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Study on Dynamic Stability of Toppling Dangerous Rock
Mass under Blasting Vibration Considering Size Effect
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Abstract: The stability calculation is the key to prevent and control the geological disaster of dangerous rock col-
lapse, which is of great practical and prediction significance. However, the quasi-static method cannot depict the in-
fluence of factors as the shape and geometric size of the dangerous rock mass,the frequency and initial phase on the
actual blasting vibration load. Based on conventional pseudo-static analysis and the slice method ,a blasting dynamic
stability analysis method considering size effect is established. This calculation program is compiled by using MAT-
LAB. The results indicate that the calculated minimum stability coefficients of dangerous rock mass vary periodically
with the initial phase of the blasting seismic waves. For a given calculation with specific parameters,the coefficients
are proximate to those calculated by conventional quasi-static analysis. The relative difference of these two calcula-
tions is between 5. 1% and 8.2% ,which indicates the calculation method and program are reasonable and effective.
When the number of slices is 1,the calculated results of the program are equivalent to those calculated by traditional

quasi-static method. The method proposed in this study provides a reference for dynamic stability analysis and evalua-
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tion for dangerous rock mass.
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Fig. 1 Schematic diagram of toppling dangerous rock mass
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Fig. 2 Schematic diagram of mechanical model of

the first type of toppling dangerous rock
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Fig. 3 Schematic diagram of mechanical model of

the second type of toppling dangerous rock
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Fig. 4 Schematic diagram of blasting vibrations

acting on dangerous rock mass
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Table 1 Parameter values of dangerous rock mass
Hi's AR FESH
Qds1  A(0,20)B(15,0)C(20,0)D(25,15) h=10.a=3.b=8 h, =1 .0, =600
Qds2  A(0,20)B(10,0)C(20,0)D(25,15) h=10.a=3.b=8 h, =10 0, =600
- %/Ménz HREFs %/Méﬁ HREFs
- ] 1.832 - - 2.138
1.791 ‘ 2.052
s 1.750 oo, “ 1.966
% 1.709 s 7 | 1.881
g 1.668 By ‘ 1.795
= 1.627 1.8 1.709
3N 1.586 ﬁ 1.623
16 1.545 & 1.6 1.537
= 1.504 = 1.452
S 1.463 S 1.4 1.366
= 1.422 % 1.280
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Fig. 6 Stability calculation results of toppling dangerous rock
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Table 2 Example calculation results of

dangerous rock mass stability
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Table 3 Calculation results of quasi-static method
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R 2 .3 3 AIA, Xt 45 52 1 16 A TR 431
ESH—EHENT, 8 HAR ST MR F (wyt-
wdxxs ) TR I FE A R RS e 1k R B S AL Gl 1k
TSR AR, (AR AL Gl ikt 4
W M2 {EAE 5. 2% ~6.9% Z|A], 4754 R~k

AITFE SR TR T R 2 5 B 20

YGRS R T LUE W, (G0 I ik 4 B e
B AN 5 T TN S8 — B4 e (L 4T 28, X FEAS SCIH3 5
V5 THE AR TR AR ORI SE PR B2 i/, 722
SN TT T2 TR o T AR B ARl b
SRR, PRI, FE AR MR A — 2 B B0 T, iz
JEWRE 2 FR NI K, e MR P R 7 35 H B B AU AR E
PR RSN (2 — IR

4 g

U) fe e AR sl IR E b v, AN BE UM 6
{ENTO VAN 5 A S X 0 X T VT2 T
LR IR T R R ORGSR T 45
PE TR B R LIE SZ i AL BUE AP T, il id 4
AR R L2l 14 B R BU S R AT R B st
AT, P Hh T 25 I RS RO B9 8 o PR e 3l AR
oMk, MU MATLAB B2 il 1 AR . 35507
¥, ST A AT LRI .

2) ARICTT AR Y (RS E M R RO 4
YBOAS [ AR 1t 7 A 200 IO 2R ) B/ IMEL Fﬁu
FAAE— PR BRAGOL, BN A5 0 8 n = 1 B, 4 P47 1)
R 5 9B PO A0 AR S W 468 - de AN AR 1 L 1 g e
(AL TG PR EE L A IRF aH P X 7 ) 1 R
PHE SRS k04 o DRI, 2R ST 4 ) 1 7
il ] T4 B AL e Ul 1 05k o0 1 e R Hg iR
Sl e EE .

3) $ B 25 R ROST SB0U AY f  PR R 1 3h T AR



H40E 1Y IO R o7 S W 3 YN I QIR 03 L B WO g £ N 1% R B DA SVt 159

SE T T, A A R RO R | % 1 73 3T R A
i MR BRI, R A5 R AL L 1A RERS HL AL
LSl S A% DR 2R X I 5 i 28 S Pt 17 £ 4
SN (RN T A 25 AR R A A S A R A
LD, BT 5 AR R BTIOR 2 i T DR~ 9

23 37 ik ( References )

(1] B 2, fiscqh, 8 45 2R T2 WAL R K fE
AR W) J7 XU T A s B R[] 2020,
37(2) .141-148.

[1] ZHENG Zhen,ZHU Wen-hua, HUANG Jian, et al. Cloud
model of risk assessment for blasting cutting oversize dan-
gerous rock mass by a hierarchical weighting technology
[J]. Blasting,2020,37(2) :141-148. (in Chinese)

[2] HUANG Da, HUANG Run-qiu, PEI Xiang-jun, et al.
Study on stability and reinforcement measures of an unsta-
ble rock mass of Xiluodu Hydropower Station [ J].
Geotechnical Mechanics,2008,29(5) :1425-1429.

[3] ZHAO Rui-xin, FENG Zhong-ju, HUO Jian-wei,et al. Sta-
bility analysis of blasting excavation for high rock slope of
highway reconstruction and expansion [ J]. Advances in
Civil Engineering,2022,25(1) ;121-132.

[4] PENG Xiao-yong, WANG Zhang-yun, MA Kang, et al.
Study on influence of slope blasting excavation on stability
of adjacent dangerous rock mass[ J]. IOP Conference Se-
ries; Earth and Environmental Science, 2020, 455.
012084-012084

[5] WANG Yun-jin, MENG Yun-wei, CAI Hong-qi, et al.
Study on stability analysis and treatment measures of dan-
gerous rock [ J]. Proceedings of SPIE-The International
Society for Optical Engineering, 2021, 12050 120505F-
120505F-6.

(6] 3EELIC HETH BRAP- Bk R R 24 ) 2 15 i) e o0 RS 1k
WEELT]. HR K FIK R AR,2018,54(9) :48-51,65.

[6] GONG Yu-wen. Stability study of dangerous rock based on
limit equilibrium method and fracture mechanics method
[J]. Gansu Water Resources and Hydropower Technolo-
gy,2018,54(9) :48-51,65. (in Chinese)

(7] SCEAEAE WL KLl 3 3 1 AR e 1 23 BT K B
AT ST LT ], AR ALK RDK R 5 4l ( B AR B
filt) ,2020,41(6) :85-88,96.

[7] WEN Yu-zhong, LI Gang. Stability analysis and prevention
measures of dangerous rock mass on hydropower station
slope[ J]. Journal of North China University of Water Re-
sources and Electric Power ( Natural Science Edition) ,
2020,41(6) :85-88,96. (in Chinese)

(8] JH W, BEHRSE HHLITR. VY R b X A A B A
AR E AT RO [T]. MR =S A5 TR AR
2020,16(S2) :1022-1029.

(8]

[10]

[11]

[11]

[13]

[13]

[14]

[14]

[15]

[15]

ZHOU You,HUANG Jing-mei, XIE Hong-giang. Reliabil-
ity evaluation for slopes in highway of southwest China
[J]. Chinese Journal of Underground Space and Engi-
neering,2020,16(S2) :1022-1029. (in Chinese).
EEA IS ke, A B R G A R E
FRSIALI] IPEEEST,2020,46 (1) :74-76.
WANG Yu-ping, SHUAI Yu-ting, ZHANG Xue-lei et al.
Calculation of stability for unstable rock and application to
the Yibin city[ J]. Shanxi Architecture,2020,46 (1) ;74-
76. (in Chinese)
skOH, A fE, EARE, SFBEE I T e AR ER
ATEERE AT ()] MR TR S TR R 50, 2021,41(3)
210-219.
ZHANG Yi, LI Heng, WANG Lin-feng, et al. Stability
and reliability analysis of dangerous rocks under blasting
[J]. Earthquake Engineering and Engineering Dynamic,
2021,41(3) :210-219. (in Chinese)
FPAEZE 2N B IE A 45 A BRS8N JE X A
FREM SOCESHI R IR [T ] A s ER AR
T7%,2022,13(4) :91-97.
SHU Jia-jun, LI Xiao-shuang, DENG Zheng-ding, et al.
Research status of stability and key parameters of dan-
gerous rock in cold regions based on limit equilibrium
theory[ J]. Nonferrous Metals Science and Engineering,
2022,13(4) :91-97. (in Chinese)
ZHENG Yun,CHEN Cong-xin, MENG Fei, et al. Assess-
ing the stability of rock slopes with respect to flexural
toppling failure using a limit equilibrium model and ge-
netic algorithm[ J]. Computers and Geotechnics, 2020,
124.103,619.
2 Ak B, AR R E A R R B Bl
JIRSEVEDIFELT]. BRaRAA ,2019,48(6) :1-6,13.
LI Cheng, LI Hong-tao, YAO Qiang, et al. Dynamic sta-
bility analysis of blasting vibration of sliding dangerous
rock mass[ J]. Explosive Materials,2019,48(6):1-6,
13. (in Chinese)
FEohk, ZE UL, B o R RIR 3 3 R e
WAL AR R AR R L] ks (R A ),
2018,18(3) .237-238.
WANG Ru-lin, LI Hong-tao, QIU Xue-feng, et al. Dy-
namic stability analysis and safety control standard of
blasting vibration in Baiyan Mountain[ J]. China Water
Transport 2018,18(3) :237-238. (in Chinese)
W POAT. & 40 057 2 S LB S [ D . HE K.
PRAZIE 2B ,2004.
YE Si-qiao. Research on Damage-Fracture Mechanism of
Unstable Rock[ D ]. Chongqing: Chongqing Jiaotong Uni-
versity,2004. (iin Chinese)

(T#% 212 1)



212

2023 43 H

vibration velocity under the condition of hole-by-hole initi-
ation of digital electronic detonator in open pit mine [ J/
OL]. Earth Science: 1-14. [ 2022-07-12]. http: // kns.
cnki. net/kems/detail/42. 1874. P. 20220425. 1425. 008.
html. (in Chinese)

(TS 7t G L N O 2 S T R Y L
2R MARE TN [T ] B K ety 2021,41(9) -
132-144.

HE Li, YANG Ren-shu,ZHONG Dong-wang, et al. Calcu-
lation of equivalent single-ring charge and prediction of
vibrational velocity for millisecond delayed blasting[ J].
Explosion and Impact,2021,41(9):132-144. (in Chi-
nese )

PR TP AR, A BIORT A R A A A
BORTE b B 5% 38 s T b p 1 [T ). 8 i, 2020,
37(2) :53-59.

REN Deng-fu, JIAN Zhong-fei, MENG Xiang-dong, et al.
Application of digital detonator staggered shock absorption
blasting technology in subway tunnel construction[ ] ].
Blasting,2020,37(2) :53-59. (in Chinese)
XUSCHE, BRAE S, AR AR I, 2. KO 7 4 vog o 4 1 X
PRIR S e AT S () ] &R AT 10,2021 (9) :37-
43.

LIU Wen-sheng, CHEN Neng-ge,ZHU Mo-lin, et al. Ex-

perimental study on the effect of digital detonator high-

[10]

[10]

[11]

[11]

[12]

precision delay on blasting vibration [ J ]. Metal Mining,

2021(9) :37-43. (in Chinese)
KW A IR, . A AR AT R
MR TR B AL [T ]. Bl $0R 5 TR, 2021,
21(10) :4211-4218.
ZHU Ming, HU Xin-tao, FENG Zhi-wei, et al. Preferred
model for blast vibration decay under soil-rock composite
stratigraphic conditions[ J]. Science and Technology and
Engineering,2021,21(10) :4211-4218. (in Chinese)
IR0 S B S = N2 7 SR 1% | e Rl W
REAE M AT RRAE S0 [ J/OL . AP ik 1-8. [2022-11-
13]. http: // kns. cnki. net/kems/detail/51. 1714. TB.
20221006. 1737.002. html.
SI Xiao-kun, GUO Ming,ZHAO Yan. Blasting vibration
testing and energy distribution characteristics analysis of
underpass tunnels [ J/OL]. China Testing; 1-8. [ 2022-
11-137]. http; // kns. cnki. net/kems/detail/51. 1714.
TB. 20221006. 1737.002. html. (in Chinese)
XIFT, RRIR, RIGEAR, 45 B8 7 4 ) 22
A BR TE AR B AR ST 5T ()] J,2021,38 (4)
143-148.
LIU Xiang-yu, WU Hao-jun, WU Xiao-dong, et al. Re-
search on superimposed vibration of tunnel blasting con-
sidering delay error of electronic detonator[ J ]. Blasting,

2021,38(4) :143-148. (in Chinese)

(L% 159 W)

[16]

[16]

[17]

[17]

[18]

[18]

[19]

[19]

BEIF AR RS SEREPFA [ D . 8#R - AT
BT K2%,2008.

GUO Su-fen. Classification and risk assessment of dan-
gerous rock mass[ D ]. Chengdu: Chongging Jiaotong U-
niversity,2008. (in Chinese)

B /NN G A K SR e VR BB 5 17 3 5 it 1 T
WFE[ D). HR: HPASE R, 2011

HUANG Xiao-gang. Study on the development failure
mechanism of dangerous rock mass and the reliability of
prevention and control measures [ D ]. Chongqing:
Chongqing Jiaotong University ,2011. (in Chinese)
AR Fe . PRI v LR BT AR S A R R R KB
IRFEERTSEL D ] AR « SR ER TR %, 2011.

JIANG Yong-ling. Study on the development characteris-
tics and prevention measures of dangerous rock mass a-
long a high-speed railway in Chongqing[ D ]. Chengdu;
Chengdu University of Technology,2011. (in Chinese)
Z & A S ARRENE AT D] R
PRAZIE K2 ,2018.

QIN Xin. Study on three dimensional stability analysis

[20]

[21]

[21]

[22]

[23]

[23]

method of dangerous rock mass [ D ]. Chongqing:
Chongqing Jiaotong University ,2018. (in Chinese)
TP T 7 B . DBSO/T143-2018 My 5 % E BiiA T
R[S ]
ZEUb V. T e R I A AR B R UM A SE LD ] 5K
DL BB A,2007.
LI Hong-tao. Study on blasting seismic effect based on
energy principle[ D ]. Wuhan; Wuhan University, 2007.
(in Chinese)
WANG Han-bin,ZHANG Bin,MEI Gang,et al. A statis-
tics-based discrete element modeling method coupled
with the strength reduction method for the stability analy-
sis of jointed rock slopes [ J]. Engineering Geology,
2020,264 :105247-105247.
P BRI R B AR R R Sl R
SRR BT [ T ] A 2015 ,44(5) :51-55.
XIE Xing-bo, ZHONG Ming-shou, CHEN Yong, et al.
Research on the equivalent conversion of blasting vibra-
tion velocity and acceleration[ J ]. Explosive Materials,
2015,44(5) :51-55. (in Chinese)

eSSy



	2023封面1
	页 1
	页 2

	微调-爆破210-297-224P
	爆破2301目录
	爆破2301

	流程图
	页 1
	页 2



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     范围： 所有页
     适应页面： 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift： 无
     高级选项：旧版
      

        
     32
            
       D:20230317141024
       841.8898
       Blank
       595.2756
          

     Tall
     1
     0
     No
     801
     334
    
     None
     Right
     8.5039
     0.0000
            
                
         Both
         2
         AllDoc
         5
              

       CurrentAVDoc
          

     Uniform
     113.3858
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     9
     224
     223
     224
      

   1
  

 HistoryList_V1
 qi2base





