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Abstract : To construct a ship, blocks of various sizes must be moved and erected . In this process, lugs are used such that they match the block
fastening method and various functions suitable for the characteristics of each shipyard facility. The sizes and shapes of the lugs vary depending on the
weight and shape of the block structures. The structure is reinforced by welding the doubling pads to compensate for insufficient rigidity around the holes
where the shackle is fastened. As for the method of designing lugs according to lifting loading conditions, a simple calculation based on the beam theory
and structural analysis using numerical modeling are performed. In the case of the analytical method, a standardized evaluation method must be
established because results may differ depending on the type of element and modeling method. The application of this ambiguous methodology may cause
serious safety problems during the process of moving and turning-over blocks. In this study , the effects of various parameters are compared and analyzed
through numerical structural analysis to determine the modeling conditions and evaluation method that can evaluate the actual structural response of the
lug. The modeling technique that represents the plate part and weld bead around the lug hole provides the most realistic behavior results. The modeling
results with the same conditions as those of the actual lug where only the weld bead is connected to the main body of the lug, showed a lower ulimated
strength compared with the results obtained by applying the MPC load. The two-dimensional shell element is applied to reduce the modeling and analysis
time, and a safety working load was verified to be predicted by reducing the thickness of the doubling pad by 85%. The results of the effects of various

parameters reviewed in the study are expected to be used as good reference data for the lug design and safe working load prediction.
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(a) Side view
Main body (35.0mm)

/
Double pad (20.0mm)
F/

Rib bracket (20.0mm)

a

(b) Front view

Fig. 1. Drawing of the lifting lug (LA99).
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Table 1. Principal dimensions of the lug (LA99)

Component Value

Main body 35.0mm

D.plate 20.0mm

Rib bracket 20.0mm

Welding leg length (Main body) 8.0mm
Welding leg length (D.plate) 18.0mm
Welding leg length (Rib bracket) 10.0mm
weight 83.6kg
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. load(P)
O awial — Au.m'alff (2)
load(P)
O shear — T (3)
_ load(P)
O normal — Aaziulfb (4)

A, =Xt +(2Xt))

Aamz—fzgx [(Rl_R2)>< {t1+(2><t2)}+ {(B_Rl)th}]
A= [(RI_R2)>< {t1+(2><t2)}]+(h><t1)

Avia—y = Ly Xt

A gEHS] e auE, 6 A2l A
Ay © AR F0G faWA,

Table 2. Basic dimension of the lifting lug for hand calculation

L, | L | h |t | &t | H|R/|R|B

[mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm]
920 | 200 | 28 35 20 | 378 | 150 | 86.6 | 300
®: Shackle pin dia. 82.6mm

R

f

L

w

Fig. 2. Dimension of the lifting lug (LA99).
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(a) Modeling using shell element

| |

L.+ Only connected between lug body
& double pad

(b) Modeling using solid element (bead contact)

{_1: Connected between lug body
& double pad

1

(¢) Modeling using solid element (full contact)

Fig. 3. Modeling of the structural strength analysis.
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Fig. 4. Boundary and load condition.
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Fig. 5. A comparison of between elastic-perfectly-plastic and
true stress-strain material model.

3. etesadiM 3 &

3.1 5t5 H& WHo| ME HS At0[ (shell)

Abgol AEFHE WA stes A8 WS MPCo
rro] 57t st A&t g Wl dig ste-de
75 kel A2 Fig. 64 UL dvk MPCE 283
7t AFAEE =4 Bk, ol % A5 Aol =

o)

oA e el

¢

ol ot o

Bearing capacity (ton)

00005 Q0010 00015 0.0020 0025 Q.0030 0.0035

0.0000 L]
Max.displacement (m)
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2350
ABsuLTH 10DOTON (Slep 15 9%). DISP + STRESS, VON MISES. MAX-MAG OF 21122
DEFORM DISP, M, rrn. MiN= 2138
CONTOUR, STRESS o6 ELEMENT, MAX-235.0 MPo. MIN+17 WP, AS1S
1926
1714
1802
1200
1077
a5
853
a4.1
sl
1.7
ELEMENT 1,452 (T=75.0) {
VON MISES - 2350 MPa (Z1) L
(a) MPC application
2350
Fll:s\.lua 1000TON (Step 17 0% ) - DISP + STRESS, VON MISES. MAX-MAG OF 2122
DEFORM: DISP, MAX=0 3 rm. MIN=0 0 mm 2138
CONTOUR: STRESS ON ELEMENT. MAX=235.0 MPa, MIN=2.2 MPa, A5 1S
1927
1718
1503
1202
1680
868
657

[ELEMENT 327 (T=75.0)
VON MISES - 2350 MPa (Z1)
(b) Equal force application

Fig. 7. A comparison of stress contour according to load type of
shell model (unit : MPa).
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E
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0
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Max.displacement (m)
Fig. 8. A relationships of between bearing capacity and maximum
displacement curve according to load type and modeling
type of solid model.
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ggSULT#_ JO00TON (Step 21.4%) - DISP + STRESS, VON MISES, MAX-MAG OF 3 LAYERS 9
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(a) MPC application
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ELEMENT 9275 |~
VION MISES : 232 5 MPa (NON LAYERED) x

(b) Equal force application
Fig. 9. A comparison of stress contour according to load type of

solid model (bead contact, unit : MPa).
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RESULTH: 1000TON (Step 15,9%) - DISP + STRESS, VON MISES, MAX-MAG OF 3 LAYERS s
DEFORM: DISP, MAX=0.2 mm, MIN=0.0 mm 2136
COMNTOUR: STRESS ON ELEMENT, MAX=234.8 MPa, MIN=1.6 MPa, AS IS
1924
171.2] :
150.0=
1288
1076
864
652
440
28
18
ELEMENT 4,560 |
VON MISES - 234 8 MPa (NON LAYERED)
(a) MPC application
248

RESULTH: 1000TON (Step 15.3%) - DISP + STRESS, VON MISES, MAX-MAG OF 3 LAYERS
DEFORM: DISP. MAX=0.9 mm, MIN=0.0 mm 2137
CONTOUR: STRESS ON ELEMENT. MAX=234 8 MPa, MIN=1.8 MPa, AS IS

442
2‘3.0I
18

ELEMENT 10,961
VON MISES | 234 8 MPa (NON LAYERED) |

(b) Equal force application

Fig. 10. A comparison of stress contour according to load type of
solid model (full contact, unit : MPa).

Table 3. Summary of the safety working load (SWL) varying
modeling and load type

Element | Load type Y.P (ton) S.F SWL (ton)

MPC 182 158

Shell —
Force 171 149
MPC bead 199 115 173
) Force_bead 149 ' 130

Solid —
MPC_full 214 186
Force full 172 150

YP: %7] &EH, SF: oFAE, SWL : oHAALE 3

Timoskenko X ©] &9l 2]3] 2](1)~ (@) o]-&&to] 2)(5)~
®)7F o] ztzhe] g= o] At ™, 1 G52 Table 49F 2
o] gejgtet. 1w, 21719 AFHAEEHF Capacity®] w2 oF
ol o gt g gho] /Mg 2] wjitol] FHARESHE(SWL)
O = 129.0ton°] #H& A-&3F3lTh

I 24 @ 72 HUHY
~ load(P)
as: TS Tallowable » load(P) < O atoowatle < Ae )

c

_ 204.3MPa

=—X . X X = .
9.81 1000 (82.6mm < (35mm+ (2 <20mm)) = 129.0

load(P)
A

_ 204.3MPa
9.81 <1000

((150mm —86.6rmm) < (35mm+ (2 < 20mm) + (320mm — 150mm X 35mm.)
=416.7

A.S:

= T allowable »

load(P) < o $Aiar—y  (6)

aloow able
arial— f

X2 X

load(P
5.5 02A( ) = liowabie > load(P) < O atoowatie < 24, )
118MPa
=———X2X%
9.81 <1000

((150mm — 86-6mm) < (35mm ~+ (2 < 20mm))) + (28mm < 35mm) = 137.9

load(P
N.S: : L < Futipwatier 100d(P) < 0000010 X Aysiai— ®)
axial —b
204.3MPa
=" x x = 670.
9.81<1000 (920mm < 35mm) = 670.6

Table 4. Summary of the safety working load obtained by
theoretical calculation

AS. | ASS. Capacity (ton) SWL
(ton) | (ton) | cg | As | ss | Ns | (oo

204.3 118.0 | 129.0 | 416.7 1379 | 670.6 | 129.0
AS.: 383539, ASS. : AHFHESH,
CS: ¥589, AS: F&8, sS: Ad8H,
NS : FAS8, SWL: hiAEEE
200 T T T
0 Shell ing pad thickness reduction (0.85) |
— 160 B il S _
g x|
= 2 Solid-Bead contact
'E 120 +—— Yielding start point ]l_
&
@ 100
o
2P ow
E o
=
4
% Solid-Bead contact
0
0.000 0002 0.004 0.005 0.008 0.610

Max.displacement (m)

Fig. 11. A comparison of bearing capacity behavior according to
modeling type (shell with reduced pad thickness and
solid with bead contact model).
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