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On the Ultimate Longitudinal Strength Assessment of Ships™ Hull Structure
Hun-Gon Lee' * and Joo-Sung Lee™

Hull Ini{ial Design Dept., Shipbuilding Div., Hyundai Heavy Industries”
School of Naval Architecture and Ocean Engineering, Univ. of Ulsan™

Abstract

This paper is concerned with a practical guide for the ultimate longitudinal strength
assessments of ships’ hull structure. Rigorous non-linear structural analysis for three
tanker models has been carried out to examine the ultimate strength behavior. Formula of
estimating the ultimate longitudinal strength has been proposed which is modified with the
results of non-linear finite element analysis of hull girders. Computational reliability and
accuracy of the large—scale non-linear finite element analysis and the proposed simplified
formula are verified through comparing their results with that of 1/3 scale frigate model test
and DNVs program. Additionally, the ultimate longitudinal strength for ten tanker models is
compared with those by the method specified in the 2nd Draft of common structural rule
for tankers, which is being developed by IACS.

% Keywords: Ultimate longitudinal strength(X21Z &2 <), Non-linear finite element analysis(dl & &
KERAMA), Hull girder(8 XM HA)
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B22: =B Z8 ZT (hull girder ultimate
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Mu_dk = Zred Ovyd_dk (2)
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BHA(A)E HLE 2t
Aei &I EHS] B2HEt X2 & ZAAE &
g %A (oy/0w) A
A CANZHES| B A
Cuac&t2 e B2E0 et 2B2LE
Oy o 2B AT [ H=S
Zakmean: SMHSE AZTINX =& Hel
Inared | AT HHOAM SXHRH SES
DHX Hel

Mu_btm = Oyd_bim lred / ZNA_red (3
OIIM, Oygom &AM ES] B2HEH0H (18 Bt



342

o1 .r
o T )
© Moo:.roﬂ <
o o a < - o B
TR =Y Al o
2 o~ o X Ar a) W, Rl EE J 6
1) o = = E._Fmo l__.AT _o_._
£ o Ko = n e 1 S
= s = s k0 gy O X o g M
5 w0 IF 5 W g o
o AD 10 ~ G+ @ ul E:EEH__M_/M W\_E_.
& Do ™5 R 0 0
= o e} — = .2 I AK [} 0 . ™ 4
g m 1 W m 3 L L M5 R KD R
b ol g PO B .o d l,p____m__&xﬂ o7 o 3 8
g o™ =8 2 o maag ST =0 WRO R g O
g Wz SR rU 5 X R 9 0 R0 0
S I._mw_.l_rh} © _J_.MD._WJ. I._WM;MMREH._W.._E_EOM ME._}E.
E= E.zr&) 3 CaRE M o QU h
S I T o G o xR = . mo L w
~ H S ol 1 = c 4 & H H _ o s = O o = Mz
o w@walnlao < A c .ka__uoago ._‘.”_J_umcmu_i
= = @ 2 L ° mln.q._.rlh &r ! Ie)
T % I m - < e« %MWHEME_ EE\QE
S < N e} S K o | O il
H::Eéﬁ - mem._ECT a_.ao‘&
20 M "I li s 339“__9__0}@9 g 8 o
o z ~ = o 5 4 ol 0fo a
L BB ) -2y ?m;_ﬂ% < & 2
[z _ ] Ko 10 -3 .. 2
LT s Buw’ugp il
s =3 +«
0 o AR =] o s _ ko 5 5
== 9 = - ol m o A’r & a >
N Row w0 Hr Hr D WA & &
H0 0 of W W g 1) Ly T ol
- L (@]
y Bnd . 1%
N " OF Ko —: o] N ..rHA Al L -
Ko _%m@n 0o > J R0 _W_po,ag o
Ko mTAE_%_é z X 5 E_mmm 2 R
H YW B~ Aoy s ° o =<
"o omo® Toowog MY =5, 00 F 4
300 z U a A S | & 1o W < —
B g 5 O i s = o S ~
ol _J_._A._.r_o = = = ook ou_.r,ﬂ s 5
- WSy 4 M DB I = TR & o
3J n_|10m= 9%&__3 w2 = S M 14
Qom_amo_amo .r_mcmmml,q Wuﬂo:n Jo___mgA._o_ S
w P¥mzT _A_Taé = N R i
<0 ol [ WCE — o) hi - ~J |/ =
Wy 2 X o 9 D R _x|4nn .a,ol__u.l_
w = g Towa N o
SRWS N - " " m_._.%m__6_mu IJ%
Wght 8 o B oo, = o W
< 8 e n B NERT 428 %ga
B O 20 D0 S 1o o) W of 5 =
Ko w0 ~H & oo O N Ns-
3 _n/rmwa.—a\__._._ -
A

2006 5 6 8

=

Fig. 1 An i
. al
ysis model for analysis by AB
AQUS



=4
o
0
=4
M
0x

D
5 H
2l

L,

343

Table 1 Value of initial deflection

Al A2 A3 Ad A5 A6

Slight } 0.61 ] 0.41 | 0.17 | 0.10 | 0.18 | 0.40

Average | 2.43 | 1.62 | 0.68 | 0.40 | 0.73 | 1.59

Severe | 7.29 | 4.86 | 2.04 | 1.19°| 2.18 | 4.76

B
Rigid plane ! Independent point V
Plane ABCD Constrained in Dg, R, Ry, Re.
Rigid plane : Independent point W
Plane EFGH Constrained in Dx, Rx, Ry, Rz
Mid-plane Dx
between Plane ABCD and EFGH e
. In case of half model : Dy
Line ST, VW In case of full model : Dy, Rx, Rz
Point Z Dz
Point V, W (4)8y , (2)My

Fig. 3 Boundary constraint for enforced rotational
displacement
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No.l Deck

All deck & shell No.2 Dack 30

Longitudinals 292
14
A m" * 2 A =23
3.3t
o ) “iug No.2 Deck

Yield Stress: 245 MPa
Prame Space: 457.2 mm
¥0.3 & 4 Dack

nyns.5t st
Vereical Keal d==

152.4 114

(in mm)

N
€ 24
No.3, 7 & 11 Longitudinals : 23
%, 22

2t

3¢

228.6

2t

No.3:162.0
No.7:117.5
No.11:111.0
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Fig. 4 Midship section of Dow’ s frigate model
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Fig. 5 Analysis model of Dow’ s frigate model
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Table 2 Details of tanker models

Ship No.
Tl T2 T3 T4 5 T6 T7 T8 T$ | T10
lTtem

Frame Space 5700 | 5700 | 4700 } 4750 | 4250 ( 4320 | 4230 | 3980 | 3980 | 3440

Deck Structure

Deck Area 14099 | 14177 | 11413 | 10383 | 10484 | 9038 | 8363 | 5873 | 6034 | 5720

Plate THK. 175 175 175 16 18 16 155 14 15 14

Plate Yield Stress

(o) 315 315 315 315 318 318 318 315 315 315

Stiffener

: 425 T 425 T | 400L | 400L | 350L | 300L | 300L | 250L | 250L | 250 L
Scantling

Spacing 935 975 850 855 850 850 830 180 180 190

Stiffener Yield

315 315 315 318 318 318 315 315 315 315
Stress (ov )

Bottom Structure

Bottom Area 35495 [ 36410 | 24798 | 23710 | 21129 | 20601 | 19165 | 14400 | 14474 [ 13453

Plate THK. 20 21 19 21 205 18 18 17 17 15

Flate Yield Stress

(ov) 315 315 235 235 235 235 235 315 235 235

Stiffener

Scantling 625 T | 650 T 550 T [ 500 T |475 T | 450 T | 425 T | 400 T [ 400 T | 350 L

Spacing 935 975 850 855 850 850 830 780 760 790

Stiffener Yield

315 315 315 315 315 315 315 315 315 315
Stress (ov)

Cross Sectional

Area 103703 | 105038 | 64222 | 62845 | 53354 | 52482 | 50131 | 40779 | 41014 | 36735

Height of N.A

13.04 | 1298 | 9.98 | 10.31 | 893 9.08 | 9.02 8.80 8.83 8.69
from Baseline

Moment of hertia

1343 1373 531 566 361 359 334 254 258 230
)

Section Modulus

for Deck (ZD) 77.41 | 7881 | 40.48 | 40.17 | 31.43 | 30.08 | 27.81 | 21.00 | 21.33 | 19.60

Section Modulus

for Bottom (ZB) 103.0 | 105.7 | 53.22 { 54.94 | 40.38 | 39.52 | 37.06 { 28.86 | 29.16 | 26.42

Plas“&’g;"""“‘ 30401 | 30913 | 14956 | 15486 | 11267 | 11080 | 10398 | 8368 | 8166 | 7341

43 Hiw O

= =20lA 0
Table 2 0l 22 AX Ax& 10 &2
AL & 2 0
O XIN5tEE4=(dead weight tonnage)dt 7
~30 BHE A0l Ottt 3|2 HFEIUCEH
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Table 3 Summary of ultimate strength of models Xl &G Oflat=ICH oloff CHolAM = 4.5 EOIA
[MNm] . HIEE |8tes 6H’i% 3H/H BotJ|12 8t
Item | Sagging Condition Hogging Condition
Ship Proposed | DNV’ s [Proposed | DNV’ s 45 HMBDO A=
INO. Formula | Program | Formula | Program C mm R — o A
T2 20136 . | 20851 28965 23457 SIZ2]3(ABAQUS)Sl g Z et HIWGHY 0l
T3 11126 10782 13448 12092 5101 2=5IUD 0|2 5 3 HMo XM Dus
T4 10663 10698 14129 12008 Meu Jry NS AEH=LOf
Ts | seo4 | 8222 | 10357 | 9370 ‘:Oi Hie T E °i = T"’O}‘*i' _
16 7730 7766 9794 8917 R i T2 3 HUA 3= ZAHE
T7 7194 7284 9234 8337 olgsigdelt, =8 Aol oM = H& gt
8 | o201 | 5991 | 7668 | 6984 wBs 2= HIDE A O 20| BB
T9 5485 5685 7288 6450
TI0 | 4998 | 5143 | 6322 | 5836 Ch.
—— » DA HE . 2AYE BE
IO ik n =) HE E - 2L0IYECZ 50 Bt 4
ZI| MEEY (A) :s/200,s= 22 2t=
- 8222 (0, @ 235 N/mm? for &2

o
- 315 M/mm? for D&212¢
EtA A4 (E) : 206000 N/mm
AUEM) =290 A2 7E

ge AlE &2

i

g

Ultimate Moment by DNV's Program
g

g

| ol &
0 000 10000 19000 20000 25000 0000
Ultimate Momeant by Proposed Formula

Table 4 O LIEHHRACH ZOIAS
SA M2 L SAAEHO et 3
_@% Hear 2ol mar 2EHA EA
QUCH EBH M 2O XI0IS P HIDE &
TE  RBRAHA aua:% J=oz
pom— (100%) J0i CH

- (Vertical In HIJ.—I)_O‘“}\—i %
=
=

°

o I'Il'

L

Fig. 11 Comparison of ultimate strength in
sagging condition
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Fig. 12 Comparison of ultimate strength in
hogging condition
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Table 4 Comparison with ultimate strength of 3

dN S27PE 2E ST Ot 28 AP

——FEA{ABAQUS) _—— - —— = ==y
-« - JTP(HULS)

— —Proposed Formula i

Vertical Moment x10° (MNm)
i
5
5
~

[ S Py S,

tanker models [MNm] 1o
. . . Curvature x10°7 (1/mm) . .
Fig. 14 Bending moment—curvature relationship
| Rl of Tanker T7
tem My | Ratio | M, . M, | Ratio
FEA 10872 | 100% | 7110 | 100% | 5639 | 100%
Sagging R aaus) |
- Formula || 11126 | 102% | 7194 | 101% | 5485 | 97% e [(HULS) ,
Condition o T T T T 1 | orsosaromua | LT
10782 | 99% | 7284 | 102% | 5685 | 101% — ~Proposed Formula /
s Prog. ;
FEA 13300 | 100% | 9382 | 100% | 7141 | 100% z /
Hogging z
Formula || 13448 | 101% | 9234 | 98% | 7288 | 102% =
Condition ONV -‘:
12092 | 91% | 8337 | 89% | 6450 | 90 % o /
s Prog. ]
H
=
-g -24 18 12 0] b op 2 1B 24
€ f
2 /.
— FEA{ABAQUS) e e = 7 N
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