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Although a much smaller market than housing, 
there is a long history of building bridges in wood. 
For many years, short span bridges particularly 
for resource roads or roads to access recreational 
areas were built in timber or glued-laminated 
timber. While some of these bridges still exist 
today, many have been replaced with concrete or 
concrete-on-steel solutions. Along with this 
decline in new timber bridges is the loss of 
expertise in timber bridge design and 
construction, and the adoption of new timber 
construction technology. 

Timber Bridges and the Renaissance in Wood 
Construction 
Given the continuing efforts underway to develop the 
market for the use of mass timber in building construction 
(FPInnovations, 2014), restoring the use of timber in 
bridges can complement this effort and help to provide 
more opportunities for the developing mass timber supply 
chain. 

Path to Acceptance of Timber in Bridges 
The restoration and development of a competitive supply 
chain for timber bridges will be iterative with each step 
stressing economic sustainability and scalability, rather 
than technical superiority or manufacturing efficiency. 
Under this scenario, timber bridges will not likely be the 
sole market for supply chain participants. To assist potential 
suppliers to align their business to take advantage of timber 
bridge opportunities, standards will play a role in defining 
the minimum requirements for the product and services to 
flow along the supply chain (e.g., product specification) and 
allow multiple suppliers to compete. However, standards 
will need to recognize current capabilities and evolve as 
soon as suppliers can justify investments to improve 

manufacturing efficiencies. It is within this context that the 
programs covered by this InfoNote have been initiated. 

The “all-timber concept” bridge was commissioned by the 
BC Ministry of Forests, Lands, Natural Resource Operations 
and Rural Development in the spring of 2018 and 
completed in July 2019. The single lane 21-m long resource 
road bridge, designated K162, is designed for an L100 
loading and consists of five aramid fibre-reinforced glulam 
girders, a vertically laminated glulam deck, and a Test Level-
4 crash barrier. 

 

Figure 1. All-timber concept bridge (K162) near Sun Peaks, BC 
(construction completed in July 2019; photo taken October 2019). 

Although the use of fibre-reinforced plastics (FRP) to 
enhance the performance of glulam is not in the Canadian 
bridge code, its use in K162 was to demonstrate that it is 
technically feasible to build a bridge entirely in timber to 
resist the L-100 loading. The program summarized in Table 
1, covers short-, medium- and longer-term initiatives to 
follow up on K162 and rebuild the timber bridge supply 
chain. The timeframes noted should not be seen as an 
indication of lower or higher priorities. Instead, the timing 
of the activities are to create the interest in and provide the 
appropriate technical support as the supply chain evolves. 
The plan will need to adapt, as suppliers along the supply 
chain will not all progress at the same pace. Suppliers must 
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be able to meet the intermittent demand for products and 
services. With this understanding and recognizing how 
timber bridges are likely to support the mass timber sector, 
the project undertook several exploratory studies to 
identify approaches to research that can help develop the 
complementary supply chain and approach regulatory 
acceptance. 

Maintain Timber Bridges: Remote Monitoring 
Given the remote location of most bridges, monitoring the 
health of a timber bridge at a cost comparable to that for a 
non-timber bridge is needed, particularly given the loss of 
expertise in timber bridges over the last few decades. In 
addition to improving the reliability of close-proximity 
inspections (which will be discussed below), there are 
benefits to a real-time remote monitoring system. While 
one could measure how the bridge performed relative to 
design calculations, it was not clear how one could 
continuously monitor and detect if the bridge were 
damaged or beginning to deteriorate. Typically, the task 

would consist of measuring girder deflections relative to 
some reference point while under load and repeating the 
measurements at some future date to detect changes to 
the girder deflections under the same load. This, however, 
would require expensive repeated visits to the bridge site 
to instrument and conduct load testing with a reference 
vehicle. 

To avoid this, a monitoring device meeting the criteria for 
low cost and ease of installation was proposed. The device 
would measure how the girders deflected “relative” to each 
other as opposed to an absolute deflection (Figure 2).  
However, how could we demonstrate that the device would 
be able to detect the many possible ways a bridge might be 
damaged and loaded by vehicular traffic? Validating 
whether this approach can detect girder damage or 
deterioration is also costly if not impossible. 

To address this, a laboratory-scale mock-up (Figure 4) of 
K162 was built. The response of the mock-up will be 
compared to load test results from K162 (Figure 3).  Once 

 

Figure 2. Theoretical results for the three truck positions where the left/right wheel load distribution is 60/40: traditional approach (left) 
versus a simple system (Monitoring Bar “B”) which measures the bridge deck deflections relative to the middle girder (right) and require 
more effort interpreting the data. 

Table 1. Framework of Activities to Rebuild Timber Bridge Supply Chain 

Timeframe Objective Activity 

Short-term 

• Demonstrate what is possible • K162 all-timber concept bridge (completed in 2019) and lessons learned 

• Maintain existing timber 
bridges 

• Improve reliability of inspections 
o Support bridge inspector training with CT scanned girders 
o New non-destructive test methods 

Medium-term 
• Develop timber bridge supply 

• Standard bridge design 
o Not sole sourced 
o Prefabricated components but no pre-assembly prior to shipping 

• Enhance remote monitoring 
of bridges 

• Bridge health monitoring system 
o Low cost to install, maintain, and replace 

Long-term • Use underutilized species 
(Hem-Fir) 

• Use fibre reinforced plastics (FRP) to address strength and stiffness issues 
• Develop new glulam grades to maximize competitiveness of FRP glulam 
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the mock-up has been validated, a computer model of the 
mock-up will be created. The mock-up at various degrees or 
types of damage will then be used to validate the computer 
model of K162. Once validated, the model will be used in 
computer simulations to replicate K162’s behaviour under a 
representative but random sample of vehicle traffic to 
generate a “fingerprint” of the bridge responses when the 
bridge is known to be healthy. 

 

 

   
Left side of deck Truck centered Right side of deck 

Figure 3. Load test on K162 during fall 2019 to obtain monitoring 
bar data under field conditions (October 2019). 

Similarly, computer simulations can be conducted to map 
the relationship between deflection and the various 
damage scenarios, and also how the response should 
change if the statistical weight distribution of the vehicular 
traffic changes were to change. 

When fully developed, the device can be installed on any 
new bridge where it will first learn where on the bridge 
vehicles tend to travel (e.g., left, right or center of the lane). 
Comparison of the responses over some initial period when 
the bridge is new (or inspected and confirmed to be in good 
condition) would be used to identify changes in the bridge 
health in real-time.  

 
Figure 4. Laboratory-scale mock-up of K162 for monitoring system 
study: overall (left panel), underside, and load cart (right panel). 

Maintaining Timber Bridges: Inspection 
Standard practice requires critical infrastructure such as 
bridges to be subject to periodic close-proximity inspection. 

To assist with the development of the required techniques, 
the Ministry provided segments of two full-size glulam 
girders from a decommissioned bridge. The girders were 
set up at FPI (Figure 5) for two bridge inspection teams to 
examine using their non-destructive testing (NDT) field 
procedures (Figure 6). 

 

Figure 5. Girder segments from a deconstructed glulam bridge set 
up for viewing by bridge inspection teams. 

 
Figure 6. Bridge inspection teams examining girder segments 
(November 2020, and January 2021). 

One team based their assessment on the difference in the 
stress wave transmission time (SWT) through the girder 
thickness. The other used a resistance drill. Both teams 
followed up by using an increment borer. Because the 
increment borer creates a relatively large hole 
(approximately 5 mm that needs to be plugged), it is only 
use at locations identified by the SWT or resistance drill as 
questionable and requiring more detailed investigation. 
Additional information on these two methods may be 
found in Bradshaw et al (2005). 

The girders were then ripped into three strips (top chord, 
web, and bottom chord) and then scanned using computed 
tomography (CT) to review their internal state (Figure 7). CT 
scan results will be provided to the inspectors to compare 
to their NDT field procedures. 



INFONOTE 
June 2021 – no. 25 

 

Figure 7. CT scan results of the top flange strip of a glulam girder 
segment. 

Testing Glulam for Soundness 
The inspection of glulam to detect areas of decay poses 
many challenges. If not done correctly, repairs may be 
delayed and become more expensive or impossible. 
Similarly, a bridge that is acceptable or could have been 
repaired is instead replaced. Recognizing the uniqueness of 
wood and the constraints that bridge inspectors face is 
important in developing the appropriate inspection 
techniques. In addition to the visual inspection, non-
destructive test (NDT) methods are used. 

The Stress Wave Timer (SWT) method is currently in use. 
The theory is based on generating a stress wave from 
impacting the end of a bar and measuring the time it takes 
for the stress wave to travel longitudinally through the bar 
(Figure 8). 

 

 

Figure 8. Measuring the stress wave time to estimate the member 
stiffness. 

Although originally developed for testing wood members 
parallel-to-the-grain, this theory and the SWT method have 
since been applied to testing perpendicular-to-the-grain. 
This is the approach for inspecting timber bridge members 
and utility poles for internal decay. Because decayed wood 
is less dense than normal wood, the SWT between two 
opposite points through the member thickness (or 
diameter) can be used to suggest the presence of decayed 
wood by comparing the SWT results to another part of 
same member where the wood is known to be normal (no 
decay). As noted under the discussion of the Standard 
Glulam Bridge below, access for non-destructive testing of 
some bridge components may only be possible from one 
side. 

More recently, the trend has been to measure the 
frequency of the stress wave that travels back and forth 
along the length of the impacted member before it 
dissipates. As shown in ASTM D6874 (ASTM, 2020), rather 
than measuring the SWT travel time, the method relies on 
high-speed data collection and analysis of the observed 
frequencies to estimate the member stiffness (Figure 9). 

It is this technique that we will be adapting to develop an 
NDT method to assess a timber bridge component from 
one side. Exploratory work confirmed that a repeatable 
spectrum of frequencies can be collected (Figure 10).  
Multiple sensors (accelerometers) are proposed to be 
arranged around the point of impact to measure the 
frequency of surface and reflected waves from the impact. 
However, a larger impactor than the one is shown would be 
needed (likely about the size of a standard framing 
hammer). 
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Figure 9. Impacting the end of a bar and measuring the frequency of a standing wave to determine the bar stiffness. 

 

Figure 10. Impacting the face of glulam and measuring the frequency of waves from the point of impact using accelerometers.  

Standard Glulam Bridge 
A standard bridge design with detailed specifications as 
shown in Figure 11 would help generate interest, 
particularly from existing suppliers with no experience with 
bridges, to become potential suppliers of timber bridge 
components. Such a bridge would leave only a few details 
for the engineer of record and the contractor to finalize for 
the specific bridge site. 

The key considerations in deciding on the details for the 
standard bridge include: 

• Components and services that can be currently 
sourced from multiple suppliers. 

• Detailing and dimensional tolerances for pre-
fabricated components that minimize the need for 
trial assembly off-site and re-assembly on-site. 

 

Figure 11. Cross-section of the proposed standard timber bridge 
(details under development). 
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It is anticipated that standardization will help minimize the 
initial cost of construction and the cost of replacing 
components, particularly for bridges in remote locations. 
This is to avoid customizing components on-site, as this 
tends to introduce quality issues. 

Longer-term opportunities to be supported by research and 
standardized bridge design include substituting 
components made with a wood species not traditionally 
used for timber bridges (e.g., Hem-Fir): 

• First as replacement components in an existing 
standard bridge that have been damaged due to 
wear and tear (e.g., crash barrier and deck); and 
then 

• As critical components in new standard bridges 
(e.g., deck panels and girders). 

 
The initial use as an easily replaced component will allow 
the longevity of the component made with alternative 
species to be assessed prior to the more costly structural 
assessment, which will be required for critical components. 

Enhancing Glulam 
Coastal Douglas-Fir has and continues to be the preferred 
species for timber bridges because of its strength, stiffness, 
treatability, and durability (moderately durable compared 
to other Canadian softwood species). There is interest in 
using Hem-Fir for timber bridge applications. While Hem-Fir 
is the most treatable of the BC wood species, it does not 
possess the high strength and stiffness properties except 
for the highest quality grades1. The use of surface-bonded 
high strength fibre-reinforced plastics (FRP), as 
demonstrated on K162 with coastal Douglas-fir (Figure 12), 
may be a way to enhance Hem-Fir so that it is an alternative 
to Douglas-Fir in the Standard Bridge.  

 

Figure 12. Two layers of FRP positioned (left) and finally clamped 
(right) onto the underside of one of K162’s outer girders 
(September 2018). 

 
1 Design by durability may be employed to allow a difficult to treat but strong wood species to be used. 
2 Such as FRP that can accommodate the perpendicular-to-grain movement in wood due to moisture, or adhesives that can 
bond equally well to FRP and wood. 

While K162 demonstrated what could be achieved with 
FRP, the supply chain is specialized and limited to a few 
designers and contractors. Standardization is expected to 
play a critical role in developing a more broadly-based 
supply chain for supplying FRP glulam. Standardization in 
the case of FRP means deciding what design approaches are 
most logical as established by materials that have extensive 
experience in using FRP (i.e., concrete) as opposed to what 
might be optimum for timber. This is important to consider 
as it would allow leveraging, in the case of concrete, the 
experience of designers of fibre reinforced concrete to 
establish the initial design framework. The framework can 
then be adapted to consider the unique characteristics of 
wood needed to properly fibre reinforce timber. This would 
decrease the learning curve for an engineer experienced in 
concrete provide design services for fibre reinforcing 
timber; similarly, designers that eventually develop 
experience with timber can also, with minimum effort, 
design fibre reinforcement for concrete structures. The CSA 
bridge standard, S6, and standards supporting the use of 
FRP (S807 and S808) have provisions for applying FRP to 
reinforce concrete but do not provide sufficient information 
to apply FRP to reinforce glulam. 

Further assessment will be needed to decide if there are 
advantages in accessing fabricators (those applying FRP to 
components) from the FRP-concrete supply chain, or if the 
transition from concrete to timber is sufficiently complex to 
support the development of timber specialist. If the latter, 
it would be necessary to develop other applications and 
thus other economic opportunities where FRP can be used 
so that the fabrication services can be maintained. For this 
reason, the use of lower cost FRP and the application to 
smaller mass timber components may be needed to 
develop and sustain the fabrication capacity. 

Around this framework for developing design provisions, 
the steps to develop or adapt suitable product2 and 
fabricator qualification procedures can be outlined to 
delineate the responsibilities between parties in the supply 
chain: suppliers, designers, fabricators, and contractors. 
While there is still considerable research required, this 
provides more manageable research projects to be 
established. 

Lamination Grades for FRP Glulam 
The standards for Canadian glulam grades are intended for 
non-reinforced glulam’s; high quality laminations are 
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graded and optimally positioned to resist the high tensile 
stress. For glulam intended for reinforcing, there are 
opportunities to define grades of lumber that improve the 
grade recovery and co-exist with higher value grades for 
traditional applications or markets. Therefore, the other 
concurrent activity initiated under this program was to 
establish new glulam grades both for the traditional species 
(i.e., Douglas-Fir) and for the new species (i.e., Hem-Fir) 
where the glulam combined with FRP results in a useful and 
cost-competitive product. 

Once the lamination grade has been defined, the standard 
procedures to establish glulam member capacities requires 
data on how growth characteristics (e.g., knots) are 
distributed along the length. This data, when used with a 
model that combines different grades or lay-ups of 
lamination to form a glulam member, provides the initial 
estimates of the strength and stiffness of these new glulam 
grades. The process of gathering the knot data from a large 

representative sample for the target lamination grade is 
referred to as “knot mapping”. Mapping is a labour-
intensive process where knots above a target size are 
documented including their size and location in every 
sample piece (see for example ASTM D3737). 

To automate this step so that different lumber grade 
scenarios can be investigated, the FPI Lumber Scanner as 
shown in Figure 13 and Figure 14 was developed to capture 
images of the four sides of a piece of lumber. This greatly 
speeds up the knot-mapping step.  Point measurement of 
slope of grain as estimated from reflected laser dots 
projected on the piece are also collected following a grid 
spacing of approximately 5mm.  With this information, 
evaluation and standardization of new lamination can be 
undertaken more economically. It could involve many more 
samples and would greatly help to assess wood species that 
traditionally have not been used for glulam. 

 

 

Figure 13. New lumber scanner. Images of the reflected laser dots and the board face are captured by two cameras (left strip shows image of 
face scanned). 
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Figure 14. Lumber scanner software to estimate the local slope of grain from the shape of the laser dots. 

Future Collaboration 
The timber bridge program identified several different 
studies that would help support the re-establishment of 
timber bridges. To continue this work, FPInnovations will 
collaborate with the Facility for Innovative Materials and 
Infrastructure Monitoring (FIMIM) at the Department of 
Civil Engineering in the University of Victoria to leverage 
their knowledge of concrete bridges. This would provide FPI 
with access to a range of non-destructive testing equipment 
and an unmanned aerial vehicle. 

There is also NDT work 
underway at the USDA 
Forest Products 
Laboratory (Madison, WI) 
using ground penetrating radar (GRP) as well as using CT 
scanning to identify incipient decay. 

Other collaboration includes working with bridge specialists 
such as Associated Engineering (www.ae.ca) who provides 
bridge design and inspection services to the BC Ministry of 
Transportation and Infrastructure (MoTI), and the BC 
Ministry of Forests, Lands, Natural Resource Operations 
and Rural Development (MFLNRO&RD). 

Closing Remarks 
While the focus of this project is on restoring the use of 
timber, particularly modern timber products, in bridge 
applications, the exploratory work has initiated several 
innovative and valuable tools that should support the use 
of mass timber in large non-residential applications. The 
consideration given to supply chain development also 
places emphasis on not only taking a holistic approach, but 

also an iterative approach across the supply chain. In other 
words, the supply chain is sustained and expands only 
when all of the key stakeholders see value in participating.  
This places constraints and/or priorities on potential 
technical solutions that will be needed as the supply chain 
develops. 
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