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Mechanical Performance Test of High-strength Reinforced Concrete
Beam Strengthened by CFRP Under Combined Action of Complex

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

Abstract: In order to study the effects of freeze-thaw cycles, hot and humid environment and
sustained loads on the durability of high-strength reinforced concrete beams strengthened with
carbon fiber reinforced polymer (CFRP), a total of 15 reinforced concrete beams strengthened by
CFRP were fabricated. The structural performances of reinforced concrete beams strengthened
with CFRP under the interaction of load and environment were studied and theoretically analyzed.
The results show that both hot and humid environment and f{reeze-thaw cycles have certain
degrees of influences on reinforced concrete beams strengthened by CFRP. The effect of
environment on the bonding interface deteriorates, and the stiffness of strengthened specimen
decreases and the deformation increases. Sustained load will speed up the degradation of

reinforced concrete beams strengthened by CFRP in coupled external environment, and the higher
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the sustained load increases, the more obvious the degradation effect is. Under the same

environment, the ultimate bearing capacity of specimen is reduced, and the bearing capacity of

specimen decreases as the continuous load increases. Under the action of 150 freeze-thaw cycles

and 1 000 h continuously in hot and humid environment, the bearing capacities of specimens

under 30% and 60% load grades decrease by 2.5% and 10. 2% respectively. The continuous load

will accelerate the bending resistance of damaged concrete specimens; the degradation effects on

specimens of 500 h continuously in the environment with temperature of 40 °C , humidity of 98 %

are larger than those of 150 freeze-thaw cycles.

Key words: CFRP; freeze-thaw cycle; hot and humid environment; sustained load; reinforced

concrete beam; durability
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Tab.1 Parameters of Reinforced Concrete

Beams Strengthened by CFRP

=N CE e AR AFYL/ RN | GRELEFR B | SRR /B
LOFOHO 0 0 0
LOF150H0 0 150 0
LOFOHS500 0 0 500
LOF150H500 0 150 500
L10F150H500 12 150 500
L20F150H500 24 150 500
LOF300H500 0 300 500
L10F300H500 12 300 500
L20F300H500 24 300 500
LOF150H1000 0 150 1 000
L10F150H1000 12 150 1 000
L20F150H1000 24 150 1 000
LLOF300H1000 0 300 1 000
L10F300H1000 12 300 1 000
L20F300H1000 24 300 1 000
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Fig. 1 Geometry Scales and Reinforcement of

Specimens (Unit:mm)
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Tab.2 Physical and Mechanical Properties of CFRP Sheets
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Tab.3 Physical and Mechanical Properties of Resins at

Bottom of Specimens
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Fig. 3 Schematic Diagram of Sustained Load Device
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Fig. 4 Loading Site of Specimen
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Fig. 5 Arrangement of Displacement and Strain

Measuring Points (Unit: mm)
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Fig. 6 Distribution and Development

Characteristics of Cracks
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Fig. 8 Interfacial Debonding Effects
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Tab.5 Main Test Results of Specimens

‘ W FR AT 4%/ | Jb M for 2/ | RIS fp 48/ | B vh B EE/
R A
kN kN kN mm
0 13.0 28. 94 1.18
LOF150H500 63.1 14. 85 55. 90 11.05
LOF150H1000 |  60.1 44. 42 54. 67 9.76
LOF300H500 57.7 44.17 53. 90 9.73
LOF300H1000 |  55.5 15. 28 52.07 13.15
L10F150H500 |  63.0 50. 82 60. 64 9. 82
LL10F150H1000 58.7 46. 32 59.72 13. 40
L10F300H500 | 57.4 44. 50 55. 07 10.57
L10F300H1000 |  54.6 43.29 52.21 14. 67
L20F150H500 |  60.9 46. 66 57. 97 11.31
L20F150H1000 | 52.7 46. 58 51,48 12.17
L20F300H500 |  54.4 15. 42 52. 24 9.72
L20F300H1000 |  50.2 41.15 52.08 12. 89
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Fig.9 Curves of Ultimate Load vs. Loading Grade of

Specimens in Complex Environment
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