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The experimental procedure and first results from long term moisture content (MC) 
measurement inside block-glued-laminated timber elements of a traffic bridge are presented. 
Block-glued-laminated elements are often used in bridges with restricted construction height, 
although little information is available on the changes of MC in different cross section depths of 
the elements and the resulting dimensional changes and moisture induced internal stresses. This 
is in contrast to the fact that expected dimensional changes often restrict the use of timber in the 
use of traffic bridges.  

MC at different locations of the structure as well as different depths inside the individual 
members for a newly constructed traffic bridge is measured. Additionally, climate variables are 
recorded and related to the MC measurements. The case study demonstrates the importance of 
applying innovative concepts in the long-term monitoring of timber bridges and provides 
valuable information on moisture measurement systems. The expected results will provide data 
for an upcoming modeling, which can contribute to further development of design standards. 

 

 

1 INTRODUCTION 

1.1 Timber as construction material for bridges 

Timber has been a structural material for centuries; exploiting its high ratio of bending strength 
to weight. Bridges in Mesopotamia dating back as far as 3000 BC illustrate that timber was used 
already at that time in the construction of big structures using simple tools and assembly 
methods (Gerold 2002). Numerous examples throughout the world demonstrate the durability of 
timber; if treated adequately, timber has a long service life, as can be seen in bridges and multi-
storey framework buildings that are over 400 years old. The development of new gluing and 
connecting techniques, the ability to analyze the dynamic load resistance of parts and connectors 
and intelligent monitoring methods have opened up new possibilities for timber structures. In 
recent years, timber as a natural and reusable resource has gained importance; the little energy 
required for production, the modification and dismantling possibilities and the low maintenance 
costs especially of roofed bridges act in favor of timber as a building material.  

Since timber is biodegradable, damage attributed to bio-deterioration decreases the capacity of 
structural members; thus it is recommended for timber bridges that inspections are carried out at 
regular intervals to determine the condition of the structure (Wilkinson et al. 2005). Methods for 
assessing the condition of timber can be non-destructive, semi-destructive and destructive. Non-
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destructive techniques are useful for rapid screening for potential problem areas. For strength 
prediction, however, a major drawback is the relatively poor correlation between the measured 
nondestructive quantity and material strength. Semi-destructive techniques require the 
extraction of small specimen for subsequent testing; they preserve the integrity of the structure 
and bridge the gap between non-destructive and destructive methods (Kasal and Anthony 2004). 
The knowledge of the integrity of in-service structures on a continuous time basis is an 
important aspect that can be implemented using modern monitoring techniques to assess the 
condition over time. In recent years, fiber optic sensors wireless sensor networks are emerging 
in the structural engineering field; they became inexpensive and can play a role in the 
processing of structural response data to screen for signs of structural damage (Lynch and Loh 
2006; Tennyson et al. 2001; Ko and Ni 2005). 

1.2 Block-glued-laminated elements  

Laminated timber elements of diverse systems and with innovative connections form an integral 
part of modern timber structures; such high-tech structures are an important design feature and 
improve the image of timber as a competitive option to other building materials. Amongst other 
factors, the evolution of gluing techniques made the construction and design of attractive timber 
bridges possible. In wide-span timber bridges, block glued laminated timber elements are often 
used due to their relatively low overall height. The first documented application of block glued 
elements in a timber bridge was built in 1990 in Reichenbach, Germany. It consisted of girders, 
curved in two planes, with an overall length of 204 m (Gerold 2002). The production of block 
glued sections requires a high degree of workmanship and specially adapted glues. Dimensional 
accuracy of the wood surfaces in the area of the glued joint plays a crucial role and gap-filling 
glues must be used. After more than a decade of research, German design codes allow the use of 
glues which are based on epoxy resin and polyurethane.   

1.3 Moisture content and shrinkage behavior of wood  

Wood exchanges moisture with the surrounding air; the rate of this exchange depends on the 
relative humidity and temperature of the air and the current wood moisture content (MC). 
Moisture exists in wood as free water, water vapor and bound water. Conceptually, the MC at 
which only the cell walls are completely saturated is called the fiber saturation point, which 
averages approximately 30% across species. Below that MC, the physical and mechanical 
properties of wood change as a function of MC which in turn is a function of relative humidity 
and temperature of the surrounding air. Equilibrium moisture content (EMC) is defined as that 
MC at which the wood is neither gaining nor losing moisture.  

To determine the MC of wood, the electrical and the oven-drying method are commonly used. 
The principal advantages of the electrical method are speed and convenience: only a little time 
is required and the tested piece is not damaged, except for driving electrode needle points into 
the wood when using conductance-type meters. Thus, the electrical method can be applied for 
timber installed in a structure. For conductance meters, needle electrodes, either insulated or un-
insulated, are driven into the wood. Un-insulated electrodes will sense the highest MC along 
their length, therefore moisture gradients between the surface and the interior can lead to 
confusion. To guard against this problem, electrodes with insulated shanks can be used that 
measure MC only at the tips of the electrodes. When the meter is properly used, the average MC 
from the corrected meter readings should be within 1% of the true average for values below 30 
(Simpson 1999). Said (2007) reviewed the methods and performances of MC measurement in 
building envelopes with a focus on continuous monitoring applications and concluded that 
resistance-based methods are most suitable for continuous monitoring applications as they can 
be readily connected to a data logging system. 
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Timber in service is exposed to both long-term (seasonal) and short-term (daily) changes in 
relative humidity and temperature of the surrounding air, thus, timber is always undergoing at 
least slight changes in MC. These changes are usually gradual, and short-term fluctuations tend 
to influence only the surface. MC changes can be retarded, but not prevented, by protective 
coatings of various kinds. Below the fiber saturation point, wood changes dimension as it gains 
or loses moisture: it shrinks when losing moisture and swells when gaining moisture. Alike its 
characteristic regarding mechanical properties, timber is an anisotropic material with respect to 
shrinkage. It shrinks most in the direction of the annual growth rings, about half as much across 
the rings, and only slightly along the grain (Simpson and TenWolde 1999). 

The load-bearing capacity of timber elements and systems is affected by MC changes. Jönsson 
and Thelandersson (2003) studied the tension perpendicular to grain strength in glulam sections 
where internal moisture induced stresses are present and revealed that such stresses affect the 
tension capacity both in a positive and a negative way compared to specimen free from moisture 
gradients. The capacity is increased during drying whereas it is reduced during moistening. The 
capacity during moistening was only 50% of that observed during drying, a behaviour that was 
explained by the combination of initial moisture induced stresses and stresses from external 
loading. A similar tendency was observed for specimens exposed to cyclic climate changes. 
Haglund (2008) presented effects of indoor moisture diffusion in timber elements and showed 
that the stress variability was larger near the surface compared to the middle of a cross-section. 
No major differences were noticed between different climatic locations, but the induced stresses 
reached levels above the characteristic strength in tension perpendicular to grain.  

1.4 Moisture content changes in block-glued-laminated elements 

Ideally, solid timbers should be dried to the average moisture content they are expected to reach 
in service. Obtaining this optimum is possible with dimensional lumber, however, some 
shrinkage of the assembly has to be expected when thick solid members are used (Simpson 
1999). The MC of the timber cross sections is approximately 10% at the time of production. 
Since bridges are subject to external climate with all weather influences, it comes to a gradual 
increase to values of approximately 15-20%. Especially the end grain of timbers bearings are 
experiencing MC changes because they are directly subjected to climatic influences. Therefore, 
substantial changes in MC and thus dimensional changes of the cross section to be assumed. In 
consequence, building authorities expressed their concerns about possible long term damages 
when using block glued timber elements.  

Presently, there is no reported scientific information available on the long-term moisture 
behaviour and resulting moisture induced stresses of block glued elements, leaving the room 
open for assumptions based on the extrapolation of available data for smaller elements. Due to 
the large cross-sectional dimensions, it may be assumed that the individual laminated elements 
will reach their EMC at different times. These differences in MC will result in different 
dimensional changes along the length and across the section, leading to moisture induced 
stresses that will occur and negatively impact the load bearing capacity of the structure. 

The currently unanswered questions that led to the presented case study are:  
i) which  EMC is reached after what period of time in block glued timber elements,  
ii) what are the differences in MC changes along the length and across the section,  
iii) which dimensional changes are caused by these changes in MC,  
iv) which internal stresses are caused by these MC changes, and, 
v) do these moisture induced stresses impact the serviceability of timber bridges?  
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2 CASE STUDY 

2.1 Traffic bridge Horen 

In summer 2008, a newly built traffic bridge at Horen used block glued laminated timber 
elements (GL 24 according to EC5) for the main load bearing components; the bridge is 
illustrated in Figure 1. The bridge was designed by the Swiss Engineering company Makiol & 
Wiederkehr for a traffic load of 30 tons. The cross section of the main beams at mid span is 
1680 x 1100mm; other dimensions can be obtained from Figure 2.  

 

Figure 1. Bridge at Horen build from block glued laminated timber elements (© Makiol & Wiederkehr). 

2.2 Long term moisture measurement 

The bridge was instrumented with electrical MC measurement equipment using electrodes with 
insulated shanks. A total of ten measuring points was selected, see Figure 2. The influences of 
the position along the beam (midspan –M and at the end –E), the depth inside the beam (outside 
–O and inside –I) as well as the height inside the cross section (1–5) were investigated. The 
labeling, e.g. E_O_1 represents a measuring point at the beam outside at the bottom fifth of the 
height. Figure 3 shows the installed measurement equipment.  

 

Figure 2. MC measurement points in structure (© Makiol & Wiederkehr).  
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Figure 3. MC measurement equipment in block laminated timber elements (© Makiol & Wiederkehr). 

2.3 Results of long term MC measurements 

The MC was recorded at the time of assembly (17.04.08) and then after approximately 40, 80, 
120, 240 and 380 days of service. Additionally, the climatic data was recorded and the MC 
close to the surface was determined with manual measurement equipment. Table 1 and Figure 4 
summarize the main results. 

10

15

20

25
E_O_1
E_O_2
E_O_3
E_O_4
E_O_5

10

15

20

25
E_I_1
E_I_2
E_I_3
E_I_4
E_I_5

 

10

15

20

25

17.04.08 18.07.08 18.10.08 18.01.09 20.04.09

M_O_1
M_O_2
M_O_3
M_O_4
M_O_5

10

15

20

25

17.04.08 18.07.08 18.10.08 18.01.09 20.04.09

M_I_1
M_I_2
M_I_3
M_I_4
M_I_5

 

Figure 4. Results of long term MC measurements. 



4th International Conference on Structural Health Monitoring of Intelligent Infrastructure (SHMII-4) 2009 

22-24 July 2009, Zurich, Switzerland 

 

 

 6

Table 1. Results of long term MC measurements 

Date 17.04.08 28.05.08 09.07.08 15.08.08 11.12.08 06.05.09 
Weather  heavy rain hot/dry sunny/warm cold/wet varying 
Surface 9.5-11.5 12-14 12-14.5 13-14.5 17-18.5 14-15.5 
E_O_1 10.4 12.1 13.1 12.9 13.1 13.7 
E_O_2 10.1 11.3 12.4 13.0 12.5 13.8 
E_O_3 11.8 22.4 17.2 16.8 15.9 15.7 
E_O_4 10.2 11.7 12.4 13.1 12.6 12.7 
E_O_5 11.8 13.0 19.4 18.2 17.9 17.4 
E_I_1 10.3 19.3 16.8 16.1 16.5 15.2 
E_I_2 11.8 22.5 17.2 16.9 16.4 15.6 
E_I_3 13.0 17.1 16.4 16.3 16.2 14.5 
E_I_4 10.5 27.3 19.5 18.3 17.7 16.5 
E_I_5 10.7 25.0 18.5 18.5 19.4 16.2 
M_O_1 11.0 12.2 12.1 12.2 13.0 16.8 
M_O_2 11.5 11.7 11.9 12.1 12.3 11.8 
M_O_3 11.3 12.7 11.8 12.0 11.9 12.2 
M_O_4 11.7 13.0 11.8 12.1 11.8 11.3 
M_O_5 10.5 20.0 15.3 14.9 15.8 15.5 
M_I_1 11.1 11.9 12.7 12.5 19.3 13.8 
M_I_2 13.1 12.7 12.9 13.5 15.8 12.2 
M_I_3 11.2 11.0 11.8 11.5 11.2 10.8 
M_I_4 11.5 11.4 11.7 12.1 17.6 11.9 
M_I_5 10.6 11.0 11.4 11.5 14.0 13.2 

 

The results clearly show a steep increase in MC from the time of assembly to the time after 40 
days in service. The increases were caused by heavy rain in the preceding weeks. The highest 
values (20–30%) were obtained at the midsection of the end parts. The measurements at the 
surface showed a MC of approximately 13%, this indicated that a drying process already 
happened at the time of measurement. The difference between values at the outside to values at 
the inside supports this hypothesis. 

Following these initial changes in MC, a certain leveling was observed afterwards. Almost 
independently from the climate, an EMC of approximately 18% was reached in the inner section 
of the end parts. These values seem almost independent of the height within the cross section. In 
contrast to that finding, the MC varies considerably across the height when the outer sections 
are considered – for both mid span and end parts of the beams. MC is highest for heights close 
to the bottom and the top of the beam; while differences between top and bottom are less severe.  

Another interesting finding is that the largest increases in MC during the wet and cold period in 
fall occurred in the bottom parts of the inner section at mid span. A possible explanation is the 
moisture absorption due to vapor created by traffic combined with less exposure to sun. 
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3 CONCLUSIONS AND OUTLOOK 

The case-study presented herein provides first data on the changes of MC in different cross 
sections of block-glued laminated timber elements. Manually recorded MC measurements are 
related to climatic variables like air temperature, humidity as well as exposure to sunlight and 
rain. Different MC are observed depending on the cross sectional depth and height as well as 
position along the beam. MC measurements will be combined with measurements of 
dimensional changes of a further bridge. Remote recording at certain intervals and stand-by in 
between these intervals will be applied. If not restricted by the large cross section, the observed 
MC changes would lead to significant dimensional changes and differences in such dimensional 
changes within the cross section. In the given elements, the observed MC changes create 
moisture induced stresses with currently unknown effect on strength and durability.  

A research project, submitted at the Bern University of Applied Sciences will study the 
influence of moisture induced stresses on the long term performance of block glued elements. 
Non destructive tests on site, non destructive laboratory tests on elements subjected to climatic 
changes and destructive laboratory tests will be carried out. Monitoring the long-term behaviour 
of timber bridges, damage might be recognized at an early stage and unnecessary 
decommissions of timber bridges can be avoided. To improve the assessment of in situ timber 
members, more research is required to accurately quantify MC changes, moisture induced 
stresses, as well as their impact on the strength. The progress in sensing technologies, material 
characterization and data processing techniques have resulted in a significant interest in 
diagnostic tools to monitor structural integrity. The ongoing research at the Bern University of 
Applied Sciences strives to contribute to a broader and safer use of new technologies using 
timber for infrastructure projects. 
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