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Fig.1 Navigation mark pile with protective device
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Fig.2 Dynamic calculation model
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Fig.3 Finite element model
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Tab.1 Main technical parameters
A WBY WEBPR
SMEER/mm 6 400. 00 6 200. 00
W EH B/ mm 2 900. 00 2 900.00
2 #5/ mm 1 400. 00 2 000. 00
KERRE 12(3%4) 8(H4)
HEREFERYT $0.40mx1.20m  @0.40 mx1.90 m
BE/ kg 15 201.00 13 989.00

®2 ATABTANHESY
Tab.2 Material parameters of bared pile

B ¥ y/(kN-m*) E/MPa »
WP Q2354 78.00 210 000.00 0.25
3 C25 B+ 25.00 28 000.00 0.20
BB B 12.00 16.00  0.48

AEXtBR,BE3FMIAR:

(1)6#fits, HAEK K 29.00 m, TRE K& N
16.00 m, B FH MK 3 71 48, W KK E R &2
10. 20 m;

(2)s#fifz, HAEK X 28.60 m, A R &N
16.00 m, ATRENBPEOHNS A0 T
RIEHE SR 7.60 m;

(3)8#fitR, KR 34.00 m, HEHERH
16.00 m, HFRETHEH P RN L2
. R T 2 10. 30 m.

HTFLERBSEAL, BESEHXLNHE
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Tab.3 Soil parameters of bared pile and navigation
mark pile with floating steel fenders
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Tab.4 Soil parameters of navigation mark

pile with steel protective

#E BE RREL  WEE: Rt s BE Bt ﬁif 2+ WD
BEB/m 0.9 9.60 7.30 7.40
EE/m 8.3 220 5.5 6.10 10.90
y/(kN-m™) 15.20 19.60 1970 19.80 ., /(IN-m?)15.20 18.50 17.40 18.90  20.00
E/MPa  0.7467 5.6160 8.5651  14.3417 E/MPa 0.7467 2.8154 1.4709 3.8406 14.0000
e 2.269 1.013 1.271 0.921 0.682
e 2.269 0.750 0.756 0.710
o 0.40 0.30 0.30 0.30 0.25
r 0.40 0.30 0.30 0.25 C/KPa 420 11.00 7.50 26.80 2.00
C/KPa 4.20 27.15 27.60 2.00 o/(°) 2.80 10.60 5.50 14.70  30.00
o/(°) 2.80 21.52 23.40 30.00 EAXERBK, SRAXXR RENT: LEHR
F0.1,BBHEA0.07,HH X 0.05.
k5 RATHNAVHLIESY
Tab.5 Soil parameters for dynamic analysis
s BB R & B BT R 1 B EWEHPRINMLE
ER y E B ¥ E u
b gvA 0.90 15.20 1. 6096 0.40 8.30 15.20 1.2510 0.40
BEHEL 9.60 19. 60 9.4250 0.30 2.20 18.50 3.7610 0.30
BEEL 7.30 19.70 9.7268 0.30 5.50 17.40 1.9250 0.30
nt 13.10 19.80 20.9270 0.25 6.10 18.90 6.9370 0.30
g4 — — — 10.90 20.00  22.6800 0.25

1 B R B R R SRR B IR R A 1. 00 m, BT UAZE T B B R B R BRI 2. A TRERSHRP
ML RREEDN XEATY XM KR EREE, BRENT7.40m§ KE 13.10 m.
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Fig.4 Time-history curve of the collision
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RAHKER 1000 t KIAA0, BIEBLENE
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Tab.6 The collision of 5#,6# and 8# kN

& AR S# 6# 8#
15 km/h 4.498.5 19755.0  5331.4
12 km/h 3598.8 15 804.0 4265.1
2 HE4ER
2.1 {H®IA

3 FAUATHE IS 7R 32 HEK B 1 000 ¢ (AR A0
Bt B 30 7 el B (B 95 A 5 8% 7 (R A E L
i 8). REZLAMER, RRWERIC 200 .
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Tab.7 Calculation results under different conditions
- 18 #iE A/ AR A/ ﬁjcﬁgzﬁf/ BRALB/ ﬂkﬁ%/ B hnE &/
kN MPa 10 m (m-s7") g
1 19 755 195. 80 6.742 1.288 12.89 18.77
2 17 108 169. 56 5.839 1.115 11.16 16.25
o# 3 15 804 156. 64 5.394 1.030 10.31 15.02
4 13 686 135.65 4.671 0. 892 8.928 13.01
1 5331 52.01 1.855 0.751 1.963 1.20
2 4 617 45.04 1.606 0. 650 1.700 1.04
8# 3 4 265 41.61 1.484 0. 601 1.570 0.96
4 3 694 36.03 1.285 0.520 1.360 0.83
1 4 499 49.10 1.756 0.016 1.11 0.84
2 3 896 42.52 1.521 0.014 0.96 0.73
S# 3 3 599 39.28 1.405 0.013 0.89 0.67
4 3117 34.02 1.217 0.011 0.77 0.58
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Fig.5 Time - history curve
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%t FHEKE 1000 ¢ (AR AR (AR EE R 15 km/h
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24 195. 80 MPa,30°RH8E BT BB K S N 169. 56
MPa, % A 7EBERETH I 11.81 m A b (B A 6
BIAL) , T Q235 4RAYiFFI ML S 170 MPa A] I, i
BTN AR AR S B PL I , B35 B T 3 s i R NE
B SR M AT o MR TR R UF, KRS
THEE 73.56% , K- EEMTI 18.89 m ¥
WEAL,FARGRTEERE, BHTFRELHF
FIRLf18 25 MPa, NS TR, & 2HE, S W
RMG, B THTINBRA, EWIE¥ LE;XE
RRBP RS TE S, X TR, WY
AT LA BE AR 18 M R 5k 78.29% , B KM B R A4
HEEATS Um WL, BRALERE, REH
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Fig.6 The maximum Mises stress contour plot



82 BHAKEER(TER)

2010 4¢

3 &

(HEHFRHEERBRIRNEPR, A
HATHERENPERHTRALE, 26 H
EBMEMNR, THESBMERMNTIR. AR EE
BARKEA K. AT LK S, 5
0, WA ARG AL NI ELRRE,
FHREEM 10% MAR, AT LAMHKE 1000 t &
RAE G AR R KB IEFE L em DT, X3
BOREHARRY E 5.

Q)M FREV, EEHTI ~14 m XiH, %
NBRKR, BEEHHNER, RELBFRNEFTE
CO.NERGFPRBETYRKWEBRHEE. XTW
LoRiab % 37 LN (B 780 2 ok g A e DY
Whnessh  h— L EmiEd . P ¥R SR
e 2 (8] & [e] B 2R AL — 25 W/

G)EBMRANREY L, B TRES A
A RE A 78.29% , R A BRI R %
A U ZEAMNRERR. HH TEE L
MBI, UES THKE R 1000 t A5
i, Z B HEK R 1000 t+ FIARAN, B EH IR
ZHEHRTBESTPRAERANKRRYE
W, A ATE N HESLERREST RGP
SRR

B XK

(1] mET ZRMH EHEFRGFRD). REOIXERH
$7,2003,2:1 -3.

(2] MfET. MEREAXXNESHFID]. MEREBRF
TR XML E%¥6,2002.

[3] B¥ HEHELZLFHAD]. LE:RFXEHRE
TREE, 2007.

[4] RECKLING K A. Mechanics of minor ship collisions
[J]. International Journal of Impaci Engineering,
1983,1(3): 281 -299.

[5] MINORSKY V U. An analysis of ship collision with
reference to protection of nuclear power ships [ J].
Journal of Ship Research, 1959, 3. (2)208 -214.

[6] WOISIN G. Design against collision{ C]//Proceedings
of International Symposium on Advances in Marine
Technology. Trondheim, 1979, 309 - 336.

[7] SEARZMESHER. TB 10002 1—99. &KEH
W EARB(S). bR PEHEHH KM,
2000.

[8] s ARGMERENR. JTC D60—2004. 2B HF
W EARR(S]. AR ARZE S M,
2004.

[9] [IABSE. Mutual Influence between Transport Vessels
and Bridge Structure (Overview and Directory) [ C]//
Paper Florilegium for Impact between Ship and Bridge.
Shanghai ; Shanghai Institute of Ocean Steel Structures,
2000.

[10] AASHTO. Design Guide Regulation and Interpretation
for Impact between Highway Bridge and Ship [ S].
Washington D. C. ; American Association of State High
way and Transportation official,1991.

[11] ZHm, Weesl BRER,S. AFAEGHROES
JHREFERITI]. oA BE,2006,26(5) .78 -
81.

[12] B, &40 ,KE%, % HHEEEIESBHIE
SHBERBI]. WL K¥E¥IR: T#K,2008,
42(6) . 1065 -1075.

Finite Element Dynamic Analysis of Navigation Mark of Single Pile with

Anti - collision Facilities in the Inland River

WANG Yu,ZHOU Xing - de,JIANG Yang,LIU Qian — min,LIU Guang - bo,SHI Xing ~ xing

(College of Mechanics and Materials, Hohai University, Nanjing 210098, China)

Abstract: Employing ABAQUS nonlinear FEM program, analyzed dynamic response of the soil structure a-

mong three kinds of navigation mark pile which are bared navigation mark pile, navigation mark pile with

floating steel fenders and navigation mark pile with steel protective. Proved that the navigation mark pile with

floating steel fenders has be the best protective effect among the three kinds of devices by comparing response

curves of stress, displacement and acceleration. Some suggestions are given on design of the navigation mark

pile and how to use the method of finite element simulation which are of great value for promotion and use in

the future.

Key words: navigation mark pile; collision; protective device; FEM; dynamic analysis



