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Abstract: This study proposes a numerical modeling method based on the cohesive zone model to investigate the
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mechanical response and fracture mechanism of steel fiber reinforced concrete (SFRC) structures. In the proposed
model, cohesive elements are used to stimulate potential fracture surfaces and rebar-concrete interfaces. A
constitutive model for SFRC fracture surfaces is developed by considering mixed-mode damage evolution,
interfacial friction, and the fiber bridging effect. Additionally, a modified bond-slip constitutive model for the
rebar-concrete interface is proposed, accounting for normal separation. To validate the proposed model, a series of
four-point bending experiments on SFRC specimens are conducted. The simulation results closely align with
experimental observation, confirming the model’s ability to accurately capture both mechanical response and
fracture behavior. Parametric analysis reveals that inadequate fiber content or improper friction coefficients
significantly reduce structural bearing capacity and ductility.

Keywords: steel fiber reinforced concrete; cohesive zone model; constitutive model; fracture mechanics; fiber

bridging effect; bond-slip relation
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Fig.1 Establishment of a numerical model for steel fiber reinforced concrete
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Fig.2 Modeling method for reinforced steel fiber concrete



% 8 EHE,EF A TR AN GER G N HRE L EHREBERTR 57

Mz OS5 REE LR ESA,H W HITE AT ) 4) i 5N R T $50(COH2D4) , % 4%
RBE L BT 2s 5 5 B 5 T B A5 SL A BT BT 2 R A BT 2(a) I o B THC AT Y T AR R b A R i
B AR Al S WA 2(b) o 25 b BN A 57 T 2AL 5 3900, RN £ 4 TR o6 st S (5 v i W 2 T ) O A A
DA B 490 i85 — 18 56 - B T A A G v £ A S R A B A R T S AR 50 (CPS3) , T A1 2T 4 TR o5 - ¥ A
b 28 T 1499 177 — TR 05 b B T U 7 T R JELE A 2R ) BT (COH2D4) 3R AE . b fl A58 A0 B L 5 7 7 A KR
TUHCPE R BT TP BRSO R, A BROTARE A A i A B input SCPREEAT 8 BT 58 U LY

R A Ty S S AR T TR A3 A I A A AF A TR B 5 AT T RN R e R . X AN
21 YR B - FE A L AN T 409 55 R A9 R B e S JRE I W T o Cn DR A AR, D AR AR 2 AR ) T
AR GIE A9 fif7 L 508 0 5 B4 B AT ) B A7 B Al i) ) 1T FR A mox 2w, DT 5 552 B A 0 B4 B T T AR — B ek,
Ay R TIE 9 A5 4 4R T TR AR S B L — B8, R A R L A AR R HR e R T o, R v ) A A0 4R T AR (R RE D
o KBS T 7] AT 4 5 AT R A 57 — TR OB b B T LA ROSE 1 O S B A BRI AS B TR . R
BB, BT L AR A B TR B R SR O A BN A P B T R 0, S [ AR G Y 1 4 T AT
FROCASE Y AT SR R 7 e rb 1) 2R B L YR 5 b PN 08 1 ol B 2 A 0 o A DX B

2 BREHASHARHRE

21 WAHBREITHAHER

BT A TR B AR W BRI A 3 Ty I A T R R ER R TR BE b 0 W R 45 TR R b AT ] Y
FESREAE L, DL S 4584 I J 4 1R 21 4 0 R 28500 o e, b 1 80 1 2 TR 56 - 1) D 284 1 R 3 25 3 A 780 v 0
W 4 TH (N 2R ) BT COH2D4) 1 ) 5447 Ry sk 3o, Bt N 3R 34 5 T 1, 25 T PN 58 g B o e 7 A VL 7Y
R 1 24 TR R A VA T 2R T A A AR
21.1 ZA#MHG XA

X TR BE b AR, R F S T PL i o o D) B WU 1k 55 5 00 1 A A A 7R 1522720 G2 A R AR TR R T i 1] 3 () ~
(o) I B BN, ) i B G &R, RIBXH

{knén, 02<0us

(1-D)kudu 300 <8,< 00,

(1)
ksés’ |5s|<550’

(1-D)kb,,  00<|d,|<du

K o5 ¢ Rk ) AT R )56, F1 6,k vk ) AU ) 2 8% kR kA ] RDTD 1) W RE A A A TR Bk L BT
Fif 1Y Rk =k, ARG B A R A 12 AE BU(E TE R F AE 10°~10° GPa/m; 6, Ml 6, MR G IR 1 L #8560 6, R
RN ; D R4t H 5, n] iy B 3 h LT SC RS 3.

T

GI -651' _650 G]l
6110 6nf 611 G]I 650 65f 65

-z,
(a) ®EBHRFR (b) VIR R
B3 BEMEHETERERLBRGEXR

Fig.3 Damage relationship of concrete under uniaxial conditions
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Fig.4 Equivalence of fiber bridging effect between cracks

ZEG O A SCHR™ K £ R Bk A2 R BT — 0 B8 OC AR 0 2 e TR BE L R B 2 R OC A W LT | g
) B LT 2 1) 75 WS 2 30 THHIEISEPE’Jf“J'J (VREP ST VN (P I R VA SN L /(S OR & 0 AERE
5} G350 R BT B AR B LA KT BB, ik — O B 5 W LA B A R R B A W R G R B AL Y
IO 1 3 B8 5 2 AT AT BL R A
0
\/;'Tbmax’ 0<dy,
Tomax

T,= 01<0<0,, (12)

Tbmaxexpﬁ|:<§_l):|, 5252,
2

AR T, 0 27 AT 528 0 I 3, 5 1) {1 2 45 I SR80 5 7 1) — B85 0 O 9 A T 4 T AL S SR T X (6) AT
Ty J BRI HEIENL L ST 56,5 6,6, R AR T3 09 G 8 28, g sC(12) & 3 H R B s SR (i R (5 B 0 sRBCT
K BB IR N 1 2 2 B 2400, M 40,/(6,-6,) o

T, 4

Tbmax

0 9 9 5, 0
BEs5s AEABRLIANERRBERIELEN-IBXR

Fig.5 Stress-displacement relationship of the macroscopic bridging effect of fibers in concrete
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Fig. 6 Stress-displacement relationship of bond-slip at the steel-concrete interface
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Fig.7 Effect of normal separation at the steel-concrete interface on bond performance
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Fig. 8 Program block diagram of the material subroutine developed based on the established constitutive model

F T A R A TR A AL 25 18 1 ST ) BE A T T B A B AN 2 S BORE R I R R B A e i T
T 220, DA Tt LA SR Bt 2 i AXOR A o LU, 72 ABAQUS Hh 2R il 26 T ABAQUS/EXPLICITE 3 45 K fift 4
HEAT U AR A

3 HREREIE R

3.0 EENFHEER T RS
Shy 6 IE JIT 8 ST A TG F50 0 T 20 VR R e AR R Y | 5 T o ) A 2R 4k L T T — 2 A R AT A TR 1 R

25 il BT 2R, F BT RO 7 A 9 Fr R, Sk B2 4 11 BE - i 4y 44 9 FPB-SFRC. IiEAh, 79

AN T 4V T, 78 S2 3 vh ik it T IR BE - (C35 3R 3 ) 44 19 4N 77 TR Bk + 42, i 4% 4 FPB-C35.,
FETE A7 T 40P 9(a) (b) TR 3 b ST 2008 8 mm 9 46 ) 604, 63 4 F07% 9 14 mam 199

A5 A, 4 R FH TRLEE D 100 mm ELAR 0 8 mum (075 Al 4730 o DA SEOI B Sk 1) A B 2T 24 X S 7R 1 B Y



62 TR K F F IR %48 %

M), SR A 400 B v AN U il A, FLAE S B R R R RN AR AT . AR A bR S 48— % FH HRB400,

TE M RE 7 T, BT 26 JH 00 3 ) A0 2 4k A2 R 0.75 mm, K R 35 mm, 50 P A K B0 B R B 4 0
210 GPa il 1 100 MPa, £F 4 e 1R &E 1 o A 5 5 DLET 4k 5 R B+ 00 0 L R B8 o U B L 1%, kA, 220
R, BT PSR C35 IR EE + bE S i B e 38 B LA K 98 43 ) 30 GPa, 45 MPa F1 3 MPa. A4 i ) 51 45
it DA K AR5 B 433 2 210 GPa 1400 MPa,

1
3 8@100 160
— = B ® e 298
[ 8 600mm =
5 o |

300 mm 260 mm

A 2 000 mm A Q0.0 20 mm
2 400 mm 200 mm 3414

(a) E¥LHA (b) LA

() EBRmE B AL 4T X
B9 ARt EmEGHK

Fig.9 Testspecimen design and loading method
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Fig. 10 Numerical model of a reinforced steel fiber concrete beam
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Table 1 Main parameters used in the numerical model calculation
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steel fiber concrete beam
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Fig. 12 Crack distribution in a reinforced steel fiber concrete beam
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Fig. 13 Effect of different fiber contents on the mechanical properties of reinforced steel fiber concrete

beams
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Fig. 14 Effect of different friction coefficient values on the mechanical properties of reinforced

steel fiber concrete beams
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