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Abstract: To investigate the deformation law of submerged floating tunnel ( SFT) subjected to underwater
explosion-moving load, the underwater explosion process was simplified to the stages of shock wave load and bubble
motion based on the Cole shock wave load semi-empirical formula and Vernon bubble motion equation. The Grade 1
vehicle load of highway was simplified to the moving load sequence. A dynamic model of SFT considering
underwater explosive load, moving load, and fluid effect was established based on the D’ Alembert’ s principle. The
four order Runge-Kutta method was adopted to solve the differential equations of motions, and the proposed model
was verified by using the existing data and formulas. Finally, the effects of explosive load and moving load on the
deformation of the tunnel were discussed. Results show that the impact factor ¢ could greatly promote the increase in
the maximum displacement of SFT. Compared with ¢ = 0.1, when the impact factor increased by 2 times and 4
times, the maximum displacement of the tunnel increased by 4 times and 10 times under explosive load alone. With
the increase in the explosive amount, the bubble load frequency increased exponentially, with the increase in the
water depth of the explosion point, the bubble load frequency decreased in inverse proportion. In the cases of
different explosive amounts and water depths, the bubble load frequencies were all less than 3 Hz, which was close
to the low-order frequency of the tunnel and easily led to resonance. Under the action of underwater explosion and
moving load, the maximum displacement of SFT was affected by the combined effect of the position and speed of the
moving load, and the explosion was more harmful to the tunnel when the vehicle ran at the fastest speed until the
mid-span.

Keywords: tunnel engineering; submerged floating tunnel ; theoretical model ; underwater explosion ; moving load ;

dynamic response

. 20710121 K F R T A e — o 4 AT 8 52 2

BT [F% [AREIES (51708042) 5 X R TEIREAKT M TR DAY bR T
PP RAVHE . (201910-008) o2k, AT B BRARE S DI BN i R |

EEMA: B WI(1985—) 58, 1L, WIS 8 ‘ ‘ ‘
EBEEE: ¥ il , luogang@ chd.edu.cn iﬁl\ﬁ:’:j’jﬂlj\\éiéiﬁiﬁfg’ﬁ[j‘ﬁ,’fi,ﬁ\:ﬁiﬂﬂ 21 T_Hféa



- 86 - /S =S B A N S ¢

G S AR 2 — ) At B F Y
AR AR BIK T B KR MR 2 W 1 2 A s R
THREM, X 7 B BF 5T AL 4E . SCHR[ 4] F %&
T % T T bk A AT 1) S SRR Y T OK T AR
K op o DA FH T A5 A 9 457 B8 025 0 0] 197 5 SCHR[ 5 —
6 it LS-DYNA XJ ki bk i K T e oh i /E T
(B 1 B HEA TR, 430 T IR MES A SR R X
HCAE R I ) SR 5 SCHR[ 7 -8 1R ER (A DU
EIREI I AR S AT T B 7 bR A TR EE M RE AN
WAE XU sg ], iR R 24 b FAUE
BLAUL A HE 5 T S, HLAE T o B vy 2k
VB TRR AL, A % BT 2k, 25 fr 202 2
T BRI AR kg 2388 45 K6 0y ST 1T I 148 R A 28K, 3 7 T
IR EE  SCHR[ 9-10 1K 22417 21 7 16 A 51 1
BERGE BT T BRI R 1 4 - R A 1 2l 7 e i [
RO SCHRL 11-13 1K 42509 2155 16 R 78 Bl fr 48007 471
W58 T B RR B 1A R sh a8/ E N i3 )
M 17 (), 2% 30 T A s 7 (R A SR 27 B 2
AT B AVE R PR A B8 2 B 5 o 22 A L At Af
FALEVE T B IF RS I 14 ) e B

BE TR VR BE B AE KT BRI O A AR R
AR 30— J7 T Gl 3 Cole bty P2 22 86 2 R0
Vernon ‘S {1z 3l 75 T % 18 50 85 1) op o 9 W i 4%
YT 38, 575 — J T 3 4o 8 7 AT R AL sl far 2 7 S AR A
LN & Y k= iR (S R {1 S i = v
REH BT BRE KO T ELIRSN Y Bl ) 225 A &
X B RNES By i 2 S B AT 434, A5 2K T R KE -
B sl 2R FH T B V7 B T 1) g 1 A | Ay B T B
KR 2K N S50 (AR S e i 52

1 KTERERB T FHRAER

PR E AR R A B T ) A R 1 5K T
BIRTEK T — @ R, EE UK T BEa B R 5% B
RS Sr ABT, BRI 1 o AR T A
TR B A7 B ) S B A AR BRI I 3 )7 R ER 2
ST KT RRR AR AT 48 T o b R A A K B
PRI, KLY R S RE R —21 . KRR AE
far gl 1R A i el g A S AN B, I 2 i
SIS B A i i 28 ) 1 R S B R IR B <
WK Wiz S U Tk 8l R0 B
L1 R

KT 8 K b DB AT 2 T B O R 3 T
K] Cole 55 KA KT 1M S B0 B4 #2 1 i 2 22
L /A VA 3 <

pi(t)=pmexp(;tj ,0 <t =<1y, (1)

1

%54 4
KTRIE
E1 EEFEBRERZRE
Fig.1 Image of SFT
P 1w 551 E
o K 1%
7 7
W Hi—K W £ IR
Sk sh Sk sh RNk
| | :
T l >
’ } T

|
il

a
k| O D O
D

O

B2 KTREREAIEL
Fig.2  Simplification of underwater explosive load
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