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P5 4292 884 229 1873 4420 , MPS2000
P6  43.00 8.8 229 1884 4422 20
P7 4350 889 231 18.82 4421 2.
Cl 4282 882 229 1872 4421 , Gl &2
C2 4321 882 231 1872 4421 a3 _ . MPS2000
C3 4413 882 236 1872 4424 _
C4 4340 883 232 1874 4422 MPS2000
C5 4371 882 233 1872 4421 ) ’
C6 4274 88l 228 1870 4420 AR/R, ,
FI 4060 834 229 1770 4149 ’ 6 R ~R,
F3 4070 844 227 1792 4152 1 R 1 500 R,
F2 4125 841 2.31 1785 4150 E
1.2 E 5V : R,
. ®57 mm,
4m, © 40~350m's”, ’ ’
=10 rad, -0.1 Pa, 1 AU, K ’
TDS754D AR/R,=AU /K. (1
DL-32
JE ST WA
N ./_ //_ |$ LIt N
VLY 777777, [ T1] }
> Gl —
/ I
| oz
\ rev /4 ¥E1‘ﬁ—/
| | TR
1 2
2
/MPa /(m-s™ ( /mm) ( /mm) R/Q R/Q R/Q
001 3.50 264.90 (3.22) (8.84) 501 502 -
002 3.50 245.60 (3.14) (1.92) 503 501  50.1
003 4.00 277.50 (3.19) (1.88) 502 502 502
004 4.00 298.50 (3.16) (1.86) 499 499 499




82 2011
AU D=h/At, (3)
AR, AR (3) D. 4 , Gl
. G2 > > >
P =(0.0014+0.0055)+(51.469 7+ 0.277 3)- . Gl
(AR/R,), () 2.301 ps, D, 3841.81ms’.
P. , G2 G3
5 2.904 s, D;  3044.08ms.
, 003 3.
_ 3 _ [15]:
4 [6]=—p,Dlul, 4)
L4 [u]=-D[e]. €]
1.2 h Gl G2 u,,u,
1.OF Gl E,&,.
2 08 L / 003 Py 4 Py
B G2 0.144><10° s, 3 ,
3 0.6f
o /A / G 0.07738,
' ; / 5.40=<10°s".
0.2F 4 ,
0 i (ol L, & y N ! e i
237 238 239 240 241 242 243 244 245 ’ ’
)/ (x107% ) , ,
3003 - , ,
3.0
SHPB
£ 1. [4]‘
@]
§ B30
. .4 ,
(2)37 238 ‘ 239 240 241 » 242 2 24 v 25 ’
i) / (x107%) ,
4 003 - , ,
Gl G2 G3
At h,
3
/(ms")  D/(ms') Dyms') o,/GPa & w/(ms?)  0,/GPa E, Us/(m's)  63/GPa
001 264.50 2 980.00 - 0.787 0.038 8 115.53 0.344 - - -
002 245.60 3341.14 2 880.33 1.996 0.077 2 257.96 0.779 0.040 2 115.89 0.340
003 277.50 3 841.81 3044.08 2.662 0.077 8 299.09 1.223 0.056 8 173.25 0.442
004 298.50 3993.31 3231.10 2.702 0.073 7 294.21 1.303 0.0543 175.34 0.817




> 83
5 6
s 4.
3
4
pl(grem™) /MPa A
, , 2.70 69.00 0.36
HJC : P
LS-DYNA u , , P-u
, Holmquist- 3 .
Johnson-Concrete 3
H Kelastic/”’ P < I)Crush H
FBoa — P,
_ R;ms + lock crush (ﬂ — U ),
e 17]’ ’ P = " lock lucrush " (6)
) Rrush < P < Rack ’
003 2775ms” K+ Ky + K\ Py, < P,
) > elastic ’ p crush ? Iucrush
3.1 .
1/4
’ ’ 8 Ijl’ock > lulock
(3D-SOLID164) PR AT
i ’ s Py 5 H= P Py — 1= (= g )/
’ ’ (l + Iulock) 2 ’ pgrain °
> (ERODING)
. 3J
o =T N2 ()
foo 1
, O 5 S,
A )
,(7)
o =[A+BP™M][1-CIn(¢")]. (8)
, (D) :
o =[A(1-D)+BP™][1-ClIn(¢")], 9)
,A, B, N, C
; PP=P/f
(a) 1 =2 ps (b) t=4 s ; & =E/8,
, D :
Ag +Au
D=) ——— ", (10)
2 D,(P" +T")"
(c)t=8 s (d » Ag,  Ap,
6

b



84 2011
- 7
D, D, , T'=T/f 7 003
, 2.4,0.9,0.3 GPa ,
5. ,
5 [16-17]
) HIC
pl(grem™) 2.30
E/GPa 44.56 s
G/GPa 14.86 4
A 0.79
C 0.007 (1 ,
f1./GPa 0.053 4 s
0.001 5
D, 0.04 -
B 1.60 2)
N 0.61
K,/GPa -171.00 : ,
Ky/GPa 208.00 , ,
D, 1.0 , , ,
K,/GPa 85.00
v 0.20 '
P sn/GPa 0.016 SHPB
Herush 0.001 (3) LS-DYNA HIC
Piou/GPa 0.80 _
Lerush 0.10
T/GPa 0.004 ’
3.2
LS-DYNA B S :
1. , 2006, 38(2):199-208.
2.7r 2l ’
- [7]. , 2008, 29(3):231-238.
2.4+ 3 ’ ’ ’
21 —c : .
e a3 ,2002, 6(1):49-53.
L\') 1.5 [4] ’ ’ ) .
12 []. , 2000, 20(4):
09 . 326-332.
06 N e, [5) ,
03r X [I]. , 2002, 22(3):242-246.
00 I3 AI; I5 % [6] Grote D L, Park S W, Zhou M. Dynamic behavior of
ki) / (x107%) concrete at high strain rates and Pressures experimental
7 - characterization[J]. International Journal of Impact Engi-



85

neering, 2001, 25:869-886.

[7] Ross C A, Tedesco J W, Kuennen S T. Effects of strain
rate on concrete strength[J]. ACI Mater J, 1995, 92(1):37-
47.

[8] Gebbeken N, Greulich S, Pietzsch A. Hugoniot properties
for concrete determined by full-scale detonation experi-
ments and flyer-plate-impact tests[J]. International Journal
of Impact Engineering, 2006, 32:2017-2031.

[9] , , . C30
Griineisen [J1].
57(12):7783-7793.

[10] , .

[J1. , 2003, 24(3):408-411.

[11] , , ,

[1. ,2001, 15(4):254-258.

[12] Holmquist T J, Johnson G R, Cook W H. A computational

constitutive model for concrete subjected to large strains,

, 2008,

Fourteenth International Symposium on Ballistics, 1993,
14:591-600.

[13] Tu Zhenguo, Lu Yong. Evaluation of typical concrete
material models used in hydrocodes for highdynamic
response simulations[J]. International Journal of Impact
Engineering, 2009, 36:132-146.

[14] Tu Zhenguo, Lu Yong. Modifications of RHT material
model for improved numerical simulation of dynamic
response of concrete[J]. International Journal of Impact
Engineering, 2010, 37(10):1072-1082.

[15] . [M]. : ,
1992:57-61.
[16] , , .
. , 2005, 27(3):16-21.
[17] , , .
. , 2008, 14(8):4016-
4018.

high strain rates and high pressures[J]. Proceedings of

Study on Planar Impact and Numerical Simulation for Concrete Materials

ZHANG Zhong-xiao, DONG Hai-wei, CHEN Jiang—ying*, ZHU Jue
( Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China )

Abstract: The dynamic characteristics of concrete materials under shock loading (planar impact) are studied
with experiments and numerical simulation. By taking advantage of the inner diameter 57 mm of light gas gun,
the planar impact experiments of C40 concrete samples are conducted. The samples’ voltage-time waveforms are
recorded by means of high impedance manganin piezoresistive meter. And then the corresponding stress - time
waveforms are derived. By analyzing the propagation velocity of stress wave, the maximum strain rate of the
material is resulted with about 5.40x10°s™, and the pressure peak is at about 0.340-2.702 GPa. The stress
waveforms of different position found in the experiment indicate that the stress wave is on rapid rise to the peak
then decays with time and the propagation distance. The results clearly show the rate dependent features of
concrete on the viscoelastic characteristics and dissipation. LS-DYNA program is used to simulate the process of
impact experiment and stress-time curves of concrete. Experiment stress waveforms are in good agreement with
simulated ones.

Key words:. concrete; light gas gun; planar impact experiment; numerical simulation; viscoelastic characteristics



