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Dynamic compressive strength model for rock-steel fiber-reinforced
concrete composite layer

CHENG Meng, TIAN Yihan, CUI Xiuwen, ZHANG Tong
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Abstract: In order to study the compressive strength model for rock-steel fiber-reinforced concrete (R-SFRC) composite layer
under impact loading, the dynamic impact compression tests on the granite, concrete and R-SFRC composite layer are carried
out by using the separated Hopkinson pressure bar to obtain the dynamic compressive strengths of different materials. With the
regression fitting of the test results, three types of strength models for the R-SFRC composite layer called logarithmic, power
function and strength-strain rate dependent mechanism are obtained, and the dynamic compressive strength models for the
R-SFRC composite layer are established based on the Mohr-Coulomb strength criterion considering the interface interaction of
the R-SFRC composite layer. The results show that the dynamic compressive strength of the R-SFRC composite layer increases
with the increase of the strain rate and steel fiber content, and the range of the correlation coefficient of three regression models
is 0.918~0.999, and the R? of the dependent mechanism model is the largest. The error range of the theoretical value of the
dynamic compressive strength calculated based on the Mohr-Coulomb strength criterion relative to the test value is
-9.23%~3.16%, and the maximum error value of the logarithmic model is the smallest. The computational model for the
dynamic compressive strength of the R-SFRC composite layer can provide a theoretical basis for the design of the surrounding

rock of concrete-supported tunnels.
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%t (R-SFRC) H A& Z 11 /15214 Re 5omm i S5 K (1 Fe
TEE .

P A2 5 e TR 2 AR I BT D) L B 2
PrHFPUE M REIAT TS . Jiang P50 R B
VRN F7H 0.5 MPa 9 %8 4 MPa itf, &R 0H0ET
SRR T 3~5 fi5, [FIR, JREELIREEN 75 MPa &
SR PFRTRE L 10 MPa (98GO 1.5 54 .
Mouzannar Z5BWA A ST b 58 K R RS P 4 2 &l 2k
SRS N, SR I EY5EE . Chang 5514
W 7032 B 52 G A 1 B R ot B2 B I 28k 7 1) 5 5 1
Z A1 f B HE ORI O, ShnEk oy M e A 2
90° B, JEHE 5 B 5T G i A B ST R B T 2 )
B, THERAEVESCR. Zhu 2BV TR o R
TN BB R B N TS 4, > T ST AL R
Woom T R AL EEVERE . Zhao ZEOIT 95 3 W S A BL 4
B G R B STUERE LR SRS T 24%. %
M8 H R-SFRC H & 2 12304 9 B 3G K K+
(dynamic increase factor, DIF) 5 W28 5 (1] £ 2 28
PR R, YNATRMM 35 s A 135 s, IEEELTB
A 80 kg/m’ A4 2 & Z PR IR E S KRB NN 4
FHELIE K T 15.9%~30.1%. B & 2K 1252 REZ B2
Je SR BAE SRR, AR A B R I E e T
ST T DL A R L S 2R R N R

TEA A IR A A R 2 AR e
SRR T, RXIREEEL B R R D R I 2 N AR
KIEHEN 104~10°s ' i, Mohr-Coulomb 58 JiF v I 3
T 5 B E /N T 100 MPa #1541 58 % ; Hoek-Brown
SR YA U i BEFRN 0~ 170 MPa [l 15 A o .
B R EREEUO TR, 7E 0~30 MPa HIE%M4 R,
Mohr-Coulomb 5 Ji 7 ] 58 A3 2% T I . A% 638 [ 9
100~10% s A A 9L Hoek-Brown 38 #ENIAE &
PG AR RGN 10°0~10" s [5 A om
Griffith 58 B2 #E W RE FH T30 RAZ 225G FY 10"~
10° s ' A AR PUR SPURRE 2 MR R b
PR S VR H FAE 5 B PE AL H A7 56 4 0O P k) i B —
AR ZR AR ALY, BT B4 AR 2 0 Y (1) A 5
Gong %52, Si ZEIIRE R B FE 0~15 MPa [l 2644
T, MNARRJLEAN 40~160 s ' B A B A PUE
5 NAR RN RAFE R R 4k 55 &, FET Mohr-
Coulomb F Hoek-Brown 5 /& ¥ NI g 37 ) 11 AR A AT
RTINS PUR SR - Fu SR 1 AR 230
FElN 30~150 s!' i, Hoek-Brown k. Mohr-Coulomb
A1 Drucker-Prager 5 B2 #E ) 55 H T B BEURAR T 12
MPa [1J7E#E 150 . Lu SEU SRR 9 B - AR 606 R i
S TR ARYE S A AN, RERI RN AR R R
(TR P B B T B vy AR R IR B L5 E . Zhao
06150 5 Coulomb A1 2% Hoek-Brown 50 & vH: |

FEL, =23 X Hoek-Brown 5% #EN 5 &M Tt
HAARER T E SRS STURRE .. BoREl 5
T Mohr-Coulomb 35 #3727 R-SFRC & & 2 1
SPUERE TR, Hil, S8 R-SFRC HE 2
SIS U SR TSR (1 7L

AR T R-SFRC B A 2 5 A SR B L AR BAE
Fi & R-SFRC & & 2815 RE, ASOHE R 7
TR R R-SFRC B A E#T T ah&PUEIRLE, 4051
i IR 56 25 5 [ 5 A1 Mohr-Coulomb 58 J3 7 T 4 7. v
T EAEH N R-SFRC B & JZ 151 B TSR,
A Rt A # A PR AN AR s R P B A v
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1 RIEHR
1.1 EaR
TR A BRI R LR 1, AR EETE.
DIE RN BV 25 % Ja Il T A% 100 mm, 5% 50 mm
VB AE A o PRUE AR o [ AN P4 T BE /N T ELAR )
0.1%, PS5k E HAmZ A KT 0.25° .
T 1 IEHENIEBR M

Table 1 Physical and mechanical properties of granite

I/ MRS BAhPUE TR P
(kg'm?) GPa 3 5 /MPa FIC )
3000 67.41 187.1 0.207 53

TR LR B RLER A P-O 42.5 TERR 67K Ve 48
HROVHEEAREL 2.56 HITTRY : FLERERAIRIAR N 5~
10 mm Z4HAC R AF IR AT s SR A 38%17K 3% () S AR IR Uik
KRG AN DR R R P RN T 4, W BE K )5
PERESHULER 2, AFRALREE LR AL 3.

R 2 WMAHERIIER HFMRE
Table 2 Physical and mechanical properties of steel fiber

KEr B Ay PUpismpE, s/
mm mm (kg'm) MPa GPa
35 0.3 7850 1150 220
*R3 REEIEAL
Table 3 Mixture proportions of concrete Hhr: kg/m?

PR Ok Ok Ak HERE BOIGR ER4E
FCO 418 182 611 1239 418 0
FC4 418 182 611 1239 418 40
FC6 418 182 611 1239 418 60
FC8 418 182 611 1239  4.18 80

¥: FC4, FC6 Ml FC8 4 MR ML 4E5 8K 40, 60, 80 kg/m®
(R4 Ve 1
1.2 W&

il 2 VR B LA, SR KR AR R E T R REAL
R, I K A KGRIBE T I8, SRR [EAS /)N
T 2 min, BJEBNNEYE, kR4 50525,
BHEEYRNELR 100 mm, &5 50 mm [ 5 4 A4
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Fig. 1 Schematic diagram of SHPB testing apparatus
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Fig. 2 Strain waves of SHPB tests
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Fig. 3 Validation of stress equilibrium during the SHPB test
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Fig. 4 Failure modes of composite layer specimens at different
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Fig. 5 Variation of dynamic compressive strength with strain rate
MR ZM 33.9 s T ORE] 116.3 s B, R-FCO,
R-FC4, R-FC6, R-FC8 [IBhZSHUE 3 5 Bl $2E
43.5%, 46.0%, 36.7%, 39.7%. 2.1 Tl A,
FHEE T AL VR B T 2 AU A B AEAR M) 43 0l P2 A 2 R RN 52
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RN 3 0, TR T2 52 B R AR A g 51,
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(), 5 P I 7 2R () A A A B e VR st L
JR#&E L F1 R-SFRC 8 & )2 B3N A1 58 FE 1) BE 29
AAREBEMZIMIG K. UNERMN 342 s B KE
119.3 s 'if, 5 FCO MLk, FC8 (IEhAS LR 57
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AR 33.9 s 1HKF] 1163 s I, 5 R-FCO ML,
R-FC8 MIgh&PUEME DA T 22.1%, 19.6%,
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GEWT RYEM AR, R RGNS S L AR, f
B E R R 0 RAEFHRE LA FRIER, [FRS
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Fig. 6 Fitting curves of logarithmic model for R-SFRC composite

layer
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Table 4 Fitting values of parameters of R-SFRC composite layer using regression models
; X H o PR RO AL
T A — - — . — ;
ki b R k2 R s & " R
R-FCO 1.132 -0.608 0.996 0.356 0.991 0.833 61.348 2.731 0.999
R-FC4 0.998 -0.207 0.963 0.362 0.980 3.873 364.699 1.198 0.998
R-FC6 1.001 -0.172 0.942 0.382 0.918 3.623 298.722 1.196 0.971
R-FC8 1.100 -0.456 0.979 0.378 0.977 1.584 108.280 1.392 0.993
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GEM k BRI, R Y RAR RGN
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Fig. 7 Fitting curves of power functional model for R-SFRC

40 50 60

composite layer
(3) 5P AR AL | R AR

BEpe MR T ML S BRI A T 4
(RIRPRR SR AR A, BN [RIATL 1) 25 W22 R Y B P9 73 ]
i A, W] 8 B . AERL R NIAR TG A
PR B - AR B A 5020

_ o kre)

f;_j;+(é/2)”+1
K ks NEMBMER ZHEE S K BRONIRE: &, M
oA A 2 ) AR, R T e R TR e

4)

EAEIX T n PRl A 5 h 2 BEURFE JEE (¥ H K

1451

® R-FCO A R-FC6 1
135 ® R-FC4 v RFC8
— Al ’
125} ¢
145
& 1151 125
§ 105} 105
@ 95l 85
115 65 L
& st 40 80 120
d \
= 75+ A e &
[ - RL
65} _/ %
55+ HTE LRI ETHBX X
45 1 1 1 1 1 1 1 1 1 1 1 J
107 10% 10 10 1072 107! 10° 10' 102 10° 10* 105 106

REAER /57!
8 R-SFRC £ & Z A58 E - N TR KRB HIBAE R L& 2k

Fig. 8 Fitting curves of strength-strain rate dependent mechanism

model for R-SFRC composite layer
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AP EEEFSPUEME HCER[17]5 2], WAL
W8, WMALERNE 4.

X BN T R SRR 58 i — AR R AT ) 2R A A
& R-SFRC H A Z 5054 AR5 (RD 45
4 0.942~0.996, 0.918~0.991 £10.971~0.999, %t
3 FhomEEALAY ) R I A1, KM B 55 A2
AU RIS AR . 3 P AL S5 mr X}
FIREE AN A 4EIREE L & B & RS PURRE
AT R .

3.2 #TF Mohr-Coulomb 38 MY+ E R E
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Fig. 9 Stress analysis of element at interface of R-SFRC composite
layer
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e fo, NIREEE I FSTUEIRE (MPa). kic, bic,
kacs kacs €. F ne ARE LB ARIG L5 R F5E S50
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FAik6 2 Rt AT S, PR FR S PR SR
BR[171/58], WAELRILEK 5 BIUAERIRAAR
(10> ~ (12) #ATTHE, s a R e
FECEE VAR LR P EE R A B R SCHR[1 71753 31, BA 2
SRS T EAE LK 6.

KR EOAY | T R R R RGN L o) AR A T B )
2 A 2 B A U B AR AR 6 AH 35 22 5 Bl 40 591 N
-8.93%~3.16%, —9.09%~2.31%, —9.23%~2.51%,
X BRI (1) R ZE L HE e KA 8.93%. &5A X
BR[71 C30 JREE - K &M E & B SPUEmE
RIGEHE, RAXTE T R 2 L i A Y
THHEARRNE A B shAS P o B AR A RIS AE 1R 2
6 F 2 0N -9.55% ~ 5.89% , -8.18% ~ 5.48% ,
~8.99%~7.03%, TR A] BT AN [R] 5 BT VR g
THIF MR EGENSPURREITE . 550 REA
FERUF L, FET Mohr-Coulomb i & v U £ 11 SR A% 7l
FIEALE T, 5 R-SFRC B & EMZIASHUERE R
TEREN )RS

4 & ®

AR A TREE A R-SFRC B & 24T T
MNAFRTE S 33.9~119.3 s EhAPUE IR, Fik
37 1 R-SFRC EA ZEAEAPURME T RS, TS
FILLR 3 figsit.

(1) A4 JR#EL A R-SFRC B & EMEEHE
35 B W B N AR RN . JREE AT R-SFRC &
B IEWEASPUR MR BN AT 4E 45 B 2 s oK, 4
HEMFEAE AT DA RO iR L sh S PUE .. B8
2 R E R B R SR N T BT S B R AR .

(2) WFECRL. 5 oK B R 58 B — AR A AT L
R [EEBERI S R-SFRC B & Z 50 45 R 1 R*TE N

fe :
=26 . -1 » (10 e \ s
Jee =Ty Berlgé b A0 610 0,000, 3 AU S AL £ R B4 S A %
PR apy  HESEOR. SR R R
RCT 4., ’ (3) %T Mohr-Coulomb 5 FE 1 N &) 3 Ffig
o ki (618.)" BB S R 2= RE S B0 R-SFRC B &
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5 EFIERPRETHSEUEE
Table 5 Fitting values of parameters of concrete using regression models
TR ] L
—_— X EOH PR ﬁih*ﬂiﬁﬂ
ic b R kye R ki £ ne R
FCO 0.842 -0.357 0.941 0.287 0.961 0.476 81.603 4.923 0.988
FC4 0.940 -0.448 0.957 0.309 0.961 0.494 64.627 5.211 0.980
FC6 1.031 -0.516 0.947 0.334 0.966 0.725 68.548 3.012 0.972
FC8 1.038 -0.530 0.987 0.333 0.989 0.784 71.679 2.734 0.998
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Table 6 Comparison of calculated and tested values of dynamic compressive strength of R-SFRC composite layer
HERRM AR f./MPa fret/MPa frer IMPa fycs /MPa x /% x, /% x3/%
383 82.5+1.1 75.1 75.0 81.0 -8.93 -9.09 -1.87
554 94.243.0 89.5 88.2 85.5 -5.02 -6.33 -9.23
R-FCO 72.1 105.6+2.5 98.5 97.7 96.0 -6.77 -7.48 -9.08
97.2 114.6+6.4 105.9 106.3 107.4 -7.62 -7.27 -6.31
111.5 118.4+4.0 110.3 111.7 112.3 -6.87 -5.65 -5.17
33.9 88.8+4.3 82.8 83.4 83.9 -6.76 -6.03 -5.50
57.6 99.243.0 97.6 96.7 94.4 -1.59 -2.54 -4.83
R-FC4 73.5 109.9+5.8 105.9 104.9 106.9 -3.66 -4.52 -2.76
94.1 119.345.9 115.9 115.9 118.0 -2.86 -2.85 -1.13
115.9 129.64+4.6 121.9 123.1 120.8 -5.91 -5.03 -6.80
345 99.2+3.5 91.0 92.1 91.3 -8.28 -7.20 -8.01
58.1 109.7+4.9 106.3 105.4 103.5 -3.13 -3.88 -5.67
R-FC6 72.6 114.2+4.9 117.8 116.8 117.1 3.16 2.31 2.51
93.8 129.8+5.3 1283 128.2 128.6 -1.16 -1.19 -0.95
116.3 135.6+5.4 133.8 134.7 1332 -1.33 -0.68 -1.78
385 100.7+0.6 94.4 95.3 952 -6.26 -5.38 -5.51
53.7 112.74£2.7 109.2 108.3 113.3 -3.12 -3.92 0.56
R-FC8 76.5 121.544.0 119.7 118.6 119.3 -1.50 -2.40 -1.78
93.0 135.2+6.4 131.6 131.5 132.6 -2.67 -2.75 -1.91
114.4 140.7+5.7 138.9 140.0 139.0 -1.31 -0.49 -1.24

H: f. N R-SFRC B &ZMAETUEMRERIRM:  frerr frea M fres AT Mohr-Coulomb 5 & 1 UGS (0 B0 . 7 bR
ORISR MO L BRI ) R-SFRC BEBESS IR FAE. x4 f, FRE, x =(fio, — £)x100%/ 1., i=1, 2, 3.
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