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Research on Numerical Simulation Method of Limestone
Impact Failure based on HJC Constitutive Model

LOU Qian-xing ,TAO Tie-jun ,TIAN Xing-chao ,XIE Cai-jin
(School of Civil Engineering , Guizhou University , Guiyang 550025 , China)

Abstract; In order to explore the rationality of the parameter selection for the numerical model of limestone un-
der the action of impact load ,a numerical analysis method for the impact failure of limestone was constructed based
on the Holmquist-Johnson-Cook ( HJC) constitutive model. At the same time , static tests were carried out on the lime-
stone drilled in Tongzi tunnel ,and the basic physical and mechanical parameters were obtained. First,the rock sam-
ple limit surface parameters, pressure parameters and rate effect parameters were obtained through triaxial confining
pressure experiments, Hopkinson pressure bar and other experiments. Then, LS-DYNA numerical simulation and
SHPB tests were carried out,and the results were compared. Finally, the sensitivity analysis of 21 parameters of the
limestone HJC constitutive model was carried out with the dynamic peak stress as the objective function. The results
show that the numerical calculation is in good agreement with the stress-strain curve and the failure form obtained
from the SHPB laboratory tests,indicating the rationality of the parameters of the limestone HJC constitutive model in
this paper. The strength of the limestone is sensitive to the parameters f,,A, B,and N, and either the maximum

change rate of its intensity increase or decrease exceeds 10%.
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Table 1 Static mechanical parameters of limestone

BREp/ BEE  PRERE HMUEE VIR v
(kg-m™) BEF/MPa T/MPa E/GPa '°'°
2645 105.82 8.03  19.13  0.25
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Fig. 5 Static experiment
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Fig. 12 Numerical simulation curves and experimental stress-strain curve

3.3.2 HOREAE

WH S A FASTCAM SAL. 1 B SR
ICRAKATE 10 m/s HIE SR E AT RAH
PREARERRA WS, WA 13 i, B 1418
FEAEXTRE 10 m/s ¥ i B BUER MBS B RAY
JE B OB R R 72, R GCH Y B T Tl R 23
£ 60°75 1l , B FRE 1 A A A R B UGB B AT
A T H DL R R, SRR T
FE4ERSR , DL AR 48 RO FAE R T =R R

REFAR SHERERDU ST E, HEEYS
SHPB gl ity i B 19 I 7 - 07 38 il 2, AR AR A 2k
YA

4 AkE HIC SHHRMESH
T SHPB h75 it UL , DA whiti 7 R

NPRFIE, I LAA O Wi 5 BE(E N ) 0
B ir . WBURMIE O B IR IE(E T ) 0 e
FEH B F,=\{F ,F,,Fy,-,F, } %W, 8
Ous =f(F, Fy, F5, - F ), REESHF =
{Fi* ’Fi* ’Fi* 1'“1Fi* % ,ﬁﬁf?‘éﬁﬁ O';HXTJ‘T HJC %
B2l 28, EXESH LW ELTE R
+20% 5 £40% DU~ R T RUERE BT B 047 o

R A A BIEE N S 0 SRR
8F kAN

F.-F;

oF.. = Y i x 100%

y Fi*

(i =1,2,3,,n5j =1,2,3,--,n) (21)
A 2 0 B £ A HIC BB A S HO X
TRESHF HBIBHIE B H



B398 F4H LwE WRE EXH,F ET HCRERNERKE M HEINESBER T SR 77

So = Towi = F

max ij #

== x 100%
(i =1,2,3,---,n;j =1,2,3,4) (22)

K 10 TR HIC GRS i NS BAEE )
MSHCB U ERE T ERL TS R T o

HRYE7E LS/DYNA #k 4 SHPB % {H AR A
HIC AHERIR 21 AN S H0R R B i+ 5 i 8 (5 5 )
AL RN 15 fiR.

B T4, R4 SCHk (18 ], SR AR AR I (EL N )
AE U FRYEIHE |6 0 e | =10% HB RN TR
e, VA A VEER F BT |6 0y | =10% BIILY
BSETIEE N ) MB R, BH A BN F X%
B SR Z R M Bk, B (B FA) 78 A (5 W o7 g 7
R 60% , HALS O WEE N F) 78 AL FRAE 10%
ZIE], UL B4 A BN F 3 RAE IR F I (B
N U

B 13 AR BEAdE

Fig. 13 Failure process of rock test
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Fig. 14 Numerical simulation failure process of rock
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Fig. 15 Sensitivity analysis of peak stress to HJC parameters
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