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Effects of the adhesive layer and prestress on the flexural behavior of damaged steel

beams strengthened with CFRP plates

WANG Haitao' , BIAN Zhining' , XIONG Hao>*, CHEN Minsheng' , WU Qiong’
(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China; 2. China Construction
Eighth Engineering Division CO., LTD., Shanghai 200122, China; 3. Research Center of Shanghai Carbon Fiber Composite
Application Technology in Civil Engineering, Shanghai 200122, China)

Abstract: In order to investigate the effects of the adhesive layer and prestress on the flexural behavior of damaged
steel beams strengthened with carbon fiber reinforced polymer (CFRP) plates, five damaged H-steel beams were
tested under flexure. The characteristic load, load-deflection curve, CFRP plate strain and its strength utilization
were analyzed. Test results show that the unbonded CFRP plate has a similar strengthening efficiency to the
bonded CFRP plate, with a difference of less than 2% in the characteristic loads. The non-prestressed CFRP plate
provides only a very small strengthening efficiency under the normal service state. However, the characteristic
loads of steel beams strengthened with the prestressed CFRP plate can be significantly increased by about 30% com-
pared with the non-prestressed CFRP plate. The plane section assumption is satisfied in the bonded CFRP plate-
steel beam composite section while it is not satisfied in the unbonded CFRP plate-steel beam composite section.
Compared with the non-prestressed CFRP plate, the strength utilization of the CFRP plate can be obviously in-
creased when a prestress is applied in the CFRP plate. The developed finite element model can predict the flexural
behavior of the specimens with good accuracy. The increase in the prestress, thickness and elastic modulus of the

CFRP plate can increase the flexural strengthening efficiency of damaged steel beams.
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Table1 Main mechanical properties of materials

Material type Elasticity modulus/GPa Yielding stress/MPa Tensile strength/MPa Elongation/%
Q235 B steel 207.0 271 429.0 15.78
CFRP plate 163.0 2516.0 1.54
Adhesive 4.5 49.2 1.64

Note: CFRP—Carbon fiber reinforced polymer.
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Table 2 Strengthening parameters of damaged steel beam strengthened with the CFRP plate specimens

Specimen Sectional area of CFRP plate/mmxmm  Strengthening method Designed prestress/MPa
B-0 - Unstrengthening -

B-BR 50x2 Bonded strengthening 0

B-UR 50x2 Unbonded strengthening 0

B-PBR 50x2 Bonded strengthening 850

B-PUR 50x2 Unbonded strengthening 850

Notes: In the specimen, the first letter B represents the beam; The number 0 represents the unstrengthening, the letters BR, UR, PBR and

PUR represent bonded CFRP plate strengthening, unbonded CFRP plate strengthening, prestressed bonded CFRP plate strengthening, and

prestressed unbonded CFRP plate strengthening, respectively.
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Fig.4 Typical strain distributions at mid-span section of damaged steel
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beams strengthened with CFRP plates
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Table 3 Comparisons of characteristic loads of damaged
steel beams strengthened with CFRP plates

Specimen P;5/kN a;5/% P /KN ay/%
B-0 102.5 - 105.8 -

B-BR 104.6 2.0 124.6 17.8
B-UR 103.4 0.9 126.5 19.6
B-PBR 131.9 28.7 157.9 49.2
B-PUR 133.5 30.2 158.5 49.8

Notes: P,;—Load when the mid-span deflection is 7.5 mm;
P,—Yielding load; a; 5 and @,—Ratios between the P; 5 and P, of
the strengthened beams and those of the unstrengthened beam,

respectively.
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Fig.5 Load-deflection curves of damaged steel beams strengthened

with CFRP plates
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Table4 Comparisons of CFRP plate strain and strength utilization
Specimen 60/1076 8p7'5/1076 8p7'5/€u/% Spy/l()’G Spy/su/%
B-BR 0 855 5.6 1287 8.4
B-UR 0 581 3.8 723 4.7
B-PBR 5605 6 877 44.7 7276 47.2
B-PUR 5542 6 300 40.9 6 485 42.1

Notes: g,—Initial tensioning strain of the CFRP plate; &,;5—Strain of the CFRP plate at P &, —Strain of the CFRP plate at P;

&,—Ultimate strain of the CFRP plate.
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Fig. 7 Interfacial bond-slip relationship of damaged steel beams

strengthened with CFRP plates
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Fig. 8 Finite element model of damaged steel beams strengthened with

CFRP plates
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Table 5 Comparisons of finite element and test results of damaged steel beams strengthened with CFRP plates
. Prs by
Specimen
Test/kN Finite element/kN Ratio Test/kN Finite element/kN Ratio
B-0 102.5 104.4 1.02 105.8 106.1 1.00
B-BR 104.6 107.4 1.03 124.6 131.1 1.05
B-UR 103.4 104.2 1.01 126.5 127.8 1.01
B-PBR 131.9 138.3 1.05 157.9 164.5 1.04
B-PUR 133.5 137.6 1.03 158.5 163.4 1.03
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Fig. 11 Effect of the CFRP plate prestress on the load-deflection curves of
damaged steel beams strengthened with CFRP plates
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