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Abstract: In order to analyze the dynamic response of the shield segments during the blasting excavation of a
connecting channel , on-site vibration monitoring has been conducted based on the shield interval project of Qingdao
Metro Line 8. The measured blasting vibration data show that the cut holes have the strongest impact on the shield
segment vibrations. Then,based on the on-site charge of the cut holes, the MIDAS-GTS NX simulation software is
used to establish a three-dimensional model to analyze the vibrations and stresses of the shield segments with 8 differ-
ent blasting distances from the exit and entry of the connecting channel. Compared with the entry blasting, the impact
of the exit blasting on the vibrations of the adjacent shield tunnel is more intense under the same blasting distance,
and the peak vibration velocity is 2.9 ~ 3.4 times that of the entry blasting. On the other hand, the growing rate of the
peak vibration velocity also increases with the decrease of the distance. When the allowable vibration velocity is

20 ¢cm - s ' the blasting distance should be greater than 5.0 m at the exit and greater than 1.25 m at the entry. The
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rocks that have not been excavated are excavated with non-blasting methods. The stress concentration is the most ob-

vious in the opening segments,but the position where the maximum principal stress is generated shifts from the bot-

tom of the rectangular opening through the intersection of transverse and longitudinal seams on the side of the rectan-

gular opening to the top corners of both sides of the upper part of the rectangular opening with the decrease of spac-

ing. Cutting the segments at the intersection of the connecting channel and the shield tunnel will form an incomplete

opening structure ,which will weaken the maximum principal stress on its inner side under the blasting load, but will

cause a small range of stress concentration on its outer side,making it the weakest position of the shield tunnel lining

structure.
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Fig. 1 Blast hole layout of the standard section of the connecting channel (unit; mm)
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Table 1 Blasting parameters of the standard section of the connecting passage

FPUEl)/  fLIRED LIN{R- 32" 55}

WALAFR 'R L& HALERE/m

ms 6] b/ ms kg kg
TR £L 1 0 50 1 0.80 1.6 1.6
4L — — — 6 0.80 — —
PortfL 2 50 50 4 0.80 0.4 1.6
i EhfL 3~10 100 ~ 450 50 33 0.75 0.2 6.6
Jilii4L 11 500 50 32 0.75 0.2 6.4
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TR Bh 0T T A4 Bk T 200 4 A0 1740 522 W) 22 R 5 4 0] 3] R T S N P R
$ﬁ%%ﬁﬁﬁﬂ%%ﬁ%ﬁ@é@%mﬁﬁ& L BWRESR L

WO B A R BB P 13 AR T <
W TC-4850 J Ml % 1, 00 45 A5 5 4 2 7o S -

Sy~ S, ‘5@“5)%515’1 4 GRS e KEFREA
200 cm -+ 57 ;S5 ~ SIS ERE 9 5 IR R K &

BH35em-s Sy 8 Sy Sty S 88, S 88y 8,8, 8
2020 10T10T8T7T7T6T3T3T3T2T1|
2 %mugﬁ% L T T T T T T T T T T L

) EHREEs B b
5 Mk 8 B4 7 IX ] 430 3 K e ——————

Tk rh, W ZH R 8 S Mk 2% il i 2L b4y 1 3 A
SR o AT I AR 2 M 0k, 7 g e TP
TR A 22 A 20U 4% 200 m (1) 48 41 B 14 B 2, B2 A A s B (B em)

28 WS RIbR A, W T AT A Hfl i T A T Fig. 2 Schematic layout of the measuring points( unit:m)




H40E 1Y

ElgsE RS B 75,4 ORRRBOTZ T 00T S A R At 13 234 197

WEH 51 1 BT FZ AL, B R SR N Rz
[ A [ B A )N 36 3+ S HLER /T Blasting

Vibration Analysis, 418 a4 EIE D, £ 1.5 m,

1 m.0.5 m BB T BI04k 3h B, 20 o) W

F2HK3 HEA

x2 [EED,=1.5mB&EEHNSIRELE
Table 2 Vibration velocity data of

each segment when D, =1.5 m

L REEK MRk SRR
g KTER v, RV, REV/
L/m (em-+s™") (em-+s™")  (em-s™")
S, 1 40. 600 27.10 23.41
S, 3 28. 830 23.30 20. 89
S, 6 21.340 33. 64 22.49
S, 9 19. 120 21.32 26. 12
Ss 12 12. 020 15. 05 21.53
Se 18 2.710 10. 75 13.72
S, 25 3.320 5.06 5.43
Sq 32 2. 030 2.13 1.97
S, 40 0.210 1.83 0.78
Sio 50 0. 150 0. 89 0. 62
Sii 60 0. 380 0.53 0.44
N 80 0. 100 0.52 0.26
Sis 100 0.057 0.02 0.04
%3 [@EED, =1.0 m BH&E AN SIRELE
Table 3 Vibration velocity data of
each segment when D, =1.0 m
L RREERR LRGN U FN
e ATEE mav, RV, RV
L/m (em-s™") (em+s™)  (em-s™")
S 1 53.130 41.750 30. 730
S, 3 37. 080 17.330 26. 170
Sy 6 23.630 32.090 25.710
S, 9 28. 490 29. 880 36. 800
Ss 12 16. 950 30. 320 23. 600
Se 18 8.020 13. 050 12.720
S, 25 2.710 10. 750 3.850
S 32 3.320 5. 060 2.910
S, 40 2. 030 3. 660 0.780
Sio 50 0.210 1.020 0. 440
Si 60 0. 580 0.790 0. 260
Sp 80 0. 180 0.520 0. 150
Sis 100 0.096 0.096 0.105

M3 3% 4 Al AR 4% T A I T R MR
B, FERE B RRR P 12 m 3 P T A5 g o 1 4
Fr RS, YR T Ol e LR ) (GB6722—
2014) 1 S T A8 B 1R S B E [ V] =10 ~

20 em - 7 R BSFHRZG R Q ¥ 1.6 kg, 75
PRSI R U A 65.98 em - s

*x4 [EEED,=0.5mBEE&ERFNSIRELE
Table 4 Vibration velocity data of

each segment when D, =0.5 m

L RREERR L IEIE o/ NI [N

g ATEE v, mmvs vy

L/m (em-+s™") (em+s™")  (em-s™")
S, 1 65.980 21.56 57.65
S, 3 50. 220 21. 08 29. 89
S, 6 20. 530 47.59 31.82
S, 9 38.300 35.75 28.22
Ss 12 12.700 16. 95 20. 64
Se 18 9.120 12. 69 19. 10
S 25 6. 350 10. 61 10. 40
Sg 32 3.980 0. 10 5.30
S, 40 1. 500 2.64 2.47
S 50 1. 650 0.99 1.32
S 60 1. 020 0.87 1.20
S 80 0. 960 0.93 1. 17
S 100 1.005 0.70 0.43

WL I P D, =1 m FMFT S, .5,.5.5.5, .
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Fig. 5 Blasting excavation model for tunnel at the entry and exit
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Table 5 Material parameters

HAAZE B p/(g-em™)  BAPERUR E/GPa AR KRS o/KPa  PNEEEE o/°
TR K 2.34 0.20 1800 65
= 2.50 0.20 - -
FEFRIE 7.85 206 0.31 - -
3.2 HEHIERE b N FHEE R )12 B = Ff I g 28 A TR e A D0 43 15 g

DRk 245 360 3 -5 R 40 JE A B T 7 e J2= 420 SR TR
RBEDC e BRIEZ AN, FRLES by oS = it ie R ik
SERIAL T RORAGIBE B 2 b, KR T ) v P B 4%
RO TRIVIESE L R 3E P = pgh 45 B2 A 055
RO b B A R TS A B R T OB AR
626.416 kPa,

ENHIEE 2SI 3 TR AL U0 e S S A 3
el 2 ) AH SC S R0 JC 58 38 9 7 i MBI i LA
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Fig. 6 Selection of the nodes at the arch waist

RN PRI T R B

of the pipe ring on the explosion side
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Table 6 Peak vibration velocity at the waist side of the tube ring under different spacings

8 VA O LT B KRV, / (em -+ s71)

[a]# D, /m

T, T, T, T, T, T, T, T, T,

0.50 75.97  23.67  14.75  10.81 8.62 6.84 5.15 4.08 3.48
0.75 70.67  23.56  14.38  10.53 8.4l 6.68 5.04 4.02 3.45
1.00 65.85  23.48  13.96  10.20  8.17 6.49 4.91 3.94 3.40
1.50 57.49 2296  13.53 9.57  7.71 6.14 4.67 3.79 3.31
2.25 48.21  21.56  12.64 8.90  7.20 5.76 4.45 3.66 3.22
3.00 41.01  20.09  11.51 8.30  6.76 5.46 4.27 3.55 3.12
3.75 34.94  18.73  10.64 7.86  6.42 5.23 4.13 3.44 3.02
4.50 21.38  16.75  10.32 7.76  6.44 5.35 4.34 3.60 3.09

AP 7 w0 SRR PE R T A 3R A 4R 2l i3

JE BB R T HABIRE 7 AERIBE D, /N 4.5 m
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1T, IR SR ], AR Rl N, 52
FUFERSE AT 280 1) e A, S5O P A5 A A9 4IRS g
4.2 ERESRH

IR IT AL i, 51 AR BB T 47 I )
RS 1] (6] D, XoF il 110 A i 35 78 A B9 4R 3l 52 i 2
TP 6 AR XGH IO B 19 et A i 3 KBl , 4R A SR e 7
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Fig. 7 Variation of the maximum vibration speed of

the pipe ring with the blasting distance D,
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Table 7 Peak vibration velocity of the waist side of the tube ring under different spacings

PR AR O LR fie KPRV, / (em + s71)

[E]¥E D,,/m
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Fig. 8 Variation of the peak vibration velocity of
the pipe ring with the blasting distance D,
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Fig. 9 Maximum stress cloud diagram under different blasting spacing conditions

5.2 FORGREEDHEE R HTWL
TEIR L T 38 T A2 HT, T 0 R 45 38 18R 11 Ak iy
BRETUE, EAF O A SR EREES Lt
AR A BB T BT AR R S S I 4
TEAH 4 0 I 48 SURRAE = AR L 1 AR v, P AR A2
PLIIATNZZ T o AT R R IR 246 38 18 A it T
BT T A 7 A A B2 1520 . e SRy K
AW GO, @B BB D, R 2.25 m J
4.5 m (A HARIF H A IR 5T 1A P
HEFTXF FL AT , PRI AR (g i 2 (1 4N &1 10 s
AR 10 (a) AT ZEMRIEE D, 4 2.25 m i, fe K
I ITAEAL T FF 0 T B R NG AR A Ab , e K FE W T
7 36. 35 MPa; T & 10 (b) AJ %1, ZE A1 ¥E D, A
2.25 m B, ARTF A ER M ) B £6% 8 1 42 0 L N
BBk R I EATE 14,43 ~25.75 MPa, - 1 #1 I
SR BT IG . IR BH 7EIE4% 0 T2
Bl N A R, I 11 5 233 B A B M AR /N 6L 1)

o7 3 H X A B A R e WD ) B 0L ) e AL
S E 10 (c) 5B 10(d) ,E 10(e) 5 10
(D) FEFTXF AT 2L B, JF 0 T A TR 0 T
=9 FIU[EE oo NE YA & IR A )1/ o
AT N LR A R AER B D,
2.25 m B, JFE AT HURHRE B i ok FE 0 18
13.1 MPa, i AR I H T80 HER A R i ek E 0
7174 37. 07 MPa, B I8 FK 64. 7% ; TE[HEE D, K
4.5 m B, JFH 00T HERHAE R iR Ok FE 0 1A
9.28 MPa, i AT I T4 T HEEHRE A 0 fe K F 07
F14 17. 84 MPa, [k %K 48% .
B R IF RS BN AR Y] X A%l T
e ) R 3 28 SRR A8 i R 2R AT D08 T R I
FUR S8R S5 230055 H B P ANTE SRR A 28 T 1Y ek
FN T AL B B A A /N B A R T 4
DX, el Lol oy A B 0 o B 45 ) e Ry S R 0



40 1 FEgss BN, B %E 4

AN AR TEFAZ 00T & R e B o 7 23 A 203

<
i 4 L
Nax: 3. 63535e+007_

I
Nin: 1 40507e+006ef

(a) D,=2.25m T 0 T FHMI
(a) D,=2.25m (outside of segments
under cut condition)

Nin: 3. 10709e+006

l‘
;

p—

(d) D,=2.25 m K IF 1 THEFH M
(d) D,=2.25 m (inside of segments

under uncut condition)

(b) D,=2.25m K I O T.HAE A MU
(b) D,,=2.25m (outside of segments
under uncut condition)

(e) D,=4.5 mFF O THLE I A
(e) D,=4.5 m (inside of segments

under cut condition)

(¢) D,=2.25 mFF 0TI B M
(¢) D,=2.25 m (inside of segments
under cut condition)

Min:-83806.

e e,

(f) D,=4.5 m A£FF 1 T 2R Pl
(f) D,=4.5 m (inside of segments

under uncut condition)

K10 &R JF iR ok BN =

Fig. 10 Maximum principal stress cloud diagram before and after the segment opening
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