A2 10 AR AR XK ZZER (B AB2EMO Vol. 42 No. 10
2014 4 10 A Journal of Northwest A&.F University(Nat. Sci. Ed.) Oct. 2014

% 28 H4 BB R 0 2014-09-10  18:19 DOI:10. 13207 /j. cnki. jnwafu. 2014, 10. 034
% 2% W4 B ik < http: //www. enki. net/kems/doi/10. 13207 /5. enki. jnwafu. 2014. 10, 034. html

SHLENBEXLERTISZREL
ME BB
C - 5

(1 AR HRVL R 22 e PR AL o Rl TR BE - B IR) BT P AR A AR 35010852 RN K% LK TR0 AR A 4@ JH 350116)

[ ZE] [EMY B H 2R EE 1 0B85 55 U 50, %5 4 [R) 501 Ab 39 77 vk % 3 2R e L 2 s B i sl ,
[J535] UL A 2% SR B+ 0 BB B A0 RE @ b A A7 BTt 09 4 s 2085 U1 30 2 8 L 2% JEOR R RUBE BE (B AR 6 0 L HDRS
T T KRS TRD 11 o X o KRR B2 43590 0,2, 0,3, 2 mom) IS [i] 4% T 7] b 390 AR ok 9 T 70 A REL RS T 1 B ok ) 55 T %0 1
SETE R T 397 2 VR 5 - R 45 I s R D W A2 0 O 1) R TR B A R A i N AR R R AN T R4S
I 7 B4 53 A5 5 8T 434 AN TR) ST BN R TR - R A W R e R . LS IR Y B IR R T T AL R A N T A A 2 = B
AR & e s H ARG A B RR A5 IR b RSN N 7 A% 38 N 35 5 U A S T 0 34 R 5 N T A 0 28 Ah K AR
AR TR 55 A X R S TR B AN TR S R K Sl A IR A AR B TR A R AR O R R (4R ) MR
S BT 5 2 TR R T R 4 R R R R ) B T R B S e AN B AR B B R A W R A S RIS PR TR S %

[X@iR] ABTIRE L FEEEB R FEAFE N

[hESZES] TU528 [XkirEM] A [xEHS] 1671-9387(2014)10-0211-07

Effect of interface treatment on bond-slip behavior of
self-compacting concrete and old concrete
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Abstract: [Objective] Shear experiment of new and old concretes was conducted to study the effect of
interface treatment on bond-slip behavior of self-compacting concrete and old concrete. [Method] Using
the self-compacting concrete as new concrete, effect of different roughness (smooth surface,rough surface
I .and rough surface [[ with according average filling sand depths of 0,2. 0,and 3. 2 mm) and interface
treatment (no binder, binder [ ,and binder ]I ) on bounding interface was studied using push-out shear
testing device. The strains of new concrete at different sites along the loading direction were measured to
calculate the bond stress of interface and analyze the bond-slip behavior of old and new concretes. [Result]
The distribution curve of bonding strength at the interface of old and new concretes had three stages. The
bond stress transfer on the interface without roughness was not uniform. The bond stress of interface with
binders increased fast in the loading end. Interface agent had minor effect on bond-slip behavior. The consti-
tutive relation of bond stress-slip was also obtained through regression analysis. [Conclusion] Roughness
had larger effect on the bond-slip behavior than interface agent. The obtained constitutive relation of bond

stress-slip could be used as reference for practical structural design.
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Table 1 Mix ratio and properties of freshly cured self-compacting concrete
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Table 2 Breaking load of bonding specimen at different treatments

EiE 7 4K O T MRS T T HELRE T 1T SR 1 P R 11

Index Smooth surface Rough surface [ Rough surface [I Binder | Binder [
M%ﬁﬁ‘/ky 8.23 27.43 28. 65 31.65 34.16
Breaking load

SRIG B R DL A T AR AR 38 P,
(¥ 10 0 Sy 484 10 52 Gt Jin 7 8¢ P {45 o T g - 52
B R R T SO Ae S D VAP IS I ) | B S S

L T T S TR R e B A T DR 0 2 AT B S
SR, H i T A EE SRR SR R EE L
FEXFALRS CENRE 45 3 R ) B G 28, HLIn i 5 3 45



55 10 49 Meo 0,55 FRALFRAT B B CREE - 5 2R EE LA E B 213
(14 D 35 A R CHLXGE R 85 100 W S M52 7 526 22400 s B A 2% SIE TR U6 - 9 0 50 30T 286 245 T Ak Vi o 28 7 1) 28
PR AR AIF 52 v AN 2% sk Fl 2 R0, A S . [P AE B A BN R R (T 20 LA Jmy B G 45 1 R PERE .
NAR Fr
bn B Diaﬁlﬁfator 301,50 L 50150 J, 50 Strain gauge  F4p3% J
ding plate Dial indicator ke Loa
- - - - — % Loading end
S
= P
S S
— %
e |I2 Lolsslsol o
Old concrete — 25 50 1, 50 L 50|, 50 25
— Zl il /
— >\ & TE LS4
Bgéki;iilﬁte 1, fﬁ o Retainiﬁg racket
BT e =08 B ke B R R (A7 - mm) Pl 2 3 TR T 3 4 T A 1y A I A5 A A B (A7 - mm)
Fig.1 Diagram of push-out shear experiment Fig. 2 Arrangement of strain gauge on the
device (Unit: mm) bonding interface (Unit: mm)
9 ok T iAR e, (B 3 B Sk 45 A b RS54 F B S TR e R4
A S 08T 50 825 G A G e 4
2.1 HEENTHSH X i H v PR P, o A i 2
i IMP 0 A8 SR B AN A5 AN W] s Ak ) R e

AN

S X

PRI IS {

>

\ .
|

—

N ‘\‘ \ {

' M‘» IR

250

1200 by $BS T T G R 2.0 mm)

Rough surface I (roughness=2.0 mm)

100

80

60 |

e/107°

40

20

120 (d) BURETE 1 94 FE 0 T
- Rough surface I with binder I

£/107°

--@--10%P,; —B—20%P,; —-&--30%P,;
—X— 40% P,; --%~-50% P,; —®— 60% P.;
--4---70% P,; —m— 80% P,; --mm-- 90% P,;
—— 100% P,

& 3

e/10°°

120

100 |

(a) E AR TH (K KE £0 mm)

Smooth surface (roughness=0 mm)

-
-
-
- Wt
e A+
x| -7 X

(c) FHLRETH 11 CRELAE 3.2 mm)

Rough surface II (roughness=3.2 mm)

(e) FLRET T ¥4 51 7 1T
Rough surface I withbinder II

A ) G AT A BT 7 28 2% A 5 S TR B s 8 4% 1T I 1Y 43 A

Fig.3 Strain distribution of bonding interface with different interface and load treatments



214 P AR K AR

542 &

M &3 AT LLE B, A R 4b 3T R % 4 3545w
IO 7% e Je B oy A Y Le A AR I . DIOHLEE T T A% %5 55
TR BE T R 450 0 ) W Gh m2it , B % 52T &+
I 728 B 45 K BE Y AR A AR /0N T A5 e KO AR (X =
225 mm b)) 5 & /MR A (X =25 mm A4b) (X AH
10. 810 ° 5 11 i 5 iy 48 1140 328 25 i K o o 8 v B 30 ¥R
8 Y N AR 3G A TR W] SR T R g R A TR R
+ AEEDE b 3R R R AR il 2 AN W R, T EE A RR A
O e K5 /N I AR 22 {H 3K B e K, i 1030 3 X
10°°,
2.2 BRIRAGHENNTHNEZN

WS EREAE N ) ¢ BE R AR CnaR oy ) 1%
i ANEL 4 B CHop 3 BT 7 T 1) 2 5 TR B
s B dX BB R & .

Ao i TE,06=100 mm;h Nk, h=100
mm; Ec iR EE - A & Lo Dy BRI I .

B2 A AHAR AR A A o B EE S X R
X, o MR N BB 3 0 R e Rl e, s TAX 2 05 0] 2 45
AR S S N v e

X, +X\ €, g
(=5 ) =Ech =% (3)
V k—
o a+do - — — :
—)<_ S N N N o 0=
T k—
A —

4 FhE§m B dX Z 1504

redX eb=dos*b-h, (1) Fig. 4 Stress analysis of bonding interface and
] micro segment dX
£, de 2 5 o T Ah 3 R e A A R R S TR B A A i
T— T o N .
o dx ) 6 45 107 i 2 R 5 R
251 " 250
: (b) FLRS T T CHHHE ££2.0 mm) o T g
m) Rough surface I (roughnessgl.r(l) mm) (@) E?jifﬁf%fﬁ(#’ﬁfﬁ}ﬁoln
mm) 20 sok Smooth surface (roughness=0
< 1.5
Ay
2
e 1.0
0.5
23 (d) MRS T 1 %% ST ) 1 25F

1 /MPa

Rough surface I with binder [

(c) A RE T IT CRHKEE3.2n

Rough surface II (roughness=:

Fig. 5

250

Kl 5

—6— 100% P,

20
<
[
2
=
]
0 50 100 150 200 250 |
X/mm : (e) MURET 1 WA 1
Rough surface I with binde
20
--9---10%P,; —B—20%P,; --&--30%P;
—%— 40% P,; --%--50% P; —8—60%P,; S
--4---70% P,;, —m— 80% P,; --=m--90%P,; o

A [a) S T Ak PR i 2% R T 2 TR B B A D B 4 A

Distribution of bonding stress with different interface and bond treatments




510 [

W, 45« SR THT A BE T ) S TRBE 5 R TR R e B A AR A R 215

K5 RULER T HAOGH AN, AT T A
Ak 3R A S A MO R o 2 e i 48 s R A R ) 8
R E s BT AL A N ). S BE A A 2
B A RO R 45 T AN [R) I A IO T AN W S R
BINE 4000 P, J5 1R 3645 09 17 ) im0 07 19 (1
3 AR R BN Sk AR A PR R TR AR B K R R A
B e g 5 0 43 o PR 30 VR OB - A 6 T B A 0 T 1 G
B T ) AR 2 i I ) AR AN AR At 2k B3R
B BT W = B AR A ke a0 Y i B &
80% P, LA Lmh. Wy B 45K B 1 B 45 B ) 43 A LA
Y57 AL EE B o S s Ak 1 ) AT BOR AL L IF
LT R 25 1B b 0 07 g 90 S A Al 4% 200 Ay 4 T A 3
Ko kU6 BE A A1 i 28 B AN Ui 38 O L BT gt i
BRI OR , HE 5] M 4 RS AL 8
Xf ST S B ARG T (B 5-a) BG4l Bl
A M 33 AN T IR, HC R g et AN W ey SRR
BRIV 3 DA e i B 0 28 i A T 6 R T R R AN
N s A7 B0 T A RLRE JEE B 1 A 28 4 5 F (] 5-blo)
(6] ¥ 53 1 ) A2 AN B 03X TG T A T Y
PUBE S 7 8558 - To vk X & IR Bk + 8 UL 98 1 29 0
ICHLRE BEO mm) 25r

oughness=0 mm)

K& 3.2 mm)
face II
.2 mm)

(b) HLRE T T (KA £2.0 mm) 2571

Rough surface I (roughness=2.0 mm)

N 3 A% AR AN I 5] o AT A A5 A FR i 22 10 48 i 1. )
AN W7 R AR Ak RE LR

XoF T % ] 5 T A G A (B 5-dLe) s B TR
T FAAE R — A 3 P SR AR AR AR 0 ) A0 A AN TR
i S T 90 7 A AT AN [RD s T2 B R AR KA v (]
SR BE 0 I ) 43 A RS R L T B B A
L ) AN DRI 398 g O i 2 AR 1l e I it 48 R i
AT 1360, 3 WA 0 26 o R 30T 7 ) 1 A PR
2.3 FEBBXRESW

FH AL A Jlds AT AR K1 B R s B A S,
E?ﬁ%&&*i&<ﬁ%?ﬁ%ﬁi@%%:

s<X)=sf+J?(deXD (4)

0

K. S, A H . X WEE A hus O EE R, &
TG A S A A 8 A o PR R A AR T T AR
FHAS 122 25 1 1oy 228 I 3 A s ORI 2 ARG S B
S(XD =5+ 2e, (X, — X, (5)
XFERFES IS « S S WAl LIGE . —S
KF. K6 T IR EE LRSS R4 i R
ISR .

(a) BRL T T

Smooth surface (r

250 (MR R AW 1
Rough surface [ with binder [

251 (o) MUBETH 11 (L
Rough sur
(roughness=3

R 53T A 11
with binder II

120

- -4 -- X=25 mm; —&— X=50 mm; —O— X=75 mm; @15
—%— X=100 mm; —¥— X=125 mm; —@— X=150 mm; S
—+— X=175 mm; - @+ X=200 mm; —==— X=225mm © 1.0

i I 1 1 1
40 60 80 100 120

257 (e) MRS I %

Rough surface I
20

0.5

6 N [R) ST AL BR AR 1R R B R AE b B B4 R R 4 2R

Fig. 6 Measured bond stress-slip curves with different interface treatments



216 P A e MR K 0 AR

12 %

HI P 6 ) . 2% Rl g6 45 1 8 B 45K O B 45
W RARRIM AU A5 LR, TR
IO 3 B AN W 38 R B S TR 5 R S ) 28 4 T AR S I
Hm. b 2 T Ak K A i e G P IR DR T AR F Y
t SKRMAEA TREE . 7E5Ei A hsmib. i T
TN 28 b 45 T L A I 3 A L P I R AR A
NSTEIMEZE 5020 P, J5 - Bh45 I 1 A4 T 46 2 7 in AR
BEAC i 2 R A0 ) bR 5 7 O 0 o Ak Ll T
2 B NN B2 W B DB 6 N ) AR K
PRBCHR s £ 15 6 235 1 8 7 1) 1) KR 0 K3 (X =75~
175 mm) N BE 45 T 7E 70 IR T 046 #9528 5 ) T A m
A L 2 SR B B AL B 0 M KA B 2k L AR
iy 22 A0 IR i 8 e ST S 10 T = IR

il i P 6 i T L B S IR S A R R 4
Mo 19 e Ji MU R Wi AN DR U AT 5 T ) ) 286 4 A
(PR 6-d e 14 F s 28 s R0 v 988 6 6 45 0 7% b £
A FEA LR T [ 26450 0F (& 6-b) iz, A
SRV THT 1Y) R 45 R A (IR 6-a) S ARE TET T KRS T I
(P& 6-c) A EE L Ho i 15 A e i 1) Je 788 266 4% 1 % it
2 Z I MR /N L 2R T O i HLARPREIMS £ 5
G A R T 1A 2 245 30 o G R 8 28 4 T AR il &
SRR T AT . n] DL 2 T X R 4 i R AT
R Kb B 0T 286 405 T A% A RE AT W1 S 52 Wi T A6 X 22 1R
5k 2 PR AT — RE B RDRS Ab BES L HOMLAS B i R
X T 2 TR BRE ) B 4 T RS P RE R MR TN R

Xf P 6 25 2R AT [B1E 23 A m AT A A 2R
S JR] 2R F Uk eR ORI BI

z=10. 000 06S* + 0. 001 1S—0. 013 7,R* =

0.976, (6)
Jn 28 o ih 2 e Ji ] SR ] — R eR SR A A L B
r=0.022540. 242 3,R*=0. 963, )
rh (] 8 43 1 45 W A OC & AT R H 40 B R Ok &

7~ B

S=o0, 0<{7<C0. 06 MPa;

=0. 0085+0. 068,

=0.108 6 In(S)—3. 624,

r=1.013 In(S)—3. 263,
H (8, R*=0.942,

3 45 15

(1) ARBEFC 1 [ 4735 50 5 B0 b st i 48
BT T A SR T IR LS R
ZAR U 3 2 W 5 7 U A I B L e 4 i
LA U 2 3 97 1] I 4% 153 9 7 745 S 4 8 45 T 1 £

0<<S<C35 pm;
35<CS<C75 pm;
75<.S<102 pm.

(8)

RHAE DL ST PR A W R AN K T 1) b A% A B
B RSB ZIRBE L MR AR G R .

(2) 38 2 X6F 396 K40 1) 23 A m R A% Fof G A
BT (558 2 TR S5 - B 205 1 A 9 N AE 0 AT MK J R AR
AT B8 T 1 ) R R e 8 9 PR AR A it
2 1 B it 4 R S i A 3 R T AN Wy L

(3) b 3o 2 TR e - B 45 5 If0 L 4% A %k 45 L
J1 R HESE R WA I A B 25 0 ) il 2k R =
B xCith 42 A 88 » LB R 7 166 A1y 288 19 8 KT B i 4
I A AL R . S B ARG T Y G 4
P IO g A 3 AN 35 2 o el g 2 0 8 i 7 g AN W 49 R
L7 Al 3 R AP 5 T O ) A v 7R A B A el TR
T 77 R D — A ak B SR A A AR P o e 23 TR
5k 00 0 o3 A1 B A B S RS % A T i
R A 8 i 6 T 7 7 38 R

(4) 3 3 AU 50 45 5T LA 3057 & 1R BE - A [
FTHAL B BUE B A I B AE R G R L o IR
il S5 T ) 5 T 286 4 T AR 1) R TR LA R R AN R
5 T80 A 9RO T T A4 a0 45 i T 266 45 1 7% il £k
PO HE 3T HLAREA A /IN 2 445 T YRR A 3 X B 2 TR
BE T R REAE A W W R AR . 2 LA b A REAS
BT 2 1R B - B A T RS B0 AR O A R B AT s
PRI ZS%,

(5% k]

[ 2 30 M . 1 % SCTR B 7 [ " v i 1o 5 [T .
HFA R3] . 2006,30(9) :330-336.

Luo SR.Zheng J L. Study on the application of self-compacting
concrete in strengthening engineering [ J]. Journal of Building
Materials,2006,30(9) :330-336. (in Chinese)

(2] 7 Wiy 250050 45 Rk R 0 BE IR 0I5 itk R IR B+ 10

i i B G RE LD ) Vb AR AR B K A 2 . B SRR 2R
2004,32(4) :127-134.
Ma SJ,Yao R F,Li G Y,et al. Mix design and application of
high performance concrete double-combined with silica fume
and fly ash [J]. Journal of Northwest A&.F University: Natu-
ral Science Edition,2004,32(4):127-134. (in Chinese)

[3] Zhu W Z,Peter ] M B. Permeation properties of self-compac-
ting concrete [ J]. Cement and Concrete Research,2003,33(6) ;
921-926.

[4] Casanova A, Jason L, Davenne L. Bond-slip behavior of self-
compacting concrete and vibrated concrete using pull-out and
beam tests [ ] ]. Engineering Structures, 2012, 41 (6); 1073-
1089.

[5] Hadda R H,Odeh R A, Amawi H A,et al. Thermal perform-
ance of self-compacting concrete: Destructive and nondestruc-
tive evaluation [ J]. Canadian Journal of Civil Engineering,

2013,40(12):1205-1214.



% 10 1)

Bio U4 SUTE AL BEG 1 %

SHREE LS EREE L HAT IR K

Pl

217

(6]

(7]

(8]

9]

(10]

[11]

(12]

Kalkan L.,Lee J H. Effect of shrinkage restraint on deflections
of reinforced self-compacting concrete beams [ J]. KSCE Jour-
nal of Civil Engineering,2013,17(7).1672-1681.

Aslani F, Nejadi S. Bond behavior of reinforcement in conven-
tional and self-compacting concrete [ J]. Advances in Structural
Engineering,2013,15(12) :2033-2051.

Anna H. Influence new-to-old concrete interface qualities on the
behaviour of support zones of composite concrete beams []].
Construction and Building Materials,2011,25.:4072-4078.
Ourania T T, Andreas P L, Stephanos E D. Experimental inver-
sitgation of interface behaviour of RC beams strengthened with
concrete layers [J]. Construction and Building Materials, 2013,
40:50-59.

Long G C,Xie Y J,Ding W W, et al. Lon-transport character-
istics of new-old concrete composite system [ ]]. Journal of
Central South University,2014,21(2):790-798.

Santos P M D, Julio E N B S. Factors affecting bond between
new and old concrete [ J]. ACI Materials Journal, 2011, 108
(4) :449-456.

Mho W AR H %

SR BE 4 5 2 IR EE L 0 B S5 i 6 BT

[13]

[14]

[1

o]

7 L1] BT 241 H SRR, 2009, 48 (6) - 844-847.
Chen F,Zheng J L. Experimental research on shrinkage of ad-
herence of self-compacting concrete on old concrete [ J]. Jour-
nal of Xiamen University: Natural Science Edition, 2009, 48
(6):844-847. (in Chinese)

Br o W SR A SCIREE - S BIREE LA B4
[T K R4 AR B4 ). 2010,30(6) :56-60.
Chen F, Zheng ] L. Bond-slip relationship between self-com-

%6

pacting concrete and old concrete [ J]. Journal of Chang’an U-
niversity: Natural Science Edition, 2010, 30 (6): 56-60. (in
Chinese)

BEA A, EEA. BE VR BE 1 7 4 1 R i A
ge 5 A L1, T8 J14%,2005,22(1) ;164-169.

Luo S R,Zheng ] L., Wang G J. Study on mechanical property

F % 5w

of self-compacting concrete and its engineering application
[J]. Engineering Mechanics, 2005, 22 (1) ;: 164-169. (in Chi-
nese)
Austin S,Robins P,Pan Y. Shear bond testing of concrete re-
pairs [J]. Cement and Concrete Research,1999,29(7):1067-
1076.

(LB%

[11]

(12]

[13]

210 1)

AR, SN Mare 8042 45 0% 35 il 43 87 D) 158 155 1L I A%
%14 [J]. 21K, 2003(2) :61-64.

Sha Y C, Wu Z R. Simplification of the mesh partitioning
through contact analysis provided by MSC. Marc [ J]. Red
Water River,2003(2) :61-64. (in Chinese)

FE X BT R AR R ROA TR K A S A S
Frep @R LI 35 4 R 24 2440 A AR BE2A R, 2003,43(11)
1534-1537.

Du L H,Deng L J,Chen H J,et al. Direct constraint procedure
to solve contact problems in hydrostructures [J]. ] Tsinghua
Univ:Nat Sci Ed,2003,43(11):1534-1537. (in Chinese)
Goodman R E,Taylor R L,Brekke T L. A model for the me-

[14]

[1

]

chanics of jointed rock [J7. Journal of Soil Mechanics &
Foundations Div,1968,94(3) :637-660.

% HEIKRAE. ABAQUS ZE 5 £ TR i A (M. db st
R KR K HL SRR AT . 2010:1-4,126-134,343-392.

Fei K,Zhang ] W. ABAQUS application in geotechnical engi-
neering [ M ]. Beijing: China WaterPower Press, 2010; 1-4,
126-134,343-392. (in Chinese)

oAl [ R AR — PR Sl R A T M A 30U TR R
K1 % AL, 1999(3) - 32-35.

Liang C G. Construction program of the concrete facing rock-

Ll

fill dam of Tianshengqiao First-cascade Hydropower Station

[J]. Water Power,1999(3) :32-35.



