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Mechanical response and energy dissipation law of rock-like mass with internal

fractures under dynamic load

JIANG Lishuai, YANG Yiming, ZHAO Yang, LI Haozhe, WU Qi, PENG Xiaohan
(State Key Laboratory of Mining Disaster Prevention and Control, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: The strength of coal, mudstone, sandstone and other common rocks in the surrounding rock of deep roadway is low and the frac-
tures are developed. Dynamic disasters are prone to occur in the complex mechanical environment of deep roadway. The key to clarify the
occurrence of dynamic disasters is to study the dynamic response and energy dissipation law of the internal fracture characteristics to the
rock mass. In order to study the influence of internal fracture dip angle and fracture distribution on the dynamic mechanical response and
energy dissipation law of rock-like mass, the rock-like mass samples with internal fractures were prepared by sand powder 3D printing.
The dynamic compression test of the samples was carried out by split Hopkinson pressure bar (SHPB). The high-speed camera was used to
observe the crack development, and the dynamic failure characteristics were analyzed by combining the energy dissipation principle and
fractal theory. The results show that with the increase of the dip angle of the internal fracture, the dynamic peak stress and the dynamic

elastic modulus of the samples decrease first and then increase, both of which are the lowest at 30°. With the increase of the number of
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fractures, the influence of vertical distribution fractures on the dynamic peak stress of the sample is greater than that of horizontal distribu-
tion fractures. The energy dissipation of sample failure decreases first and then increases with the increase of fracture dip angle. When the
fracture dip angle is small, the existence of loose filling will aggravate the attenuation of stress wave and increase the energy dissipation.
With the increase of fracture dip angle, the influence of filling on the energy dissipation of sample decreases gradually. Under the same
crack inclination angle, with the increase of fracture number, the energy dissipation of vertical distribution fracture samples are less than
that of horizontal distribution fracture, which is positively correlated with the dynamic peak stress of sample. With the increase of fracture
dip angle, the fractal dimension of the sample increases first and then decreases. When the fracture dip angle is 30°, the fracture degree of
the sample is the largest, and the fractal dimension of the sample is the largest. The increase of the number of cracks makes the fragmenta-
tion of the sample gradually uniform, and the fractal dimension of the sample shows an increasing trend. The research results reveal the in-
fluence of internal fractures on the dynamic characteristics and energy dissipation of rock mass, and provide an important basis for the dy-
namic test of complex internal fractured rock mass by using sand powder 3D printing technology. It is of great significance to further un-
derstand the fracture and instability mechanism of surrounding rock in deep soft rock roadway in practical engineering.

Key words: dynamic load; sand powder 3D printing; internal fracture; dynamic mechanical properties; energy dissipation; fractal di-

mension

0 51 FT

B R TR g Rl o, DR TR IE & R
T 7 R R R A, o b R S ML By g ok
PR, S22 A i O Rl R R ki 20

MR DU RIS, DR T8 R o e

WA 5 WA AR RN AR E, TR =&
— B WME IR, Bl R w4
I AYCE T 2 ik b e A6 [R) R AN B 7™ B 5
AT PR, i LR IR 28 4 AT R0,
B, B BRI RS Y SRR (REBRR T
FENE RN (BN 112K, TR AT BB AT E 511 7 o
FT 14 2 g R TR A 1 B i SR AL 5 4
Ml EAEEE X,

SHPB 2% # [ Hopkinson!” B & LIk, Z £ 2
H RO L B T A Bh 124, S
Fm N ARRN A A A T R E
PRI AR E . ENIMEE SRR A AT
T BN E T (328 T 2 Fe A RE AR ROR AR TR T
KA, 224 AR b AY SHPB 2%
XA R Bl G N4 10 5 1 2h A8 J7 2k e 5 Wk g
RORIEATIFZE; B KR AU B 58 T 10 AR R D B
BIASPUE SR E 15200, 3 W0 A8 38 5 0025 1 s A8t
FERRBE B IE L o SRR 1A R T 32 1 1 Rl ot
M E B 52, F Rz oA A B R RHAE B 45
FATHT . ZLPRAEHREA, PRI B A i B T 2 R
982 B E M A B L, L% i i SHPB X
T B KA AR T s A vps, DESE TR
LU AN A X A A B 15 Re . e
T R AT S B S 5 ) s e ™) 3 3o o 5 Y
P RUEAT SHPB #hiliils, & By #Je /| 5 LT

138

XA B A 1 B A D) R | e AR B
RN

X} TR A AR FE, Sl CT H4 =4y m]
DI E], SN TF LSS B A RE, NS AT e 5 2 2
FLIR L 55 B A O, KA A TR AR IR S 41
FW, BB BB R A A 3 A 2 O ) N TE
PR B2 LR i A 2 B 0 D IR B
0T 1l SR PR 1) 4 B 3 5 55 S 435 1) e
Yy, FE I AR T A SR ) A EE SRR B, A
WY RE PR ALER 4 7K 48T, BRAR LR R 3 i) 1z g B
MG, BB B SR 5 A R Z A A AR, 3l
FIRM AT NS TR 4R, R Y DL K e
Yy E R AR T 2 L il R R e 2 T,
R, W5 7% S 3 B AN [R] N SR L BR A AR 1 30 )
P [V 5 OC HE L, 6 — 20 T i S PR AR IR AR
FARTE A DR A R L,

IR RSB 8 A2 i A i 2, B
I, 2 FR 30 P 2L B R 1) i £ 32 2 A A
FEHFEPY . 3D ATEME Y, Horp 3D ATEL EA
RS | RS B | IR B ORGP
YRR AFOLF, ML TALG LR . FLIRAE Al 5 7
B R, A 72 R A AR TR
R F RN 3D AT EE AR F T8 A 727 il
(AT AT A FEAE B, o, ZHOURY, ZHU %P
A 3o LA 2 R B A AT AN ] 3D AT BB AR il A%
(AR, 2 I A il 25 0 RE M M A i, 38 5 B DL A
Fo ZHAO %P3 3t A2 KARMEAH B J126 38, AiE
W LARERD GS19 AR 3D FTERHAR (BIT) i
AT RIS o

FT I, fERAY 3D FTERBLUHCE BA 7253 Al AT
PERTETEE T, (AP 3D 4T B0 N FRALBR S A 1A,



FETIIAE BT 5 R RBRIE A ) 2 5 e R RO

2025 455 2 A

il SHPB #EAT B4 47 105, BF 5T A e B 0 26
ERBNZS I ERE R RN, PRI | R A
XA AT B I E R | RER AR AL MU, 455
FRHL LR BE ST, 0T R BURRIE X 2 A1
FERRRHIE R . BEFEEE B R T AR R
FFAEXSEN L 3D FTENSEA RIS 25 )22 | e
FEHL. BEIRRHIE A2 IR, R AP R 3D 3TEREARTT
JZ AR RS A g I T B,

1 SHNEBREE 3D FTEN KA MK H & 5k
WHE

1.1 iR ERE

TR AR T8 [ A AR T B S i e, H A2 sh 85
U W 32 1375 = N A R e S 12 I P e e N
B4 BEEFERLG M, A YRS 2% 5 AN TR
ZABRMAR . AN F B A AP AL 3D ATENZA A
TR . BURER AU PRV 3D FTER 5 E1, LA
S (BIT) Hb &Y 3D FTEQHL A il 8 & I B 2L BR A 2
PRIRRE, SR “IE B T2, TENZ/E 0.2 mm, L
WRORAZ M 0.106 ~ 0.212 mm IHLEIRS (BERP GS19)
YRR I, LAWK i SR Zh 45 7, F RRE R hy 1 P [
AR, 308 3 0 235 390 Ak 70 B, P il 45 ) R RE A
BBV | 825 SR A R 1 2 R T R sl
FIEEEE (B )PP

32 —— WP RI3DFT BT

—— SR A b A R
—— A
—— A IR
241
<
=
=16 F
BN
E
8
0 0.4 0.8 12

NAF/1072
B #A 3D AT 5% KA s AR -5 % 4
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