5 414555 2 1] 7R 2l R Vol. 41 No. 2
202444 A Journal of East China Jiaotong University Apr., 2024

NXEHS:1005-0523(2024)02-0001-24

R TR AR IERE IR (L K TR B IR 4E 4P £R 18

MRS XN 4R] 2 AL B AF
(1. A FRAS R F A MBI TAR2A B, VPG B E 330013 ;2. B4 F e TAR A0, VPG Hi4s 338004;
3. VLPEA 3R A I B A FRA 7], VP RS & 330052)

IR AF AR LA R IR AR AR BAC AT I TR M 4 3P X — B A AT T 4258, R LARRIE A B R0 Mk &, B
B & % A S IR B Je A BRI M S A 5 B R S T B E R AW RIME R TN AF S s LA L A
HAL, BB E MR R, RAH A R EIREM  F AR . AATR S AR AT AT S M) ) SRR AR AL B
TRAZ M BG4 | R A4 ) A A TR VA B TR 5 e 2 37 SRwkh) 2 4 O 0 AT BL A R AR BRI AR B AL S TR A e AP AT T 9F
R R B ST A T BT RAE R Fe gy sk ag RS R, KRG, 0 RUNBRA LB L AR RAMAT MR B MEERET , 50
TR AT A IR TR R ARG AL 5 & G A2 A0 T R AR g A AR R 45 ) b de B VLB AL HLAE . %
Jo AT IABFR Ao E Stk 3R T B AT iR B RIRAT AR BAL S T 43 P A AR 00 9L, G AT AR T AT
8 G MR R o T g RRAE Y LR IR B

SRR L EAR R AR B AL s AR TR s TR P 42 3P

FE 4SS :U448.33 XERFRARAD: A

ARSI FRAEms, X 4R, 4R L R AR R AR AR AL R TR P 2 3P 42 R [T]. 46 AR A8 K AR, 2024,41(2)
001-024.

Review of Performance Deterioration and Preventive Maintenance
of In-service Concrete Bridges

Chen Huapeng', Liu Weigang'?, Jiang Yu', Xiao Feng', Zhu Zewen’

(1. School of Transportation Engineering, East China Jiaotong University, Nanchang 330013, China; 2. School of Architectural and
Engineering, Xinyu University, Xinyu 338004, China; 3. Jiangxi Transportation Research Institute, Nanchang 330052, China)

Abstract: This paper reviews the hot research topic of the performance deterioration and preventive mainte-
nance of in-service concrete bridges. As complicated structural systems, concrete bridges have characteristics of
multiple causes of structural damage, complex degradation mechanisms of materials, and difficult assessment of
the structural performance. Due to the combined action of the environmental and loading effects, the properties
of steel reinforcement and concrete materials deteriorate, which leads to a decrease in the load-carrying capacity
of the structural components and ultimately affects the structural performance of the whole concrete bridge. This
paper discusses the performance deterioration and preventive maintenance of the in-service concrete bridges in

many aspects, such as the material degradation mechanism, the simulations of the mechanical performance dete-
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rioration of materials and structures, the evaluations of service performance, the predictions of remaining service
life, and the determination of preventive maintenance strategies. Meanwhile, the advantages and disadvantages
of the proposed models and methods are compared and analyzed. Consequently, from different levels of materi-
als, components and structures of the existing concrete bridges, it analyses the degradation characteristics of
bridge materials at the meso-scale level, investigates the damage mechanisms and failure process of the bridge
components, and further examines the deterioration laws of the mechanical performance of the in-service con-
crete bridges at macro-scale level. Finally, based on the analysis and review of the existing investigations, it pro-
poses the current issues in the performance deterioration and preventive maintenance of the in-service concrete
bridges, provides new frameworks for future research, and offers the scientific basis for the smart operation and
maintenance management throughout the whole life cycle of bridges.
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Fig. 1 Flow chart of this paper
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— Smaller cover thickness by present study
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~ Larger cover thickness by present study
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(b) Crack width at concrete cover surface as a
function of corrosion level
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Fig. 2 Prediction of concrete cracking time and crack width caused by steel corrosion
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Tab.1 Degradation model of corroded steel bars

Models Formulas Year and authors
Constituti el ot eorroded E.(n.)é. e <fu(n)E(n)
titut
onstitutive model of corrode a.=1/en.)s ea(n)=e.>f,(n)/E(n.) 2014, Zhang, et al“"

steel bar

Constitutive model of corroded

prestressed tendon

Degradation model of bond f a
UCOIT =

strength of corroded steel bar

Epép,
0, = 0.15f,,
: 08$@+@@—q@ﬂ——i—}smsawm<nm

p
i [(1 +v ﬁ:)(Wu — W)+l - R+ ﬁ,jR"bW,l

fln)*Eufec—ea(n)) eunn)=e.>ea(n.)

2022, Yu, et al.*"

Epue T €poe

2016, Chen and Nepal !

. i (v, + 1)(2v, = npR J(n—Dp+1
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] E(2v,(p-1)+(n-2)p+2) 2019, Zhang, et al. “*
reinforcements
‘51'\1\' Oy, 0‘ <J
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on-f=0 on 0Q,

Phase field model for corrosion-

induced cracking ly

261 9gn, =0
CO

Rust expansion cracking model
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_ 1 E -
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2022, Fang, et al.
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With stirrups, predicted by present study
10 = With stirrups, experiments by Rodriguez, et al. 1994
\ \ = = - Without stirrups, predicted by present study
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® Without stirrups, experiments by Rodriguez, et al. 1994
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(a) Ultimate bond strength as a function of corrosion level
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Rodriguez, et al., 1994. (unconfined)
Almusallam, et al., 1996. (unconfined)
Fischer, 2010. (unconfined)

Fischer, 2010. (confined)

Law, et al., 2011. (unconfined)

Li and Yuan, 2013. (confined)

Banba, et al., 2014. (unconfined)
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(b) Residual bond strength versus equivalent crack
width on the concrete cover surface
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Fig.3 Effect of corrosion rate and crack width on bond strength™™
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Fig. 4 Influence path of reinforcement corrosion on structure mechanical properties
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Fig. 5 Degradation models of mechanical properties of the bridge structure
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Tab.2 Several important theoretical formulas of stochastic degradation models

Stochastic models

Formulas

Year and authors
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