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Tab.1 Overview of the test beam
B R/ 0% S I A %/ %
ENCR R & b R AL
J-1 — 0 0 0 0
J-2 BLESET 0 8 0 7.6
J-3 G 4 8 3.8 7.7
J-4 GV e 8 8 8.2 8.3
J-5 R A2k 12 8 11.5 7.9
22 WM T RE
Tab. 2 Mechanical characteristics of steel
HH HA/mm  JBMRRE/MPa  HBRIRE/MPa  BMERCE/MPa i H/ %
i f3 6.0 370 565 2.10X10° 30.0
9\ 14.0 470 570 2.00X10° 20.0
L2 15.2 1860 1945 1.95X10° 4.0

# 3 Bt HBEA R kg/m®)

Mix proportion design of concrete (unit: kg/m’)
K 4 Bk HE R ) I 7K 5 7K

380.0 1111.0 100.0 1. 44

Tab. 3

710.0 144.0

.2 BHAR
AR A DG SCHR I 10 4F 2R VL 7Y 14 B R 4 250 TR R P 2 B BB T O NHL  Mg®t (Na© Al
Ca®" , BRI TN SOf \NO; F1 ClU LRI AP B TR LU0 3% 4. 5 T3k 888008 , AR SCIR A Wil 2 1 5%
56 5 MU TR R 9 8L 040 10 R PR T R p L (ELRE O 3, R I IR 2 L35 5
#4 RWET A

Tab. 4 Proportion of acid rain ions

BT SO~ NO; Cl™ NH; Ca™" Mg** Na*

it/ % 73.18 21. 40 3.28

#5  BRNIAE WL

Tab.5 Chemical composition of acid rain

27. 44 54.99 2.74 6. 60

18 W %53 Na, SO, MgSO, Ca(NO;); « 4H, 0 (NH,), SO, NaCl

Fa/(g/L)
T 6 SR P 38 P 00 S ol Ty 0 T N R RV i R AT ok K SR 28 d S e T DL R i T =k
P T D VRO et v A L O SRS ok, L R RS A R VR 1 I S8 43 3 5 AT B R B L
I R T YR TR S P A ] B o 0 S A5 A 2 S S ol . A T B L R A S ol o A 5 A e A 4 ek ) £
il R TR SRR AT A6 L% . R T ok G B LG e 3 50 A L e VR 4 TR A R R S i A T X
Xof i EL R AT 7 b B, T R E R R B 400 A/ em?® B4 v A s LS E S (RS ok R 4 56 2 53
F A ) a8 TR T ) T ) N 8 28 S ok 8 Sk 8 6 3 ek vk v B s A T A HE kb ) A 14 L, 38 AN A
PR A 0% .4% 8% A1 12 %, i ] 24 0 d.6.5 d.13 d A1 19.5 d,
1.3 BHMENERE
TR0 40 5 B o T 0 B A T B ok A R 8 4L AR R) BE 100 mim K B FH R 455 70

0.531 0. 087 0.252 0.191 0.036
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Fig. 2 Layout and loading diagram of test measurement points(unit: mm)
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Fig. 3 Failure mode of the test beam

2.2 #&#EHAH

IR AR WK 6, K 6 ATHL, HAREIREE J-1 M, J-2.]-3.]-4 A1 J-5 09 FF 2105 450 5 T
R T 32.9%0.31.6%.26. 6% F1 38. 0% , 3 W HX 28 £k Ji o 36 X JF 24 1oy 48050 W) 0 385, Y B X i T 32 Ry
7.6 YOIt ff BT BER BE S 32,900, MAFR 6 3 AT, 56 R A JeR IR A 28K N R RIS ey 2 24 i AR A S TR
MR TREEE S J-2 A, J-3.0-4 1 J-5 09 )i MR 2853 0 B B 15. 626 .14, 726 Fl 18. 0% % BR i
AT R 5. 20013, 500 F1 8.7 %40 5 AN A 1k Rk 3. 80 e R AT R N BRI, NRE T 15,6205 244K
F S T R T 3. 8 DG IS A A ok X e R A 28R R AR PR AT 28 MR A 0N o kT R R ok R B e, FLTR
HE IR0 28 d JE R VAT R X IR B R A SR I AR T L2 R DX BB A A ek VR L TR Ut
i ok Xk 32 i DX VR B - TT S . ol YR R B R R A R 2 T DX A T ol VR B - iR R A T B



520 Lo h (2025 4E) 56 40 &

SR B T TR B VP B A7 e IR R AR SR A A R AR T DR O A T ok X X B 52 A M R Y
W Y AP T 4 28 2 T b R B 52
# 6 MWBRET)
Tab. 6 The bearing capacity of the test beam

I B4 5 IF L0 4% / kN Jet MR A 2% / kN He BR 7 4%/ kN IR IR Tr 3
J-1 79 241 265
2 53 21 2oz I A L 3 T
J-3 54 178 239 A RS 2 TR IX U BN
4 58 180 218 e e J Bt
J-5 49 173 230
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Tab. 7 Results of ductility coefficient of test beams
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Fig. 4 Force-displacement curve of tested beams

WA S WREEE fo/mm JEREEE f,/mm JEE R AL

J-1 32.391 18.134 1. 786
J-2 23.267 10. 633 2.188
J-3 22.867 10.510 2.176
J-4 22.245 10. 248 2.171
J-5 21.271 9. 907 2. 147
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Fig. 6 Load-strain curve of tensile reinforcement at the bottom of the test beam
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Experimental study on the effect of reinforcement corrosion
on the bending performance of prestressed concrete beams

XU Kaicheng'?, LU Zijian**, HUANG Hongrui*, QIU Rixu*, YI Bin*, ZHANG Liqing'"*

(1. State Key Laboratory of Performance Monitoring and Protecting of Rail Transit Infrastructure, East China Jiaotong University,
Nanchang 330013, Jiangxi, China; 2. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013,
Jiangxi, China; 3. Zhaoqing Engineering Section of China Railway Guangzhou Group Co. ,Ltd. , Zhaoqing 526000, Guangdong, China)

Abstract: Prestressed concrete structures are subject to environmental corrosion during service,
resulting in corrosion of the reinforcement and varying degrees of damage to the structure. This leads
to a reduction in the structural load carrying capacity. To investigate the effect of the reinforcement
corrosion on the flexural performance of prestressed concrete beams, corroded prestressed concrete
beams were tested by a four-point bending test. It is shown that the corrosion of the ordinary
reinforcement has a small effect on the cracking strength and ultimate strength of test beams.
However, the effect of corrosion on the yield load is more obvious. When the corrosion rate of
ordinary steel reinforcement is 3.8%, the yield load of the test beams decreases by 15.6%.
Additionally, the corrosion rate of steel reinforcement has a smaller effect on the yield deflection of
the test beams, but the effect on the ultimate deflection is more obvious. When the corrosion rate of
steel reinforcement is 11.5%, the ultimate deflection decreases by 8.6%. The corrosion of the
prestressed steel strand has a significant effect on the cracking load and yield load of the test beams,
which is the main factor affecting the load carrying capacity and deformation capacity of the
prestressed beams. The cracking load of the test specimen decreases by 32. 9% when the strand
corrosion rate is 7.6%. Based on experimental data, finite element software ABAQUS is used to
simulate the finite element calculation of each corroded beam. Meanwhile, a calculation method for the
bearing capacity of prestressed concrete beams with corroded ordinary steel bars and corroded steel
strands was proposed, based on the performance degradation patterns of corroded reinforcement. Both
calculated and simulated results show good agreement with experimental data.

Keywords: prestressed concrete beam; steel corrosion; flexural behavior; finite element analysis;

bearing capacity calculation



