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Assessment of Ultimate Longitudinal Strength of a VLCC
considering Kinematic Displacement Theory
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This paper presents prediction of ultimate longitudinal strength of a VLCC, ‘Energy Concentration” for which many benchmark studies
have been carried out, based on kinematic displacement method proposed by Tayyar and Bayraktarkatal (2012). Kinematic displacement
theory provides semi—analytical solution of average compressive strengths for various kinds of stiffened panels, The accuracy of
average compressive strengths obtained from formulas of CSR(common structural rules) for tankers and kinematic displacement method
are discussed in the fore part of this paper. Hull girder ultimate strengths using Smith method are also compared for different average
compressive strengths, By comparing them with other benchmark results, it is concluded that the new method provides lower bounds,
because hull girder strengths under the sagging and hogging moment conditions approach nearly lower bounds,

Keywords : Average compressive strength(Ed=2E)  Corrosion wastage(£A1 £|2), Initial deflection(Z=7 [XZ)), Kinematic dis—
placement theory(7 512 Q| 0]2), Ultimate longitudinal strength(XEEXE)
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Table 2 Scantling and material of elements
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4 425X32 HTS 20 847X14 180X25 MS
5 480X32 HTS 21 847X14 180X25 HTS
6 297X11.5 100x16 HTS 22 847X14 180X25 HTS
7 370X16 HTS 23 897X15 200X25 MS
8 447X11.5 125x22 HTS 24 945X16 200X25 MS
9 549X11.5 125x22 MS 25 897X15 200X25 HTS
10 597X11.5 125x22 MS 26 797X15 180X25 HTS
11 597X11.5 125x22 MS 27 347X11.5 125X22 HTS
12 647X11.5 125x22 MS 28 397X25 HTS
13 350X25.4 MS 29 300X35 MS
14 647X12.7 150x22 MS 30 230X12.7 MS
15 647X12.7 150x22 MS 31 230X12.7 HTS
16 747X12.7 150x22 MS 32 297X11.5 100X25 HTS
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Table 3 Analysis condition

Scenario | Formula | Corrosion wastage |n|t|al|
deflection

KDT None None

2 KDT None 0.001
Plate 1mm

3 KDT web 1 1mm 0.001
flange 2mm

4 CSR None Inherent

Table 4= Fig. 60l LIELH FB, TB, AB EZHe| £Q X|+&
LiEfcHC,

Table 4 Dimensions of stiffened panel (mm)

Fig. 5 Midship section using UMADS program
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Table 5 Comparison of reduction index for sagging and
hogging condition
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2 0.906 0.870 1.000 |oo—l— = S |=|_:'?C>J——| | -IE S Iol' | H_'_o'” =
CH&{el 8|m7} o{ECt £3|, Chen, Masacka S2 E} 47 Xlof|
3 0.865 0.823 0.948 disiol 2 72 M=stm it
4 0.911 0.913 1.000
_ 4.2 =
Fig. 82 ZHIELH(EZAIZ, healing angle)2| Hislol| =
ESLEE e AUAYRHER Liw0] LIEKH 2EZE 2 =20jME Hme| HAUEUTE URIAAY woz
TO[ch AlLR2I2 10f BISI] AILIZIR 29t AlLI2|2 39 B olg 4 9l= KDT| 0|2 bjZol thslo DAl B9t 1
DIt MARNoR Zashke AHe &olgh = ot A=A (ZH 2|1, 1980 AMx|e| 21| A&t Energy Concentration2| &
Em™n 180°) 522 M5 KDTR CSRAILIZIR 4)0] AL opsicioiS Hix|ola CHAM O 2 MBI
o 2 ZLTE HAIBILY ASE L T UCtk T 2T F20fM X7| ME o HAl ADol| thEt HekTE AHHET| 95, B2
= Fig. 6ollA] XM=l Hie} Zo| MX|F TBEZHEC| siXst B o HOOIEZIT o 2UkY XU|HE Al Ago| 13 8o
AFLE UZ Ql6l0] KDTE 0|88 MA| 2EBLTIL CSRE w2} 471X AlL2|2E ZH|5i9Ct
0|83+ AHECt E4xoz FIIES =ole 4= ok HAUZEUTE AlL|2|Q0| w2} v|mEt Z3} E7|#sie| &
angle(deg) = HHUSZEo| o|xls GEol ol 3ok AlAlg =olgt
90.0 2= Uict TBLt BA AnE Ts WAUEUTE ZAE
CIHMD IRZE2 B3EY| 2ol B4 227 HHUSdE
o F&ks Aol n|X[X| Y52 L = UUCE HAYFLTE o
E5k= 4ol UM = KDT7t CSRol| H|5101 H|wA ELmMol
HAUAFZLEE HAGIRICE
o|ZE B2 HAUEZEE 025101 ECe| MA| ZHE
-SEMEE TESICE V(Yo Fute MA RHE-ZE
MEO|E O 2 BiyE|lZ Eelet 4= Qlien, B4me| H
TUFLTb | FA 222 oIt tiHAo| Ztae MA 2|
SULE UADANZZE & 5 ALt MAFol| vix|E TBEZ
mo| HaUsZE a2 Qlsio] KOTE Mt M S4Te=
CSRE A&g 40 Hlsiof H|wA EpMoz HIlES &0l
SI%CE 7|=0f| chE MAlol| ofsto] MAIE ECO| HHHEMRIE
2700 = ATOIAM HA|E Zrfel v wsilon, AR oIFALe| o1
Fig. 8 Ultimate strength index diagram for all scenario = FAIBK] £ XI0|E 20l7|T st
Table 6 Ultimate hull girder strength of VLCC (Sun and Wang, 2005)
Masa— Rigo Rigo Scenario | Scenario | Scenario
ltems Astrup Chen Cho Dow oka 1) 2) Yao ABS 5 3 4
1,(x10"mm?) 8.197 | 7.438 | 8.283 | 8.128 8.008 | 8.164 | 8.445 | 8.049 | 8.445
Zs (m) 12.15 | 11.85 | 12.01 12.81 | 12.27 | 12.22 | 1214 | 1217 | 12.14
My(x10"N.mm) 2176 | 1.985 | 2.196 | 1.231 | 2.039 | 2.175 | 2.146 | 2.253 | 2.145 | 2.253
Mys(x10"3N.mm) 1.970 | 1.747 | 1.969 | 2.035 | 2.057 | 1.943 | 1.984 | 1.905 | 1.819 1.905
My(x10"*N.mm) 2.116 1.968 2.163 1.990 | 2.047 2.102 2.145 2.040 2.145
Mus(x10™N.mm) | 1.715 | 1.854 | 1.675 | 1.632 | 1.900 | 1.790 | 1.710 | 1.684 | 1.673 | 1.764 | 1.686 | 1.775
Mun(x10"*N.mm) | 1.884 | 2.023 | 2.009 | 1.880 | 2.101 | 1.846 | 1.754 | 1.903 | 1.822 | 1.829 | 1.729 1.919
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