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Foreword 
Knowledge of the behaviour of timber bridges is lacking in many aspects. For example, how 
the influence of seasonal weather changes on wood moisture variations, wood temperature 
fluctuations, support displacement, span deflection e.g. should be considered in the design 
process, remain to be investigated to achieve competitive and long lasting timber bridges. 

A field monitor programme has been initialised and executed on the Lusbäcken bridge in 
Borlänge, Dalarna, to enhance the understanding of climatic influence on the performance of a 
road timber bridge. This report presents the instrumentation and the result from the first eight 
months of monitoring. The field monitor programme is part of the Nordic Timber Bridge 
Project. 

Financial support has been given by the Nordic Industrial Fund, Nutek, the Swedish National 
Road Administration, Martinsons Trä AB, Svenska Träbroar AB and Gatukontoret, Skellefteå. 
Martin Gustafsson has assisted in the planning and evaluation of the field monitor pro
gramme, Per-Anders Fjellström has carried out the implementation and conducted the field 
measurements, and Per-Anders Daerga has done the evaluation and written this report. 

Per-Anders Daerga Per-Anders Fjellström 
Skellefteå, april 1999 

In this updated version. Chapter 4.1 is rewritten and Eqs (5), (7) and (8) corrected. 

Per-Anders Daerga 
Skellefteå, december 2001 



Summary 
This report presents the results from a field-monitoring programme to document the perform
ance of the Lusbäcken road timber-bridge at Borlänge, in the province of Dalarna, Sweden. 

The Lusbäcken bridge is a two-lane, stress-laminated, glulam box-beam superstructure. It has 
a single-span of 20 m and a clear width of 8 m. The bridge was prefabricated and delivered in 
four parts to the site where it was assembled. It was installed in August 1997. 

The monitoring started 9 months after installation, on May 19 1998, and is under execution. 
This evaluation includes the first 8 months, between May 19 1998 and January 27 1999. 

The monitoring involves data-acquisition of ambient temperature and relative humidity (RH), 
temperature and relative humidity in the glulam flanges, force levels in the steel bars and sup
port displacement. The result will be used to improve design and construction methods for 
future stress-laminated timber bridges. 

The Lusbäcken bridge and the monitoring programme is presented in Chapter 1 and 2. The 
results are presented in Chapter 3. The field-measurements show that the wood temperature 
and relative humidity in the bridge follow the ambient variations, but the fluctuations are 
smaller and the response are delayed in time. The wood temperature has not reached any 
harmful levels during the monitored period. The variation of the steel bar force is proportional 
to the variations in wood temperature. The variation of the support displacement shows better 
agreement with the ambient temperature variation rather than the wood temperature variation. 
This may be due to that the steel bar ends are exposed to the surrounding air. 

An estimation of the structural thermal expansion-contraction coefficient, perpendicular and 
parallel to grain, and of the moisture expansion-contraction coefficient perpendicular to grain, 
is done in Chapter 4. Good agreement with corresponding material values in literature was 
obtained for the thermal expansion-contraction coefficient perpendicular to grain, but not for 
the other parameters. 

Chapter 5 summarises the main conclusions of this project. 
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1 The Lusbäcken traffic bridge 
The Lusbäcken road bridge is located in Borlänge, in the province of Dalarna, Sweden. It is 
situated on Paradisvägen ' (Road No 663). where it crosses the Lusbäcken brook. The road is 
a two-lane paved road, traffic is mostly passenger vehicles at an average rate of 1600 per day. 

The bridge is a two-lane, single-span, stress-laminated, glulam box-beam superstructure. The 
entire box-beam structure is of European white-wood (spruce). The bridge is the first of its 
kind in Sweden. It has a length of 20.5 m, a span between supports of 20.0 m and a clear 
width between rails of 8 m. The whole superstructure was delivered in 4 parts, including the 
railing, and assembled on site. It was installed in August 1997. Figure I and 2 show the lon
gitudinal and the cross-section respectively. 

The bridge is designed according to The Swedish Road Admiiiisiraiiofi design code for 
bridges, BRO 94. The decisive traffic loads are a three axle load combination with a uniform 
distributed lane load. The load values for one lane are 250 kN per axle and 12 kN/m, and for 
the adjacent lane 170 kN and 9 kN/m respectively. Each lane is 3 m wide. The distance be
tween the axle loads is 1.5 m and 6 m respectively. 

The superstructure is designed using finite element analysis. In ultimate limit state and with a 
residual compressive stress of 0.35 N/mm" due to pre-stressing, the design tensile stress per
pendicular to grain is limited to 0.2 N/mm" in the box members. The mean deflection of the 
four wheels spaced 1.5 m apart is limited to 1/400 of the span of the bridge. 

The flanges and the 12 webs consist of glulam beams, see Figure 2 for dimensions. The steel 
bars are M24, spaced 900 mm apart in the top flange and 1600 mm apart in the bottom flange. 
To meet the requirements of BRO 94, the railings are made of steel, but cladded with pre
servative treated pine to give the bridge a timber appearance. 

The entire superstructure is made of European white-wood (spruce). It has no preservative 
treatment, why the principle of protection by design has been given highest priority. The 
cross-section of the bridge is tilted to facilitate rain-water drainage. The slope of the top sur
face is 2.5 %. The top surface is protected by a welded bitumen insulation mat and a 90 mm 
thick asphalt pavement. Al l timber surfaces are finished with three coats of an alkyd oil-based 
semi-transparent coating. There is a roomy space between the timber structure and the con
crete abutment to allow for ventilation and inspection. 

Paradise road 



Figure I. The Lusbäcken bridge, longitudinal view. The total length of the superstructure is 
20.5 m. The span is 20.0 m. 

glulam flanges 530x215 mm'' glulam web 990x165 mm^ 

slope 2.5% 

Figure 2. Cross-section of the Lusbäcken bridge. The dimensions are: top flange width 8.20 
m, bottom flange width 7.92 m, box-height 990 mm, flange thickness 215 mm, web thickness 
165 mm and web spacing 637.5 mm. The glulam is European white-wood (spruce). The 
bridge was prefabricated and delivered in four parts and assembled on site. The bridge is 
tilted 2.5% crosswise to facilitate rainwater drainage. 

Figure 3. The Lusbäcken bridge at installation of the field monitoring program on May 19, 
1998. Photo Per-Anders Fjellström, Trät ek. 



Figure 6. The set-up for the measuring of the support displacement. Two displacement trans
ducers are mounted on each side of the bridge structure, adjacent to the support. A steel rod 
transfers the movement of the bridge end relative to the concrete abutment to the displace
ment gauge. Photo: Per-Anders Fjellström, Trätek. 

2.2.4 Layout and data-acquisition system 
Field data are recorded continuously four times a day (06, 12, 18 and 24H). The data-
acquisition system consists of a stand-alone data-logger of type INTAB AAC-2F, and a backup 
battery to temporarily secure power supply in case of exterior power loss. The logger is 
equipped with 24 in-channels, all differential. The logger and the backup battery are housed in 
a steel box attached to the side of the box structure. 

Free support 
displacement 
tratisducer 

Load-cell 

• Temperature & Humidit 

i Data logger 

* Temperature & Humidity gauge 

Figure 7. Layout för field measurements of support displacement, temperature and humidity, 
and bar force for the Lus bäcken bridge. 



3 Field results 
The recordings cover all seasonal climatic changes. The ambient temperature has varied be
tween -24 to +25°C, and the air RH between 24 and 100%. The monitored results are pre
sented in the following subsections. 

3.1 Temperature variation 

The temperature variation from the beginning of monitoring at May 19, 1998 to January 27, 
1999 is shown in Figure 8. The flange temperatures follow the variation of the ambient tem
perature, although with smaller fluctuations. During the summer and early autumn, the aver
age flange temperatures stay higher than the ambient temperature and the top flange is warmer 
than the bottom flange. The latter is probably due to solar heating of the asphalt pavement. 
When the ambient temperature decreases to around zero and below, the difference between 
the flanges cease, and it is indicated that the lower flange becomes somewhat warmer than the 
top flange. 

Figure 9 shows the temperature variations in more detail. Figure (a), July, clearly shows that 
the top flange remains warmer and has a larger fluctuation compared to the bottom flange. In 
fact, mid temperature of the top flange during sunny days is even higher than the ambient 
temperature. Furthermore, in late autumn there is no significant temperature difference be
tween the flanges. Figure (b). From then on and during the winter months, the top flange 
seems to become somewhat cooler than the bottom flange, as indicated by Figure (c). The 
temperature shift between the flanges occurs in September-October. This behaviour is proba
bly due to solar heating, and to heat emitted to the sky from the ground. 

Temperature variations 
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-30.0 
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98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 99 99 

Date 

Figure 8. The temperature variation of the bridge between May 19, 199H and January 27, 
1999. 



Temperature variation. July 15-31 1998 
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Temperature variation, January 1-16 1999 
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Figure 9. Temperature variations: (top) July 15-31, (middle) October 15-31, (bottom) 
.lanuaiy 1-16. 



The flanges seem to respond equally fast to ambient temperature changes (no relative time 
delay). The phase displacement for the ambient and flange temperatures varies during the 
whole period between 6-9 hours. However, the lower figure may be influenced by the data-
acquisition rate, which is 6 hours between consecutive samples. 

It is also shown in Figure 9, that the void temperature varies even less than the temperature in 
the flanges, and that it responds slower to ambient temperature changes than the flanges in 
general. 

3.2 Relative humidity variation 

The variation of relative humidity (RH) in the flanges correlates well with the changes in the 
flange temperature. There appears to be no relation to the alterations in ambient RH, which on 
the other hand, is not expected due to the massive dimensions of the flanges. 

Figure 10 shows the variation of the temperature and RH from the start of the monitoring in 
May 19 1998. There is an evident relationship between the wood temperature and RH in the 
wood - when wood temperature rises RH increases, and vice versa. This may at first glance be 
somewhat confusing, but may be explained by the desorption and absoiption behaviour for 
wood and their temperature dependence (see for example Dinwoodie 1981, Figure 2, p 46). It 
may be assumed that the moisture content at flange mid-height approximately stays constant 
during the field measurements, which implies almost a constant amount of water in the wood. 
A temperature change alters the kinetic energy of the water molecules and subsequently the 
equilibrium between the vapour and liquid phases. This implies, for instant, that a rise in tem
perature increases the vapour content in the cell lumens and decreases the liquid content 
bonded to the cell walls (the total content is constant). Accordingly, the RH will increase and 
the moisture content will decrease. Figure 11 shows the RH variations in more detail. 



Temperature influence on wood relative humidity 
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Figure 10. The relative humidity and temperature variation in the bridge flanges during May 
19, 1998andJanuaiy27, 1999. 



RH and Temp. July 15-31 1998 
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3.3 Steel bar force 
The bar-force is recorded on two steel bars in the top flange and on one bar in the bottom 
flange, see Figure 5. Unfortunately, the load-cell for the bar in the bottom flange occasionally 
began to malfunction almost from the start, why its recordings had to be excluded. At June 10, 
a sudden increase in the pre-stressing force is recorded for the bars in the top flange due to a 
re-tensioning procedure of the bars. 

The steel bar forces are clearly influenced by the wood temperature, sec Figure 12. A rise in 
wood temperature causes the bar force to increase and vice versa. Also, peaks and valleys on 
the temperature curve are easily recognised on the force curves. This is particularly evidciii 
from November and onwards when the ambient temperature underwent larger periodical 
changes. 

Figure 13 shows the relation between temperature and bar force in more detail. It is observed 
that the bar force responds faster to ambient temperature changes than to the flange tempera
ture. This is likely when considering the higher heat conductivity for steel and that the ends of 
the steel-bars are in direct contact with surrounding air, which is not the case for the interior 
wood parts. 

Bar force 
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98 98 98 98 98 98 98 98 98 98 98 99 
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Bar No 10, top flange [kN] 
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Top flange temperature [C] 
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Figure 12. The variation of I he steel bar force for bars No 8 and 10 in the top flange of the 
bridge betM'een May 19 1998 and Januaiy 27, 1999. 
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Bar force. July 15-31 1998 
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Figure 13. Variation of steel bar force in steel bars No 8 and 10. (top) July 
15-31, (middle) October 15-31, (bottom) Januaiy 1-20. 
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3.4 Support displacement 

The free-support displacement is recorded by two displacement transducers located on oppo
site sides on the outermost beams of the box-section, and in level with the bottom flange ac
cording to Figure 6. The set-up for gauge No 2 was accidentally disturbed in the middle of 
August, which restricted the mechanical performance of the gauge. Accordingly, the record
ings of gauge No 2 after August 16 are therefore disregarded. 

It is evident from the monitoring that changes in wood temperature clearly are reflected in the 
variation of the support displacement. Peaks and valleys on the temperature curve conform 
well to variations in the displacement curve, without any apparent time delay. In the short 
tenu, there seems to be a direct proportionality between wood temperature and support dis
placement. However, on a longer time base, for instant when considering seasonal changes, 
the relation is non-linear, probably due to alterations in the moisture content. 

One observes roughly that the bridge elongates during the summer and contracts during the 
winter, see Figure 14. There are small longitudinal movements in the bridge during the sum
mer and autumn seasons. The variation is within 0-1 mm between May and the end of Octo
ber, except for a two-week period of colder weather around May-June. From November to 
January the displacement variations become larger. The temperature dependence during this 
period is more pronounced than earlier. It appears that the temperature dependence amplifies 
when the wood temperature goes below freezing point. However, i f this behaviour is struc
tural, or partly effected by the temperature sensitivity of the measuring device or some other 
parameter, is not understood at the moment. 

A closer look at the displacement recordings in Figure 15 actually reveals that the support 
displacement responds better to changes in ambient temperature (no time delay) than to the in-
situ wood temperature (time delay). The shape of the displacement curve also conforms better 
with the ambient temperature curve for July and October, but not for January where the inte
rior wood temperature curve gives a better correspondence. This response seems to be related 
both to the location" of the measuring devices and to the absolute air temperature. The warmer 
the weather, the better the correspondence between support displacement and air/surface tem
perature. 

' The displacement transducers are mounted on the surface on the outermost beams while the wood temperature 
gauge is placed in the bottom flange, at mid-height and 400 mm from the side surface (in-situ temperature). 

13 



Support displacement 

2,00 

1 00 i 

v» 

I -1,00 

E -2.00 

•2 -3,00 

-4,00 

-5,00 h 

-6,00 

— Support displ No 1 (mml 

Ambient Temperature [C] 

Support displ No 2 |mm' 

Bottom flange Temperature (C) 

^5 0 

i 20,0 

19-5- 3-6-98 18-6- 3-7-S 
98 98 

18-7- 2-8-98 17-8- 1-9-98 16-9- 1-10- 16-10-31-10- 15-11-30-11- 15-12-30-12- 14-1-
98 98 98 98 98 98 98 98 98 98 99 

Figure 14. The complete recordings of the free-support displacement variation of 
the bridge betw een May 19, 1998 and January 27, 1999. 
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Support displacement. July 15-31 1998 
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4 Evaluation of structural characteristics 
The field results present opportunities to calculate structural characteristics and compare with 
material properties detemiined in lab tests. Parameters of special interest are the thermal ex
pansion-contraction coefficient perpendicular and parallel to grain, OCG.QO and Oco respectively, 
and the moisture expansion-contraction coefficient perpendicular to grain, pG .90, of the glulam 
members. 

4.1 The structural thermal expansion-contraction coefficient 
perpendicular to grain 

Consider a post-stressed glulam member as shown in Figure 16. Initially, the member is com
pressed by tensioning the steel bars. The initial internal forces are qualitatively Fs,o and Few 
for the steel bar and the glulam, respectively, see Figure 16(b). If the wood temperature T 
and/or the moisture content m change, internal force redistribution occurs due to induced tem-
perature"̂  and moisture stresses. This is illustrated in Figure (c), free thermal expansion, and 
(d), displacement continuity. Due to the continuity condition, additional forces evolve in order 
to satisfy the condition of equal displacement. 

_ 
(a) post-stressed glulam 

G.90.0 

Fs.o 

G.90.0 

S.O 
(b) initial force equilibrium 

(c) free thermal expansion 

A F G.90 

AFc 
(d) reslored force equilibnmn 
due to displaccnicnl continuity 

Figure 16. A post-stressed glulam member subjected to thermal expansion. 

a consequence of different thermal expansion coefficients for the gkilam aud the steel. 
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The new state of equilibrium is solved by the basic relationships of solid mechanics, as fol
lows: 

Force equilibrium: 

Deformation condition: 

(la) 

(lb) 

(2) 

Constitutive relationships: A P = 
A<7, G ,90 c-,)oAm 

G.90 
A<7, 

Ae, = — ^ - + a,AT 

(3a) 

(3b) 

Resubstituting Eq. (3) in (2), and (2) in (1) gives 

Aa. 
. 4 

4 ; + 4 +^.9o4,[k -Ob.9o)^-A7.90^ = 0 (4) 

Eq. (4) is the stress equilibrium for the structural system. From this relation, the equations of 
practical use are extracted as 

Stress change in the steel bar: 

Stress change in the glulam 
plate, Eq. (lb): 

Thermal expansion-contraction 
coefficient for the glulam plate 
perpendicular to grain: 

Moisture expansion-contraction 
coefficient for the glulam plate 
perpendicular to grain: 

A C T , = 
(«G-.9o -cCs)^T + P^^^Am 

A 
^G.90 ^G 

A c T o - . 9 « = —ACT. 
-I 

AT 
ACT, 

1 A. 
— + — 
E F A 

^ G.90-^6" 

(3) 

- / ^G.90AW 

Pc,90 ~ Am 
AG^ — + 

E. E 
A. 

A 
G.90G 

'{(^G.90-GCs)^T 

(6) 

(7) 

(8) 

The estimation of the thermal expansion-contraction coefficient perpendicular to grain, for the 
top flange and steel bar No 10, is done according to the following preconditions: 
• The temperature gradient across the glulam flange is assumed to be linear or zero. 
• No change in the moisture content occurs, i. e. Am = 0 . 
• The relaxation of the steel bar and the creep in the glulam flange are neglected due to 

short term conditions. 
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Due to uncertainty about the temperature distribution through the flange, the temperature dif
ference AT, is estimated in two ways; the flange temperature difference ATa, (constant distri
bution, no gradient) and the average of the ambient and void temperature difference AT,„„h.vou/ 
(linear gradient), see Table 2. 

The calculations arc done using Eq (7). The material properties used as input are shown in 
Table 1, and the change in steel bar force is extracted from Figure 12 and 13. The result is 
presented in Table 2. 

Table /. The material properties used for calculating the structural thermal e.xpansion-
(oil tract ion coefficient. 

Material properties Glulam Steel bar 

Youngs modulus E (MPa) 

Cross-section area A (mm") 

Themial expansion-contraction coefficient a (C"') 

450.0 

193 500 
(215x900) 

205.0E3 

452.4 
((j) = 24 mm) 

12.0E-6 

Table 2. The thermal expansion-contraction coefficient perpendicular to grain, for the upper flange 
Date Type of 

change 
ACT; ' Type of 

change (C) (C) (kN) (MPa) ( C ' ) 
Eq.(7) 

19 Oct Cooling -3.4 -3.05 -6.74 32.0E-6 
-2.9 -3.05 -6.74 35.4E-6 

20-22 Oct Warming 10.5 7.38 16.31 27.6E-6 
9.65 7.38 16.31 29.0E-6 

5-7 Nov Cooling -7.3 6.8 15.03 32.7E-6 
-7.15 6.8 15.03 33.2E-6 

7-11 Nov Warming 7.6 6.8 15.03 31.9E-6 
7.15 6.8 15.03 33.2E-6 

4-10 Jan Cooling -16.6 -18.4 -40.7 36.7E-6 
-17.7 -18.4 -40.7 35.2E-6 

10-20 Jan Warming 18.4 19.7 43.5 35.8E-6 
21.0 19.7 43.5 32.9E-6 

Average( AT^^) 32.8E-6 

Average(A7;„,„,,,„J 33.2 E-6 

^ Steel bar No 10 in the top flange. 

The average is oto.w = 33E-6. This value agrees quite well with values reported in literature, 
for example 34.1 E-6 for Picea Abies/Whitewwod, Dinw oodie (1981) p. 49. 
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4.2 The structural thermal expansion-contraction coefficient parallel to grain 

The longitudinal thermal expansion-contraction coefficient, O G . O , of the glulam superstructure 
is a structural characteristic. The estimation of ot<i.() is performed under the assumption that 
there is no moisture change in the glulam and that the fixed support really is fixed. Displace
ment gauge No 1 is used to calculate the temperature induced displacement parallel to grain. 

Consider Figure 16c, which depicts a wood member subjected to free thermal expansion. The 
induced temperature displacement parallel to grain for the bridge according to linear theory 
(small defomiations) is given by Eq. (9), the minus sign is due to the measuring set-up which 
gives negative signals for thermal expansion and vice versa. The second term on the left-hand 
side compensates for the temperature dependence of the steel rod. which relates the bridge 
displacement to the concrete abutment (the reference point), see Figure 6. 

(9) 

Oic.n is the thermal expansion-contraction coefficient parallel to grain for ihc 
glulam superstructure, ATc is the temperature difference in the glulam bottom 
flange, LD is the initial length of the bridge, a.s is the thermal expansion-
contraction coefficient for the steel rod, ATamh is the ambient temperature dif
ference and 1(1 is the initial length of the steel rod. 

The displacements presented in Figure 14 and 15 are compensated according to Eq. (9). With 
the displacements and the corresponding temperature change from Figure 8, an estimate of 
OGJI can be obtained according to Eq. (10). The result is presented in Table 3. 

« G . 0 = A7Z„ 
(10) 

where: Lo = 20.5 m, the length of the bridge. 
/o = 810 mm, the length of the steel rod. 

Table 3. The thermal expansion-contraction coefficient parallel to grain. 
Date Type of AT;, AS 

temperature (C) (mm) 
change 

(C) 
Eq.(lO) 

20 July Increase 4.1 0.54 6.4E-6 
24 July Decrease -2.3 -0.48 10.2E-6 
25 July Increase 2.6 0.54 IO.IE-6 

25-26 July Decrease -1.9 -0.45 11.4E-6 
26 July Increase 3.0 0.50 8.2E-6 

20-22 Oct Increase 7.7 0.27 I.7E-6 
22-24 Oct Decrease -3.4 -0.19 2.8E-6 

5-11 Jan Decrease -15.1 -3.42 l l . l E - 6 
4-10 Jan Increase 17.9 2.92 7.9E-6 

Average 7.8E-6 
Average(October excluded) 9.3E-6 
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The average is greater than what is referred to in literature, for example: 

act) = 5.41E-6 for Picea Abies (Whitewood), Dinwoodie 1981 p 49. 
3.4E-6 in general, Saarman 1992, p 84. 

However, the variation is quite large. Especially low are the values obtained for October, the 
reason for that is unknown. It can also be noted that the value for a teinperature increase is 
consistently smaller than for a temperature decrease for subsequent events. 

When studying the time response of the displacement and flange temperature due to a change 
of ambient temperature. Figure 14 and 15 reveal that the displacement gauge reacts faster than 
the core flange temperature. This indicates that the temperature distribution within the stmc-
tural members is nonlinear. Hence, the core temperature change, ATc, is questionable as input 
for calculating temperature induced dimensional changes. 

It should be re-emphasised that the longimdinal thermal expansion-contraction coefficient for 
the superstructure is a structural characteristic and not a material property. Considering the 
uncertainties and difficulties associated with field measurements (the assumption of localised 
small displacements between the abutment and the free support, the distribution and variation 
of temperature and moisture within the superstructure, the accuracy and stability of the meas
uring devices, the mechanical rigidity of the measuring set-up, the influence of boundary con
ditions etc.), the obtained result is not unrealistic. For instance, from the beginning of June 
1998 and onwards, the bottom flange attained a higher RH value than the top flange, as af
firmed by Figure 10. Thus, the bottom part swells slightly more than the top, causing the su
perstructure to slightly bend. This moisture induced movement is included in the displacement 
readings from which a^o is estimated. 

4.3 The moisture content in the flange core of the glulam superstructure 

An expression for the equilibrium moisture content, nieq, as a function of temperature and 
relative air humidity (RH) is given in Wood Handbook 1987 p. 3-9. The formula is 

1800 
W 

KH KXH ^2K,KX-H' 

\-KH 1 + KXH + K,K.K~H-
(11) 

where: W 
K 

and: 
Kj 
T 
H 
m eq 

330+ 0.452T+ 0.00415 f 
0.791 + 0.000463T-
0.000000844 f 
6.34 + 0.000775T-0.0000935 f 
1.09 + 0.0284T-0.0000904 f 
temperature (°F) 
relative humidity (fraction) 
equilibrium moisture content (%) 

Eq. (11) may be used for practical purposes and is said to be applicable to any species. A 
comparison to calculated relations between equilibrium moisture content, relative humidity 
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and temperature (see Esping 1992, p 61-71), shows that Eq. (11) differs within -0.2 to +0.5% 
in the range -10..+20°C and 20..90% RH. 

The equilibrium moisture content, meq, in the top and bottom flanges of the superstructure, 
calculated according to Eq. (11), is shown in Figure 17 together with con-esponding RH-
curves. The moisture content decreases from a value around 11.5% at May 19, to approxi
mately 9.5 ± 0.5 in the winter, except for a dip down to 8-8.5% in the beginning of January. 
The significant dips in November to January are caused by larger changes in the outdoor tem
perature, see Figure 8, which in turn affects RH and thus m. 

It must be stated that the application of Eq. (11) in this case is doubtful. The measured values 
of temperature and RH in the drill-hole provides not the true equilibrium moisture content, but 
is more a reflection of the microclimate around the sensor head than a true representation of 
the prevailing in-situ condition. The disturbance, which a drill-hole is (although sealed), cre
ates an artificial micro-climate system incorporating the small locked air volume and the hole 
contour, including the surrounding wood, lets say, some tenth of a millimetre from the wall of 
the contour. The presence of air and free wood surface improve the response time of RH, 
which is obvious from Figure 11, thus making the system more sensitive to ambient climate 
changes. 

hi spite of the imposed limitations, the microclimate system is closed, implying that the RH 
and thus the calculated equilibrium MC, could be able to reflect the long-tenn changes of the 
in-situ moisture content. This is the motive for presenting Figure 17. 

4.4 The structural moisture expansion-contraction coefficient 
perpendicular to grain 

An estimate of pG.9o is made according to Eq. (8). The calculation is done for the period 3 July 
to 16 Oct, 1998. The input is 

Am = -1.3% From Figure 17. 
AGs = -55.0 MPa Calculated from the bar force (No 10) in Figure 12. 
AT = -18.0 °C From Figure 8. 
CCs = 12.0-10"''°C-' From Table 1 
Es = 205 GPa 
OCG.90 = 33.010"^ ° C ' From Table 2. 
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Moisture content in the top and bottom flange 

12,00 

11,00 

10,00 

9.00 

8,00 

7,00 

6,00 

5,00 

4,00 

3.00 
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RH in bottom flange [%] RH in top flange [%] 

20 
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98 98 98 98 98 98 

Date 

Figure 17. The equilibrium moisture content for the top and bottom flanges of the super
structure of the Lushäcken bridge, calculated according to Eq. (11). 

The structural moisture expansion-contraction coefficient becomes 

r2(-55j))^^l2 .0-33.0).10-"(-18.0) 
- 1 . 3 1 0 - 205 10 

0.012 

Corresponding material property is normally not found explicitly in literature, but can be cal
culated. Saarman 1992 p. 78, presents shrinkage values for European Whitewood, from green 
to absolutely dry state {m = 0%), which in the transverse directions are 7.8% (tangential) and 
3.6% (radial), respectively. The material moisture expansion-contraction coefficient, /3, is then 
with a fibre saturation point of 28%, approximately 

7 8 
B, = ^— = 0.279 , tangential direction 

28 

B = = 0.129 , radial direction 
28 

As seen, the stmctural value is only about a tenth of the lower limit of the material value. 
However, f3 depends on the RH level and whether it is absorption or desorption. Moreover, 
some of the input data are uncertain, especially the changes in moisture content Am and the 
change in temperature AT. The boundary condition is also likely to influence the result. 

22 



5 Conclusion 
The field results and the evaluation provide the following conclusions for the box-beam su
perstructure: 

General 
The in-situ wood temperature has during the monitored period not reached harmfully high 
levels, why it should not pose any problems regarding the long-temi load-bearing capacity of 
the structure. The absolute values and the variations in the flanges are generally less than the 
ambient temperature level and variation. An exception is the upper part of the top flange, 
which during summer time and warm days may exceed the ambient temperature. But the time 
duration and the temperature level is not of the order that it cause any hann. 

The RH in the core of the flanges has slowly decreased during the monitored period, which 
indicates there is an active, although slow, drying-out process taking part. However, moisture 
flow in wood is a very slow process, why the field measurements have to be continued over 
several years in order for one to be able to draw reliable conclusions. 

Practical 
• The variation of the longitudinal free-support displacement shows a span of about 5 mm 

during the measuring period, from May 19 1998 to January 27, 1999. Therefore, with re
gard to equipment, displacement transducers with measuring range of about ±6 mm are 
needed for a single span bridge of about 20 m in length. The measuring device should be 
temperature insensible and be able to operate in a temperature range of-30..+30 ^C (Nor
dic climate). Likewise applies for the displacement transfer rod. 

• The structural thennal expansion-contraction coefficient perpendicular to grain, 00,90, is 
calculated from the measurements to be 33E-6 °C'' . This is in surprisingly good agreement 
with the corresponding material property found in literature. 

• The structural thermal expansion-contraction coefficient parallel to grain, OCG.O , is calcu
lated from the measurements to be 9E-6 °C'' . This is about twice the value found in lit
erature. Considering the many variables involved and their uncertainties (small displace
ments, the temperature and moisture distribution and variation, the mechanical rigidity of 
the test set-up etc.) the agreement is acceptable. 

• The structural moisture expansion-contraction coefficient perpendicular to grain, PG.9O, is 
calculated but the obtained value is not reliable, mainly due to uncertainties regarding the 
tme change of MC and the temperature in the superstructure. 
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