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Vibration response characteristics of slope induced by tunnel blasting

in jointed rock mass
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Abstract: The blasting construction of hydraulic tunnels has adverse effects on slope stability. Based on the GS
hydropower station project in Yunnan, the propagation of blasting-induced vibration in slopes is investigated in
nodular rock bodies. Blasting vibration monitoring tests were carried out to analyze the attenuation law of
blasting vibration in the nodular developed rock body. Combined with numerical simulation methods, the study
focused on the vibration response at different interfaces and the influence of the existing tunnels on the
propagation of vibration in the slope. The results show that the blasting stress wave attenuates quickly in the

jointed rock body, and there is an amplification effect at the free surface of the slope, and the vibration is larger
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at the interface between the pile and bedrock. When there is a tunnel structure above the blast source, the peak

velocity and maximum shear stress at the boundary between the pile and bedrock are smaller than those in the

no-tunnel condition, and the tunnel structure has a weakening effect on the vibration response inside the slope,

which is conducive to the stability of the slope. The results of the study can provide data support and theoretical

reference for the stability evaluation and safety control measures of rocky slopes with joint development under

blasting vibration.

Key words: Jointed rock mass; blasting vibration; vibration propagation; peak particle velocity (PPV);

vibration attenuation
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Test detonation network diagram

Fig.1

Table.1 Blasting test parameter
. JfL HE . N . R K E . MR
R o AE(mm)  ALE(em)  AECN)  HAE(mm) < AL (kg)
# B (cm) (kg)
TR AL MS1 42 200 6 32 120 1.0—1.2 6.9
MS3 42 200 9 32 60 0.5—0.6 5.1
4L ~
. MS5 42 200 9 32 60 0.5—0.6 5.1
H— i 5
Ji £l MS7 42 200 20 32 30 0.2—0.3 5.7
JEAL MS9 42 200 4 32 30 0.3 1.2
I 48 24
oL MS1 42 250 6 32 150 1.2—1.5 8.4
) MS3 42 250 9 32 90 0.6—0.9 7.5
i Bh AL B
- ] MS5 42 250 9 32 90 0.6—0.9 7.5
UG
J& L MS7 42 250 20 32 30 0.2—0.3 5.4
JiEFL MS9 42 250 4 32 30 0.3 1.2
N 48 30
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Fig.2 Monitoring point layout diagram
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Fig.3 Blasting vibration monitoring system
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Fig.4 Site layout of measuring points
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Fig.5 Typical measured blasting vibration waveform
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Table.2 Measurement point peak vibration velocity sta-
tistics
W o N AR
gi8 (m) PPV E) (m) PPV F
(em/s)  (Hz) (em/s)  (Hz)

P1 241.60 0.051 48.0 241.60 0.071 50.7
P2 236.51 0.027 35.2 236.51 0.022 49.3
P3 226.78 0.041 30.5 226.78 0.033 53.1
P4 223.86 0.030 56.8 223.86 0.035 38.7
P5 218.51 0.031 21.6 218.51 0.028 32.6
P6 209.53 0.040 52.3 209.53 0.037 44.5
P7 159.73 0.068 25.2 159.73 0.046 29.4
P8 156.24 0.071 31.5 156.24 0.114 57.1
P9 90.00 0.114 91.0 90.00 0.112 54.0
P10 70.00 0.102 37.0 70.00 0.207 47.0
P11 50.00 1.578 23.0 40.00 1.558 32.0
P12 30.00 2.317 52.0 30.00 1.987 35.0
P13 10.00 2.983 71.0 20.00 3.099 43.0
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Table.3 Blasting vibration prediction formula
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Fig.6 Two-dimensional numerical model of slope
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Table.4 Statistical table of physical and mechanical parameters of each region of the model
i 0 (kg/m) L4 BB E(MPa) AL PRS0 () i
v (KPa)
L L 2300 12100 0.30 36.5 176.0
RIEL LI T S 2300 12100 0.30 36.5 175.0
17 J2 4 1900 624 0.32 28.5 45.0
RIEL LA L HERR 2150 200 0.32 32.5 47.5
R IE L LA T HERR 2250 200 0.32 30.5 40.0

AL 5 T 4 AR, 7 £ 0O I B
50ms J& , 0.5 5 B0 T 5 HCHERIL o 0 77 1
eSS

— B

0. 0451 - Bl

0. 0407
0. 035
0. 0307
0. 025
0.020{ ['}]! :
0.0154 [ I} A b
0.0109 |/ ¥ ff UL
0.005{/" 1
0. 000+
0

PRBNHSE/ (em/s)

Vs
U
e ko

50 100 150 200 250
B[] /ms
8 P37 =& B R R b
Fig.8 Comparison of velocity waveform at P3 measuring

point

Bl Re e tige®

3.3.2 PPV %5 # M4k

(1) HERRA 5 525 4y

R BB R B 7E B HICZE F e 3 4% 1 o vl i B AR R,
T LB A 5 R S 5 T B 3 A R i I B 0 R L HE
TR P93 B e AR e 1w R o IBCAn [ 9 i s T A, 4%
D AR BE 0.8m, o7 T HERUAR 5 320 43 i | R o At
T 7 A0, G e Ao R o A0 B 10 11 B OR o R
T30 A 4 2 HEBUA S I A3 BT A B R TR A AR R
G E = EE 12 iR . mBEITF AR,
JNE 77 % A 53 5 Ak S 5 0n A A S T Ak R B i)
3SR A L T A HE B rh R B R B
AN T o (A g o 3 i B ) VA B 0 NG54
PUA BT (LA ) T BN FE A /N i BH A0 A BT (HE AR
) B A T B I O R BOKE R T 1Y, A2 B Ak
I B e 17 A T) B HE AR S A G R R 2
Xof i I 20 i 15t WO FH B 5

OIS
19,87%,8% % ¢
seslesets
‘:‘:‘“’:‘:‘:’:‘ Q 2' 07
[+ o
IS =
y_;‘ 2
85568 .51
S5 w15
& 1.0
ES
0. 51
0.0 %
0 10

A} 5] /ms

— A —— HEEAI
———————— B ypIn 291 e SR TR
e MR VIS | i HERUA P 5

% 2.0

@ 1. 57

2 1]

%

0. 51
30 40 0 10 20 30 40

A} 5] /ms

Pl O N0 A5 A P T 10 00 a5 4 3l s 5 oy 2 - 3 SR 2T 11 000 4 30 R T 2 - o 0] 468 28

Fig.9Measuring point layoutFig.10Measuring point vibration time history curve - tunnel modelFig.11Measuring point vibration time his-

tory curve - no tunnel model

(2) A iy A

(3) B A == Jf 55t i

P15 7R 1 kg S AR 20 3k J3E A g U T B T R
VAL B 08 = B . 6ms B BB M 0 ) U A% 2 4R
U5 B A Ak, RT R R BN D e ) 3K i T R T
I 7R BRI R e G 0 A S B A GE S B4, B
P AE AR B 52 6 LR B W

PSS 20 73 30 IR 3] Ak 0 s, 00 A A PR 16 B
N, PPV AL S s o B e B a5 R T,
W8 3T 235 A A A I SIS AR 5 T BRI A PPV R T
TCRE I T35, THEN 25 PPV /N T TE RS T30 . R %
1R JE Al 5 i 05 A T 2 N RN g e A B A A S T
VRV I EEN O S VRN ITRITES ST PSR A = pE 2T
IO 3 e 48 5 2 ORI i, R g 90 e R 0858 ik B



8 EBUR 224l (T2 D

Resultant Velocity
2.162e-02
1.892e-02
1.621e-02_
1.359€-02 _
1.081e-02
810703 _|
5.405e-03

2.702e-03 :I
0.000e+00 _|

Resultant Velocity
2.015¢-02
2551602
2.186e-02 |
1.8226-02 _
1.458e-02 _
1.093e-02 |
7.288e-03

qun:l
0.000e+00 _|

(a)t=14.5ms (b)1=16.5ms
B 12 BREAENRHERIGEEEEZE

Fig.12 Cloud image of blasting vibration and velocity propagation of tunnel model

HERURREING, /

e PR

(a) (b)

B13 MemEE
Fig.13 Measuring point layout
5% 1] 455 80 v i B 2 e el SRR 2RI £ L AN 1B 13 () T L 3 1O AN AL 45 00 5 PPV S 480 BE G R I ZR A0 1] 14 (a) T o BT T ST S SR T SR iR Bl 5 4R &
4 S AF TR AN L R A S 1 Pl 3R A S G, RS R T I A SR IR S A A PR AR 8 7 A A R 9 L A R A R A 7 A A W
WA PPV IR T RN AT o 75 i LA T 5 P AR IR 25 D2, AT 13(b) B, 25 B0 1000 6, 450 5 PPV S5 00 B G ZR I 2 AN 1) 14(b) o o i R4 5 mT
HEFRR 16T PPV R I3 I A0, [) B A7 72 ORS00

—— AR
0. 30] e SR

£0. 251 S
0. 20 \
L 0;157 ThRaL
f S
S —

N 0. 051 _—

20 40 60 80 100 16 48 50 52 54 56 58 60
P& /m FEOFE/ (cm)

(a) (b)

14 PPVHERLEZHLHXR
Fig.14 The relationship between PPV and detonation distance
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Fig.15 Cloud image of blasting vibration and velocity propagation
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Table.6 Measuring point peak vibration velocity and

main frequency statistics table
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Fig.19 Curve of relation between maximum combined ve-

locity and maximum shear stress
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