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Abstract 

 
This project investigates the instrumentation of timber bridges to facilitate inspection. With 
the increasing number of piles that are suspected to be displacing vertically, the need to 
accurately measure vibration in there structures has arisen. The proporsed approach is 
based on the hypothesis that the structural health of the bridge is linked to the change in 
natural frequencies. A change in the natural frequency can be attributed to the change in 
the pile stiffness or its degradation. This vibration-based method is to determine if the 
accelerometer could indeed aid in monitoring and identifying if the piles are displacing 
vertically or simply vibrating, which can save time and resources on repeatedly 
investigating the suspected pile., This non-intrusive solution can  decrease the likelihood 
of replacing a good pile.  

 

1. Introduction 
 
Timber bridges have been in use in Western Australia for  over a hundred years. Timber is a 
material desirable for bridge construction, due to its high strength capacity, lightweight and  
energy absorption (Ritter, 1990). Given that timber is a biodegradable material, constant 
monitoring in bridges is necessary (Altunişik et al., 2020; Björngrim et al., 2016). 
 
Lately, it has been reported by bridge inspectors that there has been excessive movements in 
timber piles under traffic loads. The piles were reported to be “pumping,” displacing vertically 
as heavy vehicles pass over the bridge. The movement observed in the timber piles has been 
assumed to be linked to the deterioration along the timber piles. Commonly observed and 
assumed possible deterioration (as seen on Figure 1) that has caused the pumping are to be 
observed on the experimental set-up of this project.  
 
The current approach  used by Main Roads WA to assess pile movements is deemed subjective. 
Therefore, the risk of misinterpreting a pile as pumping is high, which can cause the increased 
likelihood of replacing good piles. 
 
It has been determined that the pressence of damage or deterioration due to age of the structure 
can cause changes in the natural frequencies of the structure (Salawu, 1997). Older timber piles 
that have already been deteriorating posing a risk on the overall strength of the bridge 
(Andrawes & Caiza, 2012). Damage on structures can manifest itself as a stiffness reduction 
and changes in intrinsic characteristics, such as natural frequencies (He & Zhu, 2011). 
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Figure 1  Deterioration of timber piles: (1) Rot on a driven pile; (2) Rust on the 

bolts on a splice joint and; (3) soil underneath the bedlog getting washed 
away 

 
The overall contribution of this project is in developing a cost-effective way to monitor pile 
vibration on a timber bridge to determine whether the vibration response or natural frequency 
 

1. Measured is indicative of timber deterioration; 
2. Detected can be used for bridge inspection in practice.  

 
Structural health monitoring of bridges to detect damage or inevitable degradation can allow 
the shift from schedule-based to condition-based maintenance strategies which is economically 
beneficial for the client (Carden & Brownjohn, 2008; Jojok et al, 2016; Mazurek & DeWolf, 
1990).  With an instrument that can remove the need for extra monitoring of timber piles, time 
and resources currently needed to further investigate suspected piles can be saved. The risk on 
safety is lessened due to less time spent driving on-site, as well as, less risk on inspecting 
underwater, and less personal risk to the inspection team itself. The new procedure can lessen 
the likelihood of replacing a good pile due to misinterpretation. Structural health monitroing 
can minimise the need to close bridges for repairs of retrofitting due to the late detection of 
possible defects on the pile (Feltrin et al., 2013).  
 

2. Materials and Methods 
 

2.1 Analytical Solution 
The natural frequencies of vibration can be calculated analytically to compare their values to 
those obtained numerically using the finite element method or experimentally using 
accelerometers. 
The fundamental (smallest) natural circular frequency in the transverse direction reads,  
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And its counterpart in axial direction is, 
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expressed in rad/s. Both equations can be divided by 2π to obtain the natural frequency 
expressed in Hz. From these equations, the natural frequencies obtained for the transverse and 
axial direction are 7.8286 Hz and 230.0678 Hz, respectively.   
 
 

(1) 
(2) 

(3) 
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2.2 Modelling and Analysis  
 
The timber pile is modelled as a cantilever beam using the software Ansys 2019 R3. A three 
dimensional model of the timber sample is constructed with the same material properties 
(density and Young’s Modulus) as the sample. The 3D geometry was selected to take into 
account complex alterations such as grooves and/or damaged zones. The modelling process of 
the timber sample consisted of meshing the geometry, applying the boundary conditions, and 
analysing the resutls. The boundary conditions (as seen on Figure 2) applied to the 3D model 
are a fixed support on the bottom of the beam and free end on the top. The structure is subjected 
to the standard earth gravity applied in the y-direction. The results of the modal analysis will 
then be verified with analytical equations from the relevant literature. The cantilever beam was 
chosen to model the simplest configuration and analyse it to find the expected frequencies 
measured in the laboratory or on-site.  
 

 
Figure 2  Boundary conditions applied to the 3D model of the timber sample 

 

2.3 Laboratory Testing 
 
The beam was fixed to the strong floor to simulate its service conditions. A load cell was placed 
to measure the load applied axially. The triaxial accelerometer was deployed to measure the 
vibrations of the beam. A hammer was used to manually apply the load axially and mimic the 
effect of traffic.  
Four beams were considered (see Figure 3 for experimental set-up): 

1. Simple cantilever beam – to simulate a pile that is completely fixed with no damage 
2. Beam with grooves – to simulate the rotting on a driven pile 
3. Beam with bolt – to simulate a splice joint with a rusted bolt that may have fallen out 
4. Beam with a spring – to simulate the washing away of soil beneath the bedlog 

 
Figure 3  Beam Samples for Laboratory Testing: (1) Simple Cantilever Beam; (2) 

Beam with grooves; (3) Beam with Bolt and; (4) Beam with Spring 

(1) (2) (3) (4) 
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2.4 On – Site Testing 
 
Field testing on the bridge would be done on two piles, namely a control pile and a suspected 
pile. The two pile will be selected on the same lane so that both piles will carry the same load. 
The accelerometer will be placed on the midspan of the top of the pile close to where the water 
line is. The triaxial accelerometer will be bolted on the steel plate on the mounting rod (see 
Figure 4). With the accelerometer all set-up on both piles, the device can be turned on to start 
the measurement and will be left on the bridge for a few hours to a day in order to assess the 
reaction of the piles to the traffic load.  

 
Figure 4  Mounting rod design for the accelerometer 

 

3. Results and Discussion 
 

3.1 Finite Element Analysis 
 

Modal analysis is used to provide the natural frequencies at which a structure will resonate. The 
results were obtained after a convergence study. The model has the same dimensions as the 
timber sample, 79 mm in length, 79 mm in width, and 1500 mm in height. The measured 
material properties of the sample needed for the analysis are a density of 778.0543 kg/m3 and 
a Young’s Modulus of 1.4826 GPa. 
 

 
Figure 5  Modal analysis results: First Mode Shape and Eighth Mode Shape; 

Convergence Study 
From the modal analysis results, the eighth mode shape is the relevant result as it is the analysis 
for axial vibration on the model. The first mode shape is the transverse vibration of the model. 
As seen from Figure 4, the natural frequency that resonates axially is 230.08 Hz and for its 
transverse counterpart is 7.796 Hz.  
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3.2 Laboratory Testing 
 

Load was applied axially on the timber sample using a hammer. A software package was 
supplied with the triaxial accelerometer, it analyses the signal obtained from the experiment 
and uses Fast Fourier Transform (FFT) to graph the natural frequency measured. The results 
obtained from the laboratory testing can be seen in Table 1 and the FFT graph is shown in 
Figure 6. 
 
 Frequency (Hz) 

 Analytical Solution FEM Accelerometer 
Transverse 7.8286 7.796 6.64 
Axial (Beam only) 230.0678 230.08 216.8 
Axial (Beam with spring)   13.98 

 
Table 1  Natural frequencies obtained from the analytical solution, FEM, and 

laboratory testing 
 

 
Figure 6 Laboratory test results [Acceleration – Frequency (Logarithmic Scale) 

graph] 
 

4. Conclusions and Future Work 
 
The project investigated the behaviour of timber beams using theoretical and experimental 
techniques. On-site tests are still to be conducted, but the equations used in the analytical 
solution can be used to predict the possible natural frequency the control pile will have in the 
timber bridge. The results obtained from the lab-testing shows that the natural frequencies 
obtained from the beam (axially applied load) and beam (transversely applied load) correspond 
well with the natural frequencies obtained from both the finite element analysis and manual 
calculation. Comparing the frequency from the beam (axially applied load) and the beam with 
spring, it can be seen that there is a significant decrease of the frequency measured from the 
accelerometer. This supports the theory that damage on a pile or a stiffness reduction can cause 
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changes to the natural frequencies along the pile. The next phase of this project will further 
investigate testing other situations of deterioration along the pile in a lab set-up. Following this, 
the final stage would be testing the piles on the timber bridges picked by the client that has been 
reported with pumping piles.  
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