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Abstract

In this paper, wind force coefficient by wind tunnel experiment is obtained to compute the accurate wind force of the gantry crane
model to be used for mobile harbor ship, The first crane model was tested under 20, 30, 40, 52m/s, partially 58m/s and the wind force
coefficient is about 2,0 which is very close to the suggested theoretical value. The other is the more reliable crane model and tested

under 20, 30, 40m/s also giving the similar realistic wind force coefficient, Also structural analysis of crane model was performed giving

the reliable stress level, Since the rolling effect is important for mobile harbor ship, the safety of the crane on the ship needs to be

guaranteed, For this, using the computed reaction forces, a tie—down design is suggested which connects the crane and ship to resist

the turnover motion of the crane,
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Fig. 4 Force component value by wind tunnel model

test

Bi2iof st Fx= 0°0flA Z|cH, 90°0fAf 0 Nofl 2& 3F
90°~180°= ZHo| 2|Tstof Bk} =22 -Fx& th&o] =t

tEoh 180°~360°2 0°~180°2F ti&lol Eot of7|M FEES0
2H5| thEol =X g A2 0°c MM 2= Fzfelo|x
180" FHollAM 2= Fef|olo|22 & HAo| MZ cf27| mf
=0[Ct. & of £ S0{ 30°0M = 0°2t EE| F2i|Qlo| +ZaakHt
e ghe 4ol Hhro] Fx7t 30" 20l A F[TH7F = X|2H il
off Fy7t 2Hlisto] ZadA|la AL E"*EIN Zlct XY gHe|

2Uo| SHM F7 o] 7l RAIR K SFOICH
A 0 No|12 90°F2ollA Z[Thgtol =12 180°0HA 0
NQE SHsi 180°~360°2] 4<¢ &g 2elg & + Uck
047|M Fy iol (-2 S&o| BiZ% FSHAS ofplsich XY

(@)

St
gele] A HIFZ X|X|=|0] ZAZEHO| ARER 2= ZH
E7|- |:||-A|-|3|,7(| ol %EAI%I:{IOI 2::)1_?_'— P:I-o| _T’_X‘10|E|- tlI-AH6|-
E2 Fellele] Mk ZHERID M o] Mzo| 4%

o= ZtE0l ON-m ZXMZ Mx, My HC} 252 25|t

100 - A1-D6 Model Test (Fx)
80 ‘AA‘\ / Am
A A
60 t 1
* /’/
10{e** %\ 2% i
|7 ea ds
20+ l“il\.\.\\‘ Y ;./.,}lll
~ 1 e -
£ 04 l:‘.“ |
i -20 A:\q mﬂm"{ 2
1 \ L
-40 4 ‘A‘.‘o;,.clh' ° / =20 m/sec
\ A —— 30 m/sec
607 & A A —A— 40 m/sec
80 &L‘A/ A

00 eor—ovr—-+—r——r—+—r—+—r—+r——rrr—r
0 30 60 90 120 150 180 210 240 270 300 330 360

Degree

A1-D6 Model Test (Fy)
120

100 4
A
80 4 oy Ahdy

60

—&— 20 m/sec
—e— 30 m/sec
—A— 40 m/sec

0 Ao o
0] A* el ., o,

Fy (N)

-

[ ]

]

) |
»’

204 8 "
l '-"lli“l d
/
-40 . 't P4
-60 - * .\. o® "’. /
A
-80 A /
A A P
100 4 PO I WO

24—
0 30 60 90 120 150 180 210 240 270 300 330 360

Degree

Fig. 5 X, Y=Axis force component value by wind tunnel
model test (A1-D6)

JSNAK; Vol. 48, No. 2, April 2011

167



ﬁlo‘i(}”

St
=

bHEZ| F|Qlo| S =0 & i

Table 1011 40 mis 7o) g0l ofet izl U= B 7y L o
=3} Hligto] Ao Myol Bt lge B + n, MY P ) M1,
= - EE pUzA A
HES ARRSIZ 70 ms ofAle| Eleizte NS 45 Qo) Z 2
SEEAIST Cp = A (2)0M 22 52 MZ2t CAD £HolA )
MBS SZRIN SOZ Livo] Teict BHE A% Gy, g4l Fo i BEN
AME BRf DUES Livs| BUE g7fzl)ol FkElD Taple Mo HE AEINM)
20 AN BiAAT) Sick 0°0] 49, 2t SEEE Fepiay P ¢ 37 UE (20C, 1.2/m)
1,960 MIolM HAISEE 7t 2.00] 2Este ulsf ciz 2+ U 0¥ F5 S (m/sec), 20, 30, 40
AN 2
£ S3| 58 550l 00", 270°00M &Kot Ack olefzt zake A ¢ TEHA (M)
Cig Pl ARREICE 0°ef R Jeelo] Batzof ziciy]  H ¢ A0 Tl Briixiel ol (m)
of 7}&F ADsH X2 £EHAME MY =) B2 5o 71 &
FEE0| e Jefel TEOIM = TES| R0l I 2HI 2.2 372l 2do| S3S 7Y
2X| b= "el2fM HiEgke| HetEot |XE Aoz Heolct
= Z=iljo| mol ZIMo| Z SX|ED St HIZKS = SED Fig. 62} Fig. 79| TxaliMzEe| M2 Uizo|n F2F
1} CADOIM AlESSH ~Z0ixo| MR} 2Ux|510] BIAZIE Me B2 o4 7[H4A 22 =2 FEeL, Jeel FHE o
Heks| MEE ZHeZ Holot viH 90°e| A< diZto| Fzele] sk 2lolofLt & 22 FAle YA ARBEICE AFEo|
ol Teloz o SEUN0I S 202 Fais0l B M 0 MEE B} 1 9602 M0l A ALY
o} mlo| ZtAo| ARl HIsH S9i5t0] Hizdo| MalT | Ztast Kol BEAIE 2.02F Ao UX|SIEZ FofAA| SHAE
7oz Holch o] Zdof ofsf et ol 9%t Helst 2.02 ARSI, E52 20~70m/s2 2 10m/s 7142z oH
1 E4s 2 E 1.7~2.0 2X9 Zio| AHAko] Alsinbd M5t Mot £0 YISk 70m/s Z51E siMollM 7R 2 H
of HAEoR 2aE 22 Y 4 ok R oI 22 el BE NYATE WEd Yo 8
ME StEAlE 6.6cm, SHESIEAIE 8.7cmO|AD HASH
Table 1 Reaction force value from the wind tunnel test Ol ZIHix|2 L= FE2 7|AIA % F2iel ot MRl=l=
(Model A1-D6)
Wlnd Speed Luomu;lsowmon ANSYS
(mys) 70 z2
Force 20 30 40 (Esti g}%&:‘ﬁi%“::‘”
Wind -mate) o
(N)
Head 0 172 | 392 | 692 | 2116
Wind | qggr | 160 | 339 | 660 | 2018
9° | 194 | 496 | 834 | 2547
Lateral
Wind o700 | 240 | 510 | @07 | 272 7

Table 2 Wind force coefficient from the wind tunnel test
(Model A1-D6)

007354 02206 036766 051472 066178

ANSYS

E
ELEMENT SOLUTION

STEP=1
5UB =1
TIME=1
SEQV (NORVG)

Degreel’) o 05t

Wind 0 0 180 270

Speed(m/s)
20 1.95 1.38 1.82 1.70
30 1.97 1.56 1.70 1.60

70 (Estimate) 19 148 187 1 60 Fig. 6 Disp!gcement and stress at 70m/s head wind
condition by FEM (A1-D6)
168 ChSIEABI=Ez] K48 7 K2 5 201113 42



o
=)
r.w_l-
=FE
o
[0)al
=
H
ol
~’>
o

P
r
P
0

NODAL SOLULLON

USUM (ave)

DMX =.086785
SMN =.161E-06
SMX =. 086705

.015206 .030571 " 057057 077142
009643 -028929 048214 -0675 086785

“1G1E 06

v ANSYS|

ELEMENT SOLUTION

sEQv (Nonve)
DMX =.086785
SMX =.112E+09

LZ50E+0E T SUUE+DE U1avE+OE " 59sE0E.

L r— —
.125E+08 .375E+08 .624E+08 .874E+08 .112E+09

Fig. 7 Displacement and stress at 70m/s lateral wind
condition by FEM (A1-D6)

J_B#
f
AT
oz
il
&
ey
ro
pill
= T
HI
d

IS AEF9I =2 LET,
@”4%3%AIE 93.6MPa, EHESIEAIE 112MPa FHEQl
=3ael 250~350MPa Hrt

1o
gelo] MAZR0= HAY & ASS EoiFECt

Fig. 82 &k 7HEEZ| Fejolg &t X|ZHo| 1™AF7|=
Elo|Ch(Tie—down) 2t AE2|X| HE(Stowage pin) 1&S0(ct

MAZEAl Tl ool Lok ZHES| HWHEAAR Fig. 9
oflM kS 4 (3)0] =t

hEp —byy W—bp, T =0

hEpg=byuW=b75Tpy =0

h @ X|HollA el X|X|E22| =0(m)

W o 3ael XkE(ton)

Foi: Zeliol 2lgkek M T3 (tonf)

br: 22l EH(m), by /2323421 &=(m)
Tow Fafiolel 2lufak X8 mEX|=d(ton)

Four 320l BEE E—*.(ton)

bry: 32MIQl BZ(m), bw: 1/23ll21 ZZ(m)
Tow: 3ellole] Btk 7<|'3:i K| (ton)

[

F DL

e—— I I T+

b wVWL

h
w¥

— “'—:\f—:"rji;~ T{'—'“-‘:%f’ b ~

% 5

DL b+

Fig. 9 Tie—down tensile strength free body diagram at
lateral wind

A1-D6 ZHo| Z<ol| gk Ma2 h=34.4, bn=24.4,
bvv|_=12.2, bTH=33, bv\/H=6.5m, AEUﬂ%‘/—‘T—% 70m/SO|E+ ﬂEﬂ
olo| M52 W=1036ton, Lateral windollA{ Fzi|Ql Mz
Foi=110ton, Head wind Al Fpp=52ton2 HIM=RAL, (3)2] Al
of MAM&S chelstd Feflel XM mEX|E Tp =403. 1ton,

To=444.5ton0] Elct. F2fele| F7130] 47Held| 7|S %ol Elo]
CIRS Adxlep| 2ol Take 82 LIF01FH 50.3, 55.5ton0] 4t
SEICh A1-D6 =8 Fefele| 515 o|SEA|2| =07t 4.8m O]

3 32l SHEXIX| g Bef =07 im LEH 71s S5 Zlsiciof
Meom EE o 22kl ¢ZEici 7FdEH Zole| 2ol Efo]
Ch2e| Zol= 7.8m 2 71deict MiED ISl tist 2l 252 ¢
Sfof Lol MEASIM ARBEE 7|82l Z=AISIS AL

TEl <=5 o’ E

P, =5l 28201 K1, AMRLIN (KL/r),= ol
Ty
AISCE| OFEAZAL 1y = + 3(AL/r) (KL/r)‘ o 52
( /T)(’ (KL/T)
5 Gle al]mu = Oallow E _‘%s Elg 200mm TD“ 1.4

ch.
mmz, =23 400MPa 22 AX=l E|cler|Se| EH=¢
HotE2} stEFsIE2 AEE TiX| 55 Eof dislh 2.64l, 2.2
B2 oFH Aol &E3| 250f Mt

oo

JSNAK; Vol. 48, No. 2, April 2011

169



SSH0| et HEZ| F2Q19| Sk MEW FX oA

4, &

e AR 7|8 IXHE TE HE2| F2|Qlol| CHal =
4 Eoﬂ °|oHA1 1.5 Helo ‘_*—. | 2ol LHE=]let
SHMo| MY A %?% | thall #=Mo= oFgE 0°(s=2hel)
o &<, E=AF ol s

1.9622 &t .—;101[1 HAl= 2 U
o| ool ZtAo|

ot o
il
X L
3

10| A
bl siio) Beh 2 4 Sick Aelsgou ofgt
Mol FABHE 2T TABIDE TEAE B
208 =23l0] 42t 22 &FX_EP Zallel 7ol

LE= At B

e
)
>
N

o
=2
B

rok
E
|-D
3_
%
x
i
m
|
fiv=h
o
|0
o
g o
ol
el
30 0> 00 JH
IR
&3

o
T

2 2uel 20| ol El—r 2528 FLE 4 of ol
CREH oflz} Telolnt RAS HZsFE SHEH AIX| B
7t ERsict. 8% eifol oIt Jelelel EE UFW 4 2le
= ol 0 il

o

=

= 7

2 7= Sh=ErfEl|[sRel 2009 2ol

A SiHAIC| X|2dof
olst Ao 2 ATX|RI0| ZAE =RIHCE

%]
kI
rek

=
L

Ha, Y.C. Kim, JR. & Kim, K.S., 1998. Basic Wind Speed
Map of Korea for Wind Resistant Design. Joumnal of the
wind engineering institute of Korea, 1, pp.85-92.

Ha, Y.C., 2000. The Wind Force Explanation for 'Standards
for Structural Load; , revised by Ministry of Construction and
Transportation. Journal of the wind engineering institute of
Korea, 4(1), pp.11-22.

Ha, Y.C., 2005. Wind Tunnel Test for Wind Resistance
Building Design. Journal of the wind engineering institute of
Korea, 9(1), pp.11-19.

Han, K.J., et al., 2006. July, An Estimation of the Structural
Stability of Container Crane Using Wind Turne! Test and
Computational Fluid Dynamics, Yeungnam University Sea
Grant Annual Report.

Kang, JH. Kim, Y.H. & Lee, S.J., 2004. Experimental Study
of Wind Load on a Container Crane in Atmospheric
Boundary Layers. Journal of the wind engineering institute
of Korea, 8(2), pp.217-224.

Kim, D.H. Oh, B.C. Jeon, I.S. & Han, S.H., 2004. Tie-down
tension of container crane under typhoon. FProceedings of
Coastal and Ocean Engineering in Korea, pp.146-149.

Kim, D.H. Oh, B.C. & Jeon, |.S., 2005. Effect of Wind
Velocity Variation on Safety Factor of Container Crane
Tie-downs. Journal of the Korean Sociely of Civil
Engineers, 25(6), pp.1127-1131.

Kim, D.W. Cho, SK. Km, JR. & Ha, Y.C., 2002.
Comparison of the Wind Loads on Buildings Evaluated by
AIK Recommendation for Loads and Wind Tunnel Test.
Journal of the wind engineering institute of Korea, 5, pp.
81-86.

Kim, J.R., 2003. Wind Resistance Design Learning from
Typhoon Maemi. Journal of the wind engineering institute of
Korea, 7(2), pp.150-156.

Korean Register of Shipping(KR), 2009, KR-Rules.

Kwon, S.K. et al., 2005. A Study on Stability of the Container
Crain with respect to the Direction of wind Load.
Froceedings of the Korean Sociely of Frecision Engineering
Conference, pp.1984-1987.

McCarthy, P. & Vazifdar, F., 2004. Securing Cranes for Storm
Wind:  Uncertainties and  Recommenaations,  Liftech

Consultants Inc. (Ports May 2004, 23-26, Houston USA).

170

CHEIASIS=27 K48 7 |2 5 20111 42





