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Experimental study on bending resistance of corroded steel beams
strengthened with prestressed carbon fibre plate
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Abstract: Through the flexural performance test of rusty steel beams strengthened with carbon fiber reinforced
composite (CFRP), the effects of different prestressing degrees of CFRP plates on the failure modes and bending
capacity of rusty steel beams are studied, the mechanism of tensile zone of corroded steel beam strengthened with
CFRP plates to enhance its normal section bearing capacity is revealed, and the distribution of the interfacial stress
of corroded steel beam strengthened with CFRP plates is discussed. The test results show that the failure modes of
the specimens are the tear of the CFRP plate after the shear failure of bonding interface on the mid span, and the
fracture location of the CFRP plate is mostly at the loading point. After the destruction of the damaged steel beam,
the longitudinal slip of 5~10 mm is generated on the CFRP plate. The shear stress is mainly concentrated on the
end of CFRP, and the peak value of shear stress appears at the loading point. 15% f, prestressed CFRP plate can
increase the bearing capacity of the corroded steel beam by 23.26%, reaching the bearing capacity in the non-
corroded state, and improve the utilization rate of CFRP plate by up to 71.59%.

Key words: CFRP plate; prestress; rust loss; steel beam; bending strength
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Fig. 1 Stress-strain curve of corroded specimen
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Tab. 1 Mechanical properties of materials
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Fig. 3 Tension device of prestress
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Tab. 2 Main parameters of specimens
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Fig. 4 Schematic diagram of loading device
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Fig. 5 Position of strain gauge of steel beam
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Fig. 6 Failure modes of specimen with different corrosion degrees
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Tab. 3 Comparison of ultimate load and yield load of specimens
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Fig. 10 Interfacial shear stress-load curve of specimen
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Tab. 4 Stripping load of specimen

e #e/NBY R F1 /MPa 15 4 28/ kN
B-1 1. 584 375
BP-1 1.478 380
BP-2 1. 984 370
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Tab. 5 Utilization ratio of CFRP plate

s R AR A R R A

Z;g BEAS kN %)% DOP A PN

/pe A% /e A% /e /%
B-1 0 2234 18.9 8 501 56.7
BP-1 1200 2 418 24.1 8 410 64.1

BP-2 2 100 2 901 33. 34 8 639 71.59

W3 5 al N S I RN, AETUR S CERP AR
I 9 22 10 1k £ 4 AR AR 18,900, Tl 1504 f
BN J3KF T CFRP A I 242 & ) 33. 34005 %
FEARBRAR 2, ARFH N -y CFRP A i [ 59 3% i 15 £F

YRR R 56. 7%, MR R AR . (HHN
J1 CFRP WM B SR R B EFRE, Hd 15% /.
TR 37K F 6 B2 R B #k 71,59 %, B UL
CFRP WM Re0% 78 40 R AEAT FHE R, $5 B 41 4 Al
BRI ZR, i CERP H b % 25 #4231 3 30 i [ A9
YEH.

4 g

(1)CFRP # Jin [ 8% 452 44 2% i) 9% 8 3% >4 CFRP
WL, R CFRP A2 4: 5~10 mm 24
. R4 BT N 35 AR v 7R Bk 2 4 A i 3R X
8, HLBY R AR B N2 A

(2) W Rz J3 CFRP Az w] A7 2% 3 T+ 455 T AR 2 7K 2k
J1, Wik 23.26%; ML FARGWRME, WM
CERP A i ] 45 452 8K % w4 HAR IR R % 2 =
92.82%~105.98% , BLBH IR J3 CFRP #z v] ¥ 8%
T AR R B AR RS

(3) TRz J3 CFRP A i 89 22 e 2 $2 7+ CFRP
WA, JET ) S CERP KM 8K 3% 0 Bk 2F 4
MR RAL A 56. 7%, 15% f, TR 3 7K 06 7
TR LT AR 25 71,59 %.

2% 30k References

(1] fe¥Ete, skaER, 58, % PR ERESHN H &

AEDTR L RE IR R ST [T ], LM 4, 2019, 40
(1):49-57.
XU Shanhua, ZHANG Zongxing, SU Chao, et al.
Experimental study on seismic behavior of corroded H-
shaped steel columns under neutral salt spray environ-
ment[ J]. Journal of Building Structures, 2019, 40
(1):49-57.

(2] fhgfe, skoR B, MRFY 55, % R MIT0E (00 5 1 4K

B SR BAL IRE W50 [T ] WL BB R
WOHRBHAR) , 2017, 49(2):164-171.
XU Shanhua, ZHANG Zongxing, HE Yuling, et al.
Experimental study on monotonic tensile behavior of
corroded steel in neutral salt spray environment[]J]. J.
of Xi'an Univ. of Arch. & Tech., ,2017, 49(2):164-
171.

[3] ZHAO Xiao-Lin, ZHANG Lei. State-of-the-art review
on FRP strengthened steel structures. Engineering
Structures[J ], 2007, (29):1808-1823.

[4]  FEBE DM 1R, 45 CFRP O 45 M PT% 55 R
W LRl [T ], B S APk, 2013, (4) :58-62.
CHENG Lu, FENG Peng, XU Shanhua, et al. The
Technology and Research of Steel Structure Strength-

ened with CFRP[]],

Composites Science and Engi-



o554 gk

=1 Jike
A, SF:

bl

9IS 3 R 2T 4 A 0 i 455 45 B SR 0 5 1k e X B E T

597

[7]

[10]

[11]

neering, 2007, (29):1808-1823.

¥OAE W, U A, R PR P TR AF 4 B R B A AR
(CFRP) I 42 4545 #4544 [T ]. Tl 51, 2003. 33
(9):7-10.

PENG Fuming, YUE Qingrui, HAO Jiping. CFRP
for strengthening and repairing of damaged steel struc-
ture[ J]. Industrial Construction,2003. 33(9):7-10.
FEARAR, BRI, ZEAZ  SF. TN D B A 2 A N 4K 2R
PLBARE NBEE[T]. BkiE %, 2013, 35(6):
104-109.

LU Yiyan, GONG Tianniu, LI Shan, et al. Study on
flexural strength of steel beams strengthened with pre-
stressed carbon fiber reinforced polymer (CFRP)[]].
Journal of the China Railway Society, 2013, 35(6):
104-109.

R, TURL TR A5 4 AT K R LS M RE R ST [ D).
R KBRS, 2005,

WU Tao. Research on {lexural behavior of steel beams
strengthened with prestressed CFRP sheets[D]. Wu-
han ; Wuhan University, 2005.

XE S, EfpE. R A H B 5 R 2F 4510 0 £ T
i M T]. 454 TR, 2004, 20(6):70-73.
LIU Qingping, WANG Jingfeng. Application of H-
Shaped Beam and CFRP Sheet in Strengthening of a
Building [ ] .
70-73.
STRATFORD T, CADEI ]J. Elastic analysis of adhe-

Structural Engineers, 2004, 20 (6):

sion stresses for the design of a strengthening plate
bonded to a beam[]J]. Construction and Building Mate-
rials, 2006, 20(1-2): 34-45.

ZHOU Y, FAN H, JIANG K, et al. Experimental
aluminum

116 (1):

flexural behaviors of CFRP strengthened
beams|[ ] ]. 2014,
761-771.

TUAKNE. TRy CERP AR i 5k B B0 % 40 25 1 e I
WS [D]. M AR Tl kA, 2017,

JIA Yonghui. Experimental study on the flexural ca-

Composite Structures,

pacity of notched steel beams strengthened with pres-
tressed CFRP plate[ D]. Guangzhou: Guangdong Uni-
versity of Technology, 2017.

(12]

[13]

[14]

[15]

[16]

ERAE, EE, skigdk, %, W) CFRP 4 i
A BRI T [T ], B4 M IR, 2015, 36
(11):72-77.

HUO Junhua, WANG Liangguang, ZHANG Haifu,
et al. Experimental research on prestressed CFRP
sheets strengthened corroded steel beams|[]J]. Journal
of Building Structures, 2015, 36(11):72-77.

R, RFJRE. FIOMWAR KRR E K CFRP #2-45
MR A R A RE R s [T]. B A& MR IR,
2022, 39(2):746-758.

LI Anbang, XU Shanhua. Effect of corrosion on the
surface properties of steel plate and interfacial bonding
properties between CFRP plate and corroded steel
plate[J]. Acta Materiae Compositae Sinica, 2022, 39
(2): 746-758.

B9 55 1 RE X I B 5T [T ).
(7):62-72.

LI Anbang, XU Shanhua, WU Cheng. Experimental

A CFRP A5 b [ 25 ik £K)
AR TREZER, 2021, 54

study on the fatigue performance of corroded steel
plate strengthened with externally bonded CFRP plates
[J]. China Civil Engineering Journal, 2021, 54 (7):
62-72.

BCDUPPRH R 3 B 5 7. A3 AU TR -2 B R
GB/T 10125—2012 [ S1. b %0: o [ b5 i iR
i, 2012,

Wuhan Research Institute of Materials Protection.
Corrosion test in artificial atmosphere-salt spray test:
GB/T 10125—2012 [ S]. China Standards
Press, 2012.

] S s Tl S LR RT. &Jm ALa G g -
A0 A9 I bk % B8 B8 i - GB/T 24517—2009 [ S].
b5t v E bR A, 2009.

No. 59 Institute of China Ordnance Industry. Corro-

Beijing:

sion of metals and alloys-Outdoor cyclic spray expo-
sure test method: GB/T 24517—2009 [ S| Beijing:
China Standards Press, 2009.

(¥t ARk L



