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Abstract—In the paper an attempt has been made successfully to 
evaluate the joint strength and failure mode of adhesively bonded 
double strap and single lap GFRP joints in which overlap length was 
the design parameter to compute the strength of the joint. The double 
strap and single lap GFRP joints were prepared from unidirectional 
glass fibre and epoxy resin by using hand layup method. The 
prepared specimens were subjected to tensile test in universal testing 
machine, the load displacement respond, load time respond and joint 
strength were recorded, investigated and data were compared. From 
this, it reveals that double strap joint has more joint strength as 
compared to supported single lap joint for same overlap length. It 
was also observed that the joint strength increases with increase in 
an overlap length in both the joints. The failure mode in the 
specimens was generally thin layer cohesive failure or light fiber tear 
failure. 

1. INTRODUCTION 

Composite are the materials which generally have different 
physical or chemical properties than its individual 
components. Composite material are being used in bridge and 
builiding construction. FRP composite strip and sheets are 
used for many rehabilitation projects and construction project 
since, composite have many advantageous characteristics than 
traditional materials such as low weight, higher strength, non-
corrosive nature, low maintaince and short time for marerial 
installation[4]. The FRP composite materials are use in 
combination with concrete as internal reinforcement that gives 
more strength to the column of building and column damaged 
by corrosion effects can be repair by the use of composite 
materials [6]. The adhesive bounded FRP has many 
applications in the field of aerospace, automobile, aircraft and 
marine industries. FRP composite are used in fabrication of 
structure and components used in propellers, components of 
manned and unmanned vehicles, components used in deep sea 
diving equipments, containers etc. In automobile, aircraft 
application the thickness of adhesive layer used for bounding 
joints is usually very thin as compared to structural application 
[8]. In aerospace and automobile field FRP component are 
generally join by bolted connection. However by the 

application of bolts the weight of component could increase 
and drilling holes may facilitate ingress of moisture[8].so, 
therefore adhesive bonding can be an better alternative to 
conventional bolting system by doing this various problem can 
be overcome [9]. The experiments had been performed to 
evaluate the mechanical properties of bounded, bolted and 
bounded-bolted composite-metal joints [1, 2, 7]. H.K.Lee et al 
[13] investigated the effect of overlap length, adhesive types 
and adhesive layer thickness on joint strength of adhesively 
bounded joints. Valle and Keller [9] performed experiments 
on adhesively bounded lap joints, compared the data with 
finite elements analysis and developed a design method for 
adhesively bounded lap joints. 

In this study, the main objective is to investigate how design 
parameter such as overlap length influence joint strength and 
failure mode of adhesively bounded double strap and single 
lap joints GFRP joints. 

2. MATERIAL USED 

Unidirectional Glass fiber (SikaWrap 430GSM), two-phase 
epoxy-hardener resin (SikaDur 330IN) and adhesive (araldite) 
was purchased from local Sika India distributor. These were 
the material used to prepared double strap and single lap 
GFRP joints. 

Table 1.a Properties of raw material 

Material Major properties 
Density 
(gm/cc) 

Modulus 
(N/mm2) 

Failure 
strain     
(%) 

Strength  
(N/mm2) 

Glass 
fiber 

2.56 76000 2.8 3400 

Epoxy 1.3 3500 0.9 30 
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A-40 3 40 15.93 
A-20 3 20 12.61 

(B) single-lap GFRP joint specimens 
B-80 3 80 9.1 
B-40 3 40 5.8 

6. EXPERIMENTAL INVESTIGATIONS 

6.1 Effect of overlap length 

In the experiment variation of overlap length was done to 
investigate the influence of different overlap lengths l=80mm, 
40mm and 20mm in double strap joints and l=40,80mm in 
single lap joints on joint strength. Moreover, its effect can be 
seen in fig.3 and fig. 4. Overlap of length l=80mm has 56% 
more joints strength with respect to l=20mm and overlap of 
length l=40mm has 27% more joint strength with respect to 
l=20mm overlap length in double strap joint. Were as, overlap 
length l=80mm has 56% more joints strength with respect to 
l=40mm in single lap joints. 

6.2 Comparison of joint strength between double strap and 
single lap GFPP joints 

Considering overlap lengths l=80 and 40mm in double strap 
and single lap GFRP joints. They were compared and it was 
found that single lap joints has 53% and 63% less joint 
strength with respect to double strap GFRP joints for overlap 
lengths l=80 and 40mm respectively. which can be seen in fig. 
5 and fig. 6. From this, we can say that double strap GFRP 
joints is more superior to single lap GFRP joints for same 
overlap length. 

 
 

Fig. 3 Effect of variation overlap length on joint strength in 
double strap GFRP joint 

 

Fig. 4 Effect of variation overlap length on joint strength in single 
GFRP joint 

 

Fig. 5 Comparison of joint strength between double strap and 
single lap GFPP joints for overlap length l=80mm 

 
Fig. 6 Comparison of joint strength between double strap and 

single lap GFPP joints for overlap length l=40mm 
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6.3 Failure behavior of test specimens 

Most of the specimens suddenly fracture with slightly burst 
sound, indicating brittle failure, catastrophic failure. 
According to ASTM D5573 [11] failure between adherend 
and adhesive are classified into two six categories. In these 
investigation most of the fracture in specimen can be classified 
as thin-layer cohesive (TLC) or the light-fiber-tear (LFT) 
failure pattern as based on ASTM D5573 as shown fig.7.  

 

Fig. 7: The thin-layer cohesive (TLC) or light-fiber-tear 
(LFT) failure observed in test 

7. CONCLUDING REMARKS 

The double strap GFRP joints and single lap GFRP joints were 
prepared according to design parameter then joint strength and 
failure mode were investigated experimentally. Overlap length 
was the design parameter to compute joint strength and failure 
mode. The load-displacement response, load-time response 
and joint strength of double strap GFRP joints were compared 
with single lap GFRP joints to decide superior strength 
characteristics between double strap and single lap GFRP 
joints for same overlap length. 

The following conclusions are made from experimental 
investigation: 

1) The joint strength of double strap GFRP joints and single 
lap GFRP joints increase with increase in overlap length. 

2) The joint strength of double strap GFRP joint is superior to 
single lap GFRP joints for the same overlap length it 
means that double strap has more load carrying capacity. 

3)  Most specimens are fracture suddenly with a slight 
bursting sound, indicating a brittle, catastrophic failure. 
Most failure behaviors of the joints show thin layer 
cohesive failure pattern or the light-fiber tear failure 

pattern. These failure patterns obtained can closely relate 
to the peel failure. 
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