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Table 1 Material properties in LS_DYNA

ME LA DYNAH [ B Hft
B 2450 kg/m’
Wb A MAT _072R3 B R R 140 MPa
THRA L 0.19
R 7830 kg/m’
LT MAT 098 o IR 210 GPa
THRALE 0.28
W 7830 kg/m’
JEFF MAT 003 1 AR 210 GPa
THRA L 0.28
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Table 2 The damage function

A n A n
0 0 0.00061 0.55
0.00038 0.85 0.001 0.33
0.001 0.95 0.00165 0.17
0.00014 0.98 0.0033 0.032
0.00024 1 0.007 0.005
0.00027 0.97 100 0
0.00039 0.79 - -

(b)

B 1 (P04 ROR ) i b H 0 1k 00 0 00 25 A 284 A5 TR e A
%, (a) WPHRIEIKRFTT; (b) WLFYEE T

Figure 1 (Color online) Finite element grid of meso-scale model of
static compressive test. (a) Mortar elements; (b) steel fibers elements.
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Figure 2 (Color online) Stress-strain curves for the test and simula-
tion of static compression.
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Figure 3 (Color online) SHPB experimental system. (a) SHPB compression experimental system; (b) SHPB split tensile experimental system.

B 4 (MZHCEE) SHPBIRIE B AR5 BAERYL. (a) FE4E5; (b) B5 2456

Figure 4 (Color online) The whole simulation model of SHPB test. (a) Compression test; (b) split tensile test.
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Figure 5 (Color online) Finite element grid of meso-scale model of SHPB test. (a) Mortar elements; (b) steel fibers elements.
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Figure 6 (Color online) Comparison of stress histories between test and simulation. (a) Experiment; (b) numerical simulation.
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Figure 7 (Color online) Comparison of strain-stress curves obtained
in test and meso-scale model numerical for compression.
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Figure 8 (Color online) Comparison of stress-time curves obtained in
test and meso-scale model numerical for split tension.
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Figure 9 (Color online) Compare failure pattern in specimen obtained in test and meso-scale numerical simulation for compression test. (a) Test; (b)

failure pattern of mortar; (c) axial force on steel fiber.
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Figure 10 (Color online) Compare failure pattern in specimen obtained in test and meso-scale numerical simulation for split tension test. (a) Test; (b)
failure pattern of mortar; (c) axial force on steel fiber.

% 3 SHPBEHH S $R 4o

Table 3 Validation with experimental data of SHPB compression test”

P i HEFHES LU (%) WRIREHE (MPa) R R (MPa) % (%)
C1505-1 MF15 0.5 166.992 159.377 4.560
C1505-2 MF15 0.5 174.365 176.609 1.287
C1510-1 MF15 1.0 158.417 159.690 0.804
C1510-2 MF15 1.0 188.417 186.231 1.160
C1525-1 MF15 25 174.573 176.097 0.873
C1525-2 MF15 2.5 219.640 230.677 5.025

a) FE g T R0 T 50— T RROR IR (OB, SRR 3N RN N AT SR K B 54055 5 U Rm A2 A ) AR S B 52(0.5%,
1.0%, 2.5%); i Ja— MR BB R 128 5.

4 SHPBEE LSO KR IGIEY
Table 4 Validation with experimental data of SHPB split tension test”

P AR YT (%) RIE R (MPa) BT 5 (MPa) RE (%)
S1505-1 MF15 0.5 25.729 25.635 0.365
S1505-2 MF15 0.5 20.327 20.367 0.198
S1510-1 MF15 1.0 28.086 27.327 2.705
S1510-2 MF15 1.0 25.153 27.295 8.516
S1525-1 MF15 2.5 28.625 27.741 3.089
S1525-2 MF15 2.5 28.625 27.600 3.582

a) FE g SRR IR 5 — D REROR B RSB, SR HIM IR AT U BSR4 S BT RN N RO AR S B 4(0.5%,
1.0%, 2.5%); f)a — M FR S EA I K905
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Figure 11 (Color online) The simulation result for SHPB compression of UHPSFRC. (a) 0.5% MF15; (b) 1.0% MF15; (c) 1.5% MF15; (d) 2.0%

MF15; (¢) 2.5% MFI5.
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Figure 12 (Color online) The simulation result for SHPB split tension of UHPSFRC. (a) 0.5% MF15; (b) 1.0% MF15; (c) 1.5% MF15; (d) 2.0%

MF15; () 2.5% MF15.
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Table 5 The results of SHPB compression simulation”

FE i g5 A (s7) M. 73 (MPa) Peak strain it 28 T A DIF
C1505-1 60.44 148.774 0.0063 0.566 1.152
C1505-2 64.53 159.377 0.0096 0.948 1.234
C1505-3 74.65 176.609 0.0100 2.770 1.368
C1505-4 79.04 182.551 0.0128 2.970 1.414
C1505-5 81.65 194.614 0.0155 4.139 1.507
C1510-1 62.53 159.690 0.0065 0.848 1.180
C1510-2 63.46 170.425 0.0076 1.960 1.259
C1510-3 75.23 186.231 0.0103 3.109 1.376
C1510-4 79.35 198.706 0.0142 3.945 1.468
C1510-5 82.56 204.722 0.0157 4.346 1.512
C1515-1 59.32 172.530 0.0084 1.461 1.210
C1515-2 62.36 177.675 0.0086 1.959 1.246
C1515-3 70.56 195.036 0.0110 3.366 1.368
C1515-4 78.63 207.665 0.0137 4.434 1.457
C1515-5 80.65 211.022 0.0169 4.560 1.480
C1520-1 60.45 185.236 0.0067 1.497 1.267
C1520-2 68.49 209.271 0.0095 2.831 1.432
C1520-3 73.62 215.735 0.0107 3471 1.476
C1520-4 81.65 226.285 0.0143 4.363 1.548
C1520-5 82.34 228.328 0.0133 4.491 1.562
C1525-1 58.65 176.087 0.0076 1.558 1.172
C1525-2 60.56 194.545 0.0088 1.836 1.294
C1525-3 66.23 209.063 0.0120 2.676 1.391
C1525-4 68.56 218.685 0.0118 3.716 1.455
C1525-5 81.26 230.677 0.0146 4.898 1.535

a) FE g5 R0 T 55— T RROR IR (CORAY, SR SR 3 MR AT Yk K B, B4R 5 7 FRon AT 4 A B S B 3R (0.5%,

1.0%, 1.5%, 2.0%, 2.5%); fja — N F RN EUERERER 4 5.

ZLRL AR LGN, BAE— B INAR RN, B2 EE R h
SRPE KIS, BEA AN AT SRR R K, BIE IR/,

AR FRZ (P UHPSFRCH) 2 B 2 DIF{E a0 & 15
Fin. HEHR AT LG, BSR4 AR R K,
DIFE IR/, BXEF YA 5 AR RN #3025 5 FE 11
U A, T A 2T 4 AR A K P UHPSFRC A AL (1)
58 JEE 1 SR RN

5 UHPSFRCHIAHX R
5.1 UHPSFRCA#IxZRMIESL
B SEIG AN BUE AR, & BLUHPSFRCEI AT

JE PR3- AR #h 4 B DU R R AL (1) UHPSFRCE B
AU AT L R AR, BE N AR RS S R,
UHPSFRCEZA 1% B 2 #2 %5, (2) UHPSFRCHE HA
B S () AR 2R R A 2508, UHPSFRC ) 2 9 [ 3 A% e
RIS T3 K5 (3) UHPSFRCENZSPUIE N F7- I A i 28
A B AR AT R, IR R R AAT N S T A
B A IR R, B BRI RS

[A 1tk, UHPSFRC3) A ASE 55 2 (1) 37 75 225 B
S I S (R IR S M BT AT, T AR A AN
T S 8 i R AR 6 38 i R AN BT R R R, T
DAMEFHK, K23 MR AN AT 2 1 i R - 1R AR e 1 i
[AF.
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% 6 SHPBEZLHIHIIL: Y
Table 6 The results of SHPB split tension simulation”

KRS MAEE (57 RiJJ (MPa) DIF RS MAEZ (57 RijJ (MPa) DIF
S1505-1 6.824 20.199 1.507 S1515-3 9.085 23.531 1.253
S1505-2 6.881 20.367 1.520 S1515-4 9.706 25.139 1.339
S1505-3 6.893 20.402 1523 S1515-5 11.131 28.828 1.535
S1505-4 8.473 21.944 1.638 S1520-1 7.085 20.971 1.117
S1505-5 8.522 22,073 1.647 S1520-2 7.846 23.224 1.237
S1505-6 10.763 27.876 2.080 S1520-3 8.534 25.262 1.345
S1505-7 11.191 28.984 2.163 S1520-4 9.912 29.341 1.562
S1505-8 11.547 25.635 1.913 S1520-5 12.168 31.516 1.678
S1510-1 7.305 27.028 1.551 S1525-1 6.195 22.920 1.033
S1510-2 8.194 27.285 1.565 S1525-2 6.606 24.929 1.124
S1510-3 8.206 27.327 1.568 S1525-3 7.459 27.613 1.244
S1510-4 8.894 26.326 1.510 S1525-4 7.606 27.735 1.251
S1510-5 9.884 29.256 1.678 S1525-5 7.767 27.015 1218
S1510-6 10.449 27.063 1.553 S1525-6 8.504 29.444 1327
S1510-7 10.539 27.295 1.566 S1525-7 8.520 29.738 1.341
S1510-8 11.120 28.800 1.652 S1525-8 8.725 30.760 1.387
S1515-1 6.511 19.272 1.026 S1525-9 8.779 31.614 1.245
S1515-2 8.076 20.918 1.114

a) BRSO SRR 55— AP RERURBE RSB S MBI BRI R RO I BE, 540 S B R LT R R R AR 5 B 52(0.5%,

1.0%, 1.5%, 2.0%, 2.5%); fJa — DB F RN FUERERER g 5.
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K
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1
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Figure 13 (Color online) Enclosed area by stress-strain curves of
UHPSFRC specimens.
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Figure 14 (Color online) Dynamic increase factor curves of
UHPSFRC from SHPB compressive simulation.
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K, =1.00+0.51¥,~0.02(V,), 2)
K, =—18.43+19.281gs —4.63(Ig¢)". 3)
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Figure 15 (Color online) Dynamic increase factor curves of
UHPSFRC from SHPB split tension simulation.
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Figure 16 Reinforcement of the steel fiber.
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Figure 17 (Color online) Dynamic constitutive fitted curves (V,
=2.5%).
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Numerical simulation of SHPB test of ultra-high performance
fiber reinforced concrete with meso-scale model

WU PengTaol, wu ChengQingz, LIU ZhongXian3* & XU ShenChun”

' School of Civil Engineering, Tianjin University, Tianjin 300072, China;
* School of Civil and Environmental Engineering, University of Technology Sydney, Sydney 100044, Australia;
3 Tianjin Key Laboratory of Civil Structure Protection and Reinforcement, Tianjin Chengjian University, Tianjin 300384, China;
* School of Civil Engineering, Guangzhou University, Guangzhou 510006, China

Ultra-high performance steel fiber-reinforced concrete is an innovative cement-based composite material with excellent
mechanical properties and outstanding potential in resisting extreme loads. In this study, a meso model of ultra-high
performance steel fiber-reinforced concrete specimen, which consists of cement mortar and fibers, is developed to
numerically simulate Split Hopkinson pressure bar (SHPB) tests for investigation of behavior of ultra-high performance
steel fiber-reinforced concrete material under impact loading. The software LS DYNA is used to perform the numerical
simulation of dynamic tests. A good agreement is observed between the simulated results and experimental results. After
the meso model is validated with static compression and split tension tests, SHPB tests are numerically modelled and the
stress-strain history is interpreted in the meso-scale level. The influence of fiber on ultra-high performance steel fiber-
reinforced concrete in dynamic tests is investigated. Within a reasonable range of steel fiber volume ratio (optimum
volume ratio ranges from 0%-2.5% for micro steel fiber), the dynamic strength of ultra-high performance steel fiber-
reinforced concrete increases significantly with the increase of steel fiber volume ratio, however, the contributions of
fibers to Dynamic Increase Factors (DIF) of ultra-high performance steel fiber-reinforced concrete are constantly lower
than those of conventional concrete material. The proposed model qualitatively and quantitatively predicts the material
static and dynamic behaviors, and also gives insights on the fiber reinforcement effect in the concrete matrix. In this
study, the dynamic constitutive relationships of ultra-high performance fiber-reinforced concrete are derived for
predicting the dynamic strength of ultra-high performance fiber-reinforced concrete with different steel fiber volume
ratios and strain rates.

ultra-high performance fiber-reinforced concrete (UHPSFRC), Split Hopkinson pressure bar (SHPB), meso-scale
model, steel fiber, strain rate, steel fiber volume ratio
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