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Fig.1 Gravity type complex structure
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AV MEEBENIEXRTAGE T fE, BEAE2%,
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SR RSN 2, R E S, RS 5 h .88 FSI i Fig.2 Numerical model for
SRR SRR Z R AR, BERK L6 pile-water interaction
m, B B 18. 6 m, WA 'R A AR 10 4, HER 15 m. HERREASEY 8K
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Fig.3 A simplified diagram of a single pile in water
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Table 1 Comparison of the results between the analytical and the numerical methods

€))

B % TREMRITR TRERER BREMITR EBERESRER
1 2.816 2.812 2.598 2.564
2 17.648 17. 203 16. 281 15.589
3 49,419 46, 487 45,591 41,944
4 96.186 86. 943 88.735 79. 317
5 160.078 136.273 147.677 124. 880
6 239.126 192. 286 220. 601 172. 470
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Fig.4 Comparison of the results between the analytical and the numerical methods
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Table 2 The reduction rate of natural frequency( %)

RS 1B 2B 3B 4B 5 By 6 B
R 7.74 7.74 7.74 7.74 7.74 7.74
Bl ok 8. 82 9. 38 9.77 8. 77 8.36 10. 31

R3 BERSBABREREE (%)

Table 3 Deviations of the analytical and the numerical solutions( % )

RS 1B 2B 3B 4B 5 By 6 By

T 0.14 2.52 5. 93 9. 61 14.87 19.59

BE % 1.31 4.25 8. 00 10. 61 15. 44 21.82
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Fig.5 Contrast coves of reduction rate Fig.6 Contrast curves of deviation
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2.1 ZHEAEEKKENESL

AR ERETBRAMAME N RXE S EWEARENR  ESHERE 9.0 m, NHREE L
Vi R~TH23.5 mX16. 7 mX19 m, MBAKEE —27.0 m, REGRE—S8. 0 m; Z5H 1M &
JE & A B R AR B B T 1 40 AP AT R B TR E S, PACA R ER. NER
B+ ER 1.6 m, B & 30 mm, FF ANSYS-SolidWorks B3 i S A B INE 7 Frs

BT ANSYS-SolidWorks 2O S ARG, IRE
FERL I AT R B A &R v B AT M LT
ANSYS FEME, B3 BN ARNFTREMLE.
2.2 ZWHBEESH

R T B W K AR B A 4 B A SR
B, AR HETRE-E S RE S WEARARK
LT BRI BT 45 H S50 B B R AR R AR AL
2.2.1 AAZMTESIHSHN

it ANSYS HE M EMAESIFRET 10 B
BREARRILK 4, AR 4 FTH, B4 E A 5 RE R
BB SR TIRA IR A 2 XA . S A Fig.7 An effect ch:r;nof the gravity
3 B REAR, 4 FE 3. 49~5. 35 Hz, K W 3R
RSN ES RS, & 4~10 HrEH M
REAT 3 A K, 4G FE 17. 88~21.87 Hz,

R4 GUEZSPHI 10 HEFHME(Hz)

Table 4 The first ten order natural frequency(Hz) of the structure in the air

type complex structure

B % 1 2 3 4 5 6 7 8 9 10

SR OE 3.4964 4.2670 5.3474 17.8820 18.6720 19.689 0 19.996 0 20.168 0 21.450 0 21.8720

2.2.2 AALHEZEMBEIIN
ZEMAE K RS A B SR A A B SCEE B AR 5 I 8 P

(RE ()P 1%

It
15000 30000 1w .
o0 22600 x

B8 FRMEMEGHEGEMBERE KR 27 m)

Fig. 8 Numerical model of complex structure (water depth: 27 m),

in which the fluid-solid coupling is considered
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g Unsymmetry ¥ IS HTEAR FK AL T BIHT 10 Bz, G544 B B A SRR 0% 5
Bias . W3R 5 ATA, 2% 18 o B RR -5 1 P I W IR B 0 38 < ik — A0 B/ N G B 1B A AR
o KB 19 m i, KA BRI TRE . 507K BF B9 AH e, BARK B A0 19 m, HEEA
BRBACHARAE . LKA 2R ME TR S i, Bl W8 BB B 0, K A Xk 5 49 1B A R
R SE BT . BERA ZK AR A B 0 B 4k 3l R T 3B K, T RE R 3 40 1R R B S R i
FWI SR I N A B RERBFBIR , K X IR S4B R R ESBFTR A
o

RS5 LHMETEKMETH 10 HEFHE(Hz)

Table 5 The first ten order natural frequency(Hz) of the structure at different water levels

AKE/m 1B 2B 3B 4B 5 B 6 B 8B 8 B 9 Br 1o B

0 3.4964 4.2670 5.3474 17.8820 18.6720 19.6890 19.996 0 20.168 0 21.4500 21.8720
19 3.4963 4.2670 5.3469 17.0220 17.777 0 19.6200 19.690 0 19.760 0 19.899 0 20.658 0
21 3.4961 4.2666 5.3468 16.5710 17.7040 17.8530 18.904 0 19.581 0 19.848 0 19.9850
23 3.4956 4.2657 5.3455 16.2100 16.3220 17.3710 17.907 0 18.894 0 19.4770 19.6910
25 3.4935 4.2620 5.3409 15.0410 15.797 0 16.376 0 17.577 0 18.080 0 18.869 0 19.206 0
27 3.4875 14,2521 5.3291 13.9520 15.307 0 15,4290 17.0990 17.541 0 17.9590 18.346 0
29 3.4756 4.2337 5.3084 13.0100 14.6100 14.7830 16.580 0 17.179 0 17.273 0 17.628 0

31 3.4600 4.2116 5.2850 12.2060 13.9200 14.2840 16.3020 16.896 0 17.0220 17.0380
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Fig. 9 Relationship between the reduction rate and the relative water depth
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Z& BRI RITE T A 3 RS, BRI K Ak 5S4 HWREMHEERER, TTRRHAE
en. WiH, & MRS T EOR R 6 E AR G R ATOR AR R K R g5 4 By
[ A AR B R B K
R6 KFEANHUEFTHERBE(%)
Table 6 The reduction rate of the natural frequency(%) when water depth ratio is 1

B % 1 2 3 4 5 6 7 8 9 10
R 1.04 1. 30 1.17 31.74 25. 45 27.45 18. 47 16. 22 20. 64 22.10
3
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Fig. 10 Mode of vibration (left) and stress cloud (right) in the first three orders
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Vibration Analysis of Gravity Type Complex Structure
Based on Fluid-Solid Coupling

LU Xiao-long"?, SHI Hong-da''*, LI Yan-ping'"
(1. College of Engineering, Ocean University of China,Qingdao 266100,China;
2. The Key Laboratory of Ocean Engineering of Shandong Province, Qindao 266100, China)

Abstract: As a new type of wharf structure, the gravity type complex structure is the
combination of gravity structure and piling structure and has characteristics of rational
load-carrying capability, lower cost and convenient construction. However, the influ-
ence of water on port structures was not considered in the previous researches. This pa-
per takes the declining pile-gravity type complex structure as the research object and es-
tablishes a 3D finite element mode by using ANSYS-Workbench software, so that the
vibration characters under the conditions of different water levels are simulated respec-
tively and the effects of fluid-solid coupling on the vibration character of structure are
discussed. The results show that the fluid-solid coupling can lead to the decrease of the
natural frequency of structure, and such effect can increase with the submerging depth
of the structure.

Key words: gravity type complex structure; fluid-solid coupling; modal analysis; natural

frequency



