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Experimental study and numerical simulation on bond performance of
reinforced coal gangue concrete

ZHAO Weiping' , ZHONG Lin', ZHANG Ke', SU Zishuai', XU Yang®, CHEN Jialong'

(1. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing) , Beijing 100083, China;
2. Railway Engineering Research Institute, China Academy of Railway Sciences Corporation Limited, Beijing 100081, China)

Abstract; To investigate the bond-slip behavior between ribbed steel bar and coal gangue concrete, 36 cubic
specimens were designed and prepared, in which coal gangue replacement ratio, concrete strength grade and rebar
diameter were selected as variables, and the center pull-out tests were conducted. The results show that the bond
strength of the specimen gradually decreases with the increase of coal gangue replacement ratio and the failure mode
changes from pull-out failure to splitting failure. With the increase of rebar diameter, the bond strength of the
specimen shows a decreasing trend, and the degree of decline of coal gangue concrete is more significant than that
of ordinary concrete. As the concrete strength grade increases, the bond strength of the specimen increases
significantly and the failure mode of the specimen changes from the pre-yield failure of steel bar to the post-yield
failure of steel bar when the strength grade reaches C55. Based on the experimental data, a bond strength
prediction model and a 3D meso-scale finite element model of reinforced coal gangue concrete members were
established. The finite element model, the accuracy of which was verified, was utilized to further reveal the damage
evolution and bond failure mechanism of coal gangue concrete and ribbed steel bar under pull-out force.

Keywords: coal gangue concrete; ribbed steel bar; center pull-out test; bond-slip; numerical simulation

LR AR IR 2 K e 2 o AR R B R
(1) 70% . TEXED™ FF R ANE Ve ad B2 v = A i ST
BB B 15% ~20% , R Bl % | hiEss
R R TSR B > AT A1 10 ERR s
FA S A5 X R B R b I 2 A ™ R Y AR
K, Bl OBURR G 1) A AT A IR AR 2
A it DR A5 [ A S PR AT e 2 TR 3 DD 55K

PARRERT A7 g B R f R 5E  HAT R AR 225
Rt MR  o A2 HRE2 Hl AFACA BL Hl J 055
RIS , 3 AN [l 3t X A R mF £ PR T A A 22 57, (HH
Y ST R A R A — B BT A
EEN I IR IR 5 R AR EL A TOUL4S
FEVRAHIC SRR I DB D 1R 22 IR K 3R 1
FEPREER A By T SE PR AT A7 IR

WA 2025-03-06;F A EH: 2025-05-28; MEE X BH: 2025-06-17

M 48 & & Hhilk : hitps://link. cnki. net/urlid/23. 1235. 1. 20250616. 1845. 002

ELWB . FRAARPEESRA RS GIH (U22A20244) ; 6 R [ ABH 284 (52278467)

EZERE N BMIV(1981—) 5, mIEER, WA =i
BIEEE. X 1, zhaowp@ cumtb. edu. cn



55

BT, A BYAEAT A R R L R A5V BE IR AT 5 5 R (E AR AL - 193 -

AR5 R AN SRR R A, E2OE TR = X
[T Bl AN B S AR S At 0 A TR BE
LR FE AR T BB B B Ry | AE 1 R BE E
GO A B T EGR IR BE 0 1 A R RE 45 ) Ak
VLI, BT I 0 H T B AR KA TR A
SRR R BT A TRBE 5 A S AL
BT A IR BE L A | R T v M AT A R B - Y
FIeEPERE D AR AE ) TR AP A N AT 5
TRBE L 58U Z 18] BLAF A9 Rh 5 TR e PRl A R
PR AR AR SR , 5 B 45 R LB T 0 A 9 A
REELAT I A ERE R R H 2, L4k, o
F AR RS T AR AE PR REUEAT T R A IR F
T AR TSR R B SRS gk
ST TR S TGS 0 AR R R R B AT
SMRBLE, AN BEE A ROCEE TR AR, H AT
S TS RUER I T Bt — 2 T Al Al IR £
AIARZRPERRAS AT O o X LRSI H 47 A ANl 4 T
AT AR 308 Ao A Y — TR R o T A L
JEI R N IR BT B BT Y SR
BRI LORE R SOR e BE T X YAl -
RBET S A MLE AR (B A7 LR R BR A
1) G TC A AR 1 5C Z AR T b 0 7 (9 2l 45
TEREAK G AR 52) B 20 ity JLAwf fiy Poxe LA Aff
TR AR R 4 TR i 18] 2 45 2R 3055 25 /Y
BRCORHILIEL SR AL 1 SIS 2 ) A A 2 A8 35 5 T TR
BE RN IR RRESPERE 2 AR RM K
WFA BB KIS T A0 5 1R B 4 i B ik R 45, i
SR YA 3 TR R Y BT AR A AR RN BT A
RE) . DRI, A A4 O T YR B - A (] e 45
PERER S ALY nf BEAN G ] TR F AR BE L, 75

I, LLHAX 3 A S BOF B IR R B 45
MR semT 3L T A FIEEAT A 1R S+ Ak RS
BRI TLT B 5L, 76 ABAQUS FR3g bt 7 % &
BB SIEAS W = dEAULA BR T A | JF a8 1t 5 A
SO EE 6T 36 uF LR M, AE LR I
— R R AT AR EE SRR E R IR
(R 1 1 AL AN B 25 B SR
1 REEitr
1.1 ##hSEeE

TR0 A A R B R R AR A AT A
HPRARWEAR AR R AT A, EERS R
LR A [ R BRSPS,
BT MRD TR B R SR A FIURERT A 22 52U e
BLBERAE B o3 A2, A3 BB YE B S5 ~ 20 mm 1Y
MR BRI R, TREE A A B A AL EE | 5 AR
KR 42. 5RO GRS I kR R K Je (I R AR
GB 175—2007 (il FHRERRERAK YR 2 ) 5 40 BER K
2. 52 KRR OIS (7 | A BTG X)) 5 DL A
IKFR K 30% BRI = M RIS /K A9 (W B KA
RHEAT]) . I8 JGJ 52—2006 ( i 1R 5E -+ FHRD |
A7 0B SR 38 TR ) 2 R R A
RN ) E 2R e AT I, 45 R A TR 1, W
2 FiR, SR ) B 5 R SiO, (57.26% )
AL, (23.46% ) , 5 KSR EEA 2 AR L, o7 4
IR AR

®1 BETASIABROHNENZSY
Tab.1 Physical and mechanical parameters of coal gangue and

natural gravel
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Tab.2 Chemical constituents of coal gangue and natural gravel (wt. % )
Flik Sio, AL O, Fe, 0, K,0 Ca0 TiO, Na, O MnO S0, P,0, MgO
oana 57.26 23.46 4.82 6.41 2.17 0.59 1.18 0.11 0.21 0.53 0.72
KR 45.64 15.86 16.77 0.87 6.95 2.75 1.79 0.17 0.32 0.26 8.42
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Tab.3 Mix proportion and mechanical property test results of concrete

JERRL (kgom=3)

o8 A % & . S/ MPa fu/MPa  E_/(10* MPa)
KooK # KIRWEA A WK

css 0 160 550 531 1241.0 0 3.32 68.13 4.12 3.83

30 160 550 531 867.0 372.0 4.18 59.37 3.81 3.41

0 160 440 634 1162.0 0 1.98 52.14 3.64 3.34

30 160 440 634 813.4 316.3 2.55 42.52 3.27 2.70

40 50 160 440 634 581.0 527.2 2.86 38.67 2.93 1.67

70 160 440 634 348.6 738.0 3.21 34.92 2.63 1.40

100 160 440 634 0 1054.4 3.69 30.24 1.74 1.16

30 0 180 428 747 1041.0 0 1.71 39.34 3.0l 3.05

30 180 428 747 728.7 283.4 2.23 30.42 2.52 2.03
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Effect of coal gangue replacement ratio on concrete strength
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Tab.4 Mechanical properties of HRB40OE steel bars

Fig. 1

WA JEIRGRE  BURORE kR S
d/mm f,/MPa f./MPa A/%  E./(10° MPa)
16-1 416.2 576.1 24.7 2.00
162 423.3 582.1 25.2 2.05
16-3 408.5 570.4 24.8 1.95
Ty 416.0 576.2 24.9 2.00
25-1 446.8 610. 1 22.9 1.98
252 452.6 614.7 23.1 2.01
253 458.4 617.8 23.9 2.04
Ty 452.6 614.2 23.3 2.01
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Fig.2  Specimen size and fixture layout
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Tab.5 Design parameters of specimens

NG R /%  PREHFHR d/mm

l,/mm ¢/ mm

GC30-0-16 0 C30 16 80 72.0
GC30-30-16 30 C30 16 80 72.0
GC40-0-16 0 C40 16 80 72.0
GC40-30-16 30 C40 16 80 72.0
GC40-50-16 50 C40 16 80 72.0
GC40-70-16 70 C40 16 80 72.0
GC40-100-16 100 C40 16 80 72.0
GC55-0-16 0 C55 16 80 72.0
GC55-30-16 30 C55 16 80 72.0
GC40-0-25 0 C40 25 125 112.5
GC40-30-25 30 C40 25 125 112.5
GC40-50-25 50 C40 25 125 112.5
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Fig.4 Loading device and instrument arrangement
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Tab.6 Test results of bond property of specimens

g F/KN  7,/MPa  s./mm 87N 2

GC30-0-16 58.47 14.54 0.84 et W AT L
GC30-30-16 46.89 11.66 1.26 Jet W T ) L
GC40-0-16 68.01 16.91 0.84 Jat BT L
GC40-30-16 59.80 14.87 0.69 et W T ) L
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Fig.7 Bonding mechanism of specimens after rebar yielding
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