
 

 

IN-SITU TESTING ON THE BOND STRENGTH OF 15 mm (#5) 

MST-BAR BARS TO HILTI HIT-RE 500 V3 ADHESIVE IN 

NORMAL AND FIBRE-REINFORCED CONCRETE  
 
 
 
 
 
 
 
 
 
 

Submitted to  
Borna Hajimiragha, M.Eng. 

President, B&B FRP Manufacturing Inc. 
 

Submitted by 
Khaled Galal, Ph.D., P.Eng. 
Professor 
Director of the ENCS Research Centre for Structural Safety and Resilience 
Dept. of Building, Civil & Environmental Eng.  
Concordia University 
Email: khaled.galal@concordia.ca 
 
Omar Shalabi, M.Eng. 
Junior Field Engineer 
SNC Lavalin 
 
Alireza Asadian, Ph.D. 
Postdoctoral Fellow 
Concordia University 
Email: alireza.asadian@concordia.ca 
 

1515 St. Catherine West, EV-6.167 
Montréal, Québec, Canada, H3G 2W1 

Tel.: +1(514) 848-2424 ext. 3196 Fax: +1(514) 848-7965 
 

May 25th, 2021 
  



2 
 

 

Table of Contents 
1  Introduction ............................................................................................................................. 5 

2  Materials and Methods ............................................................................................................ 5 

2.1  Materials ........................................................................................................................... 5 

2.1.1  GFRP Bars ................................................................................................................ 5 

2.1.2  Concrete Mixes ......................................................................................................... 6 

2.1.3  Chemical Anchoring Adhesive ................................................................................. 6 

2.2  Testing Method and Setup ................................................................................................ 7 

2.2.1  Test Setup.................................................................................................................. 7 

2.2.2  Test Slab.................................................................................................................... 9 

2.2.3  Drilled Holes for Dowels and Layout ....................................................................... 9 

2.2.4  Adhesive and Installation of Dowels ........................................................................ 9 

3  Test Observations.................................................................................................................. 10 

3.1  Observed Failure Modes ................................................................................................ 10 

4  Summary of Results .............................................................................................................. 15 

5  Conclusions ........................................................................................................................... 16 

Acknowledgments......................................................................................................................... 17 

6  References ............................................................................................................................. 17 

Appendix 1: Certification and Load Calibration curve of the Hydraulic Cylinder ...................... 18 

Appendix 2: Technical Datasheet for the Masterfiber M100 ....................................................... 20 

 

  



3 
 

List of Figures 
Figure 1 Testing setup for (a) Unconfined Pullout Test, and (b) Confined Pullout Test ............... 8 

Figure 2 Test setup: (a) Unconfined; (b) Confined ......................................................................... 8 

Figure 3 Formwork Layout per GFRP bar during Curing .............................................................. 9 

Figure 4 Example failure mode of slab shear failure (unconfined normal concrete sample 2) .... 10 

Figure 5 Pullout of GFRP from adhesive and concrete cone failure in unconfined normal concrete 

(sample 3)...................................................................................................................................... 11 

Figure 6 Pullout of GFRP from adhesive and concrete cone failure in unconfined normal concrete 

(sample 4)...................................................................................................................................... 11 

Figure 7 Shear failure in confined fibre-reinfroced concrete (sample 2) ...................................... 12 

Figure 8 Test stopped before failure for H&S concerns in confined fibre-reinforced concrete 

(sample 3)...................................................................................................................................... 12 

Figure 9 Pullout of GFRP from the adhesive in confined fibre-reinforced concrete (sample 5) .. 13 

Figure 10 Pullout of GFRP from adhesive and concrete cone failure with the unconfined fibre-

reinforced concrete (sample 2) ...................................................................................................... 13 

Figure 11 Pullout of GFRP from adhesive and concrete cone failure with the unconfined fibre-

reinforced concrete (sample 3) ...................................................................................................... 14 

Figure 12 Concrete cone failure in unconfined fibre-reinforced concrete (sample 4) .................. 14 

Figure 13 Concrete cone failure in unconfined fibre-reinforced concrete (sample 5) .................. 15 

 

  



4 
 

 

List of Tables 
Table 1 Physical properties of the MST-BAR ................................................................................ 5 

Table 2 Compressive Strength results of concrete mixes ............................................................... 6 

Table 3 Physical properties of the HILTI HIT-RE 500 V3 per manufacturer datasheet ................ 7 

Table 4 Summary of unconfined tests results of MST-BAR with the HILTI HIT-RE 500 V3 

adhesive in fibre-reinforced concrete (FRC) ................................................................................ 15 

Table 5 Summary of confined tests results of MST-BAR with the HILTI HIT-RE 500 V3 adhesive 

in fibre-reinforced concrete (FRC) ............................................................................................... 16 

Table 6 Summary of unconfined tests results of MST-BAR with the HILTI HIT-RE 500 V3 

adhesive in normal concrete .......................................................................................................... 16 

 

  



5 
 

1 Introduction 

This report addresses the use of drill and bond 15 mm (#5) MST-BAR GFRP rebar to construct 

post-casted concrete plinths required on an existing bridge deck. A typical example would be for 

transforming a bridge deck into one that can accommodate train tracks. The report presents part of 

the data acquired in the approval process required by the Samuel-De Champlain Bridge Transit 

Corridor project. In this project, in-situ testing of the GFRP bars was necessary to understand the 

behaviour and expected bond strength.  

The particular aspect of the tests conducted in this report is the oversize hole diameter with 

respect to the bar diameter. All tested bars were 15.9 mm (#5) in an oversize hole of 25.4 mm (1"). 

Typically, a hole is considered oversized if its diameter is larger by ¼" than the outer diameter of 

the bars. Hence, in this case, the testing was performed for an oversize hole that is approximately 

1.5dbar. The embedment length for all MST-BAR GFRP rebars was taken as 125 mm. 

2 Materials and Methods 

2.1 Materials 

2.1.1 GFRP Bars 

The 15.9 mm (#5) MST-BAR GFRP rebars by B&B Manufacturing FRP Inc. compliant 

with CSA S807-19 Grade III GFRP bars were tested. Table 3 shows the mechanical properties of 

the GFRP bars used as per the manufacturer datasheets. 

Table 1 Physical properties of the MST-BAR 

MST-Bar 60 GPa Bars 
Description Code/Standard Value Unit 
Avg. Bar Diameter CSA S807 15 mm 
Fibre Content (by weight) - > 80 % 
Resin Type - Vinyl Ester 

Cross-sectional Area CSA-S807 
Nominal 199 mm2 

Effective incl. ribs 241 mm2 
Minimum Guaranteed Ultimate 
Tensile Strength 

ASTM D7205 / CSA S806 1000 MPa 

Modulus of Elasticity ASTM D7205 / CSA S806 60 GPa 
Linear Weight - 550 g/m 
Minimum Bond Strength to Concrete - 20 MPa 
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2.1.2 Concrete Mixes 

Two concrete mixes were used for the test slabs. Both mixes are produced by Lafarge 

Quebec and have a minimum compressive strength of 60 MPa. The first mix is the Type P17 

RMXX60A5D17F and the second is Type P5 RMXX60A5DF5F with Masterfiber M100 fibres 

added to the mix. Two test slabs were poured from a ready-mix concrete truck, and qualified 

concrete finishers did the concrete finishing for the slabs, which were chemically cured using the 

Sealtight 1100 from W.R. Meadows. The mechanical properties of concrete of the two mixes are 

presented in the following table.  

Table 2 Compressive Strength results of concrete mixes 

Specified compressive strength at 28 days (MPa) 60   
Maximum dimension of aggregate (mm) 14   

  
Results 

Core number Type P17 Type P17 Type P5 

Age of concrete (days) 164 164 97 

Average diameter (mm) 76.0 76.0 75.9 

Capped Length (mm) 151.5 150.8 149.7 

Type of capping grinded grinded grinded 

Length/Diameter (L/D) 1.99 1.98 1.97 

Correction factor 1.00 1.00 1.00 

Maximum Load (kN) 279.892 283.450 297.899 

Compressive Strength corrected (MPa) 61.6 62.4 65.8 
 

2.1.3 Chemical Anchoring Adhesive 

The HILTI HIT-RE 500 V3 was used as an adhesive. The HILTI HIT-RE 500 V3 is an 

ultimate-performance injectable adhesive mortar that is approved for cracked and uncracked 

concrete in dry, submerged, water-filled, and wet conditions. It is ICC approved for rebar 

connections and heavy-duty anchoring against static, wind, and seismic loads. It can be used with 

threaded rods and rebar in temperatures ranging from -5 °C to 41 °C with a curing time of 168 

hours to 4 hours, respectively, noting that a submerged or saturated concrete surface would double 

the curing time. 
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Table 3 Physical properties of the HILTI HIT-RE 500 V3 per manufacturer datasheet 

HILTI HIT-RE 500 V3 

Description Value Unit Test Standard 

Bond Strength 11.7 MPa ASTM C882-13A 

Compressive Strength 82.7 MPa ASTM D695-10 

Compressive Modulus 2600 MPa ASTM D695-10 

Tensile Strength 49.3 MPa ASTM D638-14 

Elongation at break 1.1 % ASTM D638-14 

Heat Deflection 50 °C ASTM D648-0 

Absorption 0.18 % ASTM D570-98 

Linear Coefficient of Shrinkage on cure 0.008 ASTM D2566-86 
 

2.2 Testing Method and Setup 

2.2.1 Test Setup 

The test setup is designed and built per the requirements of ASTM E3121/E3121M – 17 

(ASTM E3121, 2017). Two different 2-inch loading plates are used for the confined and 

unconfined tests. A 60-ton hydraulic cylinder is used – the Enerpac RCH-603 Hydraulic Cylinder 

to apply the load. This cylinder is used due to its hole diameter (almost 2"). This allowed the 

installation of the cylinder through the cast-in-place pipe around the GFRP bars as it needs to be 

wide enough to be lifted and slipped down the anchors. The hydraulic cylinder has a stroke of 70 

mm (3") to allow for in-situ adjustment and elongation of the bars. 

As ASTM E3121/E3121M – 17 (ASTM E3121, 2017) has no recommendation for the 

preparation required for the GFRP rebars, the samples were prepared as per ASTM D7913 (ASTM, 

2014). In other words, steel pipes were grouted on the free end of the GFRP bars. A hydraulic 

cylinder then pushes against the steel pipes at the top during the pullout test in the field. Figure 1 

and Figure 2 show two test setups for confined and confined samples. 
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Figure 1 Testing setup for (a) Unconfined Pullout Test, and (b) Confined Pullout Test 

 

(a) (b) 
Figure 2 Test setup: (a) Unconfined; (b) Confined 

(a) 

(b) 
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2.2.2 Test Slab 

Two unreinforced slabs measuring 4.0 x 4.0 x 0.2 m were poured to avoid the effect of 

confinement. Hence, the results obtained are conservative compared to the actual field conditions 

where these dowels will typically be anchored in a reinforced concrete element. Moreover, the 

preparation of the samples replicated usual field conditioning, including the method of drilled 

holes by carbide-tipped bits, cleaning of holes per the adhesive manufacturer requirements, 

moisture condition of the holes, and installation and curing procedure for the adhesive dowels. 

2.2.3 Drilled Holes for Dowels and Layout 

The drilling and cleaning of the holes were done following the supplier’s requirements. 

The hole diameter was 25.4 mm and drilled with a carbide-tipped bit to simulate field conditions 

where drilling is typically done to avoid damaging rebar in existing decks. The effective 

embedment depth of the dowel did not exceed 125 mm.  

2.2.4 Adhesive and Installation of Dowels 

The application of adhesive and installation of dowels were made per the supplier’s 

requirements. The dowels were installed in dry concrete. The concrete temperature at the time of 

application was greater than 0 degrees centigrade. Due to the length of GFRP bars, a formwork 

was installed around the bars during the curing stage to allow for perpendicular positing of the 

dowel with respect to the precast test slab. See schema below: 

 

Figure 3 Formwork Layout per GFRP bar during Curing 
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3 Test Observations 

In general, in-situ testing of post-installed GFRP anchors could have the following failure modes 

or their combination: 

 Rupture of GFRP bar: this indicates that the bond between the GFRP and the adhesive and 

between the adhesive and concrete is higher than the bar’s tension capacity. This failure 

mode was not reached on site, as it represents the highest failure load. However, two tests, 

one in normal concrete and one in fibre-reinforced concrete, were stopped when the loading 

reached close to the nominal tensile capacity of the bars, due to health and safety (H&S) 

concerns, and not limitations of the equipment or sample bars. 

 Pullout of GFRP and the adhesive from concrete (adhesive-concrete pullout): this indicates 

that the bond between the adhesive and concrete controls the design.  

 Pullout of the GFRP from the adhesive (GFRP-adhesive pullout): this indicates that the 

bond between the GFRP bars and the adhesive controls the design.  

 Concrete cone failure. 

 Slab shear failure: this indicates that the splitting forces developed because of force transfer 

from rebar to adhesive and/or from adhesive to concrete was larger than the splitting 

strength of concrete. Providing larger spacing between the samples and edge of the slab or 

using a reinforced concrete slab would have prevented this type of failure. 

3.1 Observed Failure Modes 

The following figures show the failure modes of the tested MST-BAR with HILTI HIT-RE 500 

adhesive: 

Figure 4 Example failure mode of slab shear failure (unconfined normal concrete sample 2) 
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Figure 5 Pullout of GFRP from adhesive and concrete cone failure in unconfined normal concrete 
(sample 3) 

 

 

Figure 6 Pullout of GFRP from adhesive and concrete cone failure in unconfined normal concrete 
(sample 4) 
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Figure 7 Shear failure in confined fibre-reinfroced concrete (sample 2) 

 

 

Figure 8 Test stopped before failure for H&S concerns in confined fibre-reinforced concrete (sample 3) 
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Figure 9 Pullout of GFRP from the adhesive in confined fibre-reinforced concrete (sample 5) 
 

 

Figure 10 Pullout of GFRP from adhesive and concrete cone failure with the unconfined fibre-reinforced 
concrete (sample 2) 
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Figure 11 Pullout of GFRP from adhesive and concrete cone failure with the unconfined fibre-reinforced 
concrete (sample 3) 

 

 

Figure 12 Concrete cone failure in unconfined fibre-reinforced concrete (sample 4) 
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Figure 13 Concrete cone failure in unconfined fibre-reinforced concrete (sample 5) 
 

4 Summary of Results 

A total of 15 in-situ pullout tests were performed to evaluate the anchorage capacity of MST-

BAR with HILRI RE 500. Out of 15 samples, 5 samples were post-installed in FRC concrete, and 

the other 10 were in both normal concrete.  

The tables below list the failure load, calculated failure stress, and the observed failure mode 

of all samples. The anchorage stress is calculated based on a nominal reinforcement area of 199 

mm2, CSA S807-19 (Canadian Standards Association, 2019). The average, standard deviation, and 

coefficient of variation of each group are also listed in the tables. 

Table 4 Summary of unconfined tests results of MST-BAR with the HILTI HIT-RE 500 V3 adhesive in 
fibre-reinforced concrete (FRC) 

Sample 
Failure 
Load 

Failure 
Stress Failure Mode* 

kN MPa  

Sample 1 144.4 726 GFRP-adhesive pullout and concrete cone failure 

Sample 2 164.6 827 GFRP-adhesive pullout and concrete cone failure 

Sample 3 176.2 885 Concrete cone failure 

Sample 4 179.1 900 Concrete cone failure 

Sample 5 184.8 929 GFRP-adhesive pullout and concrete cone failure 

Average  169.8 853   

Standard Deviation  16.0 80 

Coefficient of Variation (%) 9 9   
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Table 5 Summary of confined tests results of MST-BAR with the HILTI HIT-RE 500 V3 adhesive in fibre-
reinforced concrete (FRC) 

Sample 
Failure 
Load 

Failure 
Stress Failure Mode* 

kN MPa  

Sample 1 167.5 842 GFRP-adhesive pullout and concrete cone failure 

Sample 2 173.3 871 Shear Failure 

Sample 3 190.6 958 Test Stopped due to H&S Concerns 

Sample 4 150.2 755 GFRP-adhesive pullout and concrete cone failure 

Sample 5 150.2 755 GFRP-Adhesive Pullout 

Average  166.4 836   

Standard Deviation  17.0 86 

Coefficient of Variation (%) 10 10   

 

Table 6 Summary of unconfined tests results of MST-BAR with the HILTI HIT-RE 500 V3 adhesive in 
normal concrete 

Sample 
Failure 
Load 

Failure 
Stress Failure Mode* 

kN MPa  

Sample 1 173.3 871 GFRP-Adhesive Pullout and Cone Failure 

Sample 2 141.6 711 Shear Failure 

Sample 3 153.1 769 Concrete Cone Failure 

Sample 4 153.1 769 GFRP-Adhesive Pullout 

Sample 5 196.4 987 Test Stopped due to H&S Concerns 

Average  163.5 822   

Standard Deviation 21.6 109 

Coefficient of Variation (%) 13 13   

 

5 Conclusions 

This in-situ testing effort evaluates the pullout failure loads of MST-Bar GFRP rebars with 

HILTI HIT-RE 500 V3 in an oversize hole. The hole had a diameter of 25.4 mm, and the bars were 

all #5 (15 mm) with an embedment length of 125 mm. From the results, it can be concluded that 

the oversize hole was not much of an issue, and all samples behaved consistently. The MST-Bar 

GFRP rebar with the HILTI HIT-RE 500 V3 adhesive showed the average pullout capacity of 

169.8 kN, 166.4 kN, and 163.5 kN for unconfined fibre-reinforced concrete, confined fibre-

reinforced concrete, and unconfined normal concrete, respectively. The average anchorage stress, 

calculated based on the nominal reinforcement area of 199 mm2, CSA S807-19 (Canadian 
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Standards Association, 2019), was 853 MPa, 836 MPa, and 822 MPa for unconfined fibre-

reinforced concrete, confined fibre-reinforced concrete, and unconfined normal concrete, 

respectively. Based on experimental results, it can also be deduced that the concrete mix, whether 

normal concrete or fibre-reinforced concrete, has a minor effect on the failure loads, which might 

be attributed to the fact that both concrete mixtures had similar compressive strength. 
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Appendix 1: Certification and Load Calibration curve of the Hydraulic 

Cylinder  
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Appendix 2: Technical Datasheet for the Masterfiber M100 
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