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Abstract; The blasting construction of water diversion tunnel under an expressway will lead to pavement vibra-
tions and adversely affect the stability of the pavement structure ,so it is very important to find out the response law of
pavement vibrations caused by blasting. In order to study the vibration response characteristics of the expressway
pavement close to the tunnel blasting, we took the diversion tunnel undercrossing the existing G15 expressway in the
Pingtan to Minjiang water conveyance project as the research object so that to study the vibration response character-
istics and attenuation law of expressway pavement by field vibration monitoring and numerical simulation. The results
show that the peak particle vibration velocity of the road surface caused by MS1 section blasting is due to the maxi-
mum amount of blasting charge in the cut holes of the tunnel and its lack of enough free surface,which leads to in-
creased confinement. The largest blasting peak vibration velocity appears in the vertical direction of at the measuring
point, which may lead to dynamic settlement of the pavement. In addition , the free surface of the excavated part of the

tunnel effectively weakens the blasting seismic effect and accelerates the attenuation of blasting vibrations.
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Fig. 1 The position of the tunnel undercrossing high-speed way
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Table 1 Blasting design parameters
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Fig. 3 The time vibration history curve

H P& 3 AT LABEA B AT A BOR T | R 4R
R R EEIRE , B T MS1 ~ MS5 f322 [] & i 1]
B, BRI ANBEMEM. L, S EHE
BT R IEEIREZ R EOVI B B T IO IRE
Wy B K, [l i kA0 s 2= T 2 B K flE A,
MS1 BRI EIRE B Ko KA1 K- e Fi 2
BAF MR EMEEE DA 1. 742 am/s,
1.996 cm/s.2. 505 cm/s, 3 B J7 6] B I8 {E 3R 3 £
R, RER BlHe X R A B B T LR = AR R o
St — IR SRR, R A Sadovsky AR N
ST BIRHATERER A, ERNE 4 PR, )
BRE T #0946, KARA A BUFREE, RBLT
7K B SR 5 R M T R 2 B B T R 3 T v
M,

W

v=118.33 x (Q"*/R)"**
r’=0.946

N
T

B R E R /(om - s7)

o

0.03 0.04 0.05 0.06
I E (kg™ - m™)

B4 BERED A S

Fig. 4 Fitting curve of vibration velocity
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Fig. 6 Time history curve of vibration velocity
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Table 4 Peak vibration velocity at each monitoring point

JKEHERS/m -20 -10 0 10 20
TRHES 15063 15096 15796 15196 15046
X 0.762 0.934 1.212 1.001 0.978

RiE/
?%{E%d%) Y 0.784 1.011 1.312 1.015 0.986
cm * 8

Z 0.856 1.203 1.515 1.214 1.012
BHEE 1.152 1.355 1.924 1.526 1.338

it HL BRI 2 THD Wil S 75 AR AR TR AL, 7K
FEEES 20 m B M ARA RN 1. 526 em/s, TR T
20.68% , i J5 757 7K - EE B O 20 m B9 ME I 53
A 1.152 em/s, FEWK T 40. 12% , P8 T BE TR R A
THZE AR, HEF R O BE AR T BRI AR IT 42 3B
R RIS ETRE R T EIHER D BRI
Y7t BT, 5 TR BOhR IR, R
FHEEHRR o AR E TEWE R, PRI, B i T 72
o B R SR TESE T TETR T R A B T R 3R R
IOF, A3 A ol FE o
3.3 BEAHES

g HT R R T TR 2 B B T ) 3l 0 ) s A

TG ARALEE , 3k 2 B B T AS [ ik R0 B 2 ) = P
B 7 B s i L RRTR A5 1l , AU e B B A
POKFEERS Y 0 m,5 m,10 m,15 m §9 4 SUERI AR,
I A5 R W S A YR K P BE B S R AN 8
B

H1IE 7 FOEL 8 WI, KEZARAEIG ,7E £ =1996.4 ps
i}, ST 77 R A BB SRR S R A
BOKBIN S, BE B 1) 3 i B T 45 s B R 3K, 2
REMEERBRSMISIT BB H =
5294.8 s, YRBNBODNT B IS A TR, BEJE MR
TWelR ShARSER S 5L, BRI SR BRI, X LE
ST A BRI R BN (R L, FE BETR AR OB R AR



140 B O

2021 12 A

AT, mE AR E AN S Z 7 (EET M) 3
L BB IR, 7341 X T Y J5 16 SR S WE{E 597/
F Z J5 1. TERRIRIE EO7 el RO R S (E R R,
x 77 [ NS WE IR T142. 16 kPa,y 77T B J7 VR X

LELIYHA unet input

3T 584.61 kPa,z 7 [AR HIE(EIAT] T 144.13 kPa,
HEEE/KFEE BB , R 245 05 o] B (B T A
Wigi/ e REE7KEE RS B AT R, M R AR O
WAEAWTIE K, P32 SRR SRR R

LE-DYNA user inpist

(b) 1=3898.9 ps

{¢) 1=5294.8 us

(d) 1=8692.5 ps

B 7 REAHMBENNT DA

Fig. 7 Stress diagram of expressway pavement
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Fig. 8 Stress peak values of three directions

4 £t

R ARG IR S MK AR T7 35, B SBESR
T B TR 2 B 7K B X AR R S o R A B DB
M, EEARLSIRWT

(1) BB SRR 11 IR 25 B oot Hak i %=
S EGE RIEHIER , #15 MS1 BUR s | 2 i e fH
PRIEER Ao (R At 5| 8 T 0 o 2 L e DR AR o B
PN /A T T e D b

(2) FEIRRDEE A& 4 T BRI R T2 _ B3R BRI B9

BRI ETRERT B ER T B ZHIE
BT B HE, B3 T ARBER SR .

() BERBIERA T LERE A mERT
SR IEER R, SEMSTEHR - BIRIE
77 RS W B R , BEE R D BRI R IR IR 3R F
RO/ o

5% 30k ( References)

(1] BRE,FRE, K 9,% T FRIRE x5
AR R IR Fma[ T ]. Bk ,2016,33(3) :59,52.

[1] YANG Cheng-quan,SHU Da-giang, CHEN Ming, et al.
Vibration effects on existing tunnel induced by blasting
excavation of underpass tunnel [ J ]. Blasting, 2016,
33(3) :59,52. (in Chinese)

(2] BB 8, R0, % BWRRET ZF5EmE
SWRAVIEBRGEABRI]. &L TE%ER,
2020,42(12) :2301-2307.

[2] CHEN Ren-peng, ZENG Wei, WU Huai-na, et al. Case
study of tunneling-induced settlement and damage of ma-
sonry buildings[ J]. Chinese Journal of Geotechnical En-
gineering,2020,42(12) :2301-2307. (in Chinese)



E3BE

FAH

BRI, ZF fE,BUME,S T SRR BB R BHR s  B o 141

(3]

(3]

(4]

(4]

(5]

(5]

(6]

(6]

(7]

(7]

(8]

(8]

(9]

(9]

XgER, B B,8 R, % BETFREKMHEMEE
RE o B R VR s [T]. MARER R,
2020,57(6) :8-16,54.

LIU Jian-you,ZHAO Yong,LV Gang,et al. Research on
risk classification and assessment method for tunnels
crossing under high-speed railway subgrade[J]. Modem
Tunnelling Technology,2020,57 (6) :8-16,54. (in Chi-
nese )

RRE,HEH, X B, F EREMR T ERE
WEIE T SR A BBl S b SR ER BT (T]. &
¥ ,2020,65(4) :355-361.

ZHAQO Jun-cheng ,CHEN Zhi-min, WEN Yong,et al. Study of
dynamic response and deformation control of ultra-shallow
buried tunnel undercrossing expressway under complex traf-
fic loads[ J]. Highway,2020,65(4) :355-361. (in Chinese)
B RTERE B RKEFERETFEELRK
SR E TR R T]. AR T RZZER,
2020,52(3) :51-58,67.

ZHENG Jun ,DING Zhen-jie LV Qing,et al. Control standard
for settlement of pavement caused by a new tunnel passing
underneath an existing highway[ J]. Journal of Harbin Insti-
tute of Technology ,2020,52(3) :51-58,67. (in Chinese)

B oA KB R BRETFRERELILBER
VIR KR TS BT FE [T ] R B (P3E30) ,
2019,39(4) :601-608.

GUO Rui,ZHENG Bo,LI Chen. Settlement law and its in-
fluence range of tunnel crossing underneath loose high fill-
ing embankment[ J ]. Tunnel Construction,2019,39(4):
601-608. (in Chinese)

AR, WES, F0HE, %F. SR WL E W EE T 5
TRk B B HEUTRE AT [T]. LR Tk R 2% 4R,
2010,36(12) :1618-1623.

XU You-jun,TAO Lian-jin,LI Wen-bo,et al. A numerical
simulation study on the settlement laws of the high-speed
railway’s subgrade induced by the construction of twin
shield tunnel[ J]. Journal of Beijing University of Tech-
nology,2010,36(12) :1618-1623. (in Chinese)
B, 5l AR, WKW E K5 B A R T R
ARERERMBARTR[I]. RENEETEER,
2018,15(5) :1239-1246.

LEI Ya-feng, SHI Cheng-hua. Study on deformation con-
trol technology of shallow and large cross-section tunnel
beneath expressway in soft rock[ J]. Journal of Railway
Science and Engineering, 2018, 15 (5) :1239-1246. (in
Chinese )

B R BDEKRER, % RREHEET FIS
BETIERTERET]. KERZEZR(BRARE
R ,2019,39(4) :100-108.

LUO Gang,PAN Shao-kang, ZHANG Yu-long, et al. Set-

(10]

(10]

(11]

(11]

(12]

(12]

(13]

(13]

(14]

(14]

[15]

[15]

(16]

tlement and deformation law of a double-track shield tun-
nel underpass airport expressway[ J]. Journal of Chang’an
University ( Natural Science Editon) ,2019,39(4) :100-
108. (in Chinese)
RERIE L MW, . RET FEERBIRINE
HEARRBR ST T]. BB8%,2017,34(3) :63-67.

CHENG Yue-hui, JIANG Hong,CHEN Wei. Blasting vi-
bration control technology and effect in tunnel under-
neath ramp[ J]. Blasting,2017,34 (3) :63-67. (in Chi-
nese )

EE, BB, E &% XRTRETFRAE
PR IR R [T]. = 0B T R %], 2020,
46(6) :119-124.

DENG Xiang-hui, XTA Dao-hong, WANG Rui, et al. In-
fluence of blasting vibration of guanlinzi tunnel on the
existing down-traversing road[ J]. Journal of Lanzhou U-
niversity of Technology,2020,46 (6) :119-124. (in Chi-
nese )

WEE B R,E B BRERNERETFHRA
BRI TET]. MR REER( AARZER),
2019,40(5) :596-602.

DENG Xiang-hui, YANG Jun, WANG Rui. Construction
method of shallow tunnel qith large section down-traver-
sing existing road [ J]. Journal of Jiangsu University
(Natural Science Edition) ,2019,40(5) :596-602. (in
Chinese)

F & ME,R R,F TFRERSIE T
A BB TR BT R E[T]. SoEAR BT,
2013(7) :70-77.

SHU Lei, CHOU Wen-ge, GONG Lun, et al. Vibration
influence on existing tunnel caused by blasting construe-
tion of diversion tunnel passing under it and counter-
measures| J]. Rail Way Standard Design,2013 (7) ;70-
77. (in Chinese)
mFLREE R, REREE T ERES
BRERABIR[T]. T =R 5 TR %R, 2019,
15(1) :219-225.

YE Yu, YU Chun-tao,LIU Xin-rong,et al. Research on
blasting vibration of a railway tunnel under-crossing ex-
pressway|[ J] . Chinese Journal of Underground Space and
Engineering,2019,15(1) :219-225. (in Chinese)
HER. TR Bk R BB Bt [T]. KA
FR) 533 ,2020(11) :137-140.

HUANG Zhi-gang. Blasting design of underpass express-
way conveyance tunnel[ J]. Water Conservancy Planning
and Design,2020(11) ;137-140. (in Chinese)
RERERT AT, . KR/ E # KRR
MLTHFRENBEMBEART]. BHREY LE,
2021,33(5) :172-175.



142 P!

w®

2021 12 A

[16] HUANG Zhi-gang, WANG Hong-bing, ZHENG Shou-
ming, et al. Control technology of long distance and small
section water conveyance tunnel under expressway[ J].
Western Exploration Project,2021,33(5) :172-175. (in
Chinese )

GB 6722—2014 B E2MAR(S]. b B BinkEd

W4t ,2014.

(17]

(18]

(18]

Y. WK T R A B TE R AR5
[D]. B3 - e B s R~ (BRIL) ,2021.

GONG Shu-tang. Study on the construction control tech-
nology of diversion tunnel undercrossing expressway
[D]. Wuhan; China University of Geosciences, 2021.
(in Chinese)

BXHH/ FE R

(E8% 135 R/)
4 B&

Iy =]

BRI E S H BT T RAVRNEY) 894
PR B AT R AR R B LR
B, BEA AP R AE s AL S, MARTR BB
YRR M MR R4 ; 41 % B AT R R H R
FERRAAE L P DA R AR H R T B BUIR, 7% BAESCE
I TERT AR ZA BT RAERR T K8
T, U~ B R K 0 e DAl A7 4% ] FE B 38 BT
7,18 RIRY R B R E AR M BB AR R, 1
(A5 ) M A FPRLES il BE AR e I 05K, B
WGRREA T ERANE - AR E—1F
T R B T Al | BB B il SR Wi g
s Al MU AR o e A 7 R RS BRI
B EERMINBERR, 4 RRIENERFIS
R TUREA o

5% 30k ( References)

[1] RABEYSEZ2EHEEAM(PEARTNEESRK
A5 466 B) [ Z].

HEH, TR BEELR S —FAEBRY LY
NRSEER[T]. R 18HE ,2018(5) :25-27.

BAI Jian-ming, WANG Hong-bin. Application practice of

(2]

(2]
explosion service integration in open pit mine[ J]. Coal
Mine Blasting,2018(5) :25-27. (in Chinese)
TARHERA[2016]331 5. ( RABIEW AT L R BALK
(2016—2020 4§ )) [R]. Jb 3. Tk F 15 B 4L 38,
2016.

TAR#RE2[2018]237 5. ( Tk #{5 BALERE T 1
HRATIRERERBHEIL) [R]. b5 T AE
BAkER,2018.

(PHEARIMEE24EE) [M]. b PERH
MR, 2021,

BT, 2R 5, K. IR — A3 R BB
FE[J]. 1885 ,2013,30(2) :33-36.

(3]

(4]

(5]

(6]

(6]

(7]

(7]

(8]

(8]

(9]

(10]

(10]

(11]

(11]

(12]

(12]

YANG Xu-sheng, YAN Jun-wei, ZHANG Jin-hui. Re-
search on promoting innovation and development of blas-
ting integration [ J ]. Blasting, 2013,30 (2):33-36. (in
Chinese )

R AR, Tl EZ IR R BT AR M R R 5
RR[T]. B §41,2013 (10) :96.

QIU Wei-dong. The development status and new progress
of on-site mixed loading technology of industrial explo-
sives [ J]. Science and Technology Innovation Herald,
2013(10) :96. (in Chinese)

B RTH ARG BEEGEREARY —RFE
[J]. %8k ,2017,34(1) :160-165.

YANG Mao-sen. Some thoughts on popularizing technolo-
gy of site mixed explosive vehicles[ J]. Blasting, 2017,
34(1) :160-165. (in Chinese)

BAER RHREEGE[M]. LR I8 & T HR
#t,2014 .7-8.

=)OHE,FRHEE, D P, % RGRRESE ML

FERESEERIE[T]. "ML T,2020,48(3) :118-

121.

MENG Guang-xiong, JIANG Zu-yong, MA Ping, et al.

Exploration on intelligent production and safety manage-

ment of bulk explosive mixed on site [ J]. Guangzhou

Chemical Indusiry,2020,48(3) :118-121. (in Chinese)

EHF B B BERERBA T SRR S —&

PSR R R X RBF 5T 5 L BRI [T ]. B #

%,2015(3) :1-7.

WANG Yan-ping, CHEN Rui. Countermeasures research

and Practical discussion on promoting industrial explo-

sive materials production combined with blasting services

[J]. Coal Mine Blasting,2015(3) :1-7. (in Chinese)

A% BHRRG—EAEAGEATERRERE

[J]. THE#,2016,22(3) :87-90.

SHI Lei. The situation and future of standardization man-

agement of integrated blasting service [ J ]. Engineering

Blasting,2016,22(3) :87-90. (in Chinese)





