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Dynamic Response Characteristics of Primary Tunnel Support
under Blasting Excavation with Reserved Core Soil Method
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Abstract; The primary support is the main load-bearing structure in the tunnel construction stage,the response
rule and safety control of the primary support under dynamic disturbance are of great significance to ensure the safe

and rapid construction. Figuring out the dynamic response characteristics and the safety control of the primary support
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is an important issue for the blasting excavation of a soft rock tunnel with reserved core soil. A three-dimensional fi-
nite-element numerical model was established by ANSYS/LSDYNA for the Linchang tunnel blasting excavation, and
the reliability of the numerical model was verified by the field vibration monitoring data. The stress distribution char-
acteristics of the primary tunnel support under the simultaneous action of two blast sources was studied combined with
the construction characters of the reserved core soil method. The attenuation law of blasting vibration was obtained by
using Sadovsky empirical formula. The safety criterion of blasting vibration velocity for the primary tunnel support un-
der the simultaneous blasting excavation of both sides of the lower bench was proposed by taking stress as the control
standard. The results show that the maximum vibration velocity appears at the arch foot of the primary support rather
than at the tunnel floor or vault, which is different from the full section method and bench blasting method. Mean-
while , the propagation path of the blasting stress wave is dramatically affected at the un-backfilled area of the tunnel
invert. The vibration velocity of the primary tunnel support is larger and attenuates faster on the left arch foot versus
right arch foot. The maximum tensile stress and shear stress appear on the left arch foot of the tunnel under simulta-
neous blasting with 7. 544 MPa and 2. 78 MPa, respectively, which exceed the allowable value of the specification.
According to the established linear stress-vibration velocity relationship,a blasting vibration safety criterion of prima-

ry tunnel support is proposed based on the ultimate strength. In addition, the safety vibration velocity threshold of the
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primary support in Linchang tunnel is 10 em/s.
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Fig. 1 Geologic profile diagram
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Fig. 2 Schematic layout of blasthole
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Fig. 3 Three-dimensional numerical model of tunnel (unit:m)
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Table 1 Parameters of surrounding rock material parameters

il W/ R IR I Jott I B/
Lo (g- em™?) GPa s MPa

v 2.244 5.2 0.31 19

Il| 2.248 13.2 0.27 33

R2 MBXPHRSE

Table 2 Parameters of Initial lining material

MESFR B/ (g em’) FMETE/GPa AR
I SR £ 2.4 25.5 0.2
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Table 3 Parameters of explosive

BREE/ i/
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(g+cem™) (em = ps™ )

0.952 0.34 2.14 18 4.2 0.9 0.15 4.19
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Fig. 4 Layout of blasting vibration monitoring position
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Fig. 5 Blasting vibration velocity curves of

numerical simulation and field test
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velocity at the characteristic positions of primary support

PRHUE 7 25 B A PR B, LLBIE ST S 1 0 4 52
S HERAL AR Sl AL . R T R R
2,38 JH Z TN R RO W3 3P 7 A P S I
PRIBIEAT (01 3, A5 21 PO 0 Ak ) 5 i 322 [ 1

3 1.727
Vo = 68. 73(/?5) (3)
3 2.0953
Vo = 165. 95(/?5) (4)

T (3) A (4) RTRI, Ze A P 0 HAE D ) 37 Ml %
RO, AR T A LR & 7 D1 A
B E AR BCE R R, S eRiAE G
B 5 0 T 2 I i 416 B AR Bl R e R A A
BElO2 2 TR A% O R BTN £ B I
iR LAINETSES 2 S 4 O AN St =3l U bS] RS
3.2 EAZAREMN NS

He TR AR SRR T i T8 400 391 S AP ) 17 g o3 A

AT, AT BB A A, T EH eI ZE
HIETDT ) T2 B 507 6] o 1 6 B 3 il 1) 18]
5 m X8 R P A0 A | A R T4 1 5 ) ) A
WL AT I

SIS DB PN AT 3 S 68 59 7 ) L g
WP 8 B o I, 003 S B WALV g 3 A1 LA
5 W 4T 20 38R 3 A1 WL AR AH — 505 78 TR A0 1
PR & 7 W] R A R, 00 30 S i 52 21 /4 B
RBY R 3 AR KRN S 35 H BRAE 2 A P T 65 B
J& 5 m E A 7R ) — s BE AL B RSP A 2%
REOEARC T R g o3 AT 2 52 B B T > BN ) s 7R R —
W, 0 SCAP AE R R g B B 07 I AFFEHE R > HEE
> HETGR ., 10 g K 5 87 g i) dse KA X Y IR AE
oML

2 A HE I b BY R 3 FVRL R 7 8 B KAB 4 3k
7 =2.78 MPa fll o, =7.54 MPa

A DAL Ak B 157 g AL N 7 8 B RABL 23 5 D
Toex =1.39 MPa fll o, =5.64 MPa

AR, W4 S AP A O A Ak 1) 107 W P
KRR,y TR BB A R 1 %
BRI T3 AL RRBR AR, 70T 3 B 7 A S 38 1)
HI AN B ML RR B RME, T AT T & B kAT 48 i
I, 1 A 5 O3 R T2 A A X 2678 & B Ak
L4, T SB[ R 1) 5 ) RH L&, vt
SECT ZEMHER R WA T

B o B BT ) T 60 ) g IR 1 Y
W BRGTRLSR BEFIHTBT 3R By 1.1 MPa H1 1.5 MPa,
WnE 8 FrzR , M T 5 B RO S HT S 10 m 5 FlA
IR0 S50 S AR OO A A ) 7 347 ) Y 2
A FVHE, BV S T AR



42 1

1% 2024 4E3 A

Z‘:Fé;m Z':‘Té.;m
5 @W{.‘LE %WﬁLE —— EI;I\:H
—a— EHE
—o— HHLR
—w—

|
|
|
I
I —— HETH
|
|
|
|

BY R 71 /MPa

(a) BY RSy 50 P

(a) Shear stress distribution diagram

4 BEVHIPEIRBIRE = 2=

W% 3 ) 9 S AP R S A T B 3l W 1
— A NI ER R 31 SRS ) 3 g W (1 TP AR
SRR, MRIETRPES) Sy 2 al J0, B E B4
Hesz 200 A IR 3l , il i A TR Sh R A e i, ik
BRI A ISR SR NS SVANDIRSTE 3 P E NS
2 BRI de WY B RE TR dA T A5 6 ik
AEEN BT M

M = pdA - cdi
o p A BV ¢ I
AT M LIEE o IS i Sl
My = vpdA - cdi

FE S
Fdi = gdAd:
T gl e L R AT A
o = pcv

H b CRT, B 5 R IR B 2 A A A
—RE IR RIS PR, I AR o il 5 3
AT R R B TE A 9 S A PN ) e R B 7 g R
T R BAEHEIAL o S 1 RTINS
JO7 3 53 AT A, ) 41 RO IO 37 B A ) 91 38 A 7 4%

PG
PERUIERS ]
7 = 0.0231PPV - 0. 0454 (5)
o = 0.0603PPV +0.3353 (6)
Fe MR

r = 0.0182PPV - 0. 0109 (7)

EZTHEH A TEH
BAE  BRAE

9 I I —=— JEHEH
8 : : —a— JE LR
I I —o— 1 HLH
7 : : —— AHLE
6 I —o— HLTH
: :
=5 I
B I
f 4 !
&
3
2
1
0 V —
-30 -20 -10 0 10 20 30 40 50
BEES /m
(b) BN F1 4375

(b) Tensile stress distribution diagram

P8 ISP AN [R)RAE L B A (RLI ) 23 A 5 AIE

Fig. 8 Distribution characteristics of peak stress at the characteristic positions of primary support

o = 0.0487PPV + 0. 1685 (8)

SRARAS BN 15 B () E A s o)k 2 470 400 S 4 )

T AR B B A R B ) P PSR

B BT B o LRI 7 =1.5 MPa fil o =

1.1 MPa {91 A2 47 1) sh A% BR BT 55 58 B A i

SR, BBERARK(S) ~ (8) W, TR A5 52
P B IR 2 A A, Nk 4 PR

R4 HEA TR AR AHRIE
Table 4 Vibration velocity threshold of tunnel

primary support at arch feet on both sides

(OA:Y HBThR f3dt e A B E/ (em - s7")

B 12.68
-
AP ey 66.90
B e 19,13
-
MR v 3102

AT, AR T B PR , A3 % 0 3 S
555 BURARTEIR ; B 100 30 32 47 4 2 4 ol ) 3
] 12,68 om/s, AR A A R ) [ 5% A of Ak
2 A HUREY 2 R I 28 d T e TR
TARF A AN 10 ~ 12 em/s, 3 (BRI
AR AL ST AR AR R A e R, B
WNA(6) , AT BRI 52 592 24 i b e

[ ¢ -0.3353
(0] = minfo,, 0. 0603 } (%)

o, RGP R 3h U VR (R, AR
B SCHR I SN FJ RS , 45 MR Bl 52 , #k37)
i 1 R A IR 2 22 P o, HOH 10 em/s,



WAl U fR R W RS SRR AD RO BRI S Bl g e 1 A 43
. and its safety criterion[ J]. Water Resources and Hydro-
5 #Hig

UMK b 1 e B BT S0 82, fi A FROGAE
SRR W 73 M 1 TR A R IR T g i
I SR A BRSSO AR, A5 AR 458

1) 55 2B i A 65 Bk g i AR LE , 72 B A
A HIE P £ B (7] I R B I, 45 R R 4% H B
TE BRI S 3P A5 R 0 2 A7 I HAE D A 5 it o I
AR A, SH AN A A 4k ol e oA W A

2) AL AR [ 5 DX Il kg i 7 7 82 #9442
7 R TR — R, 0 S AP A R
RERE R T A O HE R 5 400 391 52 30 g e {5 ok HH BT
NS BBRTTT 1.5 m Ak, 1M R 8 A7 00400 39 52 4 45
o BRI (RL 5 AR B8 BT 0 5 Bl o7 B Ak

3) BN £ i R s R i T AR T, w0301 52
F G ELIE 7 3 A5 R 5 WA (L ok o A LA —
B, WV S AP AR E SRR, W SR A R
RV WAL HH B AE SRR AL, 37 )37 T W DR 59 i
TIVEAH

4) bRIZ % 3E WA F B[R] Ak AR ) 00 3 S A
HER IR 22 4 B 10 em/s , i 5 B A8 T A Z )
S

22 3Lk ( References)

[1] CHENG R S,CHEN W S,HAO H,et al. A state-of-the-art
review of road tunnel subjected to blast loads[ J . Tunnel-
ling and Underground Space Technology incorporating
Trenchless Technology Research,2021,112.103911.

[2]  HrBRH0SE, BOGAR Mudlse. BRGE it T X0 TR BE )
SCEZRISEM AT T ()] MR A5 ) TR 4R, 2019,
15(S1) :327-332.

[2] SUNAM Yutso, LYU Guang-dong, FAN Kai-liang. Study
on influence of blasting construction of tunnel on primary
shotcreting [ J ]. Chinese Journal of Underground Space
and Engineering 2019,15(S1) ;327-332. (in Chinese)

[3] DAIC Q,SUI H T,MA C,et al. Study on the vibration
effect of short footage blasting load on surrounding rock-
support structure of tunnel [ J ]. Shock and Vibration,
2020,2020:8829349.

[4] ZHANG Z,ZHOU C B,REMENNIKOV A et al. Dynamic
response and safety control of civil air defense tunnel un-
der excavation blasting of subway tunnel [ J]. Tunnelling
and Underground Space Technology,2021,112:103879.

(5] RABALBRIEIN, F A6, 55 9 R T AR o R AT
O 52 Wi % 2 4 P 4 [T 1. 7K A K e 4R, 2020,
51(5):77-85.

[5] WU Zhong-shi, Chen Pei-Shuai, Wang Wei, et al. Impact

from blasting for tunnel expansion on existed tunnel lining

[13]

[13]

power Engineering,20,51(5) :77-85. (in Chinese)
Mool AR B, AF TR SR R E AT
SRR S R VRS 2 AR [ 1], TR, 2021,
27(4) :130-139.
XIAO Ke,ZHOU Chuan-bo,ZHENG Xuan, et al. Blasting
vibration characteristics and safety criterion of tunnel sec-
ondary lining structure under the influence of fault zone
[J]. Engineering Blasting, 2021,27 (4) :130-139. (in
Chinese)
HUANG H B,LI P,WANG C,et al. Research and analy-
sis on the influence of small clear distance drilling and
blasting method on the existing tunnel structure[ J]. Ad-
vances in Civil Engineering,2021,2021 :4730936.
WA BR U, Bk L, A A IR X B T A R B
SRR SR S N B T oE ()] A 0%,
2022,43(5) :1401-1411.
YANG Jian-hua, HUANG Qi-huan, YAO Chi et al. Influ-
ence of cavities on blasting vibration characteristics and
safety assessments of tunnel shotcrete[ J]. Rock and Soil
Mechanics,2022,43(5) :1401-1411. (in Chinese)
JIANG N,LYU G P,Wu T Y, et al. Vibration effect and
ocean environmental impact of blasting excavation in a
subsea tunnel [ J ]. Tunnelling and Underground Space
Technology,2023 ,131 :104855.
YU J X,ZHOU Z B,ZHANG X, et al. Vibration response
characteristics of adjacent tunnels under different blas-
ting schemes [ J ]. Shock and Vibration, 2021, 2021 ;
5121296.
WANG H B,WANG Y Y,WANG M X, et al. Numerical
Analysis of the Influence of Foundation Pit Blasting on a
Nearby Metro Tunnel [ J]. Shock and Vibration, 2021,
2021 :5585726.
BUUKER , WREK R , A A, 45 BB % i 4R 3 % v
FLUS IR BE - — AT g ma ()], rh R I i (A A
Bl hR) ,2020,51(2) :507-513.
HE Yong-chao, CHEN Qiu-nan, YI Li-wei, et al. Influ-
ence of tunnel blasting vibration on secondary lining of
new ultra short age concrete[ J]. Journal of Central South
University ( Science and Technology ), 20,51 (2) :507-
513. (in Chinese)
RS T, 25 B, 45 B8 G AR it T x40 SR
e R T [T ]. Bkl TR 4, 2022,39 (1)
73-78,113.
TANG Xian-xi, XIA Ding-ding, LI Dan-he, et al. Study
on effect of tunnel blasting construction on primary con-
crete[ J]. Journal of Railway Engineering,202,39(1) .
73-78,113. (in Chinese)

(F#% 105 )





