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Test for mechanical behavior of steel reinforcing bar after corrosion fatigue

SUN Junzu'*, HUANG Qiao', REN Yuan'

(1.School of Transportation, Southeast University, 210096 Nanjing, China;
2.School of Civil Engineering, Ludong Univesity, 264025 Yantai, Shandong, China)

Abstract: In order to investigate the mechanical behavior of steel reinforcing bars (rebars) after corrosion fatigue,
axial tensile tests of rebars which were removed from corroded reinforced concrete (RC) beams after fatigue loading
tests was carried out. Combined with the experimentally obtained stress-strain curves of the rebars after corrosion
fatigue, constitutive relation model for the rebar after corrosion fatigue was quantitatively presented. And the model
was verified by comparing the calculated values with the test ones. Test results show that, after cyclic loading to 2
million times, uncorroded rebars have the same ductile failure characteristics as the original ones without corrosion
fatigue. Fatigue effect has no substantial influence on mechanical behavior of uncorroded rebars. Stress-strain curves
for the rebars after corrosion fatigue changed obviously: characteristics of yield plateau changed, percentage of
elongation shortened and yield strength decreased. The magnitude of variation correlated with the degree of corrosion
fatigue. Mild steel changed into hard steel to varying degrees. The emergence of fatigue crack in rebar caused tensile
failure in very low percentage of elongation, great reduction of yield strength and almost complete loss of ductility.

Keywords: steel reinforcing bar; mechanical behavior; corrosion fatigue; constitutive relationship; fatigue test

BEA MRS ARSI R e . SRR IR R, BRoR 2 A BRSO AL R
AR T, OB 5 EOBR R A R AR BE T PR S HOSRRSZ A B SR A T, B SR e A A A
ARMRBES A, R X R S S R SRR R A 5 | A TR A B 57 . e
S LA S A ZE K R I R, (A AR SR by R R R ARSI B Y R | R izl 45 Y
O B E SRS T IR D TN B . FEARR A AN AT, (AR A T 2T R B A 3 5 A P
KB 2 T B RE, AN IR B A R AT AL TR
PR R B 15 A Ay 48 S SR A P R BUEE AN M )

R EHEA: 2014-12-03.

E&WH.: EBxXARB¥IES (51278119) ; F ’ RV EE - h A AL T 85 1 5 9% 55 iR S AE I T ’

VT35 A8 5 H R 5 R 1T (2012Y09) . W S 2R A AR B IR N
e e et A 91 VT R R 5 At i
BEIEE f 1 ot o | IR TS A bR 2 —. th T TF 5 0

e R 57 5 B R R R DT A



.90 -

B
=
SHiE
H
=
H.
K
&
=

5 48 %

ER S S PR X

I, XoF VR b 5 Tl A A 1 i 0 0 b
RERY AT, FEFE e IR AL B T FEE MK
SR BPRAEDS XA DL M B S5 AP R 37 A Al
PGSR AR AR I B AN A TR b AT T
F IS | HEST T 5 5 ik R A O 1 AN A AR ) 2
EU RN e e AT O R e A O = P J |=|
RN B SRS T A R AT T Al R A 57 1
LA T SRS T A3 1098 95 i 4 . 224
AEE 0SS R R A ol i AR U A AR A AT T
iy PR 57 IR, B 9T T A IR B A A4 55 5 A iR
PERLHE. Nakamura 45007 586 (UK 22 19 9% 55 P g it
FETWEIE. DL, [ P9 40235 AT ok 5 ok 9 77 T
- QR E SF INRAR ER , AT T A Il AR S TR - R
B sy MR T ST VR T AN A S TR
I ARG HLEE ) M T E A R % 57
SRSy Z MR E e RV WA A AR G
5 I 22000 5 55 T B A A 5 175 O 1 7 24
T b X A7 14 e o P A9 57 A AN AT TR O 2
AR5 1 55 75 A A RZ L. SR T, T o 55 )5 TR
HE+ A 1 e Re g, B RTTT R s R D
WG4 — IR, By A A7) 3 o o 55 I 2k
V1855 ol 00 AT VL R - R v A A 2R A T R D A,
PESIHT T 4K 12 PR RE RS 1ol %6 LA KN, 7 e 7y 25 Ak
FRAE.

AR SCHEC A BT TAERFERE I, 456 BEA 4N 5
TREE R A5 H 0 5L bR 32 1 B0, o — 253 2o 455 1k
A A YRR R 9% 5 N AR R A Tt o 5 )
TP R , AT T kR 57 5 TR 1 v AR
F1EPERE AR AL R, B A b T O 7 S
TRBE PR A 4 O RARHY ) DL 7E A TR 5E +
W R 25 AL rh B A3 5 b 9 1 BB (A AT 9 $ A T 4 ) B
WS AR S .

1 R s

1.1 R REIT S HME

AR IR BT 13 RN AR e 5%, Horb X
11 MR SR A 3 5 5 1l J5 R A 7% 55 Tn 2k, 1 AR i
FT90 57 A48 A AR 1, 1 AR B2 B Al AR A5 Tl HOR
HEATIE 55 gk, e 2 00 48 T R ST S A an 1l 1 B
7. TR BE TR G C25, S B 5 FE Ry
31.3 MPa. F AR HIEHEK T #) BN 16 mm )
HRB335, 52 Ji Ik 58 B R 478 MPa ., L7 58 B 4
608 MPa. A 2 15 em , T iE# T L. 4041
RS, FH =R B H - DR SF 6 32 A7 1 ) 4 o A AR
FREE.

$10

o b10
ol o

] 1 10xs0 "Tisopso) MY
1800

LTI UL T

e
!_150 150[  10x50 | 5x100

4

B1 EREER T ABEA (mm)
1.2 BAFEmESE RIS

RIS R I 247 28 d Ji5 , $ WA SCRik[ 18 ] Ay
W7k, Xk T8 T A T LA i T, An
2 Fif. MR AR A A 3 e s o it i el ) A
T R[] (3 56 22 2 i 3k B[Rl i 45 il .
Al T 5 ol 6 8 B T 1) 45 T % 2 i R EA T

7 IR
——

B2 FHEERENEShR R

1.3 EFmEFRE

TG G = 40 a5 il 55 TN 2, A6 G T AL
e il P YR A R ) e A I 858 R 48 (JAW-500K/4)
FHEFT AN 3 R, MBI R A 4 Hz, il
SRS ) He IE SR ORI 95 . &,
P 95tk b BRI 70 kN, Ky oK 95 55 110 280 14 o 45 ol
IhE TR R Y 47.3% , IR IIME R 4 2R 7E 1F i
o HPIRAS TR 41 & T IO FHARONE. 9% 55 far 2k T
FRAAH 30 kN, A4 FHF 2 A FE 2R AR 0. 5 2 A
JNF 1) F 5 9% 55 1 3 R BRAE A 95.1 MPa, FRR{E N
221.9 MPa, [ J11f 4y 126.8 MPa. 4156 2 P 5 —4R
F A A S W, R 56 T PR AR A 728 L i 3 1
8%}, VEBN g ar RV 2 AR 3, By 1k i IR 5 193l g 22
Hkekz IR AL,

SZd | | P —

3 HBRRES MR RS



53

PIMRAL, 25 BRI 57 TR e - A ) 2P RE U - 91 -

1.4 B ARHRIRIE

TG TR 57 B IR T, 4 TR R 1 L A5 ol 5
S 0 A AR T 4 AR i BORRE , an &l 5 .
Fi RESCHR T 18 ] Hh I 14 55 il 30 0 5 7 1%, BR 5 4T
JE BT R AR, DA A R AR S Sl i 8 7 B o okt
R ZJE HRSCER] 19 MR8 7 vk, TELBE 2
W BT BEIR I HL (WEW-1000D) | HEFT# UK A5 BL
PR, anlEl 6 B,

500 500
=
i R I ALE T
500 | 500 | 500 | s
L M R

4 WEHRBERMAETRERE(mm)

5 EERESWERIRERA

. a1 |

| N |

l !
Ay NEERE l 1[
i B -

6 MEHNHMRREE
2 RBEREG M

2.1 $ERkELE

TR0 G PN 32 738 N e — B TS AT 3
S D 1 e 2 O T G 1T 1) 2% TRDUR S 31
RGAS J5 1) B s Rk 244 ( ULIEL 7) |, FF A 5 Tl RE B 1)
HETINEE Ik 2L ARBIT A SR AR5 Ik 2488 AN 27 A —
A AL ) A RV T A D R R . BB
ARG I AS 4K A 5 TRABE 1 =2 [A) ARG 45 4 FH ek

3 " a fst"'
5 % g : : ;
i bt e
B7 RNREMFEMNER
22 WS
TEJE S5 G N3 — 8 WU , Fir A 85 1hUE 1Y
TRIR TR N S — AR T 2 SR 55 W 2L, R A a1

T I 0T 200 9 573 DI 28 P P 5, 3 7 ) 2 A R SR AR
R FR IR0 S5 R B S AR K A T % 55 i A
TR IRI GE ) 28848 TCARAT TR , HA SR IR
RfEi . RS M A IR AR AN 48 200 Tk Z
JR AN KR TTIR.

MRENP
§ 3 4
i ey,
= \ o S
(a) J1 3 (b) J6 %

B8 RXWPEEHIARE

23 MA-METXFR

e =y S MR 57 MBS IE T, E M4 X B
(R T IE AN S N2k sk fa] 13 42 [X B A 8 e g
HARFEAAE g st 230508 1/3 2559 X BN ) s
P fe RAEZR MR Dl B 2. o 4540 Ay Bk A7 5% 1 P
IR AN Sy - R AE £ an il 9 fraR. Hodr £k
G5 R A-BC” B Hoh A AURIX 45,
B AR 45, C AN AT il AE 0y 87, 1
4-la FORIRERH SN 4 GRS N 1 AR A
BN a.

B 9(b) S oK 55 1l 22 N 32 5 76 9% 55 108 25 i 2%
200 J3 R JE B 1 - AR O R M e, AT LA A W
IR 5 B, 2 I B ) SRR AR R
I8 57 I RS ) B4 M0 T IR 5 o 1) B R A A e, A B
LN AEAT FTAE /N, SFEEIE 9 (a) (9 (b) AT LA BR, 76
AR A GG BLF |, 95 55 1 FH R A 55 1l 4K A
() 1 PE e (SR EE B ) AT B Sl 52

HEI9(c) ~9(e) ATLLE i, F2 N FE 757 45 Tl 55
ZIE Ny = 0 il 2 2R BE i DL B IR A HRAE
1) Jet R B8 A AR 5 2 ) A BIR P iz A 9 /N 5 3) T il 5 By
(ARAE & AR AR | BV IR B 5 i A B sl &, J I
IS A4 7 L Y A 5 e N 3 P A e — (L B S 1 52 D 3
SRy IG AN B A T 55 DL A R R E



oK

A

S

.92 . T

I

EN S 848 &

L
&S

G R T AR B i W RO A o R T
—RERRPE PR AL , AR AL AR B R R/ N5 A iU 57 1 7
FEA O, RIS 83 0 KN 5 55 PR R g 2 /0 |
I8 55 I 1 R 1 R/ SR

HE9(b) ~9(e) ATLLE i, X T A [l g 42
(AN , Bl 5 T 3G K, SR B A A PR A2 5

Jor R s A R Dl /D, 5 et R A A i 2 £ i R i )
X TRl g G A A A, A 55 RO [
AR LT, S r A 7 A0 R A7 17 A2 B 982 57 197 7 0 ) 38
UNIEEVR YN =R e S S WAl H Al
B B IR S AN B B AR A A T
KRR REAL.

02 46 810121416 1820

NAR 1%
(a) A FEARAT
600 r
£ 400 @, R
=
5 2-1a, n=11.1%
o= —z2-la,m=11.17%
=200 2—-1b, n=7.7%
o 2-21, n=1.4%
—2-OM, 7=10.4%
ol — %2R, =8.8%
0 2 4 6 8 10 12 14

N AR /%
(d) 124, N=52.3 T3 1k

E9

K O(d) MBI, £ IR G Bowl A4 T 48
AORLITBREIR | 32 PR S 7455 Tl g 57 A R 8050 o =
A TR STREC AN 10 FToR. 57 2B H BRI
SE IR ETIE B b 55 52405 foe L i R BUE 5K
MR A5 21 9 I A7 — 1 A2 it £ P e m] LLR B, 98 57
L0 H B OB ST 14 JeE Al 5 R R R AR, S L
o ek BRI R B JCHUIK B EWT , 5 55 15 13
(4 RARE HE AR, SRR WA B9 al BEVEIG . R K
IR S5 IR Z T, 95 57 S0 Y AN A5 B 5 %
S R AR S0 22 1 7 HE TC TR B9 55 IR
7 ELA 2 B 0 1 FRAR 25 B B IR B 25t Bl =2 A el
AR TERRAR B IE AR 3N RIS AR IA | AN 14 B
PERIRRFAIE , BAT AR TE A

10 IR 55 3R Al FR 7= A YR 55 AL

02 4 6 81012 14 1618

N \a 600 [
IM S TR
MTE2R s 400
—13-1L,7=0 =
------ 13-1M,7=0 R .
~13=1R, 7=0 4= 200 [ =3.
—13-2L, n=0 [ =3.
—13-2M,79=0 —— 4-2M.m=5.7%
—13-2L, =0 ok — 4-2R,n=2.9%
0 2 4 6 8 10 12 14 16
VA% /% N AR %

(b) J13 2, N>200 J1 1k

I J1/MPa

(c) J4 % N=187.4 11K

) R —— "
by,
400
i 3-2a, 7=10.7%
I A M= 11.6%
ol —3-1R, 7=9.7%
0 2 4 6 8 10 12

N AR %
(e) J3%:, N=17.8 71K

6 S A SR A7 R oy — R 3 2%

3 BT R AR A A R A

A

5 5 60 0 00 2 B S AR
SRR . AR SCAESCHRL 20 14 H K5
TSR S A SR A H S 0 S, 2 45
W A 199 573 - 72 o e R 4 0
5 e 5 A G A 6 RO, i 11
R

Vo

[ .
[ Y T
O ————————— e

0

B 11 MRS N AKX RARE



53

PMRAL, 55 BBl 57 5 TR EE L N ) 2 vk R il 93 .

%0S8$8yﬁﬂ‘,

=" (1)
&,
e <e<g M,
O-h _O-y
o= (e &) +o,; (2)
— ; )

Mg <e<e i,
azau—(all—ah)(gu_gj . (3)
&, T &y
X o) e, 30 0 G5 Tl 55 9 il s i AR TR B B
Jei N B B T s RN ) AR 5 o, ey, A3 R T
I 57 B0 A3 ekt A I B 5 9 A A i BE G T 0 A R T
NASE s o, e, 535 h 5 TiUE 55 A9 7 YRR R AR B B
545 5T B BT SN ) AR
HRPEAT IS 60 HL45 1% 57 J5 150 42 P 4 Al 1)
I g — o7 A8 i 26 H 360 N REAE A5, 18 S B A, ]
HMERE o, &, 0, .8, .0, .&, FEARW A NS~
IO 7R 2 RFAE AL BB I I S5 I PR B ) 1Y) 5
KRR Ry
o, =0 ,(1-0.01249) (1 +0.003 8lg N), (4)
e, =&,(1-0.0026n) (1 -0.0122lg N), (5)
o, = 0,,(1 = 0.004 8n) (1 +0.000 6lg N), (6)
g, = &,(1 +0.0192n) (1 - 0.024 31g N), (7)
o, =0,,(1-0.0105%) (1 +0.003 7lg N), (8)
e, =e,(1 -0.0422n) (1 - 0.01lg N). (9)
s o 80 2050 JEORAN A SR B B 45 i il
B B AT s B L T AR E 5 0 840 53900 R AR W
A e B 9y B3 5 P e L B B2 A S g g g AR A
T o &0 1N R D R A A5 8 4 B Ak B B 55 4 391 AR TR
W BEHAT RO ) N AR AE 5 m B Tl R AR UG
HAN AT ARE S R TE N 0% ~ 14.6% ; N 9% 55
PEFRUEL, AR U 50 e KAFFRUELH 200%10°.
X 1 AN B 10 55 g 57 B A (1) A K 6 R i
BEA AR IR 5 1h 23 AR B B, (o8 A 2 4l A
[ 5 g 55 R AN I AR 4 6 R 4Rk, an &1 12
FE. NI 12 T DL 3R, 7 WE A 40 7 T O - S A o
Brofar 28K P, B0 37 A A P A S R A5 kg 55 1) 2
e 7T 2 A2 AR Ak RN 5% JEFR KB 140 JTIK
(R A7, JHL TR PR 5 B BRI 25 5 B TR A ok
DT 5.4% 25.9%. SRS AL E] 14% JE R
UEANR 10 J7 YR sk, JHG e A ois B AW B 1z 2% 43 531
FEJECR BN A0 T 17.0% .61.1%. [A] B iR & B A9
IR &R T B AR, P B AR E L, R
MBS AL Bz i i A, 7855 ik 5 95 95 AR & 7E
T WA R EAE T BEL.
X FAS YGRS 6 1 55 5 A B9 7, AR SCHE

(R ASIE) G 22 2 S AR TR R AIE A5 AR (E 5 S D Y
22 M G4 R an i 13 i, Rl LA
B R S S M E R 22, 6, .6, .8, 40
REEHN 0% ~10%, o, .0, .0, e REZEHN 0% ~
5% ,XoF T TR I 5, FCAEmA R B2 4 A =,
IR BT SE RAG IS T T R RARRAE 5 3
AP AR IER] T A SCHE AR 56 R i
BOAELAT — 7 (138 R, T S 0900 2046 T 45 1k
BRI MRS T S PR R A S

600 - L T 0
—0, n=0, N=0
< 400 --== 1.m=0,  N=200x10'
E ....... 2, 17=3(707 N=180%10"
R - —==-3, =5%, N=140x10"*
oo T A =8, N=90XI0
......... 5, 1=10%, N=50x10"
=6, n=12%, N=20x10*
ol memmee | =14%, N=10x10*

0 2 4 6 8 10 12 14 16
N AR 1%

12 AEFMESREE T M AEX R &R

i)
% 60 5z -8\
E 50k B
| -
i 40t B o,
j"‘g I:lO’n
571 Eo.
S o
=
=10 87 6
= II.5 P
0 | |
0%~5% 5%~10% 10%~15% 15%~20%
R AE S 0 S A e 22
B 13 AMEXRERRBESH
4 £

1) JEIFIEFRANAR 200 J1 K5, A HE il B 75 5
AR — B, R Y SEPERIR AL | W] 57
VEFIRS ARG AN 1 7 2 PR BE (SR SEAE ) A7 52
JRFE.

2)) AT Tl 57 I IV D — IV AR b A A 2 A
T AR, BV 56 B8 AR AR BRI A D/ |
JiE IR 15 R 2 A, AR ph OB B A o SR B
—E TR MBIl , A2 AR 1) RN 5 45 T e 57
FEEA K.

3) 5 57 RESCI H B A5 5 7 R AT 4 S R
IR A TR 7 N i 5 N T D N S
e BA WEtE B B fE .



- 94 . /S =S B A N S ¢

5 48 %

4) 5 T 57 Je AR AR F 5 R B = K AR RO
SE TR T T B I 55 5 TR BE - P AT B AR AR 5
PR n] T 1 B A TR AR R A A R A
WS EAE R AT S IEAS.

5% ik

[1] &P, WA G RIREE - S5 REGR[T]. KH
KEFFR (AARBIEM) , 2013, 43(5); 1122-1134.

[2] MALUMBELA G, ALEXANDER M, MOYO P. Steel corrosion
on RC structures under sustained service loads: a critical
review [ J ]. Engineering Structures, 2009, 31(11); 2518-
2525.

[3] ALIAKSEI L, ASE S, CHRISTER H. Evaluation of traffic
safety, based on micro-level behavioural data: theoretical
framework and first implementation[ J]. Accident Analysis
and Prevention,2010, 42(6) :1637-46.

(4] w2ty wilnm, Redh, 4. Wil 7e 0 i i BE L i 4t
FAN SIS R [ 1], W 7R Tl R 2 2= 4, 2012, 44
(12): 100-104.

[5] RIK, REIMBE. B 1A 7 1 2 P B IR AL AR 30 BF 5T
[J]. BARTARSAR, 2008, 41(12) : 42-47.

(6] B, SCHAL. B A 57 IR e[ )], KD Ek
HABEFAR, 1998, 16(4) : 15-18.

[7]FU C Y, PEI Y L. Analysis on driver’s physiological and
eye movement characteristics under alcohol effect [ J].
Advances in
Technology, 2012, 5(5) :138-143.

[8] ZHANG W P, SONG X B, GU X L, et al. Tensile and

Intelligent  Transportation ~ System &

fatigue behavior of corroded rebars [ J]. Construction and
Building Materials, 2012, 34(1) . 409-417.

(9] Zbt, KAV, BUREAR, S5, finsdt o i i i f4 9% 57 1
BWsE[)]. BRI, 2010, 32(5) : 93-97.

[10] NAKAMURA S, SUZUMURA K. Experimental study on

fatigue strength of corroded bridge wires [ J]. Journal of
Bridge Engineering, 2012, 18(3) : 200-209.

(10 ] E . AR BE L AL 5 o 97 1056 W 50 5 B o)
BIID]. KiE . FGEM TR, 2004,

[12] YI W J, KUNNATH S K, SUN X D, et al. Fatigue
behavior of reinforced concrete beams with corroded steel
reinforcement [ J]. ACI Structural Journal, 2010, 107
(5): 526-533.

[13]FANGC Q, YANG S, ZHANG Z. Bending characteristics
of corroded reinforced concrete beam under repeated
loading [ J]. Structural Engineering and Mechanics, 2013,
47(6) : 773-790.

[14]0YADO M, HASEGAWA M, SATO T. Characteristics of
fatigue and evaluation of RC beam damaged by accelerated
corrosion [ J]. Quarterly Report of RTRI, 2003, 44(2) .
72-717.

[15] AL-HAMMOUD R, SOUDKI K, TOPPER T H. Bond
analysis of corroded reinforced concrete beams under
monotonic and fatigue loads [ J]. Cement and Concrete
Composites, 2010, 32(3) . 194-203.

[16]REE, T/RHE, BT, & P97 4 T &5 il i Al TR 5 +
AR B AR [J]. AR TR 24, 2012, 45
(10) . 118-124.

(17 Gk, PNBEAR. BRIl A A TR B - S 55 Mk e il A 5T
[J]. BARTAS4R, 2007, 40(3) : 6-10.

[ 18] & i TR B 4 I J 4 B A A Mk BB 1040 7 5 AR oM - GB/T
50082—2009 [ S]. dbmt: o EES Tl L, 2009.

(19 ) B m AP AR 1550 i J7 i . GB/T 228.1—
2010 [S]. dbst. HEbRERARE:, 2011.

[20] PARK R, PAULAY T. Reinforced concrete structures
[M]. New York: John Wiley & Sons, 1975.

(g #AAL)



