% 38 B 1M ® z I B ¥ Vol. 38 No. 1
202541 H Journal of Vibration Engineering Jan. 2025

18 7K JE R P AN [B) 4 0] 5% 25 25 # Y M R IR 3D
M Joz A 122 #F 33

(L. RERSE = TRARAR ,IZT M 110136; 2. 8 RHE KBS TR ZA, &1 &4t 10607)

FEEE R T R T K % v AN [] 2 245 445 o ity 3 40 0 D R 5 L RGO 1 e T BRI IV 2R LA RO T R T
KBS, X TR ML 2 AL 1K ] B2 2 ALK ] B ke 24 B A s K 18] R 2 24 2% 1 R IR TS R b R AR s I (B (PPV) K &=
WL (DF ), I 45 By B EATE — 20 2007 T A [ 3 25 450 N My R PR sl r LA o IR SR 45 SR I < A LL T ML 20 45 4, /K J i
e Ak Ry R A 20 1Y BB B RIS AR A R b R IR 3 PPV B /IN T DF AR X 488 e 5 1 g T8 25 - TR0 RS BT T 5 38 FEL DY %%“*f’i w7
B B IR B A 2 Ao SOV B IR B (L, TR T 3t 3 A W 41 0 2 A ) 5 SR T K T HR IS A L P9 A Bk A% — S, B K B AL by i
S RERY L BRI 8/, S PPV AR s (E I M L P9 A 35 K 48 — 3 S O [ SR A7 2 19 PPV LA X 45 185 o I 3 9 kAR e 40l
0 P 9 S 7 1) B 5 245 LA BRAE 9 3l BE Sk 9 45 20 73, WA AL W0 b R A1 20, DT 0/ AR T 42 %) b 32 A W B 4 30

R BRE TR MR s KRR A
FESES: U4Sl 2;U455.6  XEKAREE: A XEHS: 1004-4523(2025)01-0172-08
DOI:10.16385/j.cnki.issn.1004-4523.2025.01.019

Ground surface vibration response law of different axial charge structures

in tunnel hydraulic blasting
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2.Department of Civil and Construction Engineering, National Taiwan University of Science and Technology, Taipei 10607,China)

Abstract: To investigate the influences of charge structures on the blast-induced ground vibration characteristics in hydraulic blast-
ing, several onsite experiments were conducted in the context of Xinbin tunnel at the Shenyang to Jilin Expressway. Based on the
onsite experiments, the peak particle velocity (PPV) and dominant frequency (DF) were analyzed under different kinds of charge
structures, which includes the normal charge structure, the water bags located in the top of blasthole, the water bags located in the
blasthole collar and the water bags located in the both ends of blasthole. In addition, the distribution laws of ground vibration under
different charge structures were further studied using numerical simulation. The research results indicated that, compared with the
normal charge structures, less explosive energy is converted into vibration energy in hydraulic blasting, resulting in smaller PPV
and higher DFs. Within 5 m of the cross section along the tunnel excavation face, the PPVs of blasting vibration under the normal
charge structure exceed the vibration safety criteria, which is adverse for the safety control of ground structures. The converted vi-
bration energy is relatively smaller along the direction of water bags in blasthole, but on the opposite direction of the blastholes
more explosive energy is converted into vibration energy. In tunnel blasting excavation, the charge structure of the water bags locat-
ed in the both ends of blasthole was recommended to promote the uniform distribution of vibration energy and minimize the distur-

bance to the surrounding structures.

Keywords: tunnel engineering ; ground surface vibration; hydraulic blasting ; charge structures

BB, Bl fLAR B DL 22 50 s AU R S B R ORE S A B N R R R B R AR BT T R
M T —Fh o WA T2 T B, BB s K ande T 9P AR K R 3 W A A A L A

Wofs B #: 2022-10-17; 81T B #3: 2023-02-13
ESTIB: T4 2L AT "5 R A A BT H (XLYC2007146) 5 ik -+ Ju R 4 147 IR 2N 5 BHEE F 58 0T %% 314
B H (2021-B03)



Bl

AR ST 00 - B T IS AR H AN [ Al 1 2 245 25 44 1 3 3 IR 3l i 7 R AF 5 173

BB K 42 0 T 2 LAl 2D R B 7 A ) A A e g
IR o BRI 7K 8 1 v A L 2k 245 45 4 1 S )
Poh ox FEURMERE B BL Y 22 5, U T R o FL AR
PR BN Re 1 o

VLA R, Ko 27 3 X 7K R 3 1 F J T A DG A
%, U0 AR TOR I BRAE o0 A R ER(E B UL 1Y Jr =X
7R T 2 AR R b oK R R i R T % W A5 FE AL, OF
PRIY T )2 P ASE B S A o M 0T 7K e 18 17 7 1
ERE R/ A . BRI Rt E Bk 15
22, R E T KO 8 B N R W E R AE TBM R 1
PFE R R RO S R Rk AR . AR ER 1L S i
V3BT ) BT 7K 8 A ok A v 17 9 A S AR A R
BLH K A 240 4k O 85 T bl D e K
1A 1 R o 20K AR SO R R B 25 2 A8 i R
Gt o3BT 1AL R i B e K R AR IR LG T K A
PFIASFE A A 0] R B 1 A A 52 e

A T v LR 2 5 A A [ A 2 S U A
Al B0 T 14 22 5, 1T 5 AR A AR X I T X
Ot TR A5 J] 300 L% 2 25 Al AT L AL, O T R T A G
AR AR S R 37 56 B 0E T AN [R] 25 4 [R5 T 9 1 Al
B . HOU %815 AR AR 0070 B0 37556 1) O =X,
TRIE T A ) 26 25 25 40 T 3 VE BB A 09 40 C IR 100, O 4
T AR R M LA AR i . R A AR T R T MG
G BRI, A AT TR R M 2 B A A R Y
i R U AL RE AL . V0 A LA Heelan B ff S 3
filt , BIF ST 1 7K 3f 2 24 S5 0 T G 37 6 Ak B B B 1Y
fl BT IR 5T T R AR A B B K SR 25 Be K EE Y
L 1) XoF 8 1 41 20 1) 52 ), OF R AT T LA

Zi b B G T K 48 e S L 2 45 1 F
5% E AT KA AL, H 7K R A8 v oK 48067 B 1 A [R] R
23 5 Wl 5 O BE 1 0 0, 2 TS O A iR Bh e 1 1 22
St M0 5 7K R 4 B v A [] 25 245 235 46y 0F 1, 5% % 5 o
N FLEE A F DA 8 o A SCIRFR L 11 v 38 2 ik
8 IV 9 [ R T 42, T e T AH S350, X L T
AN ) 2 25 45 7 T 7K s B 35 i b 6 R B e P 1Y 22
5o I BA BROTBUE BRI HE — 25 73 BT 1 K e R
r 2 28 45 R X6 Ml 3R iR 30 9 5 4 R A AE OGBS
BT T i — 2 HE Bl K AR A 7E 2 42 45 10 T B B T
Eh ey B A R X

1 MFBEHIKE

1.1 I E#HR
oS S TE R VA 7 W I T o= = S by W = B =18 el ]

BT AR, BBRiE4K 10175 m, i KR K 25 m.
W T8 o8 T )2 LA DABR A R D A o 3, T B

B T, Tl 0 R 2 A 0 A A 1A R e
45, A S GUA IV G A o F o BEE B 7 O e R
HEFURAP X A AE Kt L8 B Kl BO D3 , H oy b 12
B VR T B AT LSRR SN ) R A A )
gl , B 1k R A7 I 5l T EUR H P 1 R AR OR 75 bR
B TSR T KOG R B A I B A
[ 4 16 FL 2R 285 5 A T Ji 1 A S0 LR 1

1.2 IFHREIEIT

4 B0 37 b G 45 1, g G 2 2R = B Bk it
FEHFEE 100 L & B 5 4 b X ) 85 A /0N, 4 i %ot BE A 2
F W) 0 B e K, B 3 iR 56 SR FE SR BE L & By
BT RIT . B 1o B Sl B, ]
HE A O R I 84 AL b HE AL 6 4L B
FEFL 104, 75 7L 394>, JA i AL 44 4>, 45 Br e FL ]
Bk 2 R0 2 55 A E AT A TR . R I 2R E R
93 m, A RIS R RICR , F A fL R B N 3.5 m,
HARMALEREY l 3.2 m,

!

TR S

T

K1 EABHELLA EE
Fig. 1 Layout of blastholes in upper step of the tunnel

) R FL AR T ) R s G et A e T g
W P IZ ORI IR, ELAR b T A fL , 45 FL ke 25
B 5 R B 7 T () I BN T ) N B A A R 7 AR AR
Bl WO T XA AL R E TR R 2 2
AT ity 7K T 2B 24 245 4 L 1 K T I 26 24 45 4 R AL
B 7K [1) B 25 245 245 4, AR 9 7K 48 1 v O ) 2 2 4%
g Xt b & I B0 w07 R A A 52 i, L AR 2 2 4 4
B 2 PR . e, T Hb 363 B Bk s I DL DU 3 3
PR & B4R 2, I A5 T R T O L BE RS R I
B R 5 m, HARA B 3 A & 3R . Bl I
K F T C-4850 7 it S5 A% W W 428 18 o5 & ¥ 8 15 45, IF
K F R B A B R AL A 5 3 A BRIk 3h
AV A5 A BSR4 LA AN 1B 4 BT



174 B oz T

%38 %

BERE  N% 28 4E

; 24 m L 06m |, 05m

(a) HHAZE5HE
(a) Conventional charge structure

RREE I kAR HEE

SR
0.3 m 24 m

(b) Psi7K IR

(b) Two-end water-spaced charge

EREE Y2 kAR R s

|0‘3m| 0.5m 1

E

24m ,06m , 05m _,

(o) FLAKITFE%Zs

(c) Orifice water-spaced charge

KR RIBRERE M S

T

L 06m 24m L 05m

(d) FLIRIK ] bR 25
(d) Hole bottom water-spaced charge

K2 MLy astl

Fig. 2 Charge structures of blastholes

WE v
S5m
£
i .
BRIE S EE R
 — L&/
SR (] &Y
% T i 2 7 1) A
W& B AN
&3 Bl A

Fig.3 Layout of monitoring points in onsite experiments

B4 B W

Onsite vibration monitor

Fig. 4

L3 {BERDHN

P 5 o ML 2 T IS IR s i AR i o ih
P 5l A = BOm IR s 2 B, HE 1 kY
FLE B35 S Fie RAR B 9 0.413 em/s, W] i K F
FOA BOML AL R A iR Sh B o 5 BT Y 2, %
A B0 S 15F (19 52 W, 350 50 i v L S e MR AL K B i 3
FEAE RN, SO B B TR = B LR S K
ol BeAh, 1G0T ARZELLH T, F = B
LIBBGE L PPV, 3R 1Al AR G4 T,
A FL R 7% A 1 41R 3 35 DR T AR BB AL & 1 ik
gl 3% L T — BUR A SLAE A 1 TR A
R M LT A2 e AR R EOR , 1T  BOE 2 AR 2
RER AL AL MR BIRE . LA, X T AN R 25 454 , B ML
e LY PR A IR B 3 R TR e R

~0.6; MSIMS3MS5
7 04t
g 0.2}
< 0
E—o.z I
B4, 0.2 0.4 0.6 0.8
fi ] /s

RIS R 2 e I 2 e AR ot 2%
Fig.5 Blasting vibration velocity time-histories of

conventional charge

#1 FRLHENTIRMFL PPV

Tab.1 Comparison of PPVs under different kinds of charge structures
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