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Study on Anchorage Performance of Rebar and
Steel Fiber Recycled Concrete

CHENG Donghui ,SONG Chao ,HE Guoyu

(School of Civil Engineering ,Northeast Forestry University , Harbin, China, 150040 )

Abstract;In order to study the anchorage performance of rebar and steel fiber recycled concrete,
the formula for calculating the ultimate bond strength is proposed based on the formula for
calculating the ultimate bond strength of hot-rolled rebar with crescent shape in the current Code
for Design of Concrete Structures ( GB50010—2010 ) , which lays a theoretical and experimental
foundation for the study of bond and anchorage performance of such components. Pull-out tests
were carried out on 16 groups of 64 bond anchorage specimens with different diameter of rebar,
replacement ratio of recycled coarse aggregate and volume content of steel fiber. The effects of
parameters on bond performance of rebar and recycled concrete were analyzed. The results show
that the bond strength changes slightly with the increase of replacement ratio of recycled coarse
aggregate ; the bond strength increases with the increase of volume fraction of steel fiber; the
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diameter of rebar has a certain effect on the bond strength,when the diameter of rebar is 28 mm,

the bond strength increases obviously. The formula of bond strength between rebar and steel fiber

recycled concrete can provide reliable theoretical basis and design reference for the compilation of

relevant specifications of recycled concrete and its engineering application.

Key words : steel fiber recycled concrete ;rebar;pull-out test;bond stress-slip ;anchorage length

AR TREE R AR R SR E A
W TEVE G i — 1 H B S R R
A A TR EE 5k LR 2 B AR
Bl A R R I R AR
ARSI EE A, BRI AR
FEAR A ERE RS R AR 2E B
AR BIEES (R AE SR T AR
A FAEC LT B AGE AN T 2 B
AETRE - R RB AT AT i 2 R AR
B G e AR TP B A —E AT
YEAPRE A i H ST 2P e B T U AR
S HEE TR AR ST A
TR BFFE T AN R 4R B AN () 58 B 1 TR 95 1
Y5 CFRP 5 il i 22 [0] B Zh 245 v B PR R, 45 2%
WA TR IR TR B+ 5
CFRP ffi 2 [8] () k45 5k B . J) e b 2500 2 Tt
M SR 2 YN A SO &t i
TRBE 7 5 PR B T o B i ROSE 3k
IV, 235 SR I I 37 41 A 1 A TR R 1 B B
CI AN e 27 YN b IS N =)
WM YR F 4B AR N 0.12%
(N R Y oy N1 A R Y
TN AN AT 2 P TR B A I R
R, T T AL R R A F
AR TR R G B9 57 5 50 41 4 P AR TR BE 1 B 4
RS A PR TR, Ay i 0 25 2 R 9 T IR S0 i
SiUs 5P TR R ARG A W R TR RE 45
SR P AR TR BT 55 5 T B A9 [0 (14l 225 W
AR TR 0.5% FMmR T EREE, N
0.5% Z 2. 5% 5 i SRR 45 W B R [ g 1
/N C. Wang ™ B X £F 2k AR TR BE 4T
URMERB R IT I 5%, 25 R R W EF 2 v L4 =
A TREE (PR T AR AT X i i R

W HUANERE B 7 1 X N AT 2 P TR AT
SRIE .

FEFARTREE L B AW 4k, T LA e 5
KRN LT 2 % 1A TR B A 1% 34 55 A 1 ) 1
FH  URANFR A R BB 690 16 T 2L SO AL
BRI R 2 A R 2T A P TR T A
[ P4 R AH DGR 58 T JR /0 FUM AR AN 7 5 P
AR TRBE 1] (R R 45 1 RB AT 5% U 25 1, 28
AN 2 F AR IR BE 5 HRBA0O Z4 i Al
[ 1 BB T R AT, R TR B = P AR B R
FRE AN YEAR TS 1t FIEA A7 1450 0T 45 il
[ PERE R RZ A, I $5t Hh A BRORS 245 5 B 1R
3K, A IS (4R 8 % [ fi P 5 Rt )
BESE T HS R
1 Rt
1.1 AEMHEESE

h T IR LT Y A TR 5 A e
PEREWFIY , BTl T —HEAR 7 5 1A TR
A A TR RR AN AT 8 ) . i e
FH P A R 1 A SR FH S 6 25 I 3 IR 68 - 4
PF RIS R T — 05 R ERLE R 150 ]
LT Y R FH BT U1 RUAN 27 4, K AR Ll 46 7K
JeRH P. O 42. 5 sk Ea L /K e , #0737 R
L@ AAEL A B HRB400 2050 75 , B BHE Bk
W 1 PR, BN S 2# HERe Nk 2 iR,
WL HERHE S ELIN R 3 K.

Fz1 BRIEME

Table 1 Main performance of aggregate

) FTWERE, R 7K
R R/ mm B
(kg-m™) B/ % /%

HAMER 5-~31.5 2 471 14.52 4.81

KRAF  5-~31.5 2 693 10. 52 1.21
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Table 2 Physical and mechanical properties of rebar
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Table 3 Characteristic parameters of steel fibers

H#&/mm JE MR/ MPa W BRETHLSR B/ MPa ) Bl EHE
YA KE/mm KA
16 433 661 %/ MPa #/mm
22 414 479 IRAIEi]
] 80 30 0.65 46
28 551 676 L4
ZMESCHR[ 14 ] XA TR B AN am i HR 0. 36, 03 0 0. 38. 7E IR & H Bl & e
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Table 4 Mixture ratio of ordinary concrete kg
m(IKE) m( 4EE) m(CHLEHEL) m(7K) m( K m(ME4E)
430 746 1199 155 5.16 109.0

TF LR 4% BEEL T 800 kg/m? ;3
1.2 AHSHIG

DA BLAR TA R B R 3 L 4t
R BEASHE BT 16 HIKF, &

S R BE L VAR AR RIS 5 1. 4% KRB Bt R R BER R 51 1. 2%

HHAL T 4 SR ARTR] FRORG 25 5 [0, 3L 64

AR, PEASEANR 5 PR,

x5 Hhulr28ck

Table 5 Parameters of pull-out specimens

iR R fou/MPa d/mm /% V/ % BRI x FE x B/mm 1,/mm
I-1 C40 22 0 1.4 220 x220 %220 160
12 C40 22 30 1.4 220 %220 x 220 160
13 C40 22 60 1.4 220 x220 x220 160
14 C40 22 100 1.4 220 x220 %220 160
I C40 28 0 1.4 320 x 320 x320 160
16 C40 28 30 1.4 320 x 320 x320 160
17 C40 28 60 1.4 320 x 320 x320 160
I-8 C40 28 100 1.4 320 x 320 x320 160
I9 C40 16 0 1.4 220 %220 x 220 160
I-10 C40 16 30 1.4 220 %220 x 220 160
I-11 C40 16 60 1.4 220 %220 x 220 160
1-12 C40 16 100 1.4 220 x220 %220 160
I-1 C40 22 60 0.0 220 %220 x 220 110
I-2 C40 22 60 0.7 220 %220 x 220 110
-3 C40 22 60 1.4 220 %220 x 220 110
4 C40 22 60 2.0 220 x220 x 220 110

o f MIREE IR  MPa; d NN H AR
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Fig. 1 The sketch of pull-out specimen
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Table 6 Main test results

EveE i feu/MPa P,/kN 7,/MPa /MPa To/feu 127872
I-1 55.20 138 12.45 — 0.23 e IR AR 114
2 58.31 136 12.31 — 0.21 et MR T A
I3 56.53 134 13.01 — 0.23 Jif TR 114
14 55.47 145 13.11 — 0.24 et R T4 14
15 56.22 262 18.59 — 0.33 e R R 1y
16 56. 84 262 18. 60 — 0.33 Jif MR AR 114
17 55.20 265 18. 86 — 0.34 et R AR 114
1-8 55.50 278 19.72 — 0.36 e IR R 11y
19 58.58 124 14. 65 — 0.25 e A T4 14
I-10 56.52 — — 16. 50 — PWTIR
I-11 53.90 — — 15.95 — IR
[-12 50.93 — — 16.13 — WA
-1 57.20 119 15.62 — 0.27 Jef MR 114
-2 56.99 127 16.72 — 0.29 et IR T4 114
-3 57.96 134 17.97 — 0.31 et MR T A
n4 55. 81 144 18.99 — 0.34 Jif TR 114
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Fig.5 The practical 7-s curve of specimens
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R+ B L PRI (L3
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Table 7 Statistical results of recycled aggregate replacement rate

FERREAE 7, 7, 7, FHRER AR AR ARAE, o,
T, TR 25 N 7 38 G2 T A T U b
i, r-s BZAE LT Be BB WA TR S T,
R Y o AR K XTI AT ARG 45 1 7 A i
BERORSSE I 7 57, o B9 7 R E 4[] g & 14
B UIWT, B9 5 5 P AR TR R A [RDRG 25 5 7 N
A TE 7-s Mk L RINT E B A AT

frw i as v/ % feu/MPa 7/MPa 7,/MPa 7,/MPa s/ mm s,/ mm s,/mm
I-1 0 55.2 11.55 12.45 6.24 0.43 1. 86 9.38
12 30 58.31 11.22 12. 31 6.01 0.28 1.59 9.36
13 60 56.53 11.53 12. 13 6.02 0.34 1.51 9.78
14 100 55.47 12.61 13.11 7.30 0.19 1.47 9.61
15 0 56.22 16.71 18.59 11.40 0.41 1.61 9.84
16 30 56. 84 16. 47 18. 60 12.99 0.28 2.30 10. 35
17 60 55.2 16. 06 19. 59 11. 56 0.24 2.08 10. 89
I-8 100 55.5 17.82 19.72 12.35 0.19 2.02 11.07
19 0 58.58 14.77 15. 45 7.43 0.44 1.93 9.31
I-10 30 56.52 15.01 — — 0.38 — —
[-11 60 53.9 15.14 — — 0.33 — —
I-12 100 50.93 14. 84 16. 30 7.72 0.26 1.51 7.77

W 7 AT LA 24 A

WAL 0 ~ 70% 22 AL I R 45 58 B2 4 AE(H
ToT T, FEAR A 2 F A R U R
100% FrF , K45 56 B2 R AE(ELA /IR J3E i -, 42
THIEEEAE 10% oA, i BLIX Fl L4 1 Ji 1A 2
HT T PR A AL B T P A R KR D,
FBHR RS , (A8 IHK IR SR 245 & B, X
REEEPEREA SRR

Bl AR A ORHBACR A 3G I, 1 A R
fIE{E s, B T B, AR R IR T s, s,
SR/, X R T AR R AR A
R, Gy AE LN A i 1) 2480, B RS
SRR, A7 T R R, B R
HOERAH s, BN,

2.4.2 LAY FIBE
8 B T L YRS R g6 4%

RS WAYEARE EIREIR ST
Table 8 Statistical results of steel fiber volume content
frw i as Ve/ % feu/MPa 7/ MPa 7,/MPa 7,/MPa s/ mm s,/ mm s,/mm
-1 0 57.2 14. 41 15. 62 8.50 0.25 1.49 7.87
o2 0.7 56.99 15. 03 16.72 7.20 0.24 1.52 9.57
-3 1.4 57.96 15.17 17. 64 9.34 0.26 1.59 9.01
nm4 2 55. 81 16. 56 18.99 11. 20 0.27 1. 84 7.83
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Table 9 Statistical results of rebar diameter

9 5 d/l, feu/MPa T/ MPa 7,/MPa 7./MPa s/ mm s,/ mm s,/mm
19 0.10 58.58 14.77 15. 45 7.43 0. 44 1.93 9.31
1 0.14 55.2 10.92 12. 45 6.24 0.43 1. 86 9.38
-5 0.18 56.22 16. 71 18.59 11. 40 0. 41 1. 61 9.84
[-12 0.10 50.93 14. 84 16.3 7.72 0.26 1.51 7.77
14 0.14 55.47 2.61 13. 11 7.30 0.19 1.47 9.61
I-8 0.18 55.50 17. 82 19.72 12.40 0.19 2.02 11.10

3 A R TR

3.1 #HEKEMITE
PACIRBE L 45 Mt M) (GB50010—
2010) 1 rh H ZF BB PEL A B BRORS 45
ST AR, 255 % BT RS
B B R A B TR R A SR X
TER B AT 01U 20 A, A5 2 B0 47 44 P A
EORHRBE AR FRORG 28 5 2 A3 3 A 5K

%:5. 159 x (0.033 84V, +0.214) x
(0.891 49%+0.070>. (1)

PASCHRL 17 ] 2 H A [ B 5807

% MR E BR TREE AR IR R LA R
SPRIGETFSH, H IR B I R AT R4S
b, ATAH AN ) A 2T 245 6 50573 il 1 4 2
(W% 10).

R0 PR BE Al I A7 R

Table 10  Anchorage length of reinforced recycled

concrete
Vi/% 1,/d
0 17.99
0.70 13. 86
1. 40 12.26
2.00 10. 62

3.2 SMARIG 558 BHK B R AR R SE B K
SCHR[ 17 R 35 0 114 BEAR FRAR ST 72
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Table 11  Critical anchorage length of reinforced

recycled concrete

Vi/% 1,/d
0 9.88
0.70 7.33
1.40 6.13
2.00 4.89

i 51 RS OR 5 A AT W ] I e 2 15 B
FIRY A 73 i I R A A AR R [ I 2 (1) . A
HRBA400 24 fify by HE Al , K 409 13 12 PR BT 477 52
A% f, = 540 MPa 5 & {CA(2) A
WX (1) W 7, H—IFA(2), 7]
FEAS R AN 2T 4E 12 50 09 30 1) A Rl I 52
(WF12).

R12 FAEIREE LT AN AR PR [
Table 12 Limit anchorage length of reinforced

recycled concrete

Vi/% 1,/d
0 19.42
0.70 15.79
1.40 14.08
2.00 12.31
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Fig. 6 Calculated results of anchorage length
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