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ABSTRACT: The Laurier-Taché parking garage, located in the Hull section of the city of 
Gatineau, Quebec, is one of the largest Public Works and Government Services Canada’s 
(PWGSC) parking garages in Canada. The structural slabs of this parking structure suffered 
from severe steel reinforcement corrosion and concrete deterioration that required full 
replacement of these slabs. As part of PWGSC’s efforts to identify and assess technologies that 
have the potential to improve the durability of structures in harsh environments, an agreement 
between PWGSC and the NSERC Research Chair at the University of Sherbrooke was reached 
to use GFRP reinforcement in twelve slabs (area ≈ 1000 m2) of the Laurier–Taché parking 
garage.  

To monitor the behavior of these slabs, they were instrumented at critical locations for internal 
temperature and strain data collection using fiber optic sensors (FOS). In addition, a 16-channel 
data acquisition system (DMI data logger unit) for remote and long-term monitoring was 
installed on site. The strain readings were collected from the DMI unit using a remote 
monitoring technique. This paper summarizes field instrumentation and monitoring results 
during the first two years following the completion of construction. It also includes the analysis 
of the collected data from the FOS to date and a comparison of the measured strains to those 
theoretically predicted. Based on the work described in this paper, some concluding remarks are 
introduced. 
 

1 BACKGROUND 

Conventional concrete structures are reinforced with steel, which is initially protected against 
corrosion by the alkalinity of the concrete. For many structures subjected to aggressive 
environments, such as marine structures, bridges and parking garages exposed to de-icing salts, 
combinations of moisture, temperature, and chlorides, which result in the corrosion of the 
reinforcing steel. One of these structures is the PWGSC’s parking garage (Laurier-Taché 
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parking garage), which is located in the National Capital Region (Ottawa-Gatineau, Canada). 
This parking garage consists of three wings; the 2 level Maisonneuve Wing, the 3 level Laurier-
Taché East Wing, and the three level Laurier-Taché West Wing as shown in Figure 1. The 
parking garage is a skeletal building made of reinforced concrete columns, post-tensioned 
girders, and one-way slabs. The Laurier-Taché parking garage slabs suffered from severe steel 
reinforcement corrosion and concrete deterioration. As a result, PWGSC decided to rehabilitate 
this parking garage by replacing most of the structural slabs while maintaining the other 
structural components such as concrete beams, girders, columns and foundation walls. 
Demolition and rehabilitation of the slabs started in the fall of 2004. 

As part of PWGSC’s efforts to identify and assess technologies that have the potential to 
improve the durability of structures in harsh environments, an agreement between PWGSC and 
the NSERC Research Chair at the University of Sherbrooke was reached to use FRP 
reinforcement technology in some demonstration areas of the Laurier–Taché parking garage. 
Based on this agreement, the design of the slabs using glass FRP bars was carried out according 
to the Canadian Codes: CSA/S413-94 “Parking Structures” and CSA/S806-02 "Design and 
Construction of Building Components with Fiber Reinforced Polymers" (Benmokrane et al. 
2006; El-Ragaby et al. 2006). The design was verified in the laboratory by testing six full-size 
one-way slab prototypes to failure (Benmokrane et al. 2004). A demonstration area of the 
concrete slabs located on the P1 level of the Laurier-Taché East Wing was selected for this 
purpose as shown in Figure 1. This area consists of twelve one way slabs (4.1 × 20 m each) over 
a total area of about 1000 m2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Plan view of Laurier Taché Parking Garage 

2 MATERIALS 

2.1 Glass fiber reinforced polymer (GFRP) bars 

Sand-coated GFRP bars (V-RODTM) No. 10, 9.5-mm diameter, and No. 16, 15.9-mm diameter, 
produced by a Canadian manufacturer (Pultrall Inc. 2004), were used in both the top and bottom 
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reinforcement layers of the concrete slabs. The mechanical properties of the GFRP bars used are 
shown in Table 1. The reinforcement configuration in the GFRP-reinforced slabs and in 
adjacent slabs reinforced with steel is given in Table 2. More details about design and 
reinforcement can be found elsewhere (Benmokrane et al. 2006; El-Ragaby et al. 2006). 

Table 1 - The mechanical properties of the GFRP reinforcing bars 

GFRP Bar Size 
Diameter 

(mm) 
Area 

(mm2) 
Modulus of 

Elasticity (GPa) 
Tensile Strength 

(MPa) 
Ultimate 

Strain (%) 

No. 10 9.5 71.3 43.2 852 ± 29   [765]* 1.97  

No. 16 15.9 198.0 46.7 761 ± 26   [683]* 1.63 
*Guaranteed tensile strength = Average tensile strength – 3 times the standard deviation  

Table 2 - Reinforcement configuration in the GFRP-reinforced slabs compared to steel reinforcement 
used in adjacent slabs  

Short Direction                                
(Main reinforcement) 

Long Direction              
(Secondary reinforcement) Reinforcement 

type 
Bottom Top Bottom Top 

GFRP No. 16@150 No. 16@150 No. 10@225 No. 10@225 

Steel 10M@150 10M@150 10M@150 10M@150 

2.2 Concrete 

Normal-weight concrete, type 10-SF (Type 10 cement with Silica Fume), having a target 28-day 
compressive strength of 35 MPa, with the composition given in Table 3, was used for the slabs. 
The obtained average 28-day concrete compressive strength was 40 MPa (based on the average 
values from tests performed on 150×300 mm standard cylinders). The concrete in the 
demonstration area was poured in November 2005 (Benmokrane et al. 2006; El-Ragaby et al. 
2006).  

Table 3 - Concrete Composition  

Concrete  
Type 

Min. Cement 
Content (kg/m3) 

Max. Water/Cement 
Ratio 

Max. Aggregate Size 
(mm) 

Air Content  
(%) 

Type 10-SF 390 0.40 19 6 ± 1.5 

2.3 FOS instrumentation 

The slabs were instrumented at critical locations for internal temperature and strain data 
collection using twelve fiber optic sensors (FOS) glued on both transverse and longitudinal 
GFRP bars. The twelve FOS were distributed on two groups at two different locations in the 
concrete slabs as shown in Figure 2. No special arrangement was made for the placement of the 
instrumented bars; they were placed with the regular slab GFRP reinforcement. The FOS wires 
were extended to the end of the girders and exited the top of the slab at a column protected by a 
PVC conduit. They were housed in a temporary wooden box to protect the wires.  

Following concrete casting, a 16-channel data acquisition system (DMI data logger unit) for 
remote and long-term monitoring was installed in an isolated PVC enclosure and all the FOS 
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cables were connected to the DMI unit. The DMI unit was provided with an electrical power 
outlet and a phone line as shown in Figure 3. The FOS and the DMI unit allowed for long-term 
remote monitoring of the parking garage slabs under real service loading and environmental 
conditions (El-Gamal and Benmokrane 2006a, b; El-Gamal et al. 2008). 

 

 

Figure 2. Plan view showing the locations of the instrumented GFRP bars and the DMI unit. 
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Figure 3. The 16 channel DMI unit installed in the data logger box. 

3 COLLECTING STRAIN READINGS 

The strain readings at the day of concrete casting were collected from all the twelve sensors and 
were used as initial readings. Unfortunately, following concrete casting no signals were detected 
from five FOS (malfunctioned) including the temperature sensor. After construction, collecting 
strain reading from the FOS has passed through two stages. The first stage, first two years, was 
before the installation of the data acquisition system and the phone line. In this stage, the 
readings were collected from the sensors manually every 2 to 3 months. The second stage of 
data collection was after the installation of the data acquisition system on-site and was 
performed automatically. This allowed the continuous monitoring of the strain readings. In 
addition, a phone line was connected to the DMI unit, which allowed collecting the readings 
from the office using the remote monitoring technique. This technique gave also our team the 
control to program the DMI unit remotely and to change the rate of data collection as required. 
Figure 4 shows a sample of screen captures during communication with the DMI unit. 

 

 

Figure 4- Sample of screen captures during communication with the DMI unit. 

Figures 5a, 5b, and 5c show the strain-time curves of the bottom transverse, top transverse, and 
bottom longitudinal GFRP bars, respectively. As shown in the figures, the first readings taken 
directly before casting, November 2005, were used as initial readings and were set to zero 
values. The period from November 2005 to November 2007 shows the first stage of data 
collection where the readings were collected manually every 2 to 3 months. The period from 
November 2007 to date, however, shows the second stage of data collection where the remote 
monitoring technique has been used and continuous readings have been recorded.  

It can be noticed that the change in the strains in the GFRP bars followed the seasonal 
temperature change in the parking garage. The reinforcement strains increased in the summer 
and decreased in the winter. The seasonal change in the measured strains ranged between 70 and 
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250 micro-strains. The temperature in the parking garage ranged between 10 ºC in the winter 
and 30 ºC in the summer. This change was validated by a parallel study carried out on the 
Laurier-Taché parking garage by the National Research Council Institute for Research in 
Construction (NRC-IRC) (Cusson et al. 2007). 

Figure 5a shows that the strain-time curves of the three FOS attached to the bottom transverse 
GFRP bars have similar trend. The maximum difference between the three gauges is less than 
75 micro-strain. It can be seen that the seasonal change in the measured strains ranged between 
70 and 130 micro-strains. Similar behavior can be seen for the top transverse GFRP bars and 
longitudinal bars as shown in Figure 5b and 5c, respectively. To date, the maximum measured 
tensile strains in the top and bottom transverse reinforcement, 210 micro-strain, are much less 
than the calculated values under service load which was 2480 micro-strain (Benmokrane et al. 
2006). This difference between the theoretical strain values and the measured ones could be 
attributed to the difference between the design loads and the realistic loads. The design live load 
is 2.4 KPa (factored design live load = 3.6 KPa), whereas the realistic live load is in the order of 
0.6 KPa that is only about 16% of the factored design live load. 
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(c) strains in top longitudinal GRP bars 

Figure 5- Strains collected from the FOS. 

4 SUMMARY AND CONCLUSIONS 

As part of PWGSC’s efforts to identify and assess technologies that have the potential to 
improve the durability of structures in harsh environments, an agreement between PWGSC and 
the NSERC Research Chair at the University of Sherbrooke was reached to use GFRP 
reinforcement in twelve slabs (area ≈ 1000 m2) of the Laurier–Taché parking garage (Ottawa-
Gatineau, Canada). To monitor the behavior of these slabs, they were instrumented at critical 
locations for internal temperature and strain data collection using fiber optic sensors (FOS). In 
addition, a 16-channel data acquisition system (DMI data logger unit) for remote and long-term 
monitoring was installed on site. The strain readings were collected from the DMI unit using 
remote monitoring technique. Based on the work described in this paper, the following 
concluding remarks can be drawn: 

 

1- The DMI unit as well as the FOSs are performing properly after approximately 4 years 
in real service conditions. 

2- The remote monitoring technique allowed for the continuous monitoring of the strain 
readings from the FOS. This technique gave our team the ability to fully control and 
program the DMI unit from a remote location to make changes in the data collections as 
needed.  

3- After approximately four year in service, the preliminary overall behavior of the slabs is 
satisfactory. The strains in the GFRP bars are stable. The changes in the measured 
strains were due to the seasonal temperature change in the parking garage. The seasonal 
change in the measured strains ranged between 70 and 250 micro-strains. 

4- To date, the maximum measured tensile strain in the GFRP bars is about 210 micro-
strain, which is less than 2% of the ultimate strain of the used GFRP bars.  

 
Stain monitoring of the GFRP reinforced slabs will continue over the next few years. Also, it 
is hoped that the overall slab performance in relation to crack propagation and deflection will 
be monitored in both the GFRP reinforced slabs and an area reinforced with steel 
reinforcement for comparison purposes.  
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