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Study on Amplification Mechanism of
Blasting Vibration on Rock Slope Surface

CHEN Ming' ,ZHAO Feng-ze' ,ZHANG Wei’ ,LU Wen-bo' ,CHENG Hao'
(1. State Key Laboratory of water resources engineering and management, Wuhan University,

Wuhan 430072, China ;2. International Water and Electric Corporation, Beijing 101100, China)

Abstract: The amplification of blasting vibration on rock slopes significantly impacts the accuracy of vibration
monitoring and slope safety evaluation. This study investigates the phenomenon through numerical simulation and ex-
plores the amplification mechanism based on structural dynamics and vibration mode analysis. The simulation results
show that the vibration amplification phenomenon primarily occurs in the vicinity of the bench crest. Influenced by
the geometric dimensions of the bench crest and the physical and mechanical parameters of the rock mass, higher
peak vibration velocities occur at the bench crest than at the bench toe,due to an increase in platform width,a de-
crease in bench height, a reduction in the slope ratio and a lower rock mass quality. Conversely, the distribution of the
first principal stress exhibits an opposite trend to that of the peak vibration velocity. To improve the accuracy of safety
assessments , it is recommended that monitoring points be placed at the bottom line of the bench. The vibration mode
analysis further confirms that the amplification effect is predominantly governed by the low-order vibration modes, de-

termined by geometric dimensions and mechanical parameters of the rock mass. The agreement between the mode a-
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nalysis and numerical simulation results highlights the critical role of low-order vibration modes in controlling the

slope’s vibration amplification.
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Fig. 2 Calculation results of resultant peak particle velocity

1.2.2 & W JUAT SBT3 K% v 5T

Ry 3t — 2 B T R R AR 2 TR v i 3 TR A
TEH AP T AR5 By JLATT RS B A, 20901 Bl
AZAL(1~4m) H8~14m) . a(1:0.3~1:2.0)L1 K%
BT AEG Re (11 ~ IV) 53 20 38 35 i 4 % 50 it
RAFIE , AN R Jo A 25 G Ay B T 2 2 MU an
2 froR o TSP AR R IR s 0 — B
TG b R LS 5 90 2 B0 R 53 531 2
BOZIM G 5 P VA (L e R A I T WA, 35 4%
AN 3 ~4 PR, TR, R4 % FQ 2 Ak A R 1
PR WAL , ] LU BITE A AR IR SRR

SB IOV 535 T SPGB R AR L A
(D) From B K % T 0035 2 R ARA X
(1) AT RAFHSRA5 2R R A 0 R 5L oy 5 o ZEXHE B
RFW O B 2 (IHRE5 RN T4 8 ) o

RPPV R
e (1)
RPPV,R™

A RPPV, (R, 5337 b5 R IS4l v A

L KO RPPY, (R, 73 5 3R 3 TR I A5 7 1
JE B 0 RoR FEI R K C R W E T I
BCHL,



2 2024 4£9 A
27 H=10m @a=2:1Rc=1I 28 - L=5m a=1:2 Re=1l
L=1m L=2m H=8m H=10m
e L=3m L=4m H=12m H=14m
" 24l ~24f
:E a,=3.01 «,=3.44 i
§ 21 a,=4.65 @,=5.71 E 20
_ N
& L 16t
18t ‘é a,=3.99 JA=8828
12t %=2.60 @=2.35
15+ * : : * : . * : : * :
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
H—AL R H—AL R
(a) BE & B SE BEAE 1 (b) B & Wi B AR Ak
(a) Variation with platform width (b) Variation with platform height
351 1223230002305 ;-5m H-10m Re=1 40, L=5m H=10m a=1:2
301 0,=2.60 2,=2.32 =1:0.3 —0— a=2:1 35| Re=1I Re=1I
| a=1:1 a=1:2 T Re=N 128500 21i54
" g 30T %,=3.60
£ 20} H ,
R S 25 -
i) :
5 S
10 20
5 : . * : 15+ ! ! * !
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
H—AL B IH—AL By
(c) BB & B3 Ho AR A L A (d) Bl A A AR B A5 A LA
(c) Variation with slope ratio (d) Variation with rock mass engineering
63 25 00 I 275 58 B A A L
Fig. 3 The variation law of the RPPV on measuring lines under various working conditions and platforms
4 4
H=10m a=2:1 Re=1I L=5m a=1:2 Re=1
—0—L=1m —0—L=2m —0—H=8m —0—H=10m
31 —A—L=3m —o—L=4m 3 —a-H=12m —v—H=14m
< <
o =
g 27 g 27
] )
1r 1r
0 0
H—fkEEE 5 —ALEE R
(a) BEG B B2 AR AL (b) B & Ko BE AR 1
(a) Variation with platform width (b) Variation with platform height
4r 4r
L=5m H=10m Re=lI L=5m H=10m o=1:2
N —— a=3:1 —O0—a=2:1 N Re=1I Re=TI
—A—g=1:1 —p—a=1:2 A—Re=IV
< <
ey [=n)
g 27 Z 27
] ]
1r 1r
0 : : : : : 0
0 0.2 0.4 0.6 0.8 1.0
H—AbiEEg H—ALEE R
(c) BE B Bir i Lo AR b ML (d) BEE 1 TR B SR
(c) Variation with slope ratio (d) Variation with rock mass engineering
4 FILBF G LN SR
Fig. 4 The stress variation law with measuring lines under various working conditions and platforms




a1 H3H Weo B, BRGEES, TR B A BBRIR SRS A A A RO HL R 5

*2 AEIBRREBEFEHHEESR
Table 2 Value table of rock mass materials for

different engineering quality

RC p/(kg-m™®)  E/GPa v o/MPa
I 2700 30 0.225 60
I} 2500 10 0.275 40
\% 2300 5 0.325 20

HRYEE 3 AL, AN R 5 B JLAT R b A T
HTAEAE T, 5 B B TR S A X &5 B R 41
YA AER B2 W IR SR, HLBEH & B 58 %
AR 5 i B LA B 3 L 8 D/ N R R T o
SRR AR 15 T SBETITA T AR A 5 a5 B IR Sl i
RGN, e AT UL, 7E 8 W3 5 B JL A R
PRI, £ B3 T2 o B A A7 R A 2 A 3R
BRI, HAR SRR 558 ¥ 52 6 By 5 L
P ROT 52 o X LEIE 3 K&l 4 T HURR A sl B 14
AL H — TN H AR A LA B, L B 65 B 3
TR A BRSO T 5 B R 4l e, (S —
ER I/ N T 5 B SR LI A X ERE R B
35 T2 00 s 2P AV R AR Sl 0T i1 39 2 A e 1Y
SRR ANER Y

AR AR IR DTS T 3 iR 3
3N e I N U SN DN DO 3510 SN A )
WFR (B TCE R R IR SOOI R AT, DR AT
W BRI 73 M 7 it — 2 e MR SR AR Y
FEAAIL

2 AR E R BN K AL
SCHRL 12 )45 508 A6 P £ B 1 0 e s

SEPRA R N A SR NS5 Bl ) 207k E A
OISR AR Bl g v A e AL A (AR
T Y GRS T 33 T b R Sh R A, IRk
T 2R G B R e — 2D A o, SR R e AR
TG A SO0 3 3 T AR B4R 2 g R AL A RN AR
YL Rzl Fy o B, 45 R IR L -5 45 A 4R 2 g oz A
FEUIAH DG , DRI A Y 38 ok 25 A 4R 78 43 BT 0 9 30 B B
THT AR SR A o
2.1 SyHTHEER

BB Al LU 2 th 2 )2 6 B e 4wl , %%
BB HAT IR AR, P ke AT DU i A5 A B By
(142 T IR S 5 0 M SR T A AR SR TR, B
K5 rhe @B (4 £ B = ) R B TE R R T
HHTREAETERR Y SL R L L
Jr X 6 Bt A3 oy, RS EE S T, s
PR B4 S50 25 A R P A e, 228 W I 5 F) A 30 395 14 3%
FHAERT, 2B s 5 RBELIE , I-K 300 3 3 AR Ay 11 5 0
SR TR TR LI 1, S 15 AT L AR
KIS b s =R G0 SR AR H
PR LI o B BRI =ML Pif
GrN B By o HESL EAA AR AR IR X BhFAT T
FUCAFRIE R P BT m, TR ST
ZI6) X Jr RN ko P T AT, SEBR TR Mg
RBCAIR S0 M 00 P 00 55 A B 35 T, DR AR SCHE
KIEAPAEWHEAT A1 ~5 DLSGAYORE Y 5 1.6,
10,15, PRt ASSOR SRR X873 15 2 % 311
PR EATIIFTE Kf 18

NN

IR P gy e /R o St

Fig. 5 Simplified model of bench protrusion



w 2024 4E9 H

ZWENT 1 X CY) J7 ) AR SR Y (X)) 7 1)
SRR, WARYE S5 3h )7 58, X 8% Y J7 1)
AT R b 5 RS AR PR Sl ma A ALY, PR
ASCAXFIE X J7 9] 4 B 520 o SR HIMIEE ik Al 4
BEHY A7 1 32 B IR AP o7 2 ) 1) 2 8% il 2 =0 (2)
ZNIVP S

[M]{xt + [K]{xl = {F} (2)

s [ K] SRR i I B SRR 5 [ M ] S 15 A Joi o
FEPE 5 {7 RS ) o, o b SR s 3 ) i
[F} g5 i 32 B i 2 )

2.2 SHIE
2.2.1 mEHESE
WEREE N p, TiRA
m; = pA;t (3)

e WAEREEE; A, 5 5 TR R Y
AR ¢ R

ZRUTE AT T L, 5t 6 BT 5341,
MR 1 g% 55 Xe] LIS 3

pL;
1O(cot,B1 + cot B,) (4)

4> X =cot B,/ (cot B, +cot B,) , A
1 +0.5(2i -3)A ,i =2 ~5

m, =

m;/my = {1 - A ,i =6,10,13,15 (5)
2(1 = X) ,other
WX (7) K (8) A (2) REAT 3575 3 ot it A
ME[M],

2.2.2 RIE4EH

AL 45 19 ARSI 118 0 395 B AR Ay A D) A 78 v
A A2 BN A far I AR A S b AR e T, R
T i J A SO B ok 2 R A
He B RS I T B2 B AN RN A

Fy = k8 (6)

AP F o R i, s AL 2 BN R T 5k R
i J T B SRR RE 58 5 A i P AR RS o

HRYEZ(6) , Sy T IH T AR AU v 4y a] 1) S5 2 NI
B R B B0 7 A — e A B i a7 21 1 AT
1, Rk, e 45 R AR (R B — B EE R dh 1) i
AR GRIUR dh R8N inEl 6 JitR , g7 A b
F X AT TR L AR e A ) B 1 S, A
6 R N E N R N TR F T T7, %
AR 5 AT = ARG, A ~ N A
ROV R Z MBI R A T R Ty . Bk, 2% A R
PHATAS Y R AR & N R T, 22 LI i J) Al R
AT PR

1 2 3 iN-2 N-1 N

Bl 6 i A Bk ) A Bkl o i ]

Fig. 6 Division of strip units between the blocks

N.—1
L/ Et dl2 ..
"2114(1+/'L> An5 7(l’]) e @

i

Nji-1
g EU-pe  _di o
;‘ 4(1 +p) (1 =2u) A, 6,(i,j) e ¥

(7)
P B R N, g BRAK 0 j 2 AR %
MR ATTRI B H s IIARA L 5 dl D9 18] 6 Hh LT X
TR SE s dh g 1E 6 FRERIC y 7 R A, TR
JI TR A BR A TTIRIAR 50 L
FIBUE AT T L, J7 1% G B gt A7 ¥ 2130 4y,
FLX HE A E A7 A BR ST 3] 73 I 5 £ B 5T < 3 AR 45
(&S P, [FIRHBURE ¢ SRR BE dh Je .
JLTESE dl —2, W by nT KR
El,

ij .
4(1 +/,L) 5(7‘7.]) € @
4(1 +/.L)<l _2/.L) 5(L,.]) € 1-[/
0 (i) g U W

(8)

K (8) AT (3) RIVRT 453 75 3] 191 J88 4 4
(K],

HIE(S) B (8) ] IS R fy I J32 6L G R Joid o8
W 2 B2 i Woa R R B 2 IR A M 6 o
S NREPZ N AR
2.2.3  FKAH AT

AR 9 A LR AR SCHUE AT
LR ARSI RN, — U AR 3 6 B3
TRECHET , EARRIR S i — oA 8 TF & L, N
N T FRAEAAIRB TIOR8 L, 52 LB Br Rty
SIRBIE L (7580 5) 5 H B A & (5 1) 7
JE& B FUAELA R R A 4 b, =X (9) Frai

f;j = (9)

b i O RIFRRT R T, BLS, UL,

12,2 75 53 A 2 T, 120 398 39k vl 4 20 e ) 9% 1 5
e EEZ BN G HLATARSE S, R AT 1. 2.2 75
TR O, HHI & B 5 YA = B ik B b PR 4
bR & BVRAL I TSR AN T TR o



a1 H3H Weo B, BRGEES, TR B A BBRIR SRS A A A RO HL R 7

041 o R
-o- "HriRE
0.3} - =HriRE
W3 0.1t
0.1F
O 1 1 1 1 L L 1
20 25 30 35 40 45 50
L,/m
(a) &, Bl & T8 B AR LR
(a) Variation of &g, with platform width
05
-0 — iR
0.4} -o- _FriRA
A =FriRA
osl g3
“ o O— —O0— —0
w0

0.5 1.0 1.5 2.0 2.5 3.0
a

(c) &, BES By LA fLALAR

(c) Variation of &, with slope ratio

0-5¢ o —HiRA

-o- " iRE
A =HRE

0.4}

_03f
5
0.1f
0.1f
ol . . .
8 10 12 14
H,/m
(b) &, BEA B AR LA AR
(b) Variation of &, with platform height
0.7
0.6
0.5 a— -0 — R
_04¢ -o- iR
v 0.3}k & =R
= u! o
0.1f
0.1 o_____—/—o
0 1 1 1
I I v

Rc
(d) &, BEE R TRERE SR

(d) Variation of &, with rock mass engineering

B 7 TR T OLAT = BRI 65 B TRk 55 s O A

Fig. 7 The amplification effect of the first three order vibration modes for the node at the

bench crest on different working conditions and platforms

RYGE 7 RS, T AU RS S, /i
PR IREL T Bl 5 B T8 B 5 B e B s N DL B
U IR/ NS &5 B BIE TR, T 55 = B 4l 76 I = A
AR X F AR TR R AR T L A — B R
B A TR IO o S R DN S B &5, 3% T
150, T P B e 26 ) 7= A4 A s A AR X6 LSS 2
(oAl ST L& B0, AR B 4 280 v 5 9 3 Th0 4k 1 et
FEXT 5 B R s AR B R IS S AR AR T 2
PRAGHL A —K, fh I nT 8, 2E TR O A9 3 LT R
B TR AR T 3 1Bl DA, 30 38 38 T ) 4R B0 i R B
S EZLR R MY U AR K 3 2 S 5 e 1
B PR AL il

3 #ig

R BB RN TT vk T 254 80 1~ Be 7 1
WFFE T I A PR S ORI G, 7R T 1354k 3l
TR = ERLA, A 20 R 4518

(1) BER A A TR S5 R SR W, &5 B BT Y
SRR 5 1 R R R , B 3T
3 90 BE A3 15 B e E Bl I L 5 B e FE s/ A
FA R TR AR G AR, 5 B3l DA RS T34

PR AT RS HOR LG B i %

(2) BB & LIRS0 B B A 55— 0
SR HLERAR L, B B3 TR T AR X 65 B e 4
SATAE R E IR BRI G, (H AR — 0 73 /)
T E B RAAL , PRI e R AR 2 M o A ERE
I A BT AR B I R

(3) BB 5 W 9 IR 28 o3 A 45 SR 3R B £ DL
(87K R K35 4 5 HR T LART IS B A o A o
P, R R R R B b 5 B T 1Y i AR T 65
BT AR SR IR A AL A S B AR AU
TR AR — 2, X R I 3 M IR SR B G 2
12 I LA RSE BCa AR B 2 2 0 R R By
PRI

22 3Lk ( References)

[1] WU X,GONG M,WU H, et al. Parameter calculation of
the initiating circuit with mixed use of nonel detonators
and electronic detonators in tunnel controlled-blasting
[J]. Tunnelling and Underground Space Technology,
2021, 113 (3):103975. DOI: 10. 1016/j. tust. 2021.
103975.



2024 4E9 H

TAIWO B O, YEWUHALASHET F,OGUNYEMI O B, et
al. Quarry slope stability assessment methods with blast
induced effect monitoring in Akoko Edo, Nigeria [ J ].
Geotechnical and Geological Engineering,2023,41(4) .
2553-2571.

ZRFIE, 2 AETT . M J5T M 55 R 65 X R B AR B0 3B 45 i)
STLCT /i R TR 2 By i TR 2 2 2 R AE
2. E AR TR 2, 1998 :500-504.

LI H B,LI T J. Analysis of the effect of geological features
on blast vibration waves[ C] // Annual Conference of the
Protection Engineering Society of the Chinese Civil Engi-
neering Society. Chinese Society of Civil Engineering,
1998 :500-504. (in Chinese)

B, AR, MG, A TR AN e Bl i
fk SRt TE L] A0 e 5 TR,
2007(9) :1817-1823.

TANG H,LI H B,JIANG P C,et al. Experimental study
on effect of topography on propagation of blasting waves
[J]. Chinese Journal of Rock Mechanics and Engineer-
ing,2007(9) :1817-1823. (in Chinese)

£ B, S, AR A A R A OB R 3 R
FRICORB N 73 B [J]. F#85,2014,31(2) :8. DOI: 10.
3963/j. issn. 1001-487X.2014. 02. 001.

FU B,HU Y G,LU W B, et al. Local amplification effect
of blasting vibration in high rock slope [ J]. Blasting,
2014,31 (2):8. DOI. 10. 3963/j. issn. 1001-487X.
2014.02.001. (in Chinese)

XDEBL, F A, LD IR IR 3 v R O RN AT 5T
[J]. & 8 5 F %, 2015, 35 (12) : 4. DOL; CNKI;
SUN:KYYK.0.2015-12-019.

LIU G H,ZHOU J M, YU H B. Study on amplification
effects of blasting vibrationunder positive elevation|[ J ].
Mining Research and Development, 2015, 35 (12) . 4.
DOI:CNKI;SUN:KYYK. 0.2015-12-019. (in Chinese)
LI X,LV J,LUO Y, et al. Mechanism study on elevation
effect of blast wave propagation in high side wall of deep
underground powerhouse[ J ]. Shock and Vibration,2018,
2018(PT.11) :1-15. DOI.10. 1155/2018/4951948.
K, KA, Fa . 5 B P BRSO S 5=
AN FE L) ). B HE 5 vhidi ,2017,37(6) :6. DOI: 10.
11883/1001-1455(2017)06-1017-06.

WU X,ZHANG Y P,GUO Q F. Aplification and attenua-
tion effect of blasting vibration on step topography [ ] ].
Explosion and Shock Waves,2017,37 (6) :6. DOI. 10.
11883/1001-1455(2017)06-1017-06. (in Chinese)
WSO, RS, Bl e, 45 0 R B AR 2l i R 0N
o3rl)]. A TR, 2010,32(4) :619-623.

TAN W H,QU S J,MAO S L, et al. Altitude effect of
blasting vibration in slopes [ J ]. Chinese Journal of
Geotechnical Engineering, 2010, 32 (4):619-623. (in

[11]

[11]

[12]

[12]

[14]

[14]

[15]

[16]

[16]

[17]

[17]

Chinese)
A W WL, P S, AR A R ER B )
PR B[] F# 85,2014 ,31(2) :1-7,46.
FU B,HU Y G,LU W B, et al. Local amplification effect
of blasting vibration in high rock slope [ J]. Blasting,
2014,31(2) :1-7,46. (in Chinese)
TIMEMG BRI 7 SO, 45 13 B b e 5 4R 114 g
FERONIATFEL T ] H#EE,2015,32(2) :29-32,63.
WAN P P,QU S J,XU W Y, et. al. Study of elevation
effect of bench blasting particle vibration velocity [ J].
Blasting,2015,32(2) :29-32,63. (iin Chinese)
Wk B S3C0E, 2 IS, A, A T A SRR IR Bl
R R RO WEE [ ] A 12 5 TR A 4l
2011,30(11) :2189-2195.
CHEN M,LU W B, LI P,et al. Elevation amplification
effect of blasting vibration velocity in rock slope[J].
Chinese Journal of Rock Mechanics and Engineering,
2011,30(11) :2189-2195. (in Chinese)
ZHANG S, GAO W, YE M, et al. Dynamic response
characteristics of a rock slope under blasting excavation
[J]. Bulletin of Engineering Geology and the Environ-
ment,2021,80.8453-8464.
0 G5 FEICAL R, AR T R OR O
AU R A i [ . T Ko e HAR Bl 27 B,
2008,36 (2): 4. DOI. 10. 3876/j. issn. 1000-1980.
2008. 02. 020.
SHI C,ZHOU J W,REN Q,et al. Ray theory solution of
the elevation amplification effect on a single- face-free
slopes[ J ]. Journal of Hohai Universty ( Natural Sci-
ences) ,2008,36 (2) :4. DOI. 10. 3876/j. issn. 1000-
1980.2008. 02. 020. (in Chinese)
HHERE K T s 2, A I A X S T
PR Ry AR R O g S [T ] MR TR A AR,
2014(4). DOI: 10. 3969/]. issn. 1000-0844. 2014. 04.
0874.
HAN Y K,YANG C W,ZHANG ] ], et al. The influence
of slope angle on the elevation amplification effect of
rock slope acceleration[ J]. China Earthquake Engineer-
ing Journal, 2014 (4 ). DOI; 10. 3969/j. issn. 1000-
0844.2014.04.0874. (in Chinese)
PMIS B TR 2570 M B9 5 1 8 0 3B AR i A 2l 572 i)
WRATFEL D). B 57,2021
SUN P C. Impact evaluation of blasting vibration on high
rock slope based on modal analysis[ D]. Wuhan; Wuhan
University ,2021. (in Chinese)
HRAATY. A PR IT R EE S N [ M. Jb st K
AR H fiE, 1998.
ZHU B F. Principle and application of finite element
method [ M ]. Beijing: China Water & Power Press,
1998. (in Chinese)





