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Research on Mechanical Behavior of
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with CFRP under Complex Environmental Conditions
WANG Suyan ,LIU Zhenjie , ZHANG Hongtao ,ZHU Fangfang

(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian, China,
116024)

Abstract ; This paper mainly studies the flexural performance and deterioration law of CFRP-high
strength reinforced concrete beams under coupling effect of sustained loading, freeze-thaw cycling
and dry-wet cycling. After being applied the sustained loading by the home-made device and suc-
cessively subjected to freeze-thaw cycling and dry-wet cycling, the specimens are tested by four-
point bending method to analyze the effects of loading level, the number of freeze-thaw cycling
and the number of dry-wet cycling on the durability of reinforced beams. Both cracking loads and
debonding loads of specimens under different environment degrade to different extents compared
with the control specimen. The flexural performance of test beams under coupling effect of freeze-
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thaw cycling and dry-wet cycling is lower than that of the test beams only under sustained loading.

In addition, the debonding load of specimens is much lower under coupling effect of freeze-thaw

and dry-wet environmental conditions as well as sustained loading. After a long time exposure in

experiment environment,the change of the ultimate deflection of beams is not significant whereas

the deflection at the initial stage of debonding decreases gradually. Results indicate that the me-

chanical properties of test beams has degraded under the freeze-thaw and dry-wet coupling envi-

ronment, while the presence of sustain loading further reduces bending capacity of test beams.
Key words ;: CFRP; freeze-thaw cycles; wet-dry cycles ; sustained load ; RC beam ;high strength con-

crete ; durability
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Table 1 Mix proportion of concrete

BE/(kg-m™)
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7K KR HHRIR i HT Uk 7K 51
145 396 62 641 1245 6 0.317
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Table 2 Properties of carbon fiber sheet
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MPa GPa mm (g'm~3)
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Fig.1 Design of reinforced beams and measurment plan
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Table 3 Details of specimens

RS RERSR/AN  HRREL TR
FOWOLO 0 0 0
FOWOLI 10 0 0
FOWOL2 20 0 0
F150W45L0 0 150 45
F150W45L1 10 150 45
F150W45L2 20 150 45
F150W90L0 0 150 90
F150W90L1 10 150 90
F150W90L2 20 150 90
F300W45L0 0 300 45
F300W45L1 10 300 45
F300W45L2 20 300 45
F300W90LO 0 300 90
F300W90L1 10 300 90
F300W90L2 20 300 90
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Fig. 3 Surface characteristics of beams under different environmental conditions
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Fig. 4 Failure mode of specimens
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Table 4 Test results of beam specimens kN

v A Fe Fy £ ry
FOWOLO 13.6 36.8 58.1 62.5
FOWOLI 14.5 35.4 52.2 60. 5
FOWO0L2 13.4 34.9 49.4 58.6
F150W45L0 13.6 35.5 52.3 58.3
F150W45L1 12. 4 34.4 53.4 57.2
F150W4512 12.6 33.8 53.1 55.8
F150W90L0 13.5 34.1 50.9 54.4
F150W90L1 14.6 33.6 47.5 53.9
F150W90L2 11.7 30. 1 48.5 51.7
F300W45L0 12.9 35.7 53.3 57.9
F300W45L1 14. 1 34.8 52.9 56.2
F300W451.2 13.6 33.3 50.5 54.7
F300W90L0 13.1 33.6 52.6 54.9
F300W90L1 14.3 32.3 50.8 52.5
F300W90L2 11.1 28.7 48.7 50.9
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Fig. 5 Load - deflection curve of test beams
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Table 5 Calculation results of test beams debonding

moment
% n M, M, ((M,-M,)/M,))/%

FOWOLO  1.00 7.46 8.59 13

FOWOLl  0.89 7.03 8.32 16

FOWOL2 0.77 6.60 8.06 18
FIS0W45L0 0.79 6.69 8.02 17
FISOW45L1  0.70 6.33 7.87 20
FIS0W45L2 0.61 5.97 7.67 2
FISOW90LO 0.68 6.24 7.48 17
FISOW90L1 0.60 5.97 7.41 19
FISOW90L2 0.52 5.65 7.11 21
F300W45L0 0.70 6.33 7.96 20
F300W45L1 0.62 6.02 7.73 2
F300W45L2 0.54 5.70 7.52 24
F300W90LO 0.60 5.97 7.55 21
F300W90L1 0.53 5.70 7.22 21
F300W90L2 0.46 5.42 7.00 23

T ARG RN N B B R B M, R
FETIAA s M, A B S AR STME; (M, - M, ) /M, %4
&R, A E N 20% |, BRifEZE A 0. 03.

R 6 REBHEITTH AR S G T
Table 6 Comparison of debonding moment calculat-

ing and test results

%' M, M, i Ms M
FOLO 7.46 9.49 NOLO 7.46 9.5
FOL30 7.08 9.56 WA40LO 7.08 9.94
FOL60 6.69 9.21 ‘W40L30 6.73 9.8
F100LO 7.21 9.41 ‘W40L60 6.38 9.62
F100L30 6.86 9.42 WS80LO 6.69 9.59
F100L60 6.47 9.05 WB80L30 6.38 9.4
F200L0 6.95 9.56 ‘W80L60 6.06 9.25
F200L30 6.6 9.03 WI120L0 6.24 9.16
F200L60 6.29 8.87| WI20L30 5.97 8.68
F300LO 6.69 9.49 || WI20L60 5.7 8.28
F300L30 6.38 8.91 — — —
F300L60 6.06 8.5 — — —

T My My YRR BE SR HNE, M, Mg YRS
FESTIE, Horh M, FVERIR A SCER[ 177, M SRR A
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