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A study on the wave-current-induced motion responses of submerged

floating tunnels using longitudinal truncated model tests
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Abstract: Using a wave-current flume, a truncated model of the submerged floating tunnels ( SFT) was established for analyzing the
wave-current-induced motion response. The vertical and horizontal response characteristics of the SFT tube structure were obtained.
Experimental results are as follows: at low velocity, the model motion amplitude increases by increasing the reduced velocity of V,. The
vertical motion amplitude peaks when the reduced velocity equals 5.8, and maintains stable amplitude results when the reduced velocity
is larger than this critical value, leading to structural resonance and vortex-induced vibration “lock-in” phenomenon. In the stable
amplitude range, the vertical motion amplitude is two times of the SFIT’s diameter, and the horizontal motion gives a comparable
amplitude to the SFT’s diameter. When considering waves action solely, the horizontal motion amplitude is comparable to the vertical
when wave is weak. The motion amplitude firstly increases and then decreases when increasing the characteristic KC, number. In the
range of KC < 0.51, the vertical amplitude is greater than the horizontal amplitude, and if KC, > 0.51, an inverse relationship takes
hold. The vertical and horizontal amplitude peaks at KC, =0.42 and 0.55, respectively, and both the two peak values are comparable to
the SFT’s diameter. As the characteristic KC, number increases, the relative response frequency deceases, and the vertical relative
frequency is generally larger than the horizontal one.
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Fig. 2 Layout for the truncated model test
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Tab. 1 Model test conditions

KR K r/m  BEHAD/m O WEU/(m-s')  FHIRERe RIS JAM /s W H/m

C1 0.57 0.08 0.244 2.0x10* W1 0.6 0.02
c2 0.57 0.08 0.266 2.1x10* w2 0.8 0.02
C3 0.57 0.08 0.289 2.3x10* w3 1.0 0.02
c4 0.57 0.08 0.311 2.5x10* W4 1.13 0.02
cs5 0.57 0.08 0.334 2.7x10* w5 1.41 0.05
C6 0.57 0.08 0.356 2.8x10* w6 1.62 0.05
c7 0.57 0.08 0.379 3.0x10* w7 1.80 0.05
C8 0.57 0.08 0.401 3.2x10* w8 2.00 0.05
C9 0.57 0.08 0.424 3.4x10"

2.2 REHE

U PO TS S SR FH T P 802 P B S A A S0 0 AR R AT
T T, AEAE TN T PR — L AR R 1 e b ST R SRR L X LR BEAT S A 3, SR ) il i e
PR, ATUBCEE— it b (b P B (57 B AR AR, 0 IS T {37 B 5 R A7 A, DA T A+ 1S 78 4 A ) 1 2
] RS (EL, HAA T 1L LS 25 SCHR, AR A %I

SSTHILRBHLAZZ R 1 920x1 024, Wi 25 Hy, BIECE KA A ] B4 0.04 s, B A 06 Il i
FRPRTEE , BEARMIL-S BT AR Y A 0 4 (7 B DR IE 1) ELZKF DR X R R GE AT A RO E FIBIE A OE . S4B R
I, AR R Sl IR B2 TR 1 mm LA, B B b, el SR ALIC R R 1iz sl 7, i
SRR PP S ris sl i 19 5 S LA R AR 1] FE 1] B2 RS (EL 18 B0 S 7E B i 1k N AT
SEFE R I 2Tz SI{EN 0,

KU AREG I | SEREAT /N A, 5 G R, A5 B RH LA 0T A0 S AEL , DA T A B2 3 ST 2l T )
SEWLHE , PRI, $2 BE R N BB R4, IE ORI R G 56 fr, SE#EA7 450 A b il g, B
TEFK IR 45 TE T — A3 [l W0 R L i o 10 S HAR S 3 A, 49 B AR (FHLE LS8

3 LR kb

3.1 AHMEFHERE

RARAT AR PR B 7 B AT AR A0 RS B L Se AT ) A AR G T G R 1 ) A
fol 1] [ R 40 0 — T 1) FURE (m 0 4R %, S HAR B H iz 3l T 1) S8 1] 6285 20 B dz F1 dxe R
K3 45t 1 250 B s psliale: v i sk AR AL Sl R L R IRTA] UL B I 7 R S P A6 AR
JEPER 32 50, th Tk S R G B C B0, AR IR 4 b -0 B 3 a5 RS AR o B T A5 2 254
(] HIRAR N £ =0.763 Hz, BIRJAW T =1.310 s, B Lt N £=0.018 9, f 1) E HRA5F K £, =0.905 Hz,
FIREW T, =1.105 s, BLJE A £=0.020 5,
3.2 Kigikie

Kl 4 250 T LA RSN AR A R TR A 0l , N2 A0 A B3R I ER IS K, T 7+ )
Rt 1) 4 T A 25 A VE T B TR B A8 1] 38 Bl B A SR B 87 IR AR 1 S ) KA U ) A 4
A, BEAE R A I SR R, 3O R 1R AR X FR YA 5 e 1) T AR Ak DA RO ] 4 T
RFEY (A 75 0.356 m/s B, 3 [l PR sl 2 A B e K, IFZ e TR (s 4(d) ~ () FR) o K



i 55 39 &

48 # T

5 45 T KB P TR A 1) B e 6] W RLE SRR N %, AT WA K SRAE R, RS A e A 1 B

B A Bl
40
- Hilfl
— i
20 1
g £
2 0 =
N RS
-20
—405 10 20 30 20 155 10 20 30 20
f/Hz f/Hz
(a) TE[m) A HEER (b) # 7] B FH3E R
5000 2500
4000 2000
£ £
£ 3000 £ 1500
~ ~
S 2000 S 1000
1000 500
0 - s - 0 - ' :
0 05 1 15 2 25 3 0 05 1 15 2 25 3
f/Hz f/Hz
(c) T LT (d) HE R B0 T
K3 AREEIREE R
Fig. 3 Resulis for the free decay test
150 150 150
100 100 100
50 50 50
£ 0 ( £ oo £ 0
= —501- < —50 1R . = 50
~100 ~100 ~100
~ 13050200 300 400 ~15%%50 200 300 400 13066200 300 400
d/mm dx/mm dx/mm
(a) Cl (b) C3 () C5
150 150 150
100 100 100
g 50 g 50 g 50
E E E
< < <
-50 -50 -50
~100 ~100 ~100
13050200 300 400 130060200 300 400 130060 200 300 400
dx/mm dx/mm dx/mm
(d)C7 (e) C8 (f)C9
Bl 4 ORTR) T AR R A 1 A2 s 2
Fig. 4 Sectiaonal motion trajectory of the model under different velocities
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