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ABSTRACT Cold form steel has lower strength compared to that of structural steel. In recent years Fiber Reinforced 
Polymers (FRPs) are used for repairing of steel sections. In this study Glass FRP, Silicone Fabric are coated 

over cold formed steel and its strength characteristics are studied experimentally and analytically. Cold formed steel 
are prepared in coupons, channel section and lipped sections in standard dimensions. The steel are laminated and are 
tested experimentally. The results obtained from experimental works are used to determine the strength enhancements 
in cold form structural sections. 

INTRODUCTION 
In the last decade, The use of composite materials such as 
Carbon FRP, Glass FRP, Aramid FRP, Silicone  fabric have 
been increased in the construction purposes. Various stud-
ies have been conducted in the retrofitting and the repair 
of steel structures. Thus these laminates had proven that, 
it’s an excellent option for external reinforcement due to 
its high Tensile strength, high resistance to corrosion and 
high durability. The main applicability of this laminates are, 
It’s cost efficiency, strengthening and also in rehabilitation 
purpose of deteriorated steel. Most noticeably several 
laminates in which GFRP and Silicone fabric are able to 
achieve an elastic modulus that is greater or similar to that 
of steel.

In the recent study, various tests have been conducted in 
the retrofit and repairing of steel structures. Thus the test 
results indicated that strengthening and retrofitting of steel 
beams with GFRP and silicone fabric (a) To control the 
propagation of cracks arising from fatigue (b) To increase 
its overall moment strength (c) And also it helps in recov-
ery of stiffness loss due to corrosion.

In this paper the strengthening behavior of steel beams 
with GFRP and silicone fabric is presented and discussed. 
Four steel beams are strengthened with GFRP and Silicone 
fabric strips. The other two beams is tested without lami-
nating strips in it. After the testing of this two beams and 
then it is rehabilitated, and its structural behavior is stud-
ied by laminating it and tested once again. This is due to 
the purpose of facilitating comparison. The materials used 
and the test method(s), details of beam sections, test re-
sults are briefly discussed and outlined in this paper.

MATERIALS AND METHODS
To understand the pull-form of epoxy-glass and silicone 
composite laminating strip was used to strengthen the 
steel test beams. In phase1, a total of 10 coupons cut to 
a length of 250mm    were tested .In phase 2,a total of 
12 specimens of GFRP and silicone fabric were tested un-
der different cases. The compression test specimen dimen-
sions are shown in Table 1. A schematic view of both cou-
pons and beam specimens is shown in Fig 1. C and simple 
lipped sections of 2.0mm thickness and 800mm length 
were chosen for the compression tests. 

 

Figure 1:  Glass Fiber Reinforced Polymer(GFRP) and 
silicone Fiber 
Methods of testing:

Coupon specimen are prepared for the required dimension 
as per IS 1608:2005. Testing is carried out for coupons 
without laminate and coupons laminated with one layer 
and two layers. The dimensions of the coupon are given 
below. Thickness of coupon specimen is 2mm.

Figure 2. Coupon specimen details
 
The grip ends of the coupon are fixed to the Universal 
Testing Machine (UTM) with the clamp provided to it. Ten-
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sile loading is applied to the specimen with gradual in-
crease of the intensity of the load. The loading is applied 
until the coupon gets failure. The failure is obtained due to 
the breakage at the gauge of the coupon.

Figure 3. Testing set up of coupons Testing of beams:
 
Two types of beams are prepared for the testing. The 
beams are plain C section and C sections with lip. Dimen-
sions of the beam are 80x50 x 2 for plain C section and 50 
x 80 x 15 x 2 for lipped section. The laminate is bonded 
over the flanges of the beam using epoxy resin adhesive.

Figure 4. Beam testing setup

 
 
 

Figure 5. Beams sections

 
The beam is tested by two point loading method in Uni-
versal Testing Machine (UTM). The two loading points are 
133mm away from the center of the beam on either side. 
The loading is applied by increasing gradually until buck-
ling occurs.

RESULTS AND DISCUSSIONS:
Coupon test results:
From the table 1 the tensile stress of various coupons with 
different layers is studied. It is     seen that tensile stress is 
increasing rapidly by the application of laminates.

Single layer laminate with GFRP gives high ultimate load 
and tensile stress when compared to coupon without lami-
nate

Coupons laminated with silicone fiber also give high ulti-
mate load when compared to plain coupons but when 
compared to   GFRP.

A coupon laminated with double layer doesn’t increase the 
ultimate load and tensile stress up to expected level. It is 
because the bonding between the two layers gets stiff-
ened and fails at initial stages.

Thus the lamination of steel with one layer is good for 
strengthening the sections. Based on the coupon results 
the Beams sections are laminated with single layer of GFRP

Table 1 Results of coupon test

(ii) Beam test results:
Beam tests results
From the table 2 various beams sections are tested results, 
the percentage of increase in ultimate load and deflection 
are compared.

Higher percentage of strength was observed in all lami-
nated specimens of C sections and compared without 
laminated C sections and the C section was observed % of 
strength gain.

Compared with C sections and C-lipped sections, were 
showed best performance and higher strength behaviour 
in all specimens. The lamination made specimens gave 
higher flexural strength then non laminated specimens and 
which reduces the deflections during the testing. Thus the 
Increase of strength due to GFRP strengthening gives the 
increase in flexural strength by 15.61%.

In back to back connect cases, the effect of lamination, 
bolting of two sections is verified. Thus it doubles the ul-
timate load when compared to plain sections. Thus the 
Increase of strength due to GFRP strengthening gives the 
increase in flexural strength by 15.61%.
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Table 2. Results of beam sections
 

 
Percentage increase of load:

Table 3. Increase of strength due to GFRP strengthen-
ing
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Figure 6. Ultimate load comparison
 
CONCLUSION
Thus strengthening effect of GFRP and silicone fibre was 
studied thoroughly for coupons and beam. From the 
above study the following conclusions are listed below:

Thus the GFRP laminate can be used in the strengthening 
of cold form steel sections.

From the coupon results, the tensile stress increases drasti-
cally by the effect of lamination of both GFRP and silicone 
fibbers.

It’s been found that laminated beam sections increase flex-
ural strength by 15.61% when compared to plain beams.

Lamination of multiple layers of both fibbers on coupons 
doesn’t give much more expected strengthening effect up 
to a measurable extent.

The coupons showed shear failure and debonding in multi-
ple layers. Hence it is advised; in that post analysis it is to 
be done with increase in thickness of laminates instead of 
going for multiple layers.

Thus GFRP can be used in repair and rehabilitation tech-
niques in cold form steel and it can be applied over outer 
surface of deformed structures with the help of epoxies. 
So it can increase the loading capacity of the structure.

Compared with C sections and C-lipped sections, were 
showed best performance and higher strength behaviour 
in all specimens. The lamination made specimens gave 
higher flexural strength then non laminated specimens and 
which reduces the deflections during the testing

In back to back connect cases, the effect of lamination, 
bolting of two sections is verified. Thus it doubles the ul-
timate load when compared to plain sections. Thus the 
Increase of strength due to GFRP strengthening gives the 
increase in flexural strength by 15.61%.
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