41 E a4 ok Vol.41 No.4
2024 4E 12 A BLASTING Dec. 2024

doi:10.3963/j. issn. 1001 -487X.2024. 04. 009

BERNENSERENFHER LR
E}IXI’§ %23,%’%@%%1’?@ %m% %/ E # //,%2‘12}] % ?

(1. WAE A B 45 A BRA 7], i 430070 52, VLUK a. RS ANIERRE F 5 8 LI
b. WAL (BRI B KE -5 i H AR5 B, I 430056 )

H E: ARRFORNEEREREHSEENFHE RN BEXEL2AEAFELE (SHPB), B a4
ik B4R, IR 0°.30°.45° 60°F2 90° k- 5 A RE B A E (W EmBHF OGS EXFEEGELNOLA) R
BRBHEFEEGHGRE,FRARRAN Y ELERITHEI MBI R LB REG R EE AR ERA
Bt EAER R EENRENSES N AR FEX Y abud, FREREN  RRA & ELEE L
TRFT ABNEREREME EEAEWIE I HEMERE U R TN, L EIAEH 0 F
90°, WE MW EREAMNEREG, MO0 EEAENRERERBERD , MEFELEREE R M, RE &
A ER B SRIEREIG I TG RAE R X £ B4 4 AP 5OR 3 0803 A2 RS B03R , R R B
TETREREAE D 0°F 90° XA E I RAE X 39 A I b sl 30 A £, é%ﬁffxﬁ‘/g 30° B, X AE 22 R AR
XA LT RGIGR AN T aR-RAHIR- AN IR X — 4 T it 42 % B3 f & A 45° 4= 60° 0T,
M R Ry 3g KA A £ 2R Xﬁ'l&:iﬁfék\iu%mﬂiiﬂ@2{7@&4—}5&:%;%@/ﬁ’f‘:m/iﬂiﬁ%ﬁ%}f{ia
he, T8 RAER AL L 3 KB ), AR B TR A JE A 60° BHEAR L K K, L XA A IR E AL R K, LA R & A
JEFa K FYE e R B R R R RAR N AR T Y ¥ BB AR R A T — 8, ARERTATEH R
3B 18 B R BB B HURE 69 BT 5 VA RO B A A 0 Mt AL T R AR L B AR 3B

XEIF: O FELEAEEA; IBES; HFHME; BIREX

hE4S#EES: TD235.3 XEkFRIRAG: A XEHS: 1001 -487X(2024)04 -0073 - 11

Experimental Study on Dynamic Compressive
Mechanical Properties of Shale in Western Hubei

WANG Jiang-yi' ,DONG Qian*" YAN Xiao-ming' ,TONG Hao™*"*"
RAO Xiao-giang' ,YAO Ying-kang™* ,WEI Dong'
(1. Hubei Communications Investment Construction Group Co. ,LTD. ,Wuhan 430070, China;

2. a. State Key Laboratory of Precision Blasting;b. Hubei( Wuhan) Institute of Explosion Science
and Blasting Technology, Jianghan University , Wuhan 430056 , China)

5 %5 H #i ( Date of reception) :2023 - 12 - 03 4% B % B # ( Published online) :2024 - 09 - 15

1EF BT : LILX(1980 - ), 55, B ARV ARE, IS0 20 e 8038 T T A BHDE AN 3L LA , (E-mail)2759771510@ qq. com,

BHAEE ¥ T (1987 ), 55, IR 0+, ERNERRE 53 T TR oA B e S EOR Iy i SR TAE, (E-mail) donggian@

jhun. edu. cn,

EEWA  WHe s B B4 HR TR (1X01-FW-2023052 ) ; [ 5K H AARF 54 (52108368 ) 5 i [H [E 52 K 5 A AT RHTTER A ( K2021 G024 )

About the author: WANG Jiang-yi( 1980 — ) ,male, senior engineer, bachelor degree, engaged in scientific research and management work in high-
way traffic engineering, ( E-mail)2759771510@ qq. com.

Corresponding author:DONG Qian( 1987 - ) ,male, associate professor,Ph. D, mainly engaged in teaching and research in tunnel and underground engi-
neering, rock blasting theory and technology , ( E-mail ) dongqian@ jhun. edu. cn.

Fund Programs: Research Project of Hubei Communications Investment Construction Group Co. , LTD. ( LX01-FW-2023052 ) , National Natural
Science Foundation of China(52108368 ) ,Science and Technology Research and Deve]opment Program of China National Railway
Group Co. ,LTD. (K2021G024)



74

O

Abstract :

tion tunnel in western Hubei province need detailed exploration. A Split Hopkinson Pressure Bar(SHPB) and a high-

The dynamic compression mechanical characteristics of the surrounding rock mass of the shale forma-

speed camera were employed to conduct impact tests on shale samples at five different bedding angles( the angle be-
tween the direction of impact loading and the normal of the bedding planes of the specimen,including 0°,30°,45°,
60°,and 90°). Meanwhile , the research team also studied the influence mechanism of bedding angles, impact pres-
sure ,and strain rate on the dynamic compression mechanical characteristics and failure mode of shale with different
dynamic loading strain rates under different impact pressures. The research results indicate that the dynamic com-
pressive strength of shale has an approximately U-shaped pattern with increasing bedding angles under different im-
pact pressures and strain rates. Among them, the shale with bedding angles of 0° and 90° has relatively higher com-
pressive strength, while the shale with a bedding angle of 60° has the most minor compressive strength. Furthermore,
the dynamic compressive strength of shale with different bedding angles increases as the impact pressure and strain
rate increase. The macroscopic failure modes of shale are mainly divided into tensile failure, shear failure ,and mixed
failure. Significantly ,the macroscopic failure modes of samples with bedding angles of 0° and 90° under different
strain rates are mainly tensile failure. The primary macroscopic failure mode of the sample shows a transition process
of shear failure mixed failure tensile failure”as the strain rate increases when the bedding angle is 30°. The primary
macroscopic failure mode of the specimen evolves from shear failure to mixed failure as the strain rate increases when
the bedding angle is 45° and 60°. The energy absorption ratio of shale samples first increases and then decreases as
the bedding angle increases under the same impact pressure. Additionally,the energy absorption ratio and the degree
of sample damage are simultaneously maximum as the bedding angle is 60°. The degree of fragmentation of shale

samples with different bedding angles increases,and the energy absorption ratio gradually tends to be consistent as
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the impact pressure and strain rate increase.
Key words :

ties; failure mode
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Fig. 4 Dynamic stress-strain curves of shale under different impact pressures
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Table 1 Characteristic parameters of dynamic stress-strain curves of shale
with different impact pressures and bedding angles Z 2 f &
JZHAIEE/C bl UE/MPa i/ (m - sTh) O PURBRE/MPa WEENAE/1077 RAESE/s
0.1 5.16 206. 08 8 52
0 0.2 8.16 221.79 10 83
0.3 10.13 242.75 13 103
0.4 12.36 260.21 15 126
0.1 5.42 119.20 10 58
30 0.2 8.39 125.31 12 89
0.3 10.23 132.44 15 114
0.4 12.39 145.69 18 137
0.1 5.23 85.53 6 64
45 0.2 8.42 90. 15 9 96
0.3 10.34 96.90 11 123
0.4 11.98 100. 52 13 145
0.1 5.13 72.36 5 73
60 0.2 8.35 79.56 8 107
0.3 10.24 89. 81 9 135
0.4 12.44 97.41 11 159
0.1 5.14 143.96 7 61
90 0.2 8.35 151.16 9 92
0.3 10. 67 164.36 12 121
0.4 12.07 177.56 14 142




78 i

7 2024 4E 12 A

H b 2] DL, il SRS Ry, A e
R LR B AR R Ry o BEE el U G
DAL AR A& IR, 1 e B9 2l 25 B0 T 5 B2 (i

300 1

—a—(°
250 —e— 30°
-/././. —¥—45°
§ 200 |2 —o— 60°
< —o0—90°
Siso} &
,__-—-v———""'—"
100 [ —
50 75 100 125 150 175
AR [s™!
(a) FUEREE

(a) Compressive strength

RIASSIA e Tt o K TUA R B AT 56 JEE R (]
AR B AZ R A AR RS BRAN P S TR

20 r
~16r
=
|
P 12
b
ey
8t
4 1 1 1 1 1 1 1
40 60 80 100 120 140 160 180
RIAERR /5™
(b) WAL I3 AF
(b) Peak strain

KIS DU sl A BT 56 2 DA 17 A8 B 7 A4 R 1) A8 LA

Fig. 5 Variation of dynamic compressive strength and peak strain of shale with strain rate

P RS g, vl L& B R T B Y R
ARG PN, AN [R) J2 B A B DT Bl AT 5 R
(B0 A8 347 B 5 7 A8 23 18 T, L3S I B 45 5
$7:26.3% .22.2% 13. 6% .14.3% .23. 3%, LI %
87.5% 80% .116. 7% .120% .100% . L) I ¥ ¥ %
B < Bt I A0 S 38 i, J2 3 AR R Ol 0° B A it TR ik
JEE PR 36K MR K, 0 A J2 B AR R 30° R0 90° Ik 2,
1M 45°F1 60° 1/ 255 L9 ml AT 1 ik
PG R RAE T 2 B B 45°F1 60° 1], DA 1R
FEVR A H & A BT VI RSB IR e HLsR BEREn
TS 2 HE A B R 0°,30° 90° i, SRR IR 88 4 4
TESE 5T 1 VI S 2 10T PR I AT P o 9 M A
RIS, Bl 2 07 28 SR, D A AR 3 K R
PO 3 A BRI AR AR i, LR SR Ry 2 2 B A
Sk 45° 1 60° Hif AN A (0 1 IR B R, 2 B AR
k9 0°.30° 90°HH5 /N, 3 A i F 0L A AR U 2 B AT
T R B R B 1 228 01 S B S K 7 R 5 N 2B AR
(1475 T £ i S 300

RT3 AT 2 B A R O sh AR SR ) 5
MR, T3 1, B R R s SR T 0 ik
PP 5 B 2 B ) AR AR, i 6 BT o

H & 6 AT UL FEARF bl KR, IUA s
PR R Y B A 2 B AR R B R LR B U
R AR b A . ELACh 2B R 0°.30° 1 90°,
U AT HE 5 JE ARG A8 /57, T 45° 11 60° J2 B8 A 11
VUAPUESRE /N e AL IR B 0 IR R 7E 12 B
FRE Ry 45° 1 60° BT, T 7+ 3282 A AR VT 25 J2 B I 1) 3
SR B UIWEIR k3=, 1 J2 B AR E Ry 0°.30° A1 90°

I, DA T2 A R S5 PN 8 7 B R R N 2 1T
JZ BRI RS SRR, TR BRI 250 R T
T I B JEE , 2 0°,30° F1 90° J= B A & 5T
E DTSR I S e T A2 B R U R

270 ¢
*. --:0-- 0.1 MPa
240 %" -4+ 0.2MPa
4 - 0.3 MPa
o 2100 --®- 0.4 MPa
g w0 . 2
5 150 e B0
120 £ '
90 : .‘;-:8::::, . s
60 !

K6 AR JZ B P DU S AP o s AL
Fig. 6 Variation of shale dynamic compressive

strength at different bedding angles

K, T ST TUS S AR R EE A A5 )
SRR, LIUA B R B AS m RE RS N, A
AT

N = O g=i max (9)

O g=j min

P NV OB A A% ) e R R 0 i S
AN JZE B AR L B A5 b o R P 2 M R AR R E
Opojmin M S A JZ PR RE Sl AT P X 6 1 i
AMEL; i o3 D P P 5 R A R AEL | e /IMEL T T
VA= 2i UE ) o N R L T WA S S G B NI e
JE A 1) St R A R & T R



Fa G Hal

FIL,FE T, 800,58 S0 50U SR8 1 AR SR AT oY 79

2.85

D
)
(=)

BhA SR LA 10 0 RN
N )
3 >

2.65

0.10 0.20 0.30 0.40
Wi UK /MPa
BT TR il SRR A S A0 5 R 45 o) S 1 R 4
Fig. 7 Anisotropy coefficient of dynamic compressive

strength of shale under different impact pressures

P17 T W, 2 S PR A, B ot
BT, T2 S AR 45 ) S 2R SO W, A
Wt 7 1% B0 1 S R A SR, I 3R 2
7RI AL LA 4 1 ol P S
TSR T 0 5 25 3 B e R 10

I 57 o

®2 WEPSHEBELERMERR
Table 2 Anisotropy index of dynamic

compressive strength of shale

JE A ) Sk RN FEE TR
1.0~1.1 A1 [l
1.1~2.0 RG4S T Sk
2.0~4.0 HR 4% i) R
4.0~6.0 % [ S

>6.0 R 45 1) S

3 TEHSEHEBIIHEREERR
MEH

3.1 BEEFBIFFFE

WA R il U T A SR B A R U iR B s
WK R, 4 B 4 Fb bl OB LA S b2 B
I REHES REBRAN R 5] 8 BT o

SR8 MR 1 A, AN ) i R (AR
DAL 2 BIAR E 1) De 1ORE Bl S B R AR X DO R
FARTR] b SO 2 B B2 X iR AR RFAE /Y
SEMECI, JA B A 45 ° 1 60° 1 TR Al A B AH
X HARZ B RO Rl A BLRER o U
R AR Z B RE GUA AR A BE 3 O, HL 2 e
i URIAE] 0.4 MPa i, AN [ JZ= 2 A B2 5UA 1R 2
B T

73— 7T, AR AR AR 3 Fhh il Uk

(0.2 MPa 0.3 MPa f10.4 MPa 0.1 MPa mili’ )%
T UUA R R BRI, H Ay AR e, Ak
AT 4rH1) T ,0°.30°.,45° 60°F1 90° —Ft 5 Ff 2B
AR DU R ) vp o TR i IR AR, AN &l 9 B
Pl i Sk i 1) AR oo 287 1), v B SE RO T
JZPRI By IR R4, ¥ €0 4 O 1 T )2 B ok
FIMEIR L, 2140 i3 28 Ry DU 3 o N AR B IR 2448

0.1 MPa 0.2 MPa 0.3 MPa 0.4 MPa

o X' ‘
- QOB
- B
- DB
- (D) B

K8 A[E iy SR T AR IR E S
Fig. 8 Failure morphology of shale samples

under different impact pressures

5G9 ANk 1 RA: X 2 EA N 0° 1k
R FEPPE SR 0.2 MPa F10. 3 MPa BHAK 7~ 4
B8 L /D, DA 5 358 0 N i A il SR R 80
F, YA RIA ) 126 s UK B A, A BA SRR
PRI M a Te vk B Rk, e B AR T2
PRIAT, BEHARR R AR IR LASE B I P I8 A =8 5 5t
TIZ R R 30°093URE , Bl 2w oh SO A S R, 3k
FERRLB A BB AT R R BUE A, YR AR R
R 114 s LRI SR A ISR T 2
AT 11 B VIR 2480 25570 SR 0T BE 5 9 (R A i
INRGCR BTG R A RRE X T 2B 45°
H160° A, I 3= B2 () 4 2 DA 2 B 1 BY V) 3K
HECH IR ARRE, Y AR R EA 123 7
DL P St Bl BT U1 R S Rl A R
FRIN A JZ B A BT YT SR AL T P () hr A
INIL [FIAATE (TR A B A =X % T 2 B A 2 Ry 90°
(IREE  FEAS TR s SO T iR N g DA T
JE BRI RSO

PO i = EL N R ¥ N T R P W ol AR 9 =S L 15
JE TUARAE B IR L A UL K sh A 2 a0 e FLAE
B oh 25 R GRG0 P A 2R AR 2 SO AR =
e PPN (AL T 26 BT )2 B A L K D
DU 5T N A BB IR ) | 5 U0 IR RN TR A il
PP AR 9 AN il SR T &2 A



80 P 7 2024 4F 12 A

U A F2 2R MBI RN T34 3

l <:I

0.2MPa  0.3MPa 0.4 MPa
(a) B =0°

!!!E

0.2 MPa 0.3 MPa
(c) B =45°

0.3 MPa 0.4 MPa
(b) B =30°

0.4 MPa

(d) B =60°

I :
0.2 MPa 0.3 MPa 0.4 MPa

(e) B =90°

B9 =Fipdy U T AR E B A DUA e Sl A R i iR i fen

Fig. 9 Dynamic compression failure process of shale samples with different

bedding angles under three different impact pressures
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Table 3 Main macroscopic failure modes of T PR F B
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Table 4 Dynamic failure energy data of shale samples under different impact pressures
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g G
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0.3 103 2438.52 718. 65 1091.26 898. 61 0.26
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0.3 123 2274.31 1232.19 227.89 814.23 0.36
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0.1 73 392.95 130.44 92.10 226.41 0.43
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0451 —— 0.1 MPa & 10 ] 0L AN Rl wpeh SO T RS J2 B AR 1)
0.40 | Pty Y, DA R B LE BRI SS I N 76 2 B 1
i . a
< —— 0.4MPa 60° I M BE e fe K. il UE N 0.1 MPa 0.2 MPa
J 035} . o o o S
] F10.3 MPa B, 23 B R 30° ,45°F1 60° 5145 A
39
= 030} W RE LA, IRIT2545 Pl 8 T LUR B, L4504 F 134
o] J2 AR 2 U R B IR B SRR 3 T
e T WK RE R I S . T 242 A4 FE S 0° 1 90°
0.20 I, S I LA Yo 166 , DR Ik L s 5 st 35 -tk A

0 15 30 45 60 75 90 105
BRI
10 AfEl e SR T 0UE R
W HE L BEE J2= B B A AL
FHg. 10 Variation of energy absorption ratio of shale samples

with bedding angle under different impact pressures
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