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Preface 

The investigations reported here were part o f the Nordic research project "Fire safe wooden 
buildings" within the Nordic Wood Programme of the Nordic Industrial Fund. The work is 
funded by Swedish, Norwegian and Finnish timber and building materials industry, N U T E K , 
Brandforsk and the Nordic Industrial Fund. 

The investigations were carried out by Trätek - Swedish Institute of Wood Technology 
Research - in collaboration with the Department o f Building Technology and Structural 
Engineering at Aalborg University, Denmark. 



Summary 

In fire tests, timber frame assemblies are normally exposed to standard fire according to ISO 
834 in order to meet the requirements, expressed as fire resistance ratings, in different national 
building regulations. The investigations reported here were conducted in order to give a basis 
for considering natural fire scenarios in performance based building regulations, and defining 
relevant acceptance criteria in terms o f standard fire exposure. Fire tests were conducted in 
order to study the fire performance o f load-carrying timber frame wall and floor assemblies at 
standard and parametric fire exposure. 

Twenty-three wall tests were carried out in medium scale. The assemblies were 1 m wide and 
2,5 m high, consisting o f two studs, sole plate and head plate. The cavity insulation was o f 
rock or glass fibre. The lining on the fire exposed side was made o f gypsum plasterboard - both 
double layered linings with a combination o f gypsum plasterboard o f type A and type F, single 
layers o f type F, or a combination o f gypsum plasterboard o f type F and plywood. In two of 
the tests a double stud system was used. 

Two series o f small-scale tests were carried out of assemblies in bending, consisting o f a single 
timber member and other materials such as linings and cavity insulation. In series S with a total 
o f 12 tests the lining was fixed directly to the timber frame, while in series J with a total o f 24 
tests resilient channels were used between the lining and the timber. Additionally to the linings 
tested in the wall tests, double layers o f gypsum plasterboard type F, double layers o f 
particleboard or single layers o f calcium silicate board were used. 

Besides standard fire three different parametric fire curves were used, representing natural fire 
scenarios o f different severity. 

The results can be summarized as follows: 
• The wall assembly tests showed that by fire testing in medium scale the full-scale effect o f 

the lining performance was taken into account. 
• There was a considerable effect of the load level on the time to failure. 
• From temperature measurements the starting times o f charring o f the timber member and 

the charring rates were determined. It was found that the failure times o f the lining were 
important wi th respect to time to failure o f the assembly 

• There is a considerable effect of the fire curve on the fire performance o f materials o f the 
assembly. It was shown that assemblies can survive a burn-out when the lining is capable o f 
preventing the timber member from charring. However, once the timber member ignited and 
started to char it continued to burn until failure, even though the temperature in the furnace 
was very low during the cooling phase. 

• Standard fire is not neutral with respect to the performance in real fire scenarios o f some of 
the materials, e.g. mineral wool insulation and gypsum plasterboard. At standard fire these 
materials may be exposed to critical temperatures with respect to degradation o f the 
material, which are often not reached in real fires, giving rise to inferior fire performance o f 
the assembly. 

With respect to charring, a distinction is made between different charring phases. 
Charring phase I : Unprotected timber 
Charring phase I I : Protected timber prior to failure of boards (protection phase) 
Charring phase I I I : Unprotected timber after failure o f boards (post-protection phase). 
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The residual cross sections o f the timber members were recorded and used for determining the 
residual area, second moment o f area, section modulus and, using the predicted load carrying 
capacities at normal temperature, the residual bending strength o f the timber member. 

The experimental data presented here wil l be used in modelling the fire performance o f these 
assemblies. 



SAMMANFATTNING 

Vid brandfbrsök av sammansatta träregel väggar och -bjälklag utsätts konstruktionen vanligtvis 
for standardbrand enligt ISO 834 för att verifiera konstruktionens brandmotstånd med 
avseende på byggreglernas krav. Det här redovisade forskningsarbetet genomfördes med syftet 
att ge underlag för branddimensionering enligt naturliga brandscenarier, och att definiera 
relevanta kravnivåer vid dimensionering enligt klassificering enligt brandbestämmelser som 
utformats baserade på funktionskrav. Brandförsöken genomfördes med avsikt att undersöka 
egenskaperna vid brand hos bärande sammansatta träregelväggar och -bjälklag exponerade for 
standardbrand och parametriska brandföriopp. 

Det utfördes 23 brandfbrsök med väggelement i reducerad skala. Väggelementen var 1 m 
breda och 2,5 m höga och var sammansatta av två väggreglar, syll och hammarband. Som 
isoleringsmaterial användes både stenull och glasull. Som beklädnad på den brandutsatta sidan 
användes gipsskivor - både dubbla skikt där skivor av typ A och typ F kombinerades och enkla 
skikt av typ F - eller en kombination av gipsskiva typ F och plywood. Hos två av väggarna 
användes dubbla reglar. 

Det utfördes även två serier försök i liten skala med sammansatta element under böjbelastning. 
Provkropparna bestod av en träregel, isolering och beklädnadsskivor. 1 provserien S med totalt 
12 försök var beklädnadsskivorna skruvade direkt mot träregeln, medan akustikprofiler 
placerades mellan beklädnaden och träreglarna hos de 24 provkropparna i serien J. Utöver de 
material som användes vid väggprovningen, provades även dubbla skikt av gipsskiva typ F, 
dubbla spånskivor samt enkla skikt av calciumsilikatskiva. 

Förutom standardbrand användes tre olika parametriska brandkurvor som representerar olika 
intensiv brandpåverkan. 

Försöksresultaten kan sammanfattas i följande punkter: 
• Väggprovningarna visar att brandprovning i reducerad skala återspeglade 

flillskaleegenskaperna hos beklädnaden 
• Lastnivån påverkar avsevärt tiden till brott 
• Med hjälp av temperaturmätningar bestämdes tidpunkten for antändning och förkolning av 

träregeln samt inbränningshastigheten. Nedfallstider för beklädnaden har stor betydelse 
brandmotståndet hos hela byggnadsdelen 

• Vid parametrisk brandpåverkan har brandkurvan betydande inverkan på brandegenskaperna 
hos konstruktionens material. Det visades att träregelkonstruktioner kan överleva ett 
fullständigt brandförlopp förutsatt att beklädnaden förmår att skydda träregeln mot 
antändning. När träregeln har antänts fortsätter den dock att brinna tills kollaps inträffar 
även om brandcellens temperatur har sjunkit avsevärt. 

• Standardbrand är inte neutral med avseende på några materials bidrag till konstruktionens 
brandmotstånd, t.ex. gipsskivor och glassull. Vid standardbrand kan dessa material utsättas 
för kritiska temperaturer med hänsyn till materialets nedbrytning som ofta inte uppnås vid 
verkliga bränder och därmed ge anledning t i l l sämre brandegenskaper hos konstruktionen. 

Med avseende på inbränningen kan olika inbränningsfaser identifieras: 
Inbränningsfas I : Oskyddat trä 
Inbränningsfas I I : Skyddat trä innan beklädnaden faller ned (skyddsfas) 
Inbränningsfas I I I : Oskyddat trä efter beklädnadens nedfall (efterskyddsfas). 



Träreglarnas resttvärsnitt registrerades och dess area, tröghetsmoment och böjmotstånd 
beräknades. Med hjälp av den skattade bärförmågan vid normal temperatur bestämdes 
resttvärsnittets restböjhållfasthet. 

Här redovisade data kommer att användas vid framtagning av en beräkningsmodell för 
bärförmågan hos sammansatta träregelkonstruktioner vid brand. 



1 INTRODUCTION 

In the last couple o f years, many countries have started to introduce performance-based 
building regulations. These regulations, as they pertain to fire safety, open the way for new 
applications, and thus new markets, for timber structures: for example, medium-rise timber 
buildings for residential and commercial use. In taking advantage o f the new possibilities it is 
essential to verify that fire safety is not lower in timber buildings than in buildings made o f 
other materials. 

Traditionally, in fire tests timber frame assemblies are normally exposed to standard fire 
according to ISO 834 in order to meet the requirements expressed as fire resistance ratings in 
different national building regulations. Only in two countries, Sweden and Denmark, was the 
option o f applying parametric fires offered by the national building regulations, giving new 
possibilities o f more precisely considering natural fire scenarios for the determination o f fire 
safety. However, due to the lack o f knowledge, parametric fire curves could not be applied for 
timber structures, contrary to Swedish practice regarding steel and concrete structures. For 
steel and concrete structures, the use o f parametric fire curves would normally result in more 
economic solutions. 

Within the framework o f a Nordic research project "Fire safe wooden buildings", the 
investigations reported here were conducted in order to study the fire performance o f load-
carrying timber frame assemblies - both walls and floors - at standard and parametric fire 
exposure. In a pilot study, see König et al. (1995), fire tests were carried out with an 
application o f parametric fire curves, and discussed in the light o f possible application in design 
of load-carrying timber structures. 

The objective o f a previous study (König, 1995) was to investigate the fire performance o f 
timber frame assemblies at standard fire exposure, including three ful l scale wall assembly tests 
and a large number o f small-scale tests of assemblies in bending. In that investigation 
assemblies were tested, with unprotected timber members, or timber members protected by a 
lining o f gypsum plasterboard o f type A or F. 

The aim of the investigation reported here was 
• to show the effect o f parametric fire exposure in relation to standard fire 
• to determine the fire performance o f wall and floor assemblies made o f different materials 
• to present an analytical model to be used by the designer 

Part 1 o f this report contains the results o f fire testing carried on wall assemblies in medium 
scale and floor assemblies in small scale. The data wil l be used in modelling the fire 
performance o f these assemblies. Results o f calculations o f temperatures in the assembly and 
the model wil l be published in part 2. 



2 MATERIALS 

2.1 Timber 

The timber used was Swedish spruce which was fairly free f rom knots. This material was 
chosen in order to improve the prediction o f ultimate bending strength at normal temperature 
and to minimise the scatter o f test results. The timber was conditioned at 20 °C and 65% R H 
and planed to achieve the nominal sizes o f 45 mm x 145 mm and 45 mm x 195 mm 
representing typical sizes in timber framed walls and floors. 

The dry density o f the test pieces to be used in the fire tests was determined by dividing the 
weight o f the original plank o f length 4,5 m by its volume, taking into account the moisture 
content determined from a few samples. For the planks o f size 45 mm x 145 mm this was done 
after planing. The moisture content used was 12,8 %. For the planks o f size 45 mm x 195 mm 
the dry density was determined before conditioning and planing. The moisture content used 
was 17,0%. 

Additionally, small test specimens were taken from the planks before manufacturing the 
specimens for the fire tests and the moisture content was determined. The results are given in 
appendix A tables A.1-A.3, i.e. the dry density, determined for the original planks and moisture 
content o f the small test pieces. 

For specimens o f reference tests at normal temperature, see appendix B tables B . l and B.2. 

2.2 Insulating materials 

Two different types of insulation were used: 
1) Mineral wool bats made of rock fibre with a nominal density o f 28 kg/m^ made by 
Rockwool A B , Sweden 
2) Mineral wool bats made of glass fibre with a nominal density o f 20 k g W made by Gullfiber 
AB, Sweden. 

2.3 Boards, resilient channels and fasteners 

In this investigation the following types o f board material were used: Gypsum plasterboard, 
plywood, particleboard and calcium-silicate board. 

Two types o f gypsum plasterboards were used, both made by AB Gyproc, Sweden: 
1) Gypsum plasterboard of type A according to prEN 520 with a thickness o f 12,5 mm and a 
weight o f 9 kg/m^. The material is designated as GN in the tables and figures of this report 
2) Gypsum plasterboard o f type F according to prEN 520 with a thickness o f 15,4 mm and a 
weight o f 12,7 kg/m^. The material is designated as GF in the tables and figures o f this report. 

Swedish plywood made by Vänerply AB was used made of spruce with a thickness o f 11,7 mm 
and a dry density o f 510 kg/m\ The thickness o f the particleboards made by Byggelit A B , 
Sweden, was 12,0 mm and the dry density was 675 kg/m^. 



The calcium-silicate boards used were o f a thickness o f 11,4 mm and a density o f 853 kg/m^. 
These boards are marketed as Masterboard™ and made by Cape Boards Ltd, England. 

The resilient channels, made of cold-formed steel sheeting o f thickness 0,56 mm, are marketed 
by A B Gyproc, Sweden. 

Self-tapping screws were used for fixing the boards onto the timber frame or the resilient 
channels, and the resilient channels onto the timber frame. The screws were threaded for steel 
sheeting (type S) or wood (type T), see table 2.1 where the figures refer to the screw lengths in 
mm. The nominal diameter o f the screws was 3,5 mm for type S and 3,9 mm for type T. 

Table 2.1: Screw types for fixing boards and resilient channels. 

fixed onto 
timber frame resilient channel 

1 board layer T41 S25 
2 board layer T57 S38 

resilient channel T41 -
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3 R E F E R E N C E T E S T S AT NORMAL TEMPERATURE 

Reference tests were made at normal temperature conditions, with the aim that the bending 
strength should be predicted for each test specimen to be used in the fire tests o f members 
(Chapter 6). 

The bending strength in edgewise bending was determined in short-term tests according to EN 
408. The test specimens with a span o f 18 times the depth were symmetrically loaded at two 
points, the distance o f the inner load points was 6 times the depth. The test results are 
presented as bending strength versus dry density, see figure 3.1. A regression analysis was 
performed in order to fit the results where a linear expression was chosen with the intercept 
put equal to zero. A complete list o f the test results is given appendix A. 

The flexural stiffness in edgewise bending was determined for each stud used in the fire tests o f 
walls. The span was 2310 mm and the specimen was acted upon by two equal forces at the 
third points. The load was applied in five steps such that the maximum mid-deflection reached 
a final value o f about 6 mm. The moduli o f elasticity were determined using the most linear 
parts o f the load-deflection curves. For the results, see Appendix B table B.3. 
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Figure 3.1: Bending strength versus dry density - reference tests 
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4 FIRE CURVES 

For classification purposes fire testing is normally carried out using the nominal standard 
temperature-time curve according to ISO 834. Parametric fire curves are determined on the 
basis o f fire models and specific physical parameters describing the special conditions o f the 
fire compartment. In this investigation, apart from the standard fire curve, three different 
parametric fire curves were used, see figure 4.1, based on the work by Magnusson et al. 
(1970), see Pettersson et al. (1978). The fire curves are described by the fire load density qn^ 
related to the total surface area o f the enclosure and the opening factor O given as 

0 = 
At 

with 

h = ^ 
A.. 

(4.1) 

(4.2) 

where 

Av is the total area o f vertical openings 
Ai is the total area o f the enclosure 
A i is the area o f vertical opening " i " 
h is the weighted average o f heights o f vertical openings 
hi is the height o f vertical opening " i " 

1200 

1000 

800 

Temperature QQQ 

400 

200 

0 ^ 
0 

-V ^ 510 /0,12 

SFE 

^ 1 7 0 / 0 04 

100 ̂ 0,04 

30 60 90 120 
Time [minutes] 

150 180 

Figure 4.1: Parametric fire curves with different ratios of q{\,tfO in comparison with 
standard fire curve ( S F E ) 

These parametric fire curves give conservative solutions since they are based on the 
assumptions that the combustion takes place entirely in the fire compartment, the combustion 
is ventilation controlled and the gas temperature is uniform within the fire compartment at any 
time. 
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The fire curves given in Pettersson et al. (1978) refer to a so-called standard compartment (fire 
compartment type A), i.e. the thermal properties of the boundaries correspond to boundary 
structures consisting of concrete, brick and lightweight concrete. The thermal inertia of these 
boundaries is taken as 

^Åpc = \\60 [J m-^ .v"'̂ ^ ^ " ' ] (4 .3 ) 

where 

Å is the thermal conductivity of the enclosure in W m"' K' ' 
p is the density of the enclosure in kg/m^ 
c is the specific heat of the enclosure in J kg"' K"' 

For other fire compartments than type A the influence of the thermal inertia is taken into 
account by using modified or notional fire load densities and opening factors: 

0,=k^,,,^0 ( 4 . 5 ) 

with 

1160 » 1 v.'vy 

* e n c l = ( 4 . 6 ) 

For seven different fire compartment enclosures values of ênci are given in Pettersson et al. 
(1978) . These values are in the range of 0,85 for enclosures of concrete and 3,0 for lightweight 
constructions consisting of steel sheeting surfaces and a 100 mm deep cavity filled with mineral 
wool of density 50 k g W . For enclosures with 20 per cent consisting of concrete and 80 per 
cent consisting of lightweight construction of two layers of 13 mm gypsum plasterboard with a 
density of 790 gk/m^ on each side and a 100 mm deep void cavity, the value of A:enci is 1,45. 

In Eurocode 1, Part 2-2 (ENV 1991-2-2) the parametric fire curves are expressed in a 
standardised form (so-called F-fires) as proposed by Wickström (1985) . During the cooling 
period, it is assumed that the gas temperature decreases at a constant rate. Pettersson ( 1996) 
stated that the linear fire curves describing the cooling period differ considerably from those 
presented above. In ENV 1991-2-2 it is assumed that the cooling rate is much greater than that 
given by Pettersson et al. (1978) . 

Since wood creep of wood is considerable at elevated temperature, see König (1995) , it could 
be expected that the duration of the cooling period has an essential influence on the behaviour 
of timber structures. Therefore, in this investigation it was decided to use the fire curves by 
Pettersson et al. (1978) . 

The parametric fire curves used in the fire tests of this investigation should reflect the design 
conditions in practice and also include both "severe" fire exposures as well as "less severe" 
ones. With the starting point of a typical fire load in dwellings, a design fire load density of 
170 M J W was chosen, see Pettersson et al. (1978) . The opening factor was taken as 
O = 0 ,04 m"'^ which is a typical value of dwellings. In order to take into account more severe 
fire situations occurring in a compartment with lightweight enclosures due to the much smaller 
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thermal inertia, the value ênci = 3,0 was chosen. By multiplication of the above values of fire 
load density and opening factor with 3,0 we get the corresponding values of 510 M j W and 
0,12 m"' . For typical timber frame construction this fire curve should give conservative 
results. The third parametric fire curve with the ratio of q^JO = 100/0,04 represents the 
conditions of a fire in a dwelling with a normal opening factor and a low fire load density. 
Apart from the fire curves shown in figure 4.1, in one of the tests (VE18), a further fire curve 
was used with the parameters 510/0,04, representing a large fire load and normal opening 
factor. The curve is not shown in figure 4.1 since it is does not deviate much from the standard 
fire curve during the heating phase which was not exceeded much during the test, see 5.4.2. 

In Pettersson et al. (1978) the parametric fire curves are given only for a number of 
combinations of fire load density and opening factors. The curves, with the exception of 
c/fJO = 100/0,04, were determined by interpolation. 
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5 FIRE TESTING OF WALLS 

5.1 General 

Fire tests of framed wall assemblies are normally carried out as large-scale tests since the 
behaviour of materials is often dependent on the size of material components such as board 
materials used as linings. Wall assemblies used in large scale tests are normally 2,5 to 3 m 
wide. A disadvantage of large-scale tests is that they are costly, while small-scale tests are 
much cheaper but give often unsafe results. Due to limited ftmds, by carrying out large-scale 
wall assembly tests, it would have been impossible to study the effect of several parameters, 
such as different fire curves, materials and combinations of materials. In this investigation, by 
performing fire tests on wall assemblies in reduced (medium) scale, an attempt was made to 
combine both "low" costs and "correct" test results. The size of the test specimens was large 
enough to make it possible to study the effect of ftjll-sized boards and different configurations 
of panel joints. 

5.2 Test programme and specimens 

The aim of the wall assembly tests was to investigate the influence of the following parameters 
and phenomena on the fire resistance: 
• different fire curves: standard and parametric fire 
• cavity insulation: rock fibre or glass fibre 
• boards: one or two layers of gypsum plasterboards (normal and type F) or combined 

gypsum plasterboard type F and plywood 
• single or double stud system 
• stickability 

The combination of materials and fire curves can be seen from table 5.1 giving the test results. 
The assemblies were 1 m wide and 2,5 m high, see figure 5.1. The timber frame consisted of 
two single studs, sole plate and head plate and was connected by slant nailing. In two of the 
assemblies, double studs were used. Here an extra stud was placed in dense contact on the 
outer side of the studs, i.e. on the side facing towards the vertical edge of the wall. 

One or two layers of boards were attached to the fire exposed side of the timber frame, such 
that the joint of the inner layer was, seen from the fire exposed side, on the stud to the left, and 
the joint of the outer layer was on the stud to the right, see figure 5.2. Where two layers of 
boards were attached to the studs, the outer layer was gypsum plasterboard of type F (GF) and 
the inner layer was gypsum plasterboard of type A (GN) or plywood (PI). 

In assemblies clad with gypsum plasterboards, the spacings of the screws were 200 mm along 
the edges of the boards and 300 mm in the central parts of the boards. The edge distance of the 
screws was 10 mm at the longitudinal (vertical) paper clad edges and 15 mm at the horizontal 
cut edges. The plywood was fixed to the frame by screws with spacings of 150 mm along the 
edges and 200 mm in the central parts of the board and edge distances of 10 mm. 
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On the unexposed side of the wall, strips of gypsum plasterboard of dimensions 414 mm x 
1000 mm X 12 mm were attached to the frame. The board strips were fixed to the studs at the 
third points of their width. By dividing the board into strips composite action was prevented. 
In a fire situation, after failure of the lining on the exposed side, in-plane buckling of the studs 
would be prevented by bracing action of the boards on the unexposed side of the wall. Since 
diaphragm action of the board strips would be insufficient, the studs were braced by steel 
straps and a nogging of dimensions 45 mm x 45 mm between the studs, see figure 5.1. From 
experience of fire testing of timber framed walls it was known that the nogging would interfere 
with the expected failure mode, i.e. buckling failure perpendicular to the wall. Normally, the 
flexural stiffness of the boards on the unexposed side is sufficient to prevent torsional buckling 
of the studs. 

The edges of the walls were made of pieces of calcium silicate boards of the size 414 mm x 
145 mm x 12 mm, attached to the boards on each side by means of steel sheeting and screws. 
This was necessary for providing dense contact between the studs and the insulation, and for 
stabilising the narrow board strips between the vertical joint and the vertical wall edge. 
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Figure 5:1 Wall assembly and location of thermocouples 
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All thermocouples were of chromel-alumel, type K. For their locations see figures 5.1 and 5.2. 

16 

15 

13 

Exposed side 

Figure 5.2: Section through wall assembly and stud with location of thermocouples 

5.3 Test equipment 

The Fire Research Laboratory at the Department of Building Technology and Structural 
Engineering, Aalborg University, comprises three different fiarnaces for testing load-bearing 
structures, see Hviid et al. (1978). In this project the furnace for testing of columns was used 
and given the inner dimensions 3300 mm x 1200 mm x 1200 mm with a volume of 4,8 m^. 
The front of the furnace was modified such that the test wall assembly could be placed in the 
opening of the front. The mineral wool clad furnace was heated by four gas burners inserted at 
the bottom. See figure 5.3. 

The wall assembly was placed into the vertical steel frame forming the front of the furnace, 
provided with two additional horizontal rotationally restrained steel beams of rectangular 
hollow cross section (RHS), supporting the wall assembly at its top and bottom. For 
application of mechanical loads, two hydraulic jacks and load cells for maximum loads of 
200 kN each were placed between the lower supporting beam and the frame. Two transducers 
for measuring the vertical displacements of the lower supporting beam were mounted at the 
bottom of the test wall. At mid-height of the wall assembly two transducers were mounted for 
measuring the horizontal deflections of the studs, see figure 5.3, gauge points 19 and 20. 

The gas temperature in the furnace was measured by means of three thermocouples of 
chromel-alumel, type K with gauge numbers 22, 23 and 24. During the fire test the 
temperature in the furnace was manually controlled by a Chino 6-channel recorder. All the data 
were recorded by a Fluke-Datalogger and stored on a Logfile. 

5.4 Test procedure 

The mechanical load was applied one hour before the start of the fire test and was maintained 
during the entire fire exposure until failure in the studs occurred or the load could not be held 
constant. The gas temperature was controlled following the target fire curve. 
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Elevation Section A-A 

Figure 5.3: Testing equipment - Reduced scale furnace for wall assemblies 

During the fire exposure temperatures and deflections were measured, and visual observations 
on the exposed side of the wall assemblies were made. After failure the gas burner was 
immediately turned oft' and the front of the ftirnace including the wall assembly was removed as 
soon as possible. The remainder of the boards on the exposed side of the wall assembly were 
removed and water sprayed on the studs to ensure that the fire was extinguished. 

At heights of about 400, 800, 1250, 1700 and 2100 mm of the wall assembly pieces of the 
studs were cut out. Later the charcoal was removed and 10 mm thick slices of the cross section 
were cut out and put back into the climate chamber in order to be re-conditioned. Then the 
shape of the residual cross section was recorded by means of a digitizer. 
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5.5 Test results 

5.5.1 Test observations 

For test observations made during the fire tests, see appendix C. The visual observations of the 
wall assemblies during the fire test were mainly made through the observation openings in the 
furnace, see Hviid et al. (1978). 

5.5.2 Mechianical properties 

The properties of the wall assemblies, applied loads per stud, failure times and failure modes 
(load bearing capacity "R" or integrity "E"), and failure times of boards are summarized in 
table 5.1. The load carrying capacity Fc at normal temperature was calculated according to 
ENV 1995-1-1. 

In the following the results given in table 5.1 are discussed. Reference is made to diagrams 
showing temperature-time relationships shown in 5.5.3. 

Influence of fire curve and load ratio. For wall assemblies clad with two layers of gypsum 
plasterboard (GF + GN), for three different fire curves, in figure 5.4 the relationships are 
shown between the load ratio and time to failure. For the two parametric fire curves, 
regression curves are plotted, given by 

^=At^ (5.1) 

with A = 350 and B = -1,590 for parametric 170/0,04 
and A = 581 and B = -1,838 for parametric 510/0,12 fire. 

Additionally, the result is shown of assembly VE18 exposed to parametric fire with parameters 
500/0,04. Since failure occurred only 10 minutes after passing from heating to cooling phase, 
the fire exposure was very similar to standard fire exposure and the failure time of this test was 
very close to the failure time of assembly VE12. 

For small load ratios the time to failure is greater than for high load ratios. This is most 
pronounced at parametric fire exposures, especially for the fire curve 170/0,04, and less for 
standard fire exposure. For standard fire, however, the relationship shown is influenced by 
premature failure due to loss of integrity at the lowest load ratio of 0,057 (wall VE23). 
A conclusion is that the gas temperature during the cooling phase is highly relevant for the 
magnitude of the fire resistance, see the corresponding temperature curves in 5.5.3. 
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Figure 5.4: Load ratio versus time to failure - effect of fire curve and cavity insulation. 
The regression curves refer to parametric fires 170/0,04 (1) and 510/0,12 (2) given by 

expression (5.1) 

The parametric fire curve 100/0,04 representing a fire exposure of low severity did not lead to 
failure of the wall (VE17). The highest temperature measured on the surface of the timber 
studs (gauge point 7) did not exceed 200 °C, i.e. it did not reach the temperature of 300 °C 
necessary for the ignition of the stud. 

Effect of cavity insulation. Three wall assembly tests were carried out in order to study the 
effect of the type of the cavity insulation, i.e. rock (R) or glass fibre (G). The tests were carried 
out only for the parametric 170/0,04 fire and walls clad with two layers of gypsum 
plasterboard (GF + GN). The results show that the fire resistance is approximately independent 
of the choice of insulation. This result is in contrast to practical experience of fire testing of 
walls and floors showing that the fire resistance of constructions with glass fibre wool filled 
cavities is often smaller than of those filled with rock fibre. The reason is that in the tests 
reported here the temperature in the cavity did not exceed 550 °C, firstly due to the fact that 
the fire protecting boards did not fall down, and that the gas temperature was low during the 
cooling period, see temperature measurements at gauge point 14 on the surface of the inner 
board layer facing the wall cavity (walls VEl 1, VE14, VE19, VE 20, VE24 and VE25). In 
tests VE12 and VEl 5, both with standard fire exposure, the temperature measured at gauge 
point 14 exceeded 550 °C before the boards fell down, which is the temperature level at which 
glass fibre wool starts to degrade. 

Walls with single layers of gypsum plasterboard. Three wall assembly tests were carried 
out with a single layer of gypsum plasterboard type F, the cavities filled with rock fibre and a 
load ratio of 0,109. The results are shown in figure 5.5. For comparison, the result of a large-
scale wall test with the same combination of materials and exposed to standard fire, reported 
by König (1995) is shown in the diagram (W3). The failure time of this test agrees well with 
the result of test VE32, taking into account that the load ratio of test W3 was only 0,1. This 
confirms that large scale effects of fire protecting gypsum plasterboards can be investigated by 
medium-scale fire tests. 
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In figure 5.6 a comparison is made of all wall tests acted upon by axial loads corresponding to 
the same load ratio of 0,11. We can see that the effect of the fire curve is dependent on the 
materials of the assemblies. Comparing the effect of standard fire versus parametric 170/0,04, 
in wall assemblies clad with two layers of gypsum plasterboard, the effect of standard fire was 
considerably more severe than of parametric fire. The same was observed when double studs 
were used instead of single ones, in combination with two layers of gypsum plasterboard. In 
walls with a single layer of gypsum plasterboard failure occurred much earlier such that the 
beneficial effect of the cooling period did not become effective. The same phenomenon was 
observed in the case of assemblies clad with a layer of gypsum plasterboard and a layer of 
plywood 
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Figure 5.5: Load ratio versus time to failure - effect of fire curve on wall assemblies clad 
with a single layer of gypsum plasterboard type F 
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Figure 5.6: Load ratio versus time to failure - effect of fire curve and materials on wall 
assemblies with a load ratio of 0,11 

Deflections. The effect of different fire curves on the mid-deflections of the studs of some 
representative assemblies are shown in figures 5.7 and 5.8. The relationships are shown for 

23 



assemblies clad with two layers of gypsum plasterboard and a cavity insulation of rock fibre. 
Generally, the deflections were in direction away from the ftjrnace, however, from figure 5.8 
we can see that the wall assemblies deflected in the beginning towards the flirnace. The initial 
deflections towards the furnace are caused by thermal expansions of the gypsum plasterboards. 
This effect decreased as the gypsum calcined during the first 35 to 45 minutes, c.f the 
temperature histories of gauge points 1, 6 and 14 shown in 5.4.3. The termination of 
calcination is characterized by the temperature at these gauge points leaving the 100-degree 
level. At this stage it can be assumed that the gypsum plasterboards had lost most of its 
stiffness. Even in the case of assembly VE17 which was not subject to charring, the wall 
deflected a few millimetres towards the furnace, indicating that there was a considerable 
softening of the wood near the interface between stud and the boards. C.f the corresponding 
loss of stiffness of protected members prior to charring, see 6.5.3. 
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Figure 5.7: Mid-deflection of studs versus time - effect of fire curve on walls 
clad with two layers of gypsum plasterboard GF+GN, rock fibre cavity insulation 

and a load ratio of 0,11. The diagram below shows deflections in a larger scale 
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Figure 5.8: Mid-deflection of studs versus time - effect of fire curve on walls 
clad with two layers of gypsum plasterboard GF+GN, rock fibre cavity insulation 

and a load ratio of 0,17 

5.5.3 Temperature measurements 

For all wall tests, the recorded temperature-time relationships during the tests are shown in 
figures 5.9-5.16. (In figure 5.9 showing the curves of temperature histories recorded at gauge 
points 7-12 of assembly VEl 1 deviate significantly from those of all other wall assemblies. The 
same can be seen for one of the thermocouples of wall assembly VE25 in figure 5.10. An 
explanation of this discrepancy was not found). In the diagrams, failure times of boards are 
marked by arrows and BF. Since the actual gas temperature agreed fairly well with the target 
fire curves (see figure 4.1), the latter are not shown in the diagrams. 

Examples of temperature profiles in the stud are shown in figure 5.17 and 5.18. 
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Figure 5.9: Temperature-time curves of wall assemblies VE11-VE13 
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Figure 5.10: Temperature-time curves of wall assemblies VE14-VE16 
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Figure 5.12: Temperature-time curves of wall assemblies VE20-VE22 
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Figure 5.13: Temperature-time curves of wall assemblies VE23-VE25 
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Figure 5.141: Temperature-time curves of wall assemblies VE26-VE28 
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Figure 5.15: Temperature-time curves of wall assemblies VE29-VE31 
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Figure 5.16: Temperature-time curves of wall assemblies VE32-VE33 
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Figure 5.18: Temperature profiles in the stud to the right of wall assembly VE17 

5.5.4 Residual cross sections of studs 

5.5.4.1 Shapes 

Tlie residual cross sections o f the studs, determined at five heights o f approximately 400, 800, 
1250, 1700 and 2100 mm, are shown in appendix D, figures D. 1-D.6. The denotations refer to 
the stud number and the position of the cross section, e.g. the denotation 2069-2 refers to a 
residual cross section o f stud 2069 at a height o f approximately 800 mm. Some of the cross 
sections are incomplete since small pieces were missing when the test pieces were prepared, 
see cross sections 2014-3 and 2027-3 in figure D . l , cross sections 2029-4, 2083-2 and 2083-5 
in figure D.2, 2097-2 in figure D.3 and 2087-1, 2087-2, 2020-4, 2026-2, 2084-2, 2084-3, 
2084-4, 2013-2 and 2013-3 in figure D.6. 

In most o f the walls the residual cross sections were smaller in the lower part o f the wall, 
indicating that the gas temperature was higher in the lower part o f the furnace due to the 
position o f the gas burners, see 5.3. 

There exist considerable differences o f the shapes o f the residual cross sections. Generally, we 
can see that standard fire exposure (SFE) is most severe, followed by the parametric fire curve 
510/0,12, and the less severe parametric fire curve 170/0,04. The effect o f standard fire is, 
ceteris paribus, that the wide sides o f the studs are more exposed to the fire than in the case o f 
parametric fires where charring occurs predominantly on the fire exposed narrow side o f the 
stud, c . f appendix D figure D . I specimens V E l I , VE12 and VE13. At parametric fire 
exposure the temperature did not reach critical levels causing a partial degradation o f the 
mineral wool, see figure 5.6. 

From figures D.4 and D.5, wall assemblies VE26 and VE27, it can be seen that, by the use o f 
double studs in dense contact, charring is effectively prevented at their sides in contact with 
each other. 
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The residual cross sections o f wall assemblies VE14, VE20, VE24 and VE25 are o f similar 
shape, see figures D. 1, D.3 and D.4, indicating that there was no effect f rom the type o f cavity 
insulation, i.e. rock or glass fibre. These assemblies were clad with two layers o f gypsum 
plasterboard, exposed to parametric fire 170/0,04 and acted upon by axial loads corresponding 
to a load ratio o f about 0,17. This can also be seen by comparing the residual cross sections o f 
wall assemblies V E l 1 and VE19 (see figure D. 1 and D.2), both with a load ratio o f 0,11. 

In wall assemblies VE28-VE29, all o f them clad with an outer layer o f gypsum plasterboard 
type F and an inner layer o f plywood, the residual cross sections are o f similar shape with 
respect to the roundings o f the char-line. There is a small effect f rom the fire curve, probably 
due to the intensive burning o f the plywood and studs inside the wall, increasing the heat 
release considerably also during the cooling period. 

Also in wall assemblies clad with a single layer o f gypsum plasterboard type F, VE31-VE33 
(see figure D.6), there is a small effect from the fire curve on the shape of the residual cross 
section, since the failure times were too short to be influenced by the beneficial effect o f the 
cooling phase. 

5.5.4.2 Charring depths 

The charring depth is often assumed to correspond to the location o f the 300-degree isotherm. 
Therefore, f rom the temperature histories shown in figures 5.6-5.13, by using the curves o f 
gauge points 1-6 and 7-12 respectively, relationships can be determined between the charring 
depth and the distance to the original edge of the stud, see figures 5.16 and 5.19-5.25. In order 
to identify these charring depths as being determined by the temperature criterion they are 
denoted as d^oo- In the figures the wall assemblies are grouped together in order to allow 
comparing the effects o f different parameters. 

For each assembly, two relationships are shown, one for the stud to the left (straight lines) 
where the inner layer o f boards was jointed, and one for the stud to the right (broken lines) 
where the joint o f the boards was in the outer layer. The latter joint configuration is the more 
severe one since charring o f the stud to the right started earlier as can be seen f rom figure 5.16 
showing the curves o f wall assembly V E l 1. 

Since the thermocouples were located at different sections in the middle part o f the studs, due 
to local variations o f charring, many of the curves are not smooth. 

The curves in the following diagrams can, for simplicity, be characterized by the following. 
With respect to charring as the most obvious parameter o f timber structures in fire, in general, 
we can distinguish between different stages o f protection of wood surfaces (see figure 5:17V 
• Protection phase before failure o f boards 

• Pre-charring phase ("complete protection") 
• Charring phase I I (incomplete protection) 

• Post-protection phase after failure o f boards: charring phase I I I 

For initially unprotected wood surfaces charring would start a short time after the beginning o f 
fire exposure (charring phase I) , see fire tests reported by König (1995). 
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Figure 5:17: Charring phases of protected wood surfaces in general 

Above, during the pre-charring phase, the protection o f the timber frame is characterized as 
complete. This is, however, only true with respect to charring. From stiffness measurements 
carried out during the small scale fire tests reported in chapter 6, we can see that stiffness (and 
consequently also strength) is reduced during the pre-charring phase, since parts o f the timber 
member are exposed to elevated temperatures and moisture from the lining. 

In the general case, the first phase during the protection period is characterized by a complete 
prevention o f charring as long as the temperature o f the surface o f the wood members does not 
reach 3 0 0 ° C . This is followed by the transition to charring phase I I at time /pr when the 
temperature reaches 3 0 0 ° C . Due to the insulation provided by the board, however, in this 
stage the charring rate is normally smaller than in wood members which are unprotected from 
the beginning o f the fire exposure. The transition f rom charring phase I I to charring phase I I I is 
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characterized by the failure o f the boards, i.e. they fall down and leave the timber frame 
completely unprotected. Now the charring rate is greater than in wood members which are 
unprotected from the beginning (charring phase I ) . 

When the lining consists o f wood-based boards, the pre-charring phase changes directly to 
post-charring phase since the boards are burned when charring starts in the timber member, see 
figure 5.18. 
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Figure 5:18: Charring phases of wood surfaces protected by lining of wood-based 
boards 

As we wi l l see from the following diagrams, the curves are often not linear as shown in the 
schematic diagrams of figures 5:17 and 5.18. 

In figure 5.19 the relationships are shown of all wall assemblies o f the same construction, i.e. 
the walls were clad with two layers o f gypsum plasterboard and the cavity insulation was made 
of rock fibre, all o f them being exposed to parametric 170/0,04 fire. For parametric 510/0,12 
and standard fire exposure the corresponding relationships are shown in figures 5.20 and 5.2]. 
Figure 5.21 also includes assembly VE18, which was exposed to parametric 500/0,04 (see 
chapter 4). This fire curve is very close to the standard fire curve for the duration o f this test. 
While the curves of figure 5.22 are fairly linear during the whole test period (charring phase 
I I ) , the charring rates, i.e. the tangents o f the curves o f figures 5.23 and 5.24 increase after 
some time due to the failure o f the boards, causing the studs to be completely unprotected 
(charring phase I I I ) , see table 5 . 1 . Charring phase I I I is most pronounced when the assembly is 
exposed to standard fire (figure 5:21). 

The apparent reversion of the curve o f assembly VE23 between gauge points 4 and 5 was 
caused by increased local charring at gauge point 5. 

38 



Charr ing depth 

c/300 [mm] 

60 

50 

40 

30 

20 

10 

0 

30 

W a l l s P 1 / _ i / 
170/( 

R, G F 
D,04 
+ G N 

/ 
/ 

/ 
f r / 

< 

60 90 120 

T i m e [minutes ] 

150 

— B — V E 1 1 , 1-6 

V E 1 1 , 7-12 

— V E 1 4 , 1-4 

- - O - V E l 4 , 7-9 

A V E 2 1 , 1-6 

V E 2 1 , 7-12 

— e — V E 2 4 , 1-3 

- O - V E 2 4 , 7 - 1 1 

180 

Figure 5.19: Charring depth versus time - wall assemblies V E l l , VE14, VE21 and VE24 

Charr ing depth 

C 3̂00 \ ^ ^ \ 

W a l l s 
510/0,12 

R, G F + G N 

30 60 90 120 150 

T i m e [minutes] 

— B — V E 1 3 , 1-4 

- • O - V E 1 3 , 7-11 

— « — V E 1 6 , 1-2 

-•O- V E 1 6 , 7-10 

— A — V E 2 2 , 1-6 

- • i i - V E 2 2 , 7-12 

180 

Figure 5.20: Charring depth versus time - wall assemblies VE13, VE16 and VE22 

3 9 



Charr ing dep th 

c'300 [ m m ] 

60 

50 

4 0 

30 

2 0 

10 

Wa l l s 
SF 

R, G F 
E 
+ G N 

V / 

i//f 

30 60 

• VE12 . 1-4 

- • O - V E 1 2 , 7-11 

— V E 1 5 , 1-3 

-O- V E 1 5 , 7-10 

—it—VE18, 1-6 

- • A - V E l 8 , 7-12 

— e — V E 2 3 , 1-5 

- O - V E 2 3 , 7-11 

90 120 150 180 

T i m e [minutes] 

Figure 5.21: Charring depth versus time - wall assembiies VE12, VE15, VE18 and VE23 

60 

50 

Charr ing depth 

300 [ m m ] 

40 

30 

20 

10 

30 

Wa l l s 
170/ 

G, GF 
3,04 
+ G N 

/ / 
/ / 

rf / 

60 90 120 

T i m e [minutes] 

150 

— B — V E l 9, 1-6 

V E 1 9 , 7-12 

» V E 2 0 . 1-4 

V E 2 0 , 7-11 

A V E 2 5 , 1-4 

- • A - V E 2 5 , 7-10 

180 

Figure 5.22: Charring depth versus time - wall assemblies VE19, VE20 and VE25 with 
cavity insulation of glass fibre 

For wall assemblies where two studs were placed in dense contact, the relationships are shown 
in figure 5.23. both for parametric 170/0,04 and standard fire exposure. Only in test VB27 with 
standard fire exposure the gypsum plasterboards failed after 82 minutes giving reason for an 
immediate increase o f charring rate after that time (charring phase I I I ) , while the assembly 
VE26 was completely in charring phase I I . 
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Figure 5.24 shows the relationships o f wall assemblies clad with a layer o f gypsum plasterboard 
type F and a layer o f plywood. Apart from that the charring started earlier in test VE30 with 
parametric 510/0,12 fire exposure, the charring rates do not differ very much with slightly 
smaller charring rates at parametric 170/0,04 fire exposure. In test VE30 (parametric 510/0,12) 
charring phase I I I started at 40 minutes, shortly after the beginning o f charring at about 32 
minutes. Assembly VE29 (SFE) passed to charring phase I I I at about 73 minutes. As in all 
other tests with parametric 170/0,04 fire exposure, assembly V E 28 did not leave charring 
phase I I . 
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Figure 5.24: Charring depth versus time - wall assemblies VE28, VE29 and VE30 clad 
with a layer of gypsum plasterboard type F and a layer of plywood 
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Finally, figure 5.25 shows the results o f wall assemblies clad with only one single layer o f 
gypsum plasterboard type F. Also in these tests, the charring rates differ very little. Only in test 
VE33 (parametric 510/0,12), did the gypsum plasterboard fail (at 42 minutes) and the assembly 
passed to charring phase I I I , while the other two assemblies were completely within charring 
phase I I . 
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Figure 5.25: Charring depth versus time - wall assemblies VE31, VE32 and VE33 clad 
with single layers of gypsum plasterboard type F 

As can be seen from figure 5.17, the following parameters are o f special interest: 
/pr Starting time of charring 
/bi Failure time o f boards 
pVi Charring rate during phase I I 
ŷ in Charring rate during phase I I I . 

These parameters are given in table 5:2 where the assemblies are grouped together 
corresponding to figures 5:19-5:25. 

The starting times o f charring /p, were determined using different methods: Firstly they were 
taken directly f rom the recorded data o f gauge points 1 and 7 as individual values o f each wall 
assembly, and, where possible, also as mean values o f a group of assemblies, e.g. as shown in 
table 5:2. Secondly, in order to improve the accuracy o f these values by minimizing the effect 
of local variations o f charring, the first linear parts o f the relationships were replaced by linear 
regression lines. The tangent o f these regression lines, i.e. the charring rates, are given as 
charring rates y^j-oand y%.7-i2 for charring phase I I . Where possible, linear regression lines 
where determined for charring phase I I , or the tangent was determined directly from the 
individual curves. In several cases no data were available for charring depth during the post-
protection charring phase I I I . 
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Table 5.2: Starting times of charring, failure times of boards and charring rates of wall 
assemblies 

Wall ^pr,I 

(regr.) (regr.) 
4f /h,i-6 Pmj-n 

minutes minutes minutes minutes minutes mm/mm mm/min mm/min mm/min 
V E I l 61,6 51,8 -
VE14 58,6 52,6 -
V E I 9 62,2 60,5 -
VE20 70,2 57,9 -
VE21 66,7 61,0 -
VE24 62,9 56,4 -
VE25 64,9 50,0 -
group 63,9 55,7 62,1 56,3 - 0,51 0,55 - -
VE13 53,6 40,2 - - -
VE16 44,1 40,3 80 - -
VE22 61,0 46,1 144 - -
group 52,9 42,2 52,6 41,3 0,53 0,55 
VE12 54,6 54,4 87 0,81 1,24 
VE15 62,5 55,3 84 - -
VE18 63,4 47,2 90 4,08 -
VE23 64,6 56,8 81 - 1,17 
group 61,3 53,4 61,1 52,9 88 0,60 0,63 
VE26 74,1 72,2 - - - 1) 1) - -
VE27 57,7 53,0 - - 82 0,29 0,26 1,41 1,46 
VE28 45,8 50,7 45,6 49,7 - 0,81 0,98 - -
VE29 48,3 40,0 50,0 42,9 73 0,97 0,85 1,67 1,92 
VE30 40,6 32,6 39,9 34,6 40 1,04 0,98 1,04 1,18 
V E 3 I 28,9 19,9 31,2 22,8 - 0,98 0,73 - -
VE32 22,1 22,5 34,7 24,3 - 1,19 0,87 - -
VE33 22,4 18,4 22,6 19,1 42 1,11 1,06 1,11 1,06 
not determined 

5.5.4.3 Residual areas, second moments of area and section moduli 

Using the data o f residual cross sections shown in appendix D, figures D1-D6, for studs o f wall 
assemblies with a cavity insulation o f rock fibre, the areas A^,, second moments o f area /f, and 
section moduli PFf.were determined. The plots o f the ratios ^f,//4, /f,//and WfJWare shown in 
figure 5.26 and 5.27 versus the charring depth ratio d^hJh, where ^ , / and ^ a r e the properties 
of the original cross section. The decrease o f the cross sectional area can be approximated by a 
linear regression line, while the decrease of the second moments o f area and section moduli are 
described by exponential regression curves, see figures 5.26 and 5.27. 
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5.5.5 Failure of boards 

In most wall assemblies, the failure times o f the boards are characterized by charring depths 
reaching values corresponding to the penetration depth o f the screws used for fixing the outer 
layer o f boards. The penetration length o f the screws was approximately 30 mm. Due to the 
rounding o f the char line, the charring depth is greater at the screws than in the middle o f the 
cross section. Therefore, in some cases the boards failed when the recorded charring depth was 
only 18 mm. In other cases, the charring depth was considerably greater, but the boards were 
held in place by screws in zones with less charring. 
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6 FIRE TESTING OF ASSEMBLIES IN BENDING 

6.1 General 

The fire testing of timber frame members in bending was carried out as small-scale tests. The 
advantage was that a large number of tests could be carried out at low costs compared to 
large-scale tests. On the other hand, the large-scale behaviour of boards such as shrinkage, 
gaps at board joints and failure of connections will probably deviate from the behaviour of 
boards in small-scale tests. Such phenomena should be studied by performing large-scale tests. 

The aim of these tests was 
• to get further information on the fire behaviour of studs used in the fire tests of wall 

assemblies, see chapter 5, such as the variation of flexural stiffness with time and the 
reduction of bending strength (series S) 

• to investigate the fire behaviour of floor joists (series J) 

Additionally to the boards tested in the wall tests, the following were included in these tests: 
• double layers of particleboard 
• double layers of gypsum plasterboard type F 
• single layers of calcium silicate board. 

6.2 Test programme and specimens 

The combination of materials, properties and fire curves are given in tables 6.1 and 6.2. The 
test specimens and the location of thermocouples are shown in figures 6.1 and 6.2. 

In test series S the boards were attached directly onto the timber member of size 
45 mm x 145 mm. The joint configuration of the boards corresponds to the most severe 
conditions in a wall assembly, i.e. the outer layer was jointed in longitudinal direction at the 
timber member, c.f the stud on the right hand side of figure 5.2. Additionally, in order to 
ensure that the boards were not caught by the plate thermometer after board failure, the inner 
layer was jointed in perpendicular direction to the timber member such that the boards could 
fall down to the bottom of the furnace. The location of fasteners for fixing the boards is shown 
in figure 6.3. 

In test series J the timber members were of size 45 mm x 195 mm. The boards were fixed to 
resilient channels which were attached to the timber member. 

On the unexposed side of the assemblies, strips of gypsum plasterboard of dimension 
600 mm x 163 mm were attached to the member. By dividing the board into strips composite 
action was prevented. 
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6.3 Testing equipment 

A small gas-fired furnace with interior cladding of mineral wool was used in the fire tests. Its 
interior length was 1 m, and its width and depth were 0,6 m. The specimen was placed on two 
supports outside the furnace, forming a cover to the furnace. See figure 6.4. The sides of the 
specimen above the walls of the furnace were protected by insulated frames, which could be 
removed in order to facilitate the application of the specimen. The load was applied at the ends 
of the member by means of hydraulic jacks with reversible load directions. A plate 
thermometer (Wickström, 1994) for registration of the furnace temperature was located in the 
middle of the furnace 100 mm below the lower side of the test specimen. 

A device was attached to the timber member in order to measure the deflection and strain of 
the member on its cold side over the gauge length of 900 mm, see figure 6.5. 
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side of the timber member 

6.4 Test procedure 

Immediately after application of the load, the fire exposure was started and the temperature in 
the furnace was manually controlled by following the fire curve. During the cooling period of 
some of the tests, however, due to the burning of the studs or the wood-based panels, it was 
not possible to decrease the gas temperature according to the target fire curve. The load was 
held constant until failure occurred. The definition of failure was that the load could not be 
held constant any longer due to collapse or extensive deformations. 

After failure the gas burner was immediately turned off, the specimen removed and the fire in 
the member was extinguished with water. From each specimen five approximately 30 to 50 mm 
thick slices were cut out at approximately equal distances along the charred part of the 
member. The charcoal was removed and the pieces put back into the climate chamber in order 
to be re-conditioned. Then the shape of the residual cross section was recorded by means of a 
digitizer. In some cases the timber member was more or less destroyed after failure such that it 
was not possible to cut out the target number of pieces. 
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6.5 Test results of series S (studs) 

6.5.1 General 

In the following clauses the results are presented. The results are discussed more generally in 
6.5.7. 

6.5.2 Test observations 

During the fire tests it was not possible to look at the exposed side of the assembly. Therefore, 
it was not possible to give exact failure times of the boards. In many of the tests, however, it 
was possible to hear when the boards or parts of them fell down. These times are shown in the 
diagrams of temperature histories in figures 6.10-6.13 and tables 6.1 and 6.2. During many 
tests, parts of the boards fell down at different times. 

6.5.3 Mechanical properties 

The properties of the assemblies, bending moments, load ratios, failure times of the boards and 
times to failure of the assemblies are summarized in table 6.1. The moment capacity Mo at 
normal temperature was predicted by using the relationships between bending strength and 
density given in appendix B, table B. 1. The load ratio in this test series was approximately 0,2. 

Deflections and time to failure. The deflections of the members related to a gauge length of 
900 mm are shown in figures 6.6 and 6.7. The individual assemblies can easily be identified by 
comparing their times to failure given in table 6.1. 

Flexural stiffness. The variation of the stiffness ratio during the tests is shown in figures 6.8 
and 6,9, defined as the ratio of the flexural stiffness at fire exposure and its initial value at 
normal temperature at the beginning of the tests. The flexural stiffnesses were calculated 
assuming a constant curvature within the gauge length of 900 mm. 

Strength reduction. See 6.5.6. 
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Table 6.1: Test results and properties of specimens of series S with timber dimension 
45 mm x 145 mm 

Test Cavity Lining Fire Stress on Bending Load Time to Failure 
insulation curve exposed moment ratio failure time of 

side boards 
qJO M MIMQ /bf 

[kNm] [minutes] [minutes] 

2088 R GF+GN 170/0,04 compr. 1,850 0,198 127 65-97 
2090 R GF+GN 170/0,04 compr. 2,068 0,198 131 84-110 
2103 R GF+GN 170/0,04 tension 2,043 0,191 158 105 
2107 R GF+GN 170/0,04 tension 1,970 0,192 107 83-100 
2101 R GF+GN SFE compr. 2,015 0,200 79 55-69 
2106 R GF+GN SFE compr. 1,897 0,202 71 45-60 
2000 R GF+GN SFE tension 2,246 0,200 82 66-71 
2053 R GF+GN SFE tension 1,901 0,197 82 53-63 
2111 G GF+GN SFE compr. 1,878 0,199 73 68-71 
2117 G GF+GN SFE tension 1,963 0,201 78 66-71 
2115 G GF+GN 170/0,04 compr. 1,989 0,201 107 85-94 
2057 G GF+GN 170/0,04 tension 1,860 0,193 80 75 
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Figure 6.6: Deflections of timber members of series S with cavity insulation of rock 
fibre 
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6.8: Flexural stiffness ratio versus time of assemblies with cavity insulation of rock fibre 
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6.9: Flexural stiffness ratio versus time of assemblies with cavity insulation of glass fibre 

6.5.4 Temperature measurements 

For the assemblies of series S, the recorded temperature-time relationships are shown in 
numerical order in figures 6.10-6.13. 

Examples of temperature profiles of the timber member are shown in figure 6.14. 
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Figure 6.10: Temperature-time relationships of series S 
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Figure 6.11: Temperature-time relationships of series S 
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Figure 6.12: Temperature-time relationships of series S 
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Figure 6.13: Temperature-time relationships of series S 
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Figure 6.14: Temperature profiles in timber members of assemblies 2053, 2090 and 2101 
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6.5.5 Residual cross sections 

6.5.5.1 Shapes 

The residual cross sections of the members, determined, where possible, at five sections, are 
shown in appendix D, figures D.7 and D.8, in the same order as shown in table 6.1. 

6.5.5.2 Charring depths 

From the temperature histories shown in figures 6.10-6.13, by using the curves of gauge points 
1-6, relationships were determined between the charring depth, i.e. the depth of the 300-degree 
isotherm, and time. In the diagrams, the assemblies are grouped together in order to allow 
comparrison of the effect of different parameters, see figures 6.15-6.16. 

The values of starting times of charring, failure times of boards and charring rates are 
summarized in table 6.2. Where possible, the charring rates of phases I I and I I I (c.f 
figure 5.17) were determined from linear regression lines of groups of assemblies, or directly 
from the individual curves of the assemblies. 

Charring depth 25 

d300 [mm] 
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170/0,04, c 
• -O - -170/0,04, t 

•—SFE, c 
--O---SFE, t 
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Figure 6.15: Charring depth versus time - assemblies of series S 
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Figure 6.16: Charring depth versus time - assemblies of series S 

Table 6.2: Starting times of charring, failure times of boards and charring rates 
assemblies of series S 

Assembly 
(regr.) 

4f A1-6 

minutes minutes minutes mm/min mm/min 
2088 R, 170/0,04-c 67,8 65-97 
2090 R, 170/0,04-c 67,8 84-110 
2103 R, 170/0,04-1 71,5 105 
2107 R, 170/0,04-t 66,0 83-100 

group 1 R, 170/0,04 68,3 67,2 0,74 0,74 
2101 R, SFE - c 58,4 55-69 
2106 R, SFE - c 54,1 45-60 
2000 R, SFE - 1 59,9 66-71 
2053 R, SFE - 1 54,9 53-63 

group 2 R, SFE 56,8 67,2̂ > 3) 2,57'* 
2111 G, SFE - c 60,1 68-71 0,72 
2117 G, SFE - 1 58,9 66-71 0,89 

group 3 G, SFE 59,5 3) 

group 2+3 SFE 57,7 
2115 G, 170/0,04-c 76,3 85-94 0,71 
2057 G, 170/0,04-t 69,5 75 

group 4 G, 170/0,04 72,9 
group 1+4 170/0,04 69,8 

'Assemblies 2000 and 2101 
determined from extrapolation of curve during phase I I I 
evaluation not possible 
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6.5.5.3 Section moduli 

For assemblies with rock fibre insulation, the section moduli o f the residual cross sections 
were determined f rom the recorded shapes according to appendix D. The plots o f the ratios 
Wc/WsLTQ shown in figure 6.17 versus the charring depth ratio dchaJh, where Wis the section 
modulus o f the original cross section. Exponential regression curves were determined as 

w 
= e (6. 

The values of A are given in table 6.3 and plots o f the regression curves are shown in 
figure 6.17. 

WrJW 

• 2088- 170/0,04 

• 2090- 170/0,04 

A 2 1 0 3 - 170/0,04 

• 2107- 170/0,04 

• 2101 - S F E 
• 2106- S F E 

A2000- S F E 

O 2053 - S F E 

Figure 6.17: Section modulus of residual cross section versus charring depth 

6.5.6 Strength reduction 

The bending strength o f the residual cross section is 

f = k f 
J m, f i mod.fi J m 

where 

^mod,fi is the modification factor for fire 
/ m is the bending strength at normal temperature. 

(6.: 

The modification factor for fire was determined as 

k 

where 

(6.: 

A/o is the bending moment resistance at normal temperature 
Mfi is the bending moment in the fire test 
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W is the section modulus o f original cross section 
W{\ is the section modulus o f residual cross section 

The section moduli Wf^ o f the residual cross sections were determined f rom the recorded 
shapes according to appendix C. In order to take into account the fact that the residual cross 
sections often could not be recorded at the location o f failure, the following procedure was 
carried out: 

Using the expressions o f charring rates according to table 6.2 or, where possible, the 
relationships between charring depth and time according to figure 6.14, the charring depths 
were determined which were likely to occur at the time of failure. Inserting these into 
expression (6.1) section moduli W{\ at the time of failure were obtained. By inserting Wf^ into 
expression (6.3), kj^ods, was determined. See table 6.3 and figure 6.18. 

For assemblies insulated with glass fibre, kmod,n was determined only for assemblies exposed to 
parametric 170/0,04 fire exposure (2115 and 2057). The maximum charring depths were taken 
directly from the recorded residual cross sections. For assemblies 2111 and 2117, exposed to 
standard fire, the residual cross sections could not be determined at the location o f failure. 

Table 6.3: Charring depth, section modulus ratio and modification factor for fire of 
assemblies of series S with h = 145 mm 

Assembly Time to Charring A Section Modification Assembly 
failure depth modulus factor for 

ratio fire 

^char WfJW ^ m o d , f i 

minutes mm 
2088 127 40 2,932 0,447 0,443 
2090 131 42 2,739 0,452 0,438 
2103 158 51 2,921 0,359 0,532 
2107 107 39 3,366 0,405 0,475 
2101 79 30 4,492 0,391 0,512 
2106 71 30 3,944 0,441 0,458 
2000 82 42 4,505 0,272 0,735 
2057 82 38 4,597 0,300 0,657 

2115 107 37 - 0,391 0,514 
2057 80 18 - 0,535 0,361 
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Figure 6.18: Modiflcation factor for fire versus charring depth 

6.5.7 Discussion of results 

Stickability and failure of boards. Analysing temperature histories, charring depths and 
residual cross sections, it is apparent that stickability and failure o f boards is essential for the 
fire behaviour o f the assemblies. Generally, in the small-scale tests the gypsum plasterboards 
failed earlier than in the corresponding tests o f wall assemblies, and the charring o f the timber 
member started later. This can partly be explained by scale effects, partly with the more 
unfavourable horizontal position o f the boards in the small-scale tests. 

Due to unrestrained shrinkage which furthermore was less than in the wall assembly tests, the 
joint gap widened less and therefore the gypsum plasterboards provided better protection to 
the timber member. 

Most o f the boards o f the assemblies o f the groups 1 and 4 (see table 6 .2) with parametric 
170/0,04 fire exposure failed when the charring depth was between 22 and 30 mm, indicating 
that the charring depth reached the penetration depth o f the screws. In assembly 2057 with a 
cavity insulation o f glass fibre, the charring depth was only 3 mm in the middle, however, due 
to charring on one o f the wide sides (see residual cross section in appendix D, figure D.8), the 
connection failed on that side. At that time the temperatures recorded between the two layers 
and behind the inner layer o f the gypsum plasterboards (gauge points 7 and 8) were between 
520 and 600 °C, indicating that the glass fibre insulation had begun to degrade. 

In several o f the tests o f assemblies o f groups 2 and 3 board failure started before charring 
started in the timber member, and was finished when the charring depth was between 5 and 12 
mm in the middle o f the member. I t is likely that the charring depth was much smaller than the 
penetration depth o f the screws, indicating that failure o f the boards was caused by the screws 
being pulled through the boards. When the boards started to fail the temperature at gauge 
point 7 between the two layers o f plasterboards was between 700 and 800 °C. 
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From these data, it can be concluded that board failure occurred either by the fasteners being 
pulled through the boards when the temperature o f the boards reached 700 to 800 °C 
(pull-through failure), or the fasteners loosing their anchorage in the wood due to the charring 
of the wood (pull-out failure). 

In these small scale tests, contrary to the fire tests o f wall assemblies, the boards failed 
immediately when the connection failed. The vertical position o f ful l sized boards gives better 
protection since several o f the fasteners are in areas with less thermal action, and there is some 
diaphragm action left o f the gypsum plasterboards. 

As a consequence of early board failure, there is an effect o f cavity insulation both at standard 
and parametric 170/0,04 fire exposure, c.f assemblies 2057, where the boards failed early, and 
2115, where the boards failed late (see table 6.1 and figure 6.16). At the time of board failure 
of test 2115, the furnace temperature was approximately 400 °C which is below the 
degradation temperature o f the glass fibre insulation. When the boards failed in test 2057, the 
furnace temperature was still about 500 °C, causing degradation o f the insulation locally. 

Flexural stifTness. From figures 6.8 and 6.9 we can see that the timber members lose a 
considerable part o f its flexural stiffness before the cross section is reduced by charring. The 
relationships between the flexural stiffness ratio are characterized by a continuous decrease o f 
stiffness from the beginning o f fire exposure followed by a change of the slope o f the curves at 
approximately 50-60 minutes. This change of the slope coincides approximately with the time 
at which the temperature curve o f gauge point 1 (between the gypsum plasterboard and the 
timber member) is leaving the one hundred degree level after calcination o f the gypsum, see 
figures 6.10-6.13. At this stage, approximately only 60 % of the original flexural stiffness is 
left. This reduction loss o f stiffness would correspond to removal o f 23 mm of the depth o f the 
member, which is considerably more than could be explained by elevated temperature, see 
temperature profiles in figure 6.14. Probably the timber was exposed to moisture f rom the 
evaporation o f crystal water in the gypsum. 

Figure 6.7 and 6.8 show that the reduction of stifTness is greater when the fire exposed side o f 
the member is in compression, confirming the findings reported by König (1995). 

Due to the thermal expansions o f the gypsum plasterboards, the curves in figure 6.7 and 6.8 
appear to show an increase or decrease o f stiffness in the beginning when the exposed side is in 
compression or tension respectively. This effect decreases as the stiffness o f the gypsum 
plasterboards is decreasing due to the calcination o f the gypsum. 

Section moduli of residual cross sections. From figure 6.17 we can see that there is an 
influence o f fire curve on the decrease o f the section modulus: Standard fire is more severe 
than parametric 170/0,04 fire exposure. 

Residual bending strength. Figure 6.18 shows that the residual bending strength is 
dependent on the state o f stress o f the fire exposed side o f the timber member. The residual 
bending strength is greater when the fire exposed side is in tension. The scatter o f the results of 
these members is greater which is caused by lower accuracy o f the prediction o f the bending 
stress at normal temperature. The value o f k^nodfi o f member 2057 appears to be extremely low. 
This is probably due to the fact that the residual cross section at the location o f failure was 
much smaller than the recorded cross sections due to increased local charring. 
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6.6 Test results of series J (joists) 

6.6.1 General 

In the following clauses the results are presented. The results are discussed in 6.6.7. 

6.6.2 Test observations 

As in the tests o f series S, during the fire tests it was not possible to see the exposed side o f the 
assembly. Therefore, it was not possible to give exact failure times o f the boards. In many o f 
the tests, however, one could hear when the boards or parts o f them fell down. These times are 
shown in the diagrams of temperature histories in figures 6.10-6.13 and tables 6.4 and 6.5. 

6.6.3 Mechanical properties 

The properties o f the assemblies, bending moments, load ratios, failure times o f the boards and 
times to failure o f the assemblies are summarized in table 6.4. The moment capacity MQ at 
normal temperature was predicted by using the relationships between bending strength and 
density given in appendix B, table B.2. The relationships between load ratio and time to failure 
are shown in figures 6.19 and 6.20. 

Deflections and time to failure. The deflections related to a gauge length o f 900 mm of 
some of the members are shown in figures 6.21-6.23. In the diagrams the curves are grouped 
together in order to show the effect o f different parameters as specified. 

Flexural stiffness. The variation o f the stiffness ratios, defined as the ratio o f the flexural 
stiffness at fire exposure and its initial value at normal temperature at the beginning o f the tests 
during the tests, is shown in figures 6.24-6.28. The flexural stiffnesses were calculated 
assuming a constant curvature within the gauge length of 900 mm. 

Strength reduction. See 6.6.6. 
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Table 6.4: Test results and properties of specimens of series J with timber dimension 
45 mm x 195 mm 

Test Cavity Lining Fire Bending Load Time to Failure 
insulation 

Lining 
curve moment ratio failure time o f 

boards 
qJO M M/Mo /u 4f 

[kNm] [minutes] [minutes] 

3025 R GF+GN 170/0,04 1,390 0,100 124 80'' 
3086 R GF+GN 170/0,04 6,261 0,453 79 -
3041 R GF+GN 170/0,04 4,143 0,298 105 102 
3063 G GF+GN 170/0,04 4,724 0,327 91 -
3036 G GF+GN 170/0,04 4,390 0,303 107 -
3068 G GF+GN 170/0,04 1,434 0,099 89 72'^ 
3017 R GF+GN 510/0,12 1,478 0,103 92 55 
3080 R GF+GN 510/0,12 4,294 0,300 85 55 
3106 R GF+GN 510/0,12 6,261 0,437 55 40 
3060 G GF+GN 510/0,12 5,677 0,401 47 40-50 
3034 G GF+GN 510/0,12 4,051 0,286 59 46 
3028 G GF+GN 510/0,12 1,331 0,094 58 42 
3090 R GF+GN SFE 4,320 0,295 84 75I) 

3024 R GF+GN SFE 1,459 0,098 96 75'' 

3033 R GF+GN SFE 5,790 0,394 76 59 
3083 G GF+GN SFE 4,280 0,292 78 
3099 G GF+GN SFE 5,772 0,398 69 69 
3053 G GF+GN SFE 1,478 0,101 76 67 
3035 R GF 170/0,04 4,467 0,301 60 55 
3047 R GF SFE 4,463 0,301 55 42 
3010 R 2xGF 170/0,04 4,231 0,300 130 124 
3073 R GF+Pl 170/0,04 1,415 0,095 80 47 
3007 R GF+Pl 170/0,04 4,290 0,304 71 53 
3095 R GF+Pl SFE 4,228 0,301 63 51 
3043 R GF+Pl SFE 1,283 0,092 81 51 
3091 R 2xPa 170/0,04 1,349 0,096 60 24 
3081 R 2xPa 170/0,04 4,066 0,291 43 23 
3075 R 2xPa SFE 4,085 0,294 44 30 
3092 R 2xPa SFE 4,154 0,302 40 24 
3067 R Ca 170/0,04 1,408 0,101 57 25 
3071 R Ca 170/0,04 4,139 0,298 55 45 
3059 R Ca SFE 1,362 0,098 65 45'' 

3082 R Ca SFE 4,066 0,298 51 45" 

' ' Estimated value, see 6.6.5.2 
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Figure 6.21: Deflections of timber members of series J - effect of cavity insulation and 
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Figure 6.22: Deflections of timber members of series J - effect of boards 

69 



Deflection w 
fmml 

45x195 
M//Wo = 0.3 

170/0,04 

45x195 
M//Wo = 0.3 

170/0,04 

45x195 
M//Wo = 0.3 

170/0,04 / 

/ 
/ 

/ 
/ 
1 / 

' / 
_» ^ Jt_ 
f» . }r •* 

GF+PI (3007) 
2xPa (3081) 
Ca (3071) 

30 60 

Time [minutes] 

90 

Deflection w 
[mm] 

- - 45x195 
/W/Mo = 0,3 

S F E 

• - - 45x195 
/W/Mo = 0,3 

S F E 
/ 

- - 45x195 
/W/Mo = 0,3 

S F E / 

-/ / 

30 60 

Time [minutes] 

GF+PI (3095) 
2xPa (3092) 
Ca (3082) 

90 
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Figure 6.24: Flexural stiffness ratio versus time of assemblies with two layers of gypsum 
plasterboards G F + GN and rock fibre cavity insulation - effect of fire curve 
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Figure 6.25: Flexural stiffness ratio versus time of assemblies with two layers of gypsum 
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Figure 6.26: Flexural stiffness ratio versus time of assemblies clad with gypsum 
plasterboards, insulated with rock fibre and exposed to parametric 170/0,04 fire - effect 
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Figure 6.27: Flexural stiffness ratio versus time to failure - effect of lining: gypsum 
plasterboard type F and plywood 
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6.6.4 Temperature measurements 

For the assemblies o f series S, the recorded temperature-time relationships are shown in 
numerical order in figures 6.29-6.39. 

Examples o f temperature profiles in the timber member are shown in figure 6.40. 
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Figure 6.30: Temperature-time relationships of series J 
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6.6.5 Residual cross sections 

6.6.5.1 Shapes 

Residual cross sections. The residual cross sections o f the members, determined, where 
possible, at five sections, are shown in appendix D, figures D.9-0.14, in the same order as 
shown in table 6.4. 

6.6.5.2 Charring depths 

From the temperature histories shown in figures 6.29-6.39, by using the curves o f gauge points 
1-8, relationships were determined between the charring depth, i.e. the depth o f the 300-degree 
isotherm, and time. In the diagrams, the assemblies are grouped together in order to allow 
comparing the effect o f different parameters, see figures 6.41-6.44. 

The values o f starting times o f charring, failure times o f boards and charring rates are 
summarized in table 6.5. Where possible, the charring rates o f phases I I and I I I (c . f 
figure 5.17) were determined by using linear regression lines. An example is shown in 
figure 6.45, showing the relationship between charring depth and time of assembly 3041 
divided into two linear parts o f the curve which intersect at a time of about 102 minutes when 
the boards fell down. The corresponding charring rates were 0,84 and 2,61 mm/minute. 

Where no audible observation o f board failure was made during the fire test, approximate 
values were estimated by analysing the temperature histories o f gauge points behind the outer 
layer o f gypsum plasterboard. In two tests o f assemblies clad with single layers o f calcium 
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Figure 6.41: Charring depth versus time of assemblies of series J with two layers of 
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silicate boards, one could hear that the boards failed after 25 and 45 minutes respectively. At 
45 minutes, the charring depth was about 30 mm, indicating that a pull-out failure o f the 
screws fixing the resilient channels had occurred. The same failure time o f 45 minutes was 
assumed for assemblies 3059 and 3082, even though no audible observation was made. 
Estimated values o f failure times o f boards given in table 6.5 are shown in italics. 
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Figure 6.44: Charring depth versus time of assemblies of series J - effect of different 
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Table 6.5: Starting times of charring, failure times of boards and charring rates of 
assemblies of series J . 

Assembly Cavity 
insulation 

Fira curve Lining ^pr,l 

(regr.) 
4f ^11,1-8 

minutes minutes minutes mm/min. mm/min. 
3025 R 170/0,04 GF+GN 58,0 57,6 0,89 1,59 
3086 R 170/0,04 GF+GN 57,5 58,4 7p2) 1,12 
3041 R 170/0,04 GF+GN 59,7 60,9 102 0,84 2,61 

group 1 R 170/0,04 GF+GN 58,4 59,0 0,95 2,10 
3063 G 170/0,04 GF+GN 63,2 59,1 74 0,68 
3036 G 170/0,04 GF+GN 59,6 64,6 772'^ 0,51 
3068 G 170/0,04 GF+GN 58,7 60,5 0,69 

group 2 G 170/0,04 GF+GN 60,5 61,4 0,63 
3017 R 510/0,12 GF+GN 43,2 55 1,51 1,78 
3080 R 510/0,12 GF+GN 46,9 55 1,14 1,54 
3106 R 510/0,12 GF+GN 41,8 40 1,36 

group 3 R 510/0,12 GF+GN 44,0 
3060 G 510/0,12 GF+GN 42,1 40-50 
3034 G 510/0,12 GF+GN 48,5 46 
3028 G 510/0,12 GF+GN 41,2 42 

group 4 G 510/0,12 GF+GN 44,2 
3090 R SFE GF+GN 55,5 57,3 0,71 2,14 
3024 R SFE GF+GN 58,2 58,0 1,12 2,11 
3033 R SFE GF+GN 55,4 59 1,37 

group 5 R SFE GF+GN 56,4 
3083 G SFE GF+GN 60,5 7 5 I ) 

3099 G SFE GF+GN 56,7 69 0,88 
3053 G SFE GF+GN 55,5 67 1,26 

group 6 G SFE GF+GN 57,7 
3035 R 170/0,04 GF 29,5 29,8 55 1,09 
3047 R SFE GF 25,7 42 0,75 2,22 
3010 R 170/0,04 2xGF 67,5 68,9 124 0,59 
3073 R 170/0,04 GF+Pl 42,2 47 1,00 
3007 R 170/0,04 GF+Pl 46,7 53 1,45 
3095 R SFE GF+Pl 45,4 51 1,15 
3043 R SFE GF+Pl 43,0 51 1,83 
3091 R 170/0,04 2xPa 24,7 24,7 24 1,81 
3081 R 170/0,04 2xPa 23,9 23,3 23 1,85 
3075 R SFE 2xPa 28,1 27,9 30 1,84 
3092 R SFE 2xPa 24,7 24,7 24 2,01 
3067 R 170/0,04 Ca 15,9 25 
3071 R 170/0,04 Ca 17,7 17,7 45 0,79 3,10 
3059 R SFE Ca 14,5 14,3 45'' 0,92 1,66 
3082 R SFE Ca 17,5 17,9 45'' 0,98 2,11 

' ' Estimated value 
^' Failure load o f assembly 
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6.6.5.3 Section moduli of residual cross sections 

For assemblies with rock fibre insulation, the areas ^ r , , second moments o f area / f , and section 
moduli Wn were determined f rom the recorded shapes according to appendix D. The plots o f 
the ratios AfJA, kJI and Wfi/Ware shown in figures 6.46 and 6.47 versus the charring depth 
ratio d^bJh, where/i , / and ^ a r e the properties o f the original cross section. Regression 
curves are shown in the figures. Since no influence o f the fire curve on the section modulus 
could be found, the results o f figures 6.46 and 6.47 are not differentiated with respect to the 
fire curves. 
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6.6.6 Strength reduction 

The section modulus ratios and modification factors ^mod, f i were determined in the same way as 
described in 6.5.6 for assemblies with rock fibre insulation in the cavity. The charring depths at 
failure, see table 6.6, were determined using the expressions 

(6.4) 

with A1 and A2 according to table 6.6, where A2 corresponds to the charring rate fi during the 
final stage according to table 6.5. The charring depth o f assembly 3067 was taken from 
figure 6.44 (curve 170/0,04 - Ca to the left). Using expression (6.3) with the parameters^ and 
charring depths ^/char the section modulus ratios WrJWmd the modification factor for fire ^mod . f . 

were determined, see table 6.6. 

Table 6.6: Charring depth, section modulus ratio and modification factor for fire of 
assemblies of series J with h = 195 mm 

Assembly Time to ^ 1 A2 Charri A Section Modification Assembly 
failure ng modulus factor for 

depth ratio fire 

^cha r 

WfJW 

minutes mm 
3025 124 1,585 105,5 91 3,744 0,174 0,576 

3041 105 2,609 224,4 50 3,627 0,398 0,749 
3086 79 1,118 65,2 23 4,485 0,588 0,769 
3017 92 1,777 80,4 83 3,725 0,205 0,503 

3080 85 1,542 78,9 52 3,452 0,397 0,757 

3106 55 1,355 56,2 18 4,836 0,635 0,688 

3024 96 2,114 140,4 63 4,193 0,261 0,377 

3090 84 2,141 143,0 37 4,095 0,461 0,640 
3033 76 1,378 76,4 28 4,856 0,493 0,798 

3035 60 1,088 32,5 33 4,134 0,499 0,603 

3047 55 2,220 79,9 42 4,563 0,373 0,807 

3010 130 0,585 40,4 36 3,627 0,516 0,581 

3073 80 1,584 68,5 58 3,939 0,309 0,308 

3007 71 1,650 78,3 39 4,427 0,413 0,735 

3095 63 1,539 70,5 26 4,329 0,556 0,542 

3043 81 1,828 79,5 69 3,881 0,255 0,360 

3091 60 1,809 44,7 64 3,842 0,284 0,338 

3081 43 1,848 43,1 36 4,797 0,409 0,711 

3075 44 1,835 51,2 30 4,836 0,481 0,611 

3092 40 2,006 49,5 31 4,622 0,483 0,626 

3067 57 67 3,881 0,264 0,383 

3071 55 3,101 122,0 49 4,095 0,360 0,827 

3059 65 1,657 38,6 69 3,900 0,251 0,391 

3082 51 2,105 62,6 45 4,173 0,384 0,776 
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In figure 6.48 the modification factor for fire o f series J is shown versus charring depth ratio 
(squares), and two regression lines. One o f these regression lines implies that there is no 
strength reduction at the beginning o f charring. Additionally, four values o f series S are shown 
(triangles), with the fire exposed side in tension as in series J, and the values o f series S3, S5 
and S7 (circles) published by König (1995). 
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Figure 6.48: Modification factor for fire versus charring depth ratio of assemblies with 
rock fibre insulation. The regression lines refers to timber members of series J 

(dimensions 45 mm x 195 mm) 

6.6.7 Discussion of results 

The test results o f series J confirm the results o f series S with a few exceptions. Unlike the 
results shown in figure 6.17, no influence could be seen of the fire curve on the decrease o f the 
section modulus o f the residual cross section. 

Residual bending strength. There exists a considerable scatter o f the results shown in 
figure 6.48 which is dependant on uncertainties regarding the prediction o f bending strength at 
normal temperature and the determination o f charring depth and section modulus o f the 
residual cross section. Under these circumstances, the agreement between the results o f series 
J, series S and the results o f series S3, S5 and S7 obtained previously are fairly good. 
Analysing the results o f series J, no influence could be found o f the fire curve on the residual 
bending strength. 
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7 CONCLUSIONS 

7.1 Scale of fire testing 

Fire tests o f wall assemblies are normally carried out as full scale tests. As shown in this 
investigation, the fire behaviour o f wall assemblies can be described in an appropriate way by 
carrying out fire tests in medium scale. I t was shown that the effect o f fire protection o f the 
lining is the most important determining factor. It is therefore essential that the behaviour o f 
the lining is not influenced by the test set-up. The tests showed that the full-scale behaviour o f 
linings is taken into account in a correct way when the width o f the wall assembly is at least 
1 metre, two studs are used and there exists at least one vertical joint in each board layer o f the 
lining. 

In wall and floor assemblies with a load-sharing system, due to the ductility o f fire exposed 
load bearing timber frame members, the load-carrying capacity is greater than the one 
corresponding to the weakest member o f the assembly. This system effect, however, cannot be 
verified in small or medium-scale fire tests, e.g. when there are only two studs in the wall 
assembly. 

By performing small-scale tests o f assemblies with a single member representing a part o f a 
floor, the fire performance can be studied in an easy way, however, the fiill-scale behaviour 
should be calibrated to full-scale tests. Comparing the starting times o f charring o f studs o f 
wall assemblies and members o f assemblies o f series S, we can see the influence o f full-scale 
behaviour o f gypsum plasterboards. In the wall assemblies, due to the shrinkage o f the 
plasterboards, at the vertical joint, the gap widened between the boards. In the assemblies o f 
series S, charring started later, indicating that the gap did not widen as much since the boards 
were not restrained perpendicular to the joint. 

In assemblies o f series J where the joint o f the outer layer o f gypsum plasterboard was 
perpendicular to the resilient channel, the joint location normally does not coincide with the 
joist. It can be expected that the full-scale effect does not deviate from the performance in the 
small-scale tests. 

7.2 Effect of fire curve and materials 

There is a considerable effect o f the fire curve on the behaviour o f materials o f the assembly. 
Compared to standard fire, time to failure is normally increased at parametric fire exposure. It 
was shown that assemblies can survive a burn-out when the lining is capable o f preventing the 
timber member f rom charring. However, once the timber member ignited and started to char it 
continued to burn until failure, even though the temperature in the furnace was very low during 
the cooling phase. 

The tests show that standard fire is not neutral with respect to the performance o f some o f the 
materials, e.g. mineral wool insulation and gypsum plasterboards. Mineral wool insulation o f 
rock fibre is generally regarded as more resistant to fire exposure than glass fibre since the 
temperatures o f degradation o f the insulation are different. At standard fire exposure, glass 
fibre insulation does not resist direct fire exposure with temperatures o f more than about 
550 °C, while rock fibre insulation resists considerably higher temperature. Consequently, in 
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fire tests wall assemblies with glass fibre insulation, the time to failure is smaller than in tests of 
assemblies with rock fibre. Contrary to this, in some of the tests with parametric fire exposure, 
the failure times were independent of the insulation in the cavity, since the critical temperature 
of about 550 °C was not reached behind the lining. For gypsum plasterboard of type F the 
critical temperature was approximately 700-800 °C. Since this temperature was not reached at 
parametric 170/0,04 fire exposure, the lining did not fail due to high temperature as would be 
the case at standard fire exposure. 

7.3 Fire protection performance and failure criteria of lining 

Generally, all linings were capable of providing complete protection to the timber member or 
the cavity insulation against the fire with respect to ignition of the timber or the degradation of 
the insulation. While combustible boards - plywood and particleboards - provided protection 
only during the initial phase of complete fire protection, non-combustible boards - gypsum 
plasterboards and calcium silicate boards - were capable of giving partial protection also after 
the beginning of charring of the timber frame. 

Gypsum plasterboards. Gypsum plasterboards provide protection against fire due to their 
large content of water of crystallization, preventing the rise of temperature behind the boards 
above 100 °C before the gypsum has calcined completely. Gypsum plasterboards of type A 
loose their cohesion shortly after calcination of the gypsum. In the tests, by adding a second 
layer of gypsum plasterboard of type F with improved core cohesion, both layers remained 
fixed to the timber frame unless one of the following failure criteria was met: 
• the critical temperature of approximately 700-800 °C was reached causing pull-through 

failure of fasteners, or 
• the charring depth exceeded the anchorage length of the fasteners causing pull-out failure of 

fasteners. 

Calcium silicate boards. Calcium silicate boards provided protection by thermal insulation. 
The tests showed that the boards failed when the charring depth exceeded the anchorage 
length of the fasteners causing pull-out failure of fasteners. 

7.4 Charring of timber frame 

The charring of the timber frame was dependant on the protection provided by the lining and 
insulation in the cavity. Rock fibre insulation was also capable of providing protection of the 
wide sides of the timber member facing the cavity during the post-protection phase of the 
lining after failure of the boards. Glass fibre insulation provided protection only during the 
protection phase of the lining, provided that a critical temperature of about 550 °C was not 
reached behind the lining. During this stage charring took place on the narrow side of the 
timber member, however, due to local degradation of the mineral wool at its surface close to 
the timber member, increased charring occurred at the arrisses of the member. 

With respect to charring, a distinction can be made between different charring phases: 
• Charring phase I : Unprotected timber members (not part of this investigation) 
• Charring phase I I : Protected timber members prior to failure of boards (protection phase) 
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Charring phase I I I . Unprotected timber members after failure of boards (post-protection 
phase) 

7.5 Residual bending strength 

There exists a considerable scatter of the results of the residual bending strength of the timber 
members. No effect of the fire curve on the loss of bending strength could be found. The 
agreement with results published previously by König (1995) is fairly good. 

7.6 Contribution to fire load of combustible materials 

While the temperature-time relationship is nominal at standards fire exposure, in parametric 
fires the temperature in the fire compartment is, among other things, dependent on the fire 
load. Due to the burning of combustible materials in the assemblies, during the fire tests a part 
of the heat release took place in the assembly, causing a reverse heat flow during the cooling 
period. Therefore, in design applications of parametric fires, the fire load should be increased 
accordingly. Design procedures are still to be developed. 
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A P P E N D I X A - MATERIAL P R O P E R T I E S O F T I M B E R 

Table A . l : Moisture content and dry density of studs in wall assemblies 

Stud Moisture Dry Stud Moisture Dry Stud Moisture Dry 
content density content density content density 

CO A>w CO CO 

% kg/m % kg/m' % kg/m' 

2005 12,8 456 2040 13,3 450 2084 12,9 387 
2009 13,1 445 2041 13,4 414 2085 12,7 426 
2010 12,9 376 2042 13,1 449 2087 12,5 388 
2013 13,2 413 2044 13,2 420 2092 12,4 426 
2020 13,4 419 2047 13,1 378 2093 12,7 434 
2023 13,3 399 2048 12,9 426 2095 13,0 440 
2024 13,5 406 2050 13,4 399 2096 13,0 432 
2026 13,0 417 2059 13,0 428 2097 13,0 411 
2027 13,2 397 2060 13,0 439 2099 12,0 420 
2028 13,9 471 2062 13,2 439 2102 13,1 388 
2029 13,3 399 2067 13,1 462 2104 12,4 443 
2030 13,7 397 2069 13,2 395 2105 12,7 412 
2033 13,2 427 2071 13,0 399 2108 12,8 417 
2036 13,0 379 2072 13,0 437 2109 13,0 405 
2037 13,3 420 2078 12,9 399 2110 13,0 439 
2038 13,1 390 2079 13,3 415 2113 12,9 429 
2039 13,5 433 2083 12,9 410 

Table A.2: Moisture content and dry density of timber members with dimension 
45 mm x 145 mm (assemblies of series S) 

Test Moisture Dry 
content density 

CO 

% kg/m' 

2000 13,5 469 
2053 13,2 402 
2057 13,4 402 
2088 13,6 389 
2090 13,4 436 
2101 13,8 420 
2103 13,0 447 
2106 13,3 391 
2107 13,0 427 
2111 13,4 393 
2115 13,3 414 
2117 13,2 408 
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Table A.3: Moisture content and dry density of timber members with dimension 
45 mm x 195 mm (assemblies of series J) 

Test Moisture Dry Test Moisture Dry Test Moisture Dry 
content density content density content density 

CO CO CO 

% kg/m' % kg/m^ % kg/m^ 

3007 13,6 397 3043 13,6 393 3080 11,3 403 
3010 13,8 397 3047 13,6 418 3081 12,8 393 
3017 12,1 405 3053 13,9 412 3082 13,1 384 
3024 13,9 418 3059 12,6 391 3083 12,5 412 
3025 13,9 389 3060 14,0 399 3086 12,3 389 
3028 13,2 397 3063 1) 406 3090 13,0 412 
3033 14,0 414 3067 13,6 391 3091 13,3 395 
3034 13,6 399 3068 11,6 408 3092 13,2 387 
3035 13,6 418 3071 14,3 391 3095 12,8 395 
3036 1) 408 3073 14,2 420 3099 1) 408 
3041 12,4 391 3075 13,8 391 3106 11,2 401 

missing value 
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APPENDIX B - T E S T R E S U L T S - R E F E R E N C E T E S T S AT NORMAL 
T E M P E R A T U R E 

Table B. l : Test results of reference tests at normal temperature - dimension 
45 mm x 145 mm 

Specimen 
No. 

Dry 
density 

(original 
planks) 

Moisture 
content 

CO 

Dry 
density 

Bending 
strength 

/ n . 

Regression line 
(original planks) 

Regression 
coefficient 

[kg/m^] [kg/m^] [N/mm'] 

2001 
2008 
2017 
2019 
2025 
2031 
2045 

2052 
2063 
2064 
2070 
2073 
2077 
2081 

498 
436 
406 
473 
454 
390 
480 
360 
492 
508 
362 
364 
420 
363 

12,9 
13,0 
12,4 
13,0 
13,0 
13,1 
13,1 

12,8 
12,8 
13,0 
12,9 
12,8 
12,9 
12,9 

495 
428 
409 
457 
444 
370 
465 

352 
484 
483 
359 
357 
408 
350 

65,1 
59,8 
66,9 
78,9 
70,2 
63,0 
77,5 

51,0 
71,8 
80,2 
51,9 
42,5 
63,7 
45,1 

0,1484 po,u R =0.7181 

Table B.2: Test results of reference tests at normal temperature - dimension 
45 mm x 195 mm 

Specimen 
No. 

3004 
3009 
3013 
3020 
3022 
3040 

3045 
3051 
3062 
3070 
3072 
3088 

Dry 
density 

(original 
planks) 

[kg/m^] 

405 
498 
416 
435 
387 
346 
358 
349 
469 
382 
372 
450 

Moisture 
content 

CO 

% 

12,8 
13,3 
13,6 
13,0 
13,5 
13,1 
12,6 
12,6 
14,0 
13,4 
13,5 
13,3 

Dry 
density 

[kg/m^] 

402 
474 
401 
451 
382 
355 

353 
383 
473 
366 
367 
432 

Bending 
strength 

[N/mm'] 

52,0 
56,0 
54,3 
55,7 
49,2 
41,3 
45,9 
41,4 
51,3 
48,9 
46,7 
51,2 

Regression line 
(original planks) 

= 0,1215 po,u 

Regression 
coefficient 

R ' = 0.5727 
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Figure B.3: Results of reference testing of wall studs - Modulus of elasticity 

Wall Stud Modulus Stud Modulus Modulus 
(left) of 

elasticity 

E 

(right) of 
elasticity 

E 

of 
elasticity 

^mean 

N/mm^ N/mm' N/mm^ 

V E l l 2069 12773 2030 12876 12825 
VB12 2109 11457 2047 11393 11425 
VE13 2092 15522 2104 15560 15541 
VE14 2027 12924 2071 12977 12951 
VE15 2037 13801 2029 13858 13830 
VE16 2083 14355 2067 14265 14310 
VE17 2044 15386 2095 15260 15323 
VE18 2013 14202 2059 14200 14201 
VE19 2042 14846 2039 14815 14831 
VE20 2078 13090 2097 13090 13090 
VE21 2028 13244 2009 13476 13360 
VE22 2110 14764 2105 14729 14746 
VE23 2060 15049 2005 14861 14955 
VE24 2024 II512 2036 11492 11502 
VE25 2033 12989 2023 13076 13033 

VE26'> 2099 14058 2048 13928 13966 
2040 13915 2096 13961 

VE27'> 2108 14427 2085 14488 14450 
2062 14471 2093 14414 

VE28 2050 12719 2079 12682 12701 
VE29 2038 11626 2010 11689 11657 
VE30 2102 13572 2087 13549 13560 
VE31 2020 13497 2026 13492 13495 
VE32 2084 11736 2041 11946 11841 
VE33 2113 14666 2072 14533 14599 

Assemblies with double studs 
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APPENDIX C - T E S T O B S E R V A T I O N S 

Observations made during the fire tests are given in figures C.1-C33. showing the exposed side 
of the walls. The following notations are used: 
lal is the outer layer of lining on the fire exposed side 
la2 is the inner layer of lining on the fire exposed side 
la3 is the board layer on the unexposed side. 

mm 
2500 

2069 2030 

2000 

1000 

mm 
2500 

2109 2047 

2000 f 

1000 

0 min. Start. 
9 min. The joint gap ® of lal was 

very clearly visible. 
164 min. Failure in one of the studs. 

0 min. Start. 
64 min. Crack ® visible. 
87 min. In zone (D lal + la2 fell down. 
100 min. La3 started burning through at 

The gypsum plasterboard did not fall down. 103 min. Load-carrying capacity 
exhausted. 

Figure C . l : Assembly V E 11 Figure C.2: Assembly V E 12 
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mm 
2500 

2092 2104 

2000 -

1000 + 

mm 2071 
2500 2027 

2000 + 

1000 

0 min. Start 

105 min. Failure in stud 2092 at ® 

The gypsum plasterboard did not fall down 

0 min. Start 
5 min. Crack ® visible 
114 min. Load-carrying capacity 

exhausted. 

The lining deflected out of the assembly but 
it did not fall down 

Figure C.3: Assembly V E 13 Figure C.4: Assembly V E 14 
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mm 
2500 

2037 2029 

2000 

1000 

mm 
2500 

2067 2083 

2000 

1000 

: 1 

1 (D 

• 4 © 

- 1 ® 

: 1 

• I 

0 min. 
19 min. 
64 min. 

84 min. 
96 min. 

Start. 
Crack CO visible. 
Crack ® 30-40 mm wide at (D 
On la2 large diagonal cracks of 
width 20-30 mm 
In zone ® lal+la2 fell down. 
Load-carrying capacity 
exhausted 

Afterwards lateral-torsional buckling of the 
studs could be observed. 

0 min. 
6 min. 
25 min. 

44 min. 

79 min. 
80 min. 
85 min. 

Start. 
Crack CD visible. 
Crack CD approximately 15 mm 
wide at (D 
Crack ® approx. 50 mm wide 
at C3). The right-hand part of the 
board deflecting. Many cracks 
in Ia2 
Section ® fell down. 
Sections ® fell down. 
Failure in stud 2067 at ®. 

Figure C.5: Assembly V E 15 Figure C.6: Assembly V E 16 
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mm 
2500 

2044 2095 

2000 

1000 

® 

mm 
2500 

2000 

1000 

2013 2059 

® 

0 min. 
10 min. 

120 min. 

165 min. 

Start 
Crack ® visible and widened at 
® 
The surface of the gypsum 
plasterboard was still black. I.e. 
the pasterboard was not burnt 
quite away. 
The test was stopped 

0 min. 
7 min. 
23 min. 
56 min. 
76 min. 
84 min. 

88 min. 

90 min. 
100 min. 
107 min. 

Start 
Crack ® visible 
Crack (D visible 
Flaming at @ 
Crack ® visible 
Crack width of approximately 
30 mm at ® 
Large parts of la2 fell down 
behind lal and pushing lal 
forward at © 
Section ® fell down 
Section ® of lal fell down 
Load-carrying capacity 
exhausted 

Figure C.7: Assembly V E 17 Figure C.8: Assembly V E 18 
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mm 
2500 

2042 2039 

2000 

1000 

- -

- -

1 -@ 

- - 1 

mm 2078 2097 
2500 

2000 

1000 

0 min. Start 
8 min. Crack ® visible 
49 min. Crack ® now approx. 4 mm 

wide at ® 
150 min. Failure of stud 2042 at @ 

The gypsum plasterboard did not fall down. 

Figure C.9: Assembly VE19 

0 min. Start 
6 min. Crack (D visible 
21 min. Crack @ visible 
136 min. Failure of the studs at @ and ® 

The gypsum plasterboard did not fall down. 

Figure C.IO: Assembly V E 20 
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mm 
2500 

2028 2009 

2000 - -

1000 

mm 
2500 

2000 4-

1000 -

2110 2105 

1 

1 V 

<k3) 

1 

1 

0 min. Start 
9 min. Crack (D visible 
240 min. Load-carrying capacity 

exhausted 

The gypsum plasterboard did not fall down. 

Figure C . l l : Assembly V E 21 

0 min. Start 
8 min. Crack ® visible 
144 min. Section (2) fell down 
152 min. Failure of the studs at ® and 

Figure C.12: Assembly V E 22 
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2500 2°^°^ 2005Z 

20001 

1000 

mm 
2500 

2024 2036 

2000 

1000 

O min. Start. 
8 min. Crack ® visible 
75 min. Crack width now 

approximately 20 mm at @ 
81 min. The right-hand part of the 

board deflecting out of the wall 
at ®. Small pieces of la2 fell 
down 

83 min. Section ® fell down 
96 min. La3 was getting brown at ® 
100 min. La3 started burning through at 

®. 
105 min. The test was stopped because 

of integrity failure at © 

0 min. Start 
26 min. Crack ® visible 
43 min. Crack ® continued to ® 
132 min. Lal was deflecting at ©, but 

did not fall down 
133 min. Load-carrying capacity 

exhausted 

Figure C.13: Assembly V E 23 Figure C.14: Assembly V E 24 
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mm 2033 
2500 

2023 

2000 

1000 + 

2048/2096 
2500 

2099/2040 

2000 

1000 

0 min. Start 
5 min. Crack ® visible 
11 min. Crack @ visible 
35 min. Crack ® was now burnt along 

the edge 
55 min. Flames from crack ® 
73 min. The flames from crack ® gone 

again 
125 min. Failure of stud 2033 at ® 

The gypsum plasterboard did not fall down. 

Figure C.15: Assembly V E 25 

0 min. Start 
6 min. Crack ® visible 
20 min. Crack at (D 
60 min. Completely dark inside the 

fiirnace. No visible flames 
99 min. Only 2 gas-burners were turned 

on 
196 min. All the gas-burners and the 

exhaustion system were turned 
off 

199 min. Failure in the studs 2048/2096 
at ®. 

The gypsum plasterboard did not fall down. 

Figure C.l6: Assembly V E 26 
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2093/2085 
2500 

2062/2108 

2000 

1000 

O min. 
13 min. 
28 min. 

57 min. 
79 min. 

82 min. 
85 min. 

90 min. 
94 min. 
97 min. 
100 min. 

Start 
Crack CD visible 
Crack width now 2-3 mm and 
joint edges burnt 
Small flames from crack (D 
gap of 12-14 mm width in the 
middle of crack ® 
Section ® fell down 
Section @ fell down. 
Difficukies of controlling the 
temperature 
Section ® fell down 
Section ® fell down 
La3 was getting brown at © 
La3 started burning through at 

103 min. Load-carrying capacity 
exhausted 

Figure C.17: Assembly V E 27 

109 



mm 
2500 

2079 2050 

2000 

1000 

<K2) 

0 L 

0 min. Start 
9 min. Crack ® visible 
32 min. Fire in the plywood. Flames 

from crack ® and the joint 
above stud 2050 and edges. 
Heavy smoke generation 
passing through gaps at edges 

40 min. Large flames in the middle, 
especially from crack ®. The 
gas supply was turned off. It 
was not possible to control the 
temperature in the furnace 

46 min. The gas was turned on again. 
Gap width of 50 mm in the 
middle of crack ® 

94 min. There were still rather big 
flames from crack ® 

98 min. Only one gas-burner is turned 
on 

101 min. Failure in stud 2079 at (D. The 
gypsum plasterboard did not 
fall down 

105 min. When the gypsum plasterboard 
after the test was removed the 
plywood was still burning 

On the whole the insulation was not dam­
aged. 

Figure C.18: Assembly V E 28 

110 



mm 
2500 

2038 2010 

2000 

1000 

O min. 
12 min. 
27 min. 

31 min. 

38 min. 

43 min. 

44 min. 

47 min. 

64 min. 

68 min. 

73 min. 
87 min. 
89 min. 

Start 
Crack at ® 
At (2) small flames emerged 
partially at the joint of lal 
Flames from crack (D. The 
crack was approximately 5 mm 
wide in the middle 
Large flames from cracks ® 
and @. Crack ® was now 
approximately 10 mm wide. 
Flames were also observed at 
both the vertical edges of the 
test wall. Very heavy smoke in 
the room from the two edges. 
The heat from the burning 
plywood (la2) was now so 
strong that the gas supply had 
to be turned off. 
The gypsum plasterboard (lal) 
to the right of crack (D was 
now deflecting approx. 30-40 
mm towards the furnace. Crack 
(D was still closed at the top 
and bottom. 

The gas was turned on again. 
The development of smoke had 
decreased again. 
Crack ® was now 60 mm wide 
in the middle 
Crack ® was now 80 mm wide 
in the middle. Pieces of the 
charred plywood fell out 
Section (D fell down 
Section ® fell down 
Load-carrying capacity 
exhausted. 

Figure C.19: Assembly VE29 
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mm 
2500 

2102 2087 

2000 + 

1000-f 

(6 ) { 

0 min. 
9 min. 
21 min. 

23 min. 

30 min. 

37 min. 

40 min. 

46 min. 
52 min. 
52-59 min, 
60 min. 
68 min. 

70 min. 

Start 
Crack (D visible 
Crack ® now 4-5 mm wide at 
@, but still closed at top and 
bottom 
Crack ® very wide at ©. The 
lal to the right of the crack (D 
was now deflecting very much 
towards the furnace. Flames 
from la2. 
Large flames in the middle of 
the furnace. It was not possible 
to see the test wall. The heat 
was so strong that the gas had 
to be turned off. 
Two gas-burners were turned 
on again. The test wall was 
visible again. The crack ® now 
approx. 100 mm wide at @. 
Section ® fell down. The 
plywood from la2 was mostly 
burnt away 
Section (D fell down 
Section © fell down 
The gas was turned off 
Insulation fell down at @ 
La3 now brown on the outside 
a t ® 

Load-carrying capacity 
exhausted. Failure in stud 2102 
a t ® 

The plywood in la2 mostly burnt away. 

Figure C.20: Assembly V E 30 
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mm 
2500 

2020 2026 

2000 

1000 

@ 

Note: 
A 

0 min. 
17 min. 
23 min. 

27 min. 
63 min. 

73 min. 

83 min. 

Four screws were missing 

Start 
Crack ® visible 
At ® small flames emerged 
partially at the joint above 
Larger flames at ® 
The temperature in the furnace 
approx. 570 °C. Quite dark in 
the furnace. Glow could be 
seen at ö) and small flames at 
@ . 

The temperature now approx. 
500 °C. No glow visible at ® 
but still small flames at @. The 
layer (lal) to the left of crack (D 
was deflected approximately 
30-40 mm 
Load-carrying capacity 
exhausted. 

The gypsum plasterboard did not fall down. 

Figure C.21: Assembly V E 31 
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mm 2084 
2500 

2041 

2000 4 

1000 

® 

mm 
2500 

2113 2072 

0 min. 
29 min. 

31 min. 

72 min. 

Start 
Crack ® visible. Small flames 
a t ® 
Crack @ visible. Small flames 
at ®. Crack ® and (D only 
changed a little during the test. 
The flames at @ and (D 
gradually increased and at the 
end they were very large 
Load-carrying capacity at the 
stud 2041 exhausted 

2000 

1000 

0 min. 
21 min. 
22 min. 

32 min. 

36 min. 
37 min. 
40 min. 
42 min. 
53 min. 
59 min. 

The gypsum plasterboard did not fall down. 

Start 
Crack ® visible 
The joint gap at stud 2072 
seemed to be wider at d) 
Crack (3) visible. Crack ® 
approximately 15 mm wide 
Cross crack ® visible 
Section ® fell down 
Section © fell down 
Section ® fell down 
La3 brown on the outside at (\ 
Failure in both of the studs at 
and ® 

Figure C.22: Assembly V E 32 Figure C.23: Assembly V E 33 
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APPENDIX D - RESIDUAL CROSS SECTIONS 

2069-1 2069-2 2069-3 2069-4 2069-5 2030-1 2030-2 2030-3 2030-4 2030-5 

VE11 VE11 

2109-1 2109-2 2109-3 2109-4 2109-5 2047-1 2047-2 2047-3 2047-4 2047-5 

VE12 VE12 

2092-1 2092-2 2092-3 2092-4 2092-5 2014-1 2014-2 2014-3 2014-4 20114-5 

\ j 1 
X — / 

VE13 VE13 

2071-1 2071-2 2071-3 2071-4 2071-5 2027-1 2027-2 2027-3 2027-4 2027-5 

VE14 VE14 

Figure D . l : Residual cross sections of walls VE11-VE14 
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2037-1 2037-2 2037-3 2037-4 2037-5 2029-1 2029-2 2029-3 2029-4 2029-5 

VE15 VE15 

2083-1 2083-2 2083-3 2083-4 2083-5 2067-1 2067-2 2067-3 2067-4 2067-5 

VE16 VE16 

2013-1 2013-2 2013-3 2013-4 2013-5 2059-1 2059-2 2059-3 2059-4 2059-5 

VE18 VE18 

2042-2 2042-3 2042-4 2042-5 2039-1 2039-2 2039-3 2039-4 2039-5 

VE19 VE19 

Figure D.2: Residual cross sections of walls VE15 , VE16, V E I 8 and V E 1 9 
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2078-1 2078-2 2078-3 2078-4 2078-5 2097-1 2097-2 2097-3 2097-4 2097-5 

VE20 VE20 

2028-1 2028-2 2028-3 2028-4 2028-5 2009-1 2009-2 2009-3 2009-4 2009-5 

VE21 VE21 

2110-1 2110-2 2110-3 2110-4 2110-5 2005-1 2005-2 2005-3 2005-4 2005-5 

VE22 VE22 

2060-1 2060-2 2060-3 2060-4 2060-5 2005-1 2005-2 2005-3 2005-4 2005-5 

VE23 VE23 

Figure D.3: Residual cross sections of walls VE20-VE23 
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2024-1 2024-2 2024-3 2024-4 2024-5 2036-1 2036-2 2036-3 2036-4 2036-5 

KJ 

VE24 VE24 

2033-1 2033-2 2033-3 2033-4 2033-5 2023-1 2023-2 2023-3 2023-4 2023-5 

VE25 VE25 

2048-1 2048-2 2048-3 2048-4 2048-5 2096-1 2096-2 2096-3 2096-4 2096-5 

VE26 VE26 

2099-1 2099-2 2099-3 2099-4 2099-5 2040-1 2040-2 2040-3 2040-4 2040-5 

VE26 VE26 

Figure D.4: Residual cross sections of walls VE24-VE26 

118 



2093-1 2093-2 2093-3 2093-4 2085-1 2085-2 2085-3 2085-4 2085-5 

VE27 VE27 

2062-1 2062-2 2062-3 2062-4 2062-5 2108-1 2108-2 2108-3 2108-4 2108-5 

VE27 VE27 

2050-1 2050-2 2050-3 2050-4 2050-5 2079-1 2079-2 2079-3 2079-4 2079-5 

i }• i u ) 
M y U 

1 

J 
VE28 VE28 

2038-1 2038-2 2038-3 2038-4 2038-5 2010-1 2010-2 2010-3 2010-4 2010-5 

V J 

VE29 VE29 

Figure D.5: Residual cross sections of walls VE27-VE29 
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2102-1 2102-2 2102-3 2102>4 2102-5 2087-1 2087-2 2087-3 2087-4 2087-5 

VE30 VE30 

2020-1 2020-2 2020-3 2020-4 2020-5 2026-1 2026-2 2026-3 2026-4 2026-5 

VE31 VE31 

2084-1 2084-2 2084-3 2084-4 2084-5 2041-1 2041-2 2041-3 2041-4 2041-5 

VE32 VE32 

2013-1 2013-2 2013-3 2013-4 2013-5 2072-1 2072-2 2072-3 2072-4 2072-5 

VE33 VE33 

Figure D.6: Residual cross sections of walls VE30-VE33 
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2088-1 2088-2 2088-3 2088-4 2088-5 2090-1 2090-2 2090-3 2090-4 2090-5 

2103-1 2103-2 2103-3 2103-4 2103-5 2107-1 2107-2 2107-3 2107-4 2107-5 

2101-1 2101-2 2101-3 2101-4 2101-5 2106-1 2106-2 2106-3 2106-4 2106-5 

2000-1 2000-2 2000-3 2000-4 2000-5 2053-1 2053-2 2053-3 2053-4 2053-5 

Figure D.7: Residual cross sections of members 45 mm x 145 mm 
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2111-4 2111-5 2117-5 

2115-1 2115-2 2115-3 2115-4 2115-5 2057-1 2057-2 2057-3 2057-4 2057-5 
r 

u Vy 
1 1 

u v v J 
; 

u 
1 

Figure D.8: Residual cross sections of members 45 mm x 145 mm 
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3025-1 3025-2 3025-3 3025-4 3025-5 3086-1 3086-2 3086-3 3086-4 3086-5 

J u J \J 1 \ 
i 1 j u 1 u u u 

3041-1 3041-2 3041-3 3041-4 3041-5 3063-1 3063-2 3063-3 3063-4 3063-5 

3036-1 3036-2 3036-3 3036-4 3068-1 3068-2 3068-3 3068-4 3068-5 

Figure D.9: Residual cross sections of members 45 mm x 195 mm 

123 



3017-1 3017-2 3017-3 3017-4 3017-5 3080-1 3080-2 3080-3 3080-4 

V / , / k / / -

i 
vy 

3106-1 3106-2 3106-3 3106-4 3106-5 3060-1 3060-2 3060-3 3060-4 3060>5 

3034-1 3028-1 3028-2 3028-3 3028-4 3028-5 

Figure D.IO: Residual cross sections of members 45 mm x 195 mm 
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3090-1 3090-2 3090-3 3090-4 3090-5 3024-1 3024-2 3024-3 3024-4 3024-5 

3033-5 3083-1 3083-2 3083-3 3083-4 3083-5 

3099-1 3099-2 3099-3 3099-4 3099-5 3053-1 3053-2 3053-3 3053-4 3053-5 

n 

Figure D . l l : Residual cross sections of members 45 mm x 195 mm 
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3035-1 3035-2 3035-3 3035-4 3035-5 3047-1 3047-2 3047-3 3047-4 3047-5 

/ 

3010-1 3010-2 3010-3 3010-4 3010-5 3073-1 3073-2 3073-3 3073-4 3073-5 

3007-1 3007-2 3007-3 3007-4 3007-5 3095-1 3095-2 3095-3 3095-4 3095-5 

Figure D.12: Residual cross sections of members 45 mm x 195 mm 
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3043-1 3043-2 3043-3 3043-4 3043-5 3091-1 3091-2 3091-3 3091-4 3091-5 

3081-1 3081-2 3081-3 3081-4 3081-5 3075-1 3075-2 3075-3 3075-4 3075-5 

3092-1 3092-2 3092-3 3092-4 3092-5 3067-1 3067-2 3067-3 3067-4 3067-5 

Figure D . l l : Residual cross sections of members 45 mm x 195 mm 
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3071-1 3071-2 3071-3 3071-4 3071-5 3059-1 3059-2 3059-3 3059-4 3059-5 

3082-1 3082-2 3082-3 3082-4 3082-5 

Figure D . l l : Residual cross sections of members 45 mm x 195 mm 
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