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Comparison of finite element analysis with wind tunnel test on
stability of a container crane
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Abstract : This study is conducted to provide the proper analysis method to evaluate the stability of a container
crane under wind load. Two analysis method, namely structure analysis and fluid-structure interaction, are adopted
to evaluate the stability of a container crane in this investigation. To evaluate the effect of wind load on the
stability of the crane, 50-ton class container crane widely used in container terminals is adopted for analysis
model and 19-values are considered for wind direction as design parameter. We conduct structure analysis and
fluid-structure interaction for a container crane with respect to the wind direction using ANSYS and CFX. Then
we compare the uplift forces yielded from two analysis with it yielded from wind tunnel test. The results are as
follows:

1) A correlation coefficient between structure analysis and wind tunnel test is lower than 0.65 (as 0.29~0.57),
but between fluid-structure interaction and wind tunnel test is higher than 0.65 (as 0.78~0.86).

2) There is low correlation between structure analysis and wind tunnel test but very high correlation between
fluid-structure interaction and wind tunnel test.
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Fig. 1 Schematic of a 50-ton class container crane
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Fig. 4 Container crane models used for the wind
tunnel test
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Table 1 Uplift force at each supporting point accor-

ding to wind direction (unit : kN)
Wind Supporting Point
Direction #1 # e #4
0 2,167 2,343 -6,721 -6,499
10 2,539 2,425 -6,804 -6,871
20 2,972 2,179 -6,558 -7,304
30 3,012 1,693 -6,072 -7,344
40 3,108 702 -5,081 -7,440
50 2,780 -485 -3,893 -7,112
60 2,017 -1,538 -2,841 -6,348
70 1,597 -2,178 -2,201 -5,928
80 1,593 -2,191 -2,188 -5,924
90 67 -3,472 -906 -4,399
100 -423 -4,268 -110 -3,908
110 -981 -5,055 676 -3,350
120 -1,571 -5,790 1,411 -2,761
130 -2,563 -6,305 1,927 -1,769
140 -3,439 -6,412 2,034 -893
150 -4,251 -6,316 1,938 -81
160 -4,405 -5,711 1,332 73
170 -5,336 -5,729 1,350 1,005
180 -5,281 -5,317 938 949
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Fig. 6 Finite element motel for structural analysis

100 ——T—

80 |-

60 |-

40 |-

Altitude {m)

20 |-

0 R T SN S . . :
0 500 1000 1500 2000 2500 3000 3500 4000
Wind Pressure (Pa)

7 Wind pressure variation according to altitude

Fig.

‘32_



A+t HBHH .wf’ﬂ
2W Aol Sm7tA|
TEe HEstuon,

HAZIE S ANE FU4

412 XA
Table 2= F2Me S 41E8 2 AHo)Mq 9
BAES Jekith Table 2014 %3159 2443
of AT #1 A AS FakFel 10~150°9 ¥
oA (HFd AzEo] AFI, 43 30~160°9
Mool (g Axge] gt gy 29
#e AEFET SAHE AL AT £ Qo

fUA

rr

Table 2 Uplift force at each supporting point accor-
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ding to wind direction (unit : kN)
Wind Supporting Points
Direction #1 #2 #3 #4 Fig. 8 Meshed shape of the full fluid field
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Fig. 9 Comparison of uplift force through finite
element analysis with wind tunnel test

ux

dejoly AL AR Astel Y FF4
e $4% £& gk B fRLH4

T8 Foto B FRANRGE FF-T2A4
4e s9%E 2ol Ug 44Y A%E @

oE e ¢ 4 Aok 2PAE BFHT WA}
BASHEZ o8 HAFHY] AT Yol AFHIA
ok ¥ oIt

6.d E

2 A7dNE Buad dE AT e
S0tons AHoIY AU TxARH B7HE
A FEAESH F A AALEE s
B4 AR ded 2o

D EA Qugos FYsE FRAHE o8
Aol 2 & AHY AEY 24 PR 9
Hol HgHE FaFe 4z AWY o8 2

_34_



HRomH A
A go} g

g o
LAE HAEHA

2 A2 WF 7= 4 Hd FE-T2A4
Ao Ff TEAYFA A=Y FAHUAE 1,793
~1,921kNo.2 Fx34 thu] 23~49% 7t L4

Ho, A4 A5¥ 2x5 FHA87 §4
3 2 A 4—6@%
gl o] ﬁﬂﬂol

ot
B
o

i rlo

fopo D42
o
2 or R R A

:{o

ok

o

- P
=

2

2

O

ok

2 d7e AAAAT 2 ARFANZTLY 0y
ITE748 AdAde] dA723%2 FPHAS
(ITA-2008-C1090-0801-0004).

21 28
1. Tsinker, P. G., 2004, “Port Engineering
Planning,  Construction,  Matenance, and

Security,” John Wiley & Sons, Inc., pp. 3741

_35;

.Lee 5. W. et al,

. Teixeira,

CRoE

. Lee J. M. et al., 2005, “A Study on the Wedge

Angle of the Rail Clamp according to the
Wind Sped Criteria  Change,”
International Journal of Navigation and Port
Research, Vol. 29, No. 7, pp. 641 ~646.

2005, “The Effect of Wind
Load on the Stability of a Container Crane,” J.
of KSPE, Vol. 22, No. 2, pp. 148~155.

Lee S. W. et al, 2005, “The Comparison of the
Stability of a Container Crane according to
various Wind Load Desing Codes,” J. of
KINPR, Vol. 29, No. 6, pp. 561 ~566.

P. F., Awruch, A M, 2005
“Numerical  Simulation of  Fluid-Structure
Interaction using the Finite Element Method,”
Computers & Fluids, Vol. 34, pp. 249~273.

Design

. Simiu, E., Scanlan, H. R., 1996, “Wind Effects

on Structures; Fundamental and Applications to

design,” John Wiley & Sons, Inc., pp. 273~307.



