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Experimental analysis on RC beams strengthened with the pre-stressed
carbon fiber sheets and pre-screwed bolts
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(1. School of Civil Engineering, Shandong University, Jinan 250061, P. R. China;
2. Jinan Highway Administration, Jinan 250013, P. R. China)

Abstract: To improve the strengthening effect and reliability of concrete structure strengthened with carbon
fiber sheets, a new hybrid bonding pre-stressed carbon fiber sheets technique is developed. This technique
combines the pre-stressed carbon [iber sheets with mechanical fastening of pre-screwed bolts. In accordance
with the fracturing characteristics and the strengthening method of aging RC beam bridges, different
carbon fiber sheets strengthening technology were applied on the intact and destructive RC beams. And a
series of experiments were conducted to examine and assess the flexural performance of RC beams. Then, a
new type of tensioning equipment was invented to meet the need of tensioning carbon fiber sheets in
practical engineering. The experiment results show that the hybrid bonding pre-stressed carbon fiber sheets
is a more reliable strengthening technique which can not only improve the flexural capacity and the section
stiffness of RC beams during normal use stage, but also can increase the cohesive force between carbon

fiber sheets and concrete interface. It can make full use of the tensile strength of carbon fiber sheets and can
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restrain the opening and developing of the cracks.

Keywords: pre-stressed carbon fiber sheets; pre-screwed bolts; strengthening technology; experimental

study ; mechanical behavior
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Fig.1 Tensioning equipment schematic diagram
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Fig.2 Pre-screwed bolts fastener
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Fig. 3 Configuration and reinforcement details

for beam specimens
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Fig. 4 Schematic representation of test set-up for specimens
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Fig. 8 Restoration and pressure grouting of failure beams
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Table 1 Description of experimental beams

R R Jin i CFRP  CFRP  #§JZ CFRP jifi  #i[&EE 4 EH T WA T
Hi s K& Jr B S /mm MBI /KN BE/mm 42/mm J1/kN
BM1 SEEE G 100 150 mm X 70 mm X5 mm 20
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BM3 5¢ H& 3 PRE-CFRP 2 100 10 12 150 mmX70 mmX5 mm 20
BM4 SEAL Gk PRE-CFRP 2 100 14 12 150 mmX70 mmX5 mm 20

BM5-1  Sg#& it PRE-CFRP 2 100 18 12 150 mm X 70 mm X5 mm 20

BM6-1 gkt HB-PRECFRP 2 100 18 600 12 150 mmX70 mmX5 mm 20

BM2-2  mEdRi HB-CFRP 2 100 600 12 150 mm X 70 mm X5 mm 20

BM5-2  filf R g PRE-CFRP 2 100 18 12 150 mmX70 mmX5 mm 20

BM6-2 B3R BH-PRECFRP 2 100 18 600 12 150 mm X 70 mm X5 mm 20
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Fig. 9 Failure mode of reference specimen BM1
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Table 2 Test results of test beams

R JFRA CFRP #E MIRM Rk

(27874
45 H/KN gk /kN  #/kN  HEE/mm
BM1 20 65 70.39  ZAREIR
BM2-1 21 88 110 93.85  CFRP Ja % i 24
BM3 32 76 100 92.42 CFRP i ## %
BM4 36 76 104 94.24 CFRP W B #E
CFRP ¥ # 3 &
BM5-1 43 81 110 82, 23
Jr ¥ T L
BM6-1 43 90 120 97.49  CFRP J& Wiz
BM2-2 23 86 100 85.24  CFRP Ja# 5L
CFRP ¥ # 31 &
BM5-2 32 80 110 105. 68
Jr 8 7 2
BM6-2 32 88 110 85.27  CFRP J&) &P W24
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Table 3 Test beams rigidity

R 7 IR TAE BN B(kN » m*)
ETReS 1 2 3 4
BM1 18 548 12 138 2 269

BM2-1 27 504 16 611 9 824 5 967

BM2-2 19 359 11 909 9 417 5755
BM3 38 347 17 985 10 191 5503
BM4 38 399 19 353 11 315 6 220

BM5-1 41 120 19 450 12 610 7551

BM5-2 15 780 10 902 8505 5 403

BM6-1 45 164 18 775 11 427 7 015

BM6-2 18 316 13 184 10 009 6 385
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Table 4 Safety indices of test beams

HRERE )

W WMIRD R/ W BtSR/ woter v

42  (kNem) #/KN (kN-m) #/kN i b
.
BM1 91 65 54 39 1. 69
BM2-1 154 110 82 59 1.88
BM3 140 100 82 59 1.71
BM4 146 104 82 59 1.78
BM5-1 154 110 82 59 1.88
BM6-1 168 120 82 59 2.05
BM2-2 140 100 82 59 1.71
BM5-2 154 110 82 59 1.88
BM6-2 154 110 82 59 1.88
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