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Abstract; To investigate the difference of numerical simulation effect of SHPB test on ultra high
performance concrete under different damage models. Using LS-DYNA, a large finite element
program ,combined with UHPC material characteristics, the values of key parameters in KCC,HJC
and CSC models were defined, and the numerical simulation model of SHPB test of ultra-high
performance concrete was established. On this basis, the simulation results of UHPC specimen
waveform , dynamic stress-strain curve, elastic modulus and dynamic increase coefficient ( DIF)
values under different damage models were compared with the measured results,and the dynamic
failure process of ultrahigh performance concrete under SHPB test under different damage models
was discussed. The CSC model can better simulate the measured waveforms and dynamic stress-
strain curves of UHPC material at low speed impact, while the calculated waveforms and dynamic
stress-strain curves obtained from KCC model and HJIC model have better agreement with the
measured values at medium and high strain rates. At low strain rate ,the DIF values obtained by the
three damage models have little difference ,but with the increase of strain rate ,the CSC model will
underestimate the dynamic characteristics of UHPC material to a certain extent. The fracture degree
of UHPC specimen increases with the increase of strain rate. Compared with the core retention
phenomenon of CSC model during impact failure, KCC model and HJC model show obvious
global collapse and edge collapse, respectively. For UHPC materials, CSC model is suitable for
SHPC test numerical simulation under low speed impact, while KCC model and HJC model are
suitable for numerical simulation under medium and high strain rate.

Key words ; different damage models; UHPC; SHPB test; numerical simulation ; dynamic damage
process
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Table 1 Parameters of the shear failure surface in KCC model

gy ay ayy a, a, a, ag ayp
29. 081 0.285 17 0. 003 802 89.58 0.502 7 0.003 623 0.317 98 0.001 69
FR2 KCCHPI I ARETTRSHL
Table 2 Parameters of the damage function and equation of state in KCC model
A n &, P/MPa K/MPa
0 0 0 0 26 433
0. 000 008 0.90 -0.007 034 0 185.9 26 433
0. 000 02 0.98 -0.028 960 0 240 6 568
0. 000 06 0.99 -0.050 981 0 390 6 812
0. 000 17 1.00 -0.062 837 0 565 14 760
0. 000 21 0.78 -0.072 6130 737 17 594
0. 000 31 0.45 -0.144 3920 2 000 17 596
0. 000 61 0.30 -0.216 174 0 3263 17 595
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0.001 65 0.20 -0.359729 0 5789 17 596
0.003 3 0.012 — — —
0. 007 0. 001 — — —
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Table 3 Parameters of the damage, pressure and strength in HIC model
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Table 4 Parameters in CSC model ( UHPC)
Ny Cy a,/MPa 0, \,/MPa B,/MPa~! a,/MPa 6,
1 0 1.0 0 0.4226  8.406 x10~* 1.0 0
\,/MPa B,/MPa~! w D,/MPa"! D,/MPa 2 B G/ (MPa-mm) D
0.5 8.406 x 10 ~* 0.05 2.5x107*  3.492x1077 100 24.19 5 000
Gy/(MPa-mm) G/ (MPa:mm)  PWRC PWRT PWOD Moc N¢ Mo
6.48 6.48 5 1 0 1. 146 x 10 73 0.78 1.794 x10 ~*
Ny OVERC/MPa OVERT/MPa  SRATE REPOW
0.48 147.25 36. 65 1 0.5
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Table 5 Material parameters of pulse shaper
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il 8 920 140 000 0.35
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Table 6 Characteristic parameters of the bars

KB /mm
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(kg'm~3) 10°MPa
[14] [15] [16] [14] [15] [16]
fii T AT 305 305 305 37 25.4 40 9 150 2 0.3
ST 3200 3658 1800 37~74 25.4 40 9 150 2 0.3
BT 1800 3658 1800 74 25.4 40 9 150 2 0.3
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Table 7 Model meshing

ST K/ mm YA BT B/ mm
TiH (mb b eliva(y hm k] 43hik /A
SCHk[14] SCHk[15] SCiik[16] SCHk[14] SCHk[15] SCrk[16]

f A 6 3.08 2.12 3.33 30 10 10 10

AT - POB R S 6 3.08 2.12 3.33 5 1 1 1
BB I & 16 0.63 0.31 0.19 32 0.08 0.06 0.03

WV HIE & — ATSFFHEfh 6 3.08 2.12 3.33 5 1 1 1

A5 6 3.08~6.17 2.12 3.33 90 35 40 20

ST - i e fik 6 6. 17 2.12 3.33 30 1 1 1
WA 25 112 0.48 1.13 15 1.73 0. 61 1.17
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