s k3 sta| A A257@ #1235, pp 101-107, 2011 42 (ISSN 1225-0767)

AutEE g eaTxe) veEd 44 12

Parametric Design Considerations for Lifting Lug Structure on Ship Block

Juh-Hyeok Ham*
*Department of Computer-aided Engineering, Halla University, Wonju, Korea
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ABSTRACT: In view of the importance of material reduction because of the jump in oil and steel prices, structural design studies for lifting lugs
were performed. Hundreds of thousands of such lifting lug structures are needed every year for ship construction. A direct design study was
reviewed using the developed design system to increase the design efficiency and provide a way of directly inserting a designer’s decisions into the
design system process. In order to understand the design efficiency and convenience of a lug structure, parametric studies for prototype lug shapes
were performed using the developed design system. From these design studies, various patterns of design parameters for the lug structure according
to changes in the main plate length were examined. Based on these parametric study results, design guides were developed for more efficiently
suggesting structural data for enormous Iug structures. Additionally, a more detailed structural analysis through local strength evaluations will be
performed to verify the efficiency of the optimum structural design for a lug structure.

1. =2 a0t AREE BaTRE o R B HHsE o0y
e ANSRA BN A= HH 2 st} BEe] A%
e dute] 2o 93 fE AABEso oxe gy 8 A T AXFCA £ T S gle shrE 72
2% =L o gste] Shyolut w30 gAlHo] gxlo A AEEE 753 H}(Wﬁu AT, 2009) A3 o] AL
3 BAME 2Pow Sl o) NG 7 My ALER 18t sl ES WA FREgion o das
22 ghAelq 2T JHERS AN dugag OISl 4 AANEe %2 Qe
B shao] me MuliZ g akEols 44T ) ARt e.R o) 5 A Al i) Ay TN S =
b 2eET Y3 AT 29 et tiBo] BF gew P AAEEE S e U AT FY 8 A5 A
o) Aol At £F T JAG ARY)e) prog g AN Ao ARSEA o8 AP me 27 AL BE
S gk ANSAT Ak A 2Fe] F5843E ek
B Aol AE 27140 E50) we} e A An 5
FgH vlge] BN afetd FRAAT oA Az 2. M8} BRiE 2 1=
o) &3} gl wlAE Fgol ARl Bt Ve 7
FAAE & 5 Qe BHAA vwH BRARoE AR Aw g 81 P EE daTz 2 RRYH
AN Lolall AAT & Qe 27 ll=E ANGTA o} 27 35F 5, I 3F91 DY, N E A T
gk a3 Fgel FHe 9% FA AHgse Fud LYoz 7
it FxFE] s AF(HLEY AAA, 1998)= It Al BEoh 1 FoA B dFlME YAHeE DY H1 F 3B
Agol HH3} o] WP olsiRET HAPe) RFoz  Ee] MARSS A HHFOR ke D5 10 7123
AUAZDE 18 WAL A FEANE AN B o HAIEE ARSARA . ol DI5 HAE Fig 104 2
S5 HHs) /o) Wt olsRSd] mE Hgge B £ oulsk 22 kA 72 F 38 U 35S 49k Bae
b ol Belha Sick el B Aol QAHOE BE Al wel S-S AHA nag aeln 80 Mae] 23
2A4S HolA gor} Wol AHEI PRAMY AVt 3 & PH FHS w9 olgnoz TAun.

101



102 g

x5

i
L,
X5

«

-

2#

Fig. 1 D-35 Lifting lug plan
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Table 1 Initail design value of D-35 lug structure

Variable o L & X & X Weight
(m) (cm) (cm) (cm) (cm) (cm) (kgf)
Value 60 15 115 2 12 2 31.9
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Design system of D-35 lug structure |

Processing |

[Eca 1 16.94809263 Vm 1059.859
Vrec 528.3507
i 619,6371
Vtip 88.02877
Vdb 630.6836
Vbk 468,45
X1 =L 52.6 Dh (cm) 6.1
x2 = Harm 14.5 P (Ka) 35000
x3 =R 8.5 colka/cm2 2400
x4 =Tm 2
x5 =H 14.5 Tc 1.4
x6 = Tb 0.9

Constraint Processing Il

al —0,01333 As1 58,32
g2 6] As 58.33333
a3 12,6 Px(ka) 3038.841
a4 1.143655 &(Radian) | 0,945749
a5 0.010291 ©(Degree) | 54,18747
a6 0.210634 1 55
a7 0.632641 c2 17.20291
as [¢] o1 0.325427
as 12,6 c3 13.99786
al0 2 o2 0.620:

Fig. 2 Fundamental design system of D-35 lug structure
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l Hybrid design window for D-35 lifting lug |

Pin hole Thk Top round shear Lug length(b) Lug length(s) Side bkt height
stress | s.f. stress | s.f. stress s.f. stress | s.f. stress s.f.
1195.36 [ 1.81 600.14 [ 1.00 [ 143258 [ 1.01 536.81 | 1.12 | 1397.17 | 1.03

Bearing area Shear area Lug length Lug length Side bkt height
Min. | Design Min. | Design Min. | Design Kin. | Design Win. | Desian
2.66 | 4.80 58.33 | 58.32 32.52 ] 32.60 23.17 | 32.60 14.28 | 14.50

Fig. 3 Intermediate design evaluation system of D-35 lug structure
(Hybrid design window)
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Table 2 Proto types of D-35 lug structure

Proto X X, Xy X X Xg Weight

no. (m) (cm) (cm) (cm) (cm) (cm)  (kgf)

1 20 12160 616 443 1721 052  13.85
2 30 1411 811 229 2168 038 1620
3 40 1539 939 146 1776 060 18.02
4 50 1596 996 117 1653 074 19.02
5 60 1640 1040 097 1572 084 1995
6 70 1673 1073 083 1526 091  20.68
7 80 1700 11.00 073 1497 096 2134
8 9 1723 1123 065 1477 1.00 21.90
9 100 1741 1141 058 1456 1.04 2225
10 110 1757 1157 053 1449 106 2268
11 120 1770 1170 049 1437 1.09 23.00
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Table 3 Strength check for initial design of D-35 lifting lug (unit: kgf/cm’)

Pin hole Thk Top round shear Lug length (B) Lug length (S) Side bkt height
Stress s.f. Stress s.f. Stress s.f. Stress s.f. Stress s.f.
793.60 272 600.75 1.00 1441.08 1.00 395.03 1.52 1439.55 1.00
1127.25 1.92 599.51 1.00 1437.70 1.00 509.46 1.18 144040 1.00
1346.88 1.60 599.35 1.00 1383.52 1.04 599.32 1.00 1440.25 1.00
1445.27 149 599.57 1.00 1145.85 1.26 598.29 1.00 1439.18 1.00
1521.94 142 600.04 1.00 986.25 146 601.37 1.00 1440.52 110

1580.63 1.37 600.89 1.00 863.86 1.67 602.41 1.00 1439.48 1.00
1625.41 133 600.17 1.00 764.13 1.88 599.32 1.00 1440.77 1.00
1663.10 1.30 599.40 1.00 687.24 210 598.29 1.00 1440.07 1.00
1697.55 1.27 600.82 1.00 630.36 228 603.45 1.00 1439.90 1.00
1723.03 1.25 600.00 1.00 575.35 2.50 600.34 1.00 1439.42 1.00
1746.05 1.24 600.00 1.00 531.12 271 600.00 1.00 011440.581 1.00
Bearing area (e Shear area (cm’) Lug length (cm) Leg length (cm) Side bkt height (cm)
Min. Design Min. Design Min. Design Min. Design Min. Design
2.66 723 58.33 58.26 20.01 20.00 13.17 20.00 17.21 17.21
2.66 5.09 58.33 58.38 29.98 30.00 2547 30.00 21.68 21.68
2.66 4.26 58.33 58.40 39.21 40.00 39.95 40.00 18.02 18.02
2.66 3.97 58.33 58.38 44.60 50.00 49.86 50.00 16.53 16.53
2.66 3.77 58.33 58.33 49.66 60.00 60.14 60.00 15.72 15.72
2.66 3.63 58.33 58.33 54.22 70.00 70.28 70.00 15.26 15.26
2.66 3,53 58.33 58.33 58.28 80.00 79.91 80.00 14.97 14.97
2.66 345 58.33 58.39 62.17 90.00 89.74 90.00 14.77 14.77
2.66 3.38 58.33 58.33 66.16 100.00 100.57 100.00 14.56 14.56
2.66 3.33 58.33 58.33 69.53 110.00 110.06 110.00 14.49 14.49
2.66 3.29 58.33 58.33 72.88 120.0 120.0 120.0 14.37 14.37
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Table 4 Parametric study of D-35 lug structure

KoL X N & & Vkvdb vm Weight
(cm) (am) (em) (@) (am) (cm) (kP
20 1216 616 443 1721 052 64 371 308 1085 1385
30 1411 811 229 2168 038 56 417 570 1075 1620
40 1539 939 146 1776 060 48 466 777 1015 1802
50 1596 996 117 1653 074 41 490 880 1048 19.02
60 1640 1040 097 1572 084 36 507 962 1072 1995
70 16731073 083 1526 091 32 520 1028 1091 2068
80 1700 11.00 073 1497 096 29 529 1082 1106 2134
90 17231123 065 1477 100 26 538 1127 1119 2190
100 1741 1141 058 1456 1.04 24 545 1166 1129 22.25
110 1757 1157 053 1449 1.06 22 551 1199 1138 22.68
120 1770 1170 049 1437 1.09 20 555 1228 1146 23.00
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Fig. 4 Parametric study of lug design according to the change
of lug length
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Fig. 5 Volume variation according to the change of lug length

60 |
50 |-
40 |
30

/><'
20 1
l././././-

20 40 60 80 100 120

—e&—slope angle
—=—Wtotal

Slope angle of main plate & lug total weight(unit: degree, kgf)

10

Lug length(unit: cm)
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