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EXPERIMENTAL STUDY ON BOND SLIP BEHAVIOR BETWEEN SHAPE STEEL
AND CONCRETE IN SRC COLUMNS UNDER CYCLIC REVERSED LOADING
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Abstract: This paper studies bond slip behavior of steel reinforced concrete (SRC) columns under constant
axial load and cyclic reversed horizontal load. With strain gauges and slip transfers embedded on flanges of the
shape steels, the test generates hysteretic and skeleton curves of slip against horizontal load. The distribution of
bond stress and slip along columns are also obtained. Influence of load cycle number on bond stresses and slips
are analyzed, and calculating formula for bond degeneration is presented. Test results show that the hysteretic
curve of slip against horizontal load is chubbiness without pinching. At the stage before ultimate horizontal load,
bond stress is distributed in parabola along columns. At load-descending stage, the maximum bond stress occurs at
the top of columns, and bond stress at the bottom of columns decreases to zero due to the yielding of steel flanges,
leading to the occurrence of zero-bone zone along columns. In the whole stage of loading, the interior slip
between shape steel and concrete is exponentially distributed along columns. With the increase of load cycle
number, bond stresses along columns gradually decrease, but slips gradually increase, demonstrating bond
degeneration.
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Fig.1 Slip transfers and its establishment on the steel surface
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Table 1 Parameters of test specimens

W e By L X iRk

G5 HRJ%/MPa A B L PvI(%)
SRC-1 66.4 1.0 0.36 0.8
SRC-2 67.3 1.0 0.36 12
SRC-3 704 1.0 0.36 16
SRC-4 66.4 15 0.36 0.8
SRc-5 67.3 15 0.36 12
SRC-6 704 15 0.36 16
SRC-7 66.4 25 0.36 0.8
SRC-8 65.3 25 0.36 12
SRC-9 73.1 25 0.36 16
SRC-10 81.8 20 0.20 0.8
SRC-11 81.8 20 0.20 12
SRC-12 83.1 20 0.20 16
SRC-13 83.1 20 0.28 0.8
SRc-14 81.8 20 0.28 12
SRC-15 84.9 20 0.28 16
SRC-16 84.9 20 0.36 0.8
SRC-17 84.4 20 0.36 12
SRC-18 84.4 20 0.36 16
SRC-19 84.4 1.0 0.36 12
SRC-20 84.9 15 0.36 1.6
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Fig.4 Hysteretic curves of horizontal load against slip
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Fig.5 Skeleton curves of horizontal load against slip

W simm

60% MK BT 0, ANTRI L B A (A7 A 1A ) 2
P, E MBS KPArds, T
FERERIVE R IR I M AR e S T izkt, 3
BUEAR AT B SURIE K, TR B 14 b R R IX
s, 11138 AT AR A7 U T R S L Ay
BT WG (80 AR DRI A2 JLPAAE) o
23 BRAHSHSHNE

R R PEAEAS [ i B0 WA vy AN [ A Ak
(K1 R S AT hIE ] — N B R, AR AL
AR LE 6 Fran. M 6 FRRTLUE Y, FEkh )
A BIEFAE T, RN TRRE LA (T A U A
R KBUSIREOMAG, AL E N BN, W
R ) LT A S g KR 4o

o R

07F X" T —e—50%p,

0.6 —.—50%P
EO0S5| —a—p
S04t 5 —X—93%P

2R
Rt —¥— 80P | R

0.1

0 0
0 100 200 300 400 500 0

Y/ mm

100 200 300 400 500

Y/ mm
Bl 6 M RSUTRE R 50 A M
Fig.6 Slip distribution law along columns

2.4 BBRHSEITSR

H TR T R B LA EAE R
(PIHE R KN, K 60% 1A PR AT 28« A B fir 48 LA S A
AR IS (K P 28R B 21 75% FRIBI PR Ay 280) B ) v,
MIER BN 2 . il g BN, FERRALE (U
FEm 50mm Ab)7E 60%H FRATak . B PRy L S il
AR, RS &4 4E 0.0051mm—0.2011mm.
0.1571mm—1.2828mm. 0.9251mm—2.2780 [,
B 43504 0.0939mm. 0.5334mm. 1.5654mm. 7F
FHFEATEKE TS, AR E AR R BT L 4 2R 1.0,
15, 2.0, 25 W, Zml S 160mm. 240mm,
245mm . 250mm) ¥ 5 #% & 23 o) /£ 0.003mm —
0.0665mm. 0.0965mm — 0.5541mm. 0.1879mm —
0.5604mm 2 [1], ¥4{E 7331 4 0.0256mm . 0.2505mm.
0.2996mm . A AR E (1) #2108 120 KT H A
H.
25 RWSEXERENFN

2 TP E B R XA AN, B
B 1 B %5 LU RN e LU I 38 T3k, Rl c 4 % 5
TR U 5 FE PRI ST 9/ o



102 T T

B

F2 BETHTARCELRER
Table 2  Slips on various stations in characteristic loads

chpr PEHMEMOMESEUm;M R EBRCE M R mm

5% 60%P, P, 75%P, 60%P, P, 75%P,
SRC-1 0.1924 0.5371 1.7949 0.0152 0.0966  0.2434
SRC-2 0.1232  0.9996 14610 0.0665 0.5345 /
SRC-4 0.2011 0.9467 2.2780 / / /
SRC-5 0.0931 0.3708 1.4513 / / /
SRC-6 0.1077 0.4204 21039 0.0256 0.1939 0.2143
SRC-8 0.0611  0.3599 1.1755 0.0125 0.114 0.1879
SRC-9 0.0729 0.5326 15846 0.0123 0.1435 0.2174
SRC-10 0.1084 05521 1.7194 0.0385 0.3596 0.4753
SRC-12  0.0671 0.3745 / / / /
SRC-13  0.1278 0.8343 1.872  0.0093 0.1447 0.5604
SRC-14  0.0248 0.1571 09251 0.0362 0.5541 /
SRC-15 0.0319 0.2592 1.1726 / / /
SRC-16  0.1771 1.2828 2.0619 0.0344 0.2704 0.3084
SRC-17 0.0051 0.1750 1.1783 0.003 0.2057  0.2631
SRC-19 0.0617 0.3800 1.1382 0.0331 0.1263 0.2314
SRC-20 0.0471  0.3506 / 0.0203 0.2623  0.2947
FIME 0.0939 0.5334 15654 0.0256 0.2505  0.2996
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Fig.7 Bond stress distribution along column at
load-ascending stage

32 TaH TREMEMENNNSH

LI IR R SN, AR I 4 SR A
HARE S (R0 A 2, AR A FE 73 A1 2R R4 i i
TS HSRT, WA BIACEfr 8K B B A 32 ok
25N T3 (R oA T 8  RATAUR ML SRC-9 A1
SRC-11 PHARFEAEST 2 I PR BLIIRG 45 . ) A1 P o
Hil&l 8 AT LA Y, A7 BT BRI 280 K Bl B
PR SR A5 N3 (R A R W ANl AR
BN ETHOYBE AR B RE S5 N (e HE ) Bk
VAT RRARE TORS 45 W 7 8 Ty, S SR R ) £k
oA s AEATEN N R B, R4 N ) 1R B R AR (4
XHE) AU IAS » RIS AEREAR 52 R, th T4
% N &SI O N VS T
HBL— 5 LI IO 45 X7

7KFHRI(SRC-9) 7KFHE(SRC-9)

0.5 1.2
0t < 1T
< &
S-ost = 08r
5 £ 06}
N 2 0.4}
HE-15 holis 02
w g
A 0 —e— 85%Vu
-2.5 —0.2 —— 93%Vu
’ ) —A—Vu
-3 -0.4
0 200 400 600 0 200 400 600
F®X/mm HERY/mm



i 2 103

HFEHE(SRC-11)

—— 88%Vu
—E— 94%Vu
—&— Vu

HER(SRC-11)

—e—88%Vu < 14
—— 92%Vu =
—&—Vu

KR F3/MPa

0
0 100 200 300 400 500
HEY/mm

0 100 200 300 400 500
FERY/mm

K8 far 8 I FEB BORL 45 N U A iR A
Fig.8 Bond stress distribution along column at
load-descending stage

4 REGMBTHENNRL

4.1 TEHBEIROREBS LR DR FE

IR R 4 B IR R AT, e
TRHE T Z ARG SEE I, BERATHEG AT R
o S AR I IE A RAL,  RIVBEAE R AU ) (R
LSS =R (VS P SN T R P A N
o AERUANIRBE AT, FRAF X%, K9
R0 TP U AT v AN [0 A FA R 5 Y g e AT A
EI R AR, 9 ARl 4 B ) 1K/ T AR R
o MO RIS REA 2, A 7 BRI KE)
SN, SRR RURS 45 B 7 AN, R ]
B AR ISR

o8 KFEHL(SRC-15) 0.9 K HE(SRC-17)
' 0.85
. 07} . 08| /\
0.75
o5y £l 0.65 | /\
g §§ 0.6 |
3 0.4 - | Foss b —e—pe
03| " 05| —m—n=2
' 3 0.45 - —A—n=3
0.2 : . . 0.4
150 200 250 300 350 150 ‘*250 350
HEX/mm HEX/mm

9 BRI RO R S5 N g 50
Fig.9 Influence of load reversed times on bond stress
42 HhHENNIRUFRE
ST SO SR 2k _E KV i B3RS BV FRRG &5 N
R ERLE T2 Rk 4 N ) R LR AR A R &5 Y ) IR AR R
i& ic ’ E]]

Za“::??/ff @)
Kb o) N REIME T RSN s 7, i
BT PR SE I )

FH AR A6 75 21 25 A B KRl 45 Y ) 1)1 1
ELFN 7 5 I 280 49 20 (RoRG 45 98 S P 2 (E (1) %)
LT, 15 s S A AR T VB R 45 1B L R
KL 0.76. TAHE FHRIRA A8 RO 4 s,

RZATEN, AN EE LA RIS 25 B T R BUREL
h 0.86. IXHK B S B fr 48 AN TR BB - IR RG 45 R 1k
WO, RN RV L RS g A T B
BN 5 TR A A
4.3 HhEERN IRME

TE X B AL T AR n OO RIRG 45 3 )
5B U B R 25 13 g 1 LU AR A R &5 Y ) 1B 4k %
/1; E!]]

ﬂ’n = Tj‘i',l/r}i,n (2)

A 7, N5 0 YO RSN s o6, A
RN ERIRG S5 1) o

Bl 10 Jikgefs 2 L 45 B A 2 5 R R K

B R AL, K 10 T AE L, A, -n ZIAIH)R

AREEFEA, AR R don A T A

 TFHE(SRC-8) RFRI(SRC-11)

1 1
0.9 0.9
5 08 5 08
W07 0.7
. =
3 06 = 06
J: 05 I y=1.2316e702275x = 05 ¥ =1.2074¢70-2221%
Bl o4 H g4 F
5
203 03 e
# 0.2 —— HRx=300cm #® 0.2 _E-'I;‘['J[.‘ncm
0.1 0.1
0 L L L L 1]
0 1 2 3 4 5 0 1 2 3 4 5
AR IR E M Hn TR Hn

K10 OREEEIR A5 AT AR PR EU R 3R
Fig.10 Relationship between bond degeneration and
load cycle number

&

A, =ae™”" ©)

A I R S5 R A 4, A3 BT R

oy~ PRUKTFHER a, B, Gt PE 1 1.31,

-0.26. 1.29. -0.22. HT oy Ml a,, B F B, MG

BEAHZEAK, A0 O B8 . e 3K
PRI HE I (ARG 45 7 3B A2 4 -

A, =1.30e70% (4)

% RS BG4 N IR R KL A, (RGN, AR

R IR PR S N0, RN RS

I RBRAH A, R

Ao = Ay Ay =0.998702 (5)

4.4 FEERUHMEEREITE
T 55 Ve - TR LR — RO s KRG 5 Y )
RUZ S R 250 o HH BA BAr M A, IR BAT 3T
RN VR e L AT KRG 45 5 B W] LU BL R 2 U5
= //i’c_’f,n?u (6)

s, 7, D SR N i B AN VR U A A SRR ARY 4



104 T T

B

B TTHTARHIE, KA TR
HEAT.
5 it

I ASCHIREE T, AT LS R b 4

(1) 7R R AR AE Rl ) AN KP A O R
N IR KBRS AT, AERAL TS R
IR, HAERR AR TOZ W o 5 AN R e R
FALE,  TRAN TR RE - ) i 280- 4 i [ b 2 5 O =306
AN REA B R e ISR

(2) IR L RKW], RPN B
R N U R e S TR AR A1, AT R A R
SN ) dR R, WA ORI TTOZ Mty s AEfr B
B BE, R0 I 3 P e AL R 30 1o A T i A2
[N AEAEAR € R, R G RGN
J R N D3N R 2, A e R DL R IR e
R X7

(3) Bt AR REIIE 2, AN L e 1
IR RPRE S N AN, TR AR, R
UARTASE E B R ER AT SR AP CE A SO = W TR Y€
(115G 2 ih 2 o TR HU 0 A o

(4) T A TR e L AT 1RG4 R L R B BN
0.76, LLANMITREE LA PRI SRR E)N, A
Tt HAPE ARG G5B B B35, S SR AT 80 24N
TR T - ARG 4 R 1 e B 5 S TRE S A

B K-

[1] Bk W5 REELAHGEWIM] Jeat: Bz b,
2000.

Zhao Hongtie. Steel and concrete composite structures
[M]. Bejing: Scince Press, 2000. (in Chinese)

[2] Bryson J O, Mathey R G. Surface condition effect on
bond strength of steel beams in concrete [J]. Journal of
ACI, 1962, 59(3): 397 —406.

[3] Hawkins N M. Strength of concrete encased steel beams
[J]. Civil Engineering Transaction of the Institution of
Australia Engineer, 1973, CE15(1): 39—46.

[4] Roeder C W. Composite and mixed constrnction [C]. New
York: ASCE, 1984,

[5] Hamdan M, Hunaiti Y. Factors effecting bond Strength in
mposite columns [C]. Proceedings of the 3rd International
Conference on Steel-Concrete Composite Structures.
Fukuoka, Japan. 1991: 213—218.

[6] Wium J A, Lebet J P. Simplified calculation method for
force transfer in composite columns [J]. Proceeding of
ASCE, Journal of Structural Division, 1992, 120(3):
728—745.

[7] Charles W R, Robert C. Shear connector requirements for
embedded steel sections [J]. Journal of Structural
Engineering, ASCE, 1999, 125(2): 142—151.

[8] FMER, ToEA. hihr e AW ) At ae i
W S THAL]. A5k, 1989, 10(6): 40—49.
Sun Guoliang, Wang Yingjie. Experimental study and
calculation of axial load transmission in the top section of
encased columns [J]. Journal of Building Structures, 1989,
10(6): 40—49. (in Chinese)

[91 WAk, BRA2L, A8 BT ShPEEN AR EE R A VERER
IRIEWIT]. DU RL A 7T, 1992, 68(4): 2—6.
Xiao Jigiu, Zhong Shusheng, Zou Liangming. Experimental
study on the bond behavior of steel reinforced concrete [J].
Building Science Research of Sichuan, 1992, 68(4): 2—6.
(in Chinese)

[10] 7K2F, AR, 0, BRosst. 4NE o e L 45 K i
KhgEVEREREFT[I]. A4 L5, 1999, 29(7): 3—5
Zhang Yu, Li Xiangmin, Li Hui, Chen Zongliang. Study
on the bond behavior of steel reinforced high-strength
concrete [J]. Building Structures, 1999, 29(7): 3—5. (in
Chinese)

[11] B, 5, Bedi, EZK, 25, JANRE L

KGR ) M REWT I0 S FEAS In) L], g2 3k g, 2003,
33(1): 71—86.
Zhao Hongtie, Yang Yong, Xue Jianyang, Wang Yanhong,
Lin Yiyong. A review on the bond-slip echanical
behaviors of SRC structures [J]. Advance in Mechanics,
2003, 33(1): 71—86. (in Chinese)

[12] ¥ 55, S8 HE, Beathl, &ioek, L. RUANREE L

R BRI T ST [0]. BRI 2%k, 2005, 26(4):
1—9.
Yang Yong, Guo Zixiong, Xue Jianyang, Zhao Hongtie,
Nie Jianguo. Experiment study on bond slip behavior
between section steel and concrete in SRC structures [J].
Journal of Building Structures, 2005, 26(4): 1—9. (in
Chinese)

[13] ARt AR S S r &8 A sy mim VR ek A 32 ) P e

WFFI[D]. b4 Vh @R, 2005.
Li Junhua. Study on the performance of steel reinforced
high-strength concrete columns under low cyclic reversed
loading [D]. Xi’an: Xi’an University of Architecture and
Technology, 2005. (in Chinese)

[14] 4, W, mEPH, Rk AR R R A8 N Y

v R e LA I PERERTSL]. AR TRESAAR, 2007,
40(7): 11—18.
Li Junhua, Wang Xintang, Xue Jianyang, Zhao Hongtie.
Experimental research on the performance of steel
reinforced high-strength concrete columns under low
cyclic reversed loading [J]. Journal of Civil Engineering,
2007, 40(7): 11—18. (in Chinese)

[15] AHIEF, ARATAE. ARS8 S S A4 N A A TR e LA 45 1 e
FIELR[I]. #5454, 1987, 17(2): 14—17
Fu Henggin, Xu Youlin. Bond degeneration of reinforced
concrete under low cyclic reversed loading [J]. Building
Structures, 1987, 17(2): 14—17. (in Chinese)

[16] Ismail M A, Jirsa J O. Bond deterioration in reinforced
concrete subject to low cycle loads [J]. Journal of ACI,
1972, 69(7): 334—343.

[17] F 2% FVHNTREE T O F ARG 45 1 B v A
D1 VEZ: VR EHIRHR, 2004,
Wang Yanhong. Study on the bond-slip properties of steel
reinforced concrete eccentric loading columns and its
application [D]. Xi’an: Xi’an University of Architecture
and Technology, 2004. (in Chinese)

I3 F A 5T



