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Table 1 Maximum impact load of specimens

Joint . Averag Joint . Averag
. . Maximum Impact . Test Maximum Impact
Geometric Test Series e Value  Geometric \ e Value
Load P,y /(kN) Series Load P, /(kN)
Parameters (kN) Parameters /(kN)
JLKD-0.5- JLQJ-30-
35.40 47.65
1 1
JLKD-0.5- JLQJ-30-
36.22 35.16 44.53 47.17
2 2
JLKD-0.5- JLQJ-30-
33.85 49.32
3 3
JLKD-0.7- JLQJ-45-
31.65 38.13
1 1
Joint JLKD-0.7- Joint Dip  JLQJ-45-
3242 31.06 38.43 39.09
Aperture 2 Angle 2
JLKD-0.7- JLQJ-45-
29.10 40.72
3 3
JLKD-0.9- JLQJ-60-
23.14 29.72
1 1
JLKD-0.9- JLQJ-60-
22.86 22.07 29.88 29.57
2 2
ILKD-0.9= JLQJ-60-
20.20 29.12
3 3
ZJZM-50-1 38.38 JLSL-1-1 36.36
ZJZM-50-2 35.65 38.19 JLSL-1-2 37.42 36.31
Distance ZJZM-50-3 40.54 JLSL-1-3 35.14
from the ZJZM-70-1 41.40 JLSL-2-1 32.57
] Number of
Joint to the ~ ZJZM-70-2 40.65 41.75 it JLSL-2-2 32.87 32.37
oints
Loading ZJZM-70-3 43.20 ! JLSL-2-3 31.68
Surface ZJZM-90-1 40.88 JLSL-3-1 24.62
ZJZM-90-2 39.12 40.88 JLSL-3-2 24.33 23.69

2JZM-90-3 42.63 JLSL-3-3 22.13
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Fig.16 Schematic diagram of the numerical simulation Fig.17 Schematic diagram of the vertical combined joint
model for drop-weight impact model

g PRI AR, MR A AT R AP A R 2H A EE AR R DT
w15k, 246 340 NAE, WHEEELN 10mm, FEEFFELN 0.5mm, THEKE N

10



[ 7/ B R O
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

50mm. CBETTEREL 3 BUREAL A N RR T, TALIIDNAE 5 FREL 2 fR R b1 A2 )36 o — 4% & ) 15 B,
THIVATETTEE 2 F2Eat T A MG n—2c B w8, EAREHE k 2, BmA G TR E
B 17 Fios.

*2 BEESHETR

Table 2 Vertical combined joint conditions

Model Number of vertical combined joints

Case I 1
Case 1l 2
Case [II 3 (The third joint is positioned on the left side of the model.)
Case [V 3 (The third joint is positioned on the right side of the model.)

W) KP4 A T B A L 530 10 Bl a0, AR KT EEK D 40mm, B A TR
50mm, PHEEEN 10mm, H5EHEFEENEE (0.lmm. 0.5mm. 1.0mm, 1.5mm. 2.0mm),
O3NS RPN ACFITHELS R A B AR N R, o S AT, 4,0.5mm, Fi%
B LR 3, BAUREWE 18 Frn.

%3 BEAKEASHELR

Table 3 Vertical and horizontal combined joint condit

)
Vertical joint \ .
Model Model Geometrig/Configuration
aperture /(mm)

Case | 0.1 Case VI The horizonta] joint i W(evd above the vertical joint.

Case -
. 0.5 Case VI The horizontal joi sh-with the upper end of the vertical joint.

Case . /.
1.0 Case VI The horiz
1T
Case : o , o
v 1.5 Case X The hotizontal joint is flush with the lower end of the vertical joint.
T

Case 2.0 Case X The horizontal joint is located below the vertical joint.

q

Horizon i
tal Joint Horizantal Juing
1hmm 10myp
Ay

Vertical Joint

Slimm men 1 Elinwsﬂmm

Vertical Joint

Sthmm zim.m 1 EJmmsUmm

(b) Case VI (¢c) Case VI

10mm

Harizontal Joint
Hmﬁamﬁ —\—
Mertical Joint Mertical Joint Mertical Joint
(d) Case VI (e) Case X (f) Case X
Pl 18 e [ FIK P AL SR R R
Fig.18 Schematic diagram of the vertical and horizontal combined joint model
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TV~ XA R [ 5 R 7 Smm AR BB A3 T, WA T BA R B W 19 s o
Loading Surface

1ihmm

Vertical
Horizontal Toing Joint

«+ Smim
f
J
T —
S0mm :lltlmm 1 Eimm S0mm

19 MWri IR
Fig.19 Schematic diagram of measurement point J
42 EEISH
FEVE AR P S R o, JRERIOM O ER, AR BB T30 B - RIS Hon
KA LR, BRI SH E LK 4.
%% 4 Cast Iron # Johnson-Cook 1R £ #1311

Table 4 Johnson-Cook model parameters for Cast Iren

Material Properties Value Material Properties Value
Yield Stress A/(MPa) 270 Strain Hardening Cegfficient B/(MPa) 275
Strain Hardening Exponent n 35 Strain Rate Hardening Coefficient C 0.0042
Thermal Softening Coefficient m 1.23 Reference Strain Rate &, /(s) 1
Temperature 7/(°C) 27

PR By RAET #528 (BI 272 SAPRME AL MAT RHT), HARER 785 %518 T IRk L AE
ANFEIRAZ RN A2 MEREAR AL, RERSRAIUA R E I AR DA R A s A R, JF HAREE & BRI AR
HE WA R BRIRES 753 RHT BB B A S4 A% 5.

% 5 RHT AR SR RHERI S %

Table 5 RHT cement mortar material model parameters

Material Properties Value Material Properties Value
Density pg /(g cm) 2.143 Shear Modulus G/(GPa) 9.2
Compressive Strength f./(GPa) 091975 Relative Shear Strength f* 0.18
Relative Tensile Strength 0.135 Failure Surface Parameter 4 2.444
Failure Surface Parameter N 3.00 By 2.000
B, 2.00 T\/GPa 353
T,/(GPa) 0 Lode Factor Parameter O, 0.680
Damage Parameéter D) 0.040 Lode Factor Parameter B 0.0105
. \ . . 3.0x10-
Compressive Strain, Rate Exponent £, 0.055 Reference Compressive Strain Rate ég /(us™) .

Reference Tensile Strain Rate ) /(us')  3.0x10"'2  Fracture Compressive Strain Rate £°/(us')  3.0x10"

Fracture Ténsile Strain Rate &' /(us!)  3.0x101° Tensile Yield Surface Parameter g& 0.530
Tensile Strain Rate Exponent S 0.053 Tensile Yield Surface Parameter g;* 0.700
Crush Pressure P,/(GPa) 11.7 Minimum Plastic Strain for Damage glr)“ 0.010
Residual Strength Parameter 4, 1.600 Residual Strength Exponent ny 0.610
Compaction Pressure F.,, /(GPa) 6.0 Shear Modulus Reduction Coefficient & 0.500
A1/(GPa) 26.3 Wiz 4 D, 1.00

A;3/(GPa) 45.9 A,/(GPa) 52.5

Initial Porosity og 1.20 Porosity Exponent #,, 3.00

4.3 LS-DYNA &8 h i HUEE ] T4 36 E
NISE P S AU E R R P ST EEME, BT BRI N 300, 45°F0 60° ) MR AE, 34T
BUERL, FEXTEER ARGy BIEA . BRI R AR T R, Wk 20 A, 4558
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FRIA A 30°0F, R0 R B S R R R, IR 600, 2B
YIRS, R TS et 1 E A B TR B R TR b, BT IX Bk
MU RE RO HE R M B 47 b S5 80 R I 504, 49T LS-DYNA th TR My by
RIS AT BRI

FE R T AR R, IR LRSI AT SRR I A BRI 4B, A R
Firtr e, BRI MK, VIR 5 BRI, T UI BN 4 B RN, 2495 B
10y 30°MHF, SRR 52 5, L35 B2 G 5 S SR T T 1
(RS DR RSO R A7 0, BNV TR E. iy 45°
B, R LA R S YA R ARG RURRLA R R TR, A
WREIRRI) SR . ERAFET, WERAIGR L - TS AR, PERAET, (RN
DI RS RS T EUR E 60°Y, el A7 BT Y 4 B R R Y D1 RS %
B SRR TR LWL IR TR, 9 UTRECHRI B, R R
o R DR gt R, T 20 AR E T LRI T S, RN T S
S TSR 5 7 e e B 5 T S 4 L.

History Varlable
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= 9000001 I 7 A 9000001
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e " D 0 .00 01 _
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(b) Joint dip angle of 45°
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Lyt
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Bl 20 #5050 5 EE B RS X

Fig.20 Comparisen ‘of crack propagation between tests and numerical simulations
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t::::::::

—_

>x©

S
T

o
(=}
T

Peak Strain &/(x10%)
Iy
(=)

O
(=]
T

30 Pe 60
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Fig.21 Comparison of peak strain between tests and numerical simulations
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W, RENZEUE R RENS A RS T PRG0S e e BRI SAME, BGIE 1 ASEADL s SR R 1 A AT S
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5 HUERBILER S

5.1 ZEEETHEHERIUG
DNERFUE [ AL B Y B RS Wi B S R AT IR, I e 7 AR R A 2 A B

(¢) Number of joints: 3 (d) Number of joints: 3
(Left) (Right)

P 22 I ) T B E AR R
Fig.22 Numerical simulation results of the vertical joint model

St EE AT 22 T, TR EAL (P 22a), B 30 B AP R N A R O X
S, WA i) ST AN BRI A o b S A R S DR S s e A I S A, e
82 I T B S DS, A R R A R IR B T, T R SR TSR IRIX ¢ AR R A B AE A
LR YT, N AR AR E, Pl RER IS EIRER AR AR R, BTG Ry I E 1 S R
PR PR ER E H i SO T A, N7y 5 Tk A AR PR RE ,  TE RRL HARA

AT 2 5% (&1 22b) I, TR AN RS RRRUSS T 45485\ ST 0 B E JE FAA RE
FE A 15 B S P 5 AR IR g rp o T B A BRI S BON i3 o P A . BB bl e R
AT B ARE s B R SRS R TR SS » ) A BB DX 1 A R 2

X = EA R, B AR Ty O R N A S 45 0 P RIAL A B D PR . X AR
e (1 22¢), R B 7R AE 25 5T S5 3 0 1N B NN, % B S B A T A
FURIN DR IR, BT AE 2 19 Bl b S SR L NEX A . 2 I8 TE P A A RARPAIE,  HLRAA IR RO B3
R IRIFR 2 15 BE G5 M) R] 22 8 5 ) Rl R NI TROR B SRR . T =2 1 B B L0 T (&
22d), NAGrECRIEGFL, RAY RN K Ani A om R 52 1 B A 8] 4w By A2 alfF oA B
FEROR, MU B R OB, o 18] 5 PR 52 B, S DR Q155 R A S BB B 1 e oA
R SRR, 77 2R 3 (8 A, A HEHE DLIA BIREGE R A -

LTk, 2 HUE AR ShA R AR T R ) ] L BN SE R, TR SR
SA-IESS R EAE R N B Rev EE 7 He A LD AR PSR Rl ] o B 1 BRI I, #5340
HH BRI TE 1] 22 3 TE AR A AR s AR Y oA 22 ) O R BRI 4R = B AR O R L, i v A 7
WIS N S5 40 5 R BRI 5B (8] A 05 AR REY TR AR BRI B A B A &
0598 BAT eV s
52 RESKFHEHSTIEHEERULER

NI — AP 10 1 BT RE DL L 55 7K1 4 A 1 B2 D5 ) AR BN R A AR i 1 R 1Y
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7INo

(a) Number of joints: 1 (b) Number of joints: 2

(a) Casel (b) Case Il (c) Case lll (d) Case W
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(e) Case V (f) The bottom of the (g) The bottom of the
¢ Case I model Case V model
—
_ =]
(i) Case VI (j> Case VI (k) Case X (1) Case X

Bl 23 T T ~XHEALE R
Fig.23 Numerical simulation results under conditions I~X
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Fig.24 Crack lengths under conditions I~V Fig.25 Crack lengths under conditions VI~X
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Fig.26 Stress-time history curve at measurement point,J
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Impact Test and Crack Propagation L.aw ofjRock-Like Materials with Different

Joint Geometric Parameters

FEI Honglu!, CHEN Liangyu!, YANG Pengliang', DING Wen!, YANG Shitao!, HU Gang!,
ZHOU Linli?
(1. Institute of Blasting Techrielogy{ Lidoning Technical University, Fuxin 123000, Liaoning, China;
2. School of Civil Enginteering,Liaoning Technical University, Fuxin 123000, Liaoning, China)

Abstract: The crack-pfopagation’behavior and dynamic response characteristics of artificial jointed rock-
like materials underimpactloading were investigated. Drop-weight impact tests were conducted using a self-
developed apparatus,/in‘which joint aperture, inclination angle, number of joints, and the distance between
the joint and/the loading surface were taken as geometric parameters. LS-DYNA was used to establish
numerical mod¢lsyef drop-weight impact for vertical combined joints composed of multiple parallel vertical
joints, and for vertical-horizontal combined joints consisting of one set of vertical joints intersecting with one
set of horizontal joints. The influence of joint geometric parameters on the failure mode, crack-propagation
path, and stress-strain response of the jointed rock-like materials was analyzed. Based on the linear elastic
fracture mechanics theory under the plane stress assumption, the relationship between the strain components
at the joint end and the stress intensity factors was derived. The test results show that as the joint aperture
increased from 0.5mm to 0.9mm, the maximum impact load decreased from 35.16kN to 22.07kN; as the joint
inclination angle increased from 30° to 60°, the maximum impact load decreased from 47.17kN to 29.57kN;
and as the number of joints increased from one to three, the maximum impact load decreased from 36.31kN
to 23.69kN, all showing a decreasing trend. When the distance between the joint and the loading surface

increased from 50mm to 90mm, the maximum impact load first increased from 38.19kN to 41.75kN, and
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then decreased to 40.88kN, showing a nonlinear increase—decrease relationship. The peak strain at the

measurement points was negatively correlated with the joint aperture, inclination angle, number of joints,
and joint-loading surface distance. The numerical simulation results indicate that the overall stability of the
model decreases significantly with an increasing number of vertical joints; in the vertical-horizontal
combined joint model, enlarging the vertical joint aperture reduces the degree of bottom damage, and when
the horizontal joint is located above the vertical joint, the model becomes more susceptible to instability and
failure.

Keywords: jointed rock mass; joint geometric parameters; drop-weight impact; crack propagation
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