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Consideration of the Lifting Lug Structure using the Hybrid Structural
Design System
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ABSTRACT: In the view of the importance of material reduction due to the jump in oil and steel prices, an optimized structural system for
lifting lugs was developed. Such a system is needed hundreds of thousands of times a year. A direct design process was added to this developed
optimized 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 verify the system efficiency and convenience, several new prototype lug shapes were suggested using the developed system. From these
research results, it was found that the slope of the main plate of the lug structure has a tendency to move from about 45 degrees to about 60
degrees and the design weight was reduced from an initial value of about 32kgs to about 15~19kg after the redesign. Based on these initial
research results, an efficient reduction in steel weight was expected considering the enormous consumption of lug structures per year.
Additionally, a more detail structural analysis through local strength evaluations will be performed to verify the efficiency of the optimum

structural design for a lug structure.
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Fig. 1 D-35 Lifting lug plan
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Table 1 Initial design value of D-35 lug structure

X1 X> X3 Xy X5 X6 Weight
(em) (m) (cm) (ecm) (cm) (cm)  (kgf)

Variable

Value 60 15 115 2 12 2 319

Design system of D-35 lug structure
o e |
[E | 16.94809263 Vm 1059.859

Vrec 528,3507
Vir 519.5371
vtip 88,02877
vVdb 6306836
bk 468,45
x1=L 32,6 Dh (cm) 6.1
x2 = Harm 14.5 P (Ka) 35000
x3=R 8.6 colka/cm2 2400
x4 =Tm 2
x5 =H 145 Tc 1.4
x6 =Tb 0.9
al -0,01333 Asi 58,32
a2 0 As £8,33333
a3 12,6 Px(ka) 3038.841
g4 1,143655 o(Radian) | 0.945749
a5 0.010291 ©(Dearee) | 54.18747
a6 0.210634 C1 55
a7 0.532641 c2 17.20291
a8 0 o1 0,325427
a9 12,6 c3 13,99786
210 2 o2 0.620322

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

Pin hole Thk
stress | s.f
1195.36 | 1.81

Bearing area

Lug length(b)
stress | s f

Side bkt height
stress | s.f

1397.17 | 1.03
Side bkt height
Design Min. | Desian
32.60 14.28 | 14.50

Lug length(s)
stress | s.f.
1432.58 | 1.01 536.81 | 1.12
Shear area Lug length Lug length
Min. | Design Min. Design Min. [ Desion Min. |
2.66 | 4.80 58.33 | 58.32 32.52 | 32.60 29.17 |

Top round shear
stress | s.f.
500.14 | 1.00

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 (unit: cm)

Variable X1 X, X3 Xy X5 Xe X7

Proto. 1 235 13 6.85 35 128 14 1
Proto. 2 26 13.5 75 128 14 11
Proto. 3 26 13.5 7.5 3 12 14 2
Proto. 4 285 139 79 25 139 14

Proto. 5 285 139 79 25 12 14 2
Proto. 6 326 145 85 2 145 14 09
Proto. 7 326 145 85 2 12 14 2
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Table 3 Strength check for initial design of D-35 lifting lug
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(unit: kgg/cn’)

Pin hole Thk Top round shear Lug length (B) Lug length (5) Side bkt height
Stress s.f. Stress s.f. Stress s.f. Stress s.f. Stress s.f.
1195.36 1.81 390.97 153 437.50 3.29 291.67 2.06 949.64 1.52
910.75 237 599.52 1.00 1412.40 1.02 425,53 141 1446.71 1.00
989.26 218 577.37 1.04 1397.93 1.03 448.72 1.34 1365.78 1.05
989.26 218 577.37 1.04 1397.93 1.03 448.72 1.34 854.67 1.68
1082.59 2.00 594.13 1.01 1437.49 1.00 491.23 122 1311.73 110
1082.59 2.00 594.13 1.01 1437.49 1.00 491.23 122 880.00 1.64
1195.36 1.81 600.14 1.00 1432.59 1.01 536.81 112 1397.17 1.03
1195.36 1.81 600.14 1.00 1432.59 1.01 536.81 112 917.98 1.57

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 4.80 58.33 89.52 33.07 60.00 29.17 60.00 9.74 12.00
2.66 6.30 58.33 58.38 23.27 23.50 16.67 23.50 12.83 12.80
2.66 5.80 58.33 60.62 25.62 26.00 19.44 26.00 1247 12.80
2.66 5.80 58.33 60.62 25.62 26.00 19.44 26.00 9.24 12.00
2.66 5.30 58.33 58.91 2848 28.50 23.33 28.50 13.27 13.90
2.66 5.30 58.33 58.91 2848 28.50 23.33 28.50 9.38 12.00
2.66 4.80 58.33 58.32 32.52 32.60 29.17 32.60 14.28 14.50
2.66 4.80 58.33 58.32 32.52 32.60 29.17 32.60 9.58 12.00
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Fig. 5 Proto type 7 of D-35 lifting lug
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Table 4 Proto types of D-35 lug structure (unit: kgy)

Variable type Weight
Proto. 1 15.2
Proto. 2 16.4
Proto. 3 18.6
Proto. 4 16.6
Proto. 5 18.6
Proto. 6 16.9
Proto. 7 19
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