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A Refined Blasting Pretreatment Method for Boulders and
Bedrock Traversed by Shield Tunnels in Sea Area
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Abstract: In constructing shield tunnels in a sea area,large-sized boulders and bedrock are often encountered,
necessitating pretreatment via blasting. The effectiveness of blasting pretreatment is crucial for the regular excavation
of shield machines. Based on Xiamen Metro Line 2 project, a refined blasting pretreatment method for boulders and
bedrock in shield tunnels under the sea area is proposed. The method comprehensively considers overburden condi-
tions , blasting fragmentation indexes,and marine biological safety standards. Specific steps include designing blasting
parameters , calculating powder factor, determining single-hole charges and average block size, designing charge struc-
tures and initiation networks, predicting the distribution of blasting fragments, and optimizing the blasting program to

minimize ecological impact. Field application results indicate that post-blasting fragment sizes are within 30 ¢cm, meet-
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ing the size requirements for the shield machine. The shield machine could excavate smoothly through the blasting pre-

treatment section,with excavation parameters similar to those in regular sections. The proposed method achieved a re-

fined , ecological , efficient and safe blasting construction in the sea section containing boulders and bedrock.
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Fig. 1 Planar distribution of the strata where the shield tunnel is located in the sea area
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2.1 BRI MSHL T

AR BB B i AR R R b R
BLX s 2 B A7 AR AR I B R T Bk A T 2 B
BiAL, R ¢ 130 mm EE, o 108 mm i 3K Al
¢ 146 mm EE ¢ 130 mm Bk, — B4 2 R A
(BRI AREE W A AT E SR 1 ~2 m) o )

fLJ5 , % 90 mm PVC 4 F1 125 mmPVC &3k £ %
THARRE . W RRIE 2 Ty n] R HIMAE T A 48 2
S0 FL , 30 LI R 30 2k A B 5 by B 0.5 ~0. 8 m,
FLIEEE a FISLHERE b BUET

(1) AR S IA R /NTF 2 m B ,a b 3
0.7 ~0.8; 490G EE KT 2 m/NF3 mi},a.b
BIH0.8 ~1.0; 49N AJEREE KT 3 m B, a.b ¥JHL
1.0~1.2,

(2) B A R B R R R /N T 2 m i,
ab¥HL0.8 ~1.0, YA EERKT 2 mit,a.b ¥
B1.0~1.5m,

2.2 MEHBEFEWE

TG AT R AR B, S TR B KR
i ORI RRIX T LI AR AR ¢ BEOR TR
SRR FEZS BAAE . SIRSCHR [ 11 ], 25 g b A
AR MR B 0 K TR B R T 2 R S
Ay JEE R A HLAR R A B A5 4, 4 AN A K 2 R RE
AL

q =kq +q +q +q, (1)

g K PR FLIBR B NE 25 BAFE B kg/m’ 5 ¢,
RICHE 35 )R AT BRI K 2 B Ky Ty g IR
g, WX E I K, g, =0. 01h,  h, JREIX
FIT KA RO B 5 g5 SRR DX B T 3R R
H,q; =0. 02hy, hy HIBIX LR+ 15 2 S 8UR
FEsq, IR RS T R B R K 1 iR, g, =
0. 03h, ,h, A FIFEE AL B AF AU

A TR A A R By 55 2 R A
15 ~25 m Z i), HARBEX R AEK N, Uk, R 0. 65,
HARAZEIUE S NE S BB R A R 3R 2 PR,
2.3 BIEHEIHE

AL AL R AL Q, LA P ALIHA



84

1/

2025 4E3 H

Q; = qabh,, (2)
A Q; A MEA R B 1 MR AL Y R
FLAGZY o ks X T H SRR A ZR AL, b = by s hy H

5 i LA E AR I A TR B R R, m
AT FIRE T L B ) 2 e BORI B L2 2 4 Y
HRERME 2 Fis.

R2 MEMEELERBHTFHRERTHIHIEER

Table 2 Calculation results of the average sizes of the fragments from boulder and bedrock blasting
BB hEAL
25 by/ o
F% o/m b/m o/ M q, q> q3 q4 (ke - m,g) Qomax Qiman A E X,/em  Xy/cm #E
1 0.8 0.8 0.6 2.34 0.06 0.34 0.04 2.78 1.35 2.15 10 110 4.771  5.159
2 1.0 1.0 0.8 2.34 0.08 0.29 0.10 2.80 6.65 8.88 10 110 6.188  6.493 o
3 0.8 0.8 0.7 234 0.02 0.32 0.07 2.75 3.08 3.87 10 110  5.526 5.741
4 1.0 1.0 0.8 2.34 0.05 0.25 0.15 2.79 10.41 13.58 10 110 6.694  6.996
5 1.5 1.5 1.2 2.34 0.05 0.34 0.07 2.80 11.18 15.24 10 110  6.752  7.109
6 1.2 1.2 1.2 2.34 0.08 0.35 0.01 2.78 1.00 1.80 10 110 4.540 5.008 Jt&
7 .5 1.5 1.2 2.34 0.06 0.31 0.07 2.78 10.77 14.72 10 110 6.740  7.100
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Fig. 3 Boulder or bedrock with a thickness of less than 2 m
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Table 3 Calculation results of uniformity indexes of boulders and bedrock

Fe wm%  He @i He mg% He #@ig% He ©Bg% He #g% He #B% HEe
B d/mm d/mm W W m m H/m H/m b b n n

1 0.6 0.8 60 60 0.05 0.06 1 1 1.01 1.21 2.5 2.6 0.96 1.06
2 0.8 1.0 60 60 0.15 0.16 1 1 2.97 3.17 2.6 3.2 1.18 1.49
3 0.7 0.8 60 60 0.10 0.11 1 1 2.00 2.20 2.2 2.3 0.95 0.98
4 0.8 1.0 60 60 0.23 0.24 1 1 4.67 4.87 2.1 2.7 1.02 1.33
5 1.2 1.5 100 100 0.11 0.12 1 1 2,22 2.42 2.2 2.7 1.08 1.33
6 1.2 1.2 100 100 0.01 0.02 1 1 0.25 0.45 2.6 2.4 0.98 0.97
7 1.2 1.5 100 100 0.11 0.12 1 1 2.15 2.35 2.2 2.7 1.07 1.33
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