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Research progress on uniaxial compression performance of

concrete restrained by rusted stirrup

ZHANG Xin', ZHENG Shansuo’, RUAN Sheng’, YUAN Jiawei', HU Jinhua’,
WANG Xichen®

(1. School of Civil Engineering; Key Laboratory of Structural Engineering and Earthquake Resistance , Ministry of
Education, Xi’an University of Architecture and Technology, Xi’an 710055, P. R. China; 2. China Construction
Eighth Bureau Second Construction Co., LTD, Jinan 250014, P. R. China)

Abstract: The uniaxial compression performance of rusted hoop-restrained concrete serves as the foundation for
the elastoplastic analysis and seismic performance research of multi-age reinforced concrete (RC) structures. The
precise study of its deterioration rule is of great importance for durability evaluation, residual seismic capability
prediction and numerical simulation of multi-age RC structures. In this paper, the research status of uniaxial
compression behavior of concrete restrained by rusted stirrup is reviewed from the aspects of test method, com-

pressive strength and stress-strain constitutive relation. Different test methods are introduced in detail, and their
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advantages, disadvantages, and applicabilities are analyzed systematically. The factors affecting the uniaxial

compressive performance of rusted stirrup confined concrete, the uniaxial compressive performance degradation

model and the uniaxial stress-strain constitutive relationship model are summarized. The shortcomings and

trends of current research on the uniaxial compression performance of concrete restrained by rusted stirrups are

analyzed. A summary of existing research results shows that the current research on the uniaxial stress-strain

constitutive relationship of rusted stirrup confined concrete under repeated loads is very limited. Finally, the

shortcomings and research trends of existing studies are discussed.

Keywords: corroded stirrup; stirrp-confined concrete; test method; axial compression performance; constitu-

tive model; literature review
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Fig.1 Influence of corrosion on stirrup-confined concrete
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Fig. 2 Typical axial compression test devices for

concrete columns confined by rusted stirrups

1.2.1 HERRF &

I, 4l e ) O R AR SRS R A T
PR3 AH S 3 AT R AR I DX AT AE AR A
Mander %" F 58 & B, % F AR G ol 4k o R K
Z B T ER 1/3 Ak, I 4 7 12 DX 3R N AR
X, — s TR A Dl A A 24 oROTR BRE 00 PR a2
AR PV T 0 ik i 2(a) fiis , Vu P7E
WA R R O A I ke D B H W AR R A . A R
5 ) Tl Y B AL A 52 R R Y A 3K AT RE



136 K5 xR ¥E AL FROP FE L)

% 47 %

KRR EALE O B #sd # b R R IR
BE 10 B 7K 2 G PR R A AR AN R . R
PR S5 e 3 oA ) o A B, B 2(b) i i, AR
T, A e R8T 5 3 Y 07 8 0 DX R T v S
% TS AR N
1.2.2 A A

55 ol i A3 240 SRCTRE OB - B B 32 T U B9 4
S B8]yl s ey 288 R A B s 28, AN TR A 2 i 7Y
A BE oy S an B 3 (a) (b) Brzs o L 4 %
T 6 2= IR T A0 482 28 D 4 80OH N
B AR, AT A M S W 7= I A7 ok i A7 24 ROTR B L
FR T D 28 % A8 0 ZR BR800

0.0351

0.030

L L y
0 5 15 20

bﬂgﬁﬂﬁj
(a) 50T 7 4000 8

0.035
0.030f

S 00251
£

@ 0.020F

V2

0.015F

PIIE= Dy

0.010F

0.005

)
0 5 15 20

10
T )
(b) T 52 fif & il B
B3 ARBATHAOEIMEHE
Fig. 3 Typical loading systems of
different types of loads

1.2.3 &M H KA R T

TS SR AR SR 2 F AU TR
AR THT TR R 5 o 36 5977 249 SROTRE O ) BT 2 TR R RE L
WA CTE AR A 7 VB R A o Xk BEAT B
FEH KRR B G 45 R 3 1.

e LT AN [R5 3 2R A a4 4t R
AT 25 S, [ A2 38 2R A A RS R T A
A TUST RIONE Xof R 0 R fE A R B/ TR
i, [ b 2 3 R A P R A0 LA R B R 22 57, P
] 2 8 5 O — 2 I A0 Fe a2 B OR B i
RS0 X 5 e i 31y 249 TR 95 L BBl T P BB A9 5 T
A AL R ST TR AE U 32 R YRR E L it
5 BOH B A2 TR PE RE A9 8 A o BOA [ 27 35 2R
AR AL (RE) Z 8 3: 10K D). T4
ok 577 249 R YR R a0 AR TR ST AR A b 22 S 2

5 G 32 R AR B DI AR R SR O R
WARFFAFANE S B G— .

2 FHBHARER T BMTEMR

2.1 BHREMEEMERER

2 W) 455 b 41 A7 2 RO TR 56 b SR BB R Mk AR Y
SR A - A S oK S A A g A R S 3 R S
Tl il A TG K T L 2 AT R AT R IR A R
S G4 R 2ORITR B TR AR
2.1.1  f& A 44k T

X1 7 S50 VRN 2 ik S 2o 50 0 9T T 4 A 45 Tk
0T 24 TR BB A -y A i R S e i B4 G
Tl 2 it pif 0 A B T 2 g A A R iR
Wl BE AR A AN K, Bl o 85 i i 15, a0 i BE W R
WA AV 11 B2 3 O, A 2% G e DS AR A 3 5 5 KR
Ll 50 T T ) AR e T 0 4 R B UE T 4 A
5 Tl X 2 SROTR 56 R R L R Y e B L iR R R
il 757 5 I S ot iR 2 R S I B S B R e —
PETF o Joshi FF 5 i 50 & B, 40 7 45 Tkt 29 AROTR
e = VAR 1 52 R R 6 R S . Va PR R
I, Fi 757 5 ol X 24 TRV BE A B R T AR B R AR Y
5 LU 58 S B K o Zhang 60 # B Ma
AR Li4ER) Goharrokhi 255 B BEHY | I S AR
Radhi %" Revathy 25" Andisheh 2" i & K2
Zhang 455, 43 ) 38 2 5K 56 & B0 40 7 45 Tl R 1 R 2
fiff 29 SOV BE - 5 | W) B P AR A A58 o TN
IR 2% i Y Zhou S PUIN 3@ 1 R 96 K B, 4
ol AR A K I 23 X6 2 SROTR B - B R PR e AR B il
S (5 B0 ol 00 B 1 A 3K 4 40 4 I R 2%
RETT -
2.1.2 Y FhAe i i & LR 45k

B AN 23 AU A A3 24 SRR T, 3 2 0/ IS A A
AT AR 1Y AR R S E AT K 2 R AR T 5 A
5 i X 24 SRR R L SR B R Y S (L A L SE
SERY R GNAG RAE A Y A R A il . AR Y L
S XM AR Zhang 28K 38 i % bR & B 4
5577 55 G\ 7 e ) 85 ok 3 2 A A R — b 2SR 75 45 ol ik
1, A0 5 B AR, S e B 2%
2.1.3 4 A B & K-F

TAC 4 4 A AL AR R G i 25 0 4 A7 ) B 1 BB — o
T o WAL A5 114 T KT o KRS L A O e e
L, B 2 TG 40l 3 KR AE (A Y 38, 5 ok B A 24 TR
- 8 (R 7 RN W R A 32 i 1S R, A P O Y 1
5, 75 b 0 HC T R P B A R R T N o T
HERPRN R S A ST R BT 5 iR [ A R
o AR S AR 26 A ok i A 29 ROTR B+



% 64

Rk, E RSO R RBR LS R R 137

F 490 46 I BE S R K o Goharrokhi 255758 i i 5 15
Hh TR b i A 2 SROTR R b e T SR R B A A ) R
KGN EIZE . Va7 A I 01 I 56 25 R 3
B, A BRI i 23 A0 %o 45 o 46 577 240 oA TR I 1 1) e (BT 1L
J1 BRIV AZ AR B B R R A B, HAR B
il 6 /)N, 475 ok o G D L I g A A IRV A ) S e
3. Mad§" Zhang %= BF 5T & B, (BG4 %
F18 ek AT 3 505 o 3 A7 24 SR TR O e U (N ) L W T
o7 A5 1R BRIV AR (4 36k /1N o T Andisheh 55 (1 WF 5%
e NI I RV QAT AL IS R AT S
ol 177 249 TRCTR BB A ) AR AR S N AR T B o i
A R TR RE
2.1.4 #RRBELBEH KA TR

29 oY B A BT T IR B AN [ e A R 9 A
O X AR EA B KESR . Vo™ Aminulai
AU A B, 2 At R B AR R R TR
o 3 A5 249 SR TR B A 48 O B T (1 4Ca) |
(b)) A 7K 48 g B 9, U6 (B W ) Jm B9 S B 4
Zhang P00 5T T AR ) RSE 2 800 J7 % 85 Il i
i 29 IR &E 1 (1 4(c) ), I AT RS A A5 1
FOR#E T b 25 0 HORNE -7 2GR R B B
Mo ARFTH Ma S BF 5T 2 B X T 4R Y 80w 55
ol 3 A7 24 ROTR B (TR 4(d) ), K 5 EE I 1 K L g
TINAT 280 2 ST AR, DT 82 e 2 S TR W56 - Y 0 {5 32
IS 1, (EXof e {0 5 32 114 412 T /N X6 A 20 24 o T A
R 5 Tt (o A5 2 TRTR B A W (R ) A BT AR . X
2 750N X 1L R T 5 ok i A 2 TRV R R
T 32 RO, (H R FE AT AU AR LRI

: £ 7
g | 2
| T | o .
Q g
SRS 2
200 mm 200 mm 150 mny/250 mm

(a) JT A TE (b) B

120 mm 120 mm 120 mm
400 mm -

(d) HEJE
B4 AEAAFRBELTHTEEIR

Fig. 4 Different confined concrete section shapes

(¢) ARRAF I

T

190 mm 180 mm 190 mm
Rt
600 mm +

200 mm

200 mmm

2.1.5 mEiEH X

Vu S5E5E 2 B B 5T T A R B R 5K (18]S
(a) (b)) 5 TE 5 s 5 A5 24 SRR B - BT Js i 32 1) 5
Wi, 0 i A R R BRI 3 25 A 20 I, U] i A
P A B0 P B UL T B ] 40 A 1R . Ma SRR

T 85 b Sl S 249 TR BE bR [A) G 4 2R
5(c) (d))BIRZ W, g VY i e i 35 1 Y 5t 52 0 SiE
S5 OUE I A X A R AR T o RS ™0 % L T
FET B b 52 G WEE T RN A2 Al TR 46 24 o VR g
(18 5Ce) (5(0) ) Z 8] Y 22 57, kB 5 e e 4 1t
11 28 AT 1 3 R ek 38 349 /0N 7 52 4 30 o i a1

g & k AJ é[ .
200 mm 200 mm m

(a) FAJ& e 4

1]

I I/
120 mm 120 mm120 mm [
—t

400 mm 400 mm

(b) MUHMCSE — (c) XUBC 4

00 mm

200 mm
4

400 mm
|
. ¥ »
1

400 mm

(d) P (e) EEMHE () ZaEkE
AL 4t e i [Nk

Bs5 AEEHEEHNX

Fig. 5 Different stirrup configurations

2.1.6 ®mBLIBEFR

XoF i 7 29 AROTR BB M TR O R
U 5 B 8 1) 24 B, A e A HL 5 R HEAE Y 2 g A
5 Aok 7K S RN EL At DR 25 A X S AN [ 5 R A 4 oh g
A 249 SR TR BB - ) B T R R AL LR AR £ R
A Ll B A0 o 3 56 A 5K R B, B A TR R iR
(C25.C30 1 C40) 4 =5 , 55 Tt 4 #5724 SR TR 8 1= 1)
e P 17 7 % 347 188 K, iE P 38 58, O L TR B 1 A R
Fe B kT JH 0 (I g /)N AR 0 (I A 4 K A
H /N o Zhou FEPIY BF 5X & W TR BE 0RO SF
(C20.C25 F1 C30) B AR , 45 T 4ifi 17 24 o TR ok - ) Ui
{E N g AN A% SR Ak 8™ TR H R A ORI R K
AN AR R A o e B B A TR BE 1 SR B (C30.
C40 F1 C50) 1y 18 K, 85 Tl 41 A7 29 BRI € 1 19 W1 B
BB T 5 il 24 4 B R TE R T N 04 {0 AR A
e BRI A5 0 /N A e DR S 1 A8 T e ) B 25

It 4h , Goharrokhi ZEPF1 Ahmadi Z W 5% 1 4
AT AR B0 5 ), 48 L DR/ S A B AR BRI IR 24 TRV B
B0 RE 5 Ak X 5 ol 1 BRI | I A TR A ok 3R
e rp (il B AR /NI 4 7 5 1T Ahmadi SO BF 5T
BH R 2 RS ) 0 B AR AE TR S 114 R A 4 ok
[, (EL 20 4 8 26 4 A3 2 2 o AL/ o 7 A Tl
AR Ry AR RN R 2 R B 1 B ek TR 0 6
SHR T U R B B K5 L S 5 TR I 4 O =X
F14) S L I T 5 el T i A7 240 TRV ¥ S ol R D P
BT 5 B A S ) L 25 SR RO B X



138 K5 xR ¥E AL FROP FE L)

% 47 %

£ L Tk 5 A i A 24 BRI S B B R
PERERY N R AR 2 (H AT WF 58 A0 4o, H 3= 204k
Rl B S LV W N S A TG i o 112
AR BB 58 LR AR D 2 i X T Hp e DLy
AR (T HE (LA R+ 59 55 ) B9 A1 OC BF 5 i
A5 KT RSP RO, BLRY BE UBESE T 07 MR B
T ffe = S0 At A T AR A BE 5T, A IR A i )
R A3 7, % e RS ROnE ) BT 58 48 ol 38 005 %
AN [ By T i 7K 1 A G i 2 5, 0] 32 24 v T e
o 3 A5, T g R A A S B TR R T A
TiC i 7K ~F- 1 C 4 T x5 b iy iR S 77 2 o TR B
PR RE 25 10 HLHE 52 Wi 1 A 58 o+ 73 46 285 BUA B
FERT TR B - o J3E 2 A R R ML B S —ZhaE
LB S 09 7 IR AT R T kS 9 R IR TR AL s A
J5 2 48 Y g, 7E SE PR TR R A S A A 2 2
T A B b BIF S NG 5 A 3 T 45 ) 4 A 249 R
TR BE L HT M fE H HSC PR o
2.2 JE IR XS BT E M R B R

B Tl R 55 43 O R B el N TR AL
I b A A 6 B, A [ ik B 32 e i R
W 55 ok 449 7315 13 =7 P B B TR 4B b AR T 450 00 0K 2 A, K
11752 W) 5 ol 8 A7 249 ROTRE 5 - 1 ) 27 PR RE IR AL MLARE

=
e N A S
i, [ i BRb
S =5
i P
||/ -+1 <o

ol ! ”
FAg [ A O i

(a) Fif 65 Mk 284% (b) AR5 Ik 24k
Ele FMmEHARERLIBRGTRE

Fig. 6 Corrosion stirrup-confined concrete damage schematic
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Fig. 11 Comparison of stress-strain curves under uniaxial compression with different constitutive models
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