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Abstract; It is prone to occur dynamic disasters such as roof falling, sidewall slabbing and rock burst under dy-
namic disturbance of mechanical percussion drilling and explosive blasting in the roadway with hard rock. It is ex-

tremely meaningful to investigate the dynamic load effect on roadway deformation and failure mechanism. To under-
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stand the mechanical behavior of roadway surrounding rock under dynamic disturbance,a hard rock roadway was sim-
plified as a hole in rock. And then,a series of impact tests were conducted on prismatic sandstone rock specimens
with a hole by a modified split Hopkinson pressure bar testing system to explore the influence of hole size and shape
on the dynamic mechanical properties,failure mode and energy dissipation characteristics. The results show that the
existence of the hole has significant weakening effects on the dynamic strength, dynamic elastic modulus and peak
strain. The dynamic mechanical properties of the rock decrease significantly with the increase of hole size. Among the
specimens with different hole shapes,the dynamic strength and peak strain of the square-holed specimens are the lar-
gest, followed by the horseshoe-holed and the circle-holed specimens,but their elastic moduli show opposite results.
In terms of rock failure modes, splitting tensile and tensile-shear failure occur respectively in intact specimens and
pre-holed specimens under impact load. Additionally, the energy consumption density and fractal dimension of the
horseshoe-holed specimens are the largest, which are 1.94 J/cm® and 2. 11 J/em® ,respectively. It indicates that the

failure process is the most intense for the horseshoe-holed specimens, while the fragmentation degree of the circle and
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square holed specimens is not much different.
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Fig. 1 Microscopic structure of red sandstone
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Table 1 Physical and mechanical parameter values of red sandstone

W/ Ped/ HEUE  BURORE, PR R A MR/ A EE W)/
(kg *m™?) (m-s™") BREF/MPa MPa GPa 8 MPa f/°  (MPa - m'?)
2472.2 3174.5 99.32 5.28 24.43 0.26 19.01 40.43 0.59
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Fig. 4 Shock wave time-history curves of specimens
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Fig. 5 Stress balance validation of prismatic specimens under impact loads
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Table 2 Dynamic mechanical parameter values of specimens under impact loading

ke K/ R, &/ wRE/ YISPUE MR WA MR/
i mm mm mm (g+em™) i i/ MPa GPa TV AE/ %o s
G, -A 45.7 19.8 45.6 2.44 180. 50 22.99 9.18 64. 65
G, -B 45.0 19.9 44.9 2.45 194. 46 26. 03 10. 09 74.78
G -C 45.1 20.7 45.2 2.47 185. 11 30. 60 7.48 50. 67
G, -A 45.5 19.9 45.7 2.43 169. 16 26.22 8.82 68. 81
G, -B 45.1 19.8 45. 1 2.43 157. 36 25.44 8.21 79.52
G, -C 45.2 19.8 45.2 2.45 157.18 24.58 7.30 66.73
G, -A 45.8 19.9 45.8 2.41 158. 33 25.48 7.63 69. 87
G, -B 45.1 19. 8 45. 1 2.43 146. 19 25.78 7.02 64. 18
G, -C 45.1 19.9 45. 1 2.43 146. 87 25.17 7.50 63.39
G, -A 45.8 19.7 45.8 2.42 161. 38 25.20 7.28 76. 13
G, -B 45.6 19.7 44.9 2.42 143.79 25. 14 7.74 76.23
G, -C 45.8 19.6 45.0 2.44 132. 68 22.74 7.51 81.77
Gs -A 45.0 19.8 45.1 2.44 164. 81 22.13 9.56 81.70
G -B 45.0 20. 1 45.1 2.44 133.26 22.47 7.94 82. 40
G, -C 45.1 19.8 45. 1 2.43 158. 31 22. 65 9.19 81. 44
Gs - A 45.2 19.8 45.2 2.45 150. 15 24.51 8.30 75. 84
G, - B 45.6 19. 8 45.6 2.42 158. 46 24.23 9.17 78. 00
G, - C 45.1 19.7 45.0 2.44 157.97 27.49 7.34 69.95

T+ BURE A B 1 Ay e I 1) Bl B A0 Ay 3 2 ) R A8 IR 1137 ) 50% Ak i B Lk i

3.3 AFRERLXER

HRIEAK (L) ~ (8), AT AR s fin 28
ARSI RE R ATRE B ST REFIAFERLRE . AR
P FEARRGA AT T RE A RE AR 8, L% 3. F
TR HERER BE PR b ] LUAR 4 SR AE A iR
MBI o 1246 b A9 BSOIE BR K, 2R I R PN 30 il
PR W RB IR, T BOARE IR
JEZL, B IR e A e e R ST/

H 3 0l LUE Y, 7EAH RS F R A B REYE
FEIE 130 ~ 156 J Z N, it B S BELE 1/ 22 5 1) Ji [

T OB E T EN T TR AR, BR
ARSI 52 B E N ) SN R R 2 AT A st
S QBRI IRK G, kT A TR
22 AR, 32 N R, vp Sk w46
{7 B AT REAT BE R [R], LA B wh Sk 09 1 5 s B A 25 57
FEHCRE 2 TR 2l il N BB LS i A T A
U, IR ZU R B AR IR AE RE AR B Lo /S dlialAE
FIER RERE R > M 1. 64 J/em® (1. 71 J/em’ |
1.73 J/em® 1.81 J/em® [1.67 J/em’ F11.94 J/em’,
AL, 56 B R SR R FR PR I IS g e e/, A R
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FEA R R A B .

HEmE TR ESH

Table 3 Energy characteristic parameter values of specimens under impact loading

A AGHe/) S Re/) BHHE/) FERAE/]  RERUCEIE/(J - em ™)

G -A 142. 08 52. 69 22.57 66. 82 1.62

G, -B 136. 65 44. 31 28. 83 63.51 1.58

G -C 140. 35 40. 89 27.32 72. 14 1.71

G, -A 141.72 53.62 18. 03 70.07 1.72

G, -B 150. 02 69. 50 14.22 66. 31 1.67

G, -C 133.16 49. 25 14.76 69. 14 1.73

G, -A 139.70 50. 09 15. 16 74. 44 1. 83

G, -B 130. 45 49. 60 12.76 68. 09 1.73

G, -C 135.36 58. 10 12. 87 64. 40 1. 63

G, -A 154. 18 62. 63 14. 57 76.97 1.94

G, -B 141. 41 59. 66 11.52 70.23 1. 81

G, -C 145. 15 70. 08 9.45 65. 62 1. 69

G —-A 143. 84 58.38 15.57 69. 89 1.78

G -B 140. 40 66. 82 10. 59 62.98 1.58

G, -C 141. 07 60. 90 14. 82 65. 35 1. 66

Gy -A 145. 08 56. 60 13. 41 75.07 1.90

G, - B 156. 44 59. 49 15.59 81.36 2.03

G, - C 138.93 50. 49 14. 69 73.75 1.89

SR 7 IRt i ) 1= A N R = 0] 1 27N I or
O, R IE JUART B8 %o A B T B &8 16 4T 0 o 02
SR K — AT E A 7 (HR A b S T T
DL HHER S ) BRI T 7RO SHPB SERE L o o
AW . SR AR R R 5,10, 5 06 °5:s
15.20 140 mm WOBRAEGRIEAT 40 S Bmei i sy = ol 154 X0
0~5mmS5~10 mm. 10 ~15 mm .15 ~20 mm F :((‘ij:j _8;5
20 ~40 mm 3& 5 A-F4L, IR R BT | oo eoe
AFHRERILE 4, CASTIRE S sk 2
BEo A TR R s - lg(did) . .
m, d 3-D
ol (9) 8 REEATE AR LA
Fig. 8 Linear fitting curves of fractal dimension of specimens

o d HREHORIE 5 d, i KKIAE 40 mm;m,
NIRGF/NT d (R 23T s m, N REHLE R
5 D OISR TR 4ERL

Xt (9) BB Bl 15%(3-D) 2 1g (my/m, ) —
lg(d/d,,) 0 AR RER, N el i 2 s 2 k41
FORAE D (R RERE B S I e AU A
RO 4 K 8, WG HT R AU S
LRHIAHSC RECE I KT 0. 92, ) DL A IR A L5
RS

iR 6 A3 TR 4E 5 5 1,91 (1.96
2.09.2.10.2.01 F12.11, A WL, 528 30RE 1Y 20 2 4k
e/ IN , FLIR R A9 43 T8 450 R] e R, 2 B LR 3
FE BRI R B L 0 B AR I 20 A [R] LR IR
T, /NEE LIR30 4 $se /), KRB LI
FERY IR AR IR, 7840 E S5 T R RS LR A 1
MR B 22/ N [FFLIEAR T, S B8 LI A Y
I ARSI, R AL AE 7 T8 LA 0B Mo A
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Table 4 Fractal dimensions and grading weight of specimen fragment under impact loading

G5 m,.s/g Myc10/'8 m,s/8 my /8 My a0/ 8 m/g D
G, -A 12.32 27.82 47.57 58.63 74.90 74.90 2.11
G, -B 10. 13 20.30 36.39 78.30 83.57 83.57 1. 89
G -C 7.14 16. 19 23.33 44.30 93.75 93.75 1.74
G, -A 9.15 14. 69 33.08 45. 40 76.91 76.91 1.91
G, -B 14.25 28. 69 55.03 60. 72 84. 80 84. 80 2.11
G, -C 9.63 20.22 35. 60 67.01 88.97 88.97 1. 86
G, -A 14. 45 32.84 43. 84 61. 06 82.72 82.72 2.15
G, -B 13.67 22. 84 44.13 62. 65 79.19 79.19 2.09
G, -C 12. 57 23.82 35.45 49. 45 88. 88 88. 88 2.05
G, -A 17.10 29.21 43. 60 61.44 89. 67 89. 67 2.18
G, -B 10. 78 22.26 36. 36 44. 82 84.07 84. 07 2.01
G, -C 15. 09 25.72 45.45 64. 54 84.82 84. 82 2.12
G -A 8. 68 14. 28 22.26 30. 84 80. 57 80. 57 1.93
G, -B 13.28 26. 24 42.27 55.42 82.56 82. 56 2.10
Gs-C 11. 12 24.34 40. 00 50. 49 85. 47 85.47 2.01
G —A 13.98 24.77 40. 97 57.12 91. 95 91.95 2.06
G, — B 14. 08 29. 88 42. 65 55.93 74. 09 74.09 2.19
G, - C 14.48 22.00 50. 60 64.45 83.58 83.58 2.08

T omy s Fon A AR EARR/NT S mm (Y E AL,

3.4 WHAHEIHEHIFEX

R g AR AT 9 R IR, i) R 45K
FERTRRAU BT AR . RS 4 T RAF /Y
PEMAAREAE AR I 20 T MBI . hRaT I,
SERE (G, - B) el fe Yo re Ze b A Bl —
PAPZEr, Bl ] 4k R e IR IR A LAY e
e U Ta] AR 22 R rp R A2 T ALl g B T
— RPN RS, Z IR, 72T R Rt
7 IR AT TIET 1. AL Z R, A
AR A AR 0T a7 1] B A% 4%, HL 2 A4 1%
FUHE A I H I AR S R A P A IR AR S B
EA S ALk N

XF TS A /INEAR AL B9IRE , B sh B A,
FLI A LT FLBE 32 I 25 e 1 0 4 R A RS2 0, £L
BEP= ARSIV SR o SRR URE AT A AN ZE S fh 20l
AU AL A H R . [, 1E
AR A e BRI T FB A P SR h R AL, FEA
W7 AR R Y RN A i, T
DL /N EAR I L B B B BT BER . 5 A HhAE
AR AL A URE AN 2o A v A B SRS i
S A /INEARALIR R A FEA AR ), R R e i &

Myci0sMgcrs sMyean and my g BB SCLA S

AEREBTREIR o T 5 BOR AR PR A4 1R, A o
iy [1E= B a2 S IR I o o 1 B ESY N VAPA K S SN
LR v S, AR 1R DU A R A B )
240, I WL A4 3% B2 508 AR, [R) i 7E LR
7L BT — KA BRSSO B R
BRI T YRR . B AR TR 1R 14 A i AT 7
Je I 2076 B — A K5 18] B JE /NP SRS, (H
BIFAR S AL 7 AR T, Xl A B R AN ] 3 7
TEH

X5 I A B LR A 1, AR i
AN BT HLIE AR W] A, BV 284900 19 L3 f) T AR
IR 32 IS 7 48 r 4 1 BB TR s09% Bl A
AR R LA U RS B, R A — %
T ARAAK VA7 RS0 BUAE AL AR I2 B AR
— i RS —Y. i AT, PSR A R
BB N BTRIR , 5 B LR LR e Sl 8T B
IR0, dd g AR B B R Al 1k
W, Dg — B IXFER B i R 7] b HA I RE R 20, 7 A
MR8 Z o X T 2R O FLREFE S i K, LLEL
TR BB PR BE /N
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Table 5 Failure process of specimens under impact loading

AR A Zl— Rz if %] = A 2 g A2
0 ps 2387 ps 2413 ps 2493 ps 2787 ps
311
0 ps 3507 ps 3533 ps 3573 ps 3627 ps
TEEEEE
0 ps 2307 ps 2347 ps 2387 ps 2493 ps
HHB
| 0 ps 2083 ps 2097 ps 2139 ps 2208 ps
T EEEEE
0 ps 2907 ps 2933 ps 2960 ps 3053 ps
T EEE
0 ps 2333 ps 2360 ps 2440 ps 2573 ps
T EEEE

TE « o T R A AU AT R ) DA v i B2 2 01, B AR R rh R (R o B

TR

K 50 mm A4 A 0 R I 4 AR T A S5
RGN A R R A LI BCIR LD AT T b
AL, o3 1AL RS KRANFIHE R & 44 3
BIVEFEES BRI B LB A0 52 i FLAE, 15 4510
.

(1) A AR B T 8 %y 99. 32 MPa, #id:
Bife 24. 43 GPa, JAMA LR 0. 26, N JEE 411
40.43° K245 4 0. 59 MPa - m'"? | Ao W6 I By B
WL, S AR B R I B SRR

(2) SEREMCIR A A S FLIR AR A A 7R TE 5%
W il N A3 AR A S AN S 4 2 o i 2 3%

STt LR AW R B AR T UESE T AR AR HT AT
JEETERZN T 182 0 e AR AT S B RE RS 12 1L T 1
SRR AT

(3) FLIARSF R AR A7 Bh 2 Ty 2 et S 8
A W SAE ] B LR T B3R, 5 2l
AU SR L S A T TR U {7 R A 2 P 3 il
AR AL AR 3 A0 56 E M ELI A% - T
FEALI A > DI FLIRIAE > BB AL R, 5
PR I 52 BUAH B 4598 . A1 LS RAE 60 ~
80 s~ ZIH], ZH A URE () 2 25 BT 5 B I 5 0 A
A

(4) SER MU A1 B IR B 2R AR,
FALIRACIR A A7 8 R AR BRI . BRI ALIR A g
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