FA2E 1M ok Vol.42 No. 1
2025 43 A BLASTING Mar. 2025

doi:10.3963/j. issn. 1001 -487X.2025.01.012

I 27 475 1t 1Y BB R AR TT S AR L
BRAERA T B HdE

(1 RZER2: NEEAEBE, P2 71006452, SR TR 12 S iR =B, Ki% 116024
3.k b TRER AR FRA R B2 w), TEFH 110000)

H E: ARERBGS FTEERS~FHABRAIRBERAFT R, L5l Tk (SH%.CRD
) ARALE F R A, A5 K B TR A AR ARG e, A ER R Sk, A% R CRD k&, S Mk
L &EH- A CRD k64 £ X5 DR F RN RBA, H— RABEXBRH, A FH ZRBRREEE Gt R
Mk IR 5, AR AL MESH B35 1.87 ~2.33 kg/m’ , LA 30450 25 3£.4£ 0.40 ~0. 80 kg/m® | E K B 7| & %
1R Ms-15 Ak v SR E 8, AT LM EIREMES ZBAEANR, ERB IR E LT, &
78 SPH 3% s iR Mr Ak A R A AT A 3L, B B2 5 0.3 kg L F, 50 5 m it & Z VR M B A5 4E A 89
HRAEBAT T v BT 3 ARG, LR 2 R LA E, AR FHREROERF £
R TATE o LI BEDLE R B AR P e AR AR A P AL A ok AR 4%k 3280 ~ 3590 m/s %j-_);‘{—EP
A5 T A 1620 m/s, HER TR EFE T EBEEN IR TEREL 2L BogEEiR E, £

P HEZE 56 5 G R A SPH ik £ T KR T AR e A ZR s TERIEBRI AR, b
R — R AR E L,

KB . R M FHAE B RSD; Rkt SUEALM

HRESHES,: U455.4;U443.15  SCEKARIEAD: A NEHE: 1001 —487X(2025)01 —0097 - 10

Blasting Design and Simulation of Tunnel Adjacent to Bridge Piles

LI Yan-wei' , JI Xiao-lin> ,YU Hai’ , YAN Hong-hao’
(1. Highway School, Chang’An University, Xi’an 710064 , China ;2. School of Mechanics and
Aerospace Engineering, Dalian University of Technology , Dalian 116024 , China;3. Construction
Branch of Shanghai Civil Engineering Group Co. ,Ltd. of CREC,Shenyang 110000, China)

Abstract - Taking the construction of Shikui Road Station to Labor Park Station of Dalian Metro Line 5 as the
background, a delicate blasting design was used to control the influence of interval tunnel construction on adjacent
buildings. In order to prevent the risk of settlement of adjacent bridge piles,a deep hole pre-reinforcement method of
non-shrinkage double-liquid grouting( WSS) was used on the tunnel face. The blasting parameters of the tunnel face
were optimized ,and a detailed blasting design was given by combining with the step sequence of the tunnel construc-
tion method ( step method and CRD method) . The right line utilized the step method , while the left employed the CRD
method. The upper bench of the step method and the upper left chamber 1 of the CRD method were blasted twice ; ini-
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tial cutting blasting to create an empty surface followed by secondary blasting to reduce vibration. The unit consump-

tion of explosives in the cutting part was 1.87 ~2.33 kg/m’ and 0.40 ~0. 80 kg/m’ in other sections ,with the Ms-

15 nonel detonator used for maximum section control. In addition, the blasting vibration attenuation law formula was

inverted through blasting vibration monitoring,facilitating a pre-check for safety. Furthermore ,a numerical simulation

using the SPH method was conducted for cutting blasting near side-piercing bridge piles with a single-stage charge of

0. 30 kg. The response of the bridge pile located 5 m from the detonation point and subjected to explosive load was

analyzed. The blasting operation in this area had been completed,and the piers were safe and sound,indicating that

the construction scheme for the side-crossing bridge pile section was feasible. Additionally,the stress wave propaga-

tion in strata and bridge piles was simulated , showing speeds of 3280 to 3590 meters per second in bridge piles,and

an average speed of 1620 meters per second in rock and soil layers. The propagation speed in bridge piles was signifi-

cantly higher than in the weathered and clay layers. The SPH method proved effective for large-scale particle calcula-

tions without requiring supercomputing power for explosives and adjacent rocks.
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Fig. 2 Position relationship diagram of BZ5 and

ZD1 bridge pile bottom and tunnel structure
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Table 1 Blasting parameters in cutting area

Kl fL%/em AL BfLZGE REZGE BU

LB 50 1 0 0.0
— 75 3 0.15 0.45 1
YIRS 75 3 0.15 0.45 3
110 2 0.30 0.60
110 2 0.30 0. 60
- 110 2 0.30 0. 60 9
— P 110 2 0.30 0.60 11
110 2 0.30 0. 60 13
110 1 0.30 0.30 15
A1t 12 4.2
I Y 4.2/3/0.75 =1.87 kg/m’

& 3w OFS ) FEAE R FH = JE B S5, ol
2R, B S 3 B Bl AR, b4k 2, fem A #
15 Be 8 H A BB R R 25 0. 45 kg GRS
M R LB 25 R 0. 45 kg, OFF AT AR AR
FlanlE 4 Fras, Hrp e gn gy 17 — O 5 1) = £ #2
TR M AR A

XFQEBIFFE, HER 1 m, i KRB 25 & 3.9 kg;
XF@EBIFAZE, FER 0.5 m, e KB 25 1. 95 kg; Xt
@HEFFZ, PR m, e KRB 3.0 kgo

#2~FR 5 BHIROH Q. GH @H 15
R, HAEZG e HI7E 0.5 ~0.8 kg/m’, FBIY
Ykl epAE 45 s £ 1. 87 kg/m’, oAy M 2 B FEH
0.5~0.8 kg/m’,
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Fig. 3 Blasthole layout of CRD method ( unit: mm)
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Fig. 4 Layout of section(unit;mm)

Table 2 Blasting parameters of section(1)

JIRISH MR BB JEIRKE/em

T2 B

BALZER (B/HL) prLigiR/ (kg/fl) Atk

3 3 0.75 1 0.15 0.45

3 5 0.75 1 0.15 0.45

3 7 0.75 1 0.15 0.45

il 3 9 0.75 1 0.15 0.45
3 11 0.75 1 0.15 0.45

3 13 0.75 1 0.15 0.45

3 9 0.75 0.5 0.075 0.225

. 4 11 0.95 0.5 0.075 0.30
FEAE= 4 13 0.95 0.5 0.075 0.30
4 15 0.95 0.5 0.075 0.30

1 3 0.75 1.0 0.15 0.15

3 5 0.75 1.0 0.15 0.45

3 7 0.75 1.0 0.15 0.45

3 9 0.75 1.0 0.15 0.45

Frfl— 3 11 0.95 2.0 0.15 0.45
3 13 0.95 2.0 0.15 0.45

3 15 0.95 2.0 0.15 0.45

&t 52 7.5

I PAFE7.5/17.23/0.5 =0. 87 kg/m’
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Table 3 Blasting parameters of section2)

N " e o . LR 6 24 it
JRIRIEH IR BB RIRICI em e i em (/L) BAURZ R (/dl) A4k
i BH AR 1 1 0.75 1 0.15 0.15
—HER 3 3 1.2 2 0.30 0.9
ZHEIR 8 5 1.2 2 0.30 2.4
=HEHR 13 7 1.2 2 0.30 3.9
PO HEAR 10 9 1.2 2 0.15 1.5
DY HERR 10 11 1.2 2 0.30 3.0
T HERR 6 13 1.2 2 0.30 1.8
JE R 17 15 1.4 2 0.15 2.55
Eit 68 16.2
ik M#E 16.2/25.39/1.0 =0. 64 kg/m’
x4 QBBRWSH
Table 4 Blasting parameters of section3)
et e L B - LR 2he 24 1k
JIRIEH AR WRB B IR om0 teRy (/L) WAL (/AL AR kg
—HEHR 4 1 1.0 1.5 0.225 0.90
—HEHR 13 3 0.75 1.0 0.15 1.95
=HEMR 10 5 0.75 1.0 0.15 1.50
= HER 12 7 0.75 1.0 0.15 1.80
DY HERR 9 9 0.75 1.0 0.15 1.35
AR 9 13 0.95 1.0 0.08 0.72
JEH R 9 15 0.95 1.0 0.08 0.72
&1t 66 8.94
I Yi%E 8.94/26/0.5 =0. 68 kg/m’
x5 @EHBRWSH
Table 5 Blasting parameters of sectiond)
et W A B B e L e LR he 24 1k
JIRIEH IR BB IR em e R (/1) WALESR (/AL A9 kg
—HEHR 3 1 1.0 2 0.30 0.9
ZHEIR 8 3 1.2 2 0.30 2.4
= HEHR 6 5 1.2 1 0.30 1.8
= HEHR 9 7 1.2 1 0.30 2.7
PUHENR 8 9 1.2 1 0.15 1.2
PO HEHR 10 11 1.2 1 0.30 3.0
PUHERR 6 13 1.2 1 0.15 0.9
JAh R 20 15 1.4 2 0.16 3.2
A1t 69 16.1
igas 36 16.1/30.53 =0.52 kg/m’
2.3 LALRBERIET FERFREPE (25 ms) o 3R 6 EIMRBSE £ T ES

FE EAB, R OB, 5 — SRR B B A B AR S B, R Ak e 2 Bk
(B 1.6 m B8 1.5 m) 55 “RSEM EEMBIARKIE  2.33 kg/m’, | FAHIELHFE0.40 ~0.75 kg/m’,
PR, 13X BB 7020 Ms-2 BEER A Y ek TR, R ALAY 11 B RE 4 LR
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SRS 2 i 0. 30 kg, ARRRRFIRS), HLATFE
13 Br 5 11 BrREsc B, Fs il BB 24120, 15 kg,

LT AT 6 m, 78T & B a5 6l i 2
L Ab B 2y 0.15 kg, LHEMHNR 0.5 m, 6
BrE R 1.0 mo &5 k5 B e A £ LA B 2 ik
T B, BrP bR g AR R IR R TR
B

*6 BHEREEBEHSHE

Table 6 Blasting parameters of cutting area

e ?t?je/ .5 ﬁ?Lk‘é:i/ ﬁﬁ&é’ii/ el
e 55 2 0.15 0.3 1
55 2 0.15 0.3 3
110 2 0.45 0.9 5
— 110 2 0.45 0.9 7
110 2 0.45 0.9 9
110 2 0.45 0.9 11
At 12 4.2
&/ Hi%E4.2/2.4/0.75 =2.33 kg/m’

B3 s 5515 BB

s fHgkaBrkamfLE
Fig. 5 Right-line step method blasthole layout diagram

3 RHBEEME

2 TR DI R A BRI 23 5% A Rk
WG BRHE, QSRAT B 48 4, M R A5 ) SR 1 %
SRR BT LIRS S S RO SR T o % A
IREEARIE , 22 R 22 4 AR, R W L T A
X P KR BUREE L, HAEB B, X F €20
PIEEIREE L W 7 ~ 28 d, AR B B Ao 34T

I 10 ~ 12 em/s (B AL BT B HR S IRE T
W) o TR AR B R AR ] C35 TR BE - DE ST, Hidt
F5iEE 1K £ 35 MPa, 47157 58 J& 29 O T s 58 B f9
1/10,B0 3.5 MPa, 44t WL, % H C20 1R EE +- 4%
B, B HTIIR 2 2.0 MPa,

®7T LEMBRWSER(INKHEER)
Table 7 Blasting parameters of the upper bench

( outside the cutting-area)

LW/ em  fLEC ALy E/ kg BOZiR/kg B

75 4 0.15 0.6 1
75 6 0.15 0.6 3
75 3 0.15 0.45 5
75 6 0.15 0.90 7
75 6 0.15 0.90 9
95 8 0.08 0.60 11
95 8 0.08 0.60 13
95 5 0.08 0.4 15
igas E5.05/13.68/0.5 =0. 74 kg/m’
*8 TAEMBRHSHE
Table 8 Blasting parameters of lower bench
. LF/ . SAFLZRL MEZGR
] LB L8 ALt/ B R B3]
cm kg kg
120 2 0.30 0.60 5
120 2 0.30 0.60
1 HEAL
120 2 0.30 0.60 9
120 4 0.16 0.60 11
120 2 0.30 0.60 5
120 2 0.30 0.60 7
2 HEAL
120 1 0.30 0.30 9
120 4 0.15 0.60 11
120 1 0.30 0.30 5
120 2 0.30 0.60 7
120 2 0.30 0.60 9
3 HEAL
140 4 0.15 0.60 11
140 4 0.15 0.60 13
140 4 0.15 0.60 15
i iFE7.8/19.7 =0.40 kg/m’

HRAE I 7308 A5 48 BRIE | M P IR 3 J5 A AR 4k

R IR AR A e SN /A= W YA
Ao = pcAu (2)
A :p MRS B BUE 2700 keg/m’ 5 MR
Bt N B 3710 m/s, RAEAR(2) LK
C20 REE & IR H M E , P HE 10. 0 em/s L AR
SR, 265 = L (R R 2 A VEAS 2 45 R 40 1k
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Table 9 Monitoring data of measuring points

N i\ AN s
a=1.68, i E—Eii’ﬁz‘%ﬁ/m E—E]J;zgfm Eﬁﬁé)/%m (El le{i E/'”)/
TELAERN 10,0 em/s B4R dFE IR, R 4R P— ” .06 0 3578
B R HIA B 3 i e R 2 10 iors . 3 LI . a0 00 20,00 0. 5308
RO U R — 5 R SRR 7 2 — 24 1 s a0 " e 0. 4034
%%?EX‘—J‘H:)FEEZH@O 4 30 30 42.43 0.3159
4 ﬁ*&*ﬁ{ﬁﬁﬂ%*ﬁﬁ]ﬁ*ﬁ 5 30 30 42.43 0.4543
N TAGER R O, Lo
FIFH 28 12 53 747 BRI A Ansys/LS-DYNA, . " 6 06 o soes
WL (A2 1 A B 4 X i, B 7L % 2
0.30 ke FOMBLHE(T AL ARES, IF ELRISH LSDYNA e 0 P Bk 0998
AR B OG- « MAT _JOHNSON _HOLMQUIST _CON- 10 30 0-0 3000 0-756
CRETE 1055 | i s meie Tohiitie e 0-0 30-00 077
BT ERR I, Ak e e 2 0 b SR 0.5632
F10 ZERWTR
Table 10 Safety checklist
SRl () 5.4~15.0 0.30 ~0.45 10.0 0.91 ~6.362 P
SRR (4A4) 2.15~15.0  0.15~0.45 10.0 1.14 ~9.16 B2
CRD(1 #4a4) 5.0~15.0 0.45 10.0 1.14 ~7.23 o KIEU169;a |
CRD(1 i) 3.0~15.0 0.30 ~0.45 10.0 1.14 ~7.47 7 Lﬁ?ﬂﬁgiéﬁ
CRD(2 #B) 6.5~15.0 3.90 10.0 3.83 ~8.80 I a U 2.0,
CRD(3 #B) 8.0~15.0 1.95 10.0 2.60 ~7.47 I
CRD(4 #B) 9.0~15.0 3.00 10.0 3.31~7.80 P

4.1 tEER

Sk 3 BT R B 268 A X A A ) 3 40 5 i), AR AR S PR
TS T A BT AR, E 6 (a) i, R
AT AR AR ST 9 m x9 m x4 m, AU
A R JE R B A K KA
FElE A R R SPH B35 B RoF R 1 em, 1t
375 000 AN%i T FRIT , M BE B A A R k% B B 3
2, BT RS S em, 222 631 800 A4NHRIT, i E
P R R 0. 015 s, B4 SPH i Fi%
BERMA, YEZRAIMZE ANFO JEZ, HAK S 4L
e 11 FroRt s R BESR HAS 11D 5k R R
(JHC) , HfA S5 3R 12,

Sk 53 B B 2 A 7 A ) iR Sl OGS R R ) AE
K6 (a) il b, 8K on RoF, 3 Xk )2 (18 m
J2) B HJE (10 m JB) A BRI AR, nE 6(b)

IR o RN A BRI 9 m x9 m x
33.75 m, BRI B g b BB A T 1 A SR 32 B
NG, KEZ KRILE B A AR AR SPH 53k, RUEE
[ 6 (a) , HiAE KA A0 R RIS B H 3%, soc RoF
710 em, 3 186 890 4~HiT, W EITHE KK A
0.02 s AfLZ B ESHn R 13 Fis (K4 it
FEORHTRD) o
4.2 HHEIRG ST

YELGARIE S R s 0 1 e B A S i Ak s 1)
Mt Ao sty o7 Ak, B JS FERTRAE AL 4% . ARAEFE AN TR
B[] B4 1 77 2 P RAIR Bl B == PRl e 7 (1 8 BT
TRo FBUIE SR fif 25 1 nl S0, A A 0 B K N 1 ok
0.25754 MPa, icfik T H IR &k + P hisR EE 3.5 MPa,
JIT LIATRAIEAS 23 2 A W AR o W 11 S5 iR ol
2 0.03922 m/s Ik T 10. 0 em/s W22, & E
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Table 11 Explosive material parameters
B p/ (g em™) PR D/ (km-s™') MREP,/GPa  A/GPa  B/GPa R, R, o E/(kl-em™)
0.931 4.160 5.15 49. 460 1.891 3.907 1.118 0.333 2.484

F 12 RBREIMBSHE
Table 12 Concrete material parameters
W p/(kg-m™*)  BYIEHRE G/Pa P/Pa T/Pa C A B N S, BENEFRS
2620 23.0e9 108.0e6  7.4e6 0.005 0.17 2.40 0.75 12 1.0

& 13 HBEERESH

Table 13 Material model parameters

)1 4 iR, Ui, IR

W1/

g (kg » mm™) MPa MPa MPa kit MPa P g
Zht )= 1.7e-06 283.33 29.31 84.999 0.45 0.0100 15
g KAk 2 2.3e-06 2130 710 1917 0.35 0. 0800 35
h XL 2.65e-06 6010 3960 9740.6 0.2299 0. 1800 40

15 S5 B G A4 A 52 B RN I 114 P S B0 O Ak AR
b, BBRAE 0 B B AR R W R A . X T
IR 75 B g S AR R AR U O 1%
AKGRERI R A A B 1 5 s A it D
SERIEMRHG G RE BE RO B, D B9 BUEE RN 0 ~ 1,
M D=0 REAHG, 2 D=1 WACRM R E 2 W
20 N R AR AR O A O i Ak B i
S Dy AR, BIACR AR B REE, A 9 i
R R A B — Py S AR A T 0, R IR R

EREEE

(a) B REBLG3 70 AR :
(a) Damage analysis model of bridge pi]e ﬁ*jﬁﬁ ’ Eﬂ*ﬁ*ﬁ‘{&ﬁ ZViéETJ'—l ,f%&ﬂ: o HE[ 1+%: éﬁ%ﬁf

AR 2 B M Ak T2 2R

y i

LR

5 XALZ

1 1.0606 ms 1.2121 ms 1.8182 ms

Ui BNALZ

S

113

hb

(b) ¥ 3l B A AR
(b) Vibration velocity calculation model
Kl 6 HERITHAEA
Fig. 6 Finite element calculation model
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