e t s . T h e r e had been a sudden u p s u r g e o f 

i n t e r e s t t o i n v e s t i g a t e t h e e r g o n o m i c s p r o b l e m s i n h e l m e t s r e c e n t l y . 

I n UK a p r i z e o f 5000 ( p o u n d s ) was o f f e r e d f o r t h e b e s t e r g o n o m i c a i l y 

d e s i g n e d i n d u s t r i a l h e l m e t i n 1987, (Feeny, 1 9 8 7 ) . Thomas P r o c t o r , 

( 1 9 8 2 ) i n a c o m p r e h e n s i v e r e v i e w o f r e s e a r c h on i n d u s t r i a l h e l m e t 

d e s i g n has c o n c l u d e d t h a t t h e main need f o r r e s e a r c h i s seen i n t h e 

a r e a o f c o m f o r t o r human f a c t o r s . More r e c e n t l y H i c k l i n g (1984) 

c o n d u c t e d a t h o r o u g h i n v e s t i g a t i o n a t c o n s t r u c t i o n s i t e s i n UK on 

f a c t o r s a f f e c t i n g t h e a c c e p t a b i l i t y and wear o f s a f e t y h e l m e t s . He 

c o n c l u d e d t h a t an a r e a t h a t needs a t t e n t i o n i s e r g o n o m i c f a c t o r s o f 

h e l m e t s , and f u r t h e r , b e t t e r systems o f e q u i p m e n t p r o v i s i o n and 

s u p e r v i s i o n o f h e l m e t wear a r e r e q u i r e d t o e n s u r e t h a t h e l m e t s a r e 

b o t h a v a i l a b l e and wor n . W i t h r e s p e c t t o DCs, d i s c o m f o r t due t o 

h o t n e s s , l a c k o f f i t and b u r d e n o f w e i g h t , have been f o u n d t o be t h e 

ma i n c a u s e s f o r t h e i r u n p o p u l a r i t y , ( I I I ) . 

5.2.1 Hotness 

Head has been f o u n d t o be an e f f e c t i v e and e f f i c i e n t body a r e a f o r 

h e a t r e m o v a l . I t i s a l s o known t h a t 30% o f t h e body h e a t d i s s i p a t i o n 

t a k e s p l a c e t h r o u g h t h e head when t h e body i s a t r e s t and t h i s 

p r o p o r t i o n d e c r e a s e s d u r i n g work (Thomas P r o c t o r , 1 9 8 2 ) . A head 

c o v e r i n g w i l l t h e r e f o r e o b s t r u c t t h i s p r o c e s s and can cause 

d i s c o m f o r t , d e p e n d i n g on t h e i n s u l a t i o n and t h e d e g r e e o f h e a t 

t r a n s f e r p r o p e r t i e s o f t h e c o v e r . H o t n e s s has been one o f t h e main 

c o m p l a i n t s i n a s u r v e y c o n d u c t e d i n UK, even w h i l e w o r k i n g a t 

t e m p e r a t u r e s o f +16°C, ( S t r o u d and R e n n i e , 1 9 8 2 ) . To r e f r a i n f r o m h e a t 

s t r e s s , N u n n e l e y and o t h e r s (1971) have e x p e r i m e n t e d on a cap w i t h 

head c o o l i n g f a c i l i t i e s ( c o o l w a t e r s p r e a d t h r o u g h t u b i n g ) and 
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c o n c l u d e d t h a t head c o o l i n g removed an a v e r a g e o f 30% o f r e s t i n g 

m e t a b o l i c h e a t and 19% o f a v a i l a b l e h e a t d u r i n g w o r k . Head c o o l i n g had 

d e c r e a s e d s i g n s o f h e a t s t r e s s i n h o t e n v i r o n m e n t s . H e l m e t s s u p p l i e d 

w i t h a s u p p l y o f f r e s h a i r b l o w i n g a c r o s s t h e f a c e have been d e v e l o p e d 

b y , e.g. Racal S a f e t y L t d . o f UK and 3M o f USA. A i r c o o l i n g d e v i c e s 

a t t a c h e d t o s t a n d a r d h e l m e t s have f o u n d t o d i m i n i s h p h y s i o l o g i c a l 

s t r a i n as d e m o n s t r a t e d by K i s s e n and o t h e r s ( 1 9 7 6 ) . 

H e l m e t s can c a u s e s w e a t i n g i n summer and c o l d n e s s i n w i n t e r , 

(Väyrynen,1983). W h i l e Fonseca ( 1 9 7 4 ) , has shown t h a t e v a p o r a t i o n o f 

s w e a t w i l l i m p r o v e w i t h t h e i n c r e a s e o f s t a n d o f f d i s t a n c e between t h e 

s k u l l and t h e h e l m e t s h e l l , Kamin and S c a l o n e ( 1 9 7 4 ) , r e v e a l e d t h a t 

i n s p i t e o f h e a d - h e l m e t c l e a r a n c e t h e r e i s a g r e e n house e f f e c t t h a t 

w i l l c a u s e h o t d i s c o m f o r t i n s i d e t h e h e l m e t . V e n t i l a t i o n h o l e s 

p r o v i d e d on h a r d h a t s d i d n o t have a s i g n i f i c a n t e f f e c t i n t h e 

t e m p e r a t u r e o f t h e w e a r e r ' s s c a l p , as d e m o n s t r a t e d i n a S o u t h A f r i c a n 

s t u d y (Van Graan and S t r i g d o m , 1 9 6 8 ) . But i n a r e c e n t s t u d y by 

R e i s e n ! , ( 1 9 8 6 ) c o o l i n g a d v a n t a g e s were shown i n f i r e f i g h t e r s h e l m e t s 

w i t h v e n t i l a t i o n h o l e s . I t i s by no means c l e a r f r o m t h e above 

f i n d i n g s , w h a t d e s i g n changes a r e r e a l l y needed t o i m p r o v e v e n t i l a t i o n 

and t h e r e b y r e d u c e t h e h e a t d i s c o m f o r t , o f t e n c o m p l a i n e d by w e a r e r s o f 

h e l m e t s i n b o t h ICs and DCs. Thermal c o m f o r t can be e x p e c t e d t o be 

more o f a p r o b l e m when t h e e n v i r o n m e n t i s h o t o r when h a r d w o r k i s 

p e r f o r m e d , w h i c h can be more p r e v a l e n t i n DCs o r t r o p i c a l c o u n t r i e s . 

E x p e r i m e n t s c o n d u c t e d by t h e a u t h o r ( V I ) , i n t h e l a b o r a t o r y and i n 

t h e f i e l d u s i n g m o d i f i e d h e l m e t s , ( e . g . p e r f o r a t i o n s on t h e s h e l l ) , 

i n d i c a t e d some a d v a n t a g e s i n c o m f o r t , v i z . r e d u c t i o n o f h o t n e s s when 

u s i n g w h i t e h e l m e t s as compared w i t h c o l o u r e d ones when worn i n t h e 

p r e s e n c e o f r a d i a n t h e a t . D u r i n g t h e s e e x p e r i m e n t s i t was a l s o shown 

t h a t v e n t i l a t i o n h o l e s p r o v i d e d i n t h e crown a r e a o f t h e s h e l l r e d u c e d 

t h e g r e e n house e f f e c t . 

I n a more r e c e n t s t u d y c o n d u c t e d by t h e a u t h o r on h e a t t r a n s f e r 

c h a r a c t e r i s t i c s o f h e l m e t s u s i n g a t h e r m a l mannequin i n a s i m u l a t e d 

t r o p i c a l e n v i r o n m e n t , i t was c o n c l u d e d t h a t t h e p r o v i s i o n o f 

v e n t i l a t i o n p e r f o r a t i o n s o r h o l e s i n p l a s t i c h e l m e t s has a s i g n i f i c a n t 

p o s i t i v e e f f e c t on d r y h e a t t r a n s f e r and p o s s i b l y e v a p o r a t i v e h e a t 

t r a n s f e r a l s o , ( V I I I ) . I n t h e same s t u d y i t was d e m o n s t r a t e d t h a t 

t h e r e a r e h e a t t r a n s f e r a d v a n t a g e s f r o m ABS m a t e r i a l (when compared t o 

o t h e r p l a s t i c s ) and when s h e l l s u r f a c e s had a m e t a l l i c f i n i s h . 
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5.2.2 Sizing and F i t t i n g 

Head g e a r f i t has f o u n d t o be o f p r i m e i m p o r t a n c e t o c o m f o r t and 

p r o t e c t i o n , ( V I . , Kamin and S c a l o n e , 1 9 7 4 ) . H i c k l i n g ( 1 9 8 4 ) , i n h i s 

i n v e s t i g a t i o n s has f o u n d t h a t h e l m e t r e t e n t i o n i s , i n p r a c t i c e , a r e a l 

p r o b l e m . Kamin and S c a l o n e (1974) have d e m o n s t r a t e d t h a t i f a h e l m e t 

i s l o o s e i t can cause d i s c o m f o r t , i n s e c u r i t y and p o o r r e t e n t i o n . I f 

t i g h t , i t can cause p r e s s u r e on t h e s k i n o r headaches. They have 

c o n c l u d e d t h a t t h e f i t o f t h e h e l m e t c o n t r i b u t e s h e a v i l y f o r c o m f o r t , 

r e t e n t i o n , v i s i o n , c o m m u n i c a t i o n and n o i s e a t t e n u a t i o n . The f i t o f t h e 

h e l m e t t o a g r e a t e x t e n t depends on t h e p r o p e r s i z i n g and d e s i g n o f 

t h e h a r n e s s s y s t e m , a l t h o u g h t h e s h e l l a l s o has a m a j o r p a r t t o p l a y 

i n t h e r e t e n t i o n and a c o m f o r t a b l e h o l d o f t h e h e l m e t on t h e head. 

Many t h e o r i e s a r e c i t e d i n l i t e r a t u r e on t h e use o f a n t h r o p o m e t r i c 

d a t a o f t h e head f o r t h e d e s i g n and f i t t i n g o f head g e a r . The e x t r e m e 

c o m p l e x i t y and v a r i a b i l i t y o f t h e head i n t r o d u c e l i m i t a t i o n s t o l i n e a r 

d i m e n s i o n s , ( Z e i g e n , 1 9 6 0 ) . Head c i r c u m f e r e n c e had been used as t h e 

most i m p o r t a n t head d i m e n s i o n f o r h e l m e t s i z i n g , ( Z e i g e n , 1 9 6 0 ) . The 

head l e n g t h , b r e a d t h and h e i g h t have been a l s o used, (Kamin and 

S c a l o n e , 1 9 7 4 ) . Low c o r r e l a t i o n has been o b s e r v e d between head and 

f a c e measurements i n a n t h r o p o m e t r i c s u r v e y s ( Z e i g e n , 1 9 6 0 . , V I I ) . Head 

m o d e l s and h e a d f o r m s d e v e l o p e d f r o m a n t h r o p o m e t r i c d a t a o f t h e 

p o p u l a t i o n have been c o n s i d e r e d t h e most d i r e c t means o f f u r n i s h i n g 

head d i m e n s i o n s t o h e l m e t d e s i g n e r s and m a n u f a c t u r e r s ( Z e i g e n , 1 9 6 0 . , 

V I I ) . One, t h r e e , f o u r o r seven s i z e systems have been d e v e l o p e d u s i n g 

h e a d f o r m s by Z e i g e n ( 1 9 6 0 ) , d e p e n d i n g on t h e v a r i a b i l i t y o f head 

c i r c u m f e r e n c e s i z e s o f t h e u s e r p o p u l a t i o n . A l t h o u g h v a r i a b i l i t y o f 

head s i z e s i s l e s s t h a n o t h e r body d i m e n s i o n s between t h e same 

p o p u l a t i o n o r between males and f e m a l e s , s i g n i f i c a n t d i f f e r e n c e s have 

been shown between p e o p l e o f d i f f e r e n t e t h n i c g r o u p s , and between 

i n d u s t r i a l i z e d and d e v e l o p i n g c o u n t r i e s , (Kamin and S c a l o n e , 1974., 

I I ) . However, s i n c e t h e c l o s e f i t o f t h e h e l m e t i s an i m p o r t a n t f a c t o r 

i n o p t i m u m h e l m e t d e s i g n , even h e l m e t s d e s i g n e d f o r one p o p u l a t i o n 

needs t h e f a c i l i t y o f a d j u s t a b i l i t y o f t h e head h a r n e s s , b o t h on t h e 

c i r c u m f e r e n c e and h e i g h t t o f i t a t l e a s t 907. o f t h e u s e r p o p u l a t i o n 

( I I ) . For p r o p e r b a l a n c e and f i t a h e l m e t s h o u l d have t h e p r o v i s i o n 

f o r t i l t f o r w a r d and r e a r a d j u s t m e n t as emphasized by Schremmer 

( 1 9 8 3 ) . P r o v i s i o n o f c h i n s t r a p s may a l s o i m p r o v e r e t e n t i o n a b i l i t y i n 

h e l m e t s . 



6 4 

5.2.3 Weight and Biomechanical Considerations 

I n a s e r i e s o f t r i a l s o f p r o t e c t i v e h e a d g e a r , McCauley ( 1 9 8 3 ) and 

Väyrynen ( 1 9 8 3 ) , have f o u n d t h a t l i g h t w e i g h t was c o n s i d e r e d v e r y 

i m p o r t a n t i n u s e r a c c e p t a b i l i t y . Kamin and S c a l o n e , ( 1 9 7 4 ) have 

r e v e a l e d t h a t 9 0 % o f r e s p o n s e s i n a m a i l s u r v e y , c o m p l a i n e d o f 

e x c e s s i v e w e i g h t o f i n d u s t r i a l h e l m e t s . S e v e r a l t h e o r i e s have been 

c i t e d by r e s e a r c h w o r k e r s on p e r c e p t i o n o f w e i g h t on t h e head. 

A c c o r d i n g t o T i t c h e n e r , ( 1 9 1 6 ) , k i n e i s t h e t i c s e n s a t i o n s a r e s a i d t o be 

l o c a t e d i n m u s c l e s ( f a t i g u e s e n s a t i o n s ) , t e n d o n s ( s t r a i n s e n s a t i o n s ) 

and j o i n t s ( p r e s s u r e s e n s a t i o n s ) . B u t Jones and o t h e r s ( 1 9 7 2 ) , have 

c o n c l u d e d t h a t w e i g h t o f a h e l m e t i s a f u n c t i o n o f how w e l l b a l a n c e d a 

h e l m e t i s and how o f t e n and how l o n g a p e r i o d , a h e l m e t i s w o r n . 

T h e r e f o r e i t can be assumed t h a t l e a s t p e r c e p t i o n o f w e i g h t o f a 

h e l m e t p l a c e d on t h e head, i s a c h i e v e d i f t h e c e n t e r o f g r a v i t y o f t h e 

h e l m e t i s i n t h e same a x i s as t h a t (C o f G) o f t h e head. Most 

i n d u s t r i a l h e l m e t s a v a i l a b l e t o d a y w e i g h between 300 t o 500 g. S m i t h 

and A n d e r s o n ( 1 9 7 8 ) a f t e r t e s t i n g 17 m a t e r i a l s have d e c l a r e d t h a t 

p o l y v i n y l c h l o r i d e (PVC) / A c r y l o n i t r i l e - b u t a d i e n e - s t y r e n e (ABS) 

c o p o l y m e r was l i g h t e r and s t i l l r e t a i n e d p r o t e c t i o n r e q u i r e m e n t s i n a 

h e l m e t w i t h a m i n o r c o s t p e n a l t y . T h e r e a r e no d e f i n i t e v a l u e s o f 

w e i g h t w h i c h a r e a c c e p t e d t o be c o m f o r t a b l e . Work i n v o l v i n g f r e q u e n t 

b e n d i n g o r s t o o p i n g and l o o k i n g upwards may a c c e l e r a t e f a t i g u e i n t h e 

neck m u s c l e s among h e l m e t w e a r e r s . I n a r e c e n t f i e l d s u r v e y c o n d u c t e d 

by t h e a u t h o r ( V I ) , among s h i p y a r d w o r k e r s who had t o c o n s t a n t l y 

l o o k up ( c r a n e o p e r a t i o n c o n t r o l ) o r be engaged i n m i s c e l l a n e o u s s h i p 

r e p a i r w o r k i n v o l v i n g awkward p o s t u r e s , a s i g n i f i c a n t e f f e c t on t h e 

p e r c e p t i o n o f w e i g h t on t h e head was shown when two h e l m e t s w e i g h i n g 

348g and 301g were compared. T h e r e f o r e any r e d u c t i o n o f h e l m e t w e i g h t 

w o u l d be d e s i r a b l e . 

I n b i o m e c h a n i c a l c o n s i d e r a t i o n s i n t h e use o f h e l m e t s , t h e r e a r e 

a l l e g a t i o n s t h a t m o t o r c y c l e h e l m e t s can cause more s e v e r e neck 

i n j u r i e s d u r i n g a c c i d e n t s t h a n c y c l i s t s n o t w e a r i n g a h e l m e t , 

( P u r s w e l l and D o r r i s , 1 9 7 7 ) . F o o t b a l l h e l m e t s t h a t e x t e n d e d down i n t o 

b a ck o f neck were s a i d t o be c a p a b l e o f p r o d u c i n g i n j u r i e s t o c e r v i c a l 

s p i n e as r e p o r t e d by S c h n e i d e r ( 1 9 7 3 ) . I n t h e d e s i g n o f new h e l m e t s 

t h e above a s p e c t s have t o be c o n s i d e r e d . F u r t h e r , t h e s e r e s e a r c h 

w o r k e r s have recommended t h a t a h e l m e t s h o u l d be d e s i g n e d t o p r o v i d e 

f o r t h e d i s t r i b u t i o n o f t h e i m p a c t o v e r a w i d e an a r e a o f t h e head as 
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p o s s i b l e . 

C o m p l a i n t s o f headaches a r e common among h e l m e t w e a r e r s ( S t r o u d and 

R e n n i e , 1982., Väyrynen and Oj a n e n , 1982., V I ) . A c c o r d i n g t o Anon. 

( 1 9 7 6 ) , r e p o r t , i t i s s u g g e s t e d t h a t headaches a r e caused by 

m e c h a n i c a l p r e s s u r e o f head band and h o t n e s s w i t h i n t h e h e l m e t s h e l l , 

a l t h o u g h t h e y may n o t be t h e o n l y c a u s e s . Kamin and S c a l o n e ( 1 9 7 4 ) 

s u g g e s t t h a t i t s h o u l d n o t exceed a maximum p r e s s u r e o f 1 . 0 3 x l 0 4 N / m 2 

on t h e t e m p l e by t h e head band t o a v o i d headaches. 

F i r m n e s s and h e l m e t r e t e n t i o n s y s t e m a r e i m p o r t a n t f o r s a f e t y and 

c o m f o r t r e s p e c t i v e l y . W i t h t h e above o p t i o n s i n v o l v e d , more s t u d i e s i n 

t h e a r e a o f w e i g h t p e r c e p t i o n and w e i g h t r e d u c t i o n i n h e l m e t s a r e 

w a r r a n t e d . 

5.2.4 Energy Expenditure Increments and Rise in Heart Rate 

S i n c e f a c t o r s s u c h as w e i g h t c a r r i e d and a d v e r s e e f f e c t s o f t h e 

e n v i r o n m e n t , e.g. h o t n e s s , a heavy p e r s o n a l p r o t e c t i v e wear used i n 

h o t e n v i r o n m e n t may enhance an i n d i v i d u a l ' s e n e r g y e x p e n d i t u r e 

( P a n d o l f e t a l , 1 9 7 7 and Sandor Erdösi,1970). 

S i g n i f i c a n t i n c r e a s e s i n HR (7 t o 8%) have a l s o been r e c o r d e d when 

w o r k i n g w i t h and w i t h o u t h e l m e t s i n h o t e n v i r o n m e n t , ( S a n d o r Erdösi, 

1 9 7 0 ) . A p i l o t t e s t c o n d u c t e d i n t h e l a b o r a t o r y has i n d i c a t e d 

s i g n i f i c a n t i n c r e a s e s i n HR(p<0.05) and s k i n t e m p e r a t u r e (p<0.05) 

w h i l e p e r f o r m i n g work i n s i m u l a t e d h o t e n v i r o n m e n t , w i t h and w i t h o u t 

h e l m e t s , ( V I ) . 

5.2.5 Restriction to the Use of Senses 

R e s t r i c t i o n s t o t h e use o f s e n s e s , e.g. s i g h t , h e a r i n g e t c . , a r e 

a d d i t i o n a l d i s a d v a n t a g e s i n t h e use o f h e l m e t s and o t h e r p e r s o n a l 

p r o t e c t i v e d e v i c e s , w h i c h may be r e s p o n s i b l e f o r i n e f f i c i e n c y and 

a c c i d e n t s i n p o t e n t i a l l y h a z a r d o u s i n d u s t r i a l c o n d i t i o n s . I n d u s t r i a l 

h e l m e t s used w i t h o u t o t h e r p r o t e c t i v e d e v i c e s e.g. v i s o r s , e a r m u f f s , 

e t c . , do n o t r e s t r i c t t h e use o f s i g h t o r h e a r i n g . The use o f v i s o r s 

may r e s t r i c t v i s i o n by f o g g i n g o f t h e v i s o r and a l s o r e s t r i c t c o l o u r 

r e c o g n i t i o n when u s i n g c o l o u r e d v i s o r s , ( W a r n e r , 1 9 7 3 , ) . I n a s t u d y t o 

overcome t h e r e s t r i c t i o n i n t h e v i s u a l f i e l d and i m p r o v e m e n t o f 

p e r i p h e r a l v i s i o n i n d i v i n g h e l m e t s , Masson Yves ( 1 9 8 2 ) , had d e v e l o p e d 
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a t r a n s p a r e n t s p h e r e e n g l o b i n g t h e w h o l e head w h i c h p e r m i t t e d t o t a l 

v i s i o n . To i m p r o v e v i s i o n s y s t e m i n h e l m e t s , Schema ( 1 9 8 3 ) , 

recommended a r a n g e o f snap f i t v i s o r s and v i s o r a s s e m b l y t o be l i f t e d 

c l e a r o f t h e f a c e t o a s t a n d b y p o s i t i o n . The sunshades o f h e l m e t s can 

r e s t r i c t t o p o r o v e r h e a d v i s i o n as c o m p l a i n e d by s h i p y a r d w o r k e r s who 

had t o w a t c h c o n s t a n t l y t h e o p e r a t i o n o f o v e r h e a d c r a n e s i n a r e c e n t 

s u r v e y c o n d u c t e d by t h e a u t h o r ( V I ) . 

R e s t r i c t i o n s i n a u d i t o r y c a p a c i t y o r a u d i t o r y s i g n a l d e t e c t i o n , 

w e a r i n g m o t o r c y c l e h e l m e t s have been r e p o r t e d , (Aldman,1983, P u r s w e l l 

and D o r r i s , 1 9 7 7 ) . Aldman ( 1 9 8 3 ) has shown t h a t s i g n a l h o r n o f a c a r 

c a n n o t be d e t e c t e d when r i d i n g m o t o r c y c l e s w i t h a h e l m e t on, a t 70 

Km/h a t a d i s t a n c e o f 7 m. A l s o t h a t speech c o m m u n i c a t i o n i s p o s s i b l e 

w e a r i n g m o t o r c y c l e h e l m e t s , o n l y w h i l e s p e a k i n g a t maximum v o i c e 

l e v e l a t a d i s t a n c e o f 25 cm. He c o n c l u d e d t h a t due t o t h e h i g h 

a e r o d y n a m i c a l l y g e n e r a t e d n o i s e i n s i d e f u l l f a c e h e l m e t s , i t can cause 

h e a r i n g damage r i s k t o t h e r i d e r when t r a v e l l i n g a t 100 Km/h d a i l y f o r 

a c o u p l e o f h o u r s f o r many y e a r s . 

T a c t i l e f e e d b a c k i n h e l m e t s can be h e l p f u l t o p r e v e n t c o l l i s i o n s 

b e t w e e n t h e head and o v e r h e a d s t r u c t u r e s . The head and h e l m e t s h e l l 

c l e a r a n c e o f 1 t o 2 cm i s assumed t o be s u f f i c i e n t t o p r o v i d e t h i s 

f e e d b a c k v i a t h e h a i r , ( H i c k l i n g , 1 9 8 4 ) . I f t h e h e l m e t s h e l l b u l k can 

be r e d u c e d on a new d e s i g n o f a h e l m e t w i t h v e n t i l a t i o n h o l e s , even 

t h e t a c t i l e f e e d b a c k may i m p r o v e . 

5.2.6 Interferences to Work and Head Movements 

The r e s t r i c t i o n s i n t h e use o f senses and d i s c o m f o r t f a c t o r s w i l l a l s o 

c a u s e i n t e r f e r e n c e s i n t h e normal a c t i v i t y and f u n c t i o n s p e r f o r m e d by 

w o r k e r s w e a r i n g h e l m e t s . The b u l k o r volume on t h e s h e l l and t h e 

p r o j e c t i o n s s uch as t h e sunshade i n h e l m e t s , can be a n u i s a n c e , bump 

i n t o t h i n g s o r i n t e r f e r e w i t h movements i n s m a l l work s p a c e s , w o r k i n g 

i n b e n t p o s t u r e s , o r s t o o p i n g ( H i c k l i n g , 1 9 8 4 ) and g o i n g down l a d d e r s 

e.g. e n g i n e rooms o f s h i p s , ( V I ) . T h e r e f o r e h e l m e t s w h i c h f i t 

c l o s e t o t h e head as p o s s i b l e and have lo w crowns and l o w p r o j e c t i o n s 

can m i n i m i s e b o t h i n t e r f e r e n c e s t o work and r e s t r i c t i o n s o f head 

movements. T h i s r e d u c t i o n i n b u l k o r volume i s p o s s i b l e i f i t can be 

done w i t h o u t a f f e c t i n g v e n t i l a t i o n c o m f o r t and i m p a c t p e r f o r m a n c e . 

W e i g h t and c e n t e r o f g r a v i t y o f t h e h e l m e t can i n f l u e n c e t h e ease o f 

movements o f t h e head w h i c h can depend on how w e l l t h e h e l m e t i s 
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b a l a n c e d on t h e head as d i s c u s s e d by Jones and o t h e r s ( 1 9 7 2 ) . 

F i r i c a n o ( 1 9 8 2 ) , has s t r e s s e d t h e i m p o r t a n c e o f , m a i n t e n a n c e o f head 

c o n t r o l and movement o f w e a r e r t o be p o i n t s o f r e f e r e n c e i n 

c o n s i d e r i n g h e l m e t d e s i g n . 

5.2.7 Compatibility and Ease of Wearing 

When p r o t e c t i v e d e v i c e s l i k e e a r m u f f s , v i s o r s , g o g g l e s and 

r e s p i r a t o r s a r e us e d a l o n g w i t h h e l m e t s , t h e r e c o u l d be o b s t a c l e s 

u n l e s s s p e c i a l p r o v i s i o n s ( e . g . b r a c k e t s o r s l o t s f o r e a r m u f f s ) a r e 

made f o r c o n v e n i e n t a c c o mmodation o f t h e s e d e v i c e s i n t h e h e l m e t . 

T h e r e a r e a l s o h e l m e t s t h a t f u n c t i o n as h e a r i n g p r o t e c t o r s , 

( A l d m a n , 1 9 8 3 ) . A i r h e l m e t s made by Racal S a f e t y L t d . , UK can be used 

when l u n g and head p r o t e c t i o n a r e r e q u i r e d a t t h e same t i m e . A i r 

h e l m e t s a l s o p r o v i d e f r e s h a i r b l o w i n g down t h e f a c e . I n a p r o p o s a l 

f o r a r e d e s i g n o f head g e a r S m i t h and An d e r s o n ( 1 9 7 8 ) , s t r e s s e d , 

f u n c t i o n a l i t y as a m a j o r t r a d e o f f . T h e r e f o r e c o m p a t i b i l i t y and 

v e r s a t a l i t y a r e i m p o r t a n t f a c t o r s t o be c o n s i d e r e d i n h e l m e t d e s i g n . 

A m a j o r weakness o b s e r v e d i n t h e p r e s e n t d e s i g n s o f h e l m e t s i s t h a t a 

c o n s c i o u s e f f o r t i s needed t o p u t on, a d j u s t t o f i t t h e w e a r e r and t o 

w o r k w i t h o u t l e t t i n g i t i n t e r f e r e w i t h t h e t a s k , ( S m i t h and A n d e r s o n , 

1 9 7 8 ) . The d i f f e r e n t p a r t s o f t h e h a r n e s s p l a y i m p o r t a n t r o l e s i n 

d o n n i n g and d o f f i n g o f t h e h e l m e t . W h i l e b u r t y p e o f f a s t n e r s on t h e 

head band a r e c o m p a r a t i v e l y e a s i e r t o f i t , c o n s i d e r a t i o n s h o u l d be 

a l s o g i v e n t o r e t e n t i o n and f i r m n e s s when h e l m e t i s i n use. T h e r e a r e 

o t h e r methods o f head band a d j u s t m e n t p r o v i d e d i n h e l m e t s v i z . knob 

c o n t r o l , t e e t h l i k e g r o o v e , e t c . C o n t i nous a d j u s t m e n t ( n o t s t e p - w i s e ) , 

e f f o r t l e s s a d j u s t m e n t and ease and a b i l i t y t o f i t p r o p e r l y w h i l e s t i l l 

w e a r i n g t h e h e l m e t c o u p l e d w i t h good r e t e n t i o n and f i r m n e s s a r e 

f a c i l i t i e s t h a t e n c o u r a g e h e l m e t w e a r i n g w i t h p r o p e r f i t . D i s l o c a t i o n 

o f t h e l o c k i n g b r a c k e t s o f t h e h a r n e s s was a c o m p l a i n t i n t h e f i e l d 

t r i a l s u s i n g m o d i f i e d h e l m e t s c o n d u c t e d by t h e a u t h o r , ( V I ) . I t i s 

a l s o n e c e s s a r y t o d i s a s s e m b l e a l l a c c e s o r i e s i n t h e h e l m e t f o r 

c l e a n i n g p u r p o s e s , ( Schremmer, 1983). T h e r e f o r e i t can be c o n c l u d e d 

t h a t a h a r n e s s f i x i n g s y s t e m must be f i r m and f o o l p r o o f w h i l e w e a r i n g 

b u t a b l e t o remove o r d i s a s s e m b l e c o n v e n i e n t l y f o r c l e a n i n g p u r p o s e s . 

5.2.8 Aesthetics, Social and Religious Norms 

The a e s t h e t i c s o r t h e p s y c h o l o g i c a l needs c a n n n o t be o v e r l o o k e d i n t h e 
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use o f h e l m e t s . As m e n t i o n e d e a r l i e r some p e o p l e wear h a t s and caps 

p u r e l y f o r s t y l e o r f a s h i o n w i t h o u t any m o t i v e f o r s a f e t y . The b u l k y 

l o o k o r shop f l o o r w o r k e r s ' appearance when w e a r i n g s a f e t y h e l m e t s may 

d i s c o u r a g e w o r k e r s t o wear them. A l t h o u g h i n d u s t r i a l w o r k e r s a r e n o t 

f a s h i o n c o n s c i o u s , emphasis must be p l a c e d on t h e s t y l i s h n e s s o f t h e 

s a f e t y w ear, ( S m i t h and A n d e r s o n , 1 9 7 8 ) . However s t u d i e s i n t h i s f i e l d 

a r e few i n l i t e r a t u r e . The ' s t r o n g ' and ' s a f e ' a p p e a r a n c e had been 

i m p o r t a n t i n t h e a e s t h e t i c s o f h e l m e t d e s i g n , ( S t r o u d and 

R e n n i e . 1 9 8 2 ) . I n t h e r e c e n t s u r v e y by t h e a u t h o r ( V I ) , h e l m e t s 

m o d i f i e d w i t h v e n t i l a t i o n h o l e s on t h e s h e l l were u n p o p u l a r , p e r h a p s 

due t o t h e l a c k o f ' s t r o n g ' and ' s a f e ' a p p e a r a n c e . I t can be assumed 

t h a t h e l m e t s d e s i g n e d a c c o r d i n g t o t h e shape and modern f a s h i o n o f 

s p o r t s caps o r maybe one t h a t g i v e s a m a j e s t i c l o o k o f a j e t p i l o t can 

be p o p u l a r and a c c e p t a b l e . 

A n o t h e r f a c t o r t o be c o n s i d e r e d i s t h e s o c i a l norms and a t t i t u d e s o f 

t h e w e a r e r . I n a q u e s t i o n n a i r e s u r v e y by H i c k l i n g (1984) among 

c o n s t r u c t i o n w o r k e r s i n UK, t h e r e s p o n d e n t s n e i t h e r a g r e e d n o r 

d i s a g r e e d t o t h e s t a t e m e n t " I f e e l s i l l y w e a r i n g a h e l m e t when o t h e r 

p e o p l e a r e ' n t w e a r i n g one". I n DCs any j o b r e q u i r i n g t h e use o f 

p e r s o n a l p r o t e c t i v e e q u i p m e n t can be r e g a r d e d as j o b s o f l a b o u r e r s o r 

u n s k i l l e d w o r k e r s , ( I ) . The l a c k o f d i g n i t y o f l a b o u r i n DCs can be 

a t t r i b u t a b l e f o r t h i s s i t u a t i o n . 

L a s t b u t by no means t h e l e a s t , t h e c o n s t r a i n t o f w e a r i n g and f i t t i n g 

s a f e t y h e l m e t s on some members o f t h e r e l i g i o u s g r o u p s who have 

a l r e a d y an o b l i g a t o r y r e l i g i o u s head c o v e r i n g , ( v i z . t u r b a n s o f I n d i a n 

S e i k s , head c o v e r s o f C a t h o l i c nuns, M u s l i m women and A r a b s ) , has t o 

be overcome. D e p e n d i n g on t h e s i z e o f t h e g r o u p s , s p e c i a l f a c i l i t i e s 

i n t h e d e s i g n o f t h e h e l m e t can be i n c o o p e r a t e d f o r t h e s e i n d i v i d u a l s 

o r i n t h e a l t e r n a t i v e l a r g e r h e l m e t s can be p r o v i d e d i n o r d e r t o 

c o n t a i n t h e head c o v e r i n g w i t h i n t h e h e l m e t . 

D u r i n g a f i e l d t r i a l o f h e l m e t s c o n d u c t e d i n S r i Lanka, few s u b j e c t s 

m e n t i o n e d t h a t t h e y a r e r e l u c t a n t t o wear h e l m e t s as t h e y have a f e a r 

o f l o s i n g h a i r , ( V I ) . I t i s n o t c e r t a i n w h e t h e r t h e r e i s a 

s c i e n t i f i c e x p l a n a t i o n f o r t h i s o r i t i s p u r e l y a p s y c h o l o g i c a l f e a r . 

I n t h e same t e s t i n g programme i n S r i Lanka i t was n o t e d t h a t t h e 

s t a t u s o r c a t e g o r y o f w o r k e r s was d i s t i n g u i s h e d by t h e c o l o u r o f 

h e l m e t s h e l l s o r c o l o u r s and number o f s t r i p e s marked on t h e s h e l l . 
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5.2.9 Materials 

F o r b o t h e f f e c t i v e p e r f o r m a n c e and c o m f o r t i n use , t h e m a t e r i a l s used 

t o make t h e h e l m e t s h e l l and h a r n e s s can p l a y a m a j o r r o l e , ( S m i t h and 

A n d e r s o n , 1 9 7 8 ) . The common m a t e r i a l s used t o c o n s t r u c t t h e h e l m e t 

s h e l l a r e , p o l y c a r b o n a t e , PVC/ABS, h i g h d e n s i t y p o l y e t h y l e n e , 

p o l y c a r b o n a t e - g l a s s f i b r e , p o l y e s t e r g l a s s f i b r e and p h e n o l t e x t i l e . 

On r a r e o c c a s i o n s , l i g h t a l l o y s , v i z . a l u m i n i u m - c o p p e r a l l o y s , a r e 

u s e d . PVC/ABS c o p o l y m e r has been shown t o be t h e l i g h t e s t m a t e r i a l f o r 

h e l m e t s h e l l s w h i c h can a l s o g i v e e f f e c t i v e p r o t e c t i o n , ( S m i t h and 

A n d e r s o n , 1 9 7 8 ) . T h i s m a t e r i a l a l s o gave maximum h e a t t r a n s f e r when 

compared t o o t h e r common h e l m e t s h e l l m a t e r i a l s , d u r i n g t h e h e a t 

t r a n s f e r t e s t s c o n d u c t e d by t h e a u t h o r , ( V I I I ) . P o l y c a r b o n a t e , 

p o l y e s t e r and p o l y c a r b o n a t e c o a t e d i n g l a s s f i b r e have been shown t o 

s t a n d up b e s t t o t h e e l e m e n t s a t t h e p r e s e n t t i m e , (Mayer and 

S a l s i , 1 9 8 0 ) . The s h e l l m a t e r i a l s h o u l d have t h e r e q u i r e d m e c h a n i c a l 

q u a l i t i e s s u c h as shock a b s o r p t i o n , p e n e t r a t i o n r e s i s t a n c e and l a t e r a l 

r i g i d i t y and meet f l a m m a b i l i t y and e l e c t r i c a l i n s u l a t i o n r e q u i r e m e n t s , 

w a t e r r e s i s t a n t , n o n - i r r i t a t i n g and l i g h t w e i g h t as s t i p u l a t e d i n 

S t a n d a r d s ( S I S 1982, DS 1982, ANSI 19 8 1 , BSI 1 9 7 5 ) . F u r t h e r , t h e 

e f f e c t s o f n a t u r a l and a r t i f i c i a l wear and t e a r s h o u l d be m i n i m a l , 

( Mayer and S a l s i . 1 9 8 0 ) . B e t t e r i m p a c t s t r e n g t h p e r d e n s i t y and 

c o m p r e s s i o n and t e n s i l e s t r e n g t h a r e a l s o r e p o r t e d t o be i m p o r t a n t i n 

m a t e r i a l q u a l i t i e s f o r h e l m e t s h e l l s , ( S m i t h and A n d e r s o n , 1 9 7 8 ) . W h i l e 

b e t t e r h e a t i n s u l a t i o n o f t h e m a t e r i a l i s needed f o r h e l m e t s t o be 

u s e d i n c o l d c l i m a t e s , e f f e c t i v e h e a t t r a n s f e r and r e f l e c t a n c e and 

minimum a b s o r p t i o n o f r a d i a n t h e a t a r e a d v a n t a g e s f o r h o t c l i m a t e s . 

D i f f e r e n t head h a r n e s s m a t e r i a l a p p e a r e d t o have a f f e c t e d c o m f o r t and 

a c c e p t a b i l i t y i n a s u r v e y c o n d u c t e d by S t r o u d and R e n n i e , ( 1 9 8 2 ) i n 

UK. Though t h e r e had been no s i g n i f i c a n t d i f f e r e n c e i n t h e 

a c c e p t a b i l i t y between t e r y l e n e and p l a s t i c s u s p e n s i o n , a t r e n d f o r 

woven s u s p e n s i o n t o be worn more has been o b s e r v e d by H i c k l i n g 

( 1 9 8 4 ) . I t had been shown i n t h i s s u r v e y t h a t c r a d l e s made f r o m 

t e r y l e n e w ere more c o m f o r t a b l e t h a n r e l a t i v e l y t h i c k and s t i f f p l a s t i c 

t y p e . The head band o f a r t i f i c i a l l e a t h e r w h i c h i s n o t s t i f f o r r i g i d 

made o u t o f a c o m p l i a n t t y p e o f m a t e r i a l , l e a t h e r s w e a t band ( f o r 

s w e a t a b s o r p t i o n ) w i t h a foam backed l i n i n g ( s o f t f e e l i n g on f o r e h e a d ) 

and c h i n s t r a p o f s o f t e l a s t i c m a t e r i a l were o t h e r r e c o m m e n d a t i o n s 

t h a t e v o l v e d f r o m t h e s u r v e y by S t r o u d and R e n n i e , ( 1 9 8 2 ) . 
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5.2.10 Adaptation 

Human b e i n g s a r e r e s i s t a n t t o change, w h i c h i s c a l l e d t h e Hawthorne 

e f f e c t . P r o t e c t i v e wear i n most i n s t a n c e s a r e u n c o m f o r t a b l e p e r se and 

when f i r s t i n t r o d u c e d . By c o n s t a n t u s e , t h e w e a r e r s can g e t a d a p t e d , 

a c c u s t o m e d o r a c c l i m a t i z e d t o t h e m i c r o - e n v i r o n m e n t a l changes and 

t h e r e b y g r a d u a l l y g e t o v e r t h e i n h e r e n t d i s c o m f o r t . Longer t h e p e r i o d 

o f use o f a h e l m e t i t i s l i k e l y t h a t b e t t e r t h e w e a r e r be a b l e t o 

t o l e r a t e any d i s c o m f o r t due t o a d a p t a b i l i t y and a c c l i m a t i z a t i o n . A 

s l i g h t d e g r e e o f a d a p t a t i o n t o h e l m e t d i s c o m f o r t was d e m o n s t r a t e d by 

t h e a u t h o r , ( V I ! , u s i n g m o d i f i e d h e l m e t s i n f i e l d t r i a l s i n S r i 

L a n k a , c o n s i s t i n g o f s h o r t t e r m and l o n g t e r m wear o f h e l m e t s . A 

t h o r o u g h i n v e s t i g a t i o n i n t o t h e b e n e f i t s o f a d a p t a t i o n was c a r r i e d o u t 

by t h e a u t h o r more r e c e n t l y u s i n g u n m o d i f i e d h e l m e t s , ( I X ) . These 

a d a p t a t i o n t e s t s c o n f i r m e d t h a t c o m p l a i n t s o f d i s c o m f o r t , v i z . 

h o t n e s s , h e a v i n e s s , bad f i t , e t c . , d e c r e a s e d m a r k e d l y t h r o u g h o u t t h e 

t r i a l p e r i o d , v i z . 30 d a y s . However i t was n o t c o n c l u s i v e f r o m t h e 

t r i a l s w h a t w o u l d be t h e optimum h a b i t u a t i o n p e r i o d f o r s a f e t y 

h e l m e t s , t h o u g h i t seemed t o r e a c h i t s optimum t o w a r d s 30 d a y s . I t i s 

s u g g e s t e d t h a t an a d a p t a t i o n p e r i o d can be 1 t o 3 months. 

A d a p t a t i o n i s a l s o n e c e s s a r y t o t h e added volume o r b u l k . H i c k l i n g 

r e p o r t e d t h a t even a f t e r 8 y e a r s , c o n s t r u c t i o n w o r k e r s d i d n o t g e t 

u s e d t o t h e a d d i t i o n a l volume o f a h e l m e t . 

I n a n y p r o t e c t i v e wear t h e r e i s an u n a v o i d a b l e d i s c o m f o r t f a c t o r w h i c h 

may be overcome o n l y by g e t t i n g a c c u s t o m e d t o wear i t . I t i s s u g g e s t e d 

t h a t a c e r t a i n d e g r e e o f c o m p u l s i o n and s t r i c t s u p e r v i s i o n have t o be 

i m p o s e d on w o r k e r s d u r i n g t h e a d a p t a t i o n p e r i o d ( 1 t o 3 m o n t h s ) , w h i c h 

may h e l p t o g e t o v e r t h e u n a v o i d a b l e d i s c o m f o r t . T h i s a d a p t a t i o n 

p r o c e s s s h o u l d be commenced a f t e r t a k i n g maximum e f f o r t s t o d e s i g n a 

h e l m e t w i t h o p t i m u m f a c i l i t i e s f o r b o t h c o m f o r t , r e d u c t i o n o f b u l k o r 

v o l u m e and a d e q a u t e p r o t e c t i o n . 

5.2.11 Organizational factors 

The o r g a n i z a t i o n a l f a c t o r s s u r r o u n d i n g t h e use o f ppw a r e a l s o 

i m p o r t a n t f o r an e f f e c t i v e ppw programme. T r a i n i n g and e d u c a t i o n , 

e n f o r c e m e n t o f w o r k i n g r u l e s , s u p e r v i s i o n , p e r s u a s i o n and 

e n c o u r a g e m e n t i n u s e , e f f e c t i v e s ystems o f p u r c h a s i n g , s t o r i n g , 

m a i n t a i n i n g and l a s t l y p r o v i s i o n and a v a i l a b i l i t y o f h e l m e t s a r e 
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i m p o r t a n t o r g a n i z a t i o n a l f a c t o r s t o be c o n s i d e r e d . A f t e r a 

c o m p r e h e n s i v e i n v e s t i g a t i o n o f h e l m e t use i n c o n s t r u c t i o n s i t e s , 

H i c k l i n g ( 1 9 8 4 ) , has recommended t h a t t h e management s h o u l d be more 

s t r i c t t o e n f o r c e t h e w o r k i n g r u l e and t h a t company power s h o u l d be 

d e l e g a t e d t o s i t e a g e n t s and t h a t e n f o r c e m e n t s h o u l d o c c u r a t s i t e by 

s u p e r v i s o r y p e r s o n n e l . T r a i n i n g and e d u c a t i o n i n head p r o t e c t i o n and 

t o u n d e r s t a n d t h e need t o wear h e l m e t s have t o be i n c u l c a t e d among t h e 

w o r k e r s . I n t h e same s t u d y H i c k l i n g ( 1 9 8 4 ) , f o u n d median r e s p o n s e by 

n o n - h e l m e t w e a r e r s t o t h e s u g g e s t i o n t h a t most w o u l d wear a h e l m e t i f 

t o l d t o . 

D u r i n g v i s i t s t o f a c t o r i e s i n Bombay ( I n d i a ) and Colomo ( S r i Lanka) i n 

1987 i t was o b s e r v e d by t h e a u t h o r t h a t t h e m i d d l e management was 

r e l u c t a n t t o wear h e l m e t s due t h e b e l i e f o f a l o s s i n s t a t u s . I f t h e 

management and s u p e r v i s o r s do n o t wear h e l m e t s , how can we m o t i v a t e 

t h e w o r k e r t o wear h e l m e t s ? T h e r e f o r e t h e management and s u p e r v i s o r 

a t t i t u d e t o w a r d s ppw i s a v e r y i m p o r t a n t f a c t o r . 

A g e n e r a l o b s e r v a t i o n i n most work p r e m i s e s w i l l i n d i c a t e t h a t 

p r o t e c t i v e e q u i p m e n t i s u n d e r - p r o v i d e d and u n d e r - u t i l i s e d ( V I ) , 

w h i c h a r e a t t r i b u t a b l e t o v a r i o u s r e a s o n s . I n a q u e s t i o n n a i r e s u r v e y 

c o n d u c t e d i n 35 DCs by t h e a u t h o r , ( I I I ) , 9 1 % o f t h e r e s p o n d e n t s 

had a g r e e d t h a t t h e e m p l o y e r s do n o t p r o v i d e ppw a t t h e w o r k s i t e as 

t h e w o r k e r s r e f u s e t o wear them. I n t h e same s u r v e y common c o n s t r a i n t s 

i n t h e s u p p l y o f ppw was t h e h i g h c o s t ( 9 3 % ) and i m p o r t r e s t r i c t i o n s 

( 4 5 % ) . T h e r e f o r e d r a s t i c measures, e.g. m a n d a t o r y r e q u i r e m e n t s , l a w 

e n f o r c e m e n t , c o s t r e d u c t i o n , i m p o r t c o n c e s s i o n s , e t c . , a r e n e c e s s a r y 

t o compel and e n c o u r a g e e m p l o y e r s t o s u p p l y , e f f e c t i v e , s u i t a b l e and 

a d e q u a t e numbers o f p r o t e c t i v e wear i n c l u d i n g s u f f i c i e n t s p a r e s and 

a c c e s s o r i e s a t t h e work s i t e . 

L a s t l y , p e r s u a s i o n , i n c e n t i v e schemes o r c o m p e t i t i o n s c a r r y i n g p r i z e s 

a r e w o r t h e x p e r i m e n t i n g t o e n c o u r a g e t h e w o r k e r s t o wear h e l m e t s . 

5.2.12 O t h e r F a c t o r s o f I n t e r e s t 

When d i s c u s s i n g human f a c t o r s i n p r o d u c t d e s i g n , t h e a r e a s v i z . 

m a i n t e n a n c e , S t a n d a r d s , m a n u f a c t u r e r i n s t r u c t i o n s and c o s t s , c a n n o t be 

o v e r l o o k e d as t h e y a l s o come w i t h i n t h e a m b i t o f e r g o n o m i c s . These 

f a c t o r s a r e d i s c u s s e d below. 



72 

5.2.12.1 Maintenance 

F o r t h e t w o p u r p o s e s , v i z . r e t a i n i n g t h e r e q u i r e d p r o t e c t i o n and 

h e l m e t a c c e p t a b i l i t y , i t i s n e c e s s a r y t o a d o p t good s y s t e m s o f 

m a i n t e n a n c e . As r e q u i r e d by t h e O c c u p a t i o n a l H e a l t h and S a f e t y A c t 

(OSHA, USA) r e g u l a t i o n s , h e l m e t s must be i n s p e c t e d p e r i o d i c a l l y f o r 

c r a c k s , damages, a g i n g d e f e c t s and d i s c a r d e d i f f o u n d u n s u i t a b l e . They 

m u s t n o t be s t o r e d l o o s e l y i n v e h i c l e s , n o t s u b j e c t e d t o w e a t h e r i n g , 

e.g. b r i g h t s u n l i g h t . The N a t i o n a l S a f e t y News,(Anon, 1 9 8 0 ) , gave t h e 

f o l l o w i n g a d d i t i o n a l m a i n t e n a n c e r e q u i r e m e n t s . A t l e a s t once a month 

t h e c r a d l e and head band s h o u l d be washed i n warm soapy w a t e r and t h e 

h e a d g e a r r i n s e d t h o r o u g h l y and a l l o w e d t o d r y . Used h e l m e t s b e f o r e 

r e - i s s u e s h o u l d be d i s i n f e c t e d and worn o u t and d i s p o s a b l e p a r t s 

r e p l a c e d . U s i n g recommended s o l v e n t s , t h e t a r , p a i n t and o i l i n u s e d 

h e l m e t s s h o u l d be removed. A d e q u a t e s p a r e s and a c c e s s o r i e s must be 

a v a i l a b l e f o r r e p l a c i n g t h e s e p a r t s when needed. As new p a i n t may t a k e 

away t h e d i e l e c t r i c p r o p e r t i e s o f t h e s h e l l o r p e r h a p s weaken t h e 

s h e l l m a t e r i a l , t h e m a n u f a c t u r e r s have t o be c o n s u l t e d b e f o r e d o i n g 

t h i s . F o r an e f f i c i e n t and s u c c e s s f u l p r o t e c t i v e wear programme a 

s y s t e m a t i c m a i n t e n a n c e p r o c e d u r e i s e s s e n t i a l . I n t h e use o f a i r 

h e l m e t s a t t h e N a t i o n a l Coal Board Mines i n UK such a m a i n t e n a n c e 

programme had been s u c c e s s f u l l y c a r r i e d o u t , ( D a v i e s , 1 9 7 8 ) . 

5.2.12.2 Standards 

As i n o t h e r t y p e s o f ppw, S t a n d a r d s a v a i l a b l e f o r human f a c t o r s i n 

i n d u s t r i a l h e l m e t s seem t o be i n a d e q u a t e . A q u e s t i o n n a i r e s u r v e y 

c o n d u c t e d among m a n u f a c t u r e r s o f IC has shown t h a t 9 0 % o f r e s p o n d e n t s 

f o l l o w S t a n d a r d s when d e s i g n i n g ppw, ( I I I ) . D e v elopment o f new 

S t a n d a r d s on human f a c t o r s f o r h e l m e t s can i m p r o v e t h e w e a r a b i l i t y a nd 

a c c e p t a b i l i t y . 

The S w e d i s h (SS.88 2 4 1 3 ) , D a n i s h (DS.973.1), F i n n i s h (SFS.2465) and 

N o r w e g i a n ( N S . 2 9 2 5 ) . , S t a n d a r d s f o r i n d u s t r i a l s a f e t y h e l m e t s a r e 

s i m i l a r and p r e p a r e d on t h e b a s i s o f ISO 3873.1977, I n d u s t r i a l S a f e t y 

H e l m e t s . These S t a n d a r d s g i v e s p e c i f i c a t i o n s f o r d e s i g n , p r o t e c t i o n 

c l a s s e s , r e q u i r e m e n t s , t e s t i n g , i n s t r u c t i o n f o r u s e , mass and m a r k i n g . 

Under t h e g e n e r a l r e q u i r e m e n t s t h e need f o r r o u n d edges, p r o t e c t i o n 

a g a i n s t a b r a i s i o n and m a t e r i a l c h a r a c t e r i s t i c s a r e s t i p u l a t e d . The 

p e r f o r m a n c e r e q u i r e m e n t s f o r t h e h e l m e t s h e l l i n c l u d e shock 

a b s o r p t i o n , p e n e t r a t i o n r e s i s t a n c e , f l a m m a b i l i t y , l a t e r a l r i g i d i t y and 
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e l e c t r i c a l i n s u l a t i o n . O t h e r s p e c i f i c a t i o n s f o r t h e s h e l l a r e absence 

o f r i g i d and p r o t r u d i n g p a r t s , smooth p r o f i l e , smooth o u t s i d e , r o u n d 

edges and p r o v i s i o n t o wear s p e c t a c l e s o r g o g g l e s . The w e a r i n g h e i g h t 

and h o r i z o n t a l and v e r t i c a l c l e a r a n c e s between t h e h a r n e s s and t h e 

s h e l l a r e a l s o s t i p u l a t e d . Under t h e i n s t r u c t i o n s f o r u s e , t h e f i t , 

m a t e r i a l s , p a i n t , c l e a n i n g and i n s p e c t i o n a r e m e n t i o n e d . The S t a n d a r d 

r e q u i r e s t h a t t h e mass has t o be s t a t e d i f i t i s o v e r 400g. The 

m a r k i n g s s h o u l d be d u r a b l e and r e q u i r e t h e m e n t i o n o f t h e name and 

t r a d e mark o f t h e s u p p l i e r , c o u n t r y o f o r i g i n , t i m e o f m a n u f a c t u r e , 

s i z e , m a t e r i a l , p r o t e c t i o n c l a s s , m a n u f a c t u r e r d e s i g n a t i o n , 

t e m p e r a t u r e and r a d i a t i o n p r o t e c t i o n . To o b t a i n t h e l i c e n c e i n o r d e r 

t o mark t h e h e l m e t w i t h t h e mark o f c o n f o r m i t y t o S t a n d a r d s , i t i s 

r e q u i r e d t h a t t h e h e l m e t i s c e r t i f i e d . 

S t a n d a r d s s i m i l a r t o Swedish o r D a n i s h a r e a l s o a v a i l a b l e i n t h e 

U n i t e d S t a t e s (ANSI) and B r i t a i n ( B S D and o t h e r d e v e l o p e d c o u n t r i e s . 

B u t i n d e v e l o p i n g c o u n t r i e s S t a n d a r d s f o r h e l m e t s a r e h a r d l y e n f o r c e d 

n o r a v a i l a b l e ( I I I ) . A c u r s o r y g l a n c e i n h e a l t h and s a f e t y l a w s i n 

b o t h ICs and DCs show t h a t e x c e p t i n a few r a r e i n s t a n c e s t h e r e a r e no 

human f a c t o r S t a n d a r d s f o r h e l m e t s t h a t a r e i n c o o p e r a t e d i n t h e s e 

l a w s . D e v e l o p m e n t o f a p p r o p r i a t e S t a n d a r d s i n human f a c t o r s i n s a f e t y 

h e l m e t s i n b o t h ICs and DCs and e n f o r c e m e n t o f t h e s e S t a n d a r d s and t o 

make them m a n d a t o r y r e q u i r e m e n t s a r e u r g e n t . S t a n d a r d s f o r DC must be 

d e v e l o p e d c o n s i d e r i n g t h e new e n v i r o n m e n t , w e a r e r c h a r a c t e r i s t i c s and 

o t h e r a n t h r o p o m e t r i c , c u l t u r a l and s o c i o l o g i c a l v a r i a b l e s i n DCs w h i c h 

a r e d i f f e r e n t t o I C s . 

Based on t h e f i n d i n g s o f t h e a u t h o r on t h e s t u d y o f e r g o n o m i c s a s p e c t s 

o f ppw and t h e case s t u d y on h e l m e t s c o n d u c t e d i n S r i Lanka, a 

c o m p r e h e n s i v e d i s c u s s i o n on t h e need f o r n a t i o n a l and i n t e r n a t i o n a l 

e r g o n o m i c s t a n d a r d s f o r p e r s o n a l p r o t e c t i v e d e v i c e s has been p r e s e n t e d 

i n X. 

5.2.12.3 Manufacturer Instructions 

To e n s u r e t h e d e s i r e d p r o t e c t i o n o r f o r t h e e f f e c t i v e use o f a h e l m e t , 

i t i s n e c e s s a r y t h a t t h e h e l m e t i s w o r n , f i t t e d , s e r v i c e d , s t o r e d and 

m a i n t a i n e d a c c o r d i n g t o t h e m a n u f a c t u r e r i n s t r u c t i o n s as each p r o d u c t 

i s u n i q u e i n i t s d e s i g n and t h e m a t e r i a l used. These i n s t r u c t i o n s a r e 

u s u a l l y i n t h e l a n g u a g e used i n t h e c o u n t r y o f m a n u f a c t u r e . W i t h t h e 

w i d e s c a l e exchange o f goods between d i f f e r e n t c o u n t r i e s , p r o t e c t i v e 
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wear ( i n c l u d i n g h e l m e t s ) f i n d m a r k e t s and u s e r s o u t s i d e t h e c o u n t r y o f 

m a n u f a c t u r e . F o r e xample i n one y e a r 10,000 h e l m e t s have been t a k e n 

f r o m Sweden t o be u s e d i n S r i Lanka, ( S k a n s k a , 1 9 8 6 ) . The s u r v e y 

c o n d u c t e d i n 35 DCs on t h e s u p p l y and use o f ppw has r e v e a l e d t h a t 

n e a r l y 6 0 % o f p r o t e c t i v e wear used i n DCs a r e i m p o r t e d f r o m o t h e r 

c o u n t r i e s , ( I I I ) . I t i s v e r y l i k e l y t h a t t h e l a n g u a g e o f t h e 

i n s t r u c t i o n s i s s e l d o m u n d e r s t o o d by a l l t h e end u s e r s i n o t h e r 

c o u n t r i e s . T h e r e f o r e i t seems w i s e r t o p r o v i d e t h e i m p o r t a n t 

i n s t r u c t i o n s , v i z . t h e f i t t i n g , a d j u s t i n g , e t c . , i n t h e l a n g u a g e o f 

t h e u s e r o r a t l e a s t i n a s y m b o l i c l a n g u a g e . The use o f a s y m b o l i c 

l a n g u a g e p r o v i d e s c o m p r e h e n s i v e i n f o r m a t i o n t o n e a r l y a l l end u s e r s 

and p r e v e n t s any p o s s i b i l i t y o f m i s i n t e r p r e t a t i o n s o f t h e 

i n s t r u c t i o n s . 

The i n s t r u c t i o n s p r o v i d e d w i t h h e l m e t s a r e u s u a l l y c o n t a i n e d i n a 

l o o s e p a p e r s e n t w i t h each h e l m e t . More i m p o r t a n t i n s t r u c t i o n s a r e 

b e t t e r p r o v i d e d p a s t e d o r i n s c r i b e d on t h e h e l m e t s h e l l f o r r e a d y 

r e f e r e n c e . The i n s t r u c t i o n s s h o u l d n o t o n l y i n c l u d e p r o t e c t i o n 

p e r f o r m a n c e and f i t t i n g p r o c e d u r e , b u t s h o u l d a l s o c o n t a i n i n f o r m a t i o n 

on s e v i c i n g and m a i n t e n a n c e , s t o r i n g and o t h e r p r e c a u t i o n s t o be 

o b s e r v e d i n u s e . 

5.2.12.4 Cost 

A p a r t f r o m b e i n g e f f e c t i v e and w e a r a b l e , a p e r s o n a l p r o t e c t i v e 

e q u i p m e n t s h o u l d a l s o be e c o n o m i c a l l y p r i c e d , ( P o w e l l , 1 9 8 4 ) . Any 

i n v e s t m e n t must be c o s t b e n e f i c i a l o r have an e c o n o m i c a l l y a c c e p t a b l e 

r e t u r n t o t h e management. P r e l i m i n a r y a n a l y s i s o f c o s t b e n e f i t s o f 

l o g g e r s s a f e t y e q u i p m e n t ( w h i c h i n c l u d e d t h e use o f h e l m e t s ) has 

r e v e a l e d t h a t i t i s v e r y p r o f i t a b l e f o r e m p l o y e r s and f o r s o c i e t y as a 

w h o l e , ( K l e n and Väyrynen,1983). Due t o t h e l o w economic s t a t u s i n DCs 

t h e c o s t f a c t o r , i n ppw, becomes more i m p o r t a n t . I n p r e l i m i n a r y 

s u r v e y s c o n d u c t e d among ppw m a n u f a c t u r e r s i n ICs and u s e r s o f ppw i n 

DCs, l o w e r i n g t h e c o s t was o f low p r i o r i t y ( 1 9 % ) i n d e s i g n and 

d e v e l o p m e n t among IC m a n u f a c t u r e r s b u t on t h e c o n t r a r y i t was o f 

h i g h e s t p r i o r i t y ( 9 3 % ) f o r DC, ( I I I ) . T h e r e f o r e i n d e v e l o p i n g a 

s a f e t y h e l m e t f o r DCs, c o s t l y f e a t u r e s such as w a t e r o r a i r c o o l e d 

d e v i c e s e t c . , may n o t be f e a s i b l e . 
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P u b l i c c o n s c i o u s n e s s has been awakened t o t h e s p e c i a l needs f o r t h e 

d i s a b l e d and t h e h a n d i c a p p e d , among o t h e r t h i n g s , i n p r o d u c t d e s i g n . 

U n f o r t u n a t e l y w i t h r e g a r d t o s a f e t y h e l m e t s f o r t h e d i s a b l e d , no 

s t u d i e s seem t o have been done. A l b e r t F i t i c a n o ( 1 9 8 2 ) , f r o m t h e 

M a s s a c h u s e t t s C o l l e g e o f A r t s i n h i s s t u d y on head p r o t e c t i o n f o r t h e 

m e n t a l l y r e t a r d e d p a t i e n t s w i t h head b a n g i n g t e n d e n c i e s , has a d v o c a t e d 

t h e use o f a t r a n s p a r e n t p l a s t i c head s h e l l w i t h v e n t i l a t i o n 

p e r f o r a t i o n s , m i n i m i z i n g shadow e f f e c t s , m a i n t a i n i n g head c o n t r o l , 

a v o i d i n g s h a r p edges and p r o h i b i t i n g t h e removal o f h e l m e t by t h e 

p a t i e n t s . 

5.3 Summary 

The need f o r human f a c t o r s i n h e l m e t d e s i g n t o i m p r o v e a c c e p t a b i l i t y 

i s b e coming more and more i m p o r t a n t . C o m f o r t w h i c h i s a s u b j e c t i v e 

c o n c e p t can be a n o t h e r t e r m g i v e n t o human f a c t o r s . Knowledge a b o u t 

t h e e n v i r o n m e n t and a n t h r o p o m e t r y o f w e a r e r s a r e e s s e n t i a l t o d e v e l o p 

new d e s i g n s o f h e l m e t s t h a t w i l l be a c c e p t a b l e and c o m f o r t a b l e t o t h e 

t a r g e t p o p u l a t i o n . 

I n DCs where t h e head a c c i d e n t r a t e i s h i g h , h o t and humid 

e n v i r o n m e n t s p e r s i s t , s m a l l s i z e d p e o p l e l i v e and t h e r e s o u r c e s a r e 

p o o r , d e v e l o p m e n t o f a new s a f e t y h e l m e t w h i c h i s a l s o n o t 

u n c o m f o r t a b l e t o wear and i n e x p e n s i v e , i s an u r g e n t need. A new o r a 

m o d i f i e d h e l m e t s h o u l d f i t 907. o f t h e u s e r p o p u l a t i o n , be a d e q a u t e l y 

v e n t i l a t e d , l e s s heavy and l e s s b u l k y o r on t h e wh o l e n o t 

u n c o m f o r t a b l e . I t s h o u l d be m o d e r a t e l y p r i c e d and s h o u l d p r o v i d e a 

r e a s o n a b l e head p r o t e c t i o n . 

McCormick (1 9 7 4 ) has i n d i c a t e d t h a t t h e r e i s a s t a r t l i n g l a c k o f 

p e r t i n e n t i n f o r m a t i o n r e g a r d i n g some human f a c t o r c h a r a c t e r i s t i c s i n 

i n d u s t r i a l d e s i g n . Norms and S t a n d a r d s i n human f a c t o r s must be 

d e v e l o p e d t h r o u g h r e s e a r c h and e v a l u a t i o n . The e r g o n o m i c S t a n d a r d s 

a p p e a r t o be a f e a s i b l e method t o p e r s u a d e m a n u f a c t u r e r s t o p r o v i d e 

c o m f o r t needs i n h e l m e t s . 

F u r t h e r s t a n d a r d i z a t i o n t h r o u g h r e s e a r c h i n t h e methods and p r o c e d u r e s 

f o r d e t e r m i n i n g r e l e v a n t human f a c t o r s t o g e n e r a t e t h e needed 

i n f o r m a t i o n have t o be d e v e l o p e d . 

One i m p o r t a n t and e s s e n t i a l s t e p when i n t r o d u c i n g h e l m e t s a t a 
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w o r k p l a c e i s an a d a p t a t i o n programme under s t r i c t s u p e r v i s i o n . 

5.4 Recommendations for Design Improvements for Comfort in Helmets 

5.4.1 Design Requirements 

D i s c o m f o r t due t o h o t n e s s , l a c k o f p r o p e r f i t and t h e w e i g h t t o be 

c a r r i e d on t h e head seem, t o be m a j o r p r o b l e m s t h a t r e q u i r e d e s i g n 

i m p r o v e m e n t s i n h e l m e t s . I n h e l m e t w e a r i n g i n i n d u s t r i a l i z e d 

c o u n t r i e s , h o t n e s s i s a p r o b l e m i n summer and i n work i n h o t 

i n d u s t r i e s . H o t n e s s i s a m a j o r p r o b l e m i n d e v e l o p i n g c o u n t r i e s where 

t h e c l i m a t e i s h o t and humid most o f t h e y e a r . D e s i g n improvements f o r 

a d e q a u t e v e n t i l a t i o n and t h e use o f s u i t a b l e m a t e r i a l h a v i n g good h e a t 

t r a n s f e r p r o p e r t i e s a r e r e q u i r e d . To i m p r o v e t h e f i t t i n g and p r o p e r 

r e t e n t i o n o f h e l m e t s on t h e w e a r e r ' s head i t i s recommended t h a t t h e 

d e s i g n e r use headforms d e v e l o p e d f r o m t h e a n t h r o p o m e t r i c d a t a o f t h e 

t a r g e t p o p u l a t i o n s . I f t h e h e l m e t v e n t i l a t i o n c o u l d be i m p r o v e d by 

o t h e r means, e.g. v e n t i l a t i o n h o l e s on t h e s h e l l , i t may be p o s s i b l e 

t o r e d u c e t h e h e l m e t b u l k o r volume (as h e l m e t b u l k i s o n l y n e c e s s a r y 

t o i m p r o v e v e n t i l a t i o n i n u n v e n t i l a t e d h e l m e t s ) , w h i c h i n t u r n w i l l 

r e d u c e t h e w e i g h t . Low c r o w n , l e s s p r o j e c t i o n s and low w e i g h t w i l l 

a l s o i m p r o v e t h e h e l m e t f i t , r e t e n t i o n and b a l a n c e on t h e head. I t i s 

recommended t h a t t h e t o t a l w e i g h t ( s h e l l and h a r n e s s ) o f a h e l m e t be 

c o n t r o l l e d a r o u n d 300 g. I t s h o u l d be however n o t e d t h a t t h e 

p r o t e c t i o n p e r f o r m a n c e o f t h e h e l m e t s h o u l d be r e a s o n a b l y r e t a i n e d 

w h i l e a t t e m p t i n g t o change t h e d e s i g n t o accommodate t h e above 

i m p r o v e m e n t s . W i t h t h e above o p t i o n s t h e f o l l o w i n g d e s i g n r e q u i r e m e n t s 

i n h e l m e t s h e l l and h a r n e s s a r e s u g g e s t e d f o r p o s s i b l e improvement i n 

h e l m e t c o m f o r t . An a r t i s t ' s i m p r e s s i o n o f t h e new h e l m e t d e s i g n 

c o n t e m p l a t e d by t h e a u t h o r i s g i v e n i n F i g . 5 ( a , b , c and d ) . I f however 

t h e p r o t e c t i o n p e r f o r m a n c e ( e . g . p e n e t r a t i o n r e s i s t a n c e ) r e q u i r e d i s 

l o w , e.g. a w o r k p l a c e where t h e r i s k o f a c c i d e n t a l f a l l i n g o f heavy 

o b j e c t s i s n e g l i g i b l e , and added t o i t i f t h e r e i s a h i g h c l i m a t i c 

s t r e s s f r o m h o t n e s s , i t i s w o r t h c o n c e n t r a t i n g on a d e s i g n s i m i l a r t o 

t h a t o f t h e C h i n e s e example shown i n F i g . 5 . I n such an i n s t a n c e t h o u g h 

t h e s h e l l m a t e r i a l can be i n t e r w o v e n cane w i t h a g l a s s f i b r e r e i n f o r c e d 

i n n e r l a y e r i n t h e crown a r e a , t h e o t h e r recommendations as s u g g e s t e d 

b e l o w may be f o l l o w e d . 
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F i g . 6 The new d e s i g n o f a helmet 

(a) V e n t i l a t e d helrüet (b) Sunshade on standby 
p o s i t i o n 

(c) The harness showing 
sweat band w i t h 
v e n t i l a t i o n h o l e s 

(d) Three stage 
a d j u s t a b i l i t y 
on c r a d l e 
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5.4.2. Helmet Shell 

5.4.2.1 Material 

The h e l m e t s h e l l m a t e r i a l s h o u l d be s e l e c t e d t a k i n g i n t o c o n s i d e r a t i o n 

t h e f o l l o w i n g r e q u i r e m e n t s . P r o t e c t i o n , a v a i l a b i l i t y , d u r a b i l i t y , n o t 

u n d e r g o a p p r e c i a b l e a l t e r a t i o n when exposed t o c o l d , h e a t , m o i s t u r e 

and v i b r a t i o n s o r c o n t a c t w i t h s k i n , sweat and h a i r p r o d u c t s , 

m a i n t a i n a b i l i t y , l o w c o s t , ease o f p r o d u c t i o n , e l e c t r i c a l i n s u l a t i o n , 

w a t e r p r o o f n e s s , meet f l a m m a b i l i t y r e q u i r e m e n t s , n o t c r a c k o r be 

f r a g i l e , n o t be e a s i l y d i s c o l o u r e d , w a t e r r e s i s t a n t , n o n - i r r i t a t i n g , 

no bad e f f e c t s t o s k i n o r h a i r , good i m p a c t s t r e n g t h p e r d e n s i t y , good 

c o m p r e s s i v e t e n s i l e s t r e n g t h , optimum h e a t t r a n s f e r c h a r a c t e r i s t i c s 

and l o w w e i g h t . 

A c r y l o n i t r i l e - B u t a d i e n e - S t y r e n e (ABSl/PVC Copolymer, p o l y c a r b o n a t e and 

p o l y e s t e r a r e commonly used s h e l l m a t e r i a l s w h i c h meet most o f t h e 

above r e q u i r e m e n t s . However, m a n u f a c t u r e r s i n s e l e c t i n g t h e m a t e r i a l , 

do so m a i n l y t o m a i n t a i n t h e p r o t e c t i o n S t a n d a r d s . T h e r e f o r e i t i s 

recommended t h a t emphasis must be a l s o g i v e n t o c o m f o r t needs such as 

l o w w e i g h t , optimum h e a t t r a n s f e r , e t c . , and low c o s t i n s e l e c t i n g a 

s u i t a b l e s h e l l m a t e r i a l . More r e s e a r c h i n t h e a r e a o f e r g o n o m i c 

c h a r a c t e r i s t i c s i n t h e s h e l l m a t e r i a l i s needed. 

5.4.2.2 Weight 

To keep t h e h e l m e t a t minimum w e i g h t , t h e use o f t h e m a t e r i a l ABS/PVC 

c o p o l y m e r f o r t h e h e l m e t s h e l l has been recommended. ABS/PVC had been 

t h e l i g h t e s t m a t e r i a l o u t o f 17 common t y p e s o f h e l m e t m a t e r i a l 

t e s t e d . I t r e t a i n s t h e p r o t e c t i o n r e q u i r e m e n t w i t h a m i n o r c o s t 

p e n a l t y . P o l y c a r b o n a t e , p o l y e s t e r and p o l y c a r b o n a t e c o a t e d i n g l a s s 

f i b r e had s t o o d up t o t h e e l e m e n t s and wear and t e a r . P o l y e t h y l e n e , PC 

and ABS a r e b e s t f o r i n s u l a t i o n . For low w e i g h t p e r c e p t i o n t h e c e n t e r 

o f g r a v i t y o f s h e l l s h o u l d be t h e same as t h a t o f t h e head. The h e l m e t 

must a l s o have a good b a l a n c e , f i t and r e t e n t i o n . I t i s recommended t o 

keep t h e t o t a l w e i g h t ( s h e l l and h a r n e s s ) a t 300 g a p p r o x i m a t e l y . 

5.4.2.3 Shape and Size 

I t s h o u l d be cap shaped f o r s t y l e , c o v e r a good p a r t o f t h e back o f 

t h e head ( b e t t e r h o l d and r e t e n t i o n ) and a v o i d crown p r o j e c t i o n s o r 
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p r o t r u s i o n s . Low c r o w n , w i t h sunshade ( a d j u s t a b i l i t y t o f l i p o v e r t o a 

s t a n d b y p o s i t i o n when t h e r e i s no sun) and a c u r l e d b r i m ( w i t h o u t 

p r o j e c t i n g o u t ) , ( F i g . 6 , b ) . One o r t h r e e s i z e s a r e recommended 

d e p e n d i n g on t h e head s i z e v a r i a b i l i t y o f t h e u s e r p o p u l a t i o n . 

A l l o w i n g t h e minimum v e n t i l a t i o n gaps (see u n d e r v e n t i l a t i o n ) and a 

l o w c r o w n t h e s i z e s s h o u l d accommodate 90 % o f head c i r c u m f e r e n c e s o f 

t h e p o p u l a t i o n . The shape o f t h e h e l m e t s h e l l s h o u l d c o n f o r m t o t h e 

h e a d f o r m o r head p r o f i l e o f t h e u s e r p o p u l a t i o n . 

5.4.2.4 Ventilation 

The t r a n s v e r s e a r c o f t h e crown s h o u l d have c i r c u l a r h o l e s ( d i a m e t e r 

o f e ach h o l e 5mm a p p r o x . ) . A t l e a s t 8 h o l e s on each s i d e o f t h e crown. 

T h e r e s h o u l d be a n o t h e r 8 h o l e s a c r o s s t h e f r o n t a r e a o f t h e s h e l l , 

j u s t o v e r t h e sunshade, ( F i g . 5 , a ) . F a c i l i t i e s t o open and c l o s e t h e s e 

o p e n i n g s e a s i l y w o u l d be an added a d v a n t a g e , t o p r o t e c t t h e head f r o m 

c h e m i c a l s p l a s h e s , e n t r y o f r a d i a n t h e a t , r a i n w a t e r and d u s t . (To 

e n s u r e e l e c t r i c a l i n s u l a t i o n t h e h e l m e t can be t e s t e d a t c l o s e d 

p o s i t i o n ) . T h e r e s h o u l d be a v e n t i l a t i o n gap ( h o r i z o n t a l c l e a r a n c e ) o f 

10mm a r o u n d t h e c i r c u m f e r e n c e . A s t a n d o f f d i s t a n c e ( v e r t i c a l 

c l e a r a n c e ) o f 30mm i s s u f f i c i e n t . S i d e v e n t i l a t i o n h o l e s a r e n o t 

n e c e s s a r y . 

5.4.2.5 Surfaces 

The t o p s u r f a c e s h o u l d be b r i g h t and g l o s s y t o i m p r o v e h e a t 

r e f l e c t i o n . A m e t a l l i c c o l o u r i s p r e f e r a b l e . However c o l o u r s l i k e 

a l u m i n i u m o r t h o s e t h a t can p r o j e c t a g l a r e o r d i s t u r b t h e v i s u a l 

e n v i r o n m e n t o f o t h e r w o r k e r s s h o u l d be a v o i d e d . A m e t a l l i c f i n i s h 

a p a r t f r o m b e i n g an a d v a n t a g e o f low e n t r y o f r a d i a n t h e a t has a l s o a 

h i g h h e a t e m m i s s i v i t y w h i c h i n t u r n can i m p r o v e h e a t t r a n s f e r . On b o t h 

s i d e s t h e s u r f a c e s s h o u l d be r o u n d and smooth. The s u r f a c e s s h o u l d n o t 

be r e - p a i n t e d w i t h o u t c o n s u l t i n g t h e m a n u f a c t u r e r s . 

5.4.2.6 Compatibility 

F a c i l i t i e s ( b r a c k e t s , s l o t s , e t c . ) t o f i t o t h e r ppw ( v i s o r s , e a r 

m u f f s , e t c . ) must be a v a i l a b l e . The r e s t r i c t i o n s t o v i s i o n and h e a r i n g 

s h o u l d be minimum. 
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5.4.3 Helmet Harness 

The h a r n e s s s h o u l d be a b l e t o be f i r m l y f i t t e d i n s i d e t h e h e l m e t s h e l l 

so t h a t i t w i l l n o t g e t l o o s e o r come o f f d u r i n g head movement, i m p a c t 

and i n c o n s t a n t use. I t s h o u l d be a b l e t o be d i s a s s e m b l e d e a s i l y f o r 

m a i n t e n a n c e and c l e a n i n g . Easy a d j u s t a b i l i t y o f t h e head band, 

s u s p e n s i o n and c h i n s t r a p i s i m p o r t a n t . For b e t t e r r e t e n t i o n t h e 

c r a d l e s h o u l d s i t w e l l i n t o h e l m e t s h e l l , have deep c r a n k s t r a p (nape 

s t r a p ) , a n g l e d sweat band and a c o m p l i a n t head band. I n d e s i g n i n g t h e 

h a r n e s s , t h e h e a d f o r m o f t h e w e a r e r p o p u l a t i o n must be used a t a l l 

s t a g e s , v i z . s i z i n g , g e t t i n g t h e c o r r e c t shape e t c . 

5.4.3.1 Head Band 

C i r c u m f e r e n c e , head l e n g t h and head b r e a d t h must be t a k e n t o f i t 90 % 

o f t h e w e a r e r p o p u l a t i o n w i t h t h e f a c i l i t y o f a d j u s t a b i l i t y . Bur 

f a s t n e r s o r s i m i l a r t y p e o f c o n t i n o u s and easy ( b u t has a f i r m h o l d ) 

a d j u s t a b i l i t y d e v i c e must be used. A r t i f i c i a l l e a t h e r , n o t s t i f f n o r 

r i g i d and c o m p l i a n t t y p e o f m a t e r i a l must be used. 

5.4.3.2 Cradle or Suspension 

I t i s p r e f e r a b l e t o p r o v i d e two o r b e t t e r t h r e e s t a g e s o f 

a d j u s t a b i l i t y ( F i g . 6 , d ) on t h e c r a d l e t o f i t t h e head h e i g h t and 

b i t r a g i o n c o r o n a l a r c o f a l a r g e p e r c e n t i l e i n t h e p o p u l a t i o n . ( N o t e : 

The head h e i g h t and b i t r a g i o n c o r o n a l a r c h e r e can be used by 

s u b t r a c t i n g 1/2 t h e e a r l e n g t h f r o m e i t h e r s i d e s , as t h e h a r n e s s f i t s 

above t h e e a r ) . T e r y l e n e o r f l e x i b l e t y p e o f m a t e r i a l can be used. 

T h i c k and s t i f f t y p e s l i k e p l a s t i c m a t e r i a l must n o t be used. Two 

b r o a d s t r a p s t o f i t on t h e l e n g t h and b r e a d t h w i s e a r c s o f t h e head a r e 

s u f f i c i e n t . 

5.4.3.3 Sweat Band 

The s w e a t band s h o u l d s t a y f l a t a g a i n s t t h e headband b u t s h o u l d a l s o 

f o r m an a n g l e t o w a r d s t h e c e n t e r o f t h e h e l m e t . I t s h o u l d have t h e 

maximum a r e a o f c o n t a c t w i t h t h e head. Four rows o f h o l e s must be 

p r o v i d e d on t h e s w e a t band f o r v e n t i l a t i o n , ( F i g . 6 , c ) . L e a t h e r and 

foam b a c k e d m a t e r i a l a r e s u i t a b l e t o i m p r o v e sweat a b s o r p t i o n . 



5.4.3.4 Chinstrap 

S o f t and b r o a d e l a s t i c m a t e r i a l w i t h a c o m f o r t a b l e u n d e r c h i n i s 

s u i t a b l e . A s i d e b u c k l e w h i c h does n o t i r r i t a t e t h e s k i n has t o be 

p r o v i d e d f o r a d j u s t m e n t t o d i f f e r e n t s i z e s . The c h i n s t r a p s h o u l d be 

a b l e t o be t u r n e d o v e r t h e s h e l l when n o t i n use. I t s h o u l d a l s o n o t 

p u l l t h e h e l m e t f o r w a r d s . 

5.4.4 Manufacturer Instructions 

F i t t i n g i n s t r u c t i o n s i n s y m b o l i c f o r m i s p r e f e r a b l e . I m p o r t a n t 

i n s t r u c t i o n s s h o u l d be p a s t e d o r p a i n t e d on t h e i n n e r s i d e o f t h e 

s h e l l . I n s t r u c t i o n s s h o u l d be c o m p r e h e n s i v e , i . e . s h o u l d i n c l u d e , t h e 

f o l l o w i n g : P r o t e c t i o n p e r f o r m a n c e , f i t t i n g i n s t r u c t i o n s , S t a n d a r d s 

c o v e r e d , i n s t r u c t i o n s f o r s e r v i c i n g , c l e a n i n g , s p a r e s , p r e c a u t i o n s t o 

be t a k e n i n u s e , m a n u f a c t u r e r s name, c o u n t r y o f m a n u f a c t u r e , s i z e s , 

l i m i t a t i o n i n p r o t e c t i o n and use, s t o r i n g , s h e l f l i f e , e t c . 
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6. CONCLUSIONS AND RECOMMENDATIONS 

i . The Methods P l a n a d o p t e d i n t h e s t u d y i n w h i c h t h e demands o f t h e 

p r o d u c t s i n t r o d u c e d by t h e m a n u f a c t u r e r s and c a p a c i t i e s o f t h e 

u s e r s were matched a t t h e Systems I n t e r f a c e , p r o v i d e d a s i m p l e 

and an i n e x p e n s i v e work p l a n f o r t h e e r g o n o m i c s e v a l u a t i o n o f 

p e r s o n a l p r o t e c t i v e d e v i c e s ( p p d ) . The l o w c o s t r e s e a r c h 

t e c h n i q u e s such as t h e a n t h r o p o m e t r i c methods and q u e s t i o n n a i r e 

s u r v e y s were i m p o r t a n t f e a t u r e s i n t h e methods p l a n . S i m i l a r 

t e c h n i q u e s a r e u r g e n t needs f o r d e v e l o p m e n t o f e r g o n o m i c s i n t h e 

3 r d W o r l d . T h i s method i s recommended i n s o l v i n g s i m i l a r 

e r g o n o m i c p r o b l e m s i n o t h e r a r e a s as w e l l , b o t h i n DC and IC. 

However more r e s e a r c h i s needed i n d e v e l o p i n g s i m p l e e r g o n o m i c s 

m ethods f o r d e v e l o p i n g c o u n t r i e s . 

i i . T h i s s t u d y has r e v e a l e d t h a t t h e m i s t a k e s i n t e c h n o l o g y t r a n s f e r 

a r e n o t o n l y c o n f i n e d t o l a r g e p r o j e c t s , knowhow o r s o p h i s t i c a t e d 

m a c h i n e r y . I t was a l s o e v i d e n t i n s m a l l p r o d u c t s such as p e r s o n a l 

p r o t e c t i v e d e v i c e s t r a n s f e r r e d f r o m IC t o DC. The t r a n s f e r o r o f 

t e c h n o l o g y seems t o be c o m p l e t e l y unaware o f t h e s p e c i f i c needs 

o f t h e e n d - u s e r s i n DC. The u s e r s on t h e o t h e r hand have no 

kn o w l e d g e o f t h e demands p l a c e d ( u n k n o w i n g l y ) by t h e m a n u f a c t u r e r 

on t h e e x p o r t e d p r o d u c t s . To m i n i m i s e t h e m i s m a t c h between t h e 

u s e r c a p a c i t y and t h e p r o d u c t demand, a c o n s t a n t i n t e r c h a n g e o f 

i d e a s and i n f o r m a t i o n between t h e u s e r and m a n u f a c t u r e r and 

p o s s i b l e i n v o l v e m e n t o f t h e u s e r i n t h e d e s i g n team i s needed. 

The e x p e r t i s e o f an e r g o n o m i s t i s r e q u i r e d t o h e l p i n s o l v i n g 

p r o b l e m s a r i s i n g o u t o f t h i s i n t e r c h a n g e . The e r g o n o m i s t 

t r y i n g t o s o l v e t h e p r o b l e m s o f e n d - u s e r s i n DC s h o u l d 

however be one who had been a d e q u a t e l y e x p o s e d t o t h e 

e n v i r o n m e n t and c o n d i t i o n s i n DC. O n l y t h e n can a p p r o p r i a t e and 

a d a p t e d t e c h n o l o g y ( i n c l u d i n g s m a l l p r o d u c t s such as ppd) be 

d e s i g n e d and m a n u f a c t u r e d i n IC and l a t e r t r a n s f e r r e d t o DC t o be 

e f f e c t i v e l y u s e d . 

i i i . The v a r i a b i l i t y o f body s i z e s i n m a n k i n d has a m a j o r i m p a c t i n 

t h e a p p r o p r i a t e n e s s o f d e s i g n o f goods. S i n c e t h e body s i z e 
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d a t a a r e n o t a l w a y s a v a i l a b l e o r i f a v a i l a b l e t h e y a r e n e i t h e r i n 

t h e p r o p e r f o r m t o be used by t h e d e s i g n e r n o r e a s i l y a c c e s s i b l e 

t o t h e d e s i g n e r , t h e f o l l o w i n g u r g e n t measures a r e needed t o 

r e c t i f y t h i s s i t u a t i o n . 

- To d e v e l o p such d a t a i n e v e r y c o u n t r y , p o p u l a t i o n g r o u p o r on a 

r e g i o n a l b a s i s t h r o u g h a n t h r o p o m e t r i c s u r v e y s w h i c h can be 

c o n d u c t e d u s i n g s i m p l e t e c h n i q u e s ( u s e f u l f o r DC) w h i c h a r e 

d e s c r i b e d i n t h i s s t u d y . 

- The d a t a t h u s c o l l e c t e d must be p r e s e n t e d i n a u s e f u l f o r m , 

p u b l i s h e d , s t o r e d i n d a t a banks and s u p p l i e d t o t h e d e s i g n e r s 

when needed. The r e s p o n s i b i l i t y o f a d m i n i s t r a t i o n and t h e 

c o n t r o l o f such a d a t a bank must d e v o l v e on a c e n t r a l a u t h o r i t y 

s u c h as t h e ILO, Human F a c t o r s S o c i e t i e s , D e s i g n e r ' s 

O r g a n i z a t i o n , e t c . 

The c u r r e n t s t u d y has a l s o shown t h a t t h e body s i z e s a r e 

e s s e n t i a l t o d e s i g n c o m f o r t a b l e and f i t t i n g ppd. 

i v . P r o v i s i o n o f human f a c t o r s w h i c h was a n e g l e c t e d a r e a has shown 

t o c o n t r i b u t e immensely i n t h e a p p r o p r i a t e d e s i g n and e f f e c t i v e 

u s e o f ppd. T h r o u g h t h i s s t u d y t h e human f a c t o r p r o b l e m s were 

v i e w e d i n t h e g l o b a l sense w h i c h u n f o r t u n a t e l y n o t seemed t o 

have been done e a r l i e r . P h y s i o l o g i c a l demands f r o m h o t and humid 

c l i m a t e s and i n a p p r o p r i a t e s i z e s have been t h e m a j o r e r g o n o m i c 

p r o b l e m s t h a t have made ppd u n p o p u l a r . How t h e s e demands d i f f e r 

f r o m one c o u n t r y t o a n o t h e r was seen c l e a r l y i n t h i s 

i n v e s t i g a t i o n . 

v . A ppd can a t b e s t p r o t e c t o n l y t h e i n d i v i d u a l w e a r i n g i t , and i t 

i s a v i o l a t i o n o f t h e i n d i v i d u a l s r i g h t t o r e q u i r e o r demand i t s 

u s e , ( p a r t i c u l a r l y when t h e ppd i s u n c o m f o r t a b l e ) . T h e r e f o r e i f 

t h e use o f ppd i s t o be p o p u l a r i s e d , t h e r e q u i r e d c o m f o r t f a c t o r s 

i n ppd c a n n o t be o v e r l o o k e d . C o m f o r t i s a s u b j e c t i v e c o n c e p t . 

A f t e r c o n s i d e r i n g t h e knowledge g a i n e d by t h i s r e s e a r c h s t u d y and 

t h e s p e c i f i c p u r p o s e o f ppd i n r e s p e c t t o t h e i r use i n DC, 

' c o m f o r t ' r e q u i r e d i n a ppd can be d e f i n e d as f o l l o w s : 

'A p e r s o n a l p r o t e c t i v e d e v i c e i s c o m f o r t a b l e i f i t i s d e s i g n e d 

w i t h optimum e r g o n o m i c needs, m o d e r a t e l y p r i c e d ( c o s t 
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b e n e f i c i a l ) and has r e a s o n a b l e p r o t e c t i o n , (where any i n h e r e n t 

d i s c o m f o r t t h a t had added on t o t h e ppd, t o p r o v i d e t h e 

r e a s o n a b l e p r o t e c t i o n , can be t o l e r a t e d t h r o u g h a s y s t e m a t i c 

a d a p t a t i o n programme).' 

v i . I n c o n s i d e r i n g t h e e r g o n o m i c c r i t e r i a i n r e s p i r a t o r s t o be used 

i n h o t c l i m a t e s , t h i s s t u d y c o n c l u d e d t h a t t h e p h y s i o l o g i c a l 

s t r e s s f r o m b r e a t h i n g r e s i s t a n c e and h o t n e s s must be r e d u c e d t o 

a minimum and t h e r e s p i r a t o r s s h o u l d be l i g h t e r . W i t h i n t h i s 

f r a m e w o r k t h e r e s p i r a t o r s s h o u l d have a r e a s o n a b l e p r o t e c t i o n 

f a c t o r . 

v i i . The main r e c o m m e n d a t i o n i n d e s i g n i mprovement i n h e l m e t s f o r use 

i n t h e t r o p i c s i s t o p r o v i d e a d e q a u t e f o r e h e a d and head 

v e n t i l a t i o n o r r e d u c t i o n o f h o t n e s s w h i c h can be done by 

p r o v i d i n g v e n t i l a t i o n h o l e s on t h e s h e l l . These h o l e s p r o v i d e an 

a d d i t i o n a l b e n e f i t i n t h e p o s s i b i l i t y o f r e d u c i n g t h e h e l m e t 

b u l k ( V I I I ) w h i c h i n t u r n can make t h e h e l m e t l i g h t e r . 

A v a i l a b i l i t y o f h e a d f o r m s f o r t h e u s e r p o p u l a t i o n and m i n o r 

m o d i f i c a t i o n s o f t h e h a r n e s s (Chap.5) a r e o t h e r r e c o m m e n d a t i o n s 

t h a t w i l l h e l p t o d e s i g n b e t t e r f i t t i n g h e l m e t s . More p r o t o t y p e s 

have t o be t e s t e d o b j e c t i v e l y f o r h e a t t r a n s f e r c h a r a c t e r i s t i c s 

and s u b j e c t i v e l y i n h o t e n v i r o n m e n t s . Research must c o n t i n u e i n 

t h e s e a r e a s t o a c h i e v e p e r f e c t i o n i n optimum e r g o n o m i c d e s i g n . 

v i i i . A h i g h p r o t e c t i o n f a c t o r no d o u b t i s an i m p o r t a n t r e q u i r e m e n t 

i n a p r o t e c t i v e wear. The p r o t e c t i o n f a c t o r s a r e i n many 

i n s t a n c e s c o v e r e d by S t a n d a r d s and t h e r e f o r e a r e s t r i c t l y 

o b s e r v e d and a d h e r e d t o by t h e m a n u f a c t u r e r s . B u t f r o m t h e 

s t u d i e s c o n d u c t e d on r e s p i r a t o r s (V) and s a f e t y h e l m e t s 

( V I ) , i t was e v i d e n t t h a t t h e e r g o n o m i c needs f o r ppd 

u s e r s i n t h e t r o p i c s c a n n o t be a c h i e v e d i f t h e p r e s e n t l y 

r e q u i r e d p r o t e c t i o n f a c t o r s o f t h e ppd a r e s t r i c t l y m a i n t a i n e d . 

The d i s c o m f o r t caused by t r y i n g t o m a i n t a i n t h e p r o t e c t i o n 

f a c t o r s , make t h e ppd u n p o p u l a r and u n a c c e p t a b l e . The C h i n e s e 

example w h e r e t h e cane h e l m e t w i t h a f a i r l y l o w p r o t e c t i o n 

f a c t o r was 100% p o p u l a r when compared t o a s t a n d a r d p l a s t i c 

h e l m e t w i t h t h e r e q u i r e d p r o t e c t i o n f a c t o r t h a t was u n a c c e p t a b l e 

t o anyone ( X ) , adds more w e i g h t t o t h e t h e o r y , t h a t by m a k i n g a 

r e a s o n a b l e a l l o w a n c e t o t h e p r o t e c t i o n p e r f o r m a n c e i n f a v o u r o f 

c o m f o r t , t h e use o f ppd can be made p o p u l a r and more m e a n i n g f u l 
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i n t h e t r o p i c s . I t i s t h e r e f o r e recommended t h a t p r o t e c t i o n 

f a c t o r may be r e d u c e d t o a r e a s o n a b l e amount ( i f n e c e s s a r y ) t o 

accommodate opt i m u m c o m f o r t needs, i n d e s i g n i n g ppd f o r t h e 

t r o p i c s . 

The s h o r t s t u d y on a d a p t a t i o n t r i a l s r e v e a l e d t h a t d i s c o m f o r t i n 

ppd becomes t o l e r a b l e and a c c e p t a b l e ( I X ) a f t e r c o n s t a n t and 

l o n g p e r i o d o f r e p e a t e d use. A d a p t a t i o n t r i a l s have t o be 

c a r r i e d o u t on each t y p e o f ppd t o a s c e r t a i n t h e optimum 

a d a p t a t i o n p e r i o d . I t i s recommended t h a t a s y s t e m a t i c and 

s t r i c t l y s u p e r v i s e d a d a p t a t i o n programme be c o n d u c t e d when 

i n t r o d u c i n g a new ppd t o make them a c c e p t a b l e i n t h e l o n g r u n . 

A s t r o n g r e c o m m e n d a t i o n t h a t emerged f r o m t h e r e s e a r c h s t u d y i s 

t h e need f o r d e v e l o p i n g n a t i o n a l and i n t e r n a t i o n a l e r g o n o m i c s 

s t a n d a r d s f o r ppd, ( X ) . C o m f o r t as such c a n n o t be q u a n t i f i e d 

and t h e r e f o r e c a n n o t be p a r t o f a p e r f o r m a n c e s t a n d a r d . However 

a p r o p e r t y t h a t c o n t r i b u t e t o c o m f o r t , e.g. v e n t i l a t i o n h o l e s i n 

h e l m e t s , s i z e s , maximum w e i g h t , e t c . , w h i c h can be c e r t i f i e d o r 

q u a n t i f i e d and where t h e r e a r e s a t i s f a c t o r y methods t o t e s t and 

c e r t i f i c a t i o n , can be i n t r o d u c e d as S t a n d a r d s . 



86 

7. REFERENCE BIBLIOGRAPHY 

A b e y s e k e r a , John D.A., 1978, C o m f o r t assessment and e v a l u a t i o n o f 

s e l e c t e d d u s t r e s p i r a t o r s : T h e i r use i n t h e t r o p i c s . P r o j e c t r e p o r t 

s u b m i t t e d as p a r t f u l f i l m e n t f o r M.Sc. d e g r e e Course i n E r g o n o m i c s , 

L o u g h b o r o u g h U n i v e r s i t y o f T e c h n o l o g y , L o u g h b o r o u g h , L e i c e s t e r s h i r e , 

U.K. 

A b e y s e k e r a , John D.A., 1985, A c o m p a r a t i v e s t u d y o f body s i z e 

v a r i a b i l i t y b e t w e e n p e o p l e i n i n d u s t r i a l i z e d c o u n t r i e s and 

i n d u s t r i a l l y d e v e l o p i n g c o u n t r i e s ; I t s i m p a c t on t h e use o f 

i m p o r t e d g oods. P r o c e e d i n g s o f I n t e r n a t i o n a l Symposium on 

Er g o n o m i c s i n d e v e l o p i n g c o u n t r i e s , J a k a r t a ( I n d o n e s i a ) , 18-21 

November, 1985. O c c u p a t i o n a l H e a l t h S e r i e s , 58, ILO, Geneva, 1987. 

A b e y s e k e r a , J.D.A., and Shahnavaz, H., 1985, A b r i e f g u i d e t o 

q u e s t i o n n a i r e d e s i g n , ( W i t h examples f r o m E r g o n o m i c s ) . R e s e a r c h 

R e p o r t , TULEA 1 9 8 5 : 1 1 , Luleå U n i v e r s i t y , Sweden. 

A c t o n , W.I., 1977, Pro b l e m s a s s o c i a t e d w i t h t h e use o f h e a r i n g 

p r o t e c t i o n . Ann.Occup.Hyg., V o l . 2 0 , pp. 387-395. 

Aldman, B., G u s t a f s s o n , H., Nygr e n , Ä., and Wersäll, J . , 1983, 

H e a r i n g and m o t o r c y c l e h e l m e t . J o u r n a l o f t r a f f i c m e d i c i n e , No.11/3 , 

42-45. 

A m e r i c a n I n d u s t r i a l H y g i e n e A s s o c i a t i o n ( A I H A ) , 1963, R e p i r a t o r y 

P r o t e c t i o n D e v i c e s M a n u a l , (Ann A r b o r : Brown and B r u m f i e l d ) . 

A m e r i c a n N a t i o n a l S t a n d a r d s I n s t i t u t e , ( A N S I ) . , 1968, P r a c t i c e f o r 

o c c u p a t i o n a l and e d u c a t i o n a l eye and f a c e p r o t e c t i o n , 2 8 7 . 1 , 1430 

Broadway, New Y o r k 10018. 

A m e r i c a n N a t i o n a l S t a n d a r d I n s t i t u t e , ( A N S I ) . , 1 9 8 1 , A m e r i c a n N a t i o n a l 

S t a n d a r d R e q u i r e m e n t f o r P r o t e c t i v e Headwear f o r I n d u s t r i a l W o r k e r s , 

ANSI Z 8 9 . 1 - 1 9 8 1 , 1430 Broadway, New Yor k . 



87 

Anon., 1976, H e l m e t s and headache, Roma de m e d i c i n e du t r a v a i l , 

P a r i s , 4 ( 5 ) 377. 

Anon., 1980, How t o w i n t h e p e r s o n a l p r o t e c t i v e game. N a t i o n a l S a f e t y 

News, March. 

ASEAN, 1 9 8 1 , Seminar on ' P r o t e c t i o n and c o - c r d i n a t i o n o f r e s e a r c h 

i n t o w o r k i n g c o n d i t i o n s and e n v i r o n m e n t . Tokyo, O c t o b e r ( 1 9 8 1 ) . 

A t t e r b o r n , Hemming A and Mossman, Paul B, 1978, P h y s i o l o g i c a l 

e f f e c t s on w o r k p e r f o r m a n c e o f v a p o u r - b a r r i e r c l o t h i n g and f u l l - f a c e 

r e s p i r a t o r s . J o u r n a l o f o c c u p a t i o n a l m e d i c i n e , V o l . 2 0 , No.1. 

Audemars, P., 1978, U n d e r f o o t c u s h i o n i n g i n w o r k i n g f o o t w e a r - A 

q u e s t i o n o f c o m f o r t . P r o t e c t i o n , Sep. V o l . 1 5 , No.9, p.11-14. 

B a i l e y , M., 1979, I n s u l a t e d b o o t s - F i e l d and l a b o r a t o r y 

e v a l u a t i o n . F i r e T e c h n o l o g y Nov. 1979, V o l . 1 5 , No.4, p.283-290. 

B i e s h e n v e l , M., E r i k s s o n , 0., H a l l i n , N., L u n d b o r g , G., Nyström, 

EE., and H e l m e r s s o n , B., 1980, S a f e t y g l a s s e s (Skyddsglasögon). 

Arbetsmiljö, No.8, p.15-23. 

B i r n b a u m , R.R., and C r o c k f o r d , G.W., 1978, Measurement o f c l o t h i n g 

v e n t i l a t i o n i n d e x . A p p l i e d E r g o n o m i c s , 9, 4, p.194-200. 

B l i g h , J . , and J o h n s o n , K.G., 1973, G l o s s a r y o f t e r m s f o r t h e r m a l 

p h y s i o l o g y . J . A p p l . P h y s i o l o g y , 35, 94 1 - 9 6 1 . 

B r a d l e y , James V., 1969, E f f e c t o f g l o v e s on c o n t r o l o p e r a t i o n 

t i m e . Human F a c t o r s , 1 1 ( 1 ) , 13-20. 

BSI ( B r i t i s h S t a n d a r d I n s t i t u t i o n ) , 1975, Ge n e r a l p u r p o s e i n d u s t r i a l 

s a f e t y h e l m e t s , BS 5240, B S I , London. 

B u r g e s s , L.A., S i l v e r m a n , L., and S t e i n , F., 1 9 6 1 , A new t e c h n i q u e f o r 

e v a l u a t i n g r e s p i r a t o r r e s p o n s e . A m e r i c a n I n d u s t r i a l H y g i e n e 

A s s o c i a t i o n J o u r n a l , 22, 422-429 

Census and S t a t i s t i c s D e p a r t m e n t . , 1983, S t a t i s t i c a l p o c k e t book o f 



88 

t h e D e m o c r a t i c S o c i a l i s t R e p u b l i c o f S r i Lanka. 

C h a p a n i s , A., 1974, N a t i o n a l and c u l t u r a l v a r i a b l e s i n e r g o n o m i c s . 

E r g o n o m i c s , V o l . 1 7 , No.2, 153-175. 

C h a t t e r j e e , M.D., 1969, H e a r t r a t e r e s p o n s e t o w e a r i n g i n d u s t r i a l 

p r o t e c t i v e f a c e mask u n d e r v a r i a b l e work c o n d i t i o n s . I n d u s t r i a l 

M e d i c i n e , V o l . 3 8 , No.11, p.386-395. 

C l a r k , J.A., and Cena, K., 1978, Net r a d i a t i o n and h e a t t r a n s f e r 

t h r o u g h c l o t h i n g : The e f f e c t s o f i n s u l a t i o n and c o l o u r . E r g o n o m i c s , 

V o l . 2 1 , No.9, 691-696. 

Cooper, K.H., 1968, A e r o b i c s . New Y o r k , Bantam b o o k s , I n c . p p . 2 7 - 3 6 . 

C r o c k f o r d , G.W., 1979, P h y s i o l o g i c a l p r o b l e m s o f p r o t e c t i v e c l o t h i n g 

i n C l o t h i n g and t h e W o r k i n g Man - The e r g o n o m i c s o f p r o t e c t i v e 

c l o t h i n g i n r e l a t i o n t o t h e t h e r m a l e n v i r o n m e n t . The E r g o n o m i c s 

S o c i e t y , 75, S w i n g b r i d g e Road, L o u g h b o r o u g h , L e i c e s t e r s h i r e , UK, 

p . 17-30. 

C r o c k f o r d , G.W., 1977, T r a w l e r f i s h e r m a n ' s p r o t e c t i v e c l o t h i n g . I n 

Human F a c t o r s i n w o r k , d e s i g n and p r o d u c t i o n . W e i n e r , J . S . , M a u l e , 

H.G., T a y l o r and F r a n c i s L t d . , London, UK. 

C u r t i s , G.C., and M.Zuckerman, 1968. A p s y c h o l o g i c a l r e a c t i o n 

p r e c i p i t a t e d by s e n s o r d e p r i v a t i o n . Amer.J. P s y c h i a t r y , 125-255. 

Cushman, W.H., 1980, S e l e c t i o n o f f i l t e r s f o r d a r k a d a p t a t i o n 

g o g g l e s i n t h e p h o t o g r a p h i c i n d u s t r y . A p p l i e d E r g o n o m i c s , 1 1 . 2., 

9 3 - 9 9 . 

D a v i e s , B.T., Abada, A., Benson, K., C o u r t n e y , A., and M i n t o . , 1980, A 

c o m p a r i s o n o f hand a n t h r o p o m e t r y o f f e m a l e s on 3 e t h n i c g r o u p s . 

E r g o n o m i c s , V o l . 2 3 , No.2, 179-182. 

D a v i e s D a v i d , 1978, P e r s o n a l C o m m u n i c a t i o n , Loughborough U n i v e r s i t y o f 

T e c h n o l o g y , L o u g h b o r o u g h , L e i c e s t e r s h i r e , UK. 

Day, R., 1949, R e g i o n a l h e a t l o s s , i n L.W.Newbury ( e d ) 1 , P h y s i o l o g y 

o f h e a t r e g u l a t i o n , p.240, W.B. Saunders Company, P h i l a d e l p h i a . 



89 

De Moya, R.G., 1982, A b i o m e c h a n i c a l c o m p a r i s o n o f t h e r u n n i n g shoe 

and t h e combat b o o t . M i l i t a r y M e d i c i n e , 147, 380-383. 

DS (Dansk Standardiseringsråd), D a n i s h S t a n d a r d s A s s o c i a t i o n , 1982, 

I n d u s t r i a l s a f e t y h e l m e t s r e q u i r e m e n t s , DS 9 7 3 . 1 . P o s t b o k s 77, DK-2900 

H e l l e r u p . 

Duncan, H e n r y , W. , G a r d n e r , G e r a l d , W., and B a r n a r d , R.James., 1979, 

P h y s i o l o g i c a l r e s p o n s e s o f men w o r k i n g i n f i r e f i g h t i n g e q u i p m e n t i n 

t h e h e a t . E r g o n o m i c s , V o l . 2 2 , No.5, 521-527. 

Emerson, D.M., E i s e n f e l d , L., and K a g i k u n , H., 1967, Heat and m o i s t u r e 

t r a p p i n g b e n e a t h s u r g i c a l masks. A c o n s i d e r a t i o n o f f a c t o r s a f f e c t i n g 

t h e s u r g e o n s d i s c o m f o r t and p e r f o r m a n c e . S u r g e r y , 62, 1007-1016. 

F a n g e r , P.O., 1972, Thermal c o m f o r t . McGraw H i l l Book Comp., New Y o r k . 

T h e r m a l C o m f o r t - A n a l y s i s and a p p l i c a t i o n i n e n v i r o n m e n t a l 

e n g i n e e r i n g . Copenhagen: D a n i s h T e c h n i c a l P r e s s ( 1 9 7 0 ) . 

F a w c e t t , H.H., 1 9 6 1 , Speech t r a n s m i s s i o n t h r o u g h r e s p i r a t o r y 

p r o t e c t i o n d e v i c e s . A m e r i c a n I n d u s t r i a l A s s o c i a t i o n J o u r n a l , 22, 

170-174. 

Feeney., R o b e r t . , 1987, P e r s o n a l C o m m u n i c a t i o n , Loughborough 

U n i v e r s i t y o f T e c h n o l o g y , L e i c e s t e r s h i r e , UK. 

F o n s e c a , G.F., 1974, Heat t r a n s f e r p r o p e r t i e s o f m i l i t a r y p r o t e c t i v e 

g e a r . U.S.Army N a t i c k L a b o r a t o r y R e p o r t No.C/PLSEL-121. 

F i r i c a n o , A., 1982, Head p r o t e c t i o n f o r t h e m e n t a l l y r e t a r d e d p a t i e n t 

w i t h head b a n g i n g t e n d e n c i e s . I n P r o c e e d i n g s o f t h e 3 r d N a t i o n a l 

Symposium on Human F a c t o r s and I n d u s t r i a l D e s i g n and Consumer 

P r o d u c t s , The O h i o S t a t e U n i v e r s i t y , Columbus, O h i o , USA, pp.131-135. 

F r o m e n t , A., and H i e r n a u x , J . , 1984, C l i m a t e a s s o c i a t e d a n t h r o p o m e t r i c 

v a r i a t i o n b e tween p o p u l a t i o n s o f t h e N i g e r bend. A n n a l s o f Human 

B i o l o g y , V o l . 1 1 . No.3, 189-200. 

Gagge, A.P., B u r t o n , A.C., and B a z e t t , H.C, 1 9 4 1 , A p r a c t i c a l s y s t e m 

o f u n i t s f o r d e s c r i p t i o n o f h e a t exchange o f man w i t h h i s e n v i r o n m e n t . 



90 

S c i e n c e , 94: 428. 

Gagge, A.P., W i n s l o w , C.E.A., and H e r r i n g t o n , L.P., 1938, The 

i n f l u e n c e o f c l o t h i n g on p h y s i o l o g i c a l r e a c t i o n s o f t h e human body 

r a n g i n g e n v i r o n m e n t a l t e m p e r a t u r e . A m e r i c a n J o u r n a l o f P h y s i o l o g y , 

124: 30-50. 

Goldman, R.F., 1977, Thermal c o m f o r t f a c t o r s : C oncepts and d e f i n i t i o n s 

i n N . R . H i l l i s and R.F.Goldman ( e d s ) , c l o t h i n g c o m f o r t . Ann. A r b o r : pp 

3-8. 

G r a n d j e a n , E., 1986, F i t t i n g t h e t a s k t o t h e man. T a y l o r and F r a n c i s , 

London and P h i l a d e l p h i a . 

H a l l , E.T., 1959, The s i l e n t l a n g u a g e ( F a w c e t t P u b l , G r e e n w i c h , Conn. 

Hammer, W i l l i e . , 1 9 8 1 , O c c u p a t i o n a l S a f e t y Management and E n g i n e e r i n g . 

P r e n t i c e - H a l l , I n c Englewood C l i f f s , N.J. 07632. 

H a r d y , P.F., and Webber, J.H., 1972, The d e v e l o p m e n t o f combat 

f o o t w e a r . P r o c e e d i n g s o f t h e T e n t h Commonwealth Defence C o n f e r e n c e on 

O p e r a t i o n a l c l o t h i n g and combat e q u i p m e n t , Canada. 

H e l m e r s s o n D i c t a , 1986, W e l l h e e l e d e l e g a n c e . W o r k i n g E n v i r o n m e n t , 

1986, Sweden. 

Her M a j e s t y ' s S t a t i o n e r y O f f i c e . , 1969, P r o t e c t i v e c l o t h i n g f o r 

w o r k e r s on c o n s t r u c t i o n s i t e . R e p o r t on c o m p e t i t i o n , M i n i s t r y o f 

p u b l i c b u i l d i n g and w o r k s r e s e a r c h and d e v e l o p m e n t D i r e c t o r a t e o f 

b u i l d i n g d e v e l o p m e n t . UDC 69.03 "324"-.614.89. 

H e t t i n g e r , Th and G . E i s s i n g , 1983, S t r e s s and s t r a i n by w e a r i n g 

p r o t e c t i v e c l o t h i n g . P r o c e e d i n g s I n t . Conf. on p r o t e c t i v e c l o t h i n g 

s y s t e m s , S t o c k h o l m , Sweden, Aug.23-27, 1 9 8 1 , pp 161-166. 

H i c k l i n g , E.M., 1984, An i n v e s t i g a t i o n on c o n s t r u c t i o n s i t e s o f 

f a c t o r s a f f e c t i n g t h e a c c e p t a b i l i t y and wear o f s a f e t y h e l m e t s . A 

r e p o r t t o t h e H e a l t h and S a f e t y E x e c u t i v e , I n s t i t u t e o f Consumer 

E r g o n o m i c s , L o u g h b o r o u g h U n i v e r s i t y , L e i c e s t e r s h i r e , UK. 

H i e r n a u x , J . , and H a r t o n o , D.B., 1980, P h y s i c a l measurements o f t h e 



91 

a d u l t Hadza o f T a n z a n i a , A n n a l s o f Human B i o l o g y , Vol.7,No.4, 339-346. 

Holmer I n g v a r , 1986, T h e r m o p h y s i o l o g i c a l p r o p e r t i e s o f work and 

p r o t e c t i o n c l o t h i n g . A r b e t a och Hälsa, 1986:12, pp.1-62. N a t i o n a l 

B o a r d o f O c c u p a t i o n a l S a f e t y and H e a l t h , S o l n a , Sweden. 

Ho l m e r I n g v a r , 1985, Heat exchange and t h e r m a l i n s u l a t i o n compared i n 

w o o l l e n and n y l o n g a r m e n t s d u r i n g wear t r i a l s . T e x t i l e Research 

J o u r n a l , p.511-518. 

H o l m e r I n g v a r , and Elnäs S t u r e , 1 9 8 1 , P h y s i o l o g i c a l e v a l u a t i o n o f 

e v a p o r a t i v e h e a t t r a n s f e r by c l o t h i n g . E r g o n o m i c s , V o l 24, No.1, 

63-74. 

Hounam, R.F., Morgan, D.J., O'Connor, D.T. and Sherwood, R.J., 1963, 

The e v a l u a t i o n o f p r o t e c t i o n p r o v i d e d by r e s p i r a t o r s . A n n a l s o f 

O c c u p a t i o n a l H y g i e n e , 1 , 353-363. 

Hänane Rena, B i t t e l J a c q u e s , G u i l l e r m i n Marc, 1 9 8 1 , P h y s i o l o g i c a l 

e v a l u a t i o n o f t h e r m a l s t r a i n due t o p r o t e c t i v e c l o t h i n g : A p p l i c a t i o n 

t o h e l i c o p t e r p i l o t s . P r o c e e d i n g s 1983: I n t . Conf. on P r o t e c t i v e 

C l o t h i n g S y s t e m s , S t o c k h o l m , Sweden, Aug.23-27, pp. 151-159. 

I n t e r n a t i o n a l L a b o u r O f f i c e , ( I L O ) , 1 9 8 1 , I n t e r R e g i o n a l T r i p a r t i t e 

Symposium R e p o r t on O c c u p a t i o n a l s a f e t y , H e a l t h ' a n d W o r k i n g C o n d i t i o n s 

S p e c i f i c a t i o n s i n R e l a t i o n t o T r a n s f e r o f T e c h n o l o g y t o t h e D e v e l o p i n g 

C o u n t r i e s . 

Jones B r u c e , H., T o n e r M i c h a e l , M., D a n i e l s W i l l i a m , L., and K n a p i k 

J o s e p h , J . , 1984, The e n e r g y c o s t and h e a r t r a t e r e s p o n s e o f t r a i n e d 

and u n t r a i n e d s u b j e c t s w a l k i n g and r u n n i n g i n shoes and b o o t s . 

E r g o n o m i c s , V o l . 2 7 , N o . 8 , 895-902. 

J o n e s , R.D., Coro n a , B.M., e t a l . , 1972, P e r c e p t i o n o f s y m m e t r i c a l l y 

d i s t r i b u t e d w e i g h t on t h e head. T e c h n i c a l Note 4-72. Human E n g i n e e r i n g 

L a b o r a t o r y , US Army, Aberdeen Research and Development C e n t e r , 

A b e r d e e n P r o v i n g Grounds, M a r y l a n d , USA. 

Kamin J e f f , I . , and S c a l o n e A l b e r t , H., 1974, NIOSH S a f e t y R esearch i n 

p r o t e c t i v e h e l m e t s . A m e r i c a n I n d u s t r i a l H y g i e n e A s s o c i a t i o n J o u r n a l , 

3 5 ( A u g ) ( 8 ) , 489-502. 



92 

Kennedy, W.Kenneth, 1975, I n t e r n a t i o n a l a n t h r o p o m e t r i c v a r i a b i l i t y and 

i t s e f f e c t on a i r c r a f t c o c k p i t d e s i g n , i n Human F a c t o r s E n g i n e e r i n g by 

A l p h o n s e C h a p a n i s , The John H o p k i n s U n i v e r s i t y P r e s s , B a l t i m o r e and 

London. 

K i s s e n , A.T., A l e x a n d e r , M., Smedley, D.C., B u e h r i n g , W.J., Ward, 

S.L., and Lowe, D.H., 1976, E v a l u a t i o n o f a f a c e c o o l i n g d e v i c e 

i n t e g r a t e d w i t h A S t a n d a r d HGU t y p e USAF f l i g h t h e l m e t . A i r a t space 

E n v i r o n m e n t M e d i c i n e , 4 7 ( 1 1 ) , 1188-1192. 

K i m u r a K i k u z i . , 1980, A s t u d y on t h e f a c e - f i t t i n g o f d u s t r e s p i r a t o r . 

J. S c i e n c e o f L a b o u r , V o l . 5 6 , No.5. 

K l e n T a p i o , and Väyrynen Seppo., 1983, The p r o t e c t i v e i n f l u e n c e o f 

l o g g e r ' s s a f e t y e q u i p m e n t . . Scand j work e n v i r o n h e a l t h , 9, 201-203. 

K o g i , K., 1984, R e g i o n a l A d v i s e r i n S a f e t y and H e a l t h . ILO, S o u t h E a s t 

A s i a . P e r s o n a l C o m m u n i c a t i o n . 

L a z o w s k i , J . c , and L e f e b v r e , G.J.Y., 1982, Can a d i a n F o r c e s A i r 

Combat H e l m e t : The s e l e c t i o n . P r o c e e d i n g s o f t h e 2 0 t h Annual Symposium 

o f t h e SAFE A s s o c i a t i o n , Las Vagas, December 6-10, 1982, S a f e 

A s s o c i a t i o n , Van Nuys, C a l i f o r n i a , USA, pp.188-190. 

L e i t h e a d , C.S., and L i n d , A.R., 1964, H e a t s t r e s s and h e a t d i s o r d e r s . 

C a s s e l a , London 

L o u h e v a a r a V e i k k o . , Tuomi Timo., Smolander J u h a n i . , Korhonen O l l i . , 

T o s s a v a i n e n A n t t i . , and J a a k o l a J u h a n i . , 1984, W o r k e r s 

c a r d i o r e s p i r a t o r y s t r a i n i n j o b s t h a t r e q u i r e t h e use o f i n d u s t r i a l 

r e s p i r a t o r s . P r o c e e d i n g s o f t h e 1984 I n t e r n a t i o n a l c o n f e r e n c e on 

o c c u p a t i o n a l e r g o n o m i c s . 

L u x o n , S.G., 1968, Some r e c e n t d e v e l o p m e n t s o f d u s t r e s p i r a t o r s i n t h e 

U n i t e d Kingdom. A m e r i c a n I n d u s t r i a l A s s o c i a t i o n J o u r n a l , 29, 4, 

333-335. 

M a r t i n , H. de V., and C a l l a w a y , S., 1974, An e v a l u a t i o n o f h e a t s t r e s s 

o f a p r o t e c t i v e f a c e mask. E r g o n o m i c s , V o l . 1 7 , No.2, 221-231. 



93 

Masson, Y.Le., 1982, Head p r o t e c t i o n and t o t a l v i s i o n i n u n d e r w a t e r 

d i v i n g . I n p r o c e e d i n g s o f t h e 8 t h Congress o f t h e I n t e r n a t i o n a l 

E r g o n o m i c s A s s o c i a t i o n , T o k y o , Japan, Aug 23-27, 1982, E d i t e d by 

K.Noro. pp.308-309. 

M a y e r , A., and S a l s i , S., 1980, I n d u s t r i a l S a f e t y H e l m e t s . ( H e a l t h and 

S a f e t y E x e c u t i v e t r a n s l a t i o n No.8685). 

M c C a u l e y . , 1983, B a l l i s t i c p r o t e c t i v e headgear f o r Navy/Marine Corps 

R o t a r y Wing A i r c r e w . S a f e J o u r n a l , 13/2, 8-12. 

McC o r m i c k , E.J., 1974, Human F a c t o r s E n g i n e e r i n g , McGraw H i l l . 

M e s h k a t i N a j m e d i n . , 1987, Human F a c t o r s D e p a r t m e n t , U n i v e r s i t y o f 

S o u t h e r n C a l i f o r n i a , USA. P e r s o n a l C o m m u n i c a t i o n . 

M i u r a T o y o k i k o . , K i m u r a K i k u z i and M o r i o k a M i t u o . , 1959, The 

r e s t r i c t i o n o f b i n o c u l a r v i s i o n caused by t h e r e s p i r a t o r . J o u r n a l o f 

s c i e n c e o f L a b o u r , V o l . 3 5 , No.8, P.577-582. 

M o n t i e t h , J.L., 1973, P r i n c i p l e s o f e n v i r o n m e n t a l p h y s i c s (London, 

ARNOLD). 

N a t i o n a l S a f e t y News, 1980, D r e s s i n g r i g h t f o r s a f e t y . March, 

p.104-105. 

N a t i o n a l S a f e t y News, 1980, G u i d e l i n e s w i l l make p u r c h a s e o f h e a r i n g 

p r o t e c t o r s e a s i e r . M a r c h , p . 7 8 - 8 1 . 

N a t i o n a l S a f e t y News, 1980, Gl o v e m a n u f a c t u r e r s o f f e r good g r a s p on 

hand p r o t e c t i o n . M a rch. 

N a t i o n a l S a f e t y News, 1980, V a r i e d headgear answers s a f e t y needs. 

M a r c h . 

N a t i o n a l S a f e t y News., 1980, Rx f o r V i s i o n C o n s e r v a t i o n , March. 

Newburgh, L.H., 1949, P h y s i o l o g y o f h e a t r e g u l a t i o n and t h e s c i e n c e o f 

c l o t h i n g . W.B. S a u n d e r s , P h i l a d e l p h i a . 

Newton, E.W., 1979, The d e s i g n o f workwear and p r o t e c t i v e c l o t h i n g , 



94 

i n C l o t h i n g and t h e W o r k i n g man - The e r g o n o m i c s p f p r o t e c t i v e 

c l o t h i n g i n r e l a t i o n t o t h e t h e r m a l e n v i r o n m e n t . The Ergonomics 

S o c i e t y , 75 S w i n g b r i d g e Rd, Lou g h b o r o u g h , L e i c e s t e r s h i r e , UK, p.33-45. 

N i e l s e n , R u t h . , O l e s e n , B j a r n e W., and F a n g a r , P.Ole, 1985, E f f e c t o f 

p h y s i c a l a c t i v i t y and a i r v e l o c i t y on t h e t h e r m a l i n s u l a t i o n o f 

c l o t h i n g . E r g o n o m i c s , Vol 28, No.12, 1617-1631. 

Norman, D.A., 1980, E r r o r s i n human p e r f o r m a n c e . San-Diago, 

C a l i f o r n i a , C e n t e r f o r Human I n f o r m a t i o n P r o c e s s i n g . 

N u n neley,"S.A., T r o u t m a n , S . J . ( O r ) . , and Webb, P., 1 9 7 1 , Head c o o l i n g 

i n w o r k and h e a t s t r e s s . A e r o s p a c e M e d i c i n e , 4 2 ( 1 ) : 64-68. 

O l e s e n , B.W., 1986, E s t i m a t i o n o f t h e t h e r m a l c h a r a c t e r i s t i c s o f a 

c l o t h i n g e n s e m b l e , ISO/TC 159/SC5/WG1, "Thermal E n v i r o n m e n t " , ( D r a f t 

o f S t a n d a r d ) . 

O a k l e y , E.Howard N., 1984, The d e s i g n and f u n c t i o n o f m i l i t a r y 

f o o t w e a r : a r e v i e w f o l l o w i n g e x p e r i e n c e s i n t h e S o u t h A t l a n t i c . 

E r g o n o m i c s , V o l . 2 7 , No.6, 631-637. 

P a n d o l f , K.B., G i v o n i , B., Goldman, R.F., 1977, P r e d i c t i n g e n e r g y 

e x p e n d i t u r e w i t h l o a d s w h i l e s t a n d i n g o r w a l k i n g v e r y s l o w l y . J o u r n a l 

o f A p p l i e d P h y s i o l o g y , 43: 577-581. 

P h e a s a n t , S t e p h e n . , 1986, Bodyspace ( A n t h r o p o m e t r y , E r g o n o m i c s and 

D e s i g n ) . T a y l o r and F r a n c i s , London. 

P o w e l l , E., 1984, P e r s o n a l P r o t e c t i o n e q u i p m e n t , The s a f e t y and 

c o m f o r t n e eds. The S a f e t y P r o t e c t i o n e r , December, 1984. 

P r o c t o r Thomas, D., 1982, A r e v i e w o f r e s e a r c h r e l a t i n g t o i n d u s t r i a l 

h e l m e t d e s i g n . J o u r n a l o f o c c u p a t i o n a l a c c i d e n t s , 3, 259-272. 

P u r s w e l l J e r r y L., and Anderson J. K e v i n . , 1978, A p r o p o s a l f o r t h e 

r e d e s i g n o f p e r s o n a l i n d u s t r i a l p r o t e c t i o n e q u i p m e n t . ( I n Human 

F a c t o r s and Human Needs P r o c e e d i n g s o f t h e 1 1 t h Annual M e e t i n g o f t h e 

Human F a c t o r s A s s o c i a t i o n o f Canada, S e p t . 29, 1 9 7 8 ) . 

P u r s w e l l J e r r y , L., and D o r r i s A l a n , L., 1977, A u d i t o r y and 



95 

b i o m e c h a n i c a l p e r f o r m a n c e r e q u i r e m e n t s f o r m o t o r c y c l e h e l m e t s . 

P r o c e e d i n g s o f t h e Human F a c t o r s S o c i e t y , 21 March, m e e t i n g . 

Raven P e t e r , B. , D a v i s Thomas, 0., S h a f a r C h a r l e s , L., and L i n n e b u r , 

A. C a r r i l y n . , 1977, Maximal s t r e s s t e s t p e r f o r m a n c e w h i l e w e a r i n g a 

s e l f c o n t a i n e d b r e a t h i n g a p p a r a t u s . J o u r n a l o f O c c u p a t i o n a l M e d i c i n e , 

V o l . 1 9 , No.12. 

Raven, P.B. , Dodson, A.T., and D a v i s , T.O., 1979, The p h y s i o l o g i c a l 

c o n s e q u e n c e s o f w e a r i n g i n d u s t r i a l r e s p i r a t o r s , a r e v i e w . A m e r i c a n 

I n d u s t r i a l H y g i e n e A s s o c i a t i o n J o u r n a l , 40:517. 

R e i s c h e Uwe., A l f r e d S t r a u s k y , Henry R. D e l o r m a , and R a l p h T r a v i s , 

1982, Advanced p r o t o t y p e f i r e f i g h t e r p r o t e c t i v e c l o t h i n g : H eat 

d i s s i p a t i o n c h a r a c t e r i s t i c s ; T e x t i l e R esearch J o u r n a l , V o l . 5 2 , No.1. 

R e i s c h e Uwe and S t r a u s k y A l f r e d , 1980, Assessment o f v e n t i l a t i o n 

c h a r a c t e r i s t i c s o f S t a n d a r d and p r o t o t y p e f i r e f i g h t e r p r o t e c t i v e 

c l o t h i n g . T e x t i l e R esearch J o u r n a l , V o l . 5 0 , No.3, p p . 1 9 3 - 2 0 1 , USA. 

R e n t z s c h M a n f r e d , P r o f e s s o r , 1986, T e c h n i c a l U n i v e r s i t y o f D r e s d e n , 

German D e m o c r a t i c R e p u b l i c . P e r s o n a l C o m m u n i c a t i o n . 

Revans, R.W., 1985, C o n f i r m i n g Cases, (Revans A c t i o n L e a r n i n g 

I n t e r n a t i o n a l ) . P u b l i s h e d by RALI L t d . 

Revans, R.W., 1980, A c t i o n L e a r n i n g , (New T e c h n i q u e s f o r Management). 

B l o n d & B r i g g s L t d . , London. 

R i d d e l l , F., 1977, P e r s o n a l p r o t e c t i o n and e q u i p m e n t . I n d u s t r i a l 

S a f e t y Handbook, McGraw H i l l Book Company (UK) L t d . , E n g l a n d . 

R o b e r t s , D.F., 1975, P o p u l a t i o n d i f f e r e n c e s i n d i m e n s i o n s , T h e i r 

g e n e t i c bases and t h e i r r e l e v a n c e t o p r a c t i c a l p r o b l e m s o f d e s i g n . 

" E t h n i c v a r i a b l e s i n Human F a c t o r E n g i n e e r i n g , by A l p h o n s e C h a p a n i s , 

J ohn H o p k i n s U n i v e r s i t y P r e s s , London. 

R o b i n s o n , S., and G e r k i n g , S.D., 1945, Heat s t r e s s i n d u c e d by gas 

mask. I n t e r i m R e p o r t No.26, O.S.R.D. 

Röhl es F r e d e r i c k , H, J r . , Konz S t e p h e n , A., M c C u l l o u g h and M i l l i k e n 



96 

George A., 1 9 8 1 , A s c a l i n g p r o c e d u r e f o r e v a l u a t i n g t h e c o m f o r t 

c h a r a c t e r i s t i c s o f p r o t e c t i v e c l o t h i n g . P r o c e e d i n g s 1983, 

I n t e r n a t i o n a l C o n f e r e n c e on p r o t e c t i v e c l o t h i n g s y s t e m s , S t o c k h o l m , 

Sweden, Aug 23-27, pp. 133-140. 

R o s z k o w s k i , W., 1977, C o m p a r a t i v e t e s t s o f h e l m e t s o f P o l i s h and 

f o r e i g n makes, H e a l t h and S a f e t y E x e c u t i v e , B r i t a i n , T r a n s l a t i o n , 

No.8526. 

S a n c t o n , Thomas A., 1989, Hands A c r o s s t h e Sea. Time I n t e r n a t i o n a l , 

J a n u a r y 2, 1989. 

Sandor Erdösi., 1970, The b u r d e n i n g e f f e c t o f h e a t l o a d on t h e 

f r e q u e n c y o f t h e w o r k e r w e a r i n g a h e l m e t . ( F e j v e d o Suakban V e y z e t t 

Hömunka terhelö hatäsa a S z i v f r e k v e n c i a t u r k r e b e n ) . ( I n H u n g a r i a n ) . 

E r g o n o m i a , 3 / 1 , 42.45. 

Sax, N . I r v i n g . , 1979, Dangerous p r o p e r t i e s o f i n d u s t r i a l m a t e r i a l , 5 t h 

E d i t i o n , Van N o s t r a n d R e i n h o l d Company. 

S c h n e i d e r R i c h a r d , C , 1973, Head and neck i n j u r i e s i n f o o t b a l l , 

M e c hanisms, t r e a t m e n t and p r e v e n t i o n . W i l l i a m and W i l k i n s Co., 

B a l t i m o r e , p.103. 

Schremmer, P., 1983, M i n d y o u r Head and y o u r Eyes, Ears and Mouth. 

S a f e t y , D e s i g n W o r l d , No.2, pp.35-37, (June 1 9 8 3 ) . 

S c h o l a n d e r , P.F., V . W a l t e r s , R.Hook and L . I r v i n g , 1950, Body 

i n s u l a t i o n o f some a r c t i c and t r o p i c a l mammals and b i r d s . B i o l . B u l l . , 

9 9:225. 

Sen, R.N., 1984, A p p l i c a t i o n o f e r g o n o m i c s t o i n d u s t r i a l l y d e v e l o p i n g 

c o u n t r i e s . E r g o n o m i c s S o c i e t y l e c t u r e , 1983. E r g o n o m i c s , 27, 

1021-1032. 

Sen, R.N., and O u t t a , N.C., 1985, An e r g o n o m i c d e s i g n o f l o w c o s t 

p r o t e c t i o n w o r k c l o t h i n g f o r f u r n a c e w o r k e r s . I n p r o c e e d i n g s o f t h e 

I n t e r n a t i o n a l Symposium i n E r g o n o m i c s i n D e v e l o p i n g C o u n t r i e s , 

J a k a r t a , 18-21 N o v . O c c u p a t i o n a l S a f e t y and H e a l t h S e r i e s No.58, ILO, 

Geneva, 1987. 



97 

Shahnavaz, H., 1983, The i m p o r t a n c e o f e r g o n o m i c s i n d e v e l o p i n g 

c o u n t r i e s . F i r s t I n t e r n a t i o n a l C o n f e r e n c e on Er g o n o m i c s o f D e v e l o p i n g 

C o u n t r i e s , CEDC, Luleå U n i v e r s i t y , Sweden. 

Shahnavaz, H., and D a v i e s , B.T., 1977, A n t h r o p o m e t r i c s t u d y o f 

I r a n i a n s t e e l w o r k e r s . E r g o n o m i c s , V o l . 2 0 , No.6, 651-658. 

Shahnavaz, H., and Sunback, W., 1988, P e r s o n a l C o m m u n i c a t i o n , Luleå 

U n i v e r s i t y , Sweden. 

S h e p h a r d , R.J., 1 9 6 1 , Er g o n o m i c s o f t h e r e s p i r a t o r - i n d e s i g n and use 

o f r e s p i r a t o r s . P r o c e e d i n g s o f a j o i n t m e e t i n g o f t h e E r g o n o m i c s 

R e s e a r c h S o c i e t y and t h e B r i t i s h O c c u p a t i o n a l H y g i e n e S o c i e t y , P o s t o n , 

UK. (London P e n g u i n ) . 

S h v a r t z , E., and D. Benor, 1972, Heat s t r a i n i n h o t and humid 

e n v i r o n m e n t s . A e r o s p a c e M e d i c i n e , 43:852-856. 

S h v a r t z , E., Saar , E., Meyer S t e i n N., and Benor, D., 1973, Heat 

a c c l i m a t i z a t i o n w h i l e w e a r i n g v a p o r b a r r i e r c l o t h i n g . A e r o s p a c e 

M e d i c i n e , June. 

S i n g l e t o n , W.T., 1967, Er g o n o m i c s i n s y s t e m d e s i g n . E r g o n o m i c s , 10, 5, 

541-548. 

S I S , S t a n d a r i s e r i n g s Grupp., 1982, P r o t e c t i o n h e l m e t s f o r i n d u s t r y -

R e q u i r e m e n t s . Svensk S t a n d a r d SS 88 2413. 

SKANSKA, 1986, P e r s o n a l C o m m u n i c a t i o n , Sweden. 

Sköldström, B j o n and I n g v a r Holmer, 1984, A p r o t e c t i v e g a r m e n t f o r h o t 

e n v i r o n m e n t s w i t h i m p r o v e d e v a p o r a t i v e h e a t t r a n s f e r c a p a c i t y , A s p e c t s 

m e d i c a u x e t b i o p h y s i q u e s des v e t e m e n t s de p r o t e c t i o n . C e n t r e de 

R e c h e r c h e s du S e r v i c e de Sa n t e des Armees, Lyon, s 289-294. 

S m i t h P e t e r J . , and A n d e r s o n , J . K e v i n . , 1978, A p r o p o s a l f o r t h e 

r e d e s i g n o f p e r s o n a l i n d u s t r i a l p r o t e c t i o n e q u i p m e n t . ( I n Human 

f a c t o r s and Human Needs. P r o c e e d i n g s o f t h e E l e v e n t h A n n ual M e e t i n g o f 

t h e Human F a c t o r s A s s o c i a t i o n o f Canada, September 7-9, 1 9 7 8 ) . 

S m o l a n d e r J u h a n i . , L o u h e v a a r a V e i k k o and Korhonen O l l i . , 1985, 



98 

P h y s i o l o g i c a l s t r a i n i n work w i t h gas p r o t e c t i v e c l o t h i n g a t l o w 

a m b i e n t t e m p e r a t u r e . A m e r i c a n I n d u s t r i a l H y g i e n e A s s o c i a t i o n J o u r n a l , 

6 4 ( 1 2 ) : 720-723. 

S p e r l i n g , L., L e w i n , T., J o n s s o n , B., Holmer T., 1980, T e s t programme 

f o r w ork g l o v e s . Undersöknings r a p p o r t , 1980:18, 

A r b e t a r r l - . y d d s s t y r e l s e n , A r b e t s f y s i o l o g i ska e n r ^ t e n , Box 6104, 900 0 6 , 

Umeå, Sweden. 

S p r o c h , F.M., Kobza, R., Rump, S., 1962, The e f f e c t s o f r e s p i r a t o r on 

some p h y s i o l o g i c a l r e a c t i o n s t o p h y s i c a l e f f o r t . A c t a P h y s i o l . P o l o n . 

13:542-553. 

S t o k e s , A.W., 1972, S p e c i a l a r e a s o f c o m f o r t f a c t o r s i n f o o t w e a r . 

P r o c e e d i n g s o f t h e 1 0 t h Commonwealth Defence C o n f e r e n c e on O p e r a t i o n a l 

C l o t h i n g and Combat E q u i p m e n t , Canada. 

S t r o u d , P.G., and R e n n i e , A. M., 1982, C o m f o r t and a c c e p t a b i l i t y o f 

s a f e t y h e l m e t s , - A p r e l i m i n a r y i n v e s t i g a t i o n . P u b l i s h e d by t h e 

I n s t i t u t e f o r Consumer E r g o n o m i c s , U n i v e r s i t y o f T e c h n o l o g y , 

L o u g h b o r o u g h , L e i c e s t e r s h i r e , Oct.1982. 

Tanaka, M., B r i s s o n , G.R., V o l l e , M.A., 1978, Body t e m p e r a t u r e i n 

r e l a t i o n t o h e a r t r a t e f o r w o r k e r s w e a r i n g i m p e r m e a b l e c l o t h i n g i n a 

h o t e n v i r o n m e n t . A m e r i c a n I n d u s t r i a l A s s o c i a t i o n J o u r n a l , 39:885-890. 

T a n n e r , J.M., P r e e c e , M.A., and Cameron, N., 1982, I n c r e a s e i n l e n g t h 

o f l e g r e l a t i v e t o t r u n k i n Japanese c h i l d r e n and a d u l t s f r o m 1957 t o 

1977: C o m p a r i s o n w i t h B r i t i s h w i t h Japanese A m e r i c a n s . A n n a l s o f Human 

B i o l o g y , V o l . 9 , No.5, 411-423. 

T e i t l e b a l u m , A., and Goldman R a l p h , F., 1972, I n c r e a s e d e n e r g y c o s t 

w i t h m u l t i p l e c l o t h i n g l a y e r s . A p p l i e d P h y s i o l o g y , V o l . 3 2 , No.6, June. 

T e n t h W o r l d C o n g r e s s on P r e v e n t i o n o f O c c u p a t i o n a l A c c i d e n t s and 

D i s e a s e s , 1983, P r o c e e d i n g s . O t t a w a , Canada, IDRC R e p o r t s , O c t o b e r . 

T e r r e l P h i l i p , G., 1984, How t o i n c r e a s e w o r k e r a c c e p t a n c e o f 

r e s p i r a t o r s . P r o f e s s i o n a l S a f e t y , O c t o b e r 15, V o l . 2 9 , No.10, p.15-20. 

T e l h e l k o v a , D., 1969, A n t h r o p o l o g i c a l d a t a f o r t h e d e s i g n o f 



99 

p r o t e c t i v e g l o v e s , hands and c o n t r o l s . P r o c e e d i n g s o f a symposium on 

E r g o n o m i c s i n m a c h i n e d e s i g n . J o i n t l y o r g a n i z e d by t h e C z e c h o s l o v a k 

M e d i c a l S o c i e t y , J.E.Purkyne and ILO, Prague, 2-7 O c t o b e r 1967, ILO 

Geneva, 1 .535-538. 

Thomas, D. P r o c t o r , 1 9 8 1 , A r e v i e w o f r e s e a r c h r e l a t i n g t o i n d u s t r i a l 

h e l m e t d e s i g n . J o u r n a l o f O c c u p a t i o n a l A c c i d e n t s , 3, 259-272. 

T i t c h e n e r , E.B., 1916, A b e g i n n e r s p s y c h o l o g y , pages 43-47. The 

M c M i l a n Company. 

Umbach, K.H., 1 9 8 1 , E v a l u a t i o n o f c o m f o r t c h a r a c t e r i s t i c s o f c l o t h i n g 

by u se o f l a b o r a t o r y measurements and p r e d i c t i v e c a l c u l a t i o n s . 

P r o c e e d i n g s 1983, I n t e r n a t i o n a l C o n f e r e n c e on P r o t e c t i v e C l o t h i n g 

S y s t e m s , S t o c k h o l m , Sweden, A u g u s t 23-27, 141-149. 

Van G r a a n , C.H., and S t r y d o m , N.B., 1968, T e m p e r a t u r e changes w i t h i n 

h a r d h a t s as a f f e c t e d by v e n t i l a t i o n h o l e s . I n t e r n a t i o n a l e Z e i t s c h r i f t 

f u r a n g e w a n d t e P h y s i o l o g i e e i n s c h l i e s s l i c h d e r A r b e i t s p h y s i o l o g i e , 26, 

282-289. 

Väyrynen, Seppo T., 1983, P r o t e c t i o n o f t h e head and eyes i n f o r e s t r y 

w o r k . Scand J. Work E n v i r o n m e n t a l H e a l t h , 9, 203-207. 

Väyrynen, S., and O j a n e n , K., 1982, The head must be p r o t e c t e d i n 

f o r e s t w o r k . (Pää S u o j a a n Metsätöissä) TEHO, 1 , 18-19. 

Warner H a r o l d , D., 1973, A p r e l i m i n a r y s t u d y o f t h e e f f e c t s o f c r a s h 

h e l m e t v i s o r c o l o r on c o l o r r e c o g n i t i o n . J o u r n a l o f A p p l i e d 

P h y s i o l o g y , V o l . 5 8 , No.3, 391-392. 

W h i t e , J.M., and B e a l , R.J., 1966, The measurement o f l e a k a g e f o r 

e v a l u a t o r y r e s p i r a t o r r e s p o n s e s . A m e r i c a n I n d u s t r i a l H y g i e n e 

A s s o c i a t i o n J o u r n a l , 22, 422-429. 

W i l s o n , R.F., 1960, C o l o u r i n I n d u s t r y t o d a y . ( I n 'The d e s i g n o f 

w o r k w e a r and p r o t e c t i v e c l o t h i n g , by E.W.Newton, 1979, The E r g o n o m i c s 

S o c i e t y , 75 S w i n g b r i d g e Rd., L o u g h b o r o u g h , L e i c e s t e r s h i r e , UK, 

p . 3 3 - 4 5 ) . 

W i n s l o w , C.E.A., and H e r r i n g t o n , L.P., 1949, T e m p e r a t u r e and human 



100 

l i f e . P r i n c e t o n U n i v e r s i t y P r e s s , N.J. 

W o r s l e y , D.E., Amor, A.F., Hughes, W.P., I n c e , N., and Ramsay, D.A., 

1974, P h y s i o l o g i c a l t r i a l o f c o l d w e a t h e r c l o t h i n g and e q u i p m e n t : 

E x e r c i s e Honky Tonk F, Norway, 1974, R e p o r t 16/74, Army P e r s o n n e l 

R e s e a r c h E s t a b l i s h m e n t , F a r n b a r o u g h . 

Y a g l o u , C P . , and Messer, A., 1 9 4 1 , The i m p o r t a n c e o f c l o t h i n g i n a i r 

c o n d i t i o n i n g . J o u r n a l o f A m e r i c a n M e d i c a l A s s o c i a t i o n , 117:1261. 

Z e i g e n R o b e r t , S., and A l e x a n d e r M i l t o n . , 1960, A head c i r c u m f e r e n c e 

s i z i n g s y s t e m f o r h e l m e t d e s i g n . WADD T e c h n i c a l R e p o r t 6 0 - 6 3 1 . W r i g h t 

A i r D e v e l o p m e n t D i v i s i o n , NIOSH, US D e p a r t m e n t o f H e a l t h and W e l f a r e , 

1014, Broadway, C i n c i n n a t i , O h i o , 45202, US. 



101 

8. APPENDICES 



8.1 APPENDIX 1 
Questionnaire on manufacture and Design of Personal 
Protective Wear (PPW) in Industrialized Countries (IC) 
(Questionnaire sent to Manufacturers of PPW in IC) 



E R G O N O M I C A S P E C T S O F P E R S O N A L P R O T E C T I V E WEAR = 
THEIR USE IN DEVELOPING COUNTRIES 

(ADAPTING PERSONAL PROTECTIVE WARE TO NEEDS OF HUMAN BEINGS) 

Q U E S T I O N N A I R E ON M A N U F A C T U R E AND D E S I G N O F P E R S O N A L P R O T E C T I V E WEAR 
I N I N D U S T R I A L I Z E D C O U N T R I E S 

C E N T E R F O R E R G O N O M I C S O F D E V E L O P I N G C O U N T R I E S , C E D C 

D E P A R T M E N T O F HUMAN WORK S C I E N C E S 

H Ö G S K O L A N I L U L E A 

L U L E A U N I V E R S I T Y , S W E D E N 



rtlTiKNISKA 
iMM H Ö G S K O L A N ! LULEÅ 
LULEA UNIVERSITY OF TECHNOLOGY 

1985-01-30 

Ref . No.: M-1 

* K i n d l y c o m p l e t e as many q u e s t i o n s as p o s s i b l e . 

* Any k i n d o f r e s p o n s e w o u l d be b e n e f i c i a l and w o u l d be much a p p r e c i a t e d . T h e r e f o r e 
p l e a s e r e t u r n t h e q u e s t i o n n a i r e even p a r t l y f i l l e d . 

* 3y ' p e r s o n a l p r o t e c t i v e w a r e , ( p p w ) ' i n t h e q u e s t i o n n a i r e I r e f e r t o o n l y I n d u s t 
r i a l S a f e t y Ware. 

* T h i s q u e s t i o n n a i r e i s a p r e l i m i n a r y s t u d y t o b e t t e r u n d e r s t a n d t h e p o l i c i e s and 
u n d e r t a k i n g s o f ppw m a n u f a c t u r e s , w i t h r e g a r d t o t h e e r g o n o m i c s a s p e c t s o f ppw 
d e s i g n and t o e s t a b l i s h f u r t h e r c o n t a c t w i t h t h e m . 

* P l e a s e mark t h e a p p r o p r i a t e a n s w e r box w i t h |7] 

Your name: 

Name and a d d r e s s o f t h e company o r e s t a b l i s h m e n t : 

The p o s i t i o n h e l d b y you i n t h e c o m p a n y / e s t a b l i s h m e n t : 

Types o f p e r s o n a l p r o t e c t i v e w a r e m a n u f a c t u r e d : 
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* I assume t h a t t h e v i e w s e x p r e s s e d by y o u i n t h i s q u e s t i o n n a i r e a g r e e w i t h y o u r comp
any p o l i c y , e x c e p t i n q u e s t i o n No 1 where y o u may e x p r e s s y o u r own p e r s o n a l v i e w s . 

1 . What a r e y o u r own p e r s o n a l v i e w s a b o u t t h e p r o p o s e d r e s e a r c h s t u d y " E r g o n o m i c s 
a s p e c t s o f p e r s o n a l p r o t e c t i v e w a r e " . ( B y ' e r g o n o m i c s a s p e c t s ' I mean c h a r a c t e r 
i s t i c s s u ch as c o m f o r t and f i t , maximum w o r k i n g e f f i c i e n c y , f r e e d o m o f body move
ment a n d o p t i m u m use o f s e n s e s ) . ( P l e a s e use e x t r a p a p e r i f n e e d e d ) . 

I n c o n s i d e r i n g t h e ' p r o t e c t i v e a s p e c t s ' and ' e r g o n o m i c s a s p e c t s , i n ppw d e s i g n , - w h a t 
w o u l d be y o u r o p i n i o n o u t o f t h e f o l l o w i n g . ( P l e a s e mark o n l y one b i g b o x ) . (By 
' p r o t e c t i v e a s p e c t s ' I mean, s a f e g u a r d i n g t h e u s e r f r o m o c c u p a t i o n a l h a z a r d s o r 
p r e v e n t i n g i n j u r y o f a n y body p a r t ) . 

C P r o t e c t i v e a s p e c t s a r e more i m p o r t a n t t h a n e r g o n o m i c s a s p e c t s . 

E r g o n o m i c s a s p e c t s a r e more i m p o r t a n t t h a n p r o t e c t i v e a s p e c t s . 

n P r o t e c t i v e a s p e c t s a r e more i m p o r t a n t b u t s t i l l e r g o n o m i c s a s p e c t s have t o 
be p r o v i d e d as f a r as p o s s i b l e . 

•

E r g o n o m i c s a s p e c t s a r e more i m p o r t a n t b u t s t i l l p r o t e c t i v e a s p e c t s have t o be 
p r o v i d e d as f a r as p o s s i b l e . 

•
I t i s d i f f i c u l t t o say w h i c h i s more i m p o r t a n t , p r o t e c t i v e a s p e c t s o r e r g o n o m 
i c s a s p e c t s . 

•
B o t h a r e e q u a l l y i m p o r t a n t b u t i f a d e c i s i o n has t o be t a k e n b e c a u s e o f some 
form, o f r e s t r i c t i o n , I w o u l d s e l e c t ( p l e a s e mark one box o u t o f t h e t w o s m a l l 
boxes b e l o w ) 

I I P r o t e c t i v e a s p e c t s 

j j E r g o n o m i c s a s p e c t s 
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3. D e s i g n and D e v e l o p m e n t 

(By d e s i g n I mean c h a r a c t e r i s t i c s s u c h as s i z e , s h a p e , m a t e r i a l s , p r o t e c t i o n e f f i c 
i e n c y , ease o f u s e , c o s t , c o l o u r , d u r a b i l i t y , o p e r a t o r a c c e p t a n c e e t c . , and by 
' D e v e l o p m e n t ' I mean i m p r o v e m e n t i n t h e d e s i g n ) . 

3.1 Out o f t h e f o l l o w i n g m e n t i o n e d means f o r i m p r o v e m e n t o f d e s i g n o f ppw, how w o u l d 
y o u r a n k : 
P l e a s e r a n k 1= Most n e e d e d , 2= N e x t m o s t n e e d e d , 3= N e x t needed and so on. 

I P r o p e r f i t 

P r o t e c t i o n e f f i c i e n c y 

j j O p e r a t o r a c c e p t a n c e 

j j Low c o s t o f p r o d u c t i o n 

j j Ease o f use 

I S t y l e 

( O t h e r means, p l e a s e s p e c i f y ) 

• 
u  

3.2 K i n d l y mark t h e s o u r c e s o f i n f o r m a t i o n and methods u s e d by y o u t o i m p r o v e t h e d e s i g n 
o f ppw. 

j j S t a n d a r d s 

j j L i t e r a t u r e 

1 O t h e r ppw i n m a r k e t 

j Own D e v e l o p m e n t o r R e s e a r c h 

j j Needs o f u s e r 

I ; R e q u e s t s o f s a f e t y o f f i c e r s o r D e a l e r s 



I ( O t h e r s o u r c e s , p l e a s e s p e c i f y ) 

R e s e a r c h 

1 What a r e t h e a r e a s o f r e s e a r c h y o u c o n s i d e r a r e most needed f o r d e v e l o p m e n t o f ppw? 

1 K i n d l y i n d i c a t e t h e a r e a s o f r e s e a r c h ( i f a n y ) w h i c h have been c o n d u c t e d o r i s i n 
p r o g r e s s i n y o u r company. 

; I P r o t e c t i o n , E f f i c i e n c y D e v e l o p m e n t 

I m p r o v e m e n t o f c o m f o r t 

C o r r e c t s i z i n g and f i t • 
j j Low c o s t o f p r o d u c t i o n 

j j Use o f d i f f e r e n t m a t e r i a l s 

j j I m p r o v e m e n t o f s t y l e 

( O t h e r a r e a s o f r e s e a r c h , p l e a s e s p e c i f y ) . 

• 
• 



5. S t a n d a r d s 

5.1 Do y o u c o n f o r m t o any s t a n d a r d s i n ppw d e s i g n and m a n u f a c t u r e ? 

Yes 

No 

i f Yes k i n d l y mark t h e s t a n d a r d s f o l l o w e d 

N a t i o n a l S t a n d a r d s • 
j j Company S t a n d a r d s 

j j S t a n d a r d s p e r t a i n i n g t o o n l y a g r o u p o f c o u n t r i e s v i z E u r o p e a n , N o r d i c , e t c . 

j j ( P l e a s e s p e c i f y ) 

5.2 I f y o u r a n s w e r t o q u e s t i o n 5.) i s Yes; Why do y o u f o l l o w s t a n d a r d s ? ( P l e a s e r a n k 
a c c o r d i n g t o r e a s o n s , 1= Most l i k e l y r e a s o n , 2= N e x t most l i k e l y r e a s o n , 3= N e x t 
l i k e l y r e a s o n , 4= N e x t r e a s o n ) 

j j C r e a t e g r e a t e r demand o r m a r k e t 

j j L e g a l r e q u i r e m e n t 

j j W o r k e r p r o t e c t i o n 

j j P r i d e o f w o r k m a n s h i p 

( O t h e r r e a s o n s , p l e a s e s p e c i f y ) 

• 
• 



5.3 I f y o u r a n s w e r t o q u e s t i o n 5.1 i s Yes, can y o u a l s o i n d i c a t e t h e t y p e s o f s t a n d a r d s 
f o l l o w e d : 

P r o t e c t i o n f a c t o r 

M a t e r i a l c h a r a c t e r i s t i c s • 
zes 

• 
• 

• 

E f f i c i e n c y / p e r f o r m a n c e 

P h y s i o l o g i c a l ( e . g . b r e a t h i n g r e s i s t a n c e e t c ) 

C o m f o r t 

( O t h e r s t a n d a r d s , p l e a s e s p e c i f y ) 

. M a r k e t i n g 

,1 Do you s e l l ppw d i r e c t l y o r e x p o r t t h r o u g h a d e a l e r , t o o t h e r c o u n t r i e s ? 

Yes 

No 

I f Yes p l e a s e g i v e b e l o w t h e names o f t h e s e c o u n t r i e s : 
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6.2 Are y o u aware t h a t t h e ppw made i n y o u r company a r e t a k e n f o r use i n D e v e l o p i n g 
C o u n t r i e s by any means s u c h as d i r e c t e x p o r t s , t h r o u g h l o c a l d e a l e r s , t h r o u g h 
f o r e i g n d e a l e r s , t a k e n by e n g i n e e r i n g c o m p a n i e s o f I n d u s t r i a l i z e d C o u n t r i e s , o r 
any o t h e r means? 

• "° 

P l e a s e comment a b o u t t h e means i n w h i c h t h e ppw r e a c h t h e D.C. 

6,3 What methods a r e us e d by y o u t o i n c r e a s e t h e m a r k e t s h a r e o f ppw? ( P l e a s e r a n k , 
1= Most used m e t h o d , 2= N e x t most used m e t h o d , 3= N e x t u s e d m e t h o d and so on) 

• 
• 
• 

P r i c e r e d u c t i o n 

I m p r o v e q u a l i t y 

A d v e r t i s i n g 

M a r k e t r e s e a r c h 

I m p r o v e m e n t o f s t y l e o r a p p e a r a n c e 

I n n o v a t i v e d e s i g n 

M o d i f i c a t i o n t o needs o f : 

• D e a l e r 

I I B u y e r 

Q User 

P l e a s e g i v e a b r i e f comment a b o u t a r e a s o f m a r k e t r e s e a r c h i f c a r r i e d o u t by y o u r 
company. 

• 
• 
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7. P r o b l e m s o f D e v e l o p i n g C o u n t r i e s . 

7.1 A r e y o u aw a r e o f any p r o b l e m s e x p e r i e n c e d o r c o m p l a i n t s made by u s e r s o f ppw i n 
D e v e l o p i n g C o u n t r i e s , when t h e y use ppw m a n u f a c t u r e d i n i n d u s t r i a l i z e d c o u n t r i e s ? 

• ,es 

• ~° 
I f Y e s , c a n y o u p l e a s e g i v e r e f e r e n c e and m e n t i o n t h e s e p r o b l e m s o r c o m p l a i n t s : 

( P l e a s e i n d i c a t e a l s o c o m p l a i n t s made by d e a l e r s ) . 

.2 I f y o u a n s w e r t o q u e s t i o n 7.1 i s Yes, have y o u c o n s i d e r e d c r g o i n g t o c o n s i d e r any 
d e s i g n c h a n g e s t o overcome t h e s e p r o b l e m s ? 

• 
• 

I f Yes k i n d l y comment on t h e s e d e s i g n c h a n g e s -

Yes 

No 

I f y o u f e e l m o t i v a t e d t o comment f u r t h e r , on any a s p e c t o f t h i s q u e s t i o n n a i r e ( o r t h e 
s t u d y as a w h o l e ) p l e a s e use t h e s p a c e p r o v i d e d b e l o w ) . 

Thank y o u v e r y much! 



8.2 APPENDIX 2 
Questionnaire on the Supply and Use of Personal 
Protective Wear in Industrially Developing Countries 
(IDC) 
(Questionnaire sent to Health and Safety authorities in 
IDC) 



E R G O N O M I C A S P E C T S O F P E R S O N A L P R O T E C T I V E WEAR 

Q U E S T I O N N A I R E on t h e S u p p l y and Use o f P e r s o n a l P r o t e c t i v e 

Wear i n I n d u s t r i a l l y D e v e l o p i n g C o u n t r i e s . 

C E N T E R F O R E R G O N O M I C S O F D E V E L O P I N G C O U N T R I E S , C E D C . 

D E P A R T M E N T O F HUMAN WORK S C I E N C E S , 

H Ö G S K O L A N , L U L E A 

L U L E A U N I V E R S I T Y , 

S - 9 5 1 8 7 L U L E A , S W E D E N 



T 

Q u e s t i o n n a i r e on t h e S u p p l y and Use o f P e r s o n a l P r o t e c t i v e Wear (ppw) i n 
I n d u s t r i a l l y D e v e l o p i n g C o u n t r i e s ( I D C ) 

* K i n d l y c o m p l e t e as many q u e s t i o n s as p o s s i b l e . 

* Any k i n d o f r e s p o n s e w o u l d be b e n e f i c i a l and w o u l d be much a p p r e 

c i a t e d . T h e r e f o r e p l e a s e r e t u r n t h e q u e s t i o n n a i r e even p a r t l y 

f i l l e d . 

* By p e r s o n a l p r o t e c t i v e wear (ppw) i n t h e q u e s t i o n n a i r e I r e f e r t o o n l y 

I n d u s t r i a l s a f e t y wear w h i c h i n c l u d e s ; R e s p i r a t o r s , b r e a t h i n g a p p a r a 

t u s and d u s t masks, p r o t e c t i v e c l o t h i n g , H e l m e t s and head g e a r , s a f e t y 

g l a s s e s and g o g g l e s , e a r m u f f s and e a r d e f e n d e r s , s a f e t y s h o e s , b o o t s ' 

and g l o v e s . 

* T h i s q u e s t i o n n a i r e i s a p a r t o f a p r e l i m i n a r y s t u d y t o b e t t e r u n d e r 

s t a n d t h e p r o b l e m s i n t h e s u p p l y and use o f ppw i n ( I D C ) , p a r t i c u l a r l y 

w i t h r e g a r d t o e r g o n o m i c a s p e c t s i n ppw d e s i g n f o r IUC. 

* By " e r g o n o m i c a s p e c t s " I mean c h a r a c t e r i s t i c s s uch as c o m f o r t and f i t , 

maximum w o r k i n g e f f i c i e n c y , f r e e d o m o f body movement and optimum use 

o f s e n s e s , w h i l e w e a r i n g ppw. 

* I t i s p r e f e r a b l e t o have i n f o r m a t i o n r e g a r d i n g t h e e n t i r e c o u n t r y . 

However, i f y o u p r e f e r t o g i v e i n f o r m a t i o n on a s p e c i f i c r e g i o n , 

p l e a s e do s o , b u t i d e n t i f y t h e r e g i o n by name and a p p r o x i m a t e number 

o f w o r k e r s . I f s o , t h e wo r d " c o u n t r y " used i n t h e q u e s t i o n n a i r e can 

be i n t e r p r e t t e d as t h e " r e g i o n " . 

0 
* P l e a s e mark t h e a p p r o p r i a t e answer i n t h e box 

Your name  

P o s i t i o n h e l d by y o u i n t h e I n s t i t u t i o n 

Name and a d d r e s s o f t h e I n s t i t u t i o n . . . . 

C o u n t r y 
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Pl e a s e mark t h e a p p r o p r i a t e box b e l o w . 

The i n f o r m a t i o n I am p r o v i d i n g i n t h i s q u e s t i o n n a i r e i s i n r e s p e c t o f : 

The w h o l e c o u n t r y 

U n l y a r e g i o n 

(Name o f r e g i o n  

A p p r o x i m a t e number o f 

w o r k e r s i n t h e r e g i o n ) 

G e n e r a l i n f o r m a t i o n 

1 . P l e a s e r a n k s e p a r a t e l y u n d e r c o l u m n : 

( a ) number o f w o r k e r s e m ployed 

( b ) number o f w o r k e r s e x p o s e d t o o c c u p a t i o n a l h a z a r d s 

( c ) number o f w o r k e r s w e a r i n g ( u s i n g ) ppws 

as f o l l o w s : 

H i g h e s t n u m b e r , [ T J - n e x t h i g h e s t , | j F [ - n e x t , and so o n . 

( T h i s i s w i t h r e g a r d t o w o r k e r s i n t h e w h o l e c o u n t r y ( o r y o u r 

p r e f e r r e d r e g i o n ) . U n l y an a p p r o x i m a t e j u d g m e n t i s n e e d e d ) , 

1.1 M a n u f a c t u r i n g / I n d u s t r i a l 

1.2 A g r i c u l t u r a l 

1.3 S e r v i c e s ( e y h o s p i t a l s , 

t r a n s p o r t e t c ) 

1.4 C o n s t r u c t i o n / M i n e s / Q u a r r i e s 

1.5 O f f i c e s 

1.6 O t h e r s ( P l e a s e S p e c i f y ) 

( a ) 

w o r k e r s 

empl o y e d 

( b ) 
Exposed t o 
o c c u p a t i o 
n a l h a z a r d 

( c ) 

ppw 

u s e r s 

• • • 

• • 0 

• • 0 
• • D 
• • • 

• D D 
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2. What do y o u c o n s i d e r a r e t h e common O c c u p a t i o n a l H a z a r d s , (a -

d i s e a s e s and b - a c c i d e n t s ) , p r e v a l e n t i n work p l a c e s , ( p l e a s e 

l i s t them a c c o r d i n g t o p o p u l a t i o n a f f e c t e d 

{ e . g . 2 . 1 a-Lung D i s e a s e s , b - Head I n j u r i e s ( h i g h e s t number 

a f f e c t e d ) , 2 . 2 a - H e a r i n g L o s s , b - Eye I n j u r i e s ( n e x t h i g h e s t ) } 

a - D i s e a s e s b - A c c i d e n t s 

2.1 ( H i g h e s t number a f f e c t e d ) 

2.2 ( N e x t h i g h e s t number a f f e c t e d ) 

2.3 ( N e x t and so on ) 

2.4 

2.5 

3. What a r e t h e most used methods by t h e e m p l o y e r s t o c o n t r o l 

o c c u p a t i o n a l h a z a r d s . ( P l e a s e r a n k f r o m 1 t o 5 as f o l l o w s : 

e.g : | T ] - Most used m e t h o d , [Tj- Next used m e t h o d , _ ] - N e xt 

method and so on) 

• 
3.1 Use o f l e s s h a r m f u l m a t e r i a l o r s u b s t a n c e s 

3.2 E n g i n e e r i n g C o n t r o l methods ( e . g . E x h a u s t v e n t i - Q 

l a t i o n , m a c h i n e g u a r d s , e n c l o s u r e s e t c ) 

O 
3.3 P e r s o n a l p r o t e c t i v e wear 

O 
3.4 Employee r o t a t i o n o r s h o r t w o r k i n g p e r i o d s 

• 
3.5 U t h e r Methods ( p l e a s e s p e c i f y ) 

4. P l e a s e g i v e y o u r own r a t i n g r e g a r d i n g t h e f o l l o w i n g a s p e c t s o f t h e 

use o f ppw by w o r k e r s i n y o u r c o u n t r y , on t h e f o l l o w i n g s c a l e s 

( e . g . : I f ppw a r e f a i r l y a v a i l a b l e i n t h e m a r k e t , t h e r a t i n g as i n 

t h e e xample b e l o w can be g i v e n ) . 

Example 

j p p w a r e n o t r e a d i l y E a s i l y j 

j a v a i l a b l e i n m a r k e t . ____ , A v a i l a b l e j 
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Ppw a r e t h e most 

used method t o 

c o n t r o l h a z a r d s 

Ppw a r e v e r y p o p u l a r 

Ppw a r e v e r y U n c o m f o r t a b l e 

Ppw a r e e f f e c t i v e 

Ppw a r e n o t r e a d i l y A v a i 

l a b l e i n m a r k e t I 

En c o u r a g e t h e use o f ppw 

L e a s t used methoc 

t o c o n t r o l hazarc. 

V e ry U n p o p u l a r 

V e r y C o m f o r t a b l e 

I n e f f e c t i ve-

E a s i l y a v a i l a b l e 

D i s c o u r a g e t h e 

use 

Need and S u p p l y o f ppw 

5. When ppw a r e needed t o p r o t e c t w o r k e r s f r o m any o c c u p a t i o n a l 

h a z a r d , who recommends t h e t y p e , q u a l i t y , s t a n d a r d and u s e . 

( P l e a s e r a n k f r o m 1 t o 5 as f o l l o w s : ( T | - Most f r e q u e n t l y 

recommended b y , | T ] - N e x t most f r e q u e n t l y recommended b y , and so o n . ) 

5.1 E m p l o y e r s 

5.2 Employees 

5.3 O c c u p a t i o n a l s a f e t y and H e a l t h o r F a c t o r y 

I n s p e c t o r s 

5.4 T r a d e U n i o n s 

5.5 O t h e r s ( p l e a s e s p e c i f y ) 

• 
O 

• 
O 
• 
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A p p r o x i m a t e l y , what p e r c e n t a g e o f w o r k e r s i n y o u r c o u n t r y 

a ) who need ppw i n t h e i r w o r k ? 

b ) who need ppw, a r e p r o v i d e d w i t h them? 

( P l e a s e g i v e y o u r e s t i m a t e ) . 

( a ) Who need (b) Who need and p r o v i d e d 

O • 80 - 100% 

60 - 80% 

4U - 60% 

20 - 40% 

5 - 20% 

l e s s t h a n 5% 

D • 
Ö • 
• • 

O • 
0 • 

7. A c c o r d i n g t o y o u r i n f o r m a t i o n , what r e a s o n s o u t o f t h e f o l l o w i n g do 

e m p l o y e r s i n g e n e r a l g i v e f o r n o t p r o v i d i n g ppw t o t h e i r w o r k e r s 

(mark t h e ones t h a t a r e a p p l i c a b l e ) 

Ppw do n o t g i v e s i g n i f i c a n t p r o t e c t i o n 

Workers d o n ' t wear them 

Ppw a r e c o s t l y 

Ppw a r e n o t a v a i l a b l e i n t h e m a r k e t 

We a r e n o t aware t h a t ppw s h o u l d be p r o v i d e d 

f o r t h i s t y p e o f Job 

We a r e n o t a w a r e , w h i c h t y p e o f ppw s h o u l d be 

p r o v i d e d 

O t h e r r e a s o n s f o r n o t p r o v i d i n g ppw 

( p l e a s e s p e c i f y ) 

• 

• 

• 

O 

• 

• 

0 
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What a r e t h e s u p p l y s o u r c e s o f ppw i n y o u r c o u n t r y ? ( p l e a s e 

i n d i c a t e p e r c e n t a g e s a g a i n s t each s o u r c e , e.g.: 8.1 = bU % ) 

• 
8.1 I m p o r t e d f r o m I n d u s t r i a l i z e d C o u n t r i e s 

• 
8.2 I m p o r t e d f r o m o t h e r D e v e l o p i n g C o u n t r i e s 

• 
8.3 L o c a l l y m a n u f a c t u r e d 

T o t a l : 100 % 

La us and S t a n d a r d s 

9. A r e t h e r e l a w s and r e g u l a t i o n s r e g a r d i n g ( a ) t h e p r o v i s i o n and 

( b ) t h e use o f ppw a t w o r k p l a c e s ? 

( a ) ( b ) 
PROVISION USE 

D • 

• • 

• 0 

10. I f t h e r e a r e l a w s , p l e a s e e s t i m a t e , ( a ) a p p r o x i m a t e l y w h a t p e r c e n t 

age o f e m p l o y e r s ( r e g a r d i n g s u p p l y ) and ( b ) what p e r c e n t a g e o f 

employees ( r e g a r d i n g u s e ) a d h e r e t o t h e s e l a w s . 

( a ) ( b ) 

EMPLOYERS EMPLOYEES 

( s u p p l y o f ppw) ( u s e o f ppw) 

• O 
80 - 100% 

60 - 8 0 % 

40 - 6 0 % 

• • 

0 D 



20 ~ 40% 

5 - 20% 

L e s s . t h a n 5% 

• • 

O D 
O • 

1 1 . A r e t h e l a w s p e r t a i n i n g t o t h e use o f ppw s t r i c t l y e n f o r c e d i n t h e 

c o u n t r y ( p l e a s e mark on t h e r a t i n g s c a l e ) 

{ e . g . : I f l a w s a r e e n f o r c e d m o d e r a t e l y . ( | ~ • « ( ) } 
s t r i c t l i n i e n t 

STRICT j • . • 1 1 LINIENT 

12. P l e a s e g i v e a b r i e f comment on each o f t h e f o l l o w i n g a s p e c t s w i t h 

r e g a r d t o l a w s and p r a c t i c e s o f t h e use o f ppw i n y o u r c o u n t r y . 

NEED  

ENFORCEMENT  

INSTRUMENTS UF ENFORCEMENT  

ADEQUACY .-

.•HROBLEMS UF ENFURCEMENT  

13. How i m p o r t a n t a r e t h e a p p l i c a t i o n , o f S t a n d a r d s i n t h e use o f ppw. 

( P l e a s e mark on r a t i n g s c a l e ) . 

NOT AT ALL IMPORTANT | | VERY IMPORTANT 

14. A r e t h e r e l a w s o r r e g u l a t i o n s s p e c i f y i n g s t a n d a r d s f o r ppw i n y o u r 

c o u n t r y ? 

14.1 YES ^ 

14.2: MO ^ 

14.3 DON'T KNOW 
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A c c e p t a b i l i t y o f ppw 

15. I s t h e use o f ppw p o p u l a r o r u n p o p u l a r among t h e , w o r k e r s i n y o u r 

c o u n t r y ? 

15.1 P o p u l a r 

15.2 U n p o p u l a r 

15.3 Don't know ^ 

16. I f t h e use o f ppw i s u n p o p u l a r among t h e w o r k e r s , w h a t r e a s o n s 

can you g i v e f o r t h i s b e h a v i o u r . ( P l e a s e g i v e y o u r own p e r 

s o n a l v i e w s ) . 

17. Can y o u p l e a s e g i v e an e s t i m a t e o f t h e w o r k e r s who a r e p r o v i d e d 

w i t h ppw, a c t u a l l y u s i n g t h e m . 

80 - 100 % 

60 - 80 % 

40 - 60 % 

30 - 40 % 

5 - 20 % 

Less t h a n 5 % 

• 

• 

• 

• 

• 

• 
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18. I n o r d e r t o remedy a s i t u a t i o n such as u n p o p u l a r i t y o r r e j e c t i o n 

o f ppw by t h e w o r k e r s , how w o u l d y o u r a n k t h e f o l l o w i n g 

s u g g e s t i o n s ( p l e a s e r a n k . j T j - most i m p o r t a n t measure, j T j - n e x t 

most i m p o r t a n t measure and so o n ) . 

S t r i c t e n f o r c e m e n t o f l a w s 

E f f e c t i v e s u p e r v i s i o n by e m p l o y e r s . 

I m p r o v e c o m f o r t a s p e c t s o f ppw. 

(By c o m f o r t a s p e c t s I mean b e t t e r f i t t i n g , 

l e s s w e i g h t , e asy body p a r t movement, easy 

use o f s e n s e s ) . 

O 
• 

• 

I m p r o v e awareness o f w o r k e r s t o h e a l t h and 

s a f e t y a t work t h r o u g h e d u c a t i o n , t r a i n i n g Q 

and i n s t r u c t i o n . 

• 
O t h e r ( P l e a s e s p e c i f y ) 

19. A c c o r d i n g t o y o u r i n f o r m a t i o n what a r e t h e r e a s o n s g i v e n by t h e 

w o r k e r s f o r n o t a c c e p t i n g o r u s i n g ppw which' a r e p r o v i d e d t o them. 

( P l e a s e mark ones a p p l i c a b l e ) 

They a r e v e r y u n c o m f o r t a b l e . 

We f e e l s a f e w i t h o u t them 

They a r e o b s t a c l e s t o o u r work 

They d o n ' t f i t us p r o p e r l y 

I t i s t o o h o t t o wear them 

They d o n ' t g i v e s u f f i c i e n t p r o t e c t i o n 

O t h e r r e a s o n s ( p l e a s e s p e c i f y ) 

O 
0 
• 

• 

• 

• 

• 
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20. A c c o r d i n g t o y o u r i n f o r m a t i o n , o u t o f t h e f o l l o w i n g ppws, w h i c h 

ones a r e most u n p o p u l a r ? ( P l e a s e r a n k them |T j = Most u n p o p u l a r , 

£Tj= Next u n p o p u l a r , [ _ 3 _ [ = L e a s t u n p o p u l a r ) 

• 
Ppws i m p o r t e d f r o m I n d u s t r i a l i z e d C o u n t r i e s 

0 
Ppws L o c a l l y m a n u f a c t u r e d 

Q 
Ppws I m p o r t e d f r o m D e v e l o p i n g C o u n t r i e s 

2 1 . T h e r e may be d i f f e r e n t p r o b l e m s p r e v e n t i n g t h e o p e r a t o r f r o m u s i n g 

p r o t e c t i v e wear a t - w o r k . Out o f t h e f o l l o w i n g p o s s i b l e p r o b l e m s i n 

t h e use o f ppw, how s i g n i f i c a n t do y o u t h i n k t h e y a r e i n y o u r 

c o u n t r i e s s i t u a t i o n ? 

VERY SIG

NIFICANT 

SIÜNI- NUT SIG-

FICANT NIFICANT 

Hot C l i m a t e 
0 • • 

Bad F i t 
0 • 0 

P e o p l e f e e l R e l u c t a n t 

t o use them t h r o u g h 
• • • 

s h y n e s s . 

C u l t u r a l f a c t o r s 
• • • 

D i s c o m f o r t due t o w e i g h t . 
• • • 

O b s t r u c t i o n t o work 
• • • 

Lack o f s a f e t y awareness 

among w o r k e r s 
0 0 • 

Lack o f s a f e t y awareness 

among e m p l o y e r s 
0 0 0 
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Lack o f s u f f i c i e n t l a w s 

Lack o f S u p e r v i s i o n 

O t h e r , p l e a s e s p e c i f y . 

22. I n t h e use o f i m p o r t e d ppw a r e y o u aware o f any s p e c i f i c p r o b l e m s 

r e g a r d i n g t h e s u p p l y a n d / o r u s e . 

( P l e a s e l i s t them s e p a r a t e l y ) 

( e . g . SUPPLY * I m p o r t R e s t r i c t i o n s , H i g h Cost e t c . , 

USE Do n o t f i t , can n o t u n d e r s t a n d i n s t r u c t i o n s e t c . ) 

SUPPLY USE 

22.1 

22.2 

22.3 

22.4 

22.5 

23. The f o l l o w i n g b a s i c i n f o r m a t i o n on S t a t u r e and w e i g h t , t h e r m a l 

e n v i r o n m e n t , w o r k i n g p o p u l a t i o n and h o u r s o f work may a l s o h e l p 

i n t h e s t u d y . T h e r e f o r e p l e a s e g i v e y o u r b e s t e s t i m a t e o f t h e 

f o l 1 l o w i n g , p e r t a i n i n g t o y o u r c o u n t r y . 

23.1 S t a t u r e and w e i g h t o f w o r k e r s . 

A d u l t H a l e s A d u l t Females 

0 0 0 
• • 0 
• • • 

H e i g h t ( c m ) 

a - Av e r a g e 

b - Range 
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W e i g h t ( k g ) A d u l t M a l e s A d u l t Females 

a - A v e r a g e 

b - Range 

23.2 E n v i r o n m e n t a l d a t a 

A i r T e m p e r a t u r e (°C) 
Summer W i n t e r 

a - A v e r a g e  

b - Range .......... 

A i r H u m i d i t y ( R . H . } ( % ) 

a - Ave r a g e .......... 

b -• Range  

23.3 Males Females 

T o t a l w o r k i n g p o p u l a t i o n 

i n t h e c o u n t r y  

23.4 

Hours o f w o r k . 

Per day 

Per week 
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I f y o u f e e l m o t i v a t e d t o comment f u r t h e r on any a s p e c t o f t h i s 

q u e s t i o n n a i r e , p l e a s e use t h e space p r o v i d e d b e l o w . 

Thank y o u v e r y much f o r y o u r c o o p e r a t i o n . 
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ABSTRACT 

It is beyond doubt that high technology has 

elevated the standards of living of mankind. 

The modern technology created and developed 

to a great extent by Western or developed 

societies is now in great demand in Eastern and 

developing societies who are trying to leap-frog 

towards advancement. But unfortunately, in the 

transfer of technology, both the giver and the 

receiver seem to make many mistakes. A tech

nology transferred without considering the ethnic 

variables in the societies and differences in the 

climates, has found to cause problems to the 

acquirer. Due to the basic human factor dif

ferences such as sizes of people, physical en

vironment, physical capacities and organiza

tional and cultural differences, a technology 

which is unadapted has found to be inap

propriate, harmful, hazardous and unsuccessful. 

In the areas of health, working conditions, pro

duction and finance, undesirable effects have 

resulted through haphazard technology transfer, 

For a successful transfer, it is therefore stressed 

that technology has to he adapted or modified 

taking into consideration the technological, an

thropological and socio-economic factors of the 

acquiring population. 

INTRODUCTION 

Advances in the field of technology has pro
vided the people in Industrialized Countries (IC) 
higher standards of living, ample comfort and 
great ease of carrying out work. The less privileged 
societies and the so-called 3rd World countries to 
a large extent depend on the technology of IC to 
improve their living standards. Some Developing 
Countries (DC) even adopt the policy of leap
frogging into the high-tech of Western countries in 
order lo reap quickly the benefits of modern 
technology. The intermediate phases are avoided 
which, according to the thinking of some experts 
in DC, are a wastage of time and money. It can be 

also true that a developing country does not have 
to wait until, on their own, its people develop 
advanced technology for modernization, as much 
of this already exists in IC. 

The blind adoption of high technology of the 
IC in DC has shown to be detrimental to the 
majority of people living in developing societies. It 
is also being realised that technology copied, or 
transplanted, disregarding the human needs of 
people in the environment in which they live, is 
very often inappropriate and hazardous. Large 
variations in anthropological, cultural and physi
cal factors between IC and DC have been attribu

table for the failure in copied technology. A com
prehensive ergonomic analysis of technology 

0169-8141/87/S03.50 © 1987 Elsevier Science Publishers B.V. 
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transfer can bring to light the negative effects 
involved in this transfer process. 

1.1 Transfer of technology 

The transfer of technology is the actual trans
plantation of a whole network of institutions, val
ues, work methods, hardware, software and in
frastructure which usually takes place from a de
veloped country to a less developed country 
(Shahnavaz, 1985). 

The Trade Pacts between different countries. 
Aid Programmes of IC to DC, and Free Trading 
policies have brought about wide-scale exchange 
of goods between nations. This exchange process 
is further hastened by modern methods of quick 
transport systems. The DC in absorbing the west
ern technology depend to a large extent on the 
importation of industrialized goods from IC. For 
example Sri Lanka (a DC) imports hardware items 
like automobiles and manufacturing machinery 
mainly from Japan, Germany, Sweden and the 
UK. and agricultural machinery from the Nether
lands. The modern technological processes, meth
ods, know-how, production techniques, training 
courses, management and maintenance proce
dures, instruction manuals, etc., are some of the 
software transferred from developed to developing 
countries. 

1.2 Ergonomics 

Ergonomics studies people at work and seeks to 
match demands of product, jobs and places of 
work with people who use them. Ergonomics is 
concerned with a "good f i t " of the interaction of 
man with his environment and goes to show where 
it fails to fit and how to improve the fit. Ergonom
ics studies the relationship man has with his work, 
machine and the environment, with a view lo 
achieve an equilibrium between the interacting 
systems, viz. man-work, man-machine and 
man-environment, for optimum performance in 
the system. The technology of ergonomics (or 
ergonomics applications) takes cognizance of hu
man capacities and limitations in body sizes, 
physical and mental faculties in order to achieve 
comfort, safety and efficiency at work. 

1.3 Technology transfer and ergonomics 

Technology transplanted without consideration 
of the dynamic complex systems of man in his 
working environment is bound to end up in failure. 
To avoid the negative effects of technology trans
fer a thorough evaluation of ergonomics' princi
ples in the transfer process and a knowledge of 
human factor requirements of the acquirer of tech
nology are necessary. It seems that many prob
lems experienced by DC in acquiring the tech
nology of IC can be solved by the proper ergo
nomics applications. 

2. HUMAN FACTORS IN TECHNOLOGY 
TRANSFER 

It is therefore important to know whether the 
transferred technology in the form of hardware, 
software, etc.. Can be safely, efficiently and eco
nomically used in the new surroundings. Can the 
existing sociocultural and environmental condi
tions in DC accommodate the technology of the 
West? Some ergonomic considerations have been 
examined below which can help in the evaluation 
of the problems involved in the transfer of tech
nology. 

2.1 Sizes of people and work posture 

Significant differences in the sizes of human 
beings living in different parts of the world have 
been shown in anthropometric studies (Roberts, 
1975; Abeysekera, 1985). People living in tropical 
environments who are usually from DC are smaller 
in stature, physique and body proportions as com
pared with the people living in temperate climates 
who usually live in IC, (Abeysekera, 1985). Con
siderable inconvenience and problems can be ex
perienced when machines and articles designed in 
IC for larger people are thrust on smaller people 
in DC. For example a design range for 90% of the 
British for a standing operation would also accom
odate 90% of Germans but only 80% of the French, 
65% Italians, 50% Iranians, 45% Japanese 35% Sri 
Länkans, 25% Thais and 10% Vietnamese, (Ken
nedy, 1975; Shahnavaz, 1976; Abeysekera, 1985). 
It has been shown that even an adjustable safety 
helmet designed in IC cannot be fitted properly by 
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40% of Sri Länkans (Abeysekera, 1985). 

Working postures adopted by people in differ
ent countries must be studied and integrated into 
designs of technology, e.g. in machine operation. 
Many operations are performed seated on the 
floor or adopting a crouching posture in India 
whereas the Western-designed machines are mostly 
operated at standing levels (Baranson. 1969) 

2.2 Climate 

Many DC have extremely hot and humid 
climates compared with the cold and dry climates 
of IC. Working places designed for the cold en
vironments have good insulation properties 
whereas, in the tropics, for heat dissipation the 
buildings should have more ventilatory openings. 
Glaring mistakes have been made when designing 
buildings in DC during technology transfer. It is 
generally too late and costly to incorporate any 
type of design modifications at the late stages of 
technology transfer (Sen, 1982). 
A team of experts from WHO and ILO has 

found several climatic problems in a North 
European design of a sulphur extraction plant 
installed in the hot and humid city of Mosul. Iraq. 
There were no provisions to reduce the radiant 
heal and air movement, which caused the sulphur 
gassed to be blown back into the work area 
(Najmedin, 1986). 

Another climatic feature can be the black col
our of the skin and the greater body surface area 
of thin persons living in the tropics which have 
been adapted to dissipate more heat and to tolerate 
and prefer higher temperatures. 

The use of personal protective wear or clothing 
designed and manufactured in IC to be used in IC 
in cold climates are uncomfortable and rejected by 
people in the tropics or DC. 

2.3 Physiology and strength 

Physiological differences, viz.. rates of oxygen 
consumption, working capacity etc.. among people 
in different countries have to be considered in 
determining performance successes in transferred 
technologies. Significant differences in work 
capacities have been reported by Wyndham et al. 
(1963). Shahnavaz (1976). and others, between 
people of different ethnic groups and between 

people in DC and IC. Adjustment of work stan
dards, working hours and work rates is necessary 

under these circumstances. 
Forces to be exerted on foot or hand controls, 

muscle strength and torque requirements vary 
widely between people of different nations. On 
grip strength measurements. Asians were found to 
be considerably weaker than Americans (Guthri et 
al.. 1970). 

2.4 Manual dexterity 

The higher degree of manual dexterity among 
Japanese developed from early training, in writing 
and art of calligraphy (Baranson. 1963), has been 
cited as contributing factors of success of the 
Japanese electrical industry. Eskimos are profi
cient in watch-making and radio engineering 
according to Calder (1961). They are said to 
possess a high degree of mechanical aptitude, viz. 
acute eyesight, photographic memory, nimbleness 
of hands and special abilities to improvise. There
fore the characteristic of manual dexterity can 
affect the degree of technology utilization in dif
ferent countries. 

2.5 Psychology 

Kaminaka (1985) observed differences in the 
characteristics of the labour force in different parts 
of the world which were however limited to 
acquired skills. Wisner (1985) has shown that there 
is no difference in basic cognitive capacity be
tween men belonging to different societies and 
cultures. The differences observed in performance 
levels of human operation in various tests were 
attributable to cognitive capabilities of individuals 
resulting from factors such as cognitive complex
ity, information processing, behaviour and psy
chomotor skills, (Meshkati. 1983; Meshkati and 
Driver, 1984; Meshkati and Robertson, 1985). 

Population stereotypes of different nationalities 
is a major consideration in technology transfer. 
Clockwise direction of a control may be interpre
ted as increasing the water flow in a lap or in
creasing the temperature of an electric hot plate in 
DC. but in some IC the feed-back expected can be 
vice versa. Similarly a red signal which indicates 
"danger" in the UK, was interpreted as "safe" for 
operation in the Peoples Republic of China. Per-
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ceptual differences prevalent among people affect 
their responses towards the display-control rela
tionship. Special precautions have to be observed 
in the design of visual display units for different 
populations 

2.6 Cultural variables 

The way people think, feel and react, is a result 
of their culture. Culture consists of traditional 
ideas and especially their attached values. People's 
attitudes towards work, technology and organiza
tion, working habits, working group dynamics, 
religious beliefs and customs are reflected by their 

cultural background. 
In technology transfer, the effects of cultural 

variables can have wide implications. Among some 
communities in India a job is generally regarded 
as a family responsibility and is collectively per
formed by all family members (Chapanis, 1975). 
Some groups in India are accustomed to craft-ori
ented industry. It may be degrading for these 
groups to work on automatic machines. In the 
above examples, the attitudes of people towards 
work greatly depend on their culture or how they 
are accustomed to think about different work. 
Some jobs in DC are culturally regarded as "de
grading". Engineers consider workshop or mainte
nance jobs as low, since such jobs can make their 
hands dirty. Any job requiring the use of personal 
protective equipment can be regarded as jobs of 
labourers or unskilled workers. In other words, the 
dignity of labour is lacking in these societies. 
There can be wide gaps in the relationships be
tween executives, office workers. Supervisors, 
skilled and unskilled workers, shop-floor workers, 
etc., or between traders and farmers. Very low 
wages drawn by blue collar workers when com
pared with white collar workers in DC can be one 
reason for the lack of dignity of labour. 

In Sri Lanka and other countries in Asia there 
are instances where certain jobs are performed by 
an exclusive group of people who belong to a 
specified caste or community, e.g. fishermen, 
cleaners (launderers), jewellers, hairdressers, lava
tory cleaners, etc. Some professions, e.g. lawyers, 
teachers, etc., can be restricted to some privileged 
groups. 
Some religious customs such as dawn-to-dusk 

fasting of Moslems, turban wearing of Sikhs in 

India, etc., can affect work performance and job 
safety (helmet wearing), respectively. 

2.7 Managerial and organizational varia
bles 

Several studies have revealed that the 
managerial and organizational methods adopted 
in the Western societies face serious problems 
when applied in DC (Negandhi, 1973; Hofstede. 
1980(a,b)). The different human, cultural, social 
and behavioural patterns of the people in DC 
demand that management systems of the West 
require prior adjustment or adaptation before they 

are transferred. 
The management practices that differ and may 

require adjustment come under the following di
mensions. 

(a) Power and hierarchical decisions: Power in 

organization is distributed unequally in DC. 
Hierarchical decisions are made at the top without 
considering the knowledge of job acquired by 
employees. 

(b) Individual or collective practices: Remunera

tion schemes that reward individual performance 
and not collective performance are not well 
received in DC. 

While Western societies practice individualism, 
i.e. to take care of themselves and their immediate 
families, the people in DC usually practice col
lectivism, where people collectively look after all 
members belonging to a particular group. In the 
field of problem-solving some countries employ 
democratic principles which are alien to those 
with autocratic culture. Employees in DC also are 
accustomed to evade responsibility in work. For 
example, they prefer to work in groups, e.g. flow-
line production, typing pools, etc. This system has 
less responsibility than one-off jobs (an individual 
doing a complete job). 

(c) Masculinity-feminity: The dominant values, 
e.g. acquisition of money, tough jobs, or high 
positions, etc.. are regarded lo be exclusively a 
masculine domain in most developing countries, 
but in Western societies this can be interpreted as 
sex discrimination. 



269 

2.8 Other variables of interest 

2.8.1 Language 
The World contains a bewildering assortment 

of languages. Out of an estimate of about 3.000 
languages, 130 are used by more than 1.000.000 
people each and 70 languages by more than 
5.000,000. The 5 official languages of the U.N. are 
English, French, Russian. Spanish and Mandarin 
Chinese (Chapanis. 1975). (But still the British 
and Americans think that English is becoming the 
language of the World). With such a diversity of 
languages spoken and understood in the World 
there is bound to arise misinterpretations, misun
derstandings and confusion in technology transfer. 
There can also be literal translation problems. 
Languages used in communications and in oper
ation and maintenance manuals, instructions given 

on machines have to be appropriately changed, 
translated or interpreted for the benefit of those 
acquiring the technology. 

2.8.2 Education and skill 
The levels of education among people perfor

ming the same job in different countries can differ 
greatly. For example, the knowledge of a civil 
engineer in a developed country can be much 
broader, e.g. the ability to operate a computer 
terminal, understand electronic language, etc., than 
a similar engineer in a developing country, whose 
knowledge may be more in depth in only civil 
engineering. A computer terminal may be a 
sophisticated electronic equipment for many peo
ple in DC, but a common essential data processing 
requirement in the West. Even children in IC are 
exposed to these modern electronic gadgets which 
most children in DC have not even seen. 

Ethnic groups unfamiliar with industrialization 
may not readily understand concepts of compati
bility, display/control relationship and operation 
of modern machinery. A skilled worker in a DC 
who has not been exposed to these technologies 
from an early age may lack the degree of skill of a 
similar worker in a IC. 

Employees in DC also find many obstacles in 
the development of their aptitudes, talents and 
performance abilities. For example, their promo
tional prospects can be influenced and interfered 
with by politicians, corruption, bribery, etc., and 

not related to their real level of efficiency and 
knowledge. 

2.8.3 Infrastructure 
Differences in communication and transport 

systems, marketing, energy supplies and other 
services can also affect the acquisition of technol
ogy. For example, differences in voltage of the 
electricity mains supply, viz. 110 V in the United 
States and 230 V in the U.K. and Continental 

countries. Limitations in the power supply, volt
age drops, unsuitable highways, problems in bal
ance of payment, disregard of maintenance re
quirements, etc., are other areas of inadequacies in 
infrastructure in DC that can have negative effects 
in technology transfer. Large losses in time and 
money have been experienced due to overlooking 
infrastructure requirements in technology transfer. 

2.8.4 Standards of living/wages 
Last, but not least, differences in the standard 

of living affect attitudes towards work and life 
which create upsets in technology transfer. Heavy 
domestic responsibilities, deficient transport sys
tems and poor wages prevailing in DC make em
ployees view work with disgust and scorn. They 
work only as a means to survive. Job satisfaction 
is more the exception than the rule. Low wages 
drive them to seek other income sources, perhaps 
a second job at night, part-time jobs, overtime 
work, private business, etc. As a result, the interest 
towards their regular employment is low. They 
may be prepared to sacrifice anything, e.g. health, 
leisure time, security of employment, seniority etc., 

for higher wages. 

3. UNDESIRABLE EFFECTS OF TECH
NOLOGY TRANSFER 

The DC need the benefits of modern technol
ogy, but they are unable to fulfill that need them
selves. They have to depend on the transfer of 
products and technology from more advanced 
countries. Transplanted technology without con
sidering the local human operator within the 
man-machine-environment system can result in 

problems. 
The designer selecting his design parameters 
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and characteristics is influenced by physical, cult
ural and sociological environments as well as 
technological and anthropological factors of the 
users. The designer from an IC hence designs 
products and systems suitable for a population he 
knows, in a given known environment. With the 

wide variation in these factors between IC and 
DC, the articles, machines and processes, etc., 
need adaptation, modification or redesign to the 
changing situation in DC. 

"The neglect of cultural, institutional, socio
logical and anthropological differences meant im
porting alien models and trying to fit the society 
into them" (Shahnavaz, 1983). 

It is believed that much design incompatibility 
in machines and work aids causes problems to the 
users in DC. 

"Forcing people to interact on the machine 
terms is not only inconvenient. .. more im
portantly, because it is an unnatural mode of 
interaction, it is a primary cause of human error" 
(Norman, 1980). 

Disappointing results are often noted in tech
nology transferred from IC to DC with regard to 
the working conditions, production and financial 
returns (Wisner, 1984). In the area of health and 
working conditions, the negative effects are a high 
proportion of accident rates at work, (around 15% 
in some DC and about 3% in most IC), greater 
frequency of occupational illnesses than in the 
country of origin, higher waterborne diseases 
(parasitic) from stagnant water used for irrigation 
and psychopathology linked in the urban life in 
shanty houses (Wisner, 1982, 1984). Poor working 
conditions also lead to poor worker satisfaction, 
higher sickness absenteeism and high labour turn 
over. In the area of production, low production 
rate operation and deterioration of production 
material have been identified as negative aspects 
(Krishna, 1980). In terms of finance, low machine 
utilization and unable to provide adequate levels 
of salary, social benefits and general working con
ditions to workers, result in further losses of pro
duction. The lower machine utilization is attribu
table to poor working conditions, low motivation, 
insufficient energy intake of workers, wrong work
ing postures, longer working hours, excessive en
vironmental loads and cultural constraints. 

Schumacher (1975) in his book "Small is 
Beautiful", very clearly explains that infiltration 

of unsustainable Western technology into 3rd 
World countries is causing massive unemploy
ment, alienation and de-skilling of working peo
ple. 

4. ANOMALIES IN ORGANIZATION 
TRANSFER 

The three classes of anomalies in organization 
transfer are: imperfect, inadequate and incomplete 
transfer. 
A technology that has not been adapted to the 

demands of the native population is an imperfect 
transfer. For example, unless the language of an 
operating manual of a machine is translated to be 
comprehensible by the user population, the trans
fer is imperfect. 

Overlooking the variations in the environment 
and the infrastructure of different countries in the 
transfer process is an inadequate transfer. Elec
tronic equipment made in an IC has to be 
tropicalised before transferring it to a hot and 
humid country. Variation in the electricity voltage 
in different countries is an infrastructure consider
ation. 
A transfer process which does not consider all 

aspects of a total technological system is an in
complete transfer. Absence of maintenance trans
fer along with the main equipment is an example 
of incomplete transfer. 

5. CONCLUSIONS 

It is evident from the above discussion that 
consideration of human factors are of significant 
importance to the success and survival of technol
ogy that is transferred from developed to develop
ing countries. Kogi's (1985) recent investigation 
on improvement of working conditions and en
vironment in 8 DC has revealed that technological 
designs to a great extent have failed to match the 
physical dimensions and capabilities of the local 
population. 

Those responsible for the transfer must have a 
thorough knowledge of the ergonomics need, abili
ties and limitations of the acquirer, in areas such 
as infrastructure, environment and anthropome
try. Technology not geared to the users is inap-
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propriate and would certainly affect productivity, 

health and safety of people. 
Culture, habits, customs and managerial and 

organizational methods are other variables that 
determine the effectiveness of technology transfer. 

Any technology transfer project may adopt 
three important stages, viz: initial study, subse
quent selection and final utilization. During all 
three stages, collaboration and communication of 
transferer and acquirer as well as ergonomists and 
economists are essential. 

The designer of technology has to analyze sys
tematically and consider the following factors in 
order to provide in his design the ergonomic needs 
of the user. Only then will the technology be 
appropriate, useful, safe and successful. 

(a) Technological factors: Perception and con
trol philosophy (manual, automation), type of 
technology, systems safety, market maintaina
bility, national traditions and resources, etc. 

(b) Anthropological factors: Environmental and 

physiological characteristics, body sizes, levels of 
skill, education and knowledge, attitudes and pref
erences, etc. 

(c) Socio-economic factors: Cultural, social and 
political values, infrastructure of finance, com
munications and energy supplies, availability and 

distribution of labour, etc. 
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BODY SIZE VARIABILITY BETWEEN PEOPLE IN DEVELOPED AND DEVELOPING 

COUNTRIES AND ITS IMPACT ON THE USE OF IMPORTED GOODS 

ABSTRACT 

The I n d u s t r i a l l y D e v e l o p i n g C o u n t r i e s (IDC) t o d a y , t o a g r e a t e x t e n t , 

depend on I n d u s t r i a l i z e d C o u n t r i e s ( I C ) f o r t h e s u p p l y o f most 

i n d u s t r i a l goods. An a t t e m p t has been made t o a s c e r t a i n t h e d e g r e e o f 

d e s i g n i n c o m p a t i b i l i t y e x p e r i e n c e d by u s e r s o f t h e s e i m p o r t e d goods 

due t o d i f f e r e n c e s i n t h e body s i z e s o f p e o p l e i n p r o d u c e r and u s e r 

c o u n t r i e s . A c o m p a r a t i v e s t u d y o f v a r i a t i o n s i n body s i z e s i s made 

f r o m d a t a a v a i l a b l e i n l i t e r a t u r e and f r o m a n t h r o p o m e t r i c s u r v e y s . The 

r e s u l t s r e v e a l d i f f e r e n c e s i n a l m o s t e v e r y p a r t o f t h e human body. The 

need f o r r e l i a b l e a n t h r o p o m e t r i c d a t a i n r e s p e c t o f IDC i s s t r e s s e d . 

U r g e n t measures a r e r e q u i r e d t o i n t r o d u c e changes i n e q u i p m e n t , 

p a r t i c u l a r l y f o r t h e b e n e f i t o f u s e r s i n IDC. 

Key w o r d s : Body s i z e v a r i a b i l i t y , D e s i g n i n c o m p a t i b i l i t y , I m p o r t e d 

Goods. 
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1. INTRODUCTION 

The w o r l d w i d e exchange o f goods a c c e l e r a t e d by m a s s i v e d e v e l o p m e n t a i d 

programmes, l o a n schemes, f r e e t r a d e between c o u n t r i e s , i n t e r n a t i o n a l 

m a r k e t s and t r a d e p a c t s among n a t i o n s has r e s u l t e d i n i n c r e a s e d usage 

o f i m p o r t e d goods. The q u e s t i o n w h e t h e r t h e s e i m p o r t e d o r t r a n s f e r r e d 

goods can be used s a f e l y , c o m f o r t a b l y and s u i t a b l y by t h e IDC o r n o t , 

has y e t t o draw a t t e n t i o n o f m a n u f a c t u r i n g o r do n o r c o u n t r i e s . 

E r g o n o m i c s t u d i e s c o n d u c t e d i n t h e p a s t have s u r f a c e d many p r o b l e m s 

e x p e r i e n c e d by t h e u s e r s o f i m p o r t e d goods. The p r o b l e m s a r e m a i n l y 

due t o t e c h n i c a l d e s i g n s t h a t have t o be a d a p t e d t o r e c i p i e n t 

c o u n t r i e s . 

A n t h r o p o l o g i c a l and c u l t u r a l v a r i a t i o n s e x i s t between d i f f e r e n t 

s o c i e t i e s . One o b v i o u s v a r i a b l e i s t h e d i f f e r e n c e i n p h y s i c a l s i z e o f 

t h e p o p u l a t i o n . The use o f machines o r goods, w h i c h do n o t f i t u s e r s 

i n t e r m s o f t h e i r body s i z e , n o t o n l y causes d i s c o m f o r t and f a t i g u e , 

b u t i s a l s o r e s p o n s i b l e f o r many i n d u s t r i a l a c c i d e n t s , d i s a b i l i t i e s , 

d i s e a s e s , d e l a y s and i n e f f i c i e n c y . I n IDC, t h e u n a v a i l a b i l i t y o f 

r e l i a b l e body s i z e d a t a and unawareness o f t h e i m p o r t a n c e o f e r g o n o m i c 

p r i n c i p l e s a r e b a s i c r e a s o n s as t o why machines and goods a r e n o t 

m a n u f a c t u r e d o r a d a p t e d t o s u i t t h e u s e r p o p u l a t i o n . The p u r p o s e o f 

t h i s w ork was t o s t u d y t h e d i f f e r e n c e s i n p h y s i c a l s i z e o f p e o p l e f r o m 

IDC and IC. 

2. BODY SIZE VARIABILITY 

I n a g r o u p o f p e o p l e , a w i d e r a n g e o f d i v e r s i t y i n s i z e and shape can 

be o b s e r v e d . The v a r i e t y o f shapes and s i z e s a r e o f t e n a p l e a s u r e f o r 

v i s u a l a e s t h e t e s , b u t a s o u r c e o f annoyance f o r t h e e q u i p m e n t 

d e s i g n e r . 

The w i d e d i v e r s i t y i n s i z e and shape o f men l i v i n g i n d i f f e r e n t p a r t s 

o f t h e w o r l d can be a t t r i b u t e d t o c e r t a i n s p e c i f i c c a u s e s . G e n e t i c , 

( R o b e r t s , 1 9 7 5 ) , c l i m a t i c , ( Froment and H i e r n a u x , 1984; C r o g n i e r , 

1 9 8 1 ) , a c t i v i t y ( H i e r n a u x and H a r t o n o , 1 9 8 0 ) , and s t a n d a r d s o f l i v i n g 

( L e a t h e r m a n e t a l , 1984) have been f o u n d t o be some i m p o r t a n t c a u s e s . 

I m p r o v e d n u t r i t i o n a l f a c t o r s and h i g h e r s t a n d a r d s o f l i v i n g can be 

a t t r i b u t a b l e t o changes o f body s i z e s between d i f f e r e n t p e r i o d s . 
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D i f f e r e n c e s i n body d i m e n s i o n s e x i s t n o t o n l y between sexes o r a t 

d i f f e r e n t ages b u t a l s o between d i f f e r e n t r a c e s and e t h n i c g r o u p s 

p e r h a p s l i v i n g i n t h e same c o u n t r y , a l l o f w h i c h can be t e r m e d i n t r a -

i n d i v i d u a l d i f f e r e n c e s . The i n t e r - i n d i v i d u a l d i f f e r e n c e s o f body 

s i z e s , i . e . o f p e o p l e l i v i n g i n d i f f e r e n t c o u n t r i e s , have been f o u n d 

t o be r e m a r k a b l e and a r e d i s c u s s e d i n t h i s p aper. 

3. COMPARATIVE ANALYSIS OF BODY SIZES 

H a v i n g known some causes f o r v a r i a b i l i t y i n s i z e s and shapes o f men 

t r e a d i n g t h i s p l a n e t , i t i s i m p o r t a n t t o know, f r o m t h e p o i n t o f v i e w 

o f u n i v e r s a l d e s i g n s , how l a r g e t h e s e v a r i a b i l i t i e s a r e between 

p e o p l e l i v i n g i n d i f f e r e n t c o u n t r i e s . I n o r d e r t o make t h i s 

c o m p a r i s o n , r e l i a b l e s o u r c e s o f d a t a a r e n e c e s s a r y . 

The f o l l o w i n g s o u r c e s o f d a t a were used t o make c o m p a r i s o n s : 

( a ) Review o f l i t e r a t u r e 

( b ) A n t h r o p o m e t r i c s u r v e y s c o n d u c t e d i n S r i Lanka ( A b e y s e k e r a and 

Shahnavaz, 1 9 8 7 ) . 

( c ) Some r e s u l t s o f p o s t a l q u e s t i o n a i r e , s e n t t o government c o n t r o l l e d 

o r g a n i z a t i o n s i n IDC, r e s p o n s i b l e f o r O c c u p a t i o n a l S a f e t y and 

H e a l t h . Q u e s t i o n s on a v e r a g e s t a t u r e and w e i g h t o f n a t i o n a l 

p o p u l a t i o n s were i n c l u d e d i n t h e q u e s t i o n n a i r e , (PPW r e s e a r c h 

p r o j e c t i n p r o g r e s s , 1 9 8 5 ) . 

3.1 Stature 

The mean s t a t u r e s o f g r o u p s o f p o p u l a t i o n s o f males and f e m a l e s f r o m 

d i f f e r e n t c o u n t r i e s a r e shown i n T a b l e 1. The d a t a a r e g r o u p e d i n t o 

d i f f e r e n t r e g i o n s . The mean s t a t u r e s o f g r o u p s o f d i f f e r e n t c o u n t r i e s 

show t h a t t a l l e r p e o p l e l i v e i n N o r t h A m e r i c a , European c o n t i n e n t and 

S c a n d i n a v i a , medium s i z e p e o p l e l i v e i n A f r i c a and t h e M i d d l e E a s t and 

s h o r t e r p e o p l e l i v e i n L a t i n A m e r i c a , South E a s t A s i a and t h e Far E a s t 

A s i a . The d i f f e r e n c e s t h a t e x i s t i n body s t a t u r e between p e o p l e o f IDC 

and IC a r e l a r g e . I t was n o t e d t h a t e x c e p t f o r Japan, p e o p l e who l i v e 

i n IC a r e t a l l e r t h a n t h o s e who l i v e i n IDC. L i k e i n t h e example o f 

J a p a n e s e , even Taiwanese ( C h i n e s e ) f r o m t h e Far E a s t A s i a (whose 

a v e r a g e s t a t u r e i s 167.28 cm a c c o r d i n g t o t h e s u r v e y c o n d u c t e d by 

Chang-Chung and o t h e r s ( 1 9 8 7 ) ) , a r e s h o r t e r p e o p l e t h a n t h e 

W e s t e r n e r s . B u t Taiwan may now be c l a s s i f i e d as an IC. T h e r e f o r e j u s t 

as much due t o t h e i n d u s t r i a l f a c t o r , a n o t h e r cause o f v a r i a b i l i t y can 
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be t h e e t h n i c f a c t o r , a l t h o u g h c l i m a t e may a l s o be a c o n t r i b u t o r y 

f a c t o r . The p e r c e n t i l e v a l u e s o f s t a t u r e o f 7 c o u n t r i e s , f r o m IC and 

IDC, p r e p a r e d by Kennedy ( 1 9 7 5 ) , a r e compared w i t h v a l u e s o f s t a t u r e 

o f 9 o t h e r p o p u l a t i o n s , ( F i g 1.) 

The p e r c e n t a g e v a l u e s o f a c c o m o d a t i o n o f a d e s i g n r a n g e o f 90% o f t h e 

B r i t i s h w i t h r e s p e c t t o p o p u l a t i o n s o f o t h e r c o u n t r i e s were p r e p a r e d 

w i t h t h e h e l p o f t h e p e r c e n t i l e v a l u e s g i v e n i n F i g 1 and a r e g i v e n i n 

T a b l e 2. G r o s s i n a d e q u a c y i n an IC d e s i g n f o r IDC can be seen. 

3.2 S i t t i n g heights 

A s i m i l a r g r a p h ( F i g 2) f o r s i t t i n g h e i g h t s shows a somewhat s i m i l a r 

t r e n d as f o r s t a t u r e s , e x c e p t t h a t Japanese occupy a h i g h e r p o s i t i o n 

i n s i t t i n g h e i g h t s t h a n Swedish, I t a l i a n s , I r a n i a n s , T u n i s i a n s and 

S o u t h A f r i c a n s (who a r e t a l l e r t h a n Japanese i n s t a t u r e ) . T h i s i s due 

t o t h e f a c t t h a t t h e Japanese body t r u n k s a r e l o n g e r t h a n t h e i r l i m b s . 

A n o t h e r new f e a t u r e i n t h i s g r a p h i s t h a t t h e 5 0 t h p e r c e n t i l e s i t t i n g 

h e i g h t i s more o r l e s s s i m i l a r f o r European c o n t i n e n t , S c a n d i n a v i a n 

and Japanese p o p u l a t i o n s . B u t t h e g r a p h c l e a r l y i n d i c a t e s t h a t even i n 

s i t t i n g h e i g h t s w i d e v a r i a t i o n s e x i s t between IC and IDC. 

3.3 Body Proportions 

As t h e Japanese example d e m o n s t r a t e s , i t i s i m p o r t a n t t o know t h e 

d i v e r s i t i e s i n body p r o p o r t i o n s among t h e d i f f e r e n t p o p u l a t i o n s . 

T a n n e r e t a l . ( 1 9 8 2 ) s t u d i e d body p r o p o r t i o n s i n Japanese c h i l d r e n and 

a d u l t s and c o m p a r i s i o n s were made w i t h B r i t i s h and Japanese A m e r i c a n s . 

They f o u n d t h a t Japanese now have t r u n k / l e g p r o p o r t i o n s v e r y s i m i l a r 

t o t h o s e o f N o r t h Europeans. T h i s was n o t t h e case 20 y e a r s ago. 

A t a b l e ( T a b l e 3) c o n s i s t i n g o f r a t i o s o f mean s i t t i n g h e i g h t t o mean 

s t a t u r e was p r e p a r e d . The p e o p l e w i t h l o n g e r l e g s t h a n t r u n k s appear 

a t t h e t o p o f t h e l i s t . When IC and IDC a r e compared, i t seems t h a t 

p e o p l e o f IC who a r e g e n e r a l l y t a l l e r , have a l s o l o n g e r l e g s (and 

a r m s ) . The o n l y e x c e p t i o n b e i n g A f r i c a n s . From t h e p e o p l e who have 

s h o r t e r l i m b s , n e a r l y a l l a r e f r o m IDC e x c e p t t h e Japanese. The r e a s o n 

why E g y p t , S r i Lanka, T u n i s i a , I n d i a and L a t i n A m e r i c a a*ppear 

t o w a r d s t h e t o p o f t h e l i s t i s t h a t t h e i r l e g s seem p r o p o r t i o n a t e l y 

l o n g e r t h a n t h e i r t r u n k s and n o t because t h a t t h e y have l o n g e r l e g s 

when compared w i t h o t h e r n a t i o n a l i t i e s . 
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T a k i n g t h e s t a t u r e s , s i t t i n g h e i g h t s , and body p r o p o r t i o n s t o g e t h e r , 

s i m i l a r i t i e s a r e o b s e r v e d i n g r o u p s o f c o u n t r i e s . T h e r e f o r e , t a k i n g 

t h e s e b a s i c d i m e n s i o n s , t h e w o r l d p o p u l a t i o n can be c o n v e n i e n t l y 

d i v i d e d i n t o s i x main e t h n i c g r o u p s v i z : C a u c a s i a n s , A r y a n s , N e g r o i d s , 

M o n g o l o i d s , L a t i n A m e r i c a n s and A s i a t i c A r y a n s / D r a v i d i a n s . T a b l e 4 

shows b a s i c body d i m e n s i o n s , and body p r o p o r t i o n s f o r t h e s e main 

e t h n i c g r o u p s . 

3.4 Hand dimensions 

Hand d i m e n s i o n s become c r u c i a l i n b o t h machine d e s i g n and i n t h e 

d e s i g n o f hand t o o l s and o t h e r a r t i c l e s where manual d e x t e r i t y i s 

i m p o r t a n t . From p r e v i o u s s t u d i e s , hand d i m e n s i o n s o f f e m a l e s f r o m 

d i f f e r e n t e t h n i c g r o u p s were compared ( T a b l e 5 ) . The hand d i m e n s i o n s 

a p p e a r t o have a d i f f e r e n t p a t t e r n , t h a n s t a t u r e s and s i t t i n g h e i g h t s , 

w here c o m p a r i s o n between IC and IDC i s made. W h i l e women i n IC have 

g e n e r a l l y l a r g e r hands, b u t so do t h e n e g r o i d women f r o m IDC; t h e y 

even have l a r g e r hands t h a n t h e European o r Ca u c a s i a n women, 

( D a v i e s , 1 9 8 0 , C o u r t n e y , 1 9 8 4 ) . Women f r o m Far E a s t A s i a , M i d d l e 

E a s t and S o u t h A s i a seem t o have s m a l l e r hands. 

3.5 Head dimensions 

I n t h e use o f p e r s o n a l p r o t e c t i v e wear ( p p w ) , such as head g e a r , eye 

p r o t e c t o r s , e a r p r o t e c t o r s and r e s p i r a t o r s , t h e head and f a c e 

d i m e n s i o n s become i m p o r t a n t . An a n t h r o p o m e t r i c s u r v e y o f t h e head 

c o n d u c t e d on a random sample o f S r i Länkans, l i v i n g i n E n g l a n d 

( A b e y s e k e r a and Shahnavaz, 1987) and c o m p a r i s o n s made w i t h r e l e v a n t 

d i m e n s i o n s o f t h e B r i t i s h , (Hobbs, 1973) r e v e a l e d s i g n i f i c a n t 

d i f f e r e n c e s even i n t h i s p a r t o f t h e human body, ( T a b l e 6 ) . The 

r e s u l t s i n d i c a t e t h a t i n 12 o u t o f 17 measures, t h e d i f f e r e n c e i n 

means was s i g n i f i c a n t . 

I n v e s t i g a t i o n s on f i t t i n g o f i m p o r t e d ppw were c o n t i n u e d f u r t h e r , by 

m a t c h i n g t h e a c t u a l d i m e n s i o n s o f ppw w i t h d i m e n s i o n s o f u s e r s . I n a 

p i l o t s t u d y c o n d u c t e d by t h e a u t h o r s i n S r i Lanka, 16 work 

e s t a b l i s h m e n t s were v i s i t e d a t random and measurements were made on 

ppw i m p o r t e d f r o m IC used by t h e w o r k e r s . Gross d i s c r e p a n c i e s were 

o b s e r v e d when measurements were compared, ( T a b l e 7 ) . 
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The s t u d i e s d e s c r i b e d above show a d e f i n i t e p a t t e r n o f v a r i a t i o n s i n 

t h e s i z e s and d i m e n s i o n s o f p e o p l e l i v i n g i n IC and IOC. I n o r d e r t o 

see t h e s e v a r i a t i o n s more c l e a r l y a l a r g e number o f i m p o r t a n t dimen

s i o n s f r o m an IDC ( S r i L a n k a ) , ( A b e y s e k e r a and Shahnavaz, 1987) and an 

IC ( S w e d e n ) , ( L e w i n , 1974) were compared, ( w h e r e v e r d a t a o f Swedish 

w e r e n o t a v a i l a b l e ( a t t h e t i m e o f w r i t i n g ) d a t a o f B r i t i s h ( B o l t o n , 

1973) were s u b s t i t u t e d ) ( T a b l e 8 ) . 

I t i s c l e a r l y seen t h a t s i g n i f i c a n t d i f f e r e n c e s e x i s t i n a l m o s t a l l 

t h e d i m e n s i o n s . I t a p p e a r s t h a t most p a r t s o f t h e human body o f men 

and women l i v i n g i n IC a r e b i g g e r t h a n t h o s e l i v i n g i n IDC. 

4. DISCUSSION 

I t has l o n g been r e a l i s e d by human work s c i e n t i s t s and work d e s i g n e r s 

t h a t t h e a n t h r o p o m e t r i c c h a r a c t e t i s t i c s o f u s e r p o p u l a t i o n s a r e o f 

p a r a m o u n t i m p o r t a n c e i n p r o d u c t and work p l a c e d e s i g n . An e r g o n o m i -

c a l l y d e s i g n e d machine s h o u l d accommodate a t l e a s t 90% o f t h e u s e r 

p o p u l a t i o n . 

I t c a n be seen f r o m F i g 1 t h a t a B r i t i s h d e s i g n t o accomodate 9 0 % o f 

B r i t i s h p o p u l a t i o n s u i t s o n l y 84% o f Swedish, 35% o f S r i Länkans o r as 

l o w as 13% o f V i e t n a m e s e . T a b l e 2 g i v e s t h e p e r c e n t a g e s o f p o p u l a t i o n s 

f r o m 16 c o u n t r i e s t h a t can be accomodated by a B r i t i s h d e s i g n . The 

g r o s s i n a d e q u a c y and m ismatch o f a machine d e s i g n e d f o r t h e IC t o 

t h o s e i n IDC i s o b v i o u s . The same h o l d s t r u e f o r d e s i g n s t h a t a r e t o 

be u s e d i n s e a t e d p o s i t i o n . 

The most c o m f o r t a b l e o p e r a t i n g l e v e l f o r handwork i n a s t a n d i n g 

p o s t u r e has been f o u n d t o be 5-10 cm below t h e elbow l e v e l (when 

s t a n d i n g e r e c t ) ( G r a n d j e a n , 1982) ( F i g 3 ) . When t h e o p e r a t i n g l e v e l i s 

h i g h e r o r l o w e r t h a n t h a t o f t h e elbow l e v e l , aches and p a i n s i n t h e 

e l b o w , back o r s h o u l d e r a r e e x p e r i e n c e d by t h e o p e r a t o r . I n a d d i t i o n , 

t h e w o r k i n g e f f i c i e n c y and w o r k i n g r a t e d r o p s . An example s h o w i n g t h e 

o u t l i n e o f a R u s s i a n l a t h e machine and an 'average' ( s t a t u r e ) I r a n i a n 

w o r k e r s h o w i n g most c o n t r o l s between m i d - c a l f and h i p l e v e l , i s shown 

i n F i g 4, (Shahnavaz, 1 9 7 7 ) . S i t u a t i o n s l i k e t h i s can be a v o i d e d by 

u s i n g a l i t t l e f o r e t h o u g h t and i n s t a l l i n g t h e machines a t t h e 

o p e r a t i n g h e i g h t t h a t s u i t s t h e u s e r p o p u l a t i o n i n t h e p a r t i c u l a r 

c o u n t r y . 
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T h i s p r o b l e m i s , however, v e r y common when l a t h e , k n i t t i n g m a c h i n e s , 

e t c , i m p o r t e d f r o m IC a r e used i n IDC. D u r i n g a r o u t i n e check i n S r i 

Lanka i t was n o t e d t h a t i n a l a r g e g arment f a c t o r y , a l l ( o v e r 100) 

i m p o r t e d k n i t t i n g machines o p e r a t e d by women were i n s t a l l e d a t an 

o p e r a t i n g l e v e l o f 105 cm whereas t h e av e r a g e s t a n d i n g e l b o w h e i g h t o f 

S r i Lankan women i s 94.1 cm. T h i s caused many c o m p l a i n t s o f el b o w and 

s h o u l d e r p a i n . E i t h e r due t o u n a v a i l i b i l i t y o f a n t h r o p o m e t r i c d a t a o r 

t h e l a c k o f b a s i c knowledge i n work p o s t u r e d e s i g n , IDCs r o u t i n e l y 

e x p e r i e n c e t h i s k i n d o f work p o s t u r e p r o b l e m s . 

The use o f p e r s o n a l p r o t e c t i v e wear i s i m p o r t a n t and i n e v i t a b l e i n 

h a z a r d o u s e n v i r o n m e n t s . Most IDCs, w h i c h depend on IC f o r t h e s e 

p r o d u c t s , a r e f a c e d w i t h p r o b l e m s r e s u l t i n g f r o m t h e l a c k o f f i t and 

t h e h o t humid c l i m a t e s p r e v a i l i n g i n IDC. 

From t h e head h a r n e s s e s o f h e l m e t s measured i n S r i Lanka ( T a b l e 7 ) , i t 

can be seen t h a t even a f t e r some a d j u s t m e n t i s made, t h e h e l m e t s 

r e m a i n l o o s e and can n o t be f i t t e d p r o p e r l y t o a l m o s t 40% o f t h e 

p o p u l a t i o n . A s i m i l a r l o o s e f i t t i n g can be e x p e c t e d on i m p o r t e d c r a s h 

h e l m e t s ( m a n d a t o r y f o r motor c y c l i s t s ) . 

S i m i l a r o v e r s i z i n g s can be o b s e r v e d i n t h e case o f g o g g l e s and hand 

g l o v e s ( T a b l e 7 ) . These o b s e r v a t i o n s have been made by m e a s u r i n g 

random s a m p l e s o f ppw i n a few f a c t o r i e s i n S r i Lanka. O v e r s i z i n g 

p r o b l e m s seem t o be t h e r u l e r a t h e r t h a n t h e e x c e p t i o n i n t h e case o f 

i m p o r t e d ppw i n IDC and, t h e r e f o r e , w a r r a n t a s y s t e m a t i c i n v e s t i g a t i o n 

and s u b s e q u e n t r e c o m m e n d a t i o n f o r n e c e s s a r y d e s i g n changes. 

A common p r a c t i c e among garment m a n u f a c t u r e r s i n IDC i s t h a t t h e y 

f o l l o w s t a n d a r d s p r e v a i l i n g i n IC w i t h r e g a r d s t o garment measure

m e n t s , even when mak i n g ready-made garments f o r t h e l o c a l m a r k e t . The 

v a r i o u s measurements o f s t a n d a r d s h i r t s i n an IC i s r e p r o d u c e d i n 

T a b l e 9a. These measurements a r e r e p r o d u c e d f r o m a w r a p p e r o f a r e a d y 

made s h i r t made f o r Denmark (an I C ) . The r e l e v a n t body d i m e n s i o n s o f 

S r i Länkans a r e g i v e n i n T a b l e 9b (Ab e y s e k e r a and Shahnavaz, 1 9 8 7 ) . 

The m i s m a t c h i n t h e body p r o p o r t i o n s i s c l e a r . A l t h o u g h a s y s t e m a t i c 

s u r v e y was n o t c o n d u c t e d t o p r o v e t h i s p o i n t , i f a random p u r c h a s e o f 

a ready-made s h i r t i s made i n S r i Lanka i t i s seldom t h a t t h e c o l l a r , 

s l e e v e and w a i s t s i z e s w o u l d f i t t h e b u y e r . The r e a s o n b e h i n d t h e s e 

i n c o m p a t i b i l i t i e s i n s i z i n g o f ready-made garments i n IDC i s t h e l a c k 

o f m a n u f a c t u r e r s ' knowledge a b o u t body p r o p o r t i o n s o f t h e l o c a l 
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p o p u l a t i o n s and t h e l a c k o f r e l i a b l e a n t h r o p o m e t r i c d a t a a v a i l a b l e t o 

them. 

5. CONCLUSIONS 

Modern t e c h n o l o g y has b r o u g h t p e o p l e c l o s e t o each o t h e r . Mass m a r k e t s 

between c o u n t r i e s and l a r g e s c a l e d e v e l o p m e n t a i d programmes have 

r e s u l t e d i n most IDC t o i m p o r t f r o m IC t h e i r i n d u s t r i a l goods o r 

depend on IC f o r t h e s e goods. Many d e s i g n i n c o m p a t i b i l i t i e s i n t h e s e 

goods have b r o u g h t v a r i o u s p r o b l e m s t o t h e u s e r s . I n c o r r e c t s i z i n g o f 

t h e i m p o r t e d goods seems t o a f f e c t t h e u s e r s i n IDC most. An a t t e m p t 

has been made i n t h i s p aper t o show t h e d e g r e e o f d i v e r s i t y o f p e o p l e s 

a n t h r o p o m e t r y i n t h e p r o d u c e r c o u n t r i e s and u s e r c o u n t r i e s . S i m p l e 

e x a m p l e s i l l u s t r a t e t h e p r o b l e m s o f i n c o m p a t i b i l i t y i n i m p o r t e d goods 

i n IDC. 

A c o n s i d e r a b l e body o f a n t h r o p o m e t r i c d a t a on IC p o p u l a t i o n s i s 

a v a i l a b l e t o d a y . However, a n t h r o p o m e t r i c d a t a on IDC p o p u l a t i o n s a r e 

r a r e o r a l m o s t non e x i s t e n t . T h e r e f o r e , mass a n t h r o p o m e t r i c s u r v e y s 

s h o u l d be c a r r i e d o u t i n each IDC t o d e v e l o p n a t i o n a l o r r e g i o n a l 

a n t h r o p o m e t r i c d a t a f o r each such p o p u l a t i o n . A v a i l a b i l i t y o f such 

d a t a w i l l r e d u c e i n c o m p a t i b i l i t y p r o b l e m s . 

L a s t l y , m a n u f a c t u r e r s , d e s i g n e r s , a d m i n i s t r a t o r s , p l a n n e r s , i m p o r t e r s 

o r b u y e r s and u s e r s , s h o u l d be made aware o f t h e p r o b l e m s i n v o l v e d i n 

s i z i n g o r f i t t i n g o f e q u i p m e n t and machines t o d i f f e r e n t p o p u l a t i o n s . 

A s y s t e m a t i c and s u f f i c i e n t e d u c a t i o n i n t h e s e i m p o r t a n t a r e a s o f 

human f a c t o r s e n g i n e e r i n g t o t h e s e g r o u p s o f p e o p l e i s an u r g e n t need. 

REFERENCES 

Ab e y s e k e r a , J.D.A., and Shahnavaz, H., 1987. "Ergonomics 

a s s e s s m e n t o f s e l e c t e d d u s t r e s p i r a t o r s : t h e i r use i n t h e 

t r o p i c s " . A p p l i e d E r g o n o m i c s , V o l . 1 8 , No.4, p.266-272. 

A b e y s e k e r a , J.D.A., and Shahnavaz, H., 1987. "Body s i z e d a t a o f 

S r i Lankan w o r k e r s and t h e i r v a r i a b i l i t y w i t h o t h e r p o p u l a t i o n s 

i n t h e w o r l d : i t s i m p a c t on t h e use o f i m p o r t e d goods". J o u r n a l 

o f Human E r g o l o g y , 16: 193-208. 

B o l t o n , C.B., Kenward, M., Simpson, R.E., and T u r n e r , G.M. 1973. 



9 

"An a n t h r o p o m e t r i c s u r v e y o f 2 000 Royal A i r f o r c e A i r c r e w " , 

1 9 7 0 / 7 1 , T e c h n i c a l R e p o r t 73083, M i n i s t r y o f Defence, F a r n b o r o n g h , 

H a n t s . 

Chang-Chung L i . , S h e u e - L i n g Hwang, and Min-Yang Wang. 1987. "The 

e s t a b l i s h m e n t o f t h e s t a t i c a n t h r o p o m e t r i c d a t a bank f o r C hinese 

c i v i l i a n s " . T r e n d s i n Ergonomics / Human f a c t o r s I V , p.777-783. 

C o u r t n e y , A.T. 1984. "Hand a n t h r o p o m e t r y o f Hong Kong Chinese 

f e m a l e s compared t o o t h e r e t h n i c g r o u p s " , E r g o n o m i c s , v o l 27, No 

1 1 , 1169-1180. 

C r o g n i e r , E. 1 9 8 1 . " C l i m a t e and A n t h r o p o m e t r i c v a r i a t i o n s i n 

Europe and t h e M e d i t e r r a n e a n a r e a " , A n n a l s o f Human B i o l o g y , v o l 

8, No 2, 99-107. 

D a v i e s , B.T., Abdad, A., Benson, K., C o u r t n e y , A., and M i n t o , I . 

1980. "A c o m p a r i s o n o f hand a n t h r o p o m e t r y o f f e m a l e s i n t h r e e 

e t h n i c g r o u p s " , E r g o n o m i c s , v o l 23, No 2, 179-182. 

F r o m e n t , A., and H i e r n a u x , J. 1984. " C l i m a t e - a s s o c i a t e d 

a n t h r o p o m e t r i c v a r i a t i o n between p o p u l a t i o n s o f t h e N i g e r bend", 

A n n a l s o f Human B i o l o g y , v o l 1 1 , No 3, 189-200. 

G r a n d j e a n , E. 1982. "The d e s i g n o f w o r k p l a c e s , i n F i t t i n g t h e t a s k 

t o t h e Man", T a y l o r and F r a n c i s L t d , London. 

H i e r n a u x , J . , and Boedhi H a r t o n o , D. 1980 " P h y s i c a l measurements 

o f t h e a d u l t Hadzan o f T a n z a n i a " , A n n a l s o f Human B i o l o g y , v o l 7, 

No 4, 339-346. 

Hobbs, P.G. 1973. "An A n t h r o p o m e t r i c S u r v e y o f 500 Roal A i r f o r c e 

A i r c r e w Heads, 1972", Royal A i r c r a f t E s t a b l i s h m e n t , T e c h n i c a l 

R e p o r t 73137. 

Kennedy, W. Ke n n e t h . 1975. " I n t e r n a t i o n a l A n t h r o p o m e t r i c 

V a r i a b i l i t y and i t s E f f e c t s on A i r c r a f t C o c k p i t D e s i g n " , E t h n i c 

V a r i a b l e s i n Human F a c t o r s E n g i n e e r i n g . ( E d i t e d by A l p h o n s e 

C h a p a n i s ) , The John H o p k i n s U n i v e r s i t y P r e s s , B a l t i m o r e and 

London. 



10 

L e a t h e r m a n , T.L., and Brooke Thomas, R. 1984. " A n t h r o p o m e t r i c 

s u r v e y o f h i g h a l t i t u d e B o l i v i a n p o r t e r s , " S h o r t R e p o r t s ) , A n n a l s 

o f Human B i o l o g y , v o l 1 1 , No 3. 

L e w i n , T. ( S t u d i e s c o n d u c t e d under t h e l e a d e r s h i p o f Dr L e w i n ) . 

1974. " A n t h r o p o m e t r i c Measurements". Möbel i n s t i t u t e t ( S wedish 

F u r n i t u r e R e s e a r c h I n s t i t u t e ) R e p o r t No 29, June. 

P e r s o n a l P r o t e c t i v e Wear (PPW) i n I n d u s t r i a l l y D e v e l o p i n g 

C o u n t r i e s . 1985. A r e s e a r c h p r o j e c t i n p r o g r e s s , Luleå U n i v e r s i t y , 

C e n t e r f o r E r g o n o m i c s o f D e v e l o p i n g C o u n t r i e s , CEDC, Sweden. 

R o b e r t s , D.F. 1975. " P o p u l a t i o n D i f f e r e n c e s i n D i m e n s i o n s , T h e i r 

G e n e t i c B a s i s and T h e i r Relevance t o P r a c t i c a l Problems o f 

D e s i g n " , E t h n i c V a r i a b l e s i n Human F a c t o r s E n g i n e e r i n g ( e d i t e d by 

A l p h o n s e C h a p a n i s ) , The John H o p k i n s U n i v e r s i t y P r e s s , B a l t i m o r e 

and London. 

Shahnavaz, H., and D a v i e s , B.T. 1977. " A n t h r o p o m e t r i c s t u d y o f 

I r a n i a n s t e e l w o r k e r s " , E r g o n o m i c s , v o l 20, No 6, 651-658. 

T a n n e r , J.M., Pr e e c e , M.A., and Cameron, N. 1982. " I n c r e a s e i n 

l e n g t h o f l e g r e l a t i v e t o t r u n k i n Japanese c h i l d r e n and a d u l t s 

f r o m 1957 t o 1977: C o m p a r i s i o n w i t h B r i t i s h and w i t h Japanese 

A m e r i c a n s " . A n n a l s o f Human B i o l o g y , v o l 9, No 5, 411-423. 



11 

TABLE 1 Av e r a g e s t a t u r e s o f male s and f e m a l e s f o r g r o u p s o f 
c o u n t r i e s i n d i f f e r e n t r e g i o n s 
( A l l m easurements i n c e n t i m e t e r s ) 

EUROPEAN 
CONTIN
ENT AND 
SCANDIN. 

NORTH 
AMERICA 
AND 
CANADA 

MIDDLE 
EAST 

AFRICA FAR 
EAST 
ASIA 

LATIN 
AMERICA 

SOUTH 
ASIA 

MALES 174.18 177.30 168.18 168.14 165.68 165.38 164.85 
( 9 ) ( 2 ) ( 4 ) ( 9 ) ( 9 ) ( 2 1 ) ( 4 ) 

FEMAL: 163.80 162.00 158.00 155.92 156.49 160.00 151.43 

( 1 ) ( 1 ) ( 2 ) ( 6 ) ( 7 ) ( 2 ) ( 3 ) 

(Number o f c o u n t r i e s a p p e a r s i n p a r e n t h e s i s ) 



T2 

T a b l e 2 P e r c e n t a g e s o f accommodation o f 5 t h t o 9 5 t h p e r c e n t i l e o f a 
B r i t i s h d e s i g n f o r o t h e r p o p u l a t i o n s  

I n d u s t r i a l i z e d C o u n t r i e s ( X ) D e v e l o p i n g C o u n t r i e s ^ ) 

U n i t e d S t a t e s 90 T u n i s i s 62 
Germany 90 E g y p t 59 
Sweden 84 S o u t h A f r i c a 57 
F r a n c e 8 1 I r a n 52 
I t a l y 70 * Japan 43 

S r i Lanka 35 
L a t i n A m e r i c a 32 ' 
T h a i l a n d 24 
I n d i a 22 
V i e t n a m 13 

* An I n d u s t r i a l i z e d C o u n t r y 
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TABLE 3. K a t i o s o f mean s i t t i n g h e i g h t t o mean s t a t u r e f o r men f o r 
v a r i o u s c o u n t r i e s ( i n c l u d i n g what has been r e p r o d u c e d by 
Kennedy, 1975)  

Egy p t 0.495 Canada 0.525 
S r i Lanka 0.509 F r a n c e 0.525 
S o u t h A f r i c a 0.512 UK 0.527 
Germany 0.514 Korea 0.528 
T u n i s i a 0.515 Thai 1 and 0.529 
Sweden 0.515 Greece 0.52y 
I n d i a 0.522 T u r k e y 0.530 
L a t i n A m e r i c a 0.522 I r a n 0.530 
Norway 0.522 V i e t n a m 0.530 
USA 0.525 Japan U.543 
I t a l y Ü.525 
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TABLE 4. üroup a v e r a g e s o f b a s i c body d i m e n s i o n s (Mean V a l u e s ) f o r 
s i x c h i e f e t h n i c male p o p u l a t i o n s  

C o u n t r y / E t h n i c üroup 

1 . The West 
( M a i n l y C a u c a s i a n s ) 
A v e r a g e f o r 9 
c o u n t r i e s 

Mean 
S t a t u r e 
i—1  

174.99 

Mean 
S i t t i n g 
H e i g h t (cm) 

91.54 

K a t i o o f mean 
s i t t i n g h e i g h t 
t o mean s t a t u r e 

0.523 

2. A f r i c a 
( M a i n l y N e g r o i d s ) 
A v e r a g e f o r 2 
c o u n t r i e s 168.80 86.60 0.513 

M i d d l e E a s t 
( M a i n l y A r y a n s ) 
A v e r a g e f o r 3 
c o u n t r i e s 168.57 87.57 0.520 

Far E a s t A s i a 
( M a i n l y M o n g o l o i d s ) 
A v e r a g e f o r 4 
c o u n t r i e s 164.78 87.68 0.532 

5. L a t i n A m e r i c a 
( M a i n l y L a t i n A m e r i c a n s ) 
A v e r a g e f o r 18 
c o u n t r i e s 163.50 85.30 0.522 

S o u t h A s i a 
( M a i n l y D r a v i d i a n s 
and A r y a n s ) 
A v e r a g e f o r 2 
c o u n t r i e s 163.45 84.25 0.516 
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T a b l e 5. Mean hand measurements o f f e m a l e s o f d i f f e r e n t c o u n t r i e s , 
w i t h S t a n d a r d d e v i a t i o n s and r e s u l t s o f " t " t e s t 

A l l measurements i n nun 

Hand 
Measurements 

West t u r o p e a n 
(W.E.) ( n = 5 1 ) 

West I n d i a n 
( W . l . ) (n=2U) 

I n d i a n 
( I . C . ) 

P a n j a b ) 
n=21) 

Hand 
Measurements 

Mean S.U. Mean S.U. Mean S.D. 

Hand L e n g t h 
Hand W i d t h 

174.3 
92.9 

9.3 
5.4 

184.0 
97.0 

9.6 
5.3 

178.5 
94.1 

9.2 
5.6 

C o m p a r i s o n s 
" t " v a l u e S / N.S. G r e a t e r D i m e n s i o n 

C o m p a r i s o n s 
H.Length H.Width H.Length H.Width H.Length H.Width 

W.l. Vs. W.E. 

W.l. Vs. I . P . 
W.E. Vs. l . P . 

3.77 

1.83 
1.72 

2.85 

1.66 
0.83 

S 
p<0.0U05 
S.p<0.05 
S.p<0.05 

S 
p<0.005 
N.S. 
N.S. 

West I n . 

West I n . 
I n d i a n P 

West I n . 

Hand 
Measurements 

Hong Kong C h i n e -
ese ( H . K ) ( n - 1 0 0 ) 

B r i t i s h 
( B ) ( n - 7 3 ) 

Japanese 
( J ) (n>5U) 

Hand 
Measurements 

Mean S.D. Mean S.U. Mean S.U. 

Hand W i d t h 91.48 4.47 94 . 1 5.6 90.0 5.0 

" t " v a l u e S / N.S. G r e a t e r U i m e n s i o n 

H.K. Vs. B. 
H.K. Vs. J . 
B. Vs. J . 

3.31 
1.76 
4.22 

S. p<0.0005 
S. p<U.U5 
S. p<U.0005 

B r i t i s h 
Hung Kong Ch. 
B r i t i s h 

Hand 
Measurements 

A f r i c a - S u d a n 
( A . S ) ( n = 5 1 2 ) 

S r i Lanka 
( S . L ) ( n = 2 8 7 ) 

Sweden 
( S . ) ( n = 2 7 9 ) 

E g y p t 
(E)(n=22UU) 

Hand 
Measurements 

Mean S.D. Mean S.U. Mean S.U. Mean S.D. 

Hand L e n g t h 
Hand W i d t h 

182.1 8.6 166.6 
88.7 

6.6 
5.6 

176.0 10.0 160.U 
82.U 

16.6 
6.U 

" t " v a l u e S. / N.S. G r e a t e r D i m e n s i o n 

H.L. H.W. H.L. H.W. H.L. H.W. 

S. Vs. S.L. 
S. Vs. E. 
A.S. Vs. S. 
S.L. Vs. E. 

13.8 
23.18 
8.59 

18.87 

Sp<U.U0Ub 
Sp<0.0005 
Sp<0.0U05 

Sp<U.UUU5 

Swedish 
Swedish 
A f r i c a n 

S r i Lanka 
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TABLE 6. A n t h r o p o m e t r i c d a t a o f t h e head o f S r i Länkans ( 9 ) and t h e 
B r i t i s h ( b U U ) , w i t h l e v e l s o f s i g n i f i c a n c e o f v a r i a n c e s and means 

( A l l measurements i n cm) 

S r i Lankan sample B r i t i s h sample S/N.S. 

Mean S.U. Hi n Max Mean S.D. Min Max F(VAK) t(MEAN) 

1 Head 
c i r c u m f e r e n c e 57.8 2.92 54.1 65.0 57.7 1.37 52.9 62.0 S p<.U5 N.S. 

2 B i t r a g i o n 
C o r o n a l ARC 35.2 1.23 33.5 37.5 36.1 1.26 33.0 41.8 N.S. S p<.05 

3 B i o c u l a r b r e a d t h 10.4 U.96 8.5 12.1 8.9 0.43 7.6 9.9 S p<.05 S p<.001 

4 I n t e r o c u l a r 
b r e a d t h 3.5 0.53 2.9 4.5 3.8 0.33 2.8 4.8 S p<.05 N.S. 

5 Nasal b r e a d t h 4.2 0.66 3.5 5.5 3.7 0.28 2.8 4.6 S p<.Q5 S p<.05 

6 Mouth b r e a d t h 5.8 0.76 4.8 7.1 4.8 0.39 3.8 6.1 S p<.05 S p<.0Ul 

7 Head B r e a d t h 15.8 0.87 14.5 17.3 16.3 Ü.56 14.6 18.4 S p<.10 N.S. 

8 B i g o n i a l b r e a d t h 10.7 1.10 8.8 12.9 11.9 0.52 10.6 13.6 S p<.U5 S p<.05 

9 Head l e n g t h 19.7 0.71 19.0 21.5 20.5 0.60 18.8 22.3 N.S. S p<.05 

10 N o i s e t i p t o 
back o f head 22.3 0.91 21.0 24.0 22.6 0.70 20.5 24.6 N.S. N.S. 

11 N a s i o n t o 
back o f head 19.6 U.80 18.8 21.4 20.3 0.60 18.5 21.9 N.S. S p<.05 

12 N a s i o n t o v e r t e x 10.5 1.45 8.8 14.0 11.3 0.77 8.7 13.5 S p<.05 N.S. 

13 Sub N a s a l e 
t o v e r t e x l b . l 1.26 13.0 18.0 16.7 0.76 14.5 18.8 S p<.05 S p<.001 

14 A l v e o l a r e 
t o v e r t e x 16.4 1.10 15.2 19.2 _ _ _ 

15 Menton t o 
v e r t e x 22.1 1.46 20.2 25.0 23.9 0.85 21.4 26.5 S p<.05 S p<.001 

16 N a s i o n t o m e n t o n 11.6 1.06 10.0 13.6 12.5 0.62 10.8 14.8 S p<.05 S p<.05 

17 N a s i o n t o 
A l v e o l a r e 5.9 0.82 4.6 7.8 _ _ _ _ 

18 Menton t o 
A l v e o l a r e 5.7 0.90 4.8 7.8 - • _ 

19 N a s i o n t o 
S u b n a s a l e 4.6 0.47 4.0 5.3 5.4 0.39 4.2 7.1 N.S. S p<.001 

20 Nose t i p t o 
N a s i o n 2.7 0.44 2.3 3.3 2.3 0.35 0.6 3.3 N.S. S p<.05 
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TABLE 7 R e s u l t s o f measurements c a r r i e d o u t on head h a r n e s s o f 
i m p o r t e d i n d u s t r i a l s a f e t y h e l m e t s , g o g g l e s and hand g l o v e s 
i n S r i Lanka and t h e r e l e v a n t mean a n t h r o p o m e t r i c 
measurements o f S r i Lankan and B r i t i s h p o p u l a t i o n s 
( A l l measurements i n c e n t i m e t e r s ) 

1. I n d u s t r i a l s a f e t y h e l m e t s w i t h a d j u s t a b l e head h a r n e s s  
( 3 t y p e s o f h e l m e t s o f a s t a n d a r d s i z e ) 

C i r c u m f e r e n c e ( h e a d h a r n e s s ) S r i Lankan B r i t i s h 

P e r c e n t i l e 
Mean maximum = 66.0 
Mean minimum = 54.0 

5 t h 9 5 t h 
51.5 57.0 
( 4 0 t h p e r c e n t i l e = 

5 t h 9 5 t h 
55.4 59.8 
54.0) 

Head l e n g t h ( h e a d h a r n e s s ) 

Mean maximum = 24.0 
Mean minimum = 16.5 

15.6 19.4 
( 1 0 t h p e r c e n t i l e = 

18.8 20.9 
16.4) 

2. G o g g l e s ( 1 t y p e s ) 

S r i -ankan B r i t i s h 

Mean i n t e r o c u l a r b r e a d t h 
( g o g g l e s = 2.5) 
Mean b i o c u l a r b r e a d t h 
( g o g g l e s = 13.25) 

3.05 

10.30 

— 

3. I n d u s t r i a l g l o v e s 

L e n g t h * B r e a d t h * 
( g l o v e s ) 

Hand l e n g t h 
(mean) 

Hand b r e a d t h 
(mean) 

L a r g e s i z e 
Sample 1 19.0 11.0 
Sample 2 19.0 12.5 
Sample 3 20.0 13.0 
S m a l l s i z e 
Sample 4 15.0 12.0 

S r i Lanka 

( 1 7 . 9 5 ) 

S r i Lanka 

( 9 . 9 5 ) 

* The l e n g t h and b r e a d t h on g l o v e s were measured s i m i l a r t o 
measurements on human hands. 
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UHU. b. Comparative Analysis of Body dimensions between Sri Länkans 
and Swedish or B r i t i s h p o p u l a t i o n s 

HALtS ( A l l measurements In cm) 

Budy dimensions and S r i Lanka Sweden (S) or B r i t i s h (B) 
measurements (Age 21-51 Age 25-49 (Age 18-45 

years) years) years) 

Mean S.U. N*« Mean S.U. s i g / 
Not S 
... 

S i t t i n g ' 
FS • from Seat 
ff • From Floor 

1 Weight s i . u e 8.31 424 S 72.4 9.6 85 Sig 

2 Vert Funct Reach 126.U1 5.5U 435 8 138.4 5.5 587 
Sig 

3 Hor f u n c t Keach (FS) 78. U8 4.39 435 8 80.2 3.6 1996 

4 Buttock t o knee 55.64 3.22 436 B 60.8 2.7 2UU0 * 

5 S i t t i n g h e i g h t (FS) 83.34 2.76 434 S 89.9 4.J 87 
6 l y e h e i g h t s (FS) 72.8» 4.13 435 S 78.5 4.2 87 * 

7 Eitra» Kest n t (FS) 19.83 4.18 436 S 22.4 3.1 87 
8 t h i g h c l e a r ht (FS) 12. US 2.54 435 S 15.2 3.7 87 
9 knee h e i g h t (FF) 45.63 2.81 431 S 52.8 3.0 86 
1U Seat h e i g h t 38. Ul 2.91 434 S 42.5 2.9 87 

Standing 
11 Upward Keach 2U8.37 11.52 435 S 223.3 6.1 85 
12 Span 169.1 8.9 435 8 182.8 7.3 1998 
U S t a t u r e 163.90 6.35 435 S 174.5 6.9 86 
14 Eye h e i g h t 153.53 6.22 432 S 163.U 6.8 87 
15 Shoulder h e i g h t 137.71 5.92 435 S 144.4 6.1 85 
16 Elbow heig h t 1U1.4U 7.00 436 S 1U9.9 4.8 85 
17 Halst h e i g h t 1U6.82 6.44 435 8 111.7 4.8 348 

18 Crotch h e i g h t 77.53 4.89 433 B 85.4 4.3 2UU0 
l y Finger t i p h e i g h t 60.7 3.88 435 B 65.S 3.8 85 * 
20 Acromial Mr 1st l e n g t h 53.22 2.72 436 S 59.5 2.3 85 
21 Biacromlal Breadth 36.83 2.34 434 B 4U.7 1.9 2UUU * 

22 Hip Breadth 25.U4 1.77 436 S 34.6 1.8 BS 
23 Chest Breadth 24.94 2.68 436 S 3U.2 2.0 86 
24 Chest depth 17.06 1.99 436 S 21.3 1.8 85 

Circumferences IC) 
2S Wrist C 15.43 U.98 435 B 17.4 1.0 1999 
26 Neck C 34.16 2.23 436 B 38.2 1.7 2UUU 
27 Chest C 8U.58 5.50 436 S 96.1 6.4 85 
28 waist C 68.86 6.82 436 B 82.9 6.5 348 
29 Buttock C 82.31 ».66 432 S 98.2 5.7 85 

Foot 
3U HjTT of f o o t C 22.IM 1.64 433 B 25.0 1.2 2UUU 
31 Foot l e n g t h 25.28 1.74 434 S 26.2 1.5 65 
32 Foot breadth 10.58 1.U6 435 S 9.7 0.6 B5 

Head and Face 
33 Head c 54.29 1.84 436 8 57.7 1.4 2UUU 
34 B i t r a g i o n Coronal Arc 34.32 2.37 436 8 35.3 1.3 2U0U 
35 Head l e n g t h 17.75 1.21 434 8 19.9 0.6 20UU 
36 Head breadth 14.28 1.17 436 8 15.8 U.5 2UUU * 

37 Nasion t o menton 11.98 1.75 431 8 12.3 0.7 2UUU 

38 B i t r a g i o n Diameter 12.96 2.02 435 B 13.9 U.5 200U 
3V I r a g l o n t o Vertex 13.4 2.2 431 B 13.U U.6 2UUU 

40 Menton t o vert e x 2U.27 2.88 432 8 23.U I.U 7IIIIII * 

Hand 
41 Hand l e n g t h 17.94 1.2U 43b S 19.4 1.2 B4 

* S r i Unkan dimension S i g n i f i c a n t l y l a r g e r 
** Number o f Subjects (N) 
*•• S i g n i f i c a n t ( S l g ) / N o t S i g n i f i c a n t (Not SIg) (Slg.p<.0Ul) 

FtMALKS 

Sri Lanka Sweden (S) or J r l t l s h B) 
(Agu 21-51 »ge 25-49 [Age 18-45 
years) vears) years) 

Mean S.U. N " Mean S.U. M"« Sig/ 
Not S 
.«« 

43.37 6.5S 267 S 6U.8 8.1 279 Sig 

114.16 4.8U 286 
72.45 7.53 287 
53.4 2.95 289 
77.38 2.23 288 S 86.U 3.3 77 

67.34 3.6U 287 S 7.54 3.0 11 * 
18.5 2.95 287 S 21.7 3.6 JJ 
11.41 2.4U 288 S 15.7 2.9 77 

42.21 2.69 284 S 49.7 3.1 77 

34.93 2.42 285 S 39.U 3.1 77 

191.28 11.86 288 S 2U5.B 5.6 279 

154.5 9.9 288 
152.28 5.88 288 S 163.8 6.U 279 

141.89 5.89 288 S 152.9 5.9 279 

127.26 5.40 287 S 134.5 5.5 219 

94.15 6.21 286 S 103.2 4.4 279 

IUI.28 5.11 288 S 101.b 4.7 279 NS 

77.62 6.U9 186 S 75.4 4.U 279 S* 

57.1 4.51 288 S 63.2 3.6 279 M g 

49.59 2.97 288 S 53.7 2.0 279 
M g 

33.14 1.85 285 S 36.2 1.6 279 • 

33.64 2.22 285 S 36.1 2.4 77 * 
22.48 1.91 288 S 25.U 1.9 279 • 

16.15 1.94 288 S 17.4 1.6 279 

13.87 U.87 287 
29.47 1.97 288 
BU.81 5.84 288 S 87.4 5.7 279 

63.34 6.12 288 
83.29 5.4U 287 S »7.1 6.4 279 

2U.64 1.34 288 
23.44 1.32 288 S 24.u 1.1 279 * 

9.57 1.21 288 

52.35 1.46 288 
32.75 2.35 288 
17.13 1.U4 288 

13.69 1.73 288 
11.34 1.61 287 

12.22 1.27 288 
12.7 1.4 288 
19.34 2.03 287 

16.66 1.40 287 S 17.1 l.U 279 
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TABLE 9 ( a ) and ( b ) . R e p r o d u c t i o n o f s h i r t s i z e s f r o m a r e a d y made 
s h i r t ( w r a p p e r ) s o l d i n Denmark and r e l e v a n t body d i m e n s i o n s 
o f S r i Länkans  

( a ) S h i r t s i z e s r e p r o d u c e d f r o m r e a d y made s h i r t w r a p p e r i n Denmark 

FLIP 30 37 38 39 40 4 1 42 43 44 45 46 

BRYST 104 110 110 116 116 124 124 132 132 140 140 cm 

L I V 92 9B 98 104 1U4 116 116 124 124 132 132 cm 

LANGT ÆKME 65 65 65 65 65 65 65 6b 65 65 65 cm 

KURT PBWE 26 26 26 26 26 26 26 26 26 26 26 cm 

FLIP - CULLAR ( C o l l a r o r neck c i r c u m f e r e n c e ) 
BRYST - CHEST ( C h e s t s i z e o r c h e s t c i r c u m f e r e n c e ) 
L1V - WAIST ( S i z e a r o u n d w a i s t o r w a i s t c i r c u m f e r e n c e ) 
LANGT ÆkME - LUNü SLEEVE (L o n g s l e e v e s i z e o r arm l e n g t h ) 
KURT ffi<ME - SHURT SLEEVE ( S h o r t s l e e v e s i z e o r u p p e r arm l e n g t h ) 

( b ) R e l e v a n t Body d i m e n s i o n s o f S r i Länkans ( M a l e s ) 

Mean S.D. 5 t h 9 5 t h Range Numer o f 
p e r c e n t i l e p e r c e n t i l e s u b j e c t s 

Neck 

c i r c u m f e r e n c e 34.2 2.2 31.0 38.0 21.5-42.0 436 

Chest 

c i r c u m f e r e n c e 80.6 5.5 72.5 91.8 65.U-1U4.Ü 436 

Wai s t 
c i r c u m f e r e n c e 68.9 6.8 60.5 80.U - - 436 
Arm l e n g t h 
( A c r o m i a l 
W r i s t l e n g t h ) 53.2 2.7 48.6 57.3 41.0-62.3 436 
Upper arm l e n g t h 
( A c r o m i a l 
e l b o w l e n g t h ) 25.6 3.1 23.9 27.1 - - 435 





21 

Fig. 2 PEECENTILE VALUES OF SITTING HEIGHTS OF MALES FROM 15 æUNTRIES  

( S i t t i n q heights measured from s i t t i n g surface) 
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Fig. 3 OPERATING LEVELS ON MACHINES FOR A STANDING WORKER 

Too High Optimum Level Too Low 

Involves r a i s i n g of 
arm and elbow 

5 - 10 an below 
elbow lev e l 

Involves bending of 
back and lowering shoulders 

Fig. 4 OUTLINE OF A SOVIET LATHE MACHINE 
AND AN 'AVERAGE'IRANIAN WORKER 
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Personal protective equipment (PPE) as an ultimate source of preventing 
occupational injury is needed extensively in both Industrialized Countries 
(IC) and Industrially Developing Countries (IDC). Comfort needs not 
being met seems to be a major problem resulting in non-use of PPE. 
I D C which are mainly importing PPE from I C are confronting many 
ergonomics problems because the equipment designed for I C condi
tions is inappropriate for use in I D C due to significant differences in 
user body sizes, environment, tasks and working methods, etc. By 
employing the method of questionnaires, information was obtained from 
manufacturers in I C to ascertain the design concepts and demands placed 
in the production of PPE, and from health and safety authorities in I D C 
to learn the user characteristics and capacities in its use. The results 
reveal that, while the manufacturers place greatest emphasis in the pro
tection performance of the equipment, the users in I D C refuse to wear 
it because comfort needs are not fulfilled. The equipment, grossly 
unpopular among users, is not worn and thus fails to achieve its primary 
purpose. The need for maximum achievable comfort in the design 
taking into consideration the user characteristics is emphasized. 

The large scale of industrial activity in both developed and developing coun
tries brings many material benefits to society. It also produces undesirable effects 
such as occupational diseases and accidents. 

Many methods to control these two sources of hazard are practiced today: 
automation, improvement and provision of safety measures in machines and work 
design, engineering control of the environment, the use of less harmful material, 
minimizing exposure periods to hazards through job rotation, etc. When all 
these measures have been attempted or considered, but prove insufficient or 
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ineffective, personal protective equipment (PPE) should be recommended as a 
last resort. Sometimes PPE becomes the only and inevitable method of defence, 
e.g. for the entry of people into hazardous environments such as fire fighting, 
toxic chemical releases, etc. 

The use of PPE is more common in some Industrialized Countries (IC). 
It is reported that seven out of ten Swedes put on overalls, protective smocks, or 
uniforms at work (Working Environment, 1982). The incidence of occupational 
hazards in Industrially Developing Countries (IDC) is higher than in I C . For 
example, the rate of fatal accidents in I D C has been reported to be approximately 
five times higher than in I C (Tenth World Congress, 1983). Methods of control 
of occupational hazards, e.g. engineering control methods or automation, are 
often too expensive for the poor economies of IDC. Due to the higher prevalence 
of occupational hazards and the fact that PPE is a cheaper method of control of 
these hazards, the use of PPE in I D C plays a major role and is of much concern 
in the control of occupational hazards. It is seen that PPE is required extensively 
in both I C as well as in I D C . 

However, variabilities that are apparent in physical, cultural and sociological 
environments as well as technological and anthropological factors of people 
between I C and I D C prompted us to believe that transplanted PPE technology 
would result in failure. This is because transplanted technology which does not 
consider the local human operator within the system of the man-machine-environ
ment can result in unanticipated problems. It is a well known fact that there are 
significant differences between I C and I D C within the physical environment 
(thermal) and in anthropometry (body sizes) (ABEYSEKERA , 1985). An adjustable 
helmet designed in Europe did not properly fit 40% of heads in a Sri Lanka (an 
IDC) study (ABEYSEKERA , 1985). Safety clothing designed with insulation prop
erties for cold climates is unsuitable and extremely uncomfortable for people 
living in the hot and humid environment of the tropics. 

A designer from an I C ideally selects his design parameters suitable for a 
population he knows, in a given known environment. The articles transferred 
from an I C may need to be adapted, modified, or redesigned to meet the ac
quirers' or users' needs. It is now believed that many design incompatibilities in 
imported products cause problems to the users in IDC. 

Another important consideration in the manufacture and sale of PPE in I C 
is that the designer is guided by local standards pertaining to these goods. The 
I C standards that aie available for PPE, as can be expected, predominantly em
phasize hazard protection performance for the wearers. Ergonomics factors 
(e.g. comfort, fit, etc.), are hardly mentioned in these standards. Therefore, the 
ergonomics needs tend to be deliberately neglected or overlooked by manufac
turers when designing for either local or foreign users. 

It can be anticipated that considerable inconvenience and fatigue may be 
caused to the wearers of PPE if the manufacturers do not consider wearability 
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requirements of the users. The literature reveals that even in ICs many such 
problems cause gross unpopularity and rejection of PPE by the users (SHEPHARD, 
1961; STROUD and RENNIE , 1982). In I D C the problems are even more pro
nounced as the imported PPE is unlikely to fit the sizes of people, or be comfortable 
in hot and humid climates. Furthermore, different methods and traditions of 
tasks, tools and equipment may not be accommodated in the equipment design. 

If PPE is presented to the worker without any regard to acceptance or wear-
ability factors, it will result in its non-use. This leaves the worker exposed to 
hazards, and so the whole exercise of manufacturing PPE (despite a very high 
protection factor), of providing and implementing a PPE programme would be 
a sheer waste of money, time, and effort. 

Therefore, there is a great need to develop techniques for solving such pro
blems and to achieve the successful implementation of PPE programmes. This 
study has been aimed at investigating the wearability problems of PPE in ICs and 
more particularly in IDCs. The findings reported in this paper provide basic 
clues for resolving the wearability problems. 

M E T H O D S 

To determine the state of match between the demands of the product designed 
by the manufacturers and the available capacities (abilities to cope up with 
demands of PPE such as additional work load, weight, discomfort, etc.) of the 
users so that effective and acceptable PPE is made and used, investigations were 
centered around the I C designer's model and focused on the demands placed 
on PPE and I D C user characteristics and their capacities in using PPE 
(SHAHNAVAZ , 1985) (Fig. 1). 

Information from PPE manufacturers in I C was obtained by employing the 
mail questionnaire method. The concepts, policies, and knowledge of the manu
facturers with respect to the design, production, sale, and use of PPE were im-
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Fig. 1. The model-image. Match/mismatch relationship (after S H A H N A V A Z, 1985). 
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portant for the purpose of ascertaining the demands and priorities of producers 
of PPE. Another important aspect studied was the designer's attitude towards 
fulfilling the ergonomics needs in PPE and the emphasis placed by them on ad
aptation of these products to the new requirements and users in I D C . 

Due to the practical difficulties of reaching the ultimate users of PPE in I D C , 
information with regard to the use and supply of PPE was obtained from au
thorities on safety and health in I D C . Government control organizations and 
other institutions dealing with safety and health in I D C were contacted through 
a postal questionnaire. This questionnaire covered the following areas of in
vestigation: (a) anthropometry and climatic conditions; (b) categories of workers 
employed, occupational hazards, and PPE users; (c) parts of the body most fre
quently affected by hazards, and the methods of control of these hazards; (d) 
need, supply, and use of PPE and any problems involved in supply and use; (e) 
laws and standards; and (f) acceptability and causes of unpopularity of PPE. 

A case study is being carried out in one I D C , viz. Sri Lanka, which has pro
vided an opportunity of interviewing users of PPE as well as field evaluation of 
conclusions derived from results of questionnaires. 

Questionnaire to manufacturers of PPE in IC 

Out of 250 questionnaires sent to manufacturers in I C , 48 questionnaires were 
completed and returned. Together with other replies received from the respond
ents the response rate was 31 %. Manufacturers who responded were from USA, 
Sweden, Netherlands, Austria, Japan, Finland, Australia, Canada, Germany, 
U K , and Israel. The protective equipment manufactured by the manufacturers 
included headgear, respirators, protective gloves, safety shoes, goggles, protective 
clothing, ear protectors, and face shields or visors. 

Design and development: To the question "What aspects of design are 
more preferred: protective or ergonomics aspects?" 80% of the respondents 
gave preference to protective aspects and only 20% to ergonomics aspects. In 
the areas of design and development, the manufacturers priorities given on a rating 
scale provided information as shown in the histogram in Fig. 2. 

Research: A total of 71 % of the respondents indicated that they conducted 

RESULTS 

Table 1. 

Areas of research Percentage of respondents 

Material used to make PPE 
Protective aspects 
Ergonomics aspects 
Low cost of production 
Marketing 

76 
60 
58 

52 
11 
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Table 2. Standards. 

Percentages of respondents 

Types of standards followed 

National 79 

International 52 
Company (Manufacturing) 40 

Military 10 

Areas of standards 

Protection factors and performance 73 

Material 63 

Ergonomics factors (mainly sizes) 50 

Reasons for following standards 
Legal requirement 60 

Better market 54 

Worker protection 48 

Better workmanship 8 

Table 3. Preference in methods for increasing market share. 

Preferred methods Percentage 

Improve performance 68 
Modification to users needs 43 

Market research 39 

New design 39 

Advertising 36 

Style 33 

Low price 25 

internal research in the design and sale of PPE. Areas of research and the per
centages of respondents conducting such research are indicated in Table 1. 

Standards: With respect to standards that are stipulated for PPE and are 
being followed, 90% of the respondents indicated that they follow standards. 
Details of standards that are being followed are shown in Table 2. 

Marketing: Although 96% of the respondents indicated that they export 
to other countries, only 56 % said that they export to I D C . It was important to 
know whether they were aware that large stocks of PPE reach I D C through I C 
contractors working in I D C or on Development Work Projects. Surprisingly, 
only 8 % of the respondents were aware of this method of exports. To improve 
the market share in PPE the manufacturers employ different methods as indicated 
in Table 3. 

IDC users complaints: Finally, it was important to know whether manu
facturers were aware of ergonomics factors or the complaints of PPE users in 
I D C . Unfortunately only 20% were aware of any such complaints, probably 
due to the fact that such complaints only reach the local wholesaler or dealer. It 
was shown that only 38% (hot conditions, 25%; wrong sizes, 13%) were aware 
of any ergonomics problems in the use of PPE in I D C . This works out to only 
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7.6% of the total respondents actually admitting to being aware of any ergonomics 
problems in I D C . This is a remarkable finding. 

Questionnaire to health and safety authorities in IDC 

Out of 69 questionnaires sent to health and safety authorities in thirty-five 
I D C , 35 questionnaires were received completed (response rate of questionnaire= 
51 %). Twenty-four countries took part in the survey by completing one or more 
questionnaires, (response rate of I D C =69%). The countries that took part in 
the survey were Indonesia, Kenya, Philippines, Sri Lanka, Zambia, Turkey, 
Thailand, Pakistan, Tanzania, Korea, Zimbabwe, Chile, Kuwait, China, Sierra 
Leone, Costa Rica, Republic of South Africa, Bangladesh, Ethiopia, India, 
Malaysia, Columbia, Mexico, and Papua New Guinea. Out of the balance of 
11 countries, the authorities in seven countries informed us by letter that due to 
insufficient data, they were unable to take part in the survey. Of the respondents, 
86 % were from government institutions, 11 % from universities, and 3 % from 
private organizations. The survey covered information concerning 314 million 
male workers and 148 million female workers. 

The anthropometric and environmental data of I D C as revealed by the 
respondents were compared with relevant data from I C (ABEYSEKERA , 1985). 
The anthropometric data included the statures and weights of males and females. 
Environmental data included the air temperatures and air humidities. The dif
ferences in means were found to be highly significant for all these items (p< 
0.0005). 

The answers revealed that the greatest number of employees in I D C were 
from agriculture but that the highest number of occupational hazards and of 
PPE users were in the manufacturing sector. 

Occupational diseases and accidents. The respondents were asked to indicate 
the parts of the body organs that are affected by occupational diseases and ac
cidents. The histogram in Fig. 3, derived from the respondents' answers, specifies 
the trend of occupational diseases and accidents. The different methods of con
trol of occupational hazards adopted in I D C and the preferences for each method 
as revealed by the respondents are shown in Table 4. 

Need and supply of PPE: According to the respondents, 52% of the workers 

Table 4. Preferences in the use of methods for controlling occupational hazards in IDC. 

Method 
Most used 
method .. 

1 2 3 4 

Least used 
method 

5 

Percent 
popular 

Use of less harmful 
substances 2 1 17 10 0 15 

Engineering control 18 12 5 0 0 35 

PPE 16 16 1 2 0 34 

Employee rotation 2 4 8 13 1 14 

Other methods 0 0 0 3 5 2 
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Table 5. Reasons given by the employers for not providing PPE to the 

workers (respondent percentages). 

Reason Percentage 

Workers do not wear them 91 
They are costly 57 
Not available in the market 46 

Not aware that PPE should be given 46 

Not aware which type to be given 46 

PPE do not give significant protection 23 
Other reasons (Foreign exchange problems, 

workers misuse them, etc.) 14 

Table 6. Supply sources of PPE used in IDC. 

Sources Percentage 

Imported from industrialized countries 58 
Imported from other developing countries 9 

Locally manufactured 33 

need PPE at work, but only 27% of those who need them are supplied with them. 
When questioned as to why PPE is not supplied to the workers, the answers 
usually given by the employers, as reported by the respondents, are shown in 
Table 5, together with the percentages. An important finding was that 91 % of 
the respondents agreed that the employers give the reason "Workers do not wear 
them." Table 6 gives the supply sources of PPE to IDCs according to the re
spondents. The results reveal that a significantly high percentage of PPE used 
in I D C are obtained from I C (z 2=36.4; p< 0.001). 

Laws and standards. A total of 97 % of the respondents said that the oc
cupational health and safety laws in their countries specified the provision of 
PPE and 86% said that there are also provisions in the law regarding how they 
are used. The importance of standards in PPE design was rated by the respon
dents on a 6 point-scale from "not at all important" to "very important." The 
results revealed that 74% considered standards important. To the question 
about whether laws or regulations specify any standards for PPE, 57% of the 
respondents have answered in the affirmative and 43 % said that there are no laws 
to specify standards in their countries. The negative answers may indicate the 
lack of standards for PPE in many I D C . 

Acceptability of PPE. Regarding acceptability of PPE, questions were 
framed in order to obtain the opinion —as hypothesized by the respondents— 
of PPE users as well as the personal opinion of the respondents. The respondents 
were also asked to suggest any remedies to solve problems of unpopularity of 
PPE. 

A significantly high percentage, 73 %, said that PPE was "Unpopular" among 
workers, 15% answered "Popular" and 12% said "Don't know", (%2=38.2; 
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Table 7. Respondent ratings for suggestions for overcoming problems of 
unpopularity of PPE. 

Suggestions Most important 
1 

Least important 
4 

Strict law enforcement 4 3 7 18 

Effective supervision 1 5 19 7 
Improve comfort 15 13 3 3 
Hazard awareness (Workers) 19 14 1 1 

Table 8. Problems of supply and use of imported PPE (percentage responses). 

Supply Percentage Use Percentage 

High cost 93 Do not fit/Obstruct 77 
Import restriction 45 Too hot 27 

Delays in supply 2S Uncomfortable 23 
Lack of spares 7 Lack of awareness of hazards Lack of spares 

or use of PPE 20 
Red tape (Bureaucracy) 7 Too heavy 13 
Supplier unaware of needs 7 Cannot use in different work 

environs 7 

Others (No supplier) 10 Others (No maintenance, Others (No supplier) 
cannot understand 
instruction, and allergic 
effects) 20 

/j<0.001). Respondents estimated that, of the workers who are provided with 
PPE, actually 29% use it. The result closely corresponds with estimates of usage 
rates (between 26% and 34%) of safety helmets in the construction industry as 
shown by HICKLING (1984). Their suggestions, with ratings, to overcome prob
lems of unpopularity are shown in Table 7. "Hazard awareness" and "Im
prove comfort" have been highly rated as very important by the respondents. 
According to the respondents, the users' reasons for rejecting the wear of PPE 
are shown in Fig. 4. Discomfort seems to be the main cause (86%) for the 
unpopularity. Hotness, obstruction of work, and fitting problems can be at
tributed as specific reasons for the discomfort and unpopularity. 

Supply and use of imported PPE. Finally, with regard to the problems of 
supply and use of imported PPE, the respondent reactions are shown in Table 8. 
Financial constraints appear to be the main cause in the problems of supply. 
In the use of imported PPE in I D C , the wrong fit seemed to be an even greater 
problem area than hotness and heaviness. 

DISCUSSION 

The results of the questionnaires to PPE manufacturers in I C and health 

and safety organizations in I D C revealed some basic info, mation to work on, 

regarding the improvement of ergonomics aspects of PPE and its successful use 

in I D C . 
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The manufacturers are obviously interested in producing articles that could 
find bigger markets, whether in the country of manufacture or abroad, and to 
make bigger profits on their products. In the use of PPE, the protection factor 
should of course be considered essential and towards this end the manufacturers 
develop their products. The human-factor aspects of design are not emphasized. 
Accordingly, the results of the questionnaire revealed only a marginal importance 
(20%) for human-factor aspects in the design, even in the countries of manufac
ture. The chances or the need for I C manufacturers to consider these aspects that 
are different in I D C therefore seem extremely remote. A closer examination of 
the answers of manufacturers who indicated a preference for human-factor aspects, 
revealed that they, in fact, make PPE that is generally uncomfortable in current 
designs, e.g. ear muffs or respirators, etc. Unless and until the comfort aspects 
are improved, they cannot sell their products. 

The results also show that whether it is in design and development or research 
carried out by the manufacturers, the concept has been always a trend towards 
the development of protection aspects (Fig. 2 and Table 1). The neglect of com
fort aspects when considering protective aspects can result in PPE either not worn 
at all or worn during only part of the period of exposure to hazards. 

To motivate the manufacturers to change these concepts, it will be necessary 
to convince them of the market possibilities for the products after such changes 
are made. The present attitudes of manufacturers about improving markets are 
biased towards quality or performance improvement (68%, Table 3) of their 
products, a principle usually adopted in competition. A closer scrutiny of the 
answers by the manufacturers shows that the quality improvement does not 
cover the wearability aspects of PPE. 

With regard to the markets in I D C , though 56% of respondents indicated 
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Fig. 4. Reasons of unpopularity of PPE in IDC (Reasons given by the workers as hypothe

sized by the respondents) (respondent percentages). 

exports to I D C , only 8 % were aware that large stocks of PPE are taken by IC 
contractors to I D C on development work projects. The results of the ques
tionnaire to health and safety authorities in I D C also show that 5 8 % of PPE 
used in I D C is imported from I C (Table 6). 

An important finding is that only a small percentage of the manufacturers 
(20%), were aware of problems of PPE users in IDC, and only 7.6% of total re
spondents were aware of ergonomics problems in I D C . This may be due to 
several intermediaries between the manufacturer and the user and therefore the 
user complaints seldom reach the manufacturer. From the user's point of view 
in I D C , unpopularity of PPE is evident in most answers provided by I D C re
spondents. Significantly, a high percentage ( 7 3 % ) declared that PPE was un
popular. All PPE used in IDC—whether imported from I C or other I D C , or 
locally manufactured—seems to be unpopular. The respondents in I D C also sug
gest that by improving comfort and making the workers aware of hazards, the 
problems of unpopularity would be overcome (Table 7). 

The workers refusal to wear PPE, a popular reason given (91 %, Table 5) by 
the employers for not providing PPE, is another indication of unpopularity in 
the use of PPE. Discomfort ( 8 6 % , Fig. 4), the main cause of unpopularity of or 
the refusal to wear PPE, is mainly attributable to hotness ( 7 4 % and 2 7 % ) , lack 
of fit ( 6 3 % and 7 7 % ) , and obstacles to work ( 7 4 % ) according to workers impres
sions (Fig. 4) and that of the respondents (Table 8), respectively. 

The comparison of the basic anthropometric data and environmental data 
between I D C and I C reveals highly significant differences between sizes of people 
and climates. Complaints of lack of fit and the hotness of PPE made in I C when 
used in I D C can therefore be expected. Complaints of hotness, lack of fit, and 
obstacles to work were also reported in a survey in Britain (HICKLING, 1984). 

But the problems can be more pronounced in I D C . Apart from the fitting and 
hotness there can be other causes for discomfort e.g. fatigue or extra energy cost 
due to factors such as weight and heat built up in the body as revealed in several 
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studies (HETTINGER and EISSING, 1983; Erdösi SÄNDOR, 1970; KAMIN and 

SCALONE, 1974; CHATTERJEE, 1969). 

In order to persuade manufacturers to meet comfort needs in PPE, a course 
of action that can help is the development of standards for comfort needs, e.g. 
ventilation, low weight, sizes that fit, etc. Although 9 0 % of the manufacturer 
respondents seem to follow standards stipulated for protective gear, the area of 
standards are mainly with respect to protection and performance. The ergonomic 
standards (if any) that are followed pertain to sizes, as revealed by the manufac

turers (Table 2). 
While the manufacturers think that lowering the cost of PPE is of very low 

priority both in design and development ( 1 9 % , Fig. 2) and in increasing the 
market share (25 %, Table 3), from the user's point of view, low cost is of highest 

priority, (93 %, Table 8). 
As comfort in a PPE can be improved only to a certain limit without affect

ing the protection efficiency and also at minimum cost to the user, a compromise 
has to be reached in the manufacture and use of PPE. At the optimum level of 
comfort and protection there could still be a degree of discomfort in PPE. This 
level of discomfort has to be accepted by the user. Compulsory periods of 
wear, training, education, acclimatization, and supervision may be remedies to 
accept the unavoidable discomfort in PPE. 

CONCLUSIONS 

The aim of this study was to achieve a matching situation between the manu
facturer and the user to effect safe and efficient use of PPE in I C and more par
ticularly in I D C . From the results of the studies conducted so far, the following 
course of action can be proposed. (These proposals are being evaluated prac
tically through the Sri Lanka case study that is being carried out at present. The 
results of this evaluation will be reported in due course). 

Changes in the designer's model (In line with the user needs) 

a. Although PPE is extensively needed in I D C , its use is extremely unpopular. 
b. Therefore, meeting ergonomic needs in PPE is essential but has to be 

done with the least effects on protective performance. The ergonomic require
ments of PPE have to be considered in conjunction with the minimum 
effects on the final price of the product. 

c. The ergonomic aspects according to the degree of importance for I D C 
users are: (I) proper fit or sizing with instructions in fitting and reduction in 
obstruction to work; (2) reduction of hotness and improving ventilation; (3) 

reduction of weight; (4) non-obstruction of use of senses; (5) ease of mobility; 
and (6) aesthetics and style. 

d. In designing PPE for export, the other important aspects which the 
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designer should consider are: differences in working methods, materials, language, 
culture, and customs; users' lack of awareness of hazards; the types of PPE 
available, and maintenance; and need for spares. 

e. Protective wear for lungs, hands, feet, legs, ears, and head are of particular 
significance in I D C . 

f. Redesigning, adapting, modifying, and providing adjustability in PPE 
must be done according to the needs of different populations and groups of 
people. 

g. Unavailability of standards in ergonomics aspects should not deter these 
aspects of design changes. 

h. Research is urgent for improving ergonomics of PPE and optimum 
benefits on cost. 

i. With the extensive need for PPE in I D C , the above changes are likely to 
immensely increase the market potential of these products. 

Changes in the user 's model (In line with manufacturer demands) 

a. Workers must be given sufficient education in aspects of occupational 
hazards, in how work-related accidents and diseases affect them, in control meth
ods, uses, and types of PPE and the degree of protection given by the PPE. 

b. The protection expected must still be assured in PPE imported from I C . 
c. Ergonomics standards in PPE should be developed and enforced in I D C . 

The PPE users' and trade unions' knowledge about these standards must be 
instrumental in achieving this. 

d. Changes in policies of buying PPE is essential. Only products that are 
ergonomically suitable and acceptable to the users must be imported while protec
tion efficiency is still assumed. Buyers must have direct communication with 
manufacturers so that the respective needs of each country can be met. 

e. Training the workers in the fitting, use, maintenance and servicing of 
PPE is also very important. 

f. Effective and strict supervision in PPE use or compulsory use during the 
training period (between 1 and 5 months) can help accustom workers to the use 
of PPE. It is presumed that this compulsory training period will acclimatize 
the worker to the unavoidable discomfort inherent in any work wear and that the 
worker will thus satisfactorily adapt to the use of appropriately designed PPE. 
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A national anthropometric survey of Sri Lankan workers has provided 
up-to-date information on the body sizes of both males and females. This 
data that was previously lacking in Sri Lanka can be of great benefit for 
the designers and importers of goods for Sri Länkans. Simple and 
anthropologically spread techniques have been used to collect the data. 
Comparisons of body sizes between developing countries (including Sri 
Lanka) with those of developed countries revealed wide variations which 
have been responsible for the incompatibility in the use of imported 
goods. Anthropometric data of homogenous populations in different 
countries are not usually available and this is even more so in developing 
countries. It is emphasized that such data be developed in all countries 
or in every ethnic group or on a regional basis. The designers, manu
facturers, and importers of goods should have access to this data. It is 
suggested that the techniques and methods described in this paper can 
be used by developing countries which lack similar data. 

Sri Lanka today imports machinery, vehicles, and various other items and 
articles manufactured in foreign countries. These imported items which arc 
manufactured to fit people in the country of origin cannot be used safely, efficiently, 
and comfortably by the local population. Many problems of inadequacies in 
design have been experienced by Sri Länkans in using imported and even locally 
produced machines which have been made disregarding the body sizes of the 
users. In order to design machines, articles, garments, and work places to match 
a population, an important requirement for the designer is the information re
garding body dimensions of the people. There are records of anthropometry of 
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Sri Länkans, but they refer to specific age groups or populations viz. university 
students (CHANMUGAM, 1949), or to school children (CULLUMBINE, 1949); more 

recent data were collected to ascertain the physical differentiation of the main 
races in Sri Lanka (STOUDT, 1961). As the required body measurements of the 
homogenous population of Sri Lanka are not available, a survey was planned 
and carried out on a national sample of the population of workers, both male and 
female. The techniques and procedures described in this paper can be of benefit 
to those planning such surveys. 

Sri Lanka is a tropical country in Asia with a geographical area of approxi
mately 65,000 km 2 and has a population of 16 million people of which 3 0 % consists 
of the working population. Workers were taken as subjects for the body sizes 
survey as it was easy to reach them, for measuring convenience of random sampling, 
and they represented the homogenous population; also, the majority of imported 
goods and machines are used by workers. In Industrially Developing Countries 
(IDC) including Sri Lanka, the unavailability of body size data as well as unaware
ness of the importance of ergonomics principles are the main reasons why 
machines and goods are not manufactured or adapted to suit the user population. 
In this paper, anthropometric data of Sri Länkans and other I D C are compared 
with data of Industrialized Countries ( I C ) to show the existing variability in 
body sizes. The design incompatibility in goods seems to be an important aspect 
of the problems involved in transfer of technology from developed to developing 
countries. 

NATIONAL ANTHROPOMETRIC SURVEY 

Measurers. The national anthropometric survey of workers in Sri Lanka 
was carried out during a period of 16 months in 1981/82. The measurements 
were taken by three trained investigators. A pilot anthropometric survey lasting 
for 3 weeks was conducted on 100 fibre mill workers which provided the measuring 
staff with adequate experience in carrying out body measurements accurately and 
speedily. The accuracy of the measurers was checked and confirmed by recheck-
ing measurements which involved the repetition of the whole measuring procedure 
on a sample of 10 out of the 100 subjects. The survey planning and measuring 
programme organization and management was the responsibility of one of the 
authors. 

Sample. A total of 90 body measurements, which were chosen to cover 
anthropometric informations for designers (BOLTON et al., 1973; HOBBS, 1973) 

were taken. The total number of subjects was 724 between the ages of 21 and 
51 years, of which 438 ( 6 0 . 5 % ) were males with a mean weight of 51 kg (S.D. 
8.3 kg), and 286 (39.5 %) were females with a mean weight of 43 kg, (S.D. 6.5 kg). 
This sample included workers from all 24 districts from the 7 provinces of Sri 
Lanka (Fig. 1). The number of subjects from each district was selected on a 
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Fig. 1. The percentages of subjects, on district basis representing the sample selected for 

the National Anthropometric Survey. The percentages of the number employed in each 
district (Employment Survey, 1974) appear in parenthesis. 

proportional basis in accordance with the employment survey statistics of 1974. 
The five main races which represented the national sample consisted of 581 (80 %) 
Sinhalese, 78 (11%) Indian Tamils, 53 (7.5%) Ceylon Tamils, 9 (1%) Moors, 
and 3 (0.5%) Burghers. Members of the main religious groups, communities, 
and armed forces and also veddhas (a jungle tribe) have been represented in the 
sample. The subjects from 80 work establishments and employed in various 
categories of work were selected at random. Except for the age, sex, race, and 
number of subjects from each district, there was no discrimination of the selection 
of subjects. Sick and disabled persons were excluded. 

Apparatus. Simple but accurate measuring instruments were used consider
ing the requirements of easy transportation, reliability of results, durability, and 
speed of operation and use. The main instrument, Harpenden anthropometer, 
was used to take 50 % of the measurements (linear measurements). The circum
ferences were measured using a canvas flexible measuring tape; for face and head 
measurements calipers were used. Few measurements were taken with a steel 
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tape. An adjustable flat seat was used to take seated measurements. 
Choice of measurements. Out of the total of 90 body measurements only 

85 were actually taken. The other measurements were derived, (e.g. nasion to 
menton measurement was derived by subtracting nasion to vertex measurement 
from menton to vertex measurement). The 90 measurements included the weight, 
28 standing measurements, 15 sitting, 12 circumference, 25 head, 4 hand, and 5 
foot. 

Methods. The measurements were carried out at the respective work places. 
Before visiting the work sites, the management was informed by letter about the 
proposed visit and the purpose of the survey. The management always gave the 
required assistance and even prepared a special room to conduct the survey before 
arrival of the measuring team. The measuring officers and the equipment were 
transported in a spacious jeep to the work place. 

On arrival at the work place the measuring instruments were set up, and a 
random selection of the subjects was made. Male subjects wore briefs, females 
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wore skirt and blouse of thin material and all were measured barefoot. Two 
members of the team, to reduce boredom and fatigue, alternately measured and 
recorded. The data were recorded on specially designed forms. The recorder 
also verbally confirmed each measurement befoie entering it in the form. The 
survey which usually commenced each day around 9 in the morning terminated 
at about 5 in the afternoon, during which time 8 to 12 subjects were measured. 
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Fig. 2 ( h ) 

«1« ! 

f 
t 

Fig. 2(h). Head and face measurements. 

The measurements always were carried out on the left side of the subject. 
The posture adopted by the subject during measurements and the anatomical 
points of the measurements were as indicated in Fig. 2a-h. The hand, foot, and 
head measurements (Fig. 2f-h) were taken while the subject adopted a standing 

posture. 
When using the anthropometer and the calipers, care was taken that only 

light pressure was applied (by the datum probes) at the part of body contact, in 
order not to indent the flesh. Tape measurements were taken with the tape 
tension such that the flesh was not significantly indented. 
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All data were scrutinized for omission and obvious errors. Where errors 
were apparent, such values were deleted. The checked data were subjected to 
statistical analyses. 

RESULTS AND DISCUSSION 

Data of Sri Lankan workers 

The anthropometric data of Sri Lankan workers have been statistically sum
marized for each of 90 measurements, with mean, standard deviation, number of 
subjects, and 5th and 95th percentile values for both males and females, (Fig. 2a-
h). The results of weights are given below (upper row, males; lower row, 
females). 

No. Measurement Mean (kg) Standard 
deviation 

Number of 
subjects 

5th 
per. 

95th 
per. 

1 Weight 51.06 

43.37 
8.31 

6.55 

424 
267 

39.1 

34.4 
67.0 

56.1 

To ascertain whether significant differences exist within the same population, 
the weight and three important dimensions—stature, sitting height, and head 
circumference—were selected and their means were compared between the 7 
provinces (which covered the whole country) using ANOVA. There were no 
significant differences in these measurements within either the male or female 
populations, which indicated a homogeneity in body measurements among people 
living in one country like Sri Lanka. However, the differences in means between 
males and females in the above measurements were highly significant (/><0.0001). 
It is believed that head and face measurements between males and females in one 
ethnic group or society may not differ significantly, unlike other body measure
ments. But the results of the current survey in Sri Lanka indicated that most 
measurements including head measurements differed significantly between males 
and females. But for the sex difference in standing (e.g. stature: males, 1,639.01; 
females, 1,522.77), sitting (e.g. sitting height from floor: males, 1,213.58; females, 
1,123.15), hand and foot (e.g. hand length: males, 179.38; females, 166.59. foot 
length: males, 252.82; females, 234.41), the measurements were larger than that 
in head measurements (e.g. head circumference: males, 542.91; females, 523.51) 
and less than that in face measurements, (e.g. nasion to menton: males, 119.78; 
females, 113.37). Therefore with regard to the use of head gear, special modifica
tions in sizing seem to be not necessary between males and females. 

Populations compared 

Most anthropometric data available today are from the United States and 
other European countries with emphasis upon military populations. With 
regard to developing countries, anthropometric data are scarce. National data 
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are almost non-existent, as the collection of such data requires considerable time 
and effort and is sometimes not useful nor feasible, considering the vastness of 
some countries with regard to their geographical area, and climatic and ethnic 
differences within the country. Due to the lack of precise data for homogenous 
populations even in developed countries, in this paper comparisons were made 
from the available data which may not be statistically consistent but are sufficiently 
suitable to show the variability that exists. 

The following sources of data were used to make comparisons. 

(a) Data provided by the national anthropometric survey of workers in 
Sri Lanka (reported in this paper). 

(b) Review of the literature (data from other countries). 
(c) Results of a postal questionnaire conducted in developing countries by 

the authors. 

In order to see whether significant variations actually exist between Sri 
Länkans and people from an industrially developed country, e.g. Sweden, a large 
number of important dimensions of Sri Länkans obtained from the national survey 
were compared with Swedish data (LEWIN, 1974). Wherever Swedish data were 
not available, British data (BOLTON et al., 1973), were substituted. It was observed 
that significant differences were apparent in almost 1 0 0 % of the dimensions. 

Comparison of stature 

The percentile values of stature of males of seven countries have been com
pared by KENNEDY (1975). Values of nine other populations including Sri Länkans 
were added and shown in Fig. 3. Making use of this graph, the percentages of 
accommodation of a design range of 9 0 % of the British with respect to populations 
of other countries were prepared (Table 1). It was seen that only 3 5 % of Sri 
Länkans could be accommodated in such a design. Gross inadequacy of a 
British design (based on accommodating 90 % of the British population) was seen 
for all countries starting from Tunisia downwards. Remarkably, except for 
Japan (an industrialized country), the problem appears to be prevalent only in 
developing countries. 

From the available data, average statures of males and females were grouped 
into different regions and shown in Table 2. It can be seen from this table that 
taller people live in North America and the European Continent including 
Scandinavia, medium sized people live in Africa and the Middle East, and shorter 
people live in Latin America, South Asia (including Sri Lanka), and the Far East 
Asia. It was noted that except for Japan all other countries in each group be
longed either to I C or I D C . 

The conclusion that shorter people live in D C may not always be true. As 
in the example of the Japanese, even Taiwanese from the Far East (whose data 
were not available at the time of writing) may be shorter than Westerners, but 
Taiwan may also now be classified as an I C . Therefore variability in stature 
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( I C ) (IDC) 
•INDUSTRIALIZED COUNTRIES-INDUSTRIALLY DEVELOPING COUNTRIES 

150 • 
(cm) 

150 
("0 

Fig. 3. Percentile values of statures of males from 16 countries. 

Table 1. Percentages of accommodation of 5th to 95th percentile of 

a British design for other populations. 

Industrialized countries (%) Developing countries (%) 

United States 90 Tunisia 62 
Germany 90 Egypt 59 
Sweden 84 South Africa 57 
France 81 Iran 52 
Italy 70 Japan* 43 

Sri Lanka 35 
Latin America 32 
Thailand 24 
India 22 
Vietnam 13 

* An industrialized country. 
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Table 2. Average statures of males and females for groups of 

countries in different regions (all measurements in centimeters). 

European 
continent 

and 
Scandin. 

North 
America 
and 

Canada 

Middle 
East Africa 

Far 
East 
Asia 

Latin 
America 

South 
Asia 

Male 174.18 177.30 168.18 168.14 165.68 165.38 164.85 
(9) (2) (4) (9) (9) (21) (4) 

Female 163.80 162.00 158.00 155.92 156.49 160.00 151.43 

(1) (1) (2) (6) (7) (2) (3) 

Number of countries appears in parenthesis. 

75 -f -75 
(era) (cm) 

Fig. 4. Percentile values of sitting heights of males from 15 countries (sitting heights meas
ured from sitting surface). 

and/or other dimensions can be caused by an ethnic rather than an industrial 
factor, although climate may also be a contributory factor (also see "comparison 
of body proportions"). 

Sitting height 

Figure 4 shows a graph with percentile values of sitting heights prepared and 
completed along similar lines as for stature. A feature that was shown in this 
graph is that Japanese have higher sitting heights than the Swedish, Italians, 
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Iranians, Tunisians, and South Africans who were taller than the Japanese in 
stature. A proportionally longer trunk in Japanese than in Europeans (PHEASANT, 
1984), may account for the Japanese higher sitting height. Another conspicuous 
finding is that the 50th percentile sitting height was more or less similar for the 
European continent, Scandinavia, and Japan populations. This is advantageous 
when designing machines to be operated while seated, including motor vehicles 
for the above populations. Sri Lanka occupied the last position indicating a 
warning signal for importers of motor vehicles, whether from the West or from 
the Far East. It is noted that the imported motor vehicles (cars and coaches) 
that are mostly used in Sri Lanka do not have the vertical adjustment of the 
driver's seat. 

Comparison of body proportions 

Body proportions are also important to consider when designing for different 
populations. TANNER and others (1982) studied body proportions in Japanese 
children and adults and comparisons were made with British and with Japanese 
Americans. They found that Japanese now have trunk/leg proportions much 
more similar to those of North Europeans than was the case 20 years ago. Con
cerning relative lengths of the limbs and trunks, PHEASANT (1984) had made 
generalizations such as, African negroes have proportionally greater limb lengths 
(and a proportionally lesser sitting height) than Europeans and vice versa in Far 
Eastern samples. 

Taking the stature, sitting height, and body proportions together, similarities 

THE WEST AFKICA MIDDLE EAST FAR EAST LATIN AMERICA 

Mean Stature 174.59 cm 168.80 

Mean S i t t i n g Ht.91.54 cm 86.60 

Ratio o£ S i t t i n g 
Ht. to Stature 0.523 0.513 

Number of Count
r i e s 9 2 

t68.57 

87.57 

0.520 

3 

164.78 

87.68 

0.532 

4 

163.50 

85.30 

0.522 

18 

163.45 

84.25 

0.516 

2 

Fig. 5. Human body size variability from different parts of the world. 
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have been observed in groups of populations. Except for the Koreans where 

average stature of 168.7 cm was greater than the average for Far East Asia, all 

other dimensions more or less fitted in well into the groups. Therefore, taking 

these basic dimensions, the world populations can be conveniently divided into 

six main ethnic groups: Caucasians from the West, Negroids from Africa, 

Table 3. Mean hand dimensions of females of different ethnic groups 

and different countries, with standard deviations and 
results of " r " test (all measurements in mm). 

(After D A V I E S, 1980) 

Hand 
measurements 

West European 
0 = 51) 

West Indian 
(«=20) 

Indian (Panjab) 
(71=21) Hand 

measurements 
Mean S.D. Mean S.D. Mean S.D. 

Hand length 174.3 9.3 184.0 9.6 178.5 9.2 

Maximum hand 

width 92.9 5.4 97.0 5.3 94.1 5.6 

Differences West Indians vj. West Europe significant 

between West Indians vs. Indian significant 

means ("1" test) (West Indians significantly larger) 

West Europe vs. Indian not significant 

(After C O U R T N E Y, 1984) 

Hand 
measurements 

Hong Kong (HK) British 
Chinese (/i=100) H r l t , s t l Japanese 

Hand 
measurements 

Mean S.D. Mean S.D. Mean S.D. 

Maximum 

breadth of hands 91.48 4.47 94.1 5.6 90.0 5.0 

Differences 
between means 
C'f" test) 

HK Chinese vs. British significant 
(British hands significantly larger) 

HK Chinese vs. Japanese significant 
(HK Chinese hands significantly larger) 

British VJ. Japanese significant 
(British hands significantly larger) 

Africa 
(Sudan) Sri Lanka Sweden Egypt 

Hand Sahelians («=287) (n=279) (/i=2,200) 
measurements (n=512) 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Hand length 182.1 ÜTi 166.6 6~6 176.0 lÖTÖ 160.0 \6~6 

Hand breadth — — 88.7 5.6 — — 82.0 6.0 

Differences Sweden VJ. Sri Lanka and Egypt significant 
between means (Swedish hand length significantly larger) 

("f" test) Africa vj. Sweden significant 
(African hand length significantly larger) 
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Aryans from the Middle East, Mongoloids from Far East Asia, Latin Americans 
from South America, and Dravidians/Aryans (including Sri Länkans) from 
South Asia (Fig. 5). 

Comparison of hand dimensions 

In the design of machine controls, hand tools, and articles where manual 
dexterity becomes important, the hand dimensions are crucial. Data obtained 
from studies conducted in the past were used to compare the hand dimensions of 
females from different ethnic groups and countries (Table 3). The hands of West 
Indian females were found to be significantly larger than West European and 
Indian hands (DAVIES et al., 1980). In another study the hand breadth of British 
females was found to be larger than that of Hong Kong Chinese and Japanese. 

Table 4. Results of measurements carried out on head harness of 

imported industrial safety helmets, goggles, and hand gloves 

in Sri Lanka and the relevant mean anthropometric 

measurements of Sri Lankan and British populations 

(all measurements in centimeters). 

1. Industrial safety helmets with adjustable head harness (3 types of helmets of a standard size) 

Circumference (head harness) Sri Lankan British 

Percentile 

Mean maximum=66 .0 

Mean minimum = 54.0 

5th 95th 

51.5 57.0 

(40th percentile=54.0) 

5th 

55.4 

95th 

59.8 

Head length (head harness) 

Mean maximum=24 0 

Mean minimum = 16.5 

15.6 19.4 
(10th percentile =16.4) 

18.8 20.9 

2. Goggles (3 types) 

Sri Lankan British 

Mean interocular breadth 3.05 — 

(Goggles=2.5) 

Mean biocuiar breadth 10.30 — 

(Goggles = 13.25) 

3. Industrial gloves 

Length* Breadth* Hand length Ä h  

(gloves) (mean) ~ 

Large size Sri Lanka Sri Lanka 

Sample 1 19.0 11.0 

Sample 2 19.0 12.5 (17.95) (9.95) 

Sample 3 20.0 13.0 

Small size 

Sample 4 15.0 12.0 

* The length and breadth on gloves were measured similar to measurements on human hands. 
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The Hong Kong Chinese hands were larger than Japanese hands (COURTNEY, 
1984). From the other available data the hand dimensions of African, Sri Lankan, 
Swedish, and Egyptian females were compared. Swedish hand length was sig
nificantly larger than that of Sri Länkans and Egyptians. But African (Sudanese 
females) hand dimensions were significantly larger than Swedish hands. 

The hand dimensions do not seem to follow the same pattern as for stature 
and sitting heights. Women in industrialized countries had generally larger hands. 
The negroid women from developing countries also had larger hands, even larger 
than European or Caucasian women. Women from Far East Asia, the Middle 
East, and South Asia seemed to have smaller hands. 

Comparison of head dimensions 

In the use of personal protective wear (ppw) such as head gear, eye goggles, 
ear defenders, and respirators, the head and face dimensions become important. 
An anthropometric survey of the head conducted by one of the authors 
(ABEYSEKERA , 1978) on a random sample of Sri Länkans living in England and the 
comparison made with relevant data of the British (HOBBS , 1973) revealed signifi
cant differences even in this part of the human body. The results indicated that 
for 12 out of 17 measures, the differences in means were significant. 

Investigations on fitting of imported ppw were continued further, by matching 
the actual dimensions of ppw with dimensions of the users. In a pilot study con
ducted by one of the authors in Sri Lanka, measurements of imported ppw were 
made in 16 work establishments at random. Large deviations were observed 
when measurements were compared (Table 4). 

CONCLUSIONS 

For a successful transfer of technology or products, knowledge of standard 
data of body sizes of different populations becomes important. Such data al
though available in developed countries in many forms (though not always re
flecting national data), are scarce in developing countries. Data of Sri Länkans 
have now been collected and compiled using simple techniques as described in 
this paper, which can benefit importers, manufacturers, and designers of products 
for Sri Länkans. It is emphasized that every country should collect national 
data or if such data collection is not feasible, data should be collected on a geo
graphical or district basis of homogenous populations. It is also recommended 
that such data be published so that they are made available and accessible to the 
designers and importers of goods. 

The anthropometric data given in this paper are not complete and com
prehensive for design, considering the miscellaneous nature of additional data 
required for design purposes. For example, when designing safety helmets, the 
thickness of the hair, the angle of helmet wearing, etc., become important. There-
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fore the data described in this paper can be treated as basic, from which design 
data can be developed to fit particular items of design and particular situations. 

The authors gratefully acknowledge the Natural Resources, Energy and Science Au
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Ergonomics assessment 
of selected dust respirators: 
Their use in the tropics 
J.D.A. Abeysekera and H. Shahnavaz 

Centre for Ergonomics of Developing Countries, C E D C Institute of Human Work Sciences, University of LuleS, Sweden 

The suitability and effectiveness of four different types of British made respirators were 
studied with respect to comfort, convenience and fit on wearers in Sri Lanka (a developing 
country). Objective and subjective assessments were made to evaluate the degree of 
discomfort and interferences to the use of senses. The study revealed that factors such as 
breathing resistance, work-rate and activity period affected the physiological responses. 
The weight of the respirator and the skin temperature had no direct relationship with the 
cardiovascular stress. Positive-pressure respirators that gave lower face temperatures than 
negative-pressure masks gave this type of respirator an additional advantage in hot 
environments. Respirators that restricted jaw movement affected the speech intelligibility 
of the wearer. Orinasal masks restricted vision more than the other types. The problem 
of fit was found negligible though head and face dimensions significantly differed between 
the British and the Sri Länkans. Subjective assessment correlated well with objective tests. 

Keywords: Respirators, tropical tests, comfort 

Introduction 
Standard and efficient personal protective wear (ppw) 

are manufactured, used and freely available in most 
industrialised countries. Protective wear, including respirators, 
manufactured in developing countries does not usually 
conform to accepted standards. Testing and certificating 
facilities are not very often available in these countries, so 
until such time that standardised protective wear is 
manufactured locally, developing countries have to depend 
on imports from industrialised countries. 

Workers generally show a dislike towards any form of 
personal protective devices. This attitude is mainly due to 
the discomfort experienced in wearing them. Although much 
research has been carried out on the performance or the 
filtering efficiency of a respirator, it is unfortunate that the 
same degree of importance has not been given to studies on 
the comfort, fit and wearability of respirators. These 
problems can be more pronounced in the use of imported 
respirators by people in developing countries. These factors 
can be satisfied only if the designer adopts an ergonomic 
approach to the design of a respirator. 

Realising these ergonomic problems, the authors carried 
out this study using respirators, among one ethnic group of a 
developing country. 

A respirator consists of a filter and/or an absorbent which 
removes toxic or unpleasant materials in the air breathed in. 
Dust respirators usually trap the fine particles with the help 
of a fine filter and the coarse particles with the help of a pre
filter. 

Out of a variety of air purifying respirators available 
today, four respirators were selected for the study, two 
orinasal or half-mask types and two full-mask types. The 
former were negative-pressure — i e, air breathed through the 
filter created a negative pressure — and the latter were 
positive-pressure masks — i e, a free flow of clear air is 
supplied around the nose through the filter by a pump. 

The study was aimed at ascertaining whether these 
respirators could be used effectively and usefully by Sri 
Länkans, with the help of objective tests and subjective 
assessments. 

The following four respirators were finally selected for 
the study. 

(i) The Mark TV — Positive-pressure full-face mask 
(Respirator 'W). Consisted of full-face mask, a power 
unit with three circular filters, a battery with belt 
harness, a head harness and a flexible rubber hose to 
connect the power unit to the face mask. Used for 
high-efficiency protection (e g, blue asbestos). (Fig. la) 

(ii) Protective Mask - Negative-pressure half-face mask 
(Respirator 'X'). Consisted of an aluminium frame 
with disposable cotton fibre. Used in processes 
involving non-toxic dust. (Fig. lb) 

(iii) Pneumatic seal dust respirator. Negative-pressure half-
face mask. (Respirator 'Y"). Consisted of a replaceable 
rubber pneumatic cushion face seal, with double strap 
harness, prefilter and a main filter in a circular plastic 
case. Used for giving protection against dusts between 
0-4 and 0-8 microns diameter. (Fig. 1c) 
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(iv) Air stream antidust helmet - Positive-pressure full-
face mask (Respirator 'Z'). Consisted of a filtration 
unit inside a safety helmet, a prefilter, a standard visor, 
a fan motor, a battery pack and a harness assembly. 
Used for giving 95% protection from dust particles of 
0'5 microns or larger and to provide head and face 
protection. (Fig. Id) 

The four respirators selected for the study were considered 
to represent a fair sample of the wide variety of respirators 
currently in use. 

Fig. 1a The Mark IV - Positive-pressure full-face mask 
(respirator "W") 
Standards: BS 4558 - Inward leakage through 

filter does not exceed 5%. 
Nominal Protection Factor 
of 20. 

BS 4275 - High efficiency filter has a 
Nominal Protection Factor 
of 500. 

Average weight: 2.93 kg. 

Fig. 1b Protective mask — Negative-pressure half-face mask 
(respirator 'X'). 
Standards: None. 
Average weight: 14 g. 

Methods 

The four respirators were studied in a simulated tropical 
environment (32°C ambient temperature and 50% humidity) 
in an environmental chamber with nine Sri Länkans as 
subjects. 

Fig. 1c Pneumatic seal dust respirator. Negative-pressure 
half-face mask (respirator 'Y'). 
Standards: BS 2091 - Inward leakage through 

filter does not exceed 2% 
and at face seal 5%. 

BS 4275 - Nominal Protection Factor 
of 10. 

Average weight: 210 g. 

Fig. Id Airstream anti-dust helmet - Positive-pressure full-
face mask (respirator 'Z'). 
Standards: BS 4275 - Nominal Protection Factor 

of 7 to 10. 
BS 5240 - Helmet meets impact 

penetration requirements. 
Average weight: 1450 g. (Airstream • 900 g, 

battery pack = 550 g). 

After a short acclimatisation period of 10 min to the hot 
environment of the chamber, each subject was asked to 
cycle for 5 min on the ergometer at 50 W without a 
respirator, rest for 5 min on the ergometer seat, again cycle 
for 5 min at 100 W and rest for 5 min. The above 
experimental run was used as a control. After another half 
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hour the above procedure of work and rest was repeated with 
the subject wearing a respirator. One experimental session 
ended after using two respirators one after the other with an 
interval of half an hour in between. The second session 
commenced after a gap of three hours when the other two 
respirators were used. However, the control run was not 
repeated before the second session. 

The masks were presented to the subjects in a certain 
order so that each set of three subjects compared two sets 
of respirators in four different orders as shown in the table. 
Out of six possible combinations, each pair was compared 
by three subjects. 

3 subjects 3 subjects 3 subjects 
(2 pairs (2 pairs (2 pain 

WX and YZ) WY and XZ) WZ and XY) 

WX WY WZ 
Order YZ Order XZ Order X Y 

XW YW ZW 
Z Y ZX Y X 

Heart rate and skin temperature 
Increase in fatigue and discomfort in the use of respirators 

were assessed by measuring heart rates. Heart rates were 
recorded before cycling commenced, during cycling, every 
minute in the last 3 min and during resting every minute 
for 5 min. 

Increase in sweat rate and heat storage while using face 
masks was assessed by measuring skin temperatures. Skin 
temperature measurements were taken at three different 
locations - viz, forehead, scapula and face - before the 
subject entered the chamber, 10 min after entering, at 5th 
min while working at 50 W and at 100 W and at 5th min 
while resting after work. 

Speech transmission tests 
Understanding of words and sentences — viz, intelligibility 

— when speaking wearing a respirator was tested on each 
respirator. Each subject was asked to read 25 specially 
formulated sentences whilst wearing each respirator. One 
author who acted as the listener took them down as he 
heard them (the author had not read the sentences before 
the test). The sentences were corrected and the percentage 
of intelligibility per subject for each respirator was calculated. 

Peripheral vision 
Peripheral vision tests gave a measure of the loss of total 

field or binocular vision on every respirator. An Air Mark 
projection perimeter was used for this test. The subject was 
asked to sit comfortably before the instrument in a 
moderately darkened room, wearing each respirator. When 
one eye was tested, the other eye was covered; 24 angular 
positions, covering 360°, round the eye were tested. 

Head and face measurements 
Any problems of fit when a respirator designed for one 

population is used by a different ethnic group were 
ascertained by conducting anthropometric measurements 
of heads and faces of the two ethnic groups. Taking into 
account the types of respirators used in the experiment, 
20 head and face measurements were selected as appropriate 
for the study. A flexible tape, a head caliper and a specially 

improvised head measuring rig were used to take 
measurements. 

Subjective assessment 
In order to assess the responses of the subject and to 

compare these responses with the objective measures taken, 
a questionnaire was administered. Questions on comfort, hot 
or cool feeling, perception of weight, speech and vision 
interferences, were asked from the subject. Answers were 
made on a point scale. A pair comparison was carried out at 
the end of each session — i e, after two respirators were 
tested. At the end of the testing programme the subject was 
requested to rate and rank the four respirators under 
different parameters — viz, comfort, weight, hearing, speech, 
vision and breathing comfort. 

Results 

Heart rates 
Increases in heart rates (HR) between pre-work (resting) 

and during work and post work were subjected to an analysis 
of variance as described by Winer (1971) under single factor 
experiments with repeated measures. The hypothesis to be 
tested was whether there were significant differences in HR 
increases between subjects and particularly between the 
respirators, as an indicator of physiological stresses. 

The conditions tested included the increase of HR 
between pre-work and work at 50 and 100 W, increase of 
HR between work at 50 W and work at 100 W and the 
increase of HR between pre-work and post programme. 

Except in the last case, the results indicated that there 
were no significant differences between each type of 
respirator and the control state. However, the residual effect 
of exposure to each respirator and the control state, which 
were shown by the HR increases between pre-work and post 
programme, was highly significant (p < 0-01). To elucidate 
which respirator gave the highest physiological stress to the 
worker, each treatment total of the experiment was divided 
by nine (number of subjects) to get a mean HR increase per 
respirator for every condition of the experiment. These 
means were later totalled for each respirator and the control 
state (Table 1). The highest HR increase was shown by 
respirator 'Y' followed by 'W and 'X' and respirator *Z' 
causing the least HR increase. 

Table 1: Summary of A nr totals for the four conditions 

Conditions W X Y Z Control 

50W 206 0 1840 232-0 164-5 171-5 

100 W 385 345-5 367-5 364-5 340-5 

50 and 100W 194-5 1580 1720 179-5 1790 

Pre-programme 
and 

Post-programme 
61-5 535 93-0 - 1 0 0 44-0 

Mean 211-75 185-25 216-125 174-625 183-75 

Ranking: 
minimum to 3 2 4 1 
maximum 
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Skin temperature 
The increases in skin temperature between pre-work, 

during work and post work observed were quite low and 
further statistical analysis was.considered worthless. 
However, the increases in skin temperature between before 
entering the chamber and 10 minutes after entering were 
found to be considerable, with mean values for the nine 
subjects - viz, Forehead (2-82°C), Scapula (2-36°C) and 
Face (3-56°C). This is explained by the large differences in 
environmental conditions between inside and outside the 
chamber (outside + 15-5°C, inside + 32°C). 

Subjective judgements (during the experiment) indicated 
that powered respirators were comparatively cooler on the 
face than the non-powered ones. To test the truth of this 
statement, the skin temperature increases between readings 
taken at the 10th minute after entering the chamber and at 
the 5th minute of work at 100 W were further analysed. 
From the total of nine subjects for each respirator it was 
clear that the highest increase was for respirator 'X', 
(forehead 3-2°C and face 5-8°C) followed by respirator ' V , 
'Z' and lowest increase for respirator 'W, (forehead — 1-0° C 
and face 0-4°C). 

Scapula temperatures gave nearly a reverse order, with 
respirator *W giving the highest increase (3-2°C). Higher 
muscular activity in carrying the heavy respirator 'W and 
the thermo-regulatory system of the body trying to 
maintain a heat balance are possible reasons for this reversed 
order. 

Speech intelligibility 
Results of speech intelligibility test indicated that, 

except subject No 2, all others achieved an average score of 
over 80%. Deficiency in pronunciation of words could be 
the cause of a low intelligibility score for subject No 2. The 
rank order from the best to the worst for speech 
intelligibility through each respirator was respirator 'Z', 
' X V W a n d ' Y \ 

Perimetry 
A perimeter chart with the test graph obtained on one 

subject wearing a respirator and the approximate normal 

fields of vision of the left eye (dotted line) and the right eye 
is reproduced in Fig. 2. 

The values in degrees of angular peripheral vision (from 
the centre of the field of vision) of the two lateral points, 
left and right (sidewards), and the two vertical points, 
upwards and downwards, of each eye of all nine subjects 
were plotted on the chart. The normal vision values are said 
to vary only slightly from subject to subject (Reed and 
Drance, 1972) unless there is a deficiency in the normal 
vision. This was assumed to be non-existent in the case of 
the nine subjects as verbally checked. For the above reason 
and the fact that all subjects were from the same ethnic 
group, it was assumed that the facial features were similar 
and any changes in the normal vision values due to different 
nose shapes and eye positions were considered insignificant. 
The number of degrees loss due to each respirator was 
worked out (Table 2). 

Right 

Fig. 2 A test graph with approximate normal fields of 
vision. 

Table 2: Results of losses of vision due to respirators 

Peripheral 'W 'X' ' V 'Z' 

Vision Right Eye Left Eye Right Eye Left Eya Right Eye Left Eye Right Eye Left Eye 

(Angular) L R U O L R U D L R U D L R U D L R U O L R U D L R U D L R U D 

Degrees loss 5 - 5 32 1 - 11 23 - 2 3 36 11 12 14 - 2 44 3 1 9 7 31 - 3 11 3 10 - 19 -

Rank 2 3 4 1 

Peripheral Right Eye Left Eye Right Eye Left Eye Right Eye Left Eye Right Eye Left Eye 

Vision (total field) , 3 . 7 3 1 6 . 0 Q l g . 2 s 1 7 . 6 2 3 6 . 2 7 3 3 . 7 4 1 0 . 1 8 2 1 . g 2 

Percentage area 

Loss rank 1 3 4 2 

Binocular vision 3 Q . 7 ? 6 ( ) . 1 8 , 4 . 4 3 

Percentage area loss 

Rank 2 3 4 1 

L " Left. R - Right. U - Up. D • Down. 
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The total areas seen by each eye when wearing each 
respirator were calculated for the four subjects where all 
24 points were plotted. From the mean values of these data 
and the approximate normal areas of vision of each eye. the 
area loss and the percentage loss due to each respirator were 
calculated. In order to obtain the degree of obstruction to 
binocular vision, the total visual field areas seen through the 
eyes were calculated (Table 2). 

From the foregoing it is seen that for angular peripheral 
vision and for binocular vision, respirator 'Z' seems better 
than respirator 'W and vice versa for total field vision. 

Anthropometry 
The student't' ratio two sample test (Harber and Runyon, 

1973) was considered appropriate in the case of analysis of 
results on head and face measurements of the two samples 
- viz, Sri Länkans and British (sample of 500 Airforce Air
crew, Hobbs, 1973). 

To determine whether or not the two variances differ 
significantly from one another, reference was made to the 
F distribution named after R.A. Fisher (Harber and Runyon, 
1973). 

The results indicated larger variance in the Sri Lankan 
sample which can be expected due to the small number in 
the sample. The majority of these variances were significantly 
different at the 0-05 level or 0 01 level as indicated by the 
F values. 

The't* values indicated that in seven measures (viz, 
bitragion coronal arc, nasal breadth, bigonial breadth, head 
length, nasion to back of head, nasion to menton, and nose 
tip to nasion), the differences in means were significant at 
0-05 level and in five measures (viz, biocular breadth, mouth 
breadth, subnasale to vertex, menton to vertex and nasion 
to subnasale), the differences in means were significant at 
0-001 level. 

Subjective assessments 
The answers to the question "Which respirator out of the 

two used per session was preferable as regards comfort?", 
were analysed by the method of pair comparison as described 
by Edwards (1957). The scale of preference of the respirators 
obtained by the above method appears below. 

i i 1 I 1 1—i 
- 2 0 +2 

Y W X Z 
(-1-658) (+0-108) (+0-775) (+V658) 

According to this scale, a very high preference is indicated 
for respirator 'Z' followed by 'X' and 'W. The respirator ' V 
was least preferred with a mean value of -1 -658. 

Questionnaire results 
The questionnaire results, which were subjected to an 

analysis of variance by ranks (Meddis, 1978), revealed that 
in most instances a significant trend (p < 0 05) existed 
between the results of objective and subjective tests. 

Discussion 

All respiratory protective devices impose a certain degree 
of discomfort upon the wearer. Therefore, the amount of 
discomfort becomes an important factor in the acceptance 
or non-acceptance of respirators by workers. Important 
among the discomfort factors are the respiratory stress, 
particularly in the case of negative-pressure respirators, 
thermal stress when they are worn in hot environments, 
stress from the weight to be carried, and stress of long-term 
wear. Any physiological stress experienced by the wearers 
is attributable to the above-mentioned factors. 

Respiratory stress: 
In all types of respirators the resistance to flow of the 

air breathed in or breathed out imposes an additional burden 
on the wearer's respiratory system (Terrell, 1984). Increased 
respiratory resistance builds up the effective dead space 
(measure of the exhaled breath re-breathed by the wearer) 
inside the respirator. While negative-pressure respirators -
e g, ' V or 'X* — are likely to impose respiratory resistance, 
positive-pressure respirators — e g, *W* or 'Z' — have negligible 
resistance to breathing. 

Thermal stress: 
The skin temperature is known to vary with the 

environmental warmth (Bedford, 1936) and different parts 
of the body surface may have different temperatures at one 
time. High humidity in the environment prevents sweat 
evaporating, thus increasing the skin temperature in a warm 
environment. Bedford and Warner (1934) found that skin 
temperature falls rapidly when exposed to sudden chilling 
by the impact of wind or by a change in air temperature. 

The two respirators used which supplied fresh air flowing 
across the wearer's face can therefore lower the forehead and 
face temperatures when working in hot environments. 
However, if the environmental temperature is too hot, the 
air blown across the face in a positive-pressure respirator 
may impose hot sensations on the skin. 

The orinasal dust respirators used cover the wearer's nose 
and mouth and full-face masks cover the entire face. Due to 
the effects of work load there could be an increase in skin 
temperature of the area around the mouth and face while 
working with respirators. 

The skin temperature of the face will chiefly depend on 
the temperature of the environment, though factors like 
activity, rate of flow of air through the respirator and its 
direction and dispersion, and the material of the mask, also 
may be contributory. From the point of view of respirator 
design.it is important that the highest density of skin 
temperature receptors is to be found in the region of the 
face, and discomfort due to skin heating is a real problem 
(Cotes, 1962). 

Weight stress: 
It is assumed that there was no additional physiological 

stress due to the weight of the respirator during the short 
period of the test. This was supported by the increases in 
heart rates, which did not follow the same pattern as the 
heaviness of the respirators. Any effect of the weight 
perhaps may show up from long-term wear; for example, 
through increase in heart rate. 
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Stresses of long-term wear: 
Symptoms such as headaches, irritation behind the ears 

over the mastoid process, ingrown hairs and inflamed 
sebaceous glands on the cheeks and skin and oedema of the 
scalp due to impeded lymph drainage are known to be 
problems in long-term wear of respirators (Johnson and 
Cummings, 1975). A feeling of claustrophobia can restrict 
or limit mask wear to a very short period of time. 

Problems due to the harness on the head and the pressure 
exerted by the mask on the face, which arise in long-term 
wear, could seem to be major factors in respirator dis
comfort. The real impact of these problems on wearer 
comfort could not be properly gauged in the present study. 
But there were indications of potential problems by subjects, 
especially with respect to respirator 'Y*. Five out of nine 
subjects complained of pressure on the nose wearing 
respirator 'Y*. 

Fit assessment: 
Four subjects complained that respirator 'W was tight 

at the end of the test. There were no complaints of the fit 
with regard to masks ' X and 'Z' which fitted well. Therefore, 
though there were significant differences in the face 
measurements between the Sri Länkans and the British, there 
seemed to be no problem regarding the general fit of dust 
mask 'JC and the airstream respirator 'Z'. The tightness 
experienced with respirator 'W is likely to be experienced 
by the British subjects as well, as the facial and head 
dimensions of the British were larger than in Sri Länkans. 
One can therefore conclude that the fit of the British 
manufactured respirators tested on Sri Lankan faces is not 
a problem though there were significant differences in means 
for the facial dimensions of the two populations as was 
shown by the anthropometric survey results. The facility 
of adjustability is a possible reason behind this conclusion. 

Limitation to vision: 
A remarkable feature that came to light from the study 

was that the full-face masks 'W and 'Z' gave larger fields of 
vision than the half-face mask 'Y*. Peripheral vision (angular) 
results indicated that the half mask 'Y* restricted the down
ward vision appreciably, which can be an objectionable 
interference while walking or working at benches or desks. 

During emergencies, upward, downward and sideward 
vision is important. A particular advantage in respirator 'Z' 
was that the vision restriction was minimal. The degree of 
downward restriction in the full-face mask 'W, which had 
an inner facepiece similar to the half mask 'Y*, was high, as 
in the case of respirator ' Y \ Another observation that was 
seen from the results was that in every respirator, the right 
eye downward vision obstruction was greater than on the 
left eye. No possible reason could be adduced for this 
difference. 

In actual or potential emergencies, diminution of normal 
field of vision can have serious consequences. The restriction 
of binocular vision was least in respirator 'Z'. The difference 
in the restriction of binocular vision in the case of respirators 
'W and 'Y' was large, though the half mask facepiece design 
in both respirators was similar. An improvement in binocular 
vision by slight modifications in design of the part that fits 
on the nose in respirator 'Y' is therefore worth considering. 

Speech distortion: 
Dr Louis Navies, Research laboratory consultant, has 

observed that speech characteristics of respirators were poor 
and that workers wearing masks in toxic environments are 
forced to remove the masks from their faces in order to talk 
(Fawcett, 1961). The extent to which the speech was cut 
off when talking through the respirator is an important 
finding, particularly to the designer and the manufacturer. 

Distorted speech transmission contributes to inefficient 
communication. A moderate degree of interference can be 
more dangerous than a complete loss of a message. Loss of 
a message leads to no action, but reception of a faulty 
message can lead to wrong action. Factors that may become 
important for speech transmission are: freedom of jaw 
movement, volume of air inside the facepiece cavity 
situation of the exhalation valves, and the provision of a 
speech diaphragm. 

It was assumed that the full-face mask 'W had the worst 
characteristics for speech transmission due to its orinasal 
mask within the full-face mask and its tight fit on the wearer. 
Answers obtained'to the questionnaire supported this 
assumption. But the results of speech intelligibility test gave 
a score of 84% for a respirator 'W, which seemed unexpected 
and more than satisfactory for a respirator of this type. The 
orinasal half mask ' Y \ on the other hand, scored the least, 
with a score of 76%. The presence of a speech diaphragm 
in respirator 'W, which was not available in respirator'T, 
seems to be the chief reason for this difference in scores. 
The restriction in jaw movement in respirators 'W and 'Y* 
can be a possible cause for lower intelligibility scores 
obtained for these two respirators than for others. Respirator 
' Z \ which did not restrict the jaw movement at all, had 
scored the highest percentage followed by the protective 
mask 'X' which had the minimum restriction to jaw move
ment as the mask was very light. It seems that the noise of 
the fan motor in respirator 'Z' had been negligible and the 
opening of the respirator to the atmosphere under the mouth 
had an additional advantage for the conduction of speech 
waves. The speech intelligibility scores also support the 
important factor for speech transmission — viz, volume of 
air under the facepiece cavity, with the exception of the 
mask ' X which, however, had no proper face seal in its 
design. 

The selection and use of respirators 
There are several factors that have to be taken into 

consideration in selection and use of a respirator. Important 
among them are: hazards to be protected against, protection 
factor (Else, 1978), comfort, period of use, task to be carried 
out, activities of the wearer, vision restrictions, 
communication problems, extremes of environmental 
temperatures, facepiece fit, wearer acceptability and costs. 

These factors are inter-reiated. For example, depending 
on the hazard, the respirator with the appropriate protection 
factor has to be selected. This in turn will involve the 
comfort to the wearer, which is a function of the activity, 
period of use, temperature conditions, etc. 

The aim of the study was to evaluate and assess the 
suitability of British dust respirators to be used in Sri Lanka. 
The types of dust respirators selected were appropriate for 
the varieties of hazards prevalent in Sri Lanka. The wear-
ability of these respirators becomes important considering 
their design, the environment, activity and the period of use. 
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Respirators, even with a high Nominal Protection Factor 
(NPF), become more than useless i f they are not worn at 
least 95% of the exposure time. To wear a dust respirator 
nearly 100% of the exposure time, it must be acceptable to 
the wearer and provide minimum discomfort. 

Conclusions 

Comfort assessment of the four different types of dust 
masks made through physiological indices provided the 
following answers. 

(a) Respirator 'Z' (airstream) emerged with the least 
physiological response. 

(b) Respirator 'W gave the lowest face and forehead 
temperatures. 

The fact that respirator 'Z' offered the least work stress does 
not necessarily imply that it is the best respirator for all 
intents and purposes. The nominal protection factor, wearer 
acceptance and the cost may become important to be 
considered before rejecting the other respirators. 

Dust respirators manufactured in Britain are likely to fit 
the Sri Länkans. Discomfort factors in respirators seem to 
be pronounced if they are worn in hot environments. 
Therefore, positive-pressure respirators could solve many 
problems when used in the tropics. Positive-pressure 
respirators were also ranked better than negative-pressure 
ones on the overall assessment. However, the high capital 
and running costs required for positive-pressure respirators 
and the effective protection factor are important 
considerations before a decision is made in the selection and 
use of a dust respirator. 

With regard to acceptability and use in a developing 
country and a tropical environment, a respirator with more 
comfort parameters and less costly even with a little lower 
protection factor is better than one which is expensive and 
with a high degree of protection but still very uncomfortable 
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Hotness, weight, fitting problems etc., have been found to be the chief causes of the 
unpopularity of industrial safety helmets in tropical environments in developing 
countries (DC). Some selected safety helmets manufactured in industrialized 
countries (IC) were modified to provide extra head ventilation and to reduce weight, 
in order to make them more acceptable to users in hot environments. The modified 
helmets were subjected to ergonomics evaluation both objectively and subjectively 
in the laboratory (in simulated tropical conditions) as well as in the field situation. 
There was evidence that white helmets had some advantages in comfort, viz. 
reduction of hotness, compared to the other colours, e.g. red, green etc., when worn 
in the presence of radiant heat in the laboratory. Ventilation holes provided at the 
top of the shell seemed to reduce the greenhouse effect within the helmet shell which 
therefore felt less uncomfortable than a fully covered helmet. Even with a small 
reduction of weight, such as 45 g in helmets weighing about 350 g, the difference in 
weight was perceived by the wearers. In adapting helmets made in I C for use in 
tropical climates, head ventilation and low weight perception are important aspects 
in comfort which need to be considered. In addition to low cost, a harness material 
suitable for sweat absorption is required. Adjustability and sizing to fit 90% of the 
user population also needs to be considered in the design and manufacture of safety 
helmets for people in DC. 

1. Introduction 
Developing countries (DC) today mostly obtain personal protective wear (p.p.w.), used 
to control occupational hazards, from industrialized countries (IC). It seems that such 
imported equipment has not been specially designed, adapted or modified to suit the 
local human operator in DC. 

Preliminary investigations into the state of the art on the manufacture and use of 
p.p.w. were carried out by employing the method of mailing questionnaires to 
manufacturers of p.p.w. in 13 IC, and to health and safety authorities in 36 DC. It was 
revealed that the use of p.p.w. was the most widespread method of controlling 
occupational hazards in D C and that almost 60% of p.p.w. was imported from IC. The 
other findings were as follows. The manufacturers who were principally interested in 
bigger markets, considered mainly protection aspects (80%) and attached only a 
marginal importance (20%) to human factors in p.p.w. Further, only 7-6% of the 
manufacturers were aware of any ergonomic problems experienced by the users of 
p.p.w. in DC. In contrast, 73% of D C respondents declared that imported p.p.w. were 
unpopular among users due to ergonomic problems, e.g. hotness, hindrances to work, 
poor fit, etc. Ninety per cent of manufacturers indicated that they follow Standards 
(mainly protection Standards). Lowering the cost was of low priority (19%) in design 
and development in IC, but in D C low cost was of the highest priority (93%). Based on 
the above findings, a case study was planned to be carried out in a tropical country 
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using one type of p.p.w., viz. safety helmets, after modification and adaptation to the 
human factor needs of the users in D C . 

As a part of the case study conducted in tropical Sri Lanka (a DC) on the comfort 
aspects of imported p.p.w., a field evaluation of modified helmets was carried out and is 
reported in this paper. Prior to the field evaluation, a pilot testing programme of 
modified helmets was carried out in the laboratory, which included both objective and 
subjective evaluations. 

The head has been found to be an excellent site for removing body heat. 
Experiments by Nunnclcy et al. (1971) have shown that head cooling removes on 
average 30% of the resting metabolic heat and 19% of available heat during work. 
Proctor (1982) also confirmed that 30% of the body's heat dissipation takes place 
through the head when the body is at rest. Therefore a helmet may significantly 
obstruct the release of body heat, and can therefore cause particular discomfort to the 
wearer in a hot environment. In a survey of comfort and acceptability of six industrial 
helmets conducted in the U K , nearly 75% of the users claimed that their heads felt 
uncomfortably hot and sweaty during the trial, even when the average shade 
temperature was 16°C (Stroud and Rennie 1982). 

The excessive weight of helmets has been another cause of discomfort at work 
(Kamin and Scalone 1974). The proper fit and facilities provided by a good harness are 
important in terms of comfort and protection in helmets. Loose or tight fitting helmets 
can be uncomfortable. Helmet fit also affects retention, vision, communication, noise 
attenuation and reduction of hotness (Kamin and Scalone 1974). The size of a helmet 
harness should ideally be adjustable to accommodate at least 90% of the user 
population. But a pilot study using a random sample of imported helmets revealed that 
they could not fit 40% of Sri Länkans as the helmets were too big (Abeysekera 1987). 

Taking the three basic parameters of discomfort, viz. hotness, excess weight and bad 
fit, modifications were made on selected helmets, which were subjected to an evaluation 
in the field in Sri Lanka. The main aims of the field evaluation were to ascertain whether 
or not there were any significant differences in comfort levels between modified helmets 
and ones without modifications and to gauge the degree of importance of provision of 
extra ventilation and/or reduction in weight of helmets already available in the market. 

2. Selection and modifications of helmets for testing 
Out of a random sample of a variety of industrial safety helmets from industrialized 
countries, the one that came close to the required parameters of comfort (according to 
past studies) with respect to the users and climate of Sri Lanka, was selected for further 
modification for subsequent field testing. 

The helmet selected (model 1 below) was manufactured in Sweden. The shell of the 
helmet was made out of lightweight polycarbonate. The harness consisted of a cradle 
made out of broad flexible nylon/webbing, a leatherette head band with adjustable bur 
type (clinging) fasteners, a soft leather sweat band—with two lines of perforations and a 
broad nylon elastic chin strap. The helmet shell was modified as follows (models 2, 3 
and 4). These, along with an unmodified helmet, were used in the laboratory tests. 

The helmet models evaluated were: 
(1) White helmet without modification (weight = 348-5 g). 
(2) Red helmet with all-over ventilation holes on the shell (number of holes: 

approx. 60, diameter of each hole = 6 mm, helmet weight = 326-5 g). 
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(3) Green helmet with long rectangular ventilation holes along lengthwise arc of 
the shell (number of openings = 12, dimension of opening: 30 x 7 mm, weight 
= 325-0 g). 

(4) Red helmet with weight reduced by cutting out the sun-shade and brim of the 
shell (weight = 301-0 g). 

3. Methods and results 
3.1. Laboratory tests 

A pilot testing programme was carried out in an artificially heated laboratory, with 
radiant heaters (average ambient temperature 29-8°C and average humidity 28%) 
where subjects worked wearing different helmets (modified and without modification). 
The ambient conditions in the laboratory were considered sufficient for the pilot study, 
although they did not ideally simulate (e.g. 28% humidity) the tropical climate. 

3.1.1. Method: Six male subjects (three from D C and three from IC) between the ages of 
19 and 46 years and with an average weight of 68-5 kg were subjected to a step test, 
during which period objective and subjective evaluations were made. The following 
procedure was followed. Each subject wearing shorts rested on a chair inside the heated 
laboratory for 10 min. During the last three minutes of resting, the heart rate and scalp 
skin temperature were recorded. Then the subject was asked to step up and down on a 
40 cm high stepping stool at 25 cycles per minute for 5 min and afterwards to rest for 
5 min on a chair. When the heart rate returned to the resting rate, the stepping was 
continued for another 5 min. This procedure of working and resting was repeated five 
times. The subject wore in turn each of the four helmets and then in one session no 
helmet was worn. Helmets were fitted by the experimenter from the rear of the subject 
so that he was not aware which helmet was being worn. This was done to avoid any bias 
in the subjective assessment. The sequence of selection of the four helmets and the test 
when the subject did not wear any helmet were selected at random. Recovery heart rate 
(RHR) was recorded after every work schedule during j to 1 min, 1̂  to 2 min and 2\ to 
3 min. The skin temperature of the scalp was recorded immediately after each session. A 
subjective evaluation for comfort, feelings of hotness and heaviness and a paired 
comparison for the four helmets were carried out and recorded at the end of every work 
session. (Parts of the questionnaire in the Appendix were used to record subjective 
assessments.) 

3.1.2. Results of the pilot test in the laboratory: The increases in heart rate (HR) (average 
recovery rate less resting rate) and skin temperature (scalp temperature after work, less 
resting scalp temperature) which are shown in table 1 were subjected to a one-way 
analysis of variance (ANOVA). There were no significant differences in either HR or 
skin temperature between the helmets. However the average increases of skin 
temperature indicated that no. 3, the green helmet with rectangular ventilation holes 
along the top of the shell, had the least increase followed by nos. 1,4 and 2. With regard 
to HR increase, nos. 1 and 3 had less increase than nos. 2 and 4. Results of the't' test on 
increases in HR and skin temperature with and without wearing helmets indicated 
significant differences (p<005 for both HR and skin temperature). 

The subjective ratings of comfort, hotness and heaviness were statistically analysed 
using the Kruskal-Wallis test (Siegel 1956). Except for heaviness which was 
significantly different (p< 0-001), with the low-weight helmet judged as least heavy, 
there was no significant difference in comfort or in hotness between helmets. 
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Table 1. Increases in heart rate (beats/min) and skin (scalp) temperature (°C) of subjects who 
worked with and without helmets in the laboratory. 

Heart rate increases Skin temperature increases 

With helmet With helmet 
Subject Without Without  

no. helmet 1 2 3 4 helmet 1 2 3 

1 46 58 52 58 64 2-45 2-75 3-35 3-35 2-25 
2 31 45 33 45 57 107 1-23 2-17 1 61 1-53 
3 17 07 11 11 11 1-61 3-17 307 2-97 3-37 
4 51 71 77 53 55 008 016 0-08 008 0-89 
5 49 41 67 53 61 0-82 1-92 1 59 1-51 1-67 
6 24 36 26 38 18 2-49 5-67 509 4-74 5-56 

Total 218 258 266 258 266 8-52 14-88 15-35 14-26 15-27 
Rank 1 3 1 3 2 4 1 3 

Between different helmets: 
ANOVA—not significant. 
Between conditions with and 
without helmets: 
t test—significant (p<005) 

Between different helmets: 
ANOVA—not significant. 
Between conditions with and 
without helmets: 
t test—significant (p<0-05) 

Paired comparisons results subjected to a test described by Edwards (1957) 
indicated that the white helmet without modification (helmet no. 1) was preferred to the 
other three as shown in the scale below. 

1 

1 
: i ' i : > 

I 
1 
2 ( ) 

1 
- 2 

(+1-296) (0) (-0-432) (-0-864) 

More preferred < 1 > Less preferred 

From the above analyses of data obtained from the pilot testing programme, there 
were indications that the colour of the helmet (an overall preference given to no. 1, 
white helmet), had a major part to play in the feelings of comfort, when worn in a hot 
environment and in the presence of radiant heat. For the above reason and in order not 
to complicate the evaluation of helmets with additional parameters, e.g. colour, it was 
decided to use only white helmets in the field evaluation testing programme. 

3.2. Field evaluation of helmets 

3.2.1. Helmets used and testing site: The following three helmets were used for the field 
testing programme (figure 1). 

Helmet A: white helmet without any modifications (weight: 348-5 g). 
Helmet B: white helmet with ventilation holes all over and rectangular opening 

along the lengthwise arc (weight: 321-6 g) (as in nos. 2 and 3 in the pilot 
test). 
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Helmet A Helmet B 

Figure 1. Unmodified and modified helmets. 

Helmet C: white helmet, light-weight, without sunshade and brim (weight: 304-3 g) 
(as in no. 4 in the pilot test). 

The field evaluation of helmets was carried out (mainly outdoors), in a shipyard 
(Colombo Dockyard) in tropical Sri Lanka. A total of 1245 workers were employed in 
the Dockyard which consisted of workplaces such as workshops, ships, docks and 
outdoor ship repair work. Every employee was issued with a safety helmet (imported) 
by the management due to the potential hazard of the workplace. It was observed that 
only 5-10% of these workers actually wore helmets. The common reasons for not 
wearing a helmet were that it was too hot and sometimes caused headaches and loss of 
hair. The field evaluation was carried out within a period of 1} months. The average 
operative temperature of the workplaces was 31-5°C, with an average dry temperature 
of 29-6°C and an average humidity of 60%. There was also no rain during the period of 
the test. The tests were carried out during December 1986 and January 1987. 

3.2.2. Method: The subjects consisted of 48 employees belonging to different grades, 
viz. workers, supervisors, technical executives and managers, between the ages of 21 
and 48 years (average age: 31-5 years), with work experience ranging from 5 months to 
33 years (average: 8-3 years). All of them had worked wearing helmets at sometime, 
although few wore them regularly. 

The test runs included a short-term test and a long-term test. Twelve subjects were 
selected at random for the short-term test. They wore the three types of helmets in 
random order on three consecutive days for 6 hours a day (one type on each day). At the 
end of the first day, the workers were questioned and answers recorded on the 
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subjective impression of the helmet worn. At the end of the second and third days, 
paired comparisons were also performed. The subjective assessment included a 
questionnarie including rating scales on the comfort parameters of the helmets, paired 
comparisons and separate evaluation of the harness (see the Appendix). 

The long-period testing programme was carried out after a 3-day interval on a new 
group of 12 workers selected at random. The 12 subjects wore the 12 helmets (four each 
of the three types) for 6 or more hours daily (sometimes including the night-shift), for at 
least 5 days, starting on a Monday. At the end of the week or after 5 days of wearing, a 
subjective evaluation was made similar to the short-term test, except that the paired 
comparisons were omitted. The short-term test and long-term test were repeated on 
two more new groups of 12 workers each and similar subjective assessments were made. 

3.2.3. Results of the field evaluations. Results of subjective judgments using opposite 
adjectives in the short-term test revealed that helmet A (unmodified) was more 
comfortable, caused less itching and was more acceptable than the other two modified 
helmets, B and C. However helmet B was judged less hot and caused less sweating than 
the other two and helmet C was judged less heavy than the other two. The results of the 
judgements on comfort, hotness, itching, acceptability, sweating and heaviness for the 
three helmets taken together were tested using a one-way ANOVA. There was no 
significant difference between the three helmets. Rating scale results for comfort and 
weight subjected to Kruskal-Wallis test of one way ANOVA revealed no significant 
difference between the three helmets, but the feeling of hotness was significant 
(p<0001) with helmet B rated least hot. Paired comparisons of the three helmets 
(Edwards 1957), yielded the following result. 

Comfort 

1 
\ B ( 

I 
+ 1 5 ) - 1 

( + O383M + 0-28) (-0-67) 

<—(—> 

More Less 
comfortable comfortable 

Hotness 

B A C 
1 1 
1 

+ 1 ) 1 
- 1 

( + 0-863)(-0-257)(- 0-607) 

< — j — > 
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hot hot 
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C B A 
1 
1 
+1 

( + 0-' 

( 

M7X-I 

<— 

) 

)• 10X-0-5 

-> 

- 1 

63) 

Less More 
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In the long term test, the subjective judgements using opposite adjectives revealed 
that helmet B was preferred as regards comfort, hotness, itchiness and sweatiness and 
even weight (helmet C was also judged less heavy). But in terms of acceptability, helmet 
A was preferred, probably due to reasons of safety and protection which appeared to be 
absent in modified helmets due to the changes made in them. Significant advantages in 
comfort in helmet B were indicated in the long-term test. A one-way ANOVA of all 
comfort judgements did not show significant differences between the three helmets. The 
Kruskal-Wallis test on rating scales of comfort indicated no significant difference in 
comfort preferences. For hotness and heaviness the rating was significantly different, 
p<005 (with helmet B rated the least hot) and p<0 01 (with helmet C rated least 
heavy), respectively. 
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Cradle 

Sweat-band 

Headband 

Chin strap 

Figure 2. The harness. 

In both short-term and long-term testing the majority of the subjects were of the 
opinion that all parts of the harness, viz. headband, cradle and sweat-band except the 
chin strap (figure 2), were not uncomfortable. Out of the few subjects who had adverse 
comments to make, the notable comments included fitting problems (tightness, 
looseness and bad retention) in both headband and chin strap. The chin strap was not 
liked by almost 50% of the subjects in the long-term test because of sweating and poor 
fit. Other important comments were that the sweat-band did not absorb sweat properly 
and that the cradle was not deep enough for a good fit. Complaints of tightness (22-4%), 
looseness (37-5%), pain (11-8%) and bad retention (45-4%) have been made in short term 
and long-term tests (table 2). These were directly attributable to the harness. 

Table 2. Results of harness evaluation in short and long term tests (percentages of adverse 
responses). 

Short term (%) Long term (%) Average (%) 

Tightness 250 19-7 22-4 
Looseness 42-1 330 37-5 
Pain 111 12-5 118 
Bad retention 44-9 45-8 45-4 

4. Discussion 
In the design of any safety wear, comfort has to be compromised with safety. It is useless 
to provide safety helmets with ideal protection that are not worn. In helmets it is 
impossible to provide protection against all possible head impacts and still retain a 
high degree of comfort. 

Another theory is that the longer the period of wear of a helmet the better the wearer 
will be able to tolerate any discomfort, owing to adaptation and acclimatization. In the 
feeling of tightness and looseness in the harness (table 2), a slight degree of adapatation 
was shown, with lower percentages of complaints in the long-term test than in the 
short-term test. 

Industrial helmets usually have a lower energy absorption requirement, viz. 49 
joules, than other types of helmets, (e.g. firemen: 160 joules, vehicle users and climbers: 
122 joules, jockeys: 111 joules), (Proctor 1982). But industrial helmets have to be worn 
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throughout a work shift unlike the other helmets which are worn for short periods. The 
comfort needs become essential in these helmets as the long-term effects such as 
hotness, headaches, weight and general fatigue cause them to be rejected in tropical 
environments. 

Hotness is an important parameter of discomfort when using p.p.w. in tropical 
countries. With regard to helmets, the head/helmet clearance has been said to provide 
ventilation (Fonseca 1974), but considerable discomfort can be experienced owing to a 
greenhouse effect (Kamin and Scalone 1974). Therefore providing openings at the top 
of the helmet shell can help to release this heat, as was indicated by the low skin 
temperatures in the pilot test in helmet 3. According to the results of the field survey, a 
significant difference in rating for hotness was observed between venitilated (less hot) 
and unventilated helmets. But any openings on the shell can weaken the ability of the 
shell to withstand penetration and also the head will be vulnerable to harmful chemical 
splashes and rain water. Another disadvantege will be the entry of radiant heat rays 
through the openings. The worker may also psychologically feel unsafe. Any form of 
artificial cooling is too costly for DC. It is therefore suggested that the shell is suitably 
designed to provide hidden ventilation holes only along the top ridges of the shell, e.g. 
applying the louvre principle. Further studies would be necessary to confirm the 
effectiveness of this. Reflective properties of the shell, viz. bright colour, smoothness, 
polished surface etc. have been found to be advantageous in reflecting solar load and 
radiant heat in hot climates (Kamin and Scalone 1974). The pilot study, where the white 
helmet was preferred to coloured helmets, confirmed the above finding. 

It can be argued that a modification such as cutting holes in the shell may seriously 
affect the protective value of the helmet. There are at present in the market, helmets 
manufactured in Sweden which are provided with six small holes on the shell top and 
which have still conformed to the protective standard, i.e. the impact test. However it is 
unlikely that the modified helmets containing the holes used in the present study would 
pass the impact test. The intention of this experiment was to ascertain whether holes 
provided on a helmet shell would significantly reduce the hotness felt inside a helmet. 
Depending on the results of these tests the exeprtise of an industrial designer can be 
used to design a helmet shell with optimum ventilation and protection. 

A reduction in weight of 45 g (approx.) had a significant effect on the perception of 
weight on the head, as evidenced by the field study, but the absence of the brim and the 
sunshade may be disadvantageous, both for comfort and protection from rain, sun and 
side impacts. A few subjects indicated some advantages such as better vision (signalling 
the crane operator from lower levels) and easy movement in confined spaces (engine 
room in a ship). It can therefore be recommended that a lighter material be used for the 
shell, retaining the sunshade and the brim, without affecting the protection efficiency 
and that also can keep the cost low. In this respect Smith and Anderson (1978) after 
testing 17 materials have found that polyvinyl chloride (PVC)/acrylonitrile-butadiene-
styrene (ABS) copolymer is lighter and still retains the protection requirements of a 
helmet. Appropriate design of the helmet to place the centre of gravity in line with the 
centre of gravity of the head (depending also on the angle of wear), can be advantageous 
in minimizing the perception of heaviness. 

Both short-term and long-term tests indicated that comfort assessments (taken 
together) were not significantly different between the three helmets. This implies that 
each helmet, whether modified or not, contained some good comfort or acceptability 
factor which the other two did not possess, viz. helmet A—the safety aspect promoted 
acceptability, helmet B—the ventilation, and helmet C—the low weight. 



Table 3. Comparison of head dimensions of Sri Länkans and harness measurements (mm) in helmets used in pilot and field studies. (All harness 
measurements taken with harness (only) fitted on head.) 

Head Head 
(5th) Harness (95th) Harness 

percentile) min. percentile) max. Mean s.d. 

Head circumference 515 570 543 18-4 
Head band circumference (adjustable) 520 600 

'o
d

ifi 

Bitragion coronal arcf 320 370 343 23-7 

'o
d

ifi 

Coronal arcj (not adjustable) 270 
305* 

270 
305* 

ed in
 

Head length 156 194 178 121 §-
Headband length (adjustable) 180 237 —t 

Head breadth 130 153 137 11-7 5' 
Headband breadth (adjustable) 160 170 *—. 

a-Head height§ 113 153 127 21-5 

elm
ets 

Height of harnessll (not adjustable) 70 
105* 

70 
105* 

elm
ets 

* Since helmets fit over the ear, about 35 mm must be added to harness measurements when comparing, 
t Measurement from tragion of one ear over the head to tragion of other ear. 
I Measurement from one end of harness (over ear) along the coronal arc to the other end (similar to bitragion coronal arc). 
§ Measurement from tragion to vertex. 
II Vertical distance from the low end of the head band to the highest point on the cradle (at vertex). 
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A comprehensive testing programme of the harness in helmets has shown that 
materials used to make different parts of the harness can affect the comfort and 
acceptability (Stroud and Rennie 1982). The helmets used for the field testing 
conformed very closely to the findings of the above survey except that the fitting of the 
harness was not satisfactory. There were also a few adverse comments on the chin strap 
and sweat-band. It is suggested that the sweat-band material is changed to a material 
that absorbs sweat better, and that more perforations should be provided in the band 
for better ventilation. 

The fit of the helmet is an important consideration for comfort and protection as 
mentioned earlier. Results of comparisons of head dimensions of Sri Länkans with the 
respective harness measurements of the helmet (used for the test) are shown in table 3. 
It is seen from the table that the minimum adjustment of the headband (circumference, 
length and breadth), is too big for a certain percentage of Sri Länkans, which agrees 
with the earlier pilot survey conducted in Sri Lanka (Abeysekera 1987). The high 
percentage of looseness (37-5%, table 2) in the harness evaluation also confirms this 
finding. However the harness arc and height seem to be too small on the average Sri 
Lankan head (table 3), which also agrees with the comment that the cradle was not deep 
enough. 

Therefore the factors which are important for improving the fit and retention of the 
helmet are provision of adjustability of the headband, chin strap and cradle to 
accommodate at least 90% of the user population. For example the headband 
adjustment range for Sri Länkans should be 515 to 570 mm (Abeysekera 1987). The 
locking system of the harness (which became loose in constant use) was considered 
defective by 45-4% of respondents (bad retention in table 2). A firm locking system of the 
harness on the helmet shell to withstand the wear and tear is also recommended as 
another design change in the helmet tested. 
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Appendix 

A questionnaire administered verbally after short-period and long-period wear of 

industrial helmets (Sri Lanka) 

1. Indicate the judgement of the helmet worn by you out of the following alternatives given. 

Helmets 
1 2 

Comfortable / Uncomfortable 

Hot / Not hot 

Not itchy / Itchy 

Acceptable / Not acceptable 

Sweating / Not sweating 

Not heavy / Heavy 

A B C 

2. On the scales given below how would you rate the helmet? 

Comfort 1 2 3 4 

A 
Very 

uncomfortable 
B 

C 

Not at all 

uncomfortable 

Hotness 

Very hot 

A 

B 

C 

Not at all hot 

Heaviness on head 2 3 4 5 

A 

Heavy B Not at all heavy 
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3. Pair Comparisons (at the end of second and third helmet testing). 

Regarding ergonomic aspects (as follows), which helmet is better? 

Comfort Less hot Less weight 

A or B 

A or C 

B or C 

4. Harness assessments after testing all helmets 

(a) Indicate the judgement of harness in helmets worn by you out of the following 
alternatives. 

1 2 A B C 

Painful / Not painful 

Good retention / Bad retention 

1 2 3 

Tight / good fit / Loose 

(b) Were the different parts of the harness comfortable or uncomfortable? If uncomfortable 
what are your reasons? 

Head band Uncomfortable / comfortable 

Cradle Uncomfortable / comfortable 

Sweat-band Uncomfortable / comfortable 

On a trouvé que les problémes de sensation de chaleur, de poids et d'ajustement étaient les 
principales causes de 1'impopularité des casques de protection industriels utilises en milieu 
tropical dans les pays en voie de développement (D.C.). Un certain nombre de casques de sécurité 
fabriqués dans les pays industrialises (I.C.) ont été modifiés pour permettre une meilleure 
ventilation de la tete et pour les alléger afin de les rendre davantage acceptables par les 
utilisateurs des pays chauds. Ces casques modifiés ont été soumis å une évaluation ergonomique, 
objective et subjective, aussi bien en laboratoire (conditions tropicales simulées) qu'en situation 
de terrain. Les casques blånes, comparés å ceux de couleur (p. ex. rouge, vert, etc.) ont présenté des 
avantages certains en ce qui concerne le confort, en particulier la réduction de la sensation de 
chaleur, lorsqu'ils sont portés en condition de chaleur radiante dans le laboratoire. Des trous de 
ventilation au sommet de la coque semblent réduire 1'erTet de serre å l'intérieur du casque, ce qui 
les rend moins inconfortables que les casques pleins. Méme une faible réduction de poids, de 
Fordre de 45g pour un casque d'environ 350g est percue par le porteur. Lorsqu'on veut adapter 
des casques fabriqués dans les I .C. pour les utiliser dans les climats tropicaux, il est important de 
prendre en considération la ventilation de la tete et la perception de légéreté. Outre un coüt faible, 
il faut également prévoir un rembourrage capable d'absorber la sueur. Par ailleurs, il est 
également nécessaire de calculer des tailles qui s'ajustent å 90% des utilisateurs. 
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Probleme durch Hitze, Gewicht, Passform etc. haben sich als Hauptursachen für die 
Unbeliebtheit von industriellen Sicherheitshelmen in der tropischen Umgebung von 
Entwicklungsländern herausgestellt. Einige ausgewählte, in den Industrieländern hergestellte 
Sicherheitshelme wurden bezüglich einer speziellen Kopflüftung und einer 
Gewichtsreduzierung so verändert, daß sie von den Trägern in einer heilen Umgebung eher 
akzeptiert werden können. Diese veränderten Helme wurden einer sowohl objektiven wie auch 
subjektiven ergonomischen Auswertung im Labor (bei simulierten tropischen Bedingungen) und 
unter Feldbedingungen unterworfen. Es wurde deutlich, daß weiße Helme im Vergleich zu 
anderen Farben wie rot, grün etc. Vorteile beim Tragen, speziell abnehmende Hitze, besitzen, 
wenn sie bei Wärmestrahlung im Labor getragen werden. Lüftungslöcher auf dem Scheitel der 
Helmschale scheinen den Treibhauseffekt innerhalb des Helmes zu reduzieren, so daß sie weniger 
unkomfartabel als geschlossene Helme wirken. Selbst die geringe Gewichtsabnahme von 45g bei 
Helmen, die ca. 350g wiegen, wird von den Trägern wahrgenommen. Bei der Anpassung von in 
Industrieländern hergestellten Helmen an tropisches Klima sind die Kopflüftung und die 
sensible Gewichtswahrnehmung wesentliche Komfort-Gesichtspunkte, die bedacht werden 
sollten. Zusätzlich zu geringen Kosten wird ein stabiles, schweißaufnahmefähiges Material 
gefordert. Verstellbarkeit und Größenanpassung an 90% der Benutzer müssen ebenfalls bei der 
Entwicklung und Herstellung von Sicherheitshelmen für die Menschen in den 
Entwicklungsländern berücksichtigt werden. 

« W T ? * 5 c i * ^ o f c . jima ( i o Tüis*ntzmm<o&_>m4&8ii. 
W L . toman. mm#T(D®m--Gic%ir}Atic,tizj:öicitz. &$&£mrmm m 
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DEVELOPMENT OF A HEADFORM WITH ANTHROPOMETRIC DIMENSIONS USING  

A PHOTOMETRIC METHOD: ITS RELEVANCE TO THE DESIGN OF HEAD GEAR  

- AN EXAMPLE FROM SRI LANKA 

ABSTRACT 

Due t o the la rge v a r i a b i l i t y i n heads and faces i n one popu la t ion , the 

standard anthropometr ic dimensions of the head, measured from 

anatomical landmarks a lone, may not s u f f i c e f o r the design of f i t t i n g 

head gear, e .g . helmets. To provide adequate data of the shapes and 

contours of the head t o the designer, appropr ia te headforms scu lp tured 

us ing comprehensive head dimensions, must be developed. This paper 

desc r ibes , (a) A procedure of c o l l e c t i n g comprehensive anthropometric 

data of the head using a photometric method and (b) A simple 

s c u l p t u r i n g technique t o develop a headform of the user popu la t i on . 
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1. INTRODUCTION 

Head mounted devices v i z . helmets, ear m u f f s , ear phones, spectacles , 

r e s p i r a t o r s e t c . , are used to p ro t ec t the head and to provide enhanced 

sensory i n f o r m a t i o n . The co r r ec t f i t t i n g of these wears c o n t r i b u t e t o 

both comfor t and p r o t e c t i o n they g ive . Therefore when designing 

f i t t i n g head gear the r e l evan t anthropometric dimensions and the head 

p r o f i l e o f the user popula t ion become impor tan t . The shape and 

contours of the head of the re levant popula t ion w i l l a lso help the 

manufacturers to design the appropr ia te sizes and shapes of head gear. 

For example the shape of a helmet she l l may depend on the head shapes 

(whether oblong, o v a l , round or square e t c ) , of t h a t p o p u l a t i o n . In 

head gear design another important f ea tu re i s , t h a t the center o f 

g r a v i t y must be s i t e d along the center of g r a v i t y of the head (and 

neck) f o r proper ba lanc ing , which i n t u r n helps to have the l e a s t 

perce ived e f f e c t of weight of the head gear on the head, (Jones e t 

a l . 1 9 7 2 , Kamin and Scalone, 1974). 

A headform can provide i n f o r m a t i o n o f the shape, s ize and appropr ia te 

placement of the center of g r a v i t y i n head gear des ign ing . Due t o the 

extreme complex i ty and v a r i a b i l i t y of the head and f ace , headforms 

have been considered t o be the most d i r e c t means o f f u r n i s h i n g 

an thropometr ic data to helmet designers and manufacturers , (Zeigen e t 

a l , 1 9 6 0 ) . Headforms have been developed by Zeigen and others (1960), 

w i t h 42 dimensions of head and face and using head circumference as a 

key dimension a s i z i n g system f o r helmet design has been recommended. 

Headforms are a lso used f o r helmet t e s t i n g as mentioned i n Standards, 

(ANSI, DS, S IS ) . 

There fo re development of a headform f o r every coun t ry , popula t ion or 

e t h n i c group based on comprehensive anthropometric data of the heads 

of t h a t p o p u l a t i o n can be of great help t o the designers and 

manufacturers of personal p r o t e c t i v e devices (ppd) and sensory aids 

used on the head and face . 

Anthropometr ic data of the head are u sua l ly taken f rom anatomical 

landmarks or p o i n t s . But to reproduce the shapes and contours o f the 

head, measurements taken from anatomical po in ts alone (which are 



3 

l i m i t e d ) may be i n s u f f i c i e n t . The requi red measurements can however be 

conven ien t ly and accura te ly taken o f f a photograph as revealed in t h i s 

s tudy . I t was a lso observed t h a t whi le t ak ing measurements o f f a 

photograph there could be some r e s t r i c t i o n s i n the measurements f rom 

d e f i n e d anatomical p o i n t s . This study describes a photometric method 

of measuring the head, using 80 measurements (out of which 16 were 

taken f rom d e f i n e d anatomical p o i n t s ) , and developing a headform using 

these measurements. 

2. METHOD 

A random sample o f 41 Buddhist monks from S r i Lanka was selected as 

s u b j e c t s . The monks were taken as subjects f o r the sole reason t h a t 

they had shaven heads which were advantageous t o make accurate 

measurements using the method contemplated. The subjec ts ranged from 

19 years t o 94 years w i t h average age 43.9 years (S .D. : 18.6) and born 

i n va r ious par t s of the count ry . Except the f a c t t h a t they were 

Buddhist p r i e s t s there was no other d i s c r i m i n a t i o n i n the se l ec t ion of 

s u b j e c t s . 

Each sub jec t was asked to s i t on a comfor table cha i r and the head was 

p o s i t i o n e d aga ins t a whi te w a l l . Photographs were taken w i t h the 

camera f i x e d on a t r i p o d stand and the head was focussed a t a 

predecided d is tance of the lens from the f r o n t of the head at 93 cm. 

A t t h i s d i s tance the head covered more than 75% of the f i l m frame and 

t h e r e f o r e considered a s u i t a b l e dis tance f o r a sharp p i c t u r e . Four 

photographs were taken of the s u b j e c t ' s head from f o u r s ides , ( f o u r 

views) v i z . F ron t , Back, Top and L e f t s ide ( F i g . 1 a, b, c and d ) . The 

s u b j e c t w i t h the head erec t placed i t against the wa l l f o r the Fron t , 

Back and L e f t s ide views. When t ak ing the top view of the head, the 

sub j ec t was asked to bend h i s head forwards so t h a t the forehead was 

d i r e c t l y f a c i n g the f l o o r and the dis tance from the camera lens to the 

head was ad jus ted to 93 cm and focussed. The i d e n t i c a l procedure was 

f o l l o w e d w i t h the same lens dis tance from the head f o r a l l 41 

s u b j e c t s . The f i l m s were l a t e r processed and enlarged. The enlargement 

procedure and m a g n i f i c a t i o n were i d e n t i c a l f o r a l l p r i n t s . The s ize of 

the p r i n t (head s ize) was approximately 8.0 x 5.0 cm, which was large 

enough to make measurements convenien t ly . 

Actua l head measurements using a spreading c a l l i p e r were taken on a 

sample of 12 subjec ts out of the 41 sub jec t s . These inc luded important 
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f a c i a l f e a t u r e measurements which could be convenient ly taken from 

anatomical p o i n t s , v i z . I n t e r o c u l a r breadth, Biocular breadth, Nose 

w i d t h , Nose l e n g t h , Mouth l e n g t h , Mouth he igh t , and Menton to Nasion, 

(see F ig . 3 a and b ) . They were used along w i t h the re levan t 

photomet r ic measurements to work out the f a c t o r f o r conversion of 

photomet r ic measurements to actual s izes . 

With r e fe rence t o anatomical p o i n t s , h o r i z o n t a l and v e r t i c a l l i n e s and 

the center p o i n t s where these l i n e s crossed were marked on the photos 

as f o l l o w s . 

(a) F ron t view ( F i g . 2 a ) . 

H o r i z o n t a l l i n e : Line j o i n i n g Nasion and the corners of the eyes. 

Center: Nasion 

V e r t i c a l l i n e : Line perpendicular to h o r i z o n t a l l i n e through nasion. 

(b) Back View ( F i g . 2 b ) . 

V e r t i c a l l i n e : Line j o i n i n g the po in ts of apex (highest p o i n t on 

the head) and the p o i n t d i v i d i n g the base l i n e drawn h o r i z o n t a l l y 

across the neck. 

(This base l i n e was drawn across the curved po in t s o f the neck as • 

shown i n F i g . 2 b ) . 

Center: Mid p o i n t of the v e r t i c a l l i n e . 

H o r i z o n t a l l i n e : Line perpendicular to v e r t i c a l l i n e through center . 

(c ) Top View ( F i g . 2 c ! . 

V e r t i c a l l i n e : Line drawn across the t i p of the nose and f u r t h e s t 

p o i n t o f the rear of the head. 

Center: Mid p o i n t o f v e r t i c a l l i n e from f u r t h e s t p o i n t of the back o f 

the head and top of forehead. 

H o r i z o n t a l l i n e : Line drawn perpendicular through v e r t i c a l l i n e 

through cen te r . 

(d) Side view (F ig ,2d) 

H o r i z o n t a l l i n e : Line passing across nasion and corner of the l e f t eye 

V e r t i c a l l i n e : Line perpendicular to h o r i z o n t a l l i n e from apex 

( h i g h e s t p o i n t on the head). 

Center: The p o i n t where the h o r i z o n t a l and v e r t i c a l l i n e s meet. 

From the center p o i n t 16 equ iva len t angles ( 2 2 . 5 ° ) were marked on each 

photo , as shown i n F ig .2a . Measurements were taken from the 

c e n t e r p o i n t upto the per iphera l o u t l i n e of the head on each of the 16 

l i n e s , w i t h the help of a d i v i d e r and/or a v e r n i e r c a l l i p e r . In t a k i n g 

the measurments of the back view and f r o n t v iew, the ears were l e f t 



5 

o u t . This procedure of t a k i n g measurements was repeated on a l l f o u r 

photos (4 views) o f each sub j ec t . To reduce measuring e r r o r s to the 

minimum, a l l measurements were c a r r i e d out by one measurer. The mean 

values of the 16 measurements on each view were worked ou t . These 

means were used t o draw the average head p r o f i l e s o f the f o u r views. 

The maximum and minimum values of each of the 16 measurments on a l l 

f o u r views were used t o show the biggest and smal les t heads, (F ig .2 a, 

b , c and d ) . 

From the f r o n t and s ide views, 16 more measurements (head and 

f a c i a l f e a t u r e s ) were taken (F ig .3 a and b ) . The p ro t ru s ions of the 

ear and nose were however not measured. The above measurements (which 

can be taken f rom anatomical po in ts on l i v i n g subjec ts ) provided 

i n f o r m a t i o n on head and f a c i a l f ea tures and were a lso u s e f u l i n the 

development of the headform. 

3 . RESULTS 

Mean, standard d e v i a t i o n , maximum and minimum values of each of the 16 

measurements were c a l c u l a t e d on each of the f o u r views of the head of 

the 41 s u b j e c t s . Making use of the means of 7 ac tual measurements and 

means o f the r e l e v a n t photometric measurements, of the i d e n t i c a l 

s u b j e c t s , the r a t i o or p ropo r t i on f o r each measurement was c a l c u l a t e d . 

Average p r o p o r t i o n being 25.31/7=3.6 was used as the f a c t o r to convert 

photomet r ic measurements to l i f e s ize measurements, (Table 2 ) . The 

r e s u l t s o f the head p r o f i l e s (average, maximum and minimum) obtained 

f o r the f o u r views are shown i n F i g . 2. a, b, c and d . Results of the 

16 head and f a c i a l f e a t u r e measurements (F ig .3 a and b) are shown i n 

Table 3. Results of the photometric measurements (mean, minimum and 

maximum ) of the f r o n t view w i t h the values a f t e r conversion are shown 

i n Table 1 . 

4. DEVELOPMENT OF THE HEADFORM 

4.1 Sculpturing Technique 

The photometr ic measurements a f t e r conversion t o actual l i f e s ize data 

(photomet r ic measurements m u l t i p l i e d by the f a c t o r 3 . 6 ) , were used to 

s c u l p t u r e a wooden headform. Plaster of Par i s , sand paper, c u t t i n g 

wheel and f r e t saw were used f o r s c u l p t u r i n g and a l t e r i n g , c o r r e c t i n g 

d i sc repenc ies and smoothening surfaces of the headform wherever 
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necessary. 

Six pieces of very dry wooden blocks (dimensions: length x breadth x 

th ickness = 350x100x50 mm) w i t h smooth surfaces were pasted f i r m l y 

i n t o one b lock , of dimensions 350x200x150 mm, as shown i n f i g u r e 4. 

These dimensions were taken i n order to conta in the headform 

contemplated w i t h i n the b lock . The p r o f i l e s of the f r o n t , back, top and 

s ide views of the head were made based on mean dimensions according t o 

F ig 2 .a , b,c and d . The f o l l o w i n g procedure of s c u l p t u r i n g was c a r r i e d 

o u t . 

Step 1 . The nasion p o i n t ' N ' was marked on the side A ( F i g . 4 . ) by 

measuring the apex to nasion dis tance (mean dis tance obtained f rom the 

s u r v e y ) . The t r a g i o n p o i n t ' T ' on side B and the apex p o i n t ' A ' on 

s ide C were a lso marked. 

Step 2. With the p r o f i l e of the top view the o u t l i n e of the top view 

of the head was marked on s ide C keeping the apex as the center 

Using the c u t t i n g t o o l s , the top p o r t i o n of the head upto the 

c i rcumference l e v e l (which i s j u s t over the nasion) was s cu lp tu red , 

always matching and measuring w i t h the top view p r o f i l e and the upper 

p o r t i o n of the s ide view p r o f i l e and a t the same time measuring the 

c i rcumference . 

Step 3. The o u t l i n e of the f r o n t view was marked and sculp tured (not 

the f a c i a l f e a t u r e s ) . 

Step 4. Making use of the side p r o f i l e the forehead, nose, l i p s ch in 

and back o f head were scu lp tured to f i t the p r o f i l e . 

Step 5. The f a c i a l f ea tu res and the ear were sculp tured t o f i t the 

dimensions. 

The f o l l o w i n g checks were made on the sculptured headform. 

(a) With the help o f p r o f i l e s f rom a l l f o u r views i t was checked 

whether they conform t o the p r o f i l e s . Any discrepencies were 

c o r r e c t e d . 

(b) The anatomical fea tures such as the nose, eyes, mouth and ears 

were checked on the model whether they conform to actual l i f e s ize 
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dimensions. Any discrepencies were cor rec ted . 

(c) With the mean dimensions of the head c i rcumference, neck 

c i rcumference and b i t r a g i o n coronal arc obtained from a na t iona l 

anthropometr ic survey of Sr i Länkans (Abeysekera and Shahnavaz, 1987), 

( F i g . 5 ) , were checked on the headform. Results of these measurements 

are shown i n Table 4. Any discrepencies were co r rec t ed . 

The p r o t r u s i o n s of the nose and chin were sculp tured p r o p o r t i o n a t e l y 

on the face as there were no s p e c i f i c measurements f o r these 

p r o t r u s i o n s . The ear was s i t e d w i t h the help of mean t r a g i o n distances 

f rom the ver tex and back of head. The ear p r o t r u s i o n outwards was not 

p rovided i n the headform. The ear was sculptured on the same v e r t i c a l 

ax i s as t h a t of the head. The headform which was u l t i m a t e l y developed 

i s shown i n F ig .6 a and b. ( the f r o n t and side views and t h e i r 

s i l h o u t e s ) . 

4.2 Sculpturing Error 

The s c u l p t u r i n g e r r o r was ca l cu l a t ed between the photometr ic 

measurements and the r e l evan t measurements on the headform. In over 

80% of the measurements the e r r o r was w i t h i n +2.5 mm which i s an 

a l l o w a b l e e r r o r (Zeigen, 1960). This e r ro r i s due t o the s c u l p t u r i n g 

i n c o m p a t i b i l i t y between dimensions. But there was a la rge e r r o r +20 mm 

(headform) on the measurement nose t i p t o back of head. Since nose 

p r o t r u s i o n was not measured i n the survey, t h i s can be ignored . I t was 

a l so noted t h a t when t h i s measurement was compared w i t h the mean 

r e s u l t obta ined on the na t iona l anthropometric survey, S r i Lanka of 

425 male sub jec t s the s c u l p t u r i n g e r ro r was w i t h i n +2.5 mm. 

5. DISCUSSION 

In order t o a sce r t a in how r e l i a b l e are photometric measurements when 

compared t o measurements on l i v e sub jec t s , the means of 16 photometric 

data ( a f t e r conversion) and the means of re levan t data f rom l i v e 

sub jec t s (a sample f rom the same popula t ion obtained from a na t iona l 

anthropometr ic survey, Sr i Lanka, (Abeysekera and Shahnavaz, 1987), 

were compared (Table 3 ) . The d i f f e r e n c e s in means were not s i g n i f i c a n t 

i n 12 measurements, which ind ica t ed a good degree of r e l i a n c e i n 

photometr ic measurements. The 4 measurements which were s i g n i f i c a n t l y 

d i f f e r e n t (p<0 .05) , v i z . (a) i n t e r o c u l a r breadth (b) b i o c u l a r breadth, 
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(c) t r a g i o n to ve r t ex and (d) nose t i p to back of head cannot be 

adequately exp la ined . A l a rge r variance in the na t iona l sample of 435 

sub jec t s when compared to the smaller sample of 41 subjec ts (used f o r 

the head survey) can be one reason f o r the s i g n i f i c a n t d i f f e r e n c e i n 

some measurements. The F - r a t i o ca lcu la ted on these f o u r measurements 

revealed t h a t the var iances of the two la rger dimensions, v i z . (c) and 

(d) were s i g n i f i c a n t (p<0.05) i n d i c a t i n g t h a t the a r equ i red 

assumption f o r the " t " t e s t , v i z . homogeneity of var iance has not been 

s a t i s f i e d , (Haber and Runyon,1973). 

However the re are l i m i t a t i o n s also consider ing the f a c t t h a t the model 

was designed on mean measurements and t he r e fo r e the head contours and 

p r o f i l e s are average and not r e a l . So were the maximum and minimum 

p r o f i l e s which were developed from the maximum and minimum 

measurements r e s p e c t i v e l y of each of the 16 measurements f rom the 41 

sub jec t s and t h e r e f o r e do not represent an actual l a rge or a small 

head. 

I t was i n t e r e s t i n g t o know the c o r r e l a t i o n s of c e r t a i n head 

and face dimensions. Due to the extreme v a r i a b i l i t y of faces and 

heads, the c o r r e l a t i o n s among l i n e a r dimensions on the head and face 

have been found t o be low, ( C h u r c h i l l , 1957). 

Pearsons c o r r e l a t i o n c o e f f i c i e n t (Haber and Runyon, 1973), c a l c u l a t e d 

f o r p a i r s o f measurements i nd ica t ed s l i g h t l y negat ive c o r r e l a t i o n s 

between head l eng th and head breadth (Length Vs Breadth) ( r = -0 .044) 

and f o r Nasion t o Menton (Face length) and Nose Length (two v e r t i c a l 

dimensions) ( r = - 0 . 1 1 ) . Low p o s i t i v e c o r r e l a t i o n s were shown between 

Mouth Length and Nose Breadth (two ho r i zon ta l t ransverse dimensions) 

( r = +0.242) and f o r Head Breadth and Tragion to Vertex (Head Height) 

( h o r i z o n t a l and v e r t i c a l dimensions) ( r = +0 .35) . Due t o the 

t runca ted range ( r e s t r i c t e d range) as a r e s u l t of homogeneity i n the 

popu la t i on (Buddhis t monks from Sr i Lanka) the c o r r e l a t i o n s would 

appear very low, (Haber and Runyon, 1973). However the negat ive 

c o r r e l a t i o n s i n d i c a t e d t h a t head fea tures i n one popula t ion do not 

f o l l o w the r u l e o f p ropor t i ona t e increase i n growth of d i f f e r e n t par ts 

of the human anatomy. Due to the poor c o r r e l a t i o n s i n the head and 

face dimensions, some of these head features can be s c u l p t u r a l l y 

i ncompa t ib l e . For the same reason the a b i l i t y to provide one head or 

face dimension from another i s f r e q u e n t l y poor, ( C h u r c h i l l ,1957). Due 

t o these reasons one s i ze headform may not be s u f f i c i e n t f o r a 
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comprehensive s i z i n g of head gear f o r a heterogenous popu la t ion . The 

headform developed i n t h i s study can be s u i t a b l e to decide on shapes 

of head gear f o r S r i Länkans or perhaps Asians, e.g helmet s h e l l . 

Based on the head circumference of a popula t ion and together w i t h 

t h e i r r e l e v a n t photometric measurements, 1,2,3 or 4 sizes of headforms 

can be used f o r s i z i n g of helmets f o r t h a t p a r t i c u l a r p o p u l a t i o n . 

Though 3 s izes v i z . small medium and large may be more s u i t a b l e f o r a 

p o p u l a t i o n w i t h a wider range i n head circumference measurement. For a 

small count ry l i k e Sr i Lanka w i t h a homogenous popu la t i on , one 

s tandard s ize w i t h s u i t a b l e a d j u s t a b i l i t y may s u f f i c e . I t must be 

noted t h a t the headforms scu lp tured i n t h i s manner cannot be used 

d i r e c t l y f o r helmet she l l des ign. The headforms however can be used 

f o r the head harness f i t t i n g . The bulk to be provided on the she l l 

a long the head circumference and at the top , f o r purposes of 

v e n t i l a t i o n must be determined e m p i r i c a l l y f o r each helmet s i z e . Since 

s u i t a b l e a d j u s t a b i l i t y has to be provided on the head circumference as 

w e l l as the head he igh t f o r each s ize of the helmet, the harness and 

the s h e l l have to be designed to cover the maximum value on the 

a d j u s t a b l e range. 

The f ace fo rm t h a t i s developed w i t h the head also conform t o actual 

face dimensions of the sub jec t s . But p r i o r to using such a faceform to 

f i t f ace gear, v i z . r e s p i r a t o r s , goggles, ear m u f f s , e t c , the faceform 

should conform to measurements such as ear p r o t r u s i o n , nose 

p r o t r u s i o n , b i g o n i a l and bizygomatic widths of the face of the 

p o p u l a t i o n , which were not measured i n t h i s s tudy. This method may 

have f u r t h e r l i m i t a t i o n s i n developing a s u i t a b l e faceform f o r f i t t i n g 

a r e s p i r a t o r or a goggle. There can be a large ra t e of change of 

contour s lope , such as i n the region of the eye. The divergence as a 

r e s u l t of par t s of the face close to the camera appearing large and 

pa r t s f u r t h e s t to the camera appearing small can also in t roduce a 

c e r t a i n degree of e r r o r . 

6. CONCLUSIONS 

By employing a photometric method i t was possible to measure par ts of 

the body which are d i f f i c u l t to measure on l i v e subjec ts due to the 

reasons of absence of adequate anatomical landmarks. To ascer ta in the 

head shapes of a popula t ion or an e thnic group a comprehensive set of 

p a r t i c u l a r data are necessary of the head which can be provided by 

us ing the photometric method. From the headform t h a t was developed, 
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the head shapes obtained inc luded , the shapes of the whole head, upper 

head, back of the head and the face . The data can be used to sculp ture 

one or several headforms. These headforms which provide both head 

shapes and s izes can be used to design f i t t i n g and comfor table 

helmets , along w i t h other data such as angle of wear, h a i r th ickness , 

v e n t i l a t i o n requirements , center of g r a v i t y placement, e t c . 
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Table 1: Front View. - Results of the 16 measurements w i t h Average, 

Minimum and Maximum values 

A l l measurements i n mm. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mean P 25.6 24.7 23.1 21.3 19.4 20.2 23.8 28.4 30.4 28.5 23.3 19.8 18.6 20.7 22.9 24.9 

S.D. 3.4 3.4 2.9 2.6 2 .1 2.2 2.9 2.7 2.5 2.5 3 .1 2.6 2.8 2.5 2.9 3.4 

A 92.2 88.9 83.2 76.7 69.8 72.7 85.7 102.2 108.0 102.6 82.9 71.3 67.7 74.5 82.4 89.6 

Max. P 33.0 32.0 30.0 28.0 24.0 24.0 29.0 36.0 38.0 36.0 29.0 28.0 25.0 26.0 30.0 33.0 

A 118.8 115.2 108.0 100.8 86.4 86.4 104.4 129.6 136.8 129.6 104.4 100.8 90.0 93.6 108.0 118.8 

M i n . P 19.0 18.0 18.0 16.0 15.0 16.0 18.0 23.0 25.0 23.0 18.0 16.0 16.0 16.0 18.0 19.0 

A 68.4 64.8 64.8 57.6 54.0 57.6 64.8 82.8 90.0 82.8 64.8 57.6 57.6 57.6 64.8 68.4 

P = Photometric measurement. 

A = A f t e r convers ion to actual l i f e s ize measurement 

S.D. = Standard Dev ia t ion 
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Table 2. Means of 7 actual and re levant photometric face 

measurements on 12 subjects and the p ropor t ions 

A l l measurements i n mm. 

No. Face Actual Photo. Propor t ion 

Measurements (Means) (Means) 

1. I n t e r o c u l a r Breadth 28.91 9.08 28.91/9.08 =3.18 

2. B i o c u l a r Breadth 100.75 24.91 100.75/24.91=4.04 

o . Nose Length 52.09 13.83 52.09/13.33=3.77 

4. Nose Width 37 40 11.00 37.40/11.00=3.40 

5. Mouth Length 50.00 13.16 50.00/13.16=3.80 

6. Mouth Height 20.18 6.08 20.18/6.08 =3.34 

7. Menton to Nasion 123.25 32.58 123.25/32.58=3.78 

Average Propor t ion 25.31/7 = 3.615 
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Table 3. Means, minimum and maximum measurements of the face and 

head w i t h the r e l evan t mean measurements of the Nat ional 

Anthropometr ic Survey (N.A.S. ) i n Sr i Lanka. 

A l l measurements i n mm. 

No. Measurement Photomet Photometric N.A.S. S/NS 

r i c (41)* A f t e r Conversion (435)* 

Mean S.D. Mean Max. Min . Mean 

1 I n t e r o c u l a r Breadth 11.8 0.96 42.5 50.4 36.0 30.47 S 

2 B iocu la r Breadth 23.4 1.19 84.2 93.6 75.6 103.08 S 

3 Nose Length 14.1 1.32 50.8 61.2 39.6 51.95 NS 

4 Nose Breadth 11.8 0.90 42.5 50.4 36.0 37.26 NS 

5 Mouth Length 12.8 1.00 46.1 54.0 36.0 52.10 •NS 

6 Mouth Height 6.5 0.88 23.4 32.4 18.0 21.11 NS 

7 Head Breadth 38.9 1.95 140.0 158.4 126.0 142.75 NS 

8 Nasion to Vertex 25.8 3.36 92.9 122.4 72.0 85.72 NS 

9 Nasion t o A l v e o l a r 14.8 1.67 53.3 68.4 43.2 62.64 NS 

10 Nasion-Menton(Face L t ) 31.4 2.36 113.0 129.6 97.2 119.78 NS 

11 Ear Length 17.9 1.54 64.4 79.2 54.0 59.09 NS 

12 Ear Breadth 9 .1 0 .81 32.8 39.6 28.8 29.24 NS 

13 Head Length 48.2 1.90 173.5 187.2 158.4 177.50 NS 

14 Trag ion -Ver t ex (Hd .Ht . ) 32.2 2.31 115.9 129.6 86.4 133.78 S 

15 Trag, to Back of Head 23.7 2.81 85.3 100.8 64.8 97.14 NS 

16 Nose Tip to Bk. of Hd. 52.2 2.48 187.9 201.6 176.4 207.52 S 

* Number of sub jec t s i n parenthesis 

S = S i g n i f i c a n t a t p<0.05, NS = Not S i g n i f i c a n t 
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Table 4. Results of the Head Circumference, Neck Circumference and 

B i t r a g i o n coronal arc f rom National Anthropometric Survey 

(S r i Lanka) 

A l l measurements i n mm. 

Head Dimensions Mean S.D. 5th Per. 95th.Per . No.Subj . 

Head Ci rcumfer . 542.91 18.42 515 570 436 

Neck Ci rcumfer . 341.62 22.28 310 380 436 

B i t r a g i o n C.Arc 343.21 23.68 320 370 436 
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F i g . 4 . Wooden B l o c k u s e d t o S c u l p t u r e 
t h e Headform 
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F i g . 5 Curved Measurements 
of the Head 

B i t r a g i o n Coronal Arc 

3*- Head Circumference 

Neck Circumference 
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HEAT TRANSFER CHARACTERISTICS OF INDUSTRIAL SAFETY HELMETS 

ABSTRACT 

Heat t r a n s f e r c h a r a c t e r i s t i c s of commercially a v a i l a b l e helmets, (wi th 

and w i t h o u t m o d i f i c a t i o n s ) were vested using a thermal mannequin head, 

p o s i t i o n e d i n a c l i m a t i c chamber c o n t r o l l e d a t +20°C (approx) ambient 

temperature and an average r e l a t i v e humidi ty of 357.. The heat power 

r e q u i r e d t o main ta in a constant surface temperature on the mannequin 

head was measured, programmed and recorded through a computer. The 

heat t r a n s f e r c o e f f i c i e n t was then ca lcu la t ed f o r d i f f e r e n t helmet 

s h e l l s w i t h changes i n environmental f a c t o r s , e .g . a i r v e l o c i t y , and 

human f a c t o r s , e . g . h a i r . The r e s u l t s revealed t h a t v e n t i l a t e d helmets 

( w i t h holes on the s h e l l ) were much be t t e r f o r heat t r a n s f e r than 

u n v e n t i l a t e d helmets. Helmet she l l painted w i t h a m e t a l l i c surface had 

the h ighes t heat t r a n s f e r c o e f f i c i e n t when compared to other matt or 

g lossy su r faces . There were also optimum advantages w i t h helmet she l l s 

made out of PVC/ABS m a t e r i a l . These f i n d i n g s can be used t o improve 

comfor t i n the design of helmets f o r use i n t r o p i c a l or warm 

environments . The method used seemed r e l i a b l e and use fu l t o t e s t heat 

t r a n s f e r c h a r a c t e r i s t i c s through head gear and other personal 

p r o t e c t i v e wear. 
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INTRODUCTION 

The popular method of p r o t e c t i n g the head from impacts and f a l l i n g 

o b j e c t s adopted by people i n both i n d u s t r i a l i z e d and developing 

c o u n t r i e s has been the use of s a f e ty helmets. In t r o p i c a l c l imates and 

i n hot i n d u s t r i e s the thermal d i scomfor t caused by the use of s a f e t y 

helmets has been a major problem, (Stroud and Rennie, 1982, Väyrynan , 

1983) . The thermal d i s c o m f o r t i n helmets has been mainly respons ib le 

f o r the u n p o p u l a r i t y and the non-use of helmets i n hot environments, 

(Abeysekera and Shahnavaz, 1988). Through design m o d i f i c a t i o n s heat 

d i s c o m f o r t i n helmets has to be reduced to the minimum. 

The head i s a major and an e f f e c t i v e body area f o r heat removal, 

( P r o c t o r , 1982). Since a helmet covers the head, i n order t o reduce 

the e f f e c t s of heat d i s c o m f o r t , i t i s important to minimise the 

e f f e c t s of blockage i n the heat d i s s i p a t i o n and maximise heat t r a n s f e r 

through the helmet. 

Experiments on c l o t h i n g have demonstrated t h a t res is tance t o d ry heat 

loss (by convect ion and r a d i a t i o n ) and res is tance to evaporat ive heat 

l o s s (by sweat evaporat ion) are important p roper t i e s t h a t determine 

heat t r a n s f e r through c l o t h i n g , (Holmer and Elnas, 1981). 

Conduct ion, convec t ion , r a d i a t i o n and evaporat ion are the methods o f 

heat t r a n s f e r f rom a hot t o a co ld medium. Conduction i s the on ly mode 

of heat t r a n s f e r i n opaque s o l i d media. The F o u r i e r ' s law of heat 

conduc t ion , which serves t o d e f i n e the thermal c o n d u c t i v i t y i s as 

f o l l o w s : 

q(k) = -kA dT (1) 

dX 

where A = area i n square meters, T = temperature i n degrees Ke lv in 

X = d is tance i n meters, q = ra t e of heat t r a n s f e r i n wat ts 

k = thermal c o n d u c t i v i t y i n watts per meter per degree Ke lv in 

The heat c o n d u c t i v i t y of mate r ia l commonly used f o r helmet s h e l l s v i z . 

p l a s t i c , glass f i b r e and aluminium has been found to be 0 .2 -0 .3 , 

0 .75(g lass ) and 204 watts per meter per degree K e l v i n , r e s p e c t i v e l y . 
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I t i s seen t h a t heat c o n d u c t i v i t y through p l a s t i c s (the mater ia l very 

p o p u l a r l y used f o r helmet s h e l l s ) i s ra ther low, (0 .2-0 .3 W/M°K). Heat 

c o n d u c t i v i t y of a i r i s 0.02-0.03 W/M°K, (about 10 times lower than 

t h a t f o r p l a s t i c s ) . Hence a i r i s a good heat i n s u l a t o r . Using helmet 

s h e l l ma te r i a l of low heat c o n d u c t i v i t y has an advantage when helmet 

wearers are exposed t o the so la r heat as only minimum solar heat i s 

conducted through the helmet s h e l l . On the other hand when there i s no 

s o l a r heat , e .g . indoors , a helmet she l l of high heat c o n d u c t i v i t y can 

be advantageous t o d i s s i p a t e metabolic heat v i a the head. 

Convection of heat takes place from a hot layer t o the immediately 

s i t u a t e d co ld l aye r i n s t i l l a i r . More heat can be t r a n s f e r r e d through 

f o r c e d convect ion which occurs due to an outs ide motive f o r c e , e .g . 

a i r c u r r e n t s . Un l ike conduction and convection t h a t take place only 

through ma te r i a l media, r a d i a t i o n can t r anspor t heat even through a 

p e r f e c t vacuum. A p e r f e c t r a d i a n t ( v i z . black body) emits heat 

according to the fo rmula : 

-4 
q ( r ) = a AT (2) 

where q ( r ) = Rate of heat f l o w by r a d i a t i o n 

A = Surface area (m 2) 

T = Surface temperature i n 0 K 

ff = Constant (SI value 5.67 x 10 (W/M K ) 

To ta l e m i s s i v i t y o f some mate r i a l s a t low temperature i s : Aluminium 

h i g h l y po l i shed p l a t e 0 .08, aluminium pa in t 0.55, black gloss p a i n t 

0 .90 , glass 0 .94 , wh i t e v i t r e o u s enamel pa in t 0.95, and green p a i n t 

0 .95 , (Weast e t a l , 1986). Since e m i s s i v i t y i s temperature dependent, 

a t low temperatures, m e t a l l i c surfaces w i l l provide the optimum 

advantages f o r heat t r a n s f e r ( less heat i s e m i t t e d ) . But i n high 

temperatures , by changing the colours of sur faces , e m i s s i v i t y and thus 

heat d i s s i p a t i o n can be improved. A b s o r p t i v i t y , r e f l e c t i v i t y and 

t r a n s m i s s i b i 1 i t y are r a d i a n t p roper t i e s of bodies. A black body i s 

sa id t o absorb the maximum amount of i nc iden t energy and emits the 

maximum amount of r a d i a t i o n at a given temperature. C o e f f i c i e n t s of 

absorp t ion of so la r r a d i a t i o n of some mater ia l s are as f o l l o w s : S i l v e r 

h i g h l y po l i shed 0 .07, aluminium 0.15, white lead pa in t 0 .25, l i g h t 

green p a i n t 0 .50, aluminium pa in t 0.55 and black matt 0 .97, (Weast e t 

a l , 1986). The e m i s s i v i t y and a b s o r p t i v i t y of a sur face are always 
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between 0 and 1 . The above heat p roper t i es of mater ia l were important 

cons ide ra t ions i n the cu r r en t study of helmets. 

The heat loss f rom the head of a person wearing a helmet can be 

d i v i d e d i n t o d ry heat loss and evaporat ive heat l o s s . As i n d i c a t e d i n 

F i g . 1 , the d ry heat loss (sometimes heat gain) can take place by 

mainly convect ion (C through helmet she l l and C through spaces 

between helmet s h e l l and head) and r a d i a t i o n (R) . There may be a very 

small component of d ry heat loss through conduction ( K ) . Heat loss by 

evapora t ion can f o l l o w the same pa t t e rn as convect ion ( C ) . Therefore 

i n helmet wearers both dry heat loss and evaporat ive heat loss f rom 

the head can be improved w i t h v e n t i l a t i o n holes or openings on the 

s h e l l . The l i n e a r r a d i a t i o n heat t r a n s f e r c o e f f i c i e n t ( h ( r ) ) and an 

average convect ive heat t r a n s f e r c o e f f i c i e n t ( h ( c ) ) can be used t o 

i l l u s t r a t e the p r i n c i p l e s invo lved i n dry heat loss f rom a human head 

through a helmet . 

(R+C) = h ( r ) ( t ( s k ) - t ( r ) ) + h ( c ) ( t ( s k ) - t ( a ) ) Watts per M 2 

(3) 

where t ( s k ) i s mean sk in temperature of the head sur face 

t ( r ) i s mean r ad i an t temperature of the environment 

t ( a ) i s ambient a i r temperature and 

(R+C) i s the dry heat loss from r a d i a t i o n and convect ion 

The evapora t ive heat loss f rom the head takes place by the 

evapora t ion of sweat produced on the head. The r a t e of evaporat ion can 

be reduced i f the sweating area of the head i s covered. Since a helmet 

i s impermeable, the evaporat ive heat loss of a helmet wearer can be 

improved on ly i f the helmet has good v e n t i l a t i o n f a c i l i t i e s , e .g . 

v e n t i l a t i o n holes on s h e l l , e t c . 

This paper descr ibes a method of measuring dry heat t r a n s f e r through 

d i f f e r e n t helmet s h e l l s and discusses the r e s u l t s of such 

measurements and poss ib le design m o d i f i c a t i o n s to improve heat 

t r a n s f e r i n helmets t h a t could be p r e f e r a b l y used i n warm c l imates and 

i n hot i n d u s t r i e s . The r e s u l t s of the heat t r a n s f e r measurements would 

enable to develop a helmet she l l t h a t has the optimum heat d i s s i p a t i o n 

p r o p e r t i e s . 
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METHOD 

A thermal mannequin (a human model whose surface sk in temperature was 

c o n t r o l l e d a t 34°C) which s imulated the sk in temperature of a human 

was used t o measure the dry heat t r a n s f e r component through d i f f e r e n t 

helmets , ( F i g . 2 , a & b ) . S i m i l a r models to measure the heat loss f rom 

the f o o t and i n s u l a t i n g p rope r t i e s of footwear , (Elnas e t a l , 1985) 

and t o measure heat loss from the hand and i n s u l a t i n g proper t i es o f 

w i n t e r m i t t e n s , (E lnä s and Holmer, 1980), have been succes s fu l ly used. 

Though only the head of the mannequin was of s i g n i f i c a n c e f o r the 

measurements in tended, the whole bust cons i s t i ng of 23 zones ( F i g . 3 ) 

was used f o r the experiment. The mannequin also wore a grey wig 

( a r t i f i c i a l h a i r ) on the head which simulated human h a i r . A 

c o n t r o l l i n g u n i t was programmed through a computer t o record the heat 

power r equ i r ed t o c o n t r o l the surface temperature of each zone of the 

mannequin t o 34°C. For the purpose of t h i s experiment the computer 

programme was w r i t t e n to record the c o n t r o l l i n g heat power a t every 

minu te . The mannequin was pos i t ioned on a t ab le and kept i n a c l i m a t i c 

chamber which was c o n t r o l l e d t o an average ambient temperature of 

20°C, average a i r v e l o c i t i e s of 0.20 m/s (low) and 0.80 m/s (high) and 

average r e l a t i v e humidi ty 35%. The c o n t r o l l i n g u n i t , computer te rminal 

and the recorder were s i t u a t e d outs ide the c l i m a t i c chamber. The 

experimental set up i s i l l u s t r a t e d i n F i g . 4 . 

The experiment was designed to measure the heat t r a n s f e r 

c h a r a c t e r i s t i c s of helmets of d i f f e r e n t s h e l l s . The s h e l l s used were 

of d i f f e r e n t ma te r i a l composi t ion, surface c h a r a c t e r i s t i c s , co lou r , 

and v e n t i l a t i o n p rope r t i e s under d i f f e r e n t environmental c o n d i t i o n s , 

v i z . r a d i a n t heat and a i r v e l o c i t y . Radiant heat was s imulated by 

us ing one I n f r a Red, 375 wat ts lamp or the second Osram 150 watts lamp 

which were hung about 68 cm away d i r e c t l y over the head of the 

mannequin, ( F i g . 4 ) . The a i r v e l o c i t y was c o n t r o l l e d i n the c l i m a t i c 

chamber. 

The aim was t o a sce r t a in whether there i s a s i g n i f i c a n t d i f f e r e n c e 

between heat t r a n s f e r c h a r a c t e r i s t i c s of d i f f e r e n t helmet s h e l l s , 

unmodif ied and mod i f i ed ( e . g . w i t h holes) and how these c h a r a c t e r i s t i c s 

d i f f e r t o changes i n environmental f a c t o r s and human f a c t o r s 

( e . g . h a i r ) . 

The f o l l o w i n g procedure was f o l l o w e d . 
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The mannequin was switched on 24 hours before the actual measurements 

were t o be taken , f o r the purpose of s t a b i l i s a t i o n of heat f l u x e s on 

the su r face under normal room temperatures, i . e . under ambient 

c o n d i t i o n s o f 20°C dry temperature and 35% humid i ty . Although the heat 

f l u x f rom the mannequin appeared to s t a b i l i z e a f t e r 4-5 hours, a small 

f u r t h e r decrease was observed f o r a considerable t ime very l i k e l y due 

t o i n t e r n a l heat d i s t r i b u t i o n s of the core of the mannequin. During a 

p i l o t t e s t i n g programme i t was revealed t h a t the mannequin requi red an 

optimum s t a b i l i z i n g t ime of 24 hours when heated under normal room 

temperatures . 

Measurements o f heat f l u x requi red f o r zones 3 and 4 ( the head area 

covered by a helmet, F ig .3 ) to maintain the mannequin surface 

temperature a t 34°C was measured f o r 30 minutes (one measurement 

every minute) on every helmet used. The average of the l a s t 10 min. 

was c a l c u l a t e d and recorded on the computer p r i n t o u t . In the p i l o t 

t e s t i n g programme i t was shown t h a t the measurements of heat f l u x 

were c o n s i s t e n t du r ing the l a s t 10 minutes i n a 30 minute t e s t r u n . 

Two helmet types made and commonly used i n Sweden and two popular 

s h e l l m a t e r i a l s , v i z . polycarbonate and p o l y v i n y l c h l o r i d e / 

a c r y l o n i t r i l e butadiene styrene (ASS) copolymer, were used f o r most of 

the t e s t s . Two other types w i t h she l l m a t e r i a l , v i z : f i b r e glass and 

po lye thy lene were also used to compare the heat t r a n s f e r e f f e c t s of 

d i f f e r e n t s h e l l m a t e r i a l . 

The e f f e c t s o f s h e l l m a t e r i a l , v e n t i l a t i o n holes , sur face 

c h a r a c t e r i s t i c s , co lour as wel l as the environment, v i z . r a d i a n t heat 

and a i r v e l o c i t y , on heat t r a n s f e r were t e s t e d . The f a c t o r s such as 

the e f f e c t o f a new p a i n t when compared w i t h the o r i g i n a l pa in t as 

w e l l as the e f f e c t of h a i r and i t s colour and the d i f f e r e n c e between a 

bare head and a covered head on heat t r a n s f e r were also t e s t ed . 

When m o d i f i e d helmet s h e l l s were t e s t ed , the environmental f a c t o r s , 

e .g . r a d i a n t temperature and a i r v e l o c i t y , were kept constant . When 

environmental cond i t i ons were changed, the same type of helmet was 

used. For a l l t e s t s the ambient temperature i n the chamber was 

c o n t r o l l e d a t around 20°C dry temperature and 35% humid i ty . 
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The f o l l o w i n g t e s t s were conducted. 

Test Purpose Helmet she l l type / Hair type 

a. M a t e r i a l e f f e c t s -

fa. Colour e f f e c t s -

c. Surface e f f e c t s -

d . New & o r i g i n a l 

p a i n t 

e. With & w i t h o u t -

h a i r 

f . With & w i t h o u t -

r a d i a n t heat 

g . With low & high -

a i r speeds 

h . With and w i t h 

out helmet 

i . V e n t i l a t i o n 

e f f e c t s 

Polycarbonate, ABS, Fibre glass and Polyethylene 

White, Blue, Green, Black and Meta l ! i c (a lumin ium) 

Glossy and Matt 

One type of helmet used 

Grey and black h a i r and/or same type of helmet 

One type of helmet used 

One type of helmet used 

V e n t i l a t i o n holes ( c i r c u l a r & rec tangular ) 

a l l over and along the crown 

(Modi f i ed helmets are i l l u s t r a t e d i n Fig .5) 

Based on the formula (3) mentioned e a r l i e r , the f o l l o w i n g equation was 

used t o c a l c u l a t e the heat t r a n s f e r c o e f f i c i e n t of d i f f e r e n t helmets. 

The r a d i a n t temperature component was omit ted from the formula as 

t he r e was no s i g n i f i c a n t d i f f e r e n c e between ambient temperature and 

r a d i a n t temperature of the room. 

h = Q/(T(s) - T ( a ) ) , where 

h i s the heat t r a n s f e r c o e f f i c i e n t i n Watts per meter 

squared per degree Ke lv in (W/M2 °K) 

0 i s the heat f l u x requi red to main ta in surface 

temperature of the mannequin. 

(Watts per meter squared (W/M )) 

T(s) i s the surface temperature of mannequin 

T(a) i s the ambient temperature 

To t e s t the r e l i a b i l i t y of measurements i t was necessary to ascer ta in 

t o what ex ten t the measurements of heat t r a n s f e r d i f f e r e d to changes 

i n the o r i e n t a t i o n angles of the helmets, the t ime of the t e s t or any 

o ther unknown f a c t o r t h a t could have shown a d i f f e r e n c e on repeated 

measurements. A ser ies of 9 t r i a l s were conducted using one unmodified 
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helmet and keeping a l l other f a c t o r s and cond i t ions constant , except 

the t ime of the day and the day of the measurements. On each occasion 

the experimenter removed and replaced the helmet on the mannequin, 

which accounted f o r minor v a r i a t i o n s i n the o r i e n t a t i o n angles. The 

t r i a l s were conducted on 9 d i f f e r e n t days but not necessar i ly on 

consecut ive days. The r e s u l t s are shown i n Table 1 . 

RESULTS 

The heat t r a n s f e r c o e f f i c i e n t s (Table 2, a to h) were ca l cu l a t ed w i t h 

the average measurement of heat f l u x i n zones 3 and 4 (F ig .3 ) 

ob ta ined from the l a s t 10 minute average dur ing each 30 minute t e s t 

r u n . The r e s u l t s of v e n t i l a t i o n e f f e c t s appear in Table 3, where 

d i f f e r e n t helmets w i t h m o d i f i c a t i o n s were used. The r e s u l t s have been 

reproduced in F i g . 6 (a t o i ) , in the form of histograms. 

From Tables 2 & 3 i t i s evident t h a t the heat t r a n s f e r c o e f f i c i e n t s 

have l a rge d i f f e r e n c e s f o r a l l va r i ab le s t es ted except i n the case of 

(d) new and o r i g i n a l pa in ts (1.77 and 1.30). A l l o w i n g f o r d i f f e r e n c e s 

t h a t can occur due t o changes i n o r i e n t a t i o n angles, e l e c t r i c a l 

f l u c t u a t i o n s , e t c . , which has been worked out t o +0.348 

(2xS.D.x/2~ = 2x0.123x/2~, f o r 95% confidence l i m i t s ) , (Table 1 ) , any 

d i f f e r e n c e s beyond t h i s amount can be considered s i g n i f i c a n t , assuming 

t h a t the standard d e v i a t i o n i s the same i n a l l the s i t u a t i o n s . The 

heat t r a n s f e r c o e f f i c i e n t s obta ined, range from 0.17 upto 7.19. When 

i n t e r p r e t t i n g the r e s u l t s i t i s also assumed t h a t the same order o f 

magnitude p r e v a i l f rom 0.17 to 7.19. The r e s u l t s are described below. 

(a) M a t e r i a l E f f e c t s : ABS had the best heat t r a n s f e r c h a r a c t e r i s t i c s , 

( 2 . 5 1 ) . This ma te r i a l i s used i n modern helmet s h e l l s . Polycarbonate 

which was e a r l i e r a popular she l l mater ia l had the lowest heat 

t r a n s f e r p r o p e r t i e s , ( 1 . 3 0 ) . 

(b) Colour E f f e c t s : M e t a l l i c colour f a r supersedes (2.70) i n heat 

t r a n s f e r than other colours fo l l owed by black co lou r , ( 1 . 6 0 ) . But i t 

i s noted t h a t m e t a l l i c and black were new pa in t s appl ied on helmet 

s h e l l as helmets w i t h these colours are u sua l ly not commercially 

a v a i l a b l e . I t i s a lso noted t h a t heat t r a n s f e r c o e f f i c i e n t was higher 

by 0 .47 , (see ( d ) , 1.77-1.30) when a helmet w i t h a new pa in t was 

compared w i t h the same helmet w i t h o r i g i n a l p a i n t . But i t i s observed 

t h a t even a f t e r deducting 0.47 from m e t a l l i c and black coloured 
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helmets , s t i l l the m e t a l l i c colour has the best heat t r a n s f e r 

c h a r a c t e r i s t i c s (2.23) and fo l l owed by whi te she l l ( 1 . 3 0 ) , (and not 

the black s h e l l which becomes 1.13). 

(c) Surface E f f e c t s : Since helmets w i t h matt surfaces are not e a s i l y 

a v a i l a b l e , helmets painted w i t h matt pa in t was used f o r these t e s t s . 

I f the allowance of 0.47 f o r the new pa in t i s deducted f rom the heat 

t r a n s f e r c o e f f i c i e n t obtained f o r matt surface helmets, the d i f f e r e n c e 

between heat t r a n s f e r p roper t i e s between the matt and glossy surfaces 

becomes s m a l l , (1.53 and 1.30 f o r whi te and 1.28 and 0.95 f o r blue 

r e s p e c t i v e l y ) , but s t r ange ly matt surfaces g i v i n g s l i g h t l y higher heat 

t r a n s f e r c h a r a c t e r i s t i c s . 

(d) New and O r i g i n a l Pa in t : New pa in t (1.77) had higher heat t r a n s f e r 

when compared to o l d pa in t (1.30) of same colour and surface 

c h a r a c t e r i s t i c s . The b r i g h t surface shine of a new p a i n t which 

r e f l e c t s r a d i a n t heat more than absorbing i t , may be the cause of 

h igher heat t r a n s f e r values on newly painted helmets. 

(e) With and Without Ha i r : I t i s very c l e a r l y ev ident t h a t the h a i r i s 

a ve ry good i n s u l a t o r of heat. The heat t r a n s f e r w i t h o u t h a i r (5.06 

and 7.19) are very much l a rge r when compared to heat t r a n s f e r w i t h 

h a i r ( 1 . 3 0 ) . In order to asce r ta in whether there was a d i f f e r e n c e 

between grey and black h a i r the measurements were taken w i t h o u t 

helmets and the mannequin wore grey and then black wigs . The r e s u l t s 

0.17 and 0.13 r e s p e c t i v e l y reveal t h a t the d i f f e r e n c e was n e g l i g i b l e . 

The h a i r a lso absorbs r a d i a n t heat which i s perhaps another cause f o r 

the low heat t r a n s f e r c o e f f i c i e n t . The r e s u l t s a lso show t h a t wearing 

a helmet blocks the t r a n s f e r of heat even wi thou t h a i r , (5.06 w i t h 

helmet and 7.19 w i t h o u t he lmet ) . 

( f ) With and Without Radiant Heat: The presence of one or two rad ian t 

heat sources placed 68 cm over the head of the mannequin, 

s i g n i f i c a n t l y reduced the heat t r a n s f e r c o e f f i c i e n t , ( f rom 3.83 to 

1.30 and 0 . 5 4 ) . This may be due to the absorpt ion of r a d i a n t heat i n t o 

the helmet s h e l l . Two r ad i an t heat (375 and 150 Watts) sources 

r e q u i r e d lower heat t r a n s f e r c o e f f i c i e n t (0.54) than one heat (375 

Watts) source ( 1 . 3 0 ) . The d i f f e r e n c e i n heat t r a n s f e r c o e f f i c i e n t 

between darkness (4.40) ' and ord inary f l ou re scen t room l i g h t i n g (4.29) 

w i t h o u t r a d i a n t heat and wi thou t helmet was n e g l i g i b l e . 
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(g) Low and High V e l o c i t y of A i r : At high a i r speed (0.8m/s) there was 

a marked increase i n the heat t r a n s f e r c o e f f i c i e n t (2.98) when 

compared to low speed ( 1 . 3 0 ) . I t i s also noted t h a t a v e n t i l a t e d 

helmet ( w i t h v e n t i l a t i o n holes) also l a r g e l y increased the heat 

t r a n s f e r c o e f f i c i e n t (4.56) when compared to unven t i l a t ed helmet 

(2 .98) a t h igh a i r speed. However the e f f e c t of a i r speed-on heat 

t r a n s f e r w i t h o u t the helmet was small and n e g l i g i b l e , (high a i r speed 

0.34 and low a i r speed 0 . 1 7 ) . 

(h) With and Without Helmets: Wearing a helmet to some extent has 

increased (1.30) heat t r a n s f e r c o e f f i c i e n t when compared t o a no 

helmet s i t u a t i o n ( 0 . 1 7 ) . The poss ible cause may be the absorp t ion of 

r a d i a n t heat i n t o h a i r or head su r face . On the con t ra ry when a helmet 

was worn w i t h o u t h a i r , the heat t r a n s f e r c o e f f i c i e n t reduced to a 

l a rge ex ten t (5.06) when compared to no helmet s i t u a t i o n and w i t h o u t 

h a i r ( 7 . 1 9 ) . When there was no heat source, the r e s u l t s c l e a r l y 

i n d i c a t e t h a t heat t r a n s f e r c o e f f i c i e n t has reduced w i t h a helmet, 

(3 .83) when compared t o heat t r a n s f e r wi thou t a helmet, ( 4 . 2 9 ) . The 

helmet s h e l l t h e r e f o r e blocks the t r a n s f e r of heat from the scalp to 

the ou t s ide environment. 

( i ) V e n t i l a t i o n E f f e c t s : The o b j e c t i v e i n t h i s t e s t was to see whether 

v e n t i l a t i o n holes improved heat t r a n s f e r c h a r a c t e r i s t i c s . The 

u n v e n t i l a t e d m e t a l l i c new p a i n t and ABS she l l had a high heat t r a n s f e r 

( 2 . 7 3 ) . I t i s be l ieved t h a t the high value was due to the m e t a l l i c 

c o l o u r , new p a i n t and ABS m a t e r i a l . But the same helmet when 

v e n t i l a t e d had a higher heat t r a n s f e r v a l u e , ( 3 . 2 6 ) . In the case o f a 

w h i t e polycarbonate s h e l l w i t h the o r i g i n a l glossy s h e l l su r f ace , the 

v e n t i l a t e d helmet gave a higher heat t r a n s f e r c o e f f i c i e n t (2.56) when 

compared to the u n v e n t i l a t e d helmet, ( 1 . 3 0 ) . In a l l other t e s t s except 

the red polycarbonate v e n t i l a t e d helmet, the v e n t i l a t e d helmets gave 

higher heat t r a n s f e r values than unven t i l a t ed ones. Therefore i t can 

be concluded t h a t v e n t i l a t i o n holes s i g n i f i c a n t l y c o n t r i b u t e to heat 

t r a n s f e r when compared w i t h unven t i l a t ed helmets. 

For comparison purposes of heat t r a n s f e r between the areas (zones 3 

and 4, F i g . 3 ) of the head covered by a helmet, v i z . the sca lp , and the 

areas (zones 1 and 2, F ig .3 ) not covered by a helmet, v i z . the f a c e , 

the heat t r a n s f e r c o e f f i c i e n t s of the zones 1,2,3 and 4, under var ious 

c o n d i t i o n s were recorded and reproduced i n Table 4) and i n F i g . 7 . 
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DISCUSSION 

The theory of heat t r a n s f e r from sur faces , i nd ica t e s t h a t the colour 

and su r face c h a r a c t e r i s t i c s can a f f e c t the convect ive and r a d i a t i v e 

heat exchanges. Fur the r , the presence of holes or v e n t i l a t i o n openings 

w i l l a f f e c t both convect ive and evaporat ive heat t r a n s f e r . 

I n v e s t i g a t i o n of the r e s u l t s of heat t r a n s f e r t e s t reveal t h a t a 

helmet s h e l l made out of ABS mater ia l w i t h a m e t a l l i c su r f ace , e i t h e r 

g lossy or mat t , and provided w i t h v e n t i l a t i o n openings on the she l l 

has optimum f a c i l i t i e s f o r dry heat t r a n s f e r f rom w i t h i n the she l l t o 

o u t s i d e . I t seems there are many f a c t o r s , v i z : she l l m a t e r i a l , 

v e n t i l a t i o n , e t c . , and environmental f a c t o r s such as a i r v e l o c i t y and 

r a d i a n t heat t h a t can a f f e c t the r a t e of heat t r a n s f e r through 

helmets . Any m o d i f i c a t i o n t o improve heat t r a n s f e r i n helmets by the 

designer may be poss ib le i f e i t h e r the she l l mate r ia l and/or 

v e n t i l a t i o n openings can b r i n g about a s i g n i f i c a n t change i n the heat 

t r a n s f e r . 

A study conducted i n South A f r i c a on temperature changes w i t h i n hard 

hats as a f f e c t e d by v e n t i l a t i o n holes has shown t h a t the holes do not 

have s i g n i f i c a n t e f f e c t i n the temperature of the wearers sca lp , or 

the a i r above the head (Van Graan and Strigdown, 1968). But a p i l o t 

s tudy conducted by Abeysekera and Shahnavaz (1988), has i n d i c a t e d t h a t 

though there was no s i g n i f i c a n t d i f f e r e n c e i n scalp temperatures 

between v e n t i l a t e d ( w i t h v e n t i l a t i o n holes) and u n v e n t i l a t e d helmets, 

the average increase of scalp temperatures was lower i n v e n t i l a t e d 

helmets. Fur the r , i n a subsequent f i e l d t e s t by the same authors the 

sub jec t s have i n d i c a t e d a marked d i f f e r e n c e i n hotness i n v e n t i l a t e d 

helmets when compared to unven t i l a t ed helmets ( v e n t i l a t e d helmets were 

f e l t less h o t ) . Cooling advantages w i t h v e n t i l a t i o n holes i n f i r e 

f i g h t e r s helmets have been also demonstrated i n a recent study by 

R e i s c h l , (1986). In the present study the c r i t e r i a t e s t ed was the heat 

t r a n s f e r and not temperature changes w i t h i n the helmet s h e l l . The 

sca lp temperature may not be a t r ue i n d i c a t o r of thermal comfor t or 

v e n t i l a t i o n p roper ty of a head gear. I f there i s an increase i n heat 

t r a n s f e r f rom the head the body temperature r e g u l a t i o n can be improved 

i n hot environments, even though the scalp temperature has increased., 

decreased or not changed. Therefore i n hot environments the o v e r a l l 

f e e l i n g of thermal comfort can be achieved i f the heat t r a n s f e r 

through c l o t h i n g or head gear can be improved. Since the head i s 
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be l i eved to be a major body area f o r heat removal, (Proc tor , 1982), i t 

becomes impor tan t t o use head gear having optimum heat t r a n s f e r 

p r o p e r t i e s , i n order to reduce heat d i scomfor t from head gear. 

The f i r s t p r i n c i p l e s of aerodynamics show t h a t the passage of a i r 

through c i r c u l a r holes i s smoother and greater than the passage of a i r 

through rec tangu la r or square holes of the same area. I t was not 

poss ib le to t e s t t h i s p r i n c i p l e on helmets. In the study of f i r e 

f i g h t e r s helmets by Reischl (1986) the t r u t h of t h i s p r i n c i p l e was 

e v i d e n t . In the c u r r e n t study the green polycarbonate helmet s h e l l 

where the holes were rec tangular the heat t r a n s f e r was low ( 1 . 4 ) , and 

a l l o ther helmets which had c i r c u l a r holes (except the red 

polycarbonate s h e l l ) gave higher heat t r a n s f e r values . 

I t i s assumed t h a t the crown of the helmet i s the best area to s i t e 

the holes i n order t o get the optimum a i r c i r c u l a t i o n and to minimise 

the green house e f f e c t . The a i r passage enters through the gap between 

the harness and s h e l l to escape from the crown area on the p r i n c i p l e 

o f chimney e f f e c t . In the f i e l d study conducted by Abeysekera and 

Shahnavaz i n S r i Lanka (1988), i t was revealed t h a t there were many 

complaints of sweating over the sweat band area of the helmet harness. 

Sweat band ma te r i a l of improved sweat absorbing p rope r t i e s can p a r t l y 

so lve t h i s problem. But i t i s presumed tha t p r o v i s i o n of v e n t i l a t i o n 

holes over the area of the sweat band, ( i . e . i n f r o n t , opposi te the 

sweat band), may f u r t h e r a l l e v i a t e the problem of sweating on the 

forehead where the sweat band f i t s . Therefore about e i g h t c i r c u l a r 

holes on each s ide o f the crown and e igh t holes across the f r o n t , 

oppos i te the forehead can be recommended to provide optimum 

v e n t i l a t i o n . 

Apar t f rom the d ry heat t r a n s f e r , good v e n t i l a t i o n can improve the 

evapora t ive heat t r a n s f e r . Whether the presence of v e n t i l a t i o n holes 

on the helmet s h e l l can s i g n i f i c a n t l y improve the evaporat ive heat 

t r a n s f e r was not t e s t e d . L a s t l y i t has to be mentioned t h a t the 

presence of holes on the helmet she l l can reduce the impact res i s tance 

or s a f e t y performance and such a helmet w i l l a lso f a i l t o answer the 

e l e c t r i c a l i n s u l a t i o n t e s t . Another disadvantage i n holes i s t h a t the 

e n t r y of r a i n water or dust through the holes. But by appropr ia te 

design changes, e .g . a f a c i l i t y f o r opening and c l o s i n g the holes , 

e t c , these l i m i t a t i o n s can be overcome to a large ex t en t . 
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Examination of Table 4 and F i g . 7 , f i r s t l y show t h a t even though the 

areas of the 4 zones are more or less s i m i l a r i n ex ten t , heat t r a n s f e r 

i s f a r g rea te r on the face than on the head. Secondly i n the presence 

of r a d i a n t heat there are some advantages i n heat t r a n s f e r from the 

head when a helmet i s worn but i t i s v i ce versa on the face as seen i n 

(b) and ( d ) . T h i r d l y i f one has no ha i r there are some advantages i n 

heat t r a n s f e r f rom the head i f a helmet i s not worn, but i t i s v i ce 

versa on the face as seen i n (a) and ( c ) . This compensatory e f f e c t of 

the r e d u c t i o n i n heat t r a n s f e r from the head w i t h a gain i n heat 

t r a n s f e r on the face and v i ce versa can be a thermal balance e f f e c t of 

the mannequin which i s a thermal r egu la to ry c h a r a c t e r i s t i c i n a human 

be ing . Another reason could be t h a t the hot convect ive cur ren ts r i s i n g 

over the face of the mannequin w i l l be blocked by the helmet and the 

a i r c i r c u l a t i o n thus d i s tu rbed which may be responsible f o r the 

r e d u c t i o n i n heat t r a n s f e r on the face when a helmet i s worn. L a s t l y 

i t i s seen t h a t the r a d i a n t heat reduces the heat t r a n s f e r from the 

head p r o p o r t i o n a t e l y as seen i n ( e ) , ( f ) and ( g ) . 

CONCLUSIONS 

From the above d iscuss ion i t can be concluded t h a t the p r o v i s i o n o f 

v e n t i l a t i o n holes i n helmets has a s i g n i f i c a n t p o s i t i v e e f f e c t on dry 

heat t r a n s f e r and poss ib ly evaporat ive heat t r a n s f e r t oo . Since there 

i s a l i k e l i h o o d t h a t e f f e c t i v e v e n t i l a t i o n and a i r c i r c u l a t i o n can 

improve evapora t ive heat t r a n s f e r , the t o t a l e f f e c t on heat t r a n s f e r 

of v e n t i l a t e d helmets would be considerable . Apart from the advantages 

i n thermal comfo r t , a helmet v e n t i l a t e d w i t h holes can be designed 

w i t h less bulk (as the bulk only serves to improve v e n t i l a t i o n which 

can be now obtained w i t h v e n t i l a t i o n h o l e s ) , and t h e r e f o r e less 

we igh t . The holes provided however should not s i g n i f i c a n t l y d imin i sh 

the p r o t e c t i v e performance of the helmet. As an a l t e r n a t i v e to the 

f a c i l i t y of opening and c l o s i n g the holes , through proper design 

m o d i f i c a t i o n s the holes may be p a r t i a l l y covered from above t o p r o t e c t 

f rom d i r e c t r a d i a n t heat, dust and chemical splashes. The use of ABS 

m a t e r i a l w i t h a m e t a l l i c outer f i n i s h are other f ea tu res worth 

cons ide r ing i n the new design. I t would be wor thwhi le i f the helmet 

designer accepts and provides the above ideas i n the design of a 

helmet , which would very l i k e l y be more acceptable to people i n warm 

c l ima tes and to those who work i n hot workplaces. 
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Table 1 . Heat t r a n s f e r c o e f f i c i e n t r e s u l t s of 9 t r i a l s using one 

helmet under i d e n t i c a l cond i t ions 

Day h ( W / M 2 °C) S t a t i s t i c s 

1 1.369 Average = 1.301 

2 1.503 Range 

3 1.165 1.082 - 1.503 

4 1.274 S.D. = 0.123 

5 1.371 957. Confidence 

6 1.082 L i m i t s 

7 1.279 = + 2x0.123 

8 1.341 = + 0.246(Appr) 

9 1.336 S.E. = 0 . 4 1 0 
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Table 2. Results of heat t r a n s f e r t e s t s showing the summary of 
averages of heat t r a n s f e r c o e f f i c i e n t 

Condi t ions i n genera l : White, g lossy, polycarbonate and unmodif ied 
s a f e t y helmet under environmental cond i t ions of low a i r v e l o c i t y (0.2 
m/s) and one source of r a d i a n t heat (375 wat t s ) and mannequin w i t h 
grey h a i r w i g , unless otherwise s t a t ed . 

(a) M a t e r i a l E f f e c t s (b) Colour E f f e c t s ( h i o 
(us ing helmet s h e l l s of W/M K W/M K 
d i f f e r e n t m a t e r i a l s ) 

1 . ABS 2.51 1. M e t a l l i c (new p a i n t ) 2.70 
2. Polyethylene 1.86 2. Black (new p a in t ) 1.60 
3. F ib re glass 1.75 3. White 1.30 
4. Polycarbonate 1.30 4. Blue 1.04 

5. Green 0.90 

(c) Surface E f f e c t s (d) New and o r i g i n a l pa in t 

1 . Mat t wh i t e (new 
p a i n t ) 2.00 1. New p a i n t (whi te) 1.77 

2. Mat t blue (") 1.75 2. O r i g i n a l p a i n t (whi te) 1.30 
3. Glossy w h i t e 1.30 
4 . Glossy blue 0.95 

(e )Wi th & w i t h o u t h a i r ( f ) W i t h & wi thou t r ad . heat 

1 . Wi thout h a i r & 1. No heat source & w i t h 
w i t h o u t helmet 7.19 helmet 3.83 

2. Without h a i r & *2. One r a d i a n t heat source 
w i t h helmet 5.06 & w i t h helmet 1.30 

3. With h a i r (grey) & 3. Two r ad i an t heat sources 
w i t h o u t helmet 0.17 (* #) & w i t h helmet 0.54 

4. With h a i r (b lack) & 4. No heat source (darkness) 
w i t h o u t helmet 0.13 wi thou t helmet 4.40 

5. With h a i r (grey) & 5. No heat source (wi th l i g 
w i t h helmet 1.30 hts (wi thou t helmet 4.29 

* 375 w a t t s , # 150 watts 

(g)Low & high a i r speed (h) With & wi thou t helmet 

1 . Low a i r speed,0.2m/s 1 . With helmet & w i t h grey 
w i t h helmet 1.30 h a i r 1.30 

2. High a i r speed, 0.8 2. Without helmet & w i t h 
m/s w i t h helmet 2.98 grey h a i r 0.17 

3. Low a i r speed,0.2m/s 3. With helmet & wi thou t 
w i t h o u t helmet 0.17 h a i r 5.06 

4. High a i r speed, 0.8 4. Without helmet & wi thou t 
m/s w i t h o u t helm 0.34 h a i r 7.19 

5. High a i r speed,(0.8) 5. With helmet & 
v e n t i l a t e d helm. 4.56 no heat source 3.83 

6. Without helmet & 
no heat source 4.29 
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Table 3. Results of heat t r a n s f e r t e s t s through v e n t i l a t e d (modi f ied) 

helmets showing the averages of heat t r a n s f e r c o e f f i c i e n t 

(Using a sa fe ty helmet w i t h glossy f i n i s h under environmental 

c o n d i t i o n s of one source of r a d i a n t heat (375 wat t s ) and low 

a i r v e l o c i t y (0.2 m/s) , unless otherwise s t a t e d ) . 

( i ) V e n t i l a t i o n E f f e c t s (h) 

W/M 2 0K 

* 1 . Six holes on crown, wh i t e , ABS she l l 2 63 

#2. 12 r ec t ang . holes on crown, green polycarbonate she l l 1 42 

*3. Six holes on crown, white polycarbonate she l l 1. 41 

*4. 64 ho les , a l l over, red , polycarbonate she l l 0. 93 

*5. 64 h o l e s , a l l over.metal 1ic new p a i n t polycarbon she l l 2. 54 

*6. 64 ho les , a l l o v e r , m e t a l l i c new paint,ABS she l l 3. 26 

7. No ho les , m e t a l l i c new p a i n t , ABS she l l 2. 73 

*8. 75 ho les , a l l over, wh i t e , polycarbonate she l l 2. 56 

9. No ho les , w h i t e , polycarbonate she l l 1 . 30 

* Diameter of each hole = 6 mm (approx) 

Diamensions of opening= 30 mm x 8 mm (approx) 
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Table 4 . Heat t r a n s f e r c o e f f i c i e n t s i n the f o u r zones (head and face) 

recorded dur ing experiments. ( A l l measurements i n W/M2 °C) 

Condi t ions : 

For (a) and ( b ) : One heat source (375 w a t t s ) , low a i r speed 

For (c) and ( d ) : Same cond i t ions as (a) and (b) but w i t h 

unmodif ied helmet 

For ( e ) , ( f ) and ( g ) : With h a i r , low a i r speed and unmodif ied 

helmet. 

Zones - - - — > 1 

Face 

L e f t 

( .032) 

2 

Face 

Right 

(.032) 

3 

Head 

L e f t 

(.030) 

4 

Head 

Right 

(.029) 

Mean 

Other Condit ions 

Area i n M 2  

> 

1 

Face 

L e f t 

( .032) 

2 

Face 

Right 

(.032) 

3 

Head 

L e f t 

(.030) 

4 

Head 

Right 

(.029) 

Mean 

(a) No helmet, no h a i r 20.47 16.38 6.82 7.56 12.81 

(b) No helmet, w i t h h a i r 16.02 13.57 0.16 0.15 7.48 

(c) With helmet, no h a i r 17.15 13.40 5.63 4.48 10.17 

* (d) With helmet, w i t h h a i r 15.70 11.88 1.47 1.20 7.56 

(e) No heat source 15.48 12.73 3.68 3.98 8.97 

* ( f ) With one heat source(375W) 15.70 11.88 1.47 1.20 7.56 

(g) With two heat sources 

(375W & 150W) 15.01 11.90 0.65 0.44 7.00 

* Same measurements 
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F i g . 1 Heat Losses From the Head of a Helmet Wearer 
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F i g . 2 (a) Thermal Mannequin bust without a helmet 

F i g . 2 (b) Thermal Mannequin with a modified 
( v e n t i l a t e d ) helmet 
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Sketch of Mannequin Bust Showi ng the 18 Zones 

\ 1 0 
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F i g . 4 I l l u s t r a t i o n of the Experimental Set-up 

Computer 

375W 
6 8cm 

C l i m a t i c Chamber 

A i r Temp: 2 0°C 

A i r Humidity 35% 



64 C i r c u l a r Holes Unventilated Helmet 
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Fig.6 Histograms showing the r e s u l t s of Heat Transfer 
Coefficients i n helmet te s t i n g 

(a) 

Material 

(e) (f) (g) 

With & Without Hair With & Without Rad.Heat Low & High Air Speed 
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Fig. 6 (Contd) Results of Heat Transfer C o e f f i c i e n t (Histograms) 

(h) ( i ) 

With & Without Helmet Vent i l a t i o n 
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F i g . 7 Histograms showing the r e s u l t s of Heat Transfer 
Coefficients of the 4 zones (head and face) 
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Fig.7 (Contd) Means of Heat Transfer C o e f f i c i e n t s 
of the four zones (head and face) 
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ADAPTATION TO DISCOMFORT IN PERSONAL PROTECTIVE DEVICES: 

AN EXAMPLE WITH SAFETY HELMETS 

ABSTRACT 

Discomfor t i n the use of personal p r o t e c t i v e devices (ppd) has been 

one o f the c h i e f causes of non-use of these devices . A f i e l d t r i a l 

us ing i n d u s t r i a l helmets was c a r r i e d out to asce r ta in whether by 

t r a i n i n g and repeated wearing whether the subjects could experience a 

s i g n i f i c a n t adapta t ion to d i s c o m f o r t . 10 subjects took pa r t i n the 

t r i a l i n a t r o p i c a l environment by wearing helmets repeatedly (6 hours 

a day) f o r one month and s u b j e c t i v e evaluat ions on d i s c o m f o r t were 

made a t the end of the 1s t , 3 rd , 5 t h , 14th and 30th day. I t was 

revealed t h a t complaints of d i s c o m f o r t , v i z . hotness, heaviness, bad 

f i t , e t c , decreased markedly throughout the per iod of 30 days. Though 

p o s i t i v e responses of adapta t ion t o d i scomfor t seem to reach i t s 

optimum towards 30 days, i t i s d i f f i c u l t t o draw any conclusions on 

the optimum per iod o f adaptat ion f o r each d i scomfor t f a c t o r . With 

regard t o the inheren t d i scomfor t s t h a t are extremely d i f f i c u l t t o 

overcome w i t h o u t compromising the p r o t e c t i o n e f f i c i e n c y of a ppd, the 

p r i n c i p l e o f adapta t ion seems to be a very important f a c e t which has 

t o be developed f o r an e f f e c t i v e ppd programme. 

Key words: Adap ta t ion , Discomfor t , Personal P ro tec t ive Device 
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INTRODUCTION 

Adapta t ion i s the dec l i ne i n sensi t iveness of the receptor organs 

under a prolonged steady s t imu lus . In p r ac t i c e a l l sense organs have 

t h i s power of adap ta t ion even though, they d i f f e r i n the ex ten t and 

speed of i t . However adapta t ion i s also regarded as a m o d i f i c a t i o n or 

a l t e r a t i o n of a system or an a r t i c l e to f i t c e r t a i n s p e c i f i e d 

c o n d i t i o n s . A c c l i m a t i z a t i o n i s a form of adaptat ion and has been known 

t o be a process of p h y s i o l o g i c a l changes which reduces the s t r a i n 

caused by s t r e s s f u l changes i n the na tura l c l i m a t e , ( B l i g h and 

Johnsson, 1973). When people are con t inous ly or repeatedly exposed to 

heat , i t i s be l i eved t h a t such exposure w i l l r e s u l t i n a b e t t e r 

t o l e rance t o the temperature s t ress . In about 4 to 6 days exposure to 

a hot environment, most of the changes have taken place and a t the end 

of 12 t o 14 days the a c c l i m a t i z a t i o n i s complete, (WHO, 1969). 

Adapta t ion to metabol ic demands are also wel l documented. Endurance 

t r a i n i n g has shown very no t iceab le reduct ion i n heart r a t e both a t 

r e s t and du r ing exerc ise and a diminished demand on the oxygen 

consumption, ( Ä s t r a n d and Rodahl, 1986). A per iod of t r a i n i n g has 

shown t o increase the sub j ec t s ' maximal oxygen uptake, (Robinson and 

Harmon, 1941). The magnitude of the increase i n maximal oxygen uptake 

d u r i n g 2 t o 3 months t r a i n i n g , 30 min each s ec t i on , 3 times per week, 

has been on the order of 10 to 20 percent. The general p r i n c i p l e 

apparent d u r i n g t r a i n i n g i s : An adaptat ion to a given load takes 

p lace ; i n order t o achieve f u r t h e r improvement, the t r a i n i n g i n t e n s i t y 

has t o be increased, (Äs t r and and Rodhal, 1986). 

S i m i l a r l y w i t h t r a i n i n g and repeated wearing i t seems poss ib le f o r one 

t o get adapted or acc l ima t i zed to d iscomfor ts sometimes experienced 

w i t h ones c l o t h i n g or p a r t i c u l a r l y personal p r o t e c t i v e devices , e .g . 

helmets , boots , g loves , r e s p i r a t o r s , e tc . Unl ike i n the case of normal 

day t o day c l o t h i n g , personal p r o t e c t i v e devices (ppd) have 

l i m i t a t i o n s i n the p r o v i s i o n of comfor t needs, due to the inherent 

requirement of t h e i r p r o t e c t i o n performance. Though an optimum l e v e l 

o f comfor t ( t o the needs of the wearer) can be achieved i n ppd through 

met iculous and ergonomic des ign, s t i l l t h e i r remains a l e v e l o f 

d i s c o m f o r t which i s unavoidable and has to be t o l e r a t e d by the user. 

Repeated wearing and walk ing w i t h shoes which were o r i g i n a l l y t i g h t 

can help t o adapt, which may be due to b reak ing- in f a c i l i t y provided 
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i n shoes. Miura and others (1959), and Shephard (1961), have 

demonstrated a degree of adapta t ion on repeated wearing of 

r e s p i r a t o r s . Systematic s tudies i n the adaptat ion to ppd are l ack ing 

i n l i t e r a t u r e . Therefore the aims of t h i s study were to ascer ta in 

whether a s i g n i f i c a n t adapta t ion to any d i scomfor t i n ppd i s poss ib le , 

and t o develop a f e a s i b l e method of c a r r y i n g out such a programme 

which may help m i l l i o n s of workers who today r e j e c t ppd as 

uncomfor table and messy. 

METHODS 

An i n d u s t r i a l s a f e ty helmet which i s popu la r ly used i n Western 

c o u n t r i e s was se lec ted to conduct a ser ies of f i e l d t r i a l s i n a 

t r o p i c a l coun t ry , v i z . Sr i Lanka. The helmet selected was not the 

i d e a l , cons ide r ing the sizes of heads of the subjects and the hot and 

humid c l i m a t e which d i f f e r e d f rom the co ld c l imate f o r which the 

helmet had been o r i g i n a l l y designed to be used. The helmet was whi te 

i n c o l o u r , unmodif ied (no changes made to the o r i g i n a l design) and 

weighed 350g (approx. ) and i t was a popular helmet imported t o many 

Developing Countr ies (DC), where the c l imates are u s u a l l y h o t , ( F i g . 1 ) 

Ten helmets of i d e n t i c a l make and c h a r a c t e r i s t i c s were worn by 10 

sub jec t s of the Colombo Dockyard, (a shipyard) i n Sr i Lanka, 

r epea ted ly w i t h o u t a break f o r a per iod of one month, f o r a t l ea s t 6 

hours a day and 6 days a week. A promise of an i n c e n t i v e and s t r i c t 

s u p e r v i s i o n , encouraged the subjec ts to wear the helmets repeatedly 

d u r i n g the month. The subjects consis ted of 10 employees of the same 

category of workers between the ages of 22 and 40 years , (average age 

30.9 y e a r s ) . A l l of them had worked wearing helmets at sometime dur ing 

t h e i r employment. They performed miscellaneous tasks both indoors and 

outdoors dur ing the t r i a l s . The average dry temperature and humidi ty 

d u r i n g the t e s t per iod were, indoors , 32°C and 73% and outdoors , 

31 .7°C and 76% r e s p e c t i v e l y . 

S u b j e c t i v e eva lua t ions were c a r r i e d out a t the end of the 1s t , 3 r d , 

5 t h , 14th and 30th day of wearing. Precautions were taken t h a t none of 

the days s p e c i f i e d f o r s u b j e c t i v e ques t ioning f e l l on a Monday ( a f t e r 

the Sunday h o l i d a y ) . A ques t ionnai re (Appendix 1) was used to mark the 

s u b j e c t i v e assessments w i t h regard to the comfort or d i s comfor t of the 

helmet i n general and complaints about the harness and i t s d i f f e r e n t 

p a r t s , v i z . head band, c rad le and sweat band. Las t ly any improvements 
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t o overcome the d i s comfo r t or adaptat ion to the d i s comfo r t perceived 

by each sub j ec t were noted a t the end of 5 t h , 14th and 30th day. 

RESULTS AND DISCUSSION 

In the f i r s t ques t ion the subjects had to g ive t h e i r judgments 

r ega rd ing t h e i r f e e l i n g s experienced, from b i - p o l a r or c o n t r a s t i n g 

c h a r a c t e r i s t i c s , e .g . Comfortable/Uncomfortable, and so on, (0-1 i n 

Appendix 1 ) . The weighted percentages of the responses from the 

sub jec t s f o r the f i v e days f o r each complaint were p l o t t e d and 

shown g r a p h i c a l l y i n F i g . 2 . 

Gradual adap ta t ion t o hotness, uncomfortableness and u n a c c e p t a b i l i t y 

i s c l e a r l y i n d i c a t e d i n the curves. However there i s no such 

i n d i c a t i o n f o r sweating and heaviness. A c c e p t a b i l i t y depends very much 

on the l e v e l of c o m f o r t . I t i s seen i n F ig .2 t h a t these two curves 

(no t acceptable and uncomfortable) are more or less s i m i l a r i n shape. 

The f e e l i n g o f heaviness was ra ther low (30% on average) and perhaps 

may be the cause f o r the absence of a marked adap ta t ion . Sweating and 

hotness are r a t h e r h igh which can be expected due to the hot c l ima te 

i n S r i Lanka and the f a c t t h a t the helmets were not p rope r ly 

v e n t i l a t e d . The need f o r design m o d i f i c a t i o n to reduce hotness and 

sweating i n the helmet used i s i n d i c a t e d . 

A s i m i l a r assessment of the helmet was made i n the 2nd ques t ion , (0 .2 

i n Appendix 1) and the sub j ec t i ve judgments were marked on a f i v e 

p o i n t scale t o i n d i c a t e the r a t i n g of d i s c o m f o r t , hotness and 

heaviness. The r e s u l t s of average r a t i n g s are shown i n Table 1 . 

I t can be seen t h a t none of the 3 ser ies of average r a t i n g s has 

reached even the h a l f way mark (2.5) on the sca le , showing t h a t the 

helmet used was uncomfor tab le , hot and heavy, even a f t e r using f o r one 

month. But a s l i g h t and d e f i n i t e adaptat ion to the d i scomfor t s are 

i n d i c a t e d i n a l l 3 ser ies of r a t i n g s . Comparing F i g . 1 and Table 1 , 

p a r t i c u l a r l y regard ing heaviness, there appears to be a c o n t r a d i c t i o n 

i n the degree o f heaviness i n the judgments. I t may probably be due to 

the two methods of assessments. 

The r e s u l t s o f the s u b j e c t i v e judgments (weighted percentages) of the 

harness i n general and the 3 s p e c i f i c accessories of the harness, v i z . 

head band, c r ad l e and sweat band (0- 3 i n Appendix 1) are shown 
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g r a p h i c a l l y i n F i g . 3. Adaptat ion to the harness pain and head band 

d i s c o m f o r t are i n d i c a t e d . But there seems to be no adaptat ion to bad 

f i t , and d i s c o m f o r t i n the c rad le and the sweat band. 

The f i n a l ques t ion (0-4 i n Appendix 1) was a d i r e c t quest ion on 

a d a p t a t i o n , v i z . whether the sub jec t f e l t less d i scomfor t ( f o r 

s p e c i f i c f a c t o r s , v i z . weight , hotness, v e n t i l a t i o n , f i t n e s s and 

p a i n ) , compared t o previous occasion the judgments were made, (on the 

5 th day the sub jec t s were asked to compare t h e i r f e e l i n g s w i t h the 

f i r s t 4 days of wear ing) . The r e s u l t s are shown i n Table 2. 

From Table 2 i t i s c lea r t h a t there had been an adaptat ion to weight , 

hotness and f i t n e s s . From the t o t a l number of responses, v i z . 9, 19, 

and 24 on the 5 t h , 14th and 30th day r e s p e c t i v e l y , p l o t t e d i n F i g . 4 , a 

t r e n d towards adapta t ion i s ev iden t . I t i s genera l ly accepted, t h a t a 

cumula t ive p l o t has the advantage of enabling small systematic changes 

i n the responses to be more r e a d i l y no t i ced , (Bendell and Wal ls , 

1985). For example, p l o t t i n g the cumulat ive number of responses 

aga ins t the accumulated number of record ings , the p l o t should be 

approximate ly l i n e a r i f no t rend i s present , but concave (convex) 

corresponding t o an increas ing (decreasing) t r e n d , (Bendall and Wal l s , 

1985).To see i t more c l e a r l y , cumulat ive p l o t s are shown f o r each type 

of response and a t o t a l cumulative p l o t i s shown separate ly i n F i g . 5 . 

In t h i s f i g u r e the cumulative responses are p l o t t e d against cumulative 

days o f r e c o r d i n g , i . e . 3 days. I t appears t h a t cumulat ive p lo t s are 

s l i g h t l y concave t o the o r i g i n , r e i n f o r c i n g the e a r l i e r suggestion of 

i nc r ea s ing t r end towards adap ta t ion . Since the s u b j e c t i v e judgments 

were taken on ly on 3 days and also d i d not go beyond 30 days, i t i s 

d i f f i c u l t t o judge the optimum per iod f o r adapta t ion . However the 

number o f f avourab le (comfor t ) responses appears to be reaching the 

optimum, i n the region of 30 days, but again due to i n s u f f i c i e n t 

judgments i t i s not c o n c l u s i v e . . 

CONCLUSION 

A good degree of adaptat ion to d i s c o m f o r t , hotness, heaviness and bad 

f i t , when a s a f e t y helmet ( i n t h i s t r i a l w i thou t optimum comfort 

f a c i l i t i e s ) i s worn repeatedly f o r a long pe r iod , e .g . one month, has 

been ev iden t from the f i e l d t r i a l s . Adaptat ion has taken place 

throughout the whole per iod of t r i a l (upto 30 days) . I t i s t he r e fo r e 

d i f f i c u l t t o draw any conclusions on the optimum adaptat ion per iod f o r 
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each d i s c o m f o r t f a c t o r . From the o v e r a l l r e s u l t of the study i t seems 

t h a t a s i g n i f i c a n t adaptat ion to unavoidable d i scomfor t i n a 

p r o t e c t i v e wear i s poss ib le . The wearer can be persuaded to go through 

the adap ta t ion per iod by means of s t r i c t supe rv i s ion , t r a i n i n g and 

i n c e n t i v e s t i l l the adaptat ion per iod i s complete. The per iod should 

be not less than a month. 
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APPENDIX 1 

Ques t ionnai re f o r eva lua t ion of adaptat ion to d i scomfor t i n the 
use of s a f e t y helmets, i n Sr i Lanka, 1988. 

1. I n d i c a t e your judgment of the helmet worn by you out of the 
f o l l o w i n g c o n t r a s t i n g c h a r a c t e r i s t i c s . 

Days of Assessment 

1 2 1st 3rd 5th 14th 30th 

COMFORTABLE / UNCOMFORTABLE 

HOT / NOT HOT 

ACCEPTABLE / NOT ACCEPTABLE 

SWEATY / NOT SWEATY 

NOT HEAVY / HEAVY 

2. On the scale given below how would you r a t e the helmet? 

Di scomfor t 

Days 1 2 3 4 5 
I 

1st 

VERY 3rd 

UNCOMFORTABLE 5th 

14th 

30th 

Hotness 

VERY 

HOT 

3rd 

5th 

14th 

30th 

Days 1 2 3 4 5 
1 

1st I 

NOT AT ALL 

UNCOMFORTABLE 

NOT AT ALL 

HOT 
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Heaviness on the Head 
Days 1 

i 
1st 

HEAVY 

3rd 

5th 

14th 

30th 

NOT AT ALL 

HEAVY 

3. Harness Assessment 

(a) I n d i c a t e the judgment of the harness i n the helmet worn by you out 
o f the f o l l o w i n g a l t e r n a t i v e s . 

DAYS OF ASSESSMENT 

1 2 1st 3rd 5th 14th 30th 

PAINFUL / NOT PAINFUL 

GOOD RETENTION / BAD RETENTION 

(b) Were the d i f f e r e n t par t s of the harness comfor table or 
uncomfor tab le . (UNCOMFORTABLE - 1, COMFORTABLE - 2) 

DAYS OF ASSESSMENT • 1st 3rd 5th 14th 30th 

HEAD BAND 

CRADLE 

SWEAT BAND 

Did you f e e l t h a t you were g e t t i n g used to the d i scomfor t s or were 
there any improvement i n the f e e l i n g s of comfor t (as f o l l o w s ) when 
compared to your f e e l i n g s on the previous occasions the helmet was 
worn or the judgments made? (YES — 1, NO —» 0) 

DAYS I Less Heavy Less Hot Impr.Vent . Bet ter F i t Less Pain 

5th 

14th 

30th 
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TABLE 1.Average Ratings of Subjec t ive Assessment on a f i v e p o i n t scale 

Day of Assessment • 1st 3rd 5th 14th 30th 

Very Uncomfortable 

— Not a t a l l Uncomfortable 1.93 1.87 2.20 2.27 2.33 

Very Hot 

— Not a t a l l Hot 1.67 1.67 1.73 1.87 2.07 

Heavy 

— Not a t a l l Heavy 2.00 2.27 2.33 2.40 2.40 

Example of the scale used: 

Very 

Uncomfortable 

1 

C
M

 3 4 5 

Not a t a l l 

Uncomfortable 
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TABLE 2. Responses For Improvement i n Comfort 

Less Wt. Less Hot Bet ter Vent. Bet ter F i t . Less Pain Tota l 

5 th Day 6 * 3 0 0 0 9 

14th Day 9 3 2 4 1 19 

30th Day 8 6 2 7 1 24 

* The d i g i t s are number of people responding to each quest ion 
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FIG. 1 . The White P l a s t i c Unmodified Helmet and Helmet Harness 
Used i n T r i a l s 
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FIG. 2. Weighted Percentages of Complaints i n Helmet Wear During 
30 Days 

Days -> 1st 3rd 5th 14th 30th 
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FIG. 3 . Weighted Percentages of Subjec t ive Judgments of the Helmet 
Harness 
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FIG. 4 . Frequency of Responses to Adaptat ion 
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FIG. 5. Cumulative P lo t of Responses Against Accumulated Number of 
Recordings 



X 
The Need for National and International Ergonomics 
Standards for Personal Protective Devices. 
Abeysekera John D.A. 
(Accepted for publication in "Advances in Industrial 
Ergonomics and Safety, Volume 1, Taylor & Francis, 
London, 1989). 



1 

THE NEED FOR NATIONAL AND INTERNATIONAL ERGONOMICS STANDARDS FOR 

PERSONAL PROTECTIVE DEVICES 

ABSTRACT 

The use of personal p r o t e c t i v e devices (ppd) has become an important 

method of safeguarding the workers from occupational hazards. Though 

p r o t e c t i o n i s assured i f the devices are cons tan t ly and h a b i t u a l l y 

worn, i t i s un fo r tuna t e t h a t due to d i s c o m f o r t , the m a j o r i t y of those 

exposed t o hazards do not use them. Developing standards seems to be a 

f e a s i b l e way of persuading the manufacturers t o provide the comfort or 

ergonomic values f o r ppd. Since the ergonomic f a c t o r s d i f f e r from 

coun t ry t o coun t ry , na t iona l and i n t e r n a t i o n a l standards are needed 

which w i l l e v e n t u a l l y improve the w e a r a b i l i t y and a c c e p t a b i l i t y of 

ppd. A case study c a r r i e d out i n a t r o p i c a l country has shown t h a t 

ergonomics standards are urgent and p r i o r i t i e s f o r such standards can 

be developed through systematic surveys and research on each type of 

ppd. 
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INTRODUCTION 

There i s a deep concern today f o r unsafe and unhealthy work s i t u a t i o n s 

which cause human s u f f e r i n g , accidents and diseases. A personal 

p r o t e c t i v e device (ppd) which i s used as an u l t i m a t e source of defence 

aga ins t the occupat ional hazards, i s becoming more and more important 

i n both I n d u s t r i a l i z e d Countries (IC) and Developing Countries (DC), 

as i t i s eas ie r , cheaper and quicker to provide than other methods of 

c o n t r o l . I t i s repor ted t h a t seven out of ten Swedes put on o v e r a l l s , 

p r o t e c t i v e smocks or uniforms at work, (Working Environment, 1982). 

Due t o the h igher prevalance of occupational hazards and the f a c t t h a t 

ppd i s a cheaper method of c o n t r o l of these hazards, the use of ppd 

p lays a major r o l e and i s of much concern i n the con t ro l of 

occupa t iona l hazards i n DC. Unfo r tuna t e ly due t o human f a c t o r 

(ergonomic) problems, v i z . hotness, heaviness, t igh tness or looseness, 

impervious and sweating or t h a t they get caught to f u r n i t u r e or 

machines or a downright nuisance on the j o b , the use of ppd has become 

unpopular and i n many instances not worn by those exposed to the 

hazards, (Kamin and Scalone, 1974, Working Environment, 1982, 

H e t t i n g e r and E i s s i n g , 1983 and H i c k l i n g , 1984). Though the p r o t e c t i o n 

t o be provided by ppd have been we l l documented by way of standards 

and s a f e t y laws, the human f a c t o r s of ppd have been overlooked and 

taken f o r gran ted . Disregard of the d i f f e r e n c e s i n human f a c t o r s such 

as body s i zes , environments, working methods, tasks and customs of 

workers i n producer and user coun t r i es can be some causes f o r 

u n p o p u l a r i t y of imported ppd. Therefore i n DC where imported ppd are 

used i t i s presumed t h a t these p r o t e c t i v e devices can be even more 

unacceptable t o the workers. 

A sys temat ic i n v e s t i g a t i o n to ascer ta in the human f a c t o r problems of 

ppd i n both IC and DC i s urgent . An e f f e c t i v e method of persuading the 

manufacturers to provide the basic comfor t needs f o r ppd would be also 

impor t an t i n order to ob ta in the optimum b e n e f i t s from t h i s simple but 

s t i l l e f f e c t i v e method to con t ro l occupational hazards. A f e a s i b l e 

method of ach iev ing the above aims may be to conduct a systematic 

search and t o set p r i o r i t i e s of the causes of unpopu la r i ty of ppd and 

t o f i n d ways and means of p r o v i d i n g the human f a c t o r needs i n ppd. 
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METHODS 

As a f i r s t step i n the i n v e s t i g a t i o n , a comprehensive l i t e r a t u r e 

search of the ' s t a t e of a r t ' regarding ppd and the ergonomics problems 

associa ted w i t h t h e i r use was c a r r i e d out . Based on the l i t e r a t u r e 

survey the i n v e s t i g a t i o n s were d i r ec t ed towards the manufacturers of 

ppd i n IC i n order t o know t h e i r a t t i t u d e s , knowledge and ideas i n the 

manufac tu r ing , marketing and use of ppd, through a mail ques t ionnai re 

survey sent t o manufacturers i n eleven ICs. The next step was to 

o b t a i n i n f o r m a t i o n f rom the users to ascer ta in the knowledge, concepts 

and problems of ppd use, through another mail ques t ionna i re sent to 

h e a l t h and s a f e t y a u t h o r i t i e s i n 35 DCs, (Abeysekera and Shahnavaz, 

1988a). 

A working model f i r s t developed by Shahnavaz (1985) ( F i g . 1 ) 

and which was l a t e r mod i f i ed t o s u i t t h i s study was used as a guide i n 

the p r e l i m i n a r y i n v e s t i g a t i o n s . Design i n c o m p a t i b i l i t y was found more 

p r eva l en t i n s i z i n g of goods. Therefore a comparative study of the 

v a r i a b i l i t y of body s ize between IC and DC was c a r r i e d out t o 

a s c e r t a i n i t s impact on the users of imported goods i n c l u d i n g ppd. 

Review of l i t e r a t u r e and data c o l l e c t e d by the author were used f o r 

t h i s comparison, (Abeysekera and Shanavaz,1988a). 

Based on the f i n d i n g s of the ' s t a t e of a r t ' and ques t ionna i re surveys 

a d e t a i l e d case study was planned and c a r r i e d out i n a DC ( v i z . S r i 

Lanka) , on the use of imported ppd. This case study which was intended 

t o develop the specia l human f a c t o r needs f o r s a f e t y helmets and to 

a s c e r t a i n the need f o r na t iona l ergonomics standards f o r helmets 

cons i s ted o f the f o l l o w i n g i n v e s t i g a t i o n s . 

(a) A na t i ona l anthropometr ic survey of workers i n Sr i Lanka; 90 body 

measurements on 724 (males and females) from a l l 24 d i s t r i c t s i n Sr i 

Lanka were taken. Apart f rom head dimensions, t h i s survey provided 

n a t i o n a l data of o ther important body dimensions of S r i Länkans , 

(Abeysekera and Shahnavaz, 1987). 

(b) Ergonomic eva lua t ion of imported modi f ied helmets: Based on a 

p i l o t study which was conducted e a r l i e r i n the l a b o r a t o r y , imported 

helmets were mod i f i ed to improve v e n t i l a t i o n and to reduce weight . The 

helmets were l a t e r t es ted on 48 subjects on a shor t and long term 

basis du r ing a t o t a l per iod of one month, i n a shipyard i n t r o p i c a l 
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Sr i Lanka. Sub jec t ive evalua t ions were made dur ing the wearing pe r iod , 

(Abeysekera and Shahnavaz,1988b). 

(c) Development of a headform w i t h anthropometric data: On a random 

sample of 41 Buddhist monks from Sr i Lanka who had shaven heads, 

photographs of f o u r views, ( f r o n t , back, side and t o p ) , of the head 

were taken . Taking 16 measurements on each photo a t o t a l of 64 

measurements were recorded from each head. These measurements were 

l a t e r used t o s cu lp tu r e a headform t h a t f i t t e d the p o p u l a t i o n , 

(Abeysekera and Shahnavaz, 1988c). 

(d) Heat t r a n s f e r c h a r a c t e r i s t i c s through helmets: Using helmets of 

d i f f e r e n t s h e l l m a t e r i a l s , ( v i z . polycarbonate, glass f i b r e , 

po lye thy lene and p o l y v i n y l c h l o r i d e / a c r y l o n i t r i l e - b u t a d i e n e - s t y r e n e 

(ABS) copolymer) , c o l o u r s , and v e n t i l a t i o n c h a r a c t e r i s t i c s and p l ac ing 

each helmet i n t u r n on a thermal mannequin head kept i n s ide a c l i m a t i c 

chamber, heat t r a n s f e r through the helmets were measured, (Abeysekera, 

1988). 

(e) Adapta t ion t r i a l s w i t h helmets: 10 subjects wore unmodif ied 

helmets con t inous ly w i t h o u t a break f o r one month and f o r s i x hours 

each day, i n t r o p i c a l Sr i Lanka. Subjec t ive evaluat ions were made on 

1s t , 3 r d , 5 t h , 14th and 30th day, (Abeysekera and Shahnavaz, 1988d). 

RESULTS AND DISCUSSION 

The l i t e r a t u r e review i s summarised as f o l l o w s . 

(a) The lack of human f a c t o r needs seems to be the c h i e f cause 

of the gross u n p o p u l a r i t y of ppd which has a greater impact i n DC. 

(b) The present knowledge of human f a c t o r s of ppd i s vague. A 

h i e r a r chy of human f a c t o r demands has to be developed. 

(c) The more impor tan t human f a c t o r problems i n ppd are p h y s i o l o g i c a l 

demands i n c l u d i n g d i s comfo r t from the hot and humid environment, 

f i t t i n g and aes the t i c f a c t o r s . 

(d) Most problems appear to be s i m i l a r i n both IC and DC. 

(e) M o d i f i c a t i o n of e x i s t i n g ppd t o s u i t the demands of the users and 
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adap ta t ion of ppd f o r the users to overcome the unavoidable d i scomfor t 

appear t o be f e a s i b l e s o l u t i o n s , although redesign may be necessary i n 

r a r e ins tances . 

( f ) The area of human f a c t o r standards i n ppd was hard ly mentioned i n 

l i t e r a t u r e . The quest ions t h a t are important are: What are the 

s p e c i f i c a t i o n s o f the a v a i l a b l e standards f o r ppd?. To what extent are 

the use of ppd become mandatory requirements? 

The importance of developing ergonomics standards f o r ppd has been 

emphasized by a group of i n t e r n a t i o n a l experts i n a recent workshop on 

"Ergonomics aspects of personal p r o t e c t i v e wear" i n the I n t e r n a t i o n a l 

Conference on Ergonomics, Occupational Safety and Health and the 

Environment, held i n B e i j i n g , China i n October, 1988, (Shahnavaz, 

1988) . 

The q u e s t i o n a i r e survey t o manufacturers had a response ra te of 31%. 

The manufacturers of ppd i n IC are of the view t h a t the users of ppd 

must be given proper education i n the hazards, uses and f u n c t i o n s of 

ppd. With respect to standards t h a t are s t i p u l a t e d f o r ppd, 90% of the 

respondents sa id t h a t they f o l l o w standards. De t a i l s of standards t h a t 

are f o l l o w e d are shown i n Table 1. Those who f o l l o w e d ergonomic 

standards sa id t h a t they were mainly regarding s izes . F i f t y s ix 

percent of the respondents i nd i ca t ed t h a t they export ppd but 

s u r p r i s i n g l y only 8% knew t h a t la rge stocks of ppd are taken by IC 

c o n t r a c t o r s t o DC on development a id p r o j e c t s . A remarkable f i n d i n g i n 

the survey was t h a t on ly 7.6% of the respondents knew about the 

ergonomic problems, e .g . d i s comfor t from hot c o n d i t i o n s , wrong s izes , 

e t c . , p r e v a i l i n g i n DC, (Abeysekera and Shahnavaz, 1988a). 

The response r a t e of the ques t ionnai re to DCs was 51%. The survey 

covered i n f o r m a t i o n concerning 314 m i l l i o n male workers and 148 

m i l l i o n female workers . F i f t y - e i g h t percent of ppd used i n DC are 

imported f rom IC. Only 27% of those who need ppd are suppl ied w i t h 

them, and according t o 91% of the respondents, the reason why the 

employers do not supply them was, "workers do not wear them", (Table 

2 ) . 

Seventy f o u r percent of the respondents considered t h a t standards i n 

ppd are impor tant and 43% said t h a t there are no laws to s p e c i f y 

standards i n t h e i r coun t r i e s which gives the i n d i c a t i o n t h a t there i s 
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a lack of standards f o r ppd i n many OC. 737. of respondents sa id t h a t 

ppd were unpopular among workers and according to suggestions given to 

overcome the problems of unpopu la r i t y , (Table 3 ) , hazard awareness and 

improvement of comfor t were ra ted h igh . F inancia l c o n s t r a i n t s (937.) 

appeared to be the main cause of problems of supply. In the use of ppd 

the wrong f i t (777.) seemed to be an even greater problem area than 

hotness (277.) and heaviness (137.), (Table 4 ) , (Abeysekera and 

Shahnavaz, 1988a). 

The anthropometr ic data and environment data of DC as revealed by the 

respondents were compared w i t h re levant data from IC. The 

anthropometr ic data inc luded the s t a t u r e , and weights of males and 

female workers . Environment data included the a i r temperature and a i r 

h u m i d i t i e s . The d i f f e r e n c e s i n means were found to be h i g h l y 

s i g n i f i c a n t f o r a l l these items (p<0.005), (Abeysekera and Shahnavaz, 

1988a). 

The r e s u l t s o f the case study i n Sr i Lanka revealed the f o l l o w i n g main 

f i n d i n g s . 

A l a rge number of impor tant dimensions of Sr i Länkans (DC) obtained 

f rom the n a t i o n a l survey were compared w i t h Swedish and B r i t i s h data 

( I C s ) . I t was observed t h a t s i g n i f i c a n t d i f f e r e n c e s were apparent i n 

almost 1007. of dimensions. The percentages of accommodation o f a 

design range of 907. o f the B r i t i s h w i t h respect t o s t a t u r e , w i t h the 

popu la t ions of o ther coun t r i e s were prepared, (Table 5 ) . I t was seen 

t h a t 847. o f Swedish, 597. of Egyptians, 437. Japanese, 357. Sr i Länkans 

and 137. o f Vietnamese could be accommodated i n such a des ign. In 12 

out of 17 head measurements the d i f f e r e n c e s i n means were s i g n i f i c a n t 

(p<0 .05 ) , w i t h Sr i Lankan measurements smaller than the B r i t i s h . Large 

d e v i a t i o n s were observed when the anthropometric data of Sr i Länkans 

were matched w i t h dimensions of imported ppd. Imported helmets d i d not 

f i t ( too lose) as much as 407. of Sr i Lankan heads, (Abeysekera and 

Shahnavaz, 1987). 

During the f i e l d t r i a l s w i t h modi f ied helmets i n a shipyard i t was 

revealed t h a t though o r i g i n a l l y imported helmets were provided to over 

2000 workers , on ly 5-107. of them a c t u a l l y used the helmets. Hotness, 

heaviness, and f i t t i n g problems were the c h i e f causes of u n p o p u l a r i t y . 

Helmets m o d i f i e d w i t h v e n t i l a t i o n holes and w i t h b r i g h t co lours had an 

advantage over u n v e n t i l a t e d ones, i n reducing hotness. A reduc t ion o f 
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weight of 50g i n a helmet which was o r i g i n a l l y 350g was perceived 

l i g h t e r by the workers, (Abeysekera and Shahnavaz, 1988b). 

To design head gear to f i t comfor t ab ly , anthropometric data measured 

f rom commonly used f i x e d anatomical p o i n t s , e .g . nasion, t r a g i o n , 

e t c . , (such po in t s being l i m i t e d ) , alone do not s u f f i c e . Adequate data 

of the shape, s ize and contours of the head can be obtained only by 

developing headforms of the user popu la t ion . By using photometric 

anthropometr ic data of the 41 Sr i Lankan shaven heads and adopting a 

s imple s c u l p t u r i n g technique, a Sr i Lankan headform was developed, 

(Abeysekera and Shahnavaz,1988c). The side p r o f i l e of t h i s headform 

seems t o have a p ro j ec t ed crown and d i f f e r s w i t h an American headform 

(ANSI,1981) which has a f l a t crown and a s l i g h t l y p ro jec t ed back, 

( F i g . 2 ) . 

The heat t r a n s f e r t e s t s revealed t h a t helmet s h e l l s w i t h v e n t i l a t i o n 

holes on the crown area, w i t h m e t a l l i c outer surfaces and made out of 

ABS m a t e r i a l c o n t r i b u t e d f o r optimum heat t r a n s f e r c h a r a c t e r i s t i c s . 

F u r t h e r , a p rope r ly v e n t i l a t e d helmet can be designed w i t h less bulk 

which i n t u r n helps to reduce i t s weight , (Abeysekera, 1988). ABS 

m a t e r i a l a lso has the advantage of minimum weight i n helmet m a t e r i a l , 

according t o Smith and Anderson, (1978). 

The adap ta t ion t r i a l s revealed t h a t workers can get adapted or 

a c c l i m a t i z e d to the unavoidable d i s comfo r t s , v i z . hotness, heaviness 

and bad f i t t i n g , du r ing the use of the same helmet con t inous ly f o r 

long pe r iods , e .g . one month. According to sub j ec t i ve assessments of 

the 10 subjec ts the number of responses f o r reduc t ion of d i scomfor t or 

improved f e e l i n g of comfor t was increas ing w i t h the number of days the 

helmets were worn as f o l l o w s : , (Abeysekera and Shahnavaz, 1988d). 

5th day - 9 responses 

14th day- 19 responses 

30th day- 24 responses 

CONCLUSIONS 

From the p r e l i m i n a r y s tudies conducted among the ppd manufacturers and 

users and the case study conducted i n a DC i t i s c lea r t h a t the c h i e f 

cause f o r the non-use of ppd i s the lack of comfort or ergonomics 

measures. I f the ergonomics requirements are to be incorpora ted i n the 
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design the manufacturer has to be e i t h e r motivated by la rge markets 

and p r o f i t s by such design changes or they must be mandator i ly 

r e q u i r e d t o do so. The users, buyers and the supp l i e r s have 

u n f o r t u n a t e l y l i t t l e con t ro l over any design changes i n ppd. Since the 

survey c a r r i e d out among IC manufacturers i nd ica t ed a p o s i t i v e 

response t o the adherence of standards the only way to persuade the 

manufacturers t o provide design changes f o r comfor t i n ppd i s by 

developing na t i ona l and i n t e r n a t i o n a l standards s p e c i f y i n g these 

comfor t requirements.The standards i n ergonomics aspects a v a i l a b l e 

today are few, ra re and do not cover the most needed areas. While the 

n a t i o n a l standards w i l l provide the s p e c i f i c needs f o r each count ry , 

e .g . the s i z e s , which depend on the na t iona l dimensions of the user 

p o p u l a t i o n , as i n the Sr i Lankan example, the i n t e r n a t i o n a l standards, 

e .g . m a t e r i a l c h a r a c t e r i s t i c s to reduce the weight o f a helmet, can be 

adopted e i t h e r u n i v e r s a l l y or i n groups of c o u n t r i e s . A na t iona l 

s tandard can be incorpora ted i n the coun t ry ' s s a f e t y law. Nat ional and 

an i n t e r n a t i o n a l standards are e f f e c t i v e guidance to ppd manufacturers 

i n g e n e r a l . From the case study conducted i n Sr i Lanka on the use of 

helmets , i t can be concluded t h a t standards are r equ i red f o r helmet 

s i z e s , p r o v i s i o n of v e n t i l a t i o n and reduc t ion of weight . The sizes can 

be determined by a headform f o r each count ry . By app ly ing the same 

method and procedure, as discussed i n t h i s paper the need and 

p r i o r i t i e s f o r standards f o r every ppd i n d i f f e r e n t coun t r i es can be 

developed. 

I n developing comfor t standards, i t may be necessary to make c e r t a i n 

concessions i n s a f e t y standards. For example i f a helmet according to 

e x i s t i n g s a f e t y standard provides 100% p r o t e c t i o n , an i n t r o d u c t i o n of 

a comfor t standard (which may have to be done a t the expense of a 

s l i g h t l y lower p r o t e c t i o n ) may reduce the p r o t e c t i o n to 90% or even 

75%, ( e . g . p r o v i d i n g v e n t i l a t i o n holes i n helmets) . Which i s bet ter? 

Provide 75% p r o t e c t i o n to 90 or 100% of workers Or Provide 100% 

p r o t e c t i o n to 10% or none at a l l ? An extreme example can be quoted 

here. During a recent v i s i t by two Swedish human f a c t o r s p e c i a l i s t s t o 

two Chinese s t ee l m i l l s , i t was observed, t h a t i n the f i r s t m i l l where 

over 10,000 workers were employed, had provided a l l workers w i t h 

p l a s t i c (Western type) sa fe ty helmets, weighing approx. 375g, and 

almost none was wearing them due to d i s comfo r t . On the con t ra ry i n the 

second m i l l (of s i m i l a r manpower s t rength) where helmets of s i m i l a r 

shape (as p l a s t i c helmets) but made out of interwoven cane, having 

adeqaute v e n t i l a t i o n openings a l l over and w i t h a g l a s s f i b r e 
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r e i n f o r c e d piece over the crown area ( to improve p r o t e c t i o n ) and 

weighing only 275g, near ly a l l workers were wearing the helmets at 

work, (Shahnavaz and Sundbäck, 1988). The p r o t e c t i o n provided by t h i s 

cane helmet aga ins t f a l l i n g heavy ob jec t s may be as low as about 50% 

e f f i c i e n t but the helmet can be very good as a bump cap and also give 

p r o t e c t i o n f rom so lar heat. A double standard f o r p r o t e c t i o n (one f o r 

IC and another f o r DC) which may sound u n e t h i c a l , perhaps may be 

j u s t i f i e d i n c e r t a i n s i t u a t i o n s l i k e the one described above. 
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Table 1. Standards f o l l o w e d by ppd manufacturers 

Percentages of respondents 

Types of standards f o l l o w e d 

Nat ional 79 

I n t e r n a t i o n a l 52 

Company (Manufactur ing) 40 

M i l i t a r y 10 

Areas of standards 

P r o t e c t i o n f a c t o r s and performance 73 

M a t e r i a l 63 

Ergonomics f a c t o r s (mainly s izes) 50 

Reasons f o r f o l l o w i n g standards 

Legal requirement 60 

Be t t e r market 54 

Worker p r o t e c t i o n 48 

Be t t e r workmanship 8 
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Table 2. Reasons given by the employers f o r not p rov id ing ppd to the 

workers , (respondent percentages) 

Reason Percentage 

Workers do not wear them 91 

They are c o s t l y 57 

Not a v a i l a b l e i n the market 46 

Not aware t h a t ppd should be given 46 

Not aware which type t o be given 46 

Ppd do not g ive s i g n i f i c a n t p r o t e c t i o n 23 

Other reasons (Foreign exchange problems, 

Workers misuse them, e t c . ) 14 
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Table 3. Respondent r a t i n g s f o r suggestions f o r overcoming problems of 

u n p o p u l a r i t y of ppd 

Most important Least important 

Suggestions 1 2 3 4 

S t r i c t law enforcement 4 3 7 18 

E f f e c t i v e superv is ion 1 5 19 7 

Improve comfor t 15 13 3 3 

Hazard awareness (workers) 19 14 1 1 
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Table 4. Problems of supply and use of imported ppd (% responses) 

Supply Percentage 

High cos t 93 

Import r e s t r i c t i o n 45 

Delays i n supply 21 

Lack of spares 7 

Red tape(Bureaucracy) 7 

Suppl ie r unaware of 

needs 7 

Others (No s u p p l i e r . ) 10 

Use Percentage 

Do not f i t / O b s t r u c t 77 

Too hot 27 

Uncomfortable 23 

Lack of awareness o f , 

or need t o use ppd 20 

Too heavy 13 

Cannot use i n d i f f e r e n t 

work environments 7 

Others (No maintenance, 

cannot understand i n s 

t r u c t i o n , a l l e r g i c , . ) 20 
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Table 5. Percentages of accommodation of 5th to 95th p e r c e n t i l e of a 

B r i t i s h design f o r other popula t ions w i t h respect to s t a tu re 

I n d u s t r i a l i z e d count r ies (7.) Developing copuntr ies (7.) 

Uni ted States 90 Tunis ia 62 

Germany 90 Egypt 59 

Sweden 84 South A f r i c a 57 

France 81 I ran 52 

I t a l y 70 Japan* 43 

Sr i Lanka 35 

L a t i n America 32 

Thailand 24 

India 22 

Vietnam 13 

*An i n d u s t r i a l i z e d country 



Fig.1 The Model Image, Match/Mismatch Rela t i o n s h i p 

(After Shahnavaz,1985) 
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F i g . 2 Side p r o f i l e s öf headforms of S r i Länkans 
and Americans 

S r i Lankan American 

(The back of head appears on the l e f t side) 
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