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Abstract 
The Canadian Forces (CF) maintains close to 80 wooden Warren truss buildings that were 
initially constructed as temporary structures during the World War II Era. Within a few 
months of construction, significant shrinkage and cracking began to take place. Various 
repairs and inspection methods have been tried over the years but the remaining structures 
continue to pose structural integrity concerns. Regular inspections are not sustained and 
recommended repairs are often costly and over conservative. A Structural Health Monitoring 
(SHM) system is applied to extend the design life and improve the safety of these structures. 
This work investigated applicable methods of SHM in order to attain an understanding of the 
long-term performance under service load as well as detect and identify the severity of 
damage. The evaluation of various sensor types and methods of data collection are reviewed 
in order to develop and select a suitable SHM system. Electrical strain gauges have been in 
place since 2012 and Fiber optic sensors have been recently installed. The current SHM 
system is fixed on three of the eleven trusses. This paper presents the results of the 
preliminary study and its conclusions 

 
1 INTRODUCTION 

The Canadian Forces maintains close to 80 wooden Warren Truss buildings, made of 
Douglas fir, that were initially constructed as temporary structures during the World War II 
Era. The quality of construction material was sacrificed for expediency and led to significant 
distress which became evident in the years following construction, as shrinkage and cracking 
began to take place. The bottom chords of the trusses experienced significant deflections and 
premature deterioration caused stress on the joints and connections [1-7]. Post tensioned 
cables were installed years later on each truss for reinforcement and the development of a 
Construction Engineering Technical Order (CETO) [1] outlined maintenance procedures for 
repair and rehabilitation of the wooden Warren Trusses. Unfortunately, regular inspections 
are not maintained and recommended repairs are often costly and over conservative. The 
remaining buildings continue to pose structural integrity concerns. A Structural Health 
Monitoring (SHM) system can be applied to these structures to help assure building safety [8-
13]. 

This work was a continuation of a study at the Royal Military College of Canada (RMC) 
to determine how SHM could be used on the Warren Truss structure. Capt. Michael Morin 
[11] initiated the monitoring of a timber Warren Truss in Building C-21 at Canadian Forces 
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Base (CFB) Kingston (Figure 1).  Electrical strain gauge sensors were installed on the North 
side of a central truss. His results demonstrated that the sensors were greatly affected by 
temperature effects and he proposed to account for these effects in subsequent research.  

 

 

Figure 1: Building C-21of CFB Kingston 

The objective of this work was to implement continuous, long term SHM system on the 
Warren Truss and establish a damage detection system while maintaining an affordable 
design. Sensors were installed for monitoring structural response and environmental effects. 
By coupling electrical and fiber optic strain gauges with temperature sensors the aim was to 
control temperatures effects and explore techniques for detection of localized damage with 
reduced number of measuring points. Moreover, the system must be cost effective as well as 
easy to implement and analyze. 

2 METHODOLOGY 

The Warren truss investigated is building C-21 at CFB Kingston. This building is 
currently used as a warehouse for accommodations supplies. Strain gauges were installed 
onto members that already carried loads and the data collected was zeroed at the initial point 
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of collection, therefore the data does not describe the full load carried by each member but 
detects incremental load if any. Data was collected continuously on three different trusses (4, 
5 and 7) as shown in red in Figure 2. 

 

 
Figure 2: Instrumentation on Trusses 4, 5 and 7 

3 DATA ACQUISITION SYSTEM 

A Datascan 7321 with the software Orchestrator 32 V3.3.0 was used on Truss 7 with 
electrical gauges. A second Datascan 7321 was used on Truss 5 with the electrical gauges 
and Quantum X units were added using Catman software in order to augment the number of 
available sensors. Finally, a compatible Optical Interrogator was included with the Easy 
Optic Catman software module.  

4 MONITORING SYSTEM 

In 2012 electrical sensors were installed on the northern half of Truss7. The results of that 
testing indicated that the sensors could detect applied load but were extremely sensitive to 
temperature variation. To remediate this problem, additional electrical sensors were added to 
the northern half of Truss 5 using a modified half bridge sensor configuration and a 
protective foil coating to shield the sensors from environmental conditions, such as 
temperature and humidity. Moreover, a thermocouple was installed to monitor temperature 
variation. Electrical sensors were added to the southern half of Truss 4 and 5 to provided 
further comparison and Fiber Bragg Grating (FBG) optic sensors were added along the entire 
length of Truss 5. Figure 3 shows the sensor locations on Truss 5. The electric strain gauges 
(Datascan and Quantum X) and FBG sensors (Optical) were installed at critical locations 
identified through structural modeling of a single pitched Warren Truss from C-21 [14, 15]. 
The modelling was used to determine load distribution and locations of members most 
susceptible to failure.  
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Figure 3: Sensor Locations and Identification for Truss 5 

5 EXPERIMENTAL TESTING 

Two experimental tests were conducted. One consisted of the continuous collection of 
data over a long period of time and the other was a series of point load tests. The aim of long 
term monitoring was to identify variations in strain over time. The testing was a continuation 
of previous work on Truss 7 and the addition of several sensing systems on Truss 4 and 5. 
Data was collected from November 2013 until April 2015. During that period, the building’s 
environment was not controlled. The structure and subsequent strain readings were affected 
by environmental conditions.  

The aim of the point loading tests was to determine the sensitivity of the sensors to 
structural load and to validate the numerical model. Additionally, the testing sought to 
determine a damage threshold. Long term monitoring produces a lot of data and it is 
important to determine what is significant. Levels of damage identification could ideally be 
imposed on the system and alarms set as real time indicator.  Moreover, the sensitivity of the 
SHM system should also be moderated to avoid high rate of false alarm.  

A numerical model was also made using SAP2000 in order to determine how the loads 
were theoretically distributed within the structure. A simulation was conducted with the point 
load arrangements to determine the distribution of axial load and bending moment in the 
truss. Self-weight loads were not accounted for in the simulation in order to only represent 
the variation of stress caused by the point loads.  

6 RESULTS AND DISCUSSIONS 

6.1 Strain Gauge Long Term Behaviour 

As stated previously, the strain gauges used for monitoring Truss 7 were initially installed 
in 2012. The long term viability of electrical strain gauges is often questioned as well as their 
range and durability. A comparison was undertaken to determine if the gauges were still 
providing credible data collection. Figure 4 presents a comparison of the data collected from 
the center bottom chord electrical gauge (708) in February 2012 and 2014. Although the 
readings displayed different responses, they were still active within the same range after two 
years. The other gauges on Truss 7 also displayed a similar trend and readings within an 
acceptable range. The electrical gauges were still viable. 
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Figure 4: Sensor 708 Readings from 2012 Compared to 2014 

6.2 Truss Behaviour Comparison 

The electrical sensors on the northern section of Truss 5 were placed in the same locations 
as those on Truss 7. However, despite efforts to minimize temperature sensitivity, the sensors 
on Truss 5 experienced much greater strain variations.  The maximum and minimum values 
for each location were recorded on a daily basis from April 2014 until April 2015. The 
readings from the electrical gauges sensors on the bottom chord (506 and 708) are presented 
in Figure 5. Truss 5 variations are represented by the blue line and Truss 7 variations are 
represented by the red line.  

 
Figure 5: A Yearly Comparison of Daily Max/Min Electrical Gauge Readings from the Bottom Chord on Truss 

5 (blue) and Truss 7 (red) 

Although it is apparent that the sensors are affected by seasonal temperature variations, 
methods implemented to remediate the gauges temperature sensitivity on Truss 5 were not 
able to provide a reasonable comparison to gauges on Truss 7. The data for sensors in the 
same location on different trusses is extremely different. Unlike steel structures, the response 
of each wooden truss is affected by the non-homogeneous material and existing cracks. A 
complete SHM system would require that each Warren Truss be monitored as they act 
independently. 

6.3 Electrical and Fiber Optic Sensor Comparison 

A comparison between fiber optic and electrical strain gauges was possible on Truss 5.  
Figure 3 previously illustrated the FBG Optical Chain placement alongside existing electrical 
strain gauges. Whereas electrical strain gauges require individual leads for each sensors and a 
separate channel on the data acquisition unit, the installation for the optical chain was faster 
and easier as all the sensors were connected to an existing single cable. The FBG occupy one 
channel and are managed according to a pre-assigned grating wavelength. The FBG chain 
was set-up with a K-OTC temperature sensor. The Easy Optics module captured wavelength, 
a conversion to strain and, a strain measurement with a built in temperature compensation for 
each FBG.  
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6.4 Independent 3 Point Load Tests 

Step one of the point load tests was initiated in December 2014, point loads were 
suspended along the bottom chord of Truss 5 and applied independently at each location (A, 
B and, C), as shown in Figure 6. Each test was applied in 3 load increments increasing up to 
1.88 kN.  The response remained linear and the deviation in strain gauge readings was 
noticeable but insignificant.  

 
Figure 6: Point Load Test Set-Up A, B, C 

As mentioned previously, Truss 5 was instrumented on both the North and South sides of 
the truss, so the configuration was repeated for both sides. The load applied to Truss 5 was 
increased to 2.5 kN and applied as a single point load at each location without incremental 
loading. This will help understand the transfer of load through the midpoint connection of 
Truss 5. Optical and electrical sensor readings were compared. Although the FBG sensors 
with temperature compensation maintained a more stable baseline, the electrical sensors were 
still capable of detecting the structural load, as shown in Figure 7. 

 
Figure 7: Truss 5, 2.5 kN Point Load Tests 

6.5 Simultaneous 4 Point Load Tests 

Truss 5 was then loaded with 4 separate axial loads simultaneously, each location was 
loaded initially with 1 kN and loading was increased incrementally to 2.35 kN for a total of 
9.4 kN.  Figure 8 illustrates the load set-up and Figure 9 show the palates loaded with 20 kg 
bags of ice melt. 

 
Figure 8: Point Load Test Set-Up Simultaneous 
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Figure 9: 9.4 kN suspended from the bottom chord of Truss 5. 

In addition to the existing sensors and in order to monitor any possible cracking of the 
bottom chord, a microphone was installed on the top of the bottom chord in the center of the 
Truss 5. The qualitative testing with a microphone produced an audio file for the duration of 
the point load test. The analyzed recording captured 19 identifiable click sounds, as the wood 
adjusted to the load. Although there was no direct correlation to a load being added and the 
wood cracking noise, the red lines in Figure 10 present the identifiable sounds. They show 
that the occurrence of cracking increases during more significant structural loading. These 
results will lead to further quantitative analyses.  

 
Figure 30: Detection of applied load and timed occurrence of wood cracks 

6.6 Permanent Damage 

A comparison of the data collected during the same time of the day of point load testing, 
the day prior and the day after shows that the truss does not experience permanent damage. 
The sensors all displayed normal daily variations, regardless of substantial loading.  Figure 
11 shows the variation the day before the testing, the day of the testing and the day following 
the testing.  

 
Figure 41: Same time of the day before, during and after 9.4 kN Point Load Test. 
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Although the point load was increased considerably in the final load test, the event is not 
significant within the natural fluctuation of weekly events. Figure 12 shows the FBG strain 
data collected the day of the 9.4kN point load test on the North (blue) and South (red) central 
gauge on the bottom chord. The 9.4kN point load test is highlighted in green. When the load 
is removed from the truss, the gauge readings are the same as before the load was applied. 
There is no evidence of permanent damage. 

 
Figure 52: 9.4 kN Simultaneous Point Load Test: green (test), blue (North sensor 506), red (South sensor 508). 

7 CONCLUSION 

Various sensors were installed with data acquisition systems for SHM on a wooden 
Warren Truss building at CFB Kingston. The results demonstrate that electrical and FBG 
strain gauges are capable of detecting variations of the structural loads. The potential of this 
work may lead to the implementation of SHM systems on other CF managed Warren Truss 
buildings and minimize maintenance and operation costs. It would increase the level of safety 
of the building as a major problem in the truss would be identified before any costly failure 
occurs. To be effective, a system of sensors would be necessary on all trusses. However, a 
more refined system of sensors is required to sense any serious variety of strain related to 
structural loading. 
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