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Study on Influence of Blasting Construction
on Underground Cavern Group
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Abstract: The influence of blasting construction of new tunnel on the side wall a large-section underground cav-
ern on the stability of adjacent underground caverns is the purpose of this research. Based on the water diversion pro-
ject from Ningbo to Hangzhou bay, blasting vibration data monitored in a section of Tingxia tunnel from the blasting
excavation of the Xixia tunnel are used to obtain vibration velocity distribution law. Finite element model established
by LS-DYNA is used to simulate burn cut blasting process and obtain the distributions of vibration velocities and
stresses in adjacent caverns under blasting effect. The stability of underground caverns are then assessed by consider-
ing the effect of dynamic loads. The calculation results show that the blasting vibrations predicted by numerical simu-
lation agree well with the data of field tests. The vibration velocity and tensile stress reach the maximum values at the
near-field area on the side wall closer to the blast source,which leads to a higher possibility of tensile failure. The
distribution law of vibration velocity is similar to that of maximum principal stress. Combining with the criterion of
rock tensile strength,the data of maximum principal stress and vibration velocity were fitted,and the safety criterion
of peak vibration velocity was proposed. When the vibration velocity exceeds the critical value of 45. 82¢m/s, meas-
ures should be taken in time and protection should be strengthened. This research work can provide reference for sim-
ilar tunnel blasting construction and vibration control.
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Fig. 1 Layout of underground caverns(unit;m)
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Table 1 Peak velocity of monitoring points
mes BEOEE/m 25 /kg X/(cm-sfl) Y/(cm-sfl) Z/(cm-sfl) LPRE/ (em - s7h)

1 24.67 1.4503 4.9674 2.0374 5.1948

2 26.49 9.6 0.3157 0.4697 0.9325 0.9431

3 26.66 0.5875 0.4523 0.8253 0.8329

WA 7 PRSI B foe R AE A R BE , F B2 i
9.6 kgo TEIE Bl A R E A IR A P A TH]
(LT RO BE Y [ IR S L ok, Z 13K Z L X 6]

S5/ 0 T AR BE R Sl o BE I Z 18] d5e KL, X IR
Yl dRe/ o DR SR AR IR Sl 2 ) 14 e 32 B A
Tt pRa B o



F30E FH3W

SRFREE, R 5k B, AF MR Tk I S R AR R A5 59

3 HEEMSSH

3.1 itEER

A5 b T TR S B 2 48 3 1 & 1 3l e
RFAE , KRR b T 1) 2 15 45 R T 1) 25 (R B OG 3R
ST RS R K R SRR B 5 TR K R I
BB AR Q) S IR 1 = 2 BB R 7R | 78 [X 5k DL ] 1
ZIAE, CRFE TN EAEE T REIE A 1+ 126 Wi, 1%
T TAT B 25 3 R R KR 29 9. 0 my, S F 42 B
(— MR R) 3 m, (% IR KPR B2y &N
9.6 kg BrilXEZ k.

B AR AN 5 Brs, R = 4 Ry
73.6 m x79 m x69 m,X J[a] 5 1T R = K F
DI, Y Iy T 1], Z 7 1 AT T
G

100

&S BRI (HA cm)
Fig. 5 Numerical calculation model (unit;m)
Ry Y G SN, P A M TS 1R 2 A0 ] e A
AR, A AR AR . R R = Rt

HEPRZ N 110 ~ 125 m, N R b3 A 1R 5 18
TREE R 120 m, F(EBIARLR A cm-g-ps BLA7 ]
3.2 MESE

Rl FHE 24 2R ] Solid-164 TG, [ #52Rk H La-
grange B35 JE 251 ] ALE 55.3% , 3 4k 2 4y Joc i [
Fi4 775 ( * CONSTRAINED_LAGRANGE_IN_SOL-
ID) SR Ab 3 Bl A A KE 25 22 (8] i AH AR F, X Fh oA
AT LA o R AR T 5| kS 9 1 2 B 50 ™ 8 W AR 1Y [
U, A I A g A5 TR SR WL B s e Ak 45 7
« MAT_PLASTIC_KINEMATIC 3k 5 X, A& 445 &
K (D) R

o, = [1 + (8)’])](00 +B E_l“"E g?“) (1)

Ko, NIEARNLTT, Pase 9 B1RH N0 22
ICEA B NEASE HIEE Y 0<sp<1;e)" h
RAAE, o 45 E gty (R RYL, Pas E,, DI R ASE
H,Pa;C P i Cowper and Symonds #5728 H

HRRP I SEOR R AR B S o
WAEZE G 22 H I S B P R ol o |, o 1A 22
BE2HANER 2 PR,

YELGH A BB AL E ] LS-DYNA i) s MAT _
HIGH_EXPLOSIVE_BURN (%€ X, BZE K1 P H
IWLRZS 5 BERAlA , n=(2) Prs

P = A(l —ﬁ/)e_klv +B(l —%/)e_lw +% (2)

XA B OSSR BRI RS G R, Ry 0
YELGRPRHIIAR R BB V I MR AR XA £ btk
MAE.

2 FACKEZS ) FEM R B RN 3 R o

R2 AESYH

Table 2 Rock parameters

kg W/ (kg - m™’) FAPERLEL/GPa JARALL  BUESREE/MPa  BURIHREE/MPa KU AR
KRR DA 2700 53.56 0.28 129.41 2.7 1.25
x3 KHBH
Table 3 Explosive parameters
R/ (kg - m™’) M/ (m-s™') CJES/GPa A/GPa B/GPa R, R, w/GPa E,/GPa
1200 3500 9.7 214 0.182 4.15 0.9 1.5 4.192
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Table 4 Vibration velocity and maximum principal stress
M PR/ (em 5™ HIRS)/MPa | PR $RE/ (em - s™') FERN/MPa || WS R/ (em - s7") BN )/ MPa
1 13.5090 1.0816 9 15.7570 0. 8568 17 8. 1017 0.5121
2 11.6360 0. 6550 10 10.7780 0. 6037 18 9.7943 0.6239
3 8.8823 0.5458 11 8.1989 0.5205 19 7.7745 0.5107
4 20.4780 1.2744 12 11.5530 0.6178 20 6.8913 0.4429
5 15.3240 0.8825 13 13. 4400 0.6995 21 6.9591 0.4314
6 8.3145 0.5578 14 11.8700 0. 6606 22 7.1980 0.4124
7 16. 1270 1.0224 15 8.5572 0.5865 23 6. 1887 0.3895
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Fig. 9 Distribution of peak vibration velocity and peak maximum principal stress
of surrounding rock of underground chamber
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