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PREFACE

In order to meet the demands for development and design of large ore carriers in the industry and
cooperate with the national development and research scheme on large ore carriers, established by
the original National Defense Science and Technology Commission and entrusted by the China's
Society of Naval Architecture and Marine Engineering, China Classification Society carried out
research and developed the Guidance Notes for Direct Strength Analysis of Hull Structure of Ore
Carriers based on CCS Rules for Classification of Sea-going Steel Ships, Guidelines for Direct
Strength Analysis of Double Side Skin Bulk Carriers, Guidelines for Direct Strength Analysis of
Oil Tankers and Guidelines for Fatigue Strength of Ship Structure in 2009. According to the
feedbacks from plan approval and classification working for multi-typed ore carriers, CCS revised
the guidance notes and issued the Guidelines for Direct Strength Analysis of Hull Structure of Ore
Carriers (2014 version) in the year of 2014.

As larger type of ore carriers flourishes, more comprehensive and advanced requirements on
strength assessment are to be provided, therefore, on the basis of the Guidelines (2014 version),
the assessment extents of block direct calculation are extended to the entire cargo hold region and
engine room area, load and loading condition, model boundary and load adjustment, buckling
assessment method, fatigue strength analysis method, effect of ore containing moisture on
structural strength, global finite element of ship, etc., combined with the CSR rules and GBS
research results, applicability research and full scale verification have been carried out, based on
which the Guidelines (2016 version) is upgraded, finally.

The main contents of the Guidelines include the followings:

1) to provide the scope of application, definitions of ship type and symbols;

2) to provide wave loads and loading conditions for calculation;

3) modeling requirements, analysis extents, hull girder adjustment and allowable criteria for hold
direct calculation;

4) locations of stress assessment for refined meshing, modeling requirements and allowable
criteria;

5) definitions of panel buckling strength assessment, definitions of property, buckling capability
and strength criteria;

6) modeling requirements for global direct calculation, definitions of loading condition, load
calculation and stress criteria;

7) modeling of engine room block direct calculation, loads, hull girders adjustment and allowable
criteria;

8) supplementary requirements to block direct calculation required by ore containing moisture;

9) supplementary requirements to hull structural fatigue strength assessment for ore carriers.
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CHAPTER1 GENERAL

1.1 General Requirements

1.1.1 The Guidelines apply to the direct strength calculation and assessment of self-propelled
ships of 150 m or over in length navigating in unrestricted service which are constructed generally
with single deck, two longitudinal bulkheads and a double bottom throughout the cargo length
area and intended primarily to carry ore cargoes in the centre holds only. Typical midship sections

are given in Figure 1.1.1.
T
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Figure 1.1.1 Typical Midship Sections of Ore Carrier
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1.1.2 The Guidelines provide strength assessment requirements for primary structural members
in cargo hold region and engine room area, cargo hold yield strength, refinement strength,
buckling strength, global strength assessment method and supplementary requirements for cargo
hold carrying ore containing moisture for ore carriers.

1.1.3 For the fatigue strength assessment of main structures in cargo hold region, refer to the
relevant requirements in Appendix 3 of the Guidelines. Effects of springing and whipping on hull
structural fatigue strength for ore carriers with the length of 250 m and above are to be specially
considered in accordance with the requirements of CCS Guidelines for Calculation of Effects of
Springing and Whipping on Hull Structural Fatigue Strength.

1.1.4 The direct calculation may adopt an applicable general procedure. Where a non-general
procedure is used, reliability documentation of computer procedures is to be submitted by the
applicant.

1.1.5 Documents of direct strength calculation are to be submitted to CCS for reference during
examination of relevant drawings, which are to include:

(1) list of drawings used;

(2) detailed description of FE model of structure;

(3) verification of the structural model and associated physical properties;

(4) details of material properties;

(5) detailed description of boundary conditions;

(6) details of applied loads;

(7) figures and results showing structural model response related to loads;

(8) summary, including figures, of the global and local deformations;

(9) summary, including figures, showing Von Mises stress, stresses in X and y directions and shear
stresses of all structural members in compliance with the strength criteria;

(10) plate buckling analysis and results;

(11) tabular output showing the results meeting or not meeting strength criteria;
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(12) proposed structure modifications, including stress assessment and buckling characteristics,
where necessary.

1.2 Definitions

1.2.1 Units
Mass: ton (t);
Length:  metre (m);
Time: second (5s);
Force: Newton (N) or kilonewton (kKN);
Stress:  Newton/mm? (N/mm?);
Pressure:  Kilonewton/m® (kN/mm?).

1.2.2 Symbols

L — rule length of ship, in m, as defined in Section 1, Chapter 1, PART TWO of CCS Rules
for Classification of Sea-going Steel Ships;

B — moulded breadth of ship, in m, as defined in Section 1, Chapter 1, PART TWO of CCS
Rules for Classification of Sea-going Steel Ships;

D — moulded depth, in m, as defined in Section 1, Chapter 1, PART TWO of CCS Rules for
Classification of Sea-going Steel Ships;

T — draught, in m, as defined in Section 1, Chapter 1, PART TWO of CCS Rules for
Classification of Sea-going Steel Ships;

Cg — block coefficient, as defined in Section 1, Chapter 1, PART TWO of CCS Rules for
Classification of Sea-going Steel Ships;

V — the greatest speed which the ship is designed to maintain in service at her deepest
seagoing draught at the maximum propeller RPM and corresponding engine MCR
(Maximum Continuous Rating);

g — gravitational acceleration, g = 9.81 m/s?;

C.— wave coefficient, calculated by the following equations:

15 R
C :10_75_(3007_Lj for ships of 90< L <300
" 100
C,, =10.75 for ships of 300 <L <350

L -350

15
C, :10_75_( ] for ships of 350 <L <500;

p— density of seawater, p = 1.025 t/m*;

o, —\Von Mises stress, in N/mm?, o, = \/ze +cy2 — 0,0y +31Xy2 ;

o, — stress of element in x direction, in N/mm?;

o, — stress of element in y direction, in N/mm?;

1y — shear stress of element in xy planes, in N/mm?;

o — longitudinal stress of hull girder, in N/mm?;

o, — axial stress of beam element, in N/mm?;

ow — transverse or vertical stress of hull girder, in N/mm?;

T — average shear stress within overall web depth, in N/mm?;



K — material factor, see Section 3, Chapter 1, PART TWO of CCS Rules for Classification
of Sea-going Steel Ships;

E — elastic modulus of material, E = 2.06x10° N/mm? for steel;

v — Poisson’s ratio of material, v = 0.3 for steel;

T.c — draught, in m, amidships for the considered load case, in m;

fr — ratio between draught at a loading condition and scantling draught, to be taken as:

f. _Tic but not less than 0.5;
TSC

f, — coefficient for strength assessments which is dependant on the applicable design load
scenario and to be taken as:
f, = 1.0 for seagoing condition design load scenario;
f, = 0.4 for the harbour/sheltered water design load scenario;
R — vertical coordinate, in m, of the ship rotation centre, in m, to be taken as:

R = min E+T#CE
4 2 2

1.2.3 The ship’s geometry, motions, accelerations and loads are defined with respect to the
following right-hand coordinate system, see Figure 1.2.2.1:

(1) Origin : At the intersection among the longitudinal plane of symmetry of ship, the aft end of L
and the baseline;

(2) X axis: Longitudinal axis, positive forwards;

(3) Y axis: Transverse axis, positive towards portside;

(4) Z axis : Vertical axis, positive upwards.

Z A

Figure 1.2.2.1 Reference Coordinate System

1.2.4 The ship motions are defined as shown in Figure 1.2.2.2:

(1) Surge is translation in the X-axis direction, positive forward,;

(2) Sway is translation in the Y-axis direction, positive towards port side of ship;

(3) Heave is translation in the Z-axis direction, positive upwards;

(4) Roll motion is positive rotation about a longitudinal axis through the COG, starboard down
and port up;

(5) Pitch motion is positive rotation about a transverse axis through the COG, bow down and stern
up;

(6) Yaw motion is positive rotation about a vertical axis through the COG, bow moving to port



and stern to starboard.

Figure 1.2.2.2 Definition of Positive Motions

1.2.5 Sign convention for hull girder loads is to be in accordance with the following
requirements, see Figure 1.2.2.3.

(1) The vertical bending moments My, and M,,, are positive when they induce tensile stresses in
the strength deck (hogging bending moment) and negative when they induce tensile stresses in the
bottom (sagging bending moment).

(2) The vertical shear forces Qsy, Quy are positive in the case of downward resulting forces acting
aft of the transverse section and upward resulting forces acting forward of the transverse section
under consideration.

(3) The horizontal bending moment M, is positive when it induces tensile stresses in the
starboard side and negative when it induces tensile stresses in the port side.

(4) The torsional moment M, is positive in the case of resulting moment acting aft of the
transverse section following negative rotation around the X-axis, and of resulting moment acting
forward of the transverse section following positive rotation around the X-axis.

Q. Qs

Aft Fore

Aft
Aft / Fore

S =

Aft Fore

N~

Fore

M

E
5

Figure 1.2.2.3 Sign Convention for Hull Girder Loads



1.3 Scantlings of Structural Member

1.3.1 Unless expressly provided otherwise, the scantlings of structural members for direct
analysis of the Guidelines are the as-built scantlings, excluding the additional thickness required
by shipowners.



CHAPTER 2 LOAD CASES

2.1 General Requirements

2.1.1 This Chapter provides the design loads and loading conditions of direct strength
assessment for ore carriers.

2.1.2 Strength assessment means the assessment for the strength criteria, for the loads
corresponding to the probability level of 10°.

2.1.3 Each design load scenario for strength assessment is composed of a Static (S) load case or
a Static + Dynamic (S+D) load case, where the static and dynamic loads are dependent on the
loading condition being considered.

2.1.4 Each load parameter in load cases is to be calculated in accordance with the following
requirements:

(1) dynamic load cases are defined in 2.2 of this Chapter;

(2) ship motion and acceleration are defined in 2.3 of this Chapter;

(3) hull girder loads are defined in 2.4 of this Chapter;

(4) external loads are defined in 2.5 of this Chapter;

(5) internal loads are defined in 2.6 of this Chapter;

(6) loading conditions are defined in 2.7 of this Chapter.

2.2 Dynamic Load Cases

2.2.1 The following Equivalent Design Waves (EDW) are to be used to generate the dynamic
load cases for structural assessment:

2.2.1.1 HSM load cases:

HSM-land HSM-2: Head sea EDWSs that minimise and maximise the vertical wave bending
moment amidships respectively.

2.2.1.2 HAS load cases:

HSA-1 and HSA-2: Head sea EDWs that maximise and minimise the head sea vertical
acceleration at FP respectively.

2.2.1.3 FSM load cases:

FSM-1 and FSM-2: Following sea EDWs that minimise and maximise the vertical wave bending
moment amidships respectively.

2.2.1.4 BSR load case:

BSR-1P and BSR-2P: Beam sea EDWs that minimise and maximise the roll motion downward
and upward on the port side respectively with waves from the port side.

BSR-1S and BSR-2S: Beam sea EDWs that maximise and minimise the roll motion downward
and upward on the starboard side respectively with waves from the starboard side.

2.2.1.5 BSP load cases:

BSP-1P and BSP-2P: Beam sea EDWs that maximise and minimise the hydrodynamic pressure at
the waterline amidships on the port side respectively.

BSP-1S and BSP-2S: Beam sea EDWs that maximise and minimise the hydrodynamic pressure at
the waterline amidships on the starboard side respectively.

2.2.1.6 OST load cases:

OST-1P and OST-2P: Oblique sea EDWSs that minimise and maximise the torsional moment at
0.25L from the AE with waves from the port side respectively.
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OST-1S and OST-2S: Oblique sea EDWSs that maximise and minimise the torsional moment at
0.25L from the AE with waves from the starboard side respectively.
2.2.1.7 OSA load cases:
OSA-1P and OSA-2P: Oblique sea EDWs that maximise and minimise the pitch acceleration with
waves from the port side respectively.
OSA-1S and OSA-2S: Oblique sea EDWs that maximise and minimise the pitch acceleration with

waves from the starboard side respectively.

Note 1: 1 and 2 denote the maximum or the minimum dominate load component for each EDW.

Note 2: P and S denote that the weather side is on port side and on starboard side respectively.

2.2.2 The ship motions responses and the global loads corresponding to each dynamic load case
are shown in Tables 2.2.2.1t0 2.2.2.3.

Ship Responses for HSM, HSA and FSM load Cases - Strength Assessment

Table 2.2.2.1
Load case HSM-1 HSM-2 HSA-1 HSA-2 FSM-1 FSM-2
EDW HSM HSA FSM
Heading Head Head Following
Effect Maximum bending moment Maximum vertical acceleration Maximum bending moment
VWBM Sagging Hogging Sagging Hogging Sagging Hogging
VWSE Negative-aft Positive-aft Negative-aft Positive-aft Negative-aft Positive-aft
Positive-fore Negative-fore Positive-fore Negative-fore Positive-fore Negative-fore
HWBM - - - - - -
™ - - - - - -
Surge To stern To bow To stern To bow To bow To stern
l
1 ] ]
we | | S | | S | 5 | B
Sway - - - - - -
asway - - - - - -
Heavy Down Up Down Up - -
aheave ] -
Roll - - - - - -
aroll - - - - - -
Pitch Bow down Bow up Bow down Bow up Bow down Bow up
1 [ i [ [ i




Ship Response to BSR and BSP Load Cases — Strength Assessment

Table 2.2.2.2
Load case BSR-1P BSR-2P BSR-1S BSR-2S BSP-1P BSP-2P BSP-1S BSP-2S
EDW BSR BSR BSP BSP
Heading Beam Beam
Effect Maximum roll Maximum pressure at waterline
VWBM Sagging Hogging Sagging Hogging Sagging Hogging Sagging Hogging
VWSE Negative-aft Positive-aft Negative-aft Positive-aft Negative-aft Positive-aft Negative-aft Positive-aft
Positive-fore Negative-fore Positive-fore Negative-fore Positive-fore Negative-fore Positive-fore Negative-fore
HWBM stbd tensile Port tensile Port tensile Sthd tensile Sthd tensile Port tensile Port tensile Stbd tensile
™ - - - - - - - -
Surge - - - - - - - -
asurge - - - - - - - -
Sway To starboard To portside To portside To starboard To starboard To portside To portside To starboard
Asway Lis WS LS LS w. Ls[¢ |Ws WS LS WS LS LS+ [Ws LS W.
Heavy Down Up Down Up Down Up Down Up
heave WS LB WS L.S LS \\; Ls| v (&3 WS LS WS L.S LS \\. L.S\\;
Roll Portside down Portside up Starboard down Starboard up Portside down Portside up Starboard down Starboard up
a 7S 3 ; s LS V.S o o3 LS .S
rol WS L WLS LS ¥3 WS Ls ?WLS Ls 3
i e —
Pitch - - - - Bow down Bow up Bow down Bow up
Apitch - - -

)

]

)




Ship Response to OST and OSA Load Cases — Strength Assessment Table 2.2.2.3
Load case OST-1P OST-2P OST-1S OST-2S OSA-1P OSA-2P OSA-1S OSA-2S
EDW OST OSA
Heading Oblique Oblique
Effect Maximum torsional moment Maximum pitch acceleration
VWBM Sagging Hogging Sagging Hogging Sagging Hogging Sagging Hogging
VWSE Negative-aft Positive-aft Negative-aft Positive-aft Positive-aft Negative-aft Positive-aft Negative-aft
Positive-fore Negative-fore Positive-fore Negative-fore Negative-fore Positive-fore Negative-fore Positive-fore
HWBM Port tensile Stbd tensile Stbd tensile Port tensile Stbd tensile Port tensile Port tensile Stbd tensile
Surge " Tobow " Tostern " To bow - To stern " To bow - To stern o To bow o stem
L L L L
Agurge g . 4|1{ g | 7 4|1{ g | > 4|1{ g > 4i1{
Sway - - - - To portside To starboard To starboard To portside
Asway WE | T™ILs WS | LS L5 '.5'; LS| ™| ws
Heavy Down Up Down Up Up Down Up Down
Aneave WS [ WS LS LS WS LS w. WS ¢ LS WS LS LS ¢ WS LS W5
Roll Portside down Portside up Starboard down Starboard up Portside down Portside up Starboard down Starboard up
i | | i = | | =
rol EARATE wal ¥ s Lsl ¥ WS Lsi " ¥ s AT wal ¥ s Lsl ¥ WS Ls| " ¥ WS
Pitch Bow up Bow down Bow up Bow down Bow up Bow down Bow up Bow down




2.2.3 The load combination factors of equivalent design wave, LCF for the global loads and
inertial load components are defined in Tables 2.2.3.1 t0 2.2.3.3.

Load Combination Factor for HSM, HSA and FSM Load Cases - Strength Assessment

Table 2.2.3.1
Load component LCF HSM-1 HSM-2 HSA-1 HSA-2 FSM-1 FSM-2
Mwy Cwv -1 1 -0.7 0.7 -0.4f:-0.6 0.4f;+0.6
Hull girder QWV CQW '1.0f|p 1.0f|p '0.6f|p O.6f|p '1.0f|p 1.0f|p
loads Mwn CwH 0 0 0 0 0 0
Mwrt Cwr 0 0 0 0 0 0
surge Cxs 0.3-0.2f; 0.2f;-0.3 0.2 -0.2 0.2-0.4f; 0.4f;-0.2
Longitudinal
. pitch-x Cxp -0.7 0.7 -0.4f; -0.4 0.4f; +0.4 0.15 -0.15
accelerations
gsine Cxc 0.6 -0.6 0.4f;+0.4 -0.4f;-0.4 -0.2 0.2
asway CYS 0 0 0 0 0 0
Transverse
. aroII-y CYR 0 0 0 0 0 0
accelerations -
gsing Cve 0 0 0 0 0 0
Aneave Czh 0.5f;-0.15 0.15-0.5f; 0.4f1-0.1 0.1-0.4f; 0 0
Vertical
. Aroll-z CZR 0 0 0 0 0 0
accelerations
pitch-z Cop -0.7 0.7 -0.41:-0.4 0.4f;+0.4 1 -0.15
Load Combination Factors for BSR and BSP Load Cases - Strength Assessment
Table 2.2.3.2
Load component LCF BSR-1P BSR-2P BSR-1S BSR-2S
Muwy Cwv 0.1-0.2f7 0.2f; -0.1 0.1-0.2f; 0.2f; -0.1
Hull girder Qwv Cow (0.1-0.2f;) fy, (0.2fr-0.1) fyp (0.1-0.2f) fy (0.2f-0.1) fyp
loads Mwn Cwh 1.2-1.1f; 1.1f;-1.2 1.1f;-1.2 1.2-1.1f;
Mwr Cwr 0 0 0 0
L Asurge Cxs 0 0 0 0
Longitudinal
. Apitch-x Cxp 0 0 0 0
accelerations
gsing Cxc 0 0 0 0
Aguay Cys 0.2-0.2f; 0.2f; -0.2 0.2f; -0.2 0.2-0.2f;
Transverse
. aroII-y C:YR 1 -1 -1 1
accelerations
gsin® Cve -1 1 1 -1
Aneave Can 0.7-0.4f; 0.4f1-0.7 0.7-0.4f; 0.4f1-0.7
Vertical
. Aroll-z c:ZR 1 -1 1 -1
accelerations
apitch-z CZP 0 0 0 0
Load component LCF BSP-1P BSP-2P BSP-1S BSP-2S
Muwy Cuwv 0.3-0.8f; 0.8f1-0.3 0.3-0.8f; 0.8f;-0.3
Hull girder Quwv Cow (0.3-0.8f) i, (0.8f-0.3) fy, (0.3-0.8fy) fi (0.8fr-0.3) fy,
loads Mwn Cwh 0.7-0.7f; 0.7f; -0.7 0.7f; -0.7 0.7-0.7f;
Mwt Cwr 0 0 0 0
Longitudinal Agurge Cxs 0 0 0 0
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accelerations Apitch-x Cxp 0.1-0.3f; 0.3f;-0.1 0.3f; -0.1 0.1-0.3f;
gsing Cxe 0.3f; -0.1 0.1-0.3f; 0.3f;-0.1 0.1-0.3f;
Asway Cys -0.9 0.9 0.9 -0.9
Transverse
. roll.y Cyr 0.3 -0.3 -0.3 0.3
accelerations -
gsin® Cye -0.2 0.2 0.2 -0.2
3 Aheave CZH 1 -1 1 -1
Vertical
. Aroll-z Cxr 0.3 -0.3 -0.3 0.3
accelerations
ypitch-z Czp 0.1-0.3f; 0.3f;-0.1 0.1-0.3f; 0.3f1-0.1

Load Combination Factors for OST and OSA Load Cases - Strength Assessment

Table 2.2.3.3
Load component LCF OST-1P OST-2P OST-1S OST-2S
Mwy | Cwv -0.3-0.2f; 0.3+0.2f; -0.3-0.2f; 0.3+0.2f;
Hull girder Qw | Cow (-0.35-0.2f7)fp (0.35+0.2f7 )f, (-0.35-0.2f7)fyp (0.35+0.2f7 )fy,
loads Mwv | Cwn -0.9 0.9 0.9 -0.9
Mwr Cwr ‘flp-OST f|p-05T f|p-05T 'flp-OST
Aqurge | Cxs 0.1f; -0.15 0.15-0.1f; 0.1f; -0.15 0.15-0.1f;
Longitudinal
. apitchx | Cxp 0.7-0.3f7 0.3f;-0.7 0.7-0.3f; 0.3f;-0.7
accelerations -
gsing | Cxe 0.2f1-0.45 0.45-0.2f; 0.2;-0.45 0.45-0.2f;
Asway Cys 0 0 0 0
Transverse
. Aoy | Cyr 0.4f-0.25 0.25-0.4f; 0.25-0.4f; 0.4;-0.25
accelerations -
gsin® | Cyg 0.1-0.2f; 0.2f+-0.1 0.2f-0.1 0.1-0.2f;
Aneave | Czn 0.2fr-0.05 0.05-0.4f; 0.2f;-0.05 0.05-0.4f;
Vertical
) oz | Car 0.4fr-0.25 0.25-0.4f; 0.25-0.4f; 0.4f1-0.25
accelerations
Apitchz | Czp 0.7-0.3f7 0.3fr-0.7 0.7-0.3f1 0.3f+-0.7
Load component LCF OSA-1P OSA-2P OSA-1S OSA-2S
Mwy | Cwv 0.75-0.5f; -0.75+0.5f; 0.75-0.5f; -0.75+0.5f;
Hull girder Qw | Cow (0.6-0.4fy) fy (-0.6+0.4f7) fyp (0.6-0.4f7) fy (-0.6+0.4fy) fip
loads Mwr | Cwh 0.55+0.2f; -0.55-0.2f; -0.55-0.2f; 0.55+0.2f;
Mwr | Cwr ~fip-osa fip-osa fip-0sa fip-0sa
Asuge | Cxs 0.1f; -0.45 0.45-0.1f; 0.1f; -0.45 0.45-0.1f;
Longitudinal
i Apitch-x Cxp 1.0 -1.0 1.0 -1.0
accelerations -
gsing | Cxg -1.0 1.0 -1.0 1.0
Aay | Cvs -0.2 -0.1f; 0.2+0.1f; 0.2+0.1f; -0.2 -0.1f;
Transverse
) Ay | Cyr 0.3-0.2f7 0.2f; -0.3 0.2f;-0.3 0.3-0.2f1
accelerations
gsin® | Cye 0.1f1-0.2 0.1-0.2f; 0.2-0.1f; 0.1f1-0.2
Aheave | Czh -0.2f; 0.2f -0.2f; 0.2f;
Vertical
) Aoz | Car 0.3-0.2f7 0.2fr-0.3 0.2f1-0.3 0.3-0.2f7
accelerations
apichz | Czp 1.0 -1.0 1.0 -1.0

where:

f,. — ratio between X-coordinate of the load point and L, to be taken as:
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f, = X, but not to be taken less than 0.0 or greater than 1.0;
ToL

fr — ratio between draught at a loading condition and scantling draught, as defined in
Chapter 1, Section 2;
fiy, — factor depending on longitudinal position along the ship, to be taken as:

f,=10 forx/L <05

f,=-1.0 forx/L>05;

fip-ost — factor for the longitudinal distribution of the torsional moment for the OST load
case, to be taken as:

foosr =5f, for x/L<0.2

Ip-OST
fposr =10 for 0.2<x/L<0.4

f —7.6f,+4.04 foro.4<x/L<0.65

Ip-0ST —
fiposr ==0.9 for0.65<x/L<0.85

f 6f,—6 foro.85<x/L;

Ip-0ST —

fip-osa — factor for the longitudinal distribution of the torsional moment for the OSA load
case, to be taken as:

=—(02+03f,) forx/L<0.4

flp—OSA =
fi o =—(0.2+0.3f)(11.5f, -56) for0.4<x/L<06

f o =13(02+0.3f) foro.6<x/L.

Ip-OSA

2.3 Ship Motions and Accelerations
2.3.1 Ship motions

2.3.1.1 Roll motion

The roll period Ty, in s, to be taken as:

T - 237k,

* JgGM

Roll angle #, in Qto be taken as:

~ 9000(1.25-0.025T, ) f , f,
- (B+75)x

where:

fsx — to be taken as:
fak = 1.2 for ship without bilge keel;
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fak = 1.0 for ship with bilge keel;
k. — roll radius of gyration, in m, unless provided in the considered loading condition, the
values in Table 2.3.1.1 are to be adopted;
GM — metacentric height, in m, unless provided in the considered loading condition, the
values in Table 2.3.1.1 are to be adopted.

Recommended Values of K, and GM Table 2.3.1.1
Loading condition®® Tic K, GM
Full load Homogeneous light cargo Tsc 0.35B 0.12B
condition Homogeneous heavy cargo 0.42B 0.25B
Heavy ballast condition TeALH 0.40B 0.25B
Normal ballast condition TaaL 0.45B 0.33B

(1) For Multi-port (MP) loading conditions with draught greater than or equal to 0.9Tgc, the values of k, and GM,
unless provided in the loading manual, are to be taken as those from the most appropriate full load condition.

(2) For Multi-port (MP) loading conditions with draught between Tga . and 0.9Tsc, the values of k. and GM,
unless provided in the loading manual, are to be obtained by linear interpolation, based on the draught,
between the heavy ballast condition and the most appropriate full load condition.

(3) For Multi-port (MP) loading conditions with a draught below Tga ., the values of k, and GM for the heavy
ballast condition are to be used.

2.3.1.2 Pitch motion

The pitch period T,, in s, to be taken as:

272,
g

where:
A, =061+ f )L
The pitch angle ¢, in 9to be taken as:

12
p=13501 L5 ﬂﬂj

JoL
2.3.2 Ship accelerations at the centre of gravity
2.3.2.1 Acceleration parameter
The ship acceleration parameter a is to be taken as:

a, = (1.58—0.4705)(2'4 34 600}

—+

JuoL oL

2.3.2.2 Surge acceleration

The longitudinal acceleration due to surge, in m/s is to be taken as:

asurge =02 fpaog

2.3.2.3 Sway acceleration
The transverse acceleration due to sway, in m/s’, is to be taken as:

Ay = 0.3 fpaog

-13-




2.3.2.4 Heave acceleration
The vertical acceleration due to heave, in m/s?, is to be taken as:

aheave = fpaog

2.3.2.5 Roll acceleration
The roll acceleration, a,, in rad/s?, is to be taken as:

2
aroII = 1:pgi 2_”
180( T,

where:
6 — roll angle using f, equal to 1.0.
2.3.2.6 Pitch acceleration
The pitch acceleration, ajich, i rad/s’, is to be taken as:

2
3.1 7T | 2r
a.. =f|—+10|p—| —
pitch p[ V_gl_ }0180(T¢J
where:

¢ — pitch angle using f, equal to 1.0.
2.3.3 Accelerations for dynamic load cases
2.3.3.1 Longitudinal acceleration
The transverse acceleration at any position for each dynamic load case, in m/s?, is to be taken as:

ay =—Cys0gsing+Cysa +CXPapitch (Z_R)

surge

2.3.3.2 Vertical acceleration
The vertical acceleration at any position for each dynamic load case, in m/s?, is to be taken as:

a, =C,.gsin@+Ca,,., —Cyra,u(z—R)

sway

2.3.3.3 Vertical acceleration
The vertical acceleration at any position for each dynamic load case, in m/s? is to be taken as:

a, = CZH Qreave T CZRarolly - CZPapitch (X - 045L)

2.3.4 Envelope accelerations
2.3.4.1 Longitudinal acceleration
The envelope longitudinal acceleration, ayen, in m/s?, at any position, is to be taken as:

Lo . 2
a'x—env = 0'7\/a52urge + |:325 (g sin @ + apitch—x ):l

where:
apichx — longitudinal acceleration due to pitch, in m/s?:

Qpitch-x = apitch(z - R)'

2.3.4.2 Transverse acceleration
The envelope transverse acceleration, ay.eny, i m/s?, at any position, is to be taken as:
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2 -
a'y—env = \/asway + (g sin Q + aroII—y)2

where:
arlly — transverse acceleration due to roll, in m/s?:

aroll—y = aroll(Z - R)

2.3.4.3 Vertical acceleration
The envelope vertical acceleration, a,.en, in m/s?, at any position, is to be taken as:

2
az—env = \/aﬁeave + ((03 + Slz_s)apitcth + (1'2aroll—z )2

where:
apich; — Vvertical acceleration due to pitch, in m/s%:

a = A, (x—0.45L);

pitch-z
aron; —— vertical acceleration due to roll, in m/s?:

a'roll—z = a'roII y )

2.4 Hull girder loads

2.4.1 General

2.4.1.1 The hull girder loads for the static (S) design load scenarios is to be taken as the still
water loads defined in [2.4.2].

2.4.1.2 The total hull girder loads for the static plus dynamic (S+D) design load scenarios are to
be derived for each dynamic load case and are to be taken as the sum of the still water loads
defined in [2.4.2] and the dynamic loads defined in [2.4.3].

2.4.2 Vertical still water hull girder loads

2.4.2.1 The designer is to provide the permissible still water bending moment and shear force for
sea-going and harbour/sheltered water operations, and not less than the values required in 2.4.2.2
and 2.4.2.3.

2.4.2.2 The hull girder hogging and sagging still water bending moments are to be calculated by
the following equations.

Hogging condition:

M = £, (171C, 2B(C, +0.7)10° — M, 1 mia )

sw—h—min
Sagging condition:

M =-0.85 fsw(17lcw L*B(Cy +0.710° + M, ¢ 1ia )

Sw—s—min

where:
Mw-nmia — Vvertical wave bending moment for strength assessment in hogging condition, as
defined in [2.4.3.1], using f, and f, equal to 1.0;
Muv-s-mia — Vertical wave bending moment for strength assessment in sagging condition, as
defined in [2.4.3.1], using f, and f, equal to 1.0;
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fsw —— distribution factor along the ship length. To be taken as, see Figure 2.4.2.1:
fow=0.0forx<0;
fsw=0.15forx=0.1L ;
fsw=1.0foro.3L<x<0.7L;
faw=0.15for x=0.9L;
fow=0.0forx>L;
Intermediate values of f,, are to be obtained by linear interpolation.

r’EIW A
10 t--—————-
0451 — - 4
| | |
0.0 01L  0.3L o 0.7L  0.9L 1.0L
AP FP

Figure 2.4.2.1 Distribution Factor f,

2.4.2.3 The permissible values of hogging and sagging still water bending moments and still
water shear forces in harbour/sheltered water are to be properly increased. The increased values
are to be taken as 50% of wave bending moment and wave shear force stipulated in the
Guidelines.

2.4.3 Dynamic hull girder loads
2.4.3.1 The vertical wave bending moments at any longitudinal position, in KNm, are to be taken
as:
Hogging condition:

M, =0.19f . f fC

pTw

L’BC,
Sagging condition:

f,f.C

va—sz_o'lgfnl—vs m'p WLZBCB

where:
fuwn — cofficient considering nonlinear effects applied to hogging, to be taken as:
fan = 1.0, for strength assessment
faws — coefficient considering nonlinear effects applied to sagging, to be taken as:
fs= 058 (C, +0.7)
B

fn — distribution factor for vertical wave bending moment along the ship’s length, to be
taken as:
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fn=0.0forx<0
fn = 1.0 for 0.4L <x<0.65L
fn=0.0forx>L
Intermediate values of f,, are to be obtained by linear interpolation (see Figure 2.4.3.1).

o A
LOt——————
| |
| |
| |
| !
| |
| |
| |
| |
| |
| |
| |
| |
| !
| |
| |
| |
| |
| |
| ! >
0.0 0.4L 0.65L 1.0L
AP FP

Figure 2.4.3.1 Distribution Factor f,

2.4.3.2 The vertical wave shear forces at any longitudinal position, in kN, are to be taken as:

Quy_pos =0.52f,_ . f.C

g—pos ' p~w

LBC,

Quy neg = —0.52F, ., f.C

q-neg ' p—~w

LBC,

where:
fqp0s — distribution factor along the ship length for positive wave shear force, to be
taken as:
fq-pos = 0.0, forx <0

fopos =0.92F,, ,, for 0.2L<x<0.3L

fg-pos = 0.7, foro.4L < x <0.6L

fopos = 1.0F,_, for 0.7L <x<0.85L

nl-s

fqpos = 0.0, for X =L
Intermediate values of fy.,s are to be obtained by linear interpolation, see Figure 2.4.3.2.
fqneg — distribution factor along the ship length for negative wave shear force, to be
taken as:
fqneg = 0.0, forx <0

fqneg = 0.92f for0.2L < x<0.3L

nl-s?

fgneg = 0.7, for 0.4L<x<0.6L

fq—neg =1.0f, > for0.7L<x<0.85L
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fqneg = 0.0, for x> L
Intermediate values of fy..eq are to be obtained by linear interpolation, see Figure 2.4.3.3.
favn and f.s — coefficient considering nonlinear effects defined in [3.1.1].

A

S

e
r

AE 0.2L 03L 0AL 0.6L O.JL 085L  FP

Figure 2.4.3.2 Distribution Factor of Positive Vertical Shear Force f;.pos

meﬂ
0927 .oty

1.0 mh!h_“m“m“m“m“m"m.énm“m"mL ettt e rene e es

>

AE 0.2 03L 04L 0eL 0O.7L 0.85L FP

Figure 2.4.3.3 Distribution Factor of Negative Vertical Shear Force f;.neg

2.4.3.3 The horizontal wave bending moment at any longitudinal position, My, in KNm, is to be
taken as:

M,,=f

wh nlh " p

L
f 10.31+— |f C_L°T .C
( 2800) m~w LCY¥B

where:
fan — coefficient considering nonlinear effect to be taken as:
fun= 0.9, for strength assessment;
fn — distribution factor defined in [2.4.3.1].
2.4.3.4 The wave torsional moment at any longitudinal position with respect to the ship baseline,
My, in KNm, is to be taken as:

“A wt fp (IvI + “A WIZ)

wtl

where:
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M, =0.4f,C, /LBZDCB ;
TLC

M, =0.22f,C, LB*Cg;

fu, fp — distribution factors, to be taken as:
f1=0, forx <0

. (ZﬂXj
S1in
L
fu=0, for X > L
f,=0, forXx < 0

¢ :sz[@j, for o<x<L
t2 L

,for 0<x<L

fu =

=0, forx > L
2.4.4  Hull girder loads for dynamic load cases
2.4.4.1 The vertical wave bending moment, My,..c, in KNm, to be used for each dynamic load
case in Section 2.2 in this Chapter is defined in Table 2.4.4.1.

Vertical Wave Bending Moment for Dynamic Load Cases

Table 2.4.4.1
Load combination factor Myw-Lc
CWV 20 fﬂCWV va—h
Cw<0 f,b’CWV|va—s|

where:
fs — heading correction factor, to be taken as:
fz= 0.8 for BSR and BSP load cases for the extreme sea loads design load scenario;
fz= 1.0 for HSM, HSA, FSM, OST and OSA load cases for the extreme sea loads
design load scenario;
Cwv — load combination factor for vertical wave bending moment, to be taken as
specified in Section 2.2 of this Chapter;
Mwv-ny Muwvs — hogging and sagging vertical wave bending moment taking account of
the considered design load scenario, as defined in [2.4.3.1].

2.4.4.2 The vertical wave shear force, Qu.Lc, in KN, to be used for each dynamic load case in
Section 2.2 of this Chapter, is defined in Table 2.4.4.2.
Vertical Wave Shear Force for Dynamic Load Cases

Table 2.4.4.2

Load combination factor Quv-Lc

Cow 20 fﬂCQWQv\/v—pos
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Cw<0 fﬂCQW |Qwv—neg|

where:
fs — heading correction factor, to be taken as 2.4.4.1;
Cow — load combination factor for vertical wave shear force, to be taken as specified
in Section 2.2 in this Chapter;
Quv-poss Quv-neg — Positive and negative vertical wave shear force taking account of the
considered design load scenario, as defined in [2.4.3.2].

2.4.4.3 The horizontal wave bending moment, Myn..c, in KNm, to be used for each dynamic load
case defined in Section 2.2 of this Chapter, is to be taken as:

Mwh—LC = fﬁCWHMWh

where:
f; — heading correction factor, to be taken as 2.4.4.1;
Cwn — load combination factor for horizontal wave shear force, to be taken as specified in
Section 2.2 in this Chapter;
Mun — horizontal wave bending moment taking account of the appropriate design load
scenario, as defined in [2.4.3.3].
2.4.4.4 The wave torsional moment, Myt c, in KNm, to be used for each dynamic load case
defined in Ch 4, Sec 2, is to be taken as:

M wt—-LC — fﬂCWT M wt

where:
f; — heading correction factor, to be taken as 2.4.4.1;
Cwn — load combination factor for wave torsional moment, to be taken as specified in

Section 2.2 in this Chapter;
M. — wave torsional moment taking account of the appropriate design load scenario, as
defined in [2.4.3.4].

2.5 External Loads

2.5.1 Total sea pressure

2.5.1.1 The external pressure P, at any load point of the hull, in kN/m?, for the static (S) design
load scenarios, is to be taken as:

P, = P, but not less than 0

2.5.1.2 The total pressure Pg at any load point of the hull for the static plus dynamic (S+D)
design load scenarios, in kN/m?, is to be derived from each dynamic load case and is to be taken
as:

P, =P + PR, , but not less than 0

where:
Ps — hydrostatic pressure, KN/m=2defined in [2.5.2];
Pw — wave pressure, in kN/m=2defined in [2.5.3].
2.5.2 Hydrostatic pressure




2.5.2.1 The hydrostatic pressure, Ps at any load point, in kN/m?, is obtained from Table 2.5.2.1.

See also Figure 2.5.2.1.

Hydrostatic Pressure, P

Table 2.5.2.1

Location Hydrostatic pressure, Ps, in kN/m?
Z<T pg(TLC_Z)
z2>T 0

Figure 2.5.2.1

2.5.3 External dynamic sea pressures
2.5.3.1 Hydrodynamic pressures for HSM load cases
The hydrodynamic pressures, Py, for HSM-1 and HSM-2 load cases, at any load point, in kN/m?,
are to be obtained from Table 2.5.3.1. See also Figure 2.5.3.1 and Figure 2.5.3.2.

Hydrostatic Pressure, Ps

Hydrodynamic Pressures for HSM Load Cases Table 2.5.3.1
Wave pressure, in kN/m?
Load case 2<T, Te<z<hy+T, z>hy +Tc

PW = max(— PHS ) pg(Z _TLC ))

HSM-1

Pw=Pww.- 9(z-T) Pw=0
HSM-2 Ry =max(Pys, p8(z-Ty¢ )
where:
PwwL — wave pressure at the waterline, in kN/m2, for the considered dynamic load case:

Ryw. =Ry .forz =T, ¢




hw — water head equivalent to the pressure at waterline, in m, to be taken as:

I:)W WL

hW:Pg

P = f, , fkoK, f,,C., f%‘m

fn — coefficient considering non-linear effects, to be taken as:
*  For extreme sea loads design load scenario:
fu=0.7atfy=0.0
fu=0.9at fy =0.3
fu=0.9at fy =0.7
fn = 0.6 at fy, = 1.0.

Intermediate values are obtained by linear interpolation.
fy, — girth distribution coefficient, to be taken as:

z
fo=c—+"fg+1
LC

fyg — ratio between Y-coordinate of the load point and By, to be taken as:

f.s =0.0, but not less than 1.0

fl = @ but not greater than 1.0, and f ; =0.0 whenB, =0.0

fygr — ratio between Y-coordinate of the load point and B, to be taken as:

f_ = @ but not greater than 1.0.
yB B
B, — moulded breadth at the waterline, in m, at the considered cross section;
f, — coefficient to be taken:
f, =3.01.21-0.66f, )
ko — amplitude coefficient in the longitudinal direction of the ship, to be taken as:

2 fo(7—6 fya)}+§(1—fT), for £, <015

ka=(0.5+fT}{(3—2 T )_E
k,=1.0,for 0.15<f, <0.7

k, =1+(f, —0.7){(430 f; —5j+2(1— fo {(1:8 f.(f,—0.7)-0.25(2—f, )}} for f, >07
B

A — wave length of the dynamic load case, in m, to be taken as:

A =06(1+f, )L
k, — phase coefficient to be obtained from Table 2.5.3.2. Intermediate values are to be

interpolated.



Kp Values for HSM Load Cases

Table 2.5.3.2

fu 0 03-0.1f, 0.35-0.1f, | 08-02f, 09-02f, | 10
k | —025f(L+f,) 1 1 1 1 1
T
|
|
|
i
i
. .

'_.n.._._._____._._____._._.

Figure 2.5.3.1 Transverse Distribution of Dynamic Pressure Amidships

for HSM-1, HSA-1 And FSM-1 Load Cases
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Figure 2.5.3.2 Transverse Distribution of Dynamic Pressure Amidships
for HSM-2, HSA-2 And FSM-2 Load Cases

2.5.3.2 Hydrodynamic pressures for HSA load cases
The hydrodynamic pressures, Py, for HSA-1 and HSA-2 load cases at any load point, in KN/m?,
are to be obtained from Table 2.5.3.3. See also Figure 2.5.3.3 and Figure 2.5.3.2.

Hydrodynamic Pressures for HSA Load Cases

Table 2.5.3.3

Water pressure, in kN/m?




Load case Z<T, Tec<z<h, +T. z>h, +T ¢

HSA-1 Py =max(-P,s, p9(z T )

= - - P = 0
HSA-2 Ry =max(Pys, p9(z-T..)) Pw=Pww - 9(z-Tic) W

where:

PHS = fp fnl fhkakp fyzcwﬂ’w

fn — coefficient considering non-linear effects, to be taken as defined in 2.5.3.1;
fy, — girth distribution coefficient, to be taken as:
YA .
fo=c—+fg+L
LC

f, — coefficient, to be taken as:
f, =2.4(1.21-0.66f;);
ko, — amplitude coefficient in the longitudinal direction of the ship, to be taken as defined in

2.5.3.1;
A — wave length of the dynamic load case, in m, to be taken as:

A =061+ f,)L;

ko — phase coefficient to be obtained from Table 2.5.3.4. Intermediate values are to be
interpolated.

Ky Values for HSA Load Cases Table 2.5.3.4
o 0 03-0.1f, | 05-02f, | 08-02f, | 09-02f, | 10
Ky 15-f, -05f, -1 1 1 -1 -1

2.5.3.3 Hydrodynamic pressures for FSM load cases
The hydrodynamic pressures, Py, for FSM-1 and FSM-2 load cases, at any load point, in kN/m?,
are to be obtained from Table 2.5.3.5. See also Figure 2.5.3.1 and Figure 2.5.3.2.

Hydrodynamic Pressures for FSM Load Cases Table 2.5.3.5
Water pressure, in kN/m?
Load case Z<T. Tc<z<h, +T, z>h, +Tc
FSM-1 Ry =max(—Ps, pg(2-T))
FSM-2 Ry =max (P, p9(z-T)) Pw=Puw.” 90-Toe) Pu=0
where:

PFS = 1:p fnI fhkakp fyzcwdw




fn — coefficient considering non-linear effects, to be taken as:
fa = 0.9 for extreme sea loads design load scenario;
fy, — girth distribution coefficient, to be taken as:

yz
LC

z .
fp=c—+fg+1

f, — coefficient, to be taken as:

f, =2.6;

ko — amplitude coefficient in the longitudinal direction of the ship, to be taken as:

k, =1+(3.75-2f, J1-5f, JL-f ). for f, <0.2;
k, =1.0,for 0.2<f, <0.9;

k, =1+20(L f , | f,. —09), for f

@ 20.9;

A — wave length of the dynamic load case, in m, to be taken as:

A =06(1+2/3f,)L;

k, — phase coefficient to be obtained from Table 2.5.3.6. Intermediate
interpolated.

values are to be

ko Values for FSM Load Cases Table 2.5.3.6
o 0 0.35-0.1f; 05-0.2f; 075 | 08 1.0
k, | —0.75-0.25f, -1 1 1 -1 -0.75-0.25f ¢

2.5.3.4 Hydrodynamic pressures for BSR load cases
The wave pressures, Py, for BSR-1 and BSR-2 load cases, at any load point, in kN/m?, are to be
obtained from Table 2.5.3.7. See also Figure 2.5.3.3 and Figure 2.5.3.4.

Hydrodynamic Pressures for BSR Load Cases Table 2.5.3.7
Water pressure, in kN/m?
Load case VA S TLC TLC <Z S hN +TLC 7Z> hW +TLC
BSR-1P Pw=max (Pgsr, 9(z-Tic))
BSR-2P Pw=max (-Pgsr, 0(z-Tic))
Pw=Pww - 9(z-Tc) Pw=0
BSR-1S Pw=max (Pgsr, 9(z-Tic))
BSR-2S Pw=max (-Pgsr, 9(z-Tic))
where:

For BSR-1P and BSR-2P load cases:




Page = T, [10ysin 6+0.88f,C,, /w (o +1)J

For BSR-1S and BSR-2S load cases:

PBSR = fﬁ fn| (—10y3|l’l9+088fpcw !%_125( fyB1+1)j

fn — coefficient considering non-linear effect, to be taken as f, = 1.0;
A — wave length of the dynamic load case, in m, to be taken as:
g
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Figure 2.5.3.3 Transverse Distribution of Dynamic Pressure Amidships for
BSR-1P (Left) and BSR-1S (Right) Load Cases
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Figure 2.5.3.4 Transverse Distribution of Dynamic Pressure Amidships for

BSR-2P (Left) and BSR-2S (Right) Load Cases

2.5.3.5 Hydrodynamic pressures for BSP load cases
The wave pressures, Py, for BSP-1 and BSP-2 load cases, at any load point, in kN/m?, are to be
obtained from Table 2.5.3.8. See also Figure 2.5.3.5 and Figure 2.5.3.6.

Hydrodynamic Pressures for BSP Load Cases Table 2.5.3.8
Water pressure, in KN/m?
Load case Z<T, Te<z<h, +T, z>hy +T¢
BSP-1P Pw =max ( Pesp, p9(z-Tic))
BSP-2P Pw = max (-Pgsp, p9(z-Tic)) Pw=Pww.- 9(z-Tic) Pw=0
BSP-1S Pw = max (Pgsp, p9(2-T.c))




BSP-2S Pw = max (-Pgsp, p9(z-Tic))

where:

Pap =45f, 1,1,C, /w

A — wave length of the dynamic load case, in m, to be taken as:
2=02(+2f )L,

fy, — Girth distribution coefficient, to be obtained from Table 2.5.3.9:

Girth Distribution Coefficient, f,, for BSP Load Cases Table 2.5.3.9
Transverse position BSP-1P, BSP-2P BSP-1S, BSP-2S
z 2z 1
>0 f,=2—+25f5+05 =——+=fg+05
Y g Tic v ¥ 3 Tc 2 8
2 2 1 z
y<0 YZ=§E+EfyB+O'5 fyZ:2:+2'5fyB+0'5
fu — coefficient considering non-linear effect, to be taken as:
* For extreme sea loads design load scenario:
fu=0.6 atfx = 0.0
fu=0.8atfx=0.3
fn| =0.8 at fXL: 0.7
fn| =0.6 at fXL: 1.0
Intermediate values are obtained by linear interpolation.
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Figure 2.5.3.5 Transverse Distribution of Dynamic Pressure Amidships for

BSP-1P (Left) and BSP-1S (Right) Load Cases
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Figure 2.5.3.6 Transverse Distribution of Dynamic Pressure Amidships for

BSP-2P (Left) and BSP-2S (Right) Load Cases

2.5.3.6 Hydrodynamic pressures for OST load cases
The wave pressures, Py, for OST-1 and OST-2 load cases, at any load point are to be obtained, in
kN/m?, from Table 2.5.3.10. See also Figure 2.5.3.7 and Figure 2.5.3.8.

Hydrodynamic Pressures for OST Load Cases Table 2.5.3.10
Water pressure, in KN/m?

Load case Z< TLC TLC <z< hN +TLC 7> hW +TLC
OST-1P Pw =max ( Post, p9(z-TLc))

OST--2P Pw = max (-Post, p9(z-Tic))

Pw=Pww.- 9(z-Tc) Pw=0

OST--1S Pw = max (Post, pg(z-T.c))

OST--2S Pw = max (-Post, p9(z-Tic))

where:

Py =138, f,kk, T,C, f@

fy, — girth distribution coefficient, to be obtained from Table 2.5.3.11;
fn — coefficient considering non-linear effect, to be taken as: f, = 0.8;
A — wave length of the dynamic load case, in m, to be taken as:

A=0.45L;
Girth Distribution Coefficient, f,, for OST Load Cases Table 2.5.3.11
Transverse position OST-1P, OST-2P OST -1S, OST -2S
z z
y>0 5—+3.5fy8+1.5 1.5—+1.5
LC LC
z z
y<0 1.5—+1.5 5—+3.5f g +1.5
LC LC
ka — Amplitude coefficient in the longitudinal direction of the ship, to be obtained from
Table 2.5.3.12:
ka Values for OST Load Cases Table 2.5.3.12
Transverse
] Longitudinal position OST-1P, OST-2P OST -1S, OST -2S
positon
f, <02 1.0+35(1- f 5 )(1-5f, ) 1.0+[35-(4f; -05)fg]1-5f, )
y=>0 02<f, <08 1.0 1.0
f,_>08 1.0 10+4Q1-f,)6f, -4
y<0 f. <02 10+[35-(4f, -05)f 4]1(1-5f, ) 10+35(-f5)(1-5f,)




Transverse o .
. Longitudinal position OST-1P, OST-2P OST -1S, OST -2S
positon
02<f, <08 1.0 1.0
f, >0.8 10+4Q- )6, -4 f, 1.0
k, — phase coefficient to be obtained from Table 2.5.3.13, the intermediate values are to be
interpolated:
Kp Values for OST Load Cases Table 2.5.3.13
Transverse
. fu OST-1P; OST-2P OST-1S; OST-2S
position
0.0 1.0 1.0
0.2 1.0 1.0+(0.75-151,)f 4
0.4 -1.0 -1.0+@1.75-0.51;)f 4
y>0 05 -1.0 -1.0+@L.75-0.51;) f 4
0.7 -0.1+1.6f -15f, -0.1+(0.25-0.3f; ) fq
0.9 0.8+0.2f 4 0.8-(0.9f; +0.85)f 4
1.0 -10+f,4 -10+(0.5-0.5f;)f 4
0.0 1.0 1.0
0.2 10+(0.75-15f,)f, 1.0
0.4 -1.0+(1.75-05f,)f 4 -1.0
y<0 0.5 -10+@.75-0.51)f 4 1.0
0.7 -0.1+(0.25-0.3f;)f ¢ -0.1+(16f -15)f,
0.9 0.8-(0.9f, +0.85)f 4 0.8+0.2f
1.0 -1.0+(0.5-05f;)f 4 -10+f,4
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Figure 2.5.3.7 Transverse Distribution of Dynamic Pressure Amidships
for OST-1P (Left) and OST-1S (Right) Load Cases
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Figure 2.5.3.8 Transverse Distribution of Dynamic Pressure Amidships
for OST-2P (Left) and OST-2S (Right) Load Cases

2.5.3.7 Hydrodynamic pressures for OSA load cases
The wave pressures, Py, for OSA-1 and OSA-2 load cases, at any load point, in kN/m?, are to be
obtained from Table 2.5.3.14. See also Figure 2.5.3.9 and Figure 2.5.3.10.

Hydrodynamic Pressures for OSA Load Cases Table 2.5.3.14
Water pressure, in kN/m?
Load case VA S TLC TLC <Z S hN +TLC 7> hW +TLC
OSA-1P Pw =max ( Posa, p9(z-Tic))
OSA-2P Pw = max (-Posa, p9(z-Tvc)) b =0
Pw=PwwL- 9(z-Tc) w=
OSA-1S Pw =max (Posa, p9(z-Tic))
OSA-2S Pw = max (-Posa, p9(z-Tic))
where:

Pos, =0.81F f Kk f,C, /% (1+05f,)

A — wave length of the dynamic load case, in m, to be taken as:
A=0.7L;
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Figure 2.5.3.9 Transverse Distribution of Dynamic Pressure Amidships
for OSA-1P (Left) and OSA-1S (Right) Load Cases
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Figure 2.5.3.10 Transverse Distribution of Dynamic Pressure Amidships
for OSA-2P (Left) and OSA-2S (Right) Load Cases

fu — coefficient considering non-linear effect, to be taken as:

fn| =0.5at fx|_: 0.0;

fn| =0.8at fx|_: 0.3;
fn| =0.8 at fXL: 0.7;
fn| =0.6 at fXL: 10,

Intermediate values are obtained by linear interpolation;

fy, — girth distribution coefficient, to be obtained from Table 2.5.3.15:

Girth Distribution Coefficient, f,, for OSA Load Cases

Table 2.5.3.15

Transverse position

OSA-1P, OSA-2P

OSA -1S, OSA -2S

y>0

Z
55" +53f, +2.2

LC

z
09—+0.4f;+22

LC

y<0

z
09—+04f;+22

LC

z
55— +53f, +22

LC

ko, — amplitude coefficient in the longitudinal direction of the ship, to be obtained from

Table 2.5.3.16;

ko — Phase coefficient to be obtained from Table 2.5.3.17. Intermediate values are to be

interpolated;

ka Values for OSA Load Cases

Table 2.5.3.16

Transverse Longitudinal

position position

OST-1P, OST-2P

OST -1S, OST -2S




1.0+3(2—- f;)@-5f,)
f, <02 1.0+3(2- f;)Q-5f, )A-f,) +{(28f, —5)
+3fT (1_5fo)}fyB
02<f, <05 1.0 10+(1-2f,)f,4
y>0
05<f, <08 1.0 10+152f, -Df,
1.0+{1.5(2f, -1)
f,>08 1.0+ (f, —0.8)(1— f5)A —(f, —0.8)A}f
+(f, —0.8)A
1.0+3(2- f;)A-5f,)
f, <02 +{(28f, -5) 10+3(2- f;)(1-5f, )A-fz5)
+3f, (1-5f, )},
02<f, <05 10+(1-2f, ) f, 1.0
y<0
05<f, <08 1.0+15(2f, -Df g 1.0
1.0+{L.5(2f, —1)
f,>08 —(f, —0.8)A} 4 1.0+ (f, —0.8)(1— fz)A
+(f, —0.8)A
where:
A=22-15f  +3[22(f, —0.8)-0.25(2— f, )]
ko Values for OSA Load Cases Table 2.5.3.17
Transverse
. fu OSA-1P; OSA-2P OSA-1S; OSA-2S
position
0.0 0.75-0.5f 4 0.75
0.2 f; —0.25+(1.25-f;)f g f; —0.25+(0.35f; —0.47)f 4
0.4 1.0 1.0+(7f, —=3.2)f,
y>0 0.5 125-05f; +(05f, -0.25)f 4 125-05f, +(2.7f, -3.2)f 4
0.6 15— f, +(f; —107)f 4 15-f, +(2.68f, -3.19)f 4
085 | 0.5f; —1.25+(0.25-0.5f;)f, 05f; -1.25+(0.2-0.1f, ) f
1.0 0.5f, —1.25+(0.25—-0.5f; ) f,q

05f, ~125+(02-0.1, ),




0.0 0.75 0.75-05f 4
0.2 f; —0.25+(0.35f; —0.47)f 4 f; —0.25+(1.25— ;) f 4
0.4 1.0+ (2.7, —3.2) fyB 1.0

y<0 0.5 1.25-0.5f; +(2.7f; —32)fg 125-0.5f; +(0.5f, -0.25)f 5
0.6 15-f, +(2.68f, -3.19)f 4 15-f, +(f; -1.07)f 4
0.85 0.5f; -1.25+(0.2-0.1f; ) f ¢ 0.5f;, —1.25+(0.25-0.5f;)f 4
1.0 0.5f; —1.25+(0.2—0.lfT)fyB 0.5f; -1.25+(0.25-05f ) f 5

2.5.4 Green sea pressure on exposed deck

2.5.4.1 The external dynamic pressure due to green sea loading, Pp, at any point of an exposed
deck, in kN/m?, for the static plus dynamic (S+D) design load scenarios is to be derived for each
dynamic load case and is to be taken as defined in 2.5.4.3 to 2.5.4.4 The external dynamic pressure
due to green sea loading, Pp, at any point of an exposed deck for the static (S) design load
scenarios is zero.

2.5.4.2 If a breakwater is fitted on the exposed deck, no reduction in the green sea pressure is
allowed for the area of the exposed deck located aft of the breakwater.

2.5.4.3 HSM, HAS and FSM load cases

The external pressure, Pp, for HSM, HSA and FSM load cases, at any load point of an exposed
deck is to be obtained, in kN/m? from the following formula, see Figure 2.5.3.1 and Figure
2.5.3.2:

Po=xPRy
where:

Py =Py o, but not to be less than Pp._pin;

Pwp — pressure, in kN/m?, obtained at side of the exposed deck for HSM, HSA and FSM
load cases as defined in [2.5.3];

Pp.min — minimum exposed deck pressure, in kN/m?, obtained from Table 2.5.4.1, to be
taken as:
e  For cargo hold analysis according to Chapter 3, Pp_in=0.0;
e  For other cases, Pp.min as defined in Table 2.5.4.1;

x — coefficient defined in Table 2.5.4.2.

Minimum Pressures on Exposed Decks for HSM, HSA, FSM Load Cases
Table 2.5.4.1




Minimum pressure on exposed deck Pp._min, in KN/m=2

Location
L, > 100m L, <100m

X, /L, <0.75 343 14.9+0.195 L,

x, /L, >075 | 343+(48+a(ly, —100){4% - J 122+ %[sx—tt - 2J + 3.6X—:L_

where:
a — coefficient, to be taken as:
a = 0.356 for Type A, Type B-60 and Type B-100 freeboard ships
a = 0.0726 for Type B freeboard ships

X — X-coordinate of the load point measured from the aft end of the freeboard length L.

Coefficient for Pressure on Exposed Decks Table 2.5.4.2
Exposed deck location @
Freeboard deck 1.00
Superstructure deck including forecastle deck 0.75
1* tier of deckhouse 0.56
2" tier of deckhouse 0.42
3" tier of deckhouse 0.32
4" tier of deckhouse 0.25
5™ tier of deckhouse 0.20
6™ tier of deckhouse 0.15
7" tier of deckhouse and above 0.10

2.5.4.4 BSR, BSP, OST and OSA load cases

The external pressure, Pp, for BSR, BSP, OST and OSA load cases at any load point of an
exposed deck is to be obtained, in kN/m?, by linear interpolation between the pressures at the port
and starboard deck edges (see also Figure 2.5.3.3, Figure 2.5.3.5, Figure 2.5.3.8 and Figure
2.5.3.9):

Pos =% Puosw

PD,pt =X PW,D—pt

where:
Pwpsts — pressure obtained at starboard deck edge for BSR, BSP, OST or OSA load cases
as defined in [2.5.3], as appropriate;
Pwp-pt — pressure obtained at port deck edge for BSR, BSP, OST and OSA load cases as
defined in [2.5.3], as appropriate;
X — coefficient defined in Table 2.5.4.2.

2.6 Internal Loads
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2.6.1 Pressures due to liquids

2.6.1.1 The internal pressure due to liquid acting on any load point of a tank and ballast hold
boundary, in kN/m? for the static (S) design load scenarios, is to be taken as:

Pin = Ps , but not to be less than 0

2.6.1.2 The internal pressure due to liquid acting on any load point of a tank and ballast hold
boundary, in kN/m?, for the static plus dynamic (S+D) design load scenarios is to be derived for
each dynamic load case and is to be taken as:

Pin = |3Is + PId , but not to be less than 0

where:
P\s — static pressure due to liquid in tanks, in KN/m=as defined in [2.6.1.3];
Py — dynamic pressure due to liquid in tanks, in KN/m=as defined in [2.6.1.4].

2.6.1.3 The static pressure, Ps due to liquid in tanks and ballast holds, in kN/m?, is to be taken
as:

I:)Is = pLg(Ztop -7+ O'Shair)

where:

hair — height of air pipe or overflow pipe above the top of the tank, in m.
2.6.1.4 The dynamic pressure, P,y due to liquid in tanks and ballast holds, in kN/m?, is to be
taken as:

Pia= s pL[az(zo — 2)+ ax(Xo — X) + ay(Yo - Y)]

where:

ls — cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in

m;
bwp — cargo tank breadth at the top of the tank or breadth of the ballast hold hatch coaming,
in m, determined at mid length of the tank or ballast hold hatch coaming;

Xo — X coordinate, in m, of the reference point;

Yo — Y coordinate, in m, of the reference point;

Zo — Z coordinate in m, of the reference point.
The reference point is to be taken as the point with the highest value of V;, calculated for all points
that define the upper boundary of the tank or ballast hold as follows:

V, :aX(Xj _XG)+aY(yj —YG)+(az +g)(2j _ZG)

where:
Xj: X coordinate, in m, of the point j on the upper boundary of the tank or ballast hold;
yj: Y coordinate, in m, of the point j on the upper boundary of the tank or ballast hold;
z;: Z coordinate, in m, of the point j on the upper boundary of the tank or ballast hold.
2.6.2 Characteristics of dry bulk cargo hold
2.6.2.1 The main geometrical parameters of a dry bulk cargo hold for ore carrier is shown in
Figure 2.6.2.1.
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Figure 2.6.2.1 Definition of Cargo Hold Parameters for Ore Carrier

By — breadth of the cargo hold, in m, measured at the connection between longitudinal
bulkhead top at mid-length of the cargo hold and main deck, see Figure 2.6.2.1;

— length of the cargo hold, in m, at the centreline between the transverse bulkheads. It
is to be measured from the corresponding frame of corrugation, if corrugated
bulkhead is fitted;

Big — breadth of inner bottom, in m, measured at mid-length of the cargo hold, see Figure

2.6.2.1;

D, — distance, in m, from the baseline to the freeboard deck at side amidships;

hc — height of bulk cargo, in m, from the inner bottom to the upper surface of bulk cargo;

hps — height, in m, of the double bottom at the centreline, measured at mid-length of the

cargo hold, see Figure 2.6.2.1;

hye — vertical distance, in m, from the inner bottom at centreline to the upper intersection

of hopper tank and side shell or inner side, determined at mid length of the
considered cargo hold, as shown in Figure 2.6.2.1;

Vea — volume, in m?, of dry bulk cargo hold up to top of the hatch coaming, taken as:

Veun = Vit Vi,

Vi — volume, in m®, of cargo hold up to level of the intersection of the main deck with the

hatch coaming excluding the volume enclosed by hatch coaming, see Figure 2.6.2.1;

Vie — volume, in m®, of the hatch coaming, from the level of the intersection of the main

deck with the hatch side coaming to the top of the hatch coaming, determined for
the cargo hold at midship, as shown in Figure 2.6.2.1;

Vs — Total volume, in m®, of the portion of the lower bulkhead stools within the cargo

hold length Iy and inboard of the hopper tanks;

X, Yer Ze — X, Y and Z coordinates, in m, of the volumetric centre of gravity of the tank or
fully filled cargo hold, i.e. Vg, considered with respect to the reference
coordinate system defined in Ch 1, Sec 1, [1.2.3]. In case of partially filled
cargo hold, Xg, Ya, Zc to be taken as follows:

Xe, Yo — Vvolumetric centre of gravity of the cargo hold;

In

iz = hDB +hc7c|/2;

zc — height of the upper surface of the cargo above the baseline in way of the load point, in
m, to be taken as:
Zc = hps + hc;



a — angle, in deg., between panel considered and the horizontal plane;
¥ — assumed angle of repose, in deg., of bulk cargo (considered drained and removed); to
be taken as:
Y= 30< in general;
¥ = 35<for iron ore;
¥ = 25<°for cement;
Kce — coefficient, to be taken as:

K. =cos’ a+(L-siny)sin’a , for inner bottom, hopper tank, transverse and

longitudinal bulkheads, lower stool, vertical upper stool;

K. =0, for topside tank, main deck and sloped upper stool;

pe — density of bulk cargo, in t/m?;

p. — density of liquid in the tank and ballast hold, in t/m?;

pst — density of steel, in t/m?, to be taken as 7.8.
2.6.2.2 The definitions of a fully and partially filled dry bulk cargo holds are as follow:
a) Fully filled hold:
The dry bulk cargo density is such that the cargo hold is filled up to the top of the hatch coaming,
as shown in Figure 2.6.2.2.
The upper surface of the cargo and its effective height in the hold hc are to be determined in
accordance with [2.6.2.3].
b) Partially filled hold:
The cargo density is such that the cargo hold is not filled up to the top of the hatch coaming, as
shown in Figure 2.6.2.3 and Figure 2.6.2.4.
The upper surface of the cargo and its effective height in the hold hc are to be determined in
accordance with [2.6.2.4].
2.6.2.3 Definition of the upper surface of dry bulk cargo for full cargo holds
For a fully filled cargo hold as defined in [2.6.2.2], including non-prismatic holds, the effective
upper surface of the cargo is an equivalent horizontal surface at hc, in m, above inner bottom at
centreline.
The value of h¢ is to be calculated at mid length of the cargo hold at the midship, is to be kept
constant over the cargo hold region area and is determined as follows:

/70 = hHPU + /70
where:
S
h= -1
BH
V,.
Sy =95+ /i

“H
So — shaded area, in m?, above the lower intersection of topside tank and side shell or inner
side, as the case may be, and up to the level of the intersection of the main deck with
the hatch coaming, determined for the cargo hold at the midship as shown in Figure
2.6.2.2;



Hupy — vertical distance, in m, measured from inner bottom to the lower edge of upper stool.

Equivalent cargo

upper surface

1
i fi:"flsui:?' :

Figure 2.6.2.2 Definition of Effective Upper Surface of Cargo for a Full Cargo Hold

2.6.2.4 Definition of upper surface of dry bulk cargo for partially filled cargo holds

For any partially filled cargo hold, as defined in [2.6.2.2], including non-prismatic holds, the
effective upper surface of the cargo is to be made of three parts: one central horizontal surface of
breadth B,/2, in m, at a height h¢, in m, above the inner bottom.

A sloped surface at each side with an angle /2, in degrees, between the central horizontal
surface, and the side shell or inner hull, as shown in Figure 2.6.2.3, or the hopper plating, as
shown in Figure 2.6.2.4, as the case may be.

The height of cargo surface he, in m, is to be calculated at mid length of the considered cargo hold
and is to be taken as constant over the length of the hold as follows:

For M < %: h. = h._

B B, .
For S <M= 3 h = -1 23

For M>%: h. =0

where:
h; — height, in m, to be taken as:
B B V..
h = # —( n Mjhm—gb’f, tan ¥ 4 _1s
pe - Byl 2B, 16 2 B,t,

For n > 0, see Figure 2.6.2.3:
Be_¢p = Byp + By + B

B
A, B X
4 2



Fors < 0, see Figure 2.6.2.4:

hcfa = /711 + /722

B,-B
h,=h ( 2 IB]
1= e B, - B,

2 2
! (M +VTSJ+ 1(th Be j+BH tanE
B _ I oe 2{B,-Bg) 16 2
, =

H L +1ta1nE
2|{B,-Bg) 2 2

hc.c. — height, in m, of the cargo surface at the centreline, as shown in Figure 2.6.2.3 and
Figure 2.6.2.4;

B, — maximum breadth of the cargo, in m, as shown in Figure 2.6.2.3 and Figure 2.6.2;
M — mass, in t, of the bulk cargo being considered.

HDB

Figure 2.6.2.3 Definition of the Effective Upper Surface of Cargo for
a Partially Filled Cargo Hold When h; >0
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HDB

Figure 2.6.2.4 Definition of the Effective Upper Surface of Cargo
for a Partially Filled Cargo Hold When h; <0

2.6.2.5 FE application

The following process is to be applied for the bulk cargo pressure loads used in FE analysis:

a) Determine h. according to [2.6.2.3] for fully filled cargo hold or [2.6.2.4] for partially filled
cargo hold.

b) Determine the corresponding static pressure as defined in [2.6.3.2] and static shear pressure as

defined in [2.5.2] using . and apply them in the FE model.

¢) Calculate the actual mass of cargo, Mgctar, in t.
d) Determine the effective cargo density, in t/m*:

actual

e) Calculate the final pressure distribution and shear load using 4 instead of P .

2.6.3 Dry bulk cargo pressures
2.6.3.1 The total pressure due to dry bulk cargo acting on any load point of a cargo hold
boundary, in kN/m?, is to be taken as:

P, =P, for strength assessment of intact conditions for static (S) design load
scenarios, given in Ch 2, Sec 7.
P, =P, +P,,, for strength assessment of intact conditions for static plus dynamic
(S+D) design load scenarios, but not less than 0.
where:
Pys — Static pressure due to dry bulk cargo, in KN/m?, as defined in [2.6.3.2];
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Pws — dynamic inertial pressure due to dry bulk cargo in cargo holds, in kN/m? as defined
in [2.6.3.3].
Static and dynamic pressures as defined in [2.6.3.2] and [2.6.3.3] for FE analysis are to be

determined using p. instead of O .

2.6.3.2 Dry bulk cargo static pressure
The dry bulk cargo static pressure Py, in kN/m?, is to be taken as:

P, = pc 9K (zc —z), but not less than 0.

2.6.3.3 Dry bulk cargo dynamic pressure
The dry bulk cargo dynamic pressure Pyq, in kN/m?, for each load case is to be taken as:

Ry = f,0c[ 0.25a, (x; —x)+0.258, (Yo —y)+Kc a, (2o —2) ], for 2<2¢

Py =0.0,for Z> 2,

2.6.4 Dry bulk cargo shear load
2.6.4.1 For FE strength assessment of cargo hold, the following shear load pressures are to be
considered in addition to the dry bulk cargo pressures defined in [2.6.3] when the load point
elevation, z, is lower or equal to z:
e  For static (S) design load scenarios: Static shear load, due to gravitational forces acting on
hopper tanks and lower stools plating, as defined in [2.6.4.2].
e  For static plus dynamic (S+D) design load scenarios: The following dynamic shear load
pressures:
Ppss + Pps-g for the hopper tank and the lower stool plating, as defined in [2.6.4.3];
Pys.ax for the inner bottom plating in the longitudinal direction, as defined in [2.6.4.4];
Pys-ay fOr the inner bottom plating in the transverse direction, as defined in [2.6.4.4].
e  The global design load scenarios for ships are to be considered of the effect of shear load due
to accelerations along X and Y directions on the hopper tank plating, see [2.6.4.5].

Shear loads as defined in [2.6.4.2] to [2.6.4.5] for FE analysis are to be determined using .«

instead of P .

2.6.4.2 Static shear load on the hopper tank plating, inclining longitudinal bulkhead and lower
stool plating

The static shear load pressure, Py (positive downward to the plating) due to dry bulk cargo
gravitational forces acting on hopper tank plating, inclining longitudinal bulkhead and lower stool
plating, in kN/m?, is to be taken as:

1-K. Nz, -2
Pbs—s :pC ( tcar)1(ac )

2.6.4.3 Dynamic shear load on the hopper tank and lower stool plating
The dynamic shear load pressure, Pys4 (positive downward to the plating) due to dry bulk cargo
forces on the hopper tank plating or inclining longitudinal bulkhead and lower stool plating, in



kN/m?, for each dynamic load case is to be taken as:

(1_ Kc )(Zc B Z)
tana

Posa = fﬁpCaZ

2.6.4.4 Dynamic shear load along the inner bottom plating for FE analyses

The dynamic shear load pressures, Pys.gx in the longitudinal direction (positive to bow) due to dry
bulk cargo forces acting along the inner bottom plating, in kN/m? for each dynamic load case is to
be taken respectively as:

Pos.ax =—0.75F , pca, he

The dynamic shear load pressures, Pps.qy in the transverse direction (positive to port) due to dry
bulk cargo forces acting along the inner bottom plating, in kN/m?, for each dynamic load case is to
be taken respectively as:

Py = —0.75F ,pca,he

2.6.4.5 For the global FE strength assessment, the load balance requirement is to be considered,
and the inner plating, hopper tank plating or inclining longitudinal bulkhead, lower stool plating
are to take into account shear load due to accelerations along X and Y directions. Shear load on any
sloping plate is to be calculated by the following equations:

a) horizontal direction:

P =-0.75p.a,h. cosa-cosa, —0.75p.a,h; cosa -cosa,
b) vertical direction to inner bottom:

P=-0.75p.a,h. sina, —0.75p.a,h. sine,
where: a, — angle, in deg., between horizontal direction of sloping plate and X direction;

a, — angle, in deg., between horizontal direction of sloping plate and Y direction.

2.7 Loading Conditions
2.7.1 Design load scenarios for strength assessment
2.7.1.1 The principal design load scenarios are given in Table 2.7.1.1.

Principal Design Load Scenarios Table 2.7.1.1

Harbour and . . )
Seagoing conditions with

Design load scenario sheltered water
) extreme sea loads
and testing
Static Static +Dynamic
Load components
©) (S+D)
VBM Msw-p MSW + MV\N-LC
Hull girder
HBM - Muh-Lc
load
VSF Qsw-p Qsw * Quv-Lc
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™ - Mut-Lc
b External deck for green sea - Pp
ex
Hull envelope Ps Ps + Pw
Local load Ballast tank
Max (P|5, PST) PIS + Pld
Pin
Other tanks
Cargo holds Pus Pps + Pyg

2.7.2 Loading conditions
2.7.2.1 The typical FE yield strength calculation conditions for cargo holds are to be in
accordance with the requirements in Tables 2.7.2.1 t0 2.7.2.3.
2.7.2.2 For the Multiport conditions not involved in the Loading Manual, MP1, MP2, MP3, MP4,
MP5, MP6 and MP7 may not be checked.

2.7.2.3

special conditions in the Loading Manual are to be also taken into consideration.
2.7.2.4 For the ships intended to be assigned class notation of EL100, harbour conditions in the
process of quick loading are to be supplemented. If other more severe loading conditions in the
quick loading manual exist, structural strength direct calculation is also to be carried out.
2.7.2.5 For the Multiport condition, if the draught value in actual loading manual is more
dangerous than 0.67Ts and 0.75Ts, the actual value is to be taken.

In addition to the typical loading conditions required in Tables 2.7.2.1 to 2.7.2.3, other

FE Load Combinations Applicable to Midship Cargo Hold Region Table 2.7.2.1
Still .
- Still water
o ) S water ) Wave
No. Description Loading pattern = bending .
a shear condition
moment
force
Full load HSM-1
0l {o]lof {of[o} {0 100%™
1 ho-mogeneous Moo | Mo | Mo ol lollol lollol 1o Tsc 100% SAG BSP-1P
- light cargo OST-1P
Full load
100%™ BSP-1P
2 homogeneous Tsc 100%
SAG OST-1P
— heavy cargo
: 100% | O BSP-1P
3 Slack load W 0% My, Mf"O.OOﬁGOO T 100%
ack loa M |BO%M, M, : 0
0L40]{0L10][040 * 100% HSM-1
SAG
100%
100% HSM-2
MAX
Hog FSM-2
SFLC
4 Ballast-1 TeaLN
100% | 100% BSR-1P
Hog OST-1P
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FSM-2

100%
5 Ballast-2 TeaLN N/A BSR-1P
Hog
OST-1P
100% HSM-1
6 Ballast-3 TeALH 100% | SAG BSR-1P
BSP-1P
HSM-1
100% FSM-1
100%
SAG BSP-1P
7 Multiport-1 0.75 Tgc OST-1P
HSM-2
100%
100% FSM-2
HOG
OST-2P
HSM-1
100% FSM-1
100%
SAG BSP-1P
OST-1P
8 Multiport-2 0.75 Tsc
HSM-2
100%
100% FSM-2
Hog
OST-2P
HSM-1
100%
100% BSP-1P
SAG
] 0 0.75 OST-1P
9 Multiport-3 n
1 TSC HSM-Z
100%
100% FSM-2
Hog
OST-2P
HSM-1
100%
100% BSP-1P
SAG
. 0.75 OST-1P
10 Multiport-4
Tsc HSM-2
100%
100% FSM-2
Hog
OST-2P
100% | 100% BSP-1P
SAG OST-1P
. 0 100% HSM-2
11 Multiport-5 Meaa M 1o 0.75 Tsc 100%
- MAX FSM-2
HOG
SFLC
100%
100% OST-2P
HOG
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. 0 100% BSP-1P
12 Multiport-6 M 0.67 Tsc | 100%
-0 SAG OST-1P
100% BSP-1P
0
100% SAG BSR-1P
5 OST-1P
13 Multiport-7 Mra 0 0.67 Tsc HSM-2
100% FSM-2
100%
HOG BSR-1P
OST-1P
100%
100% SAG N/A
\ 0
14 Harbour-1 Mr, 0.67T 100%
= 10 ¢ | 100% o6 N/A
100%
100% N/A
0 SAG
15 Harbour-2 L T 0.67 Tsc
0 100%
100% H N/A
0g
100%
100%
MAX SAG N/A
0 SFLC
16 Harbour-3 0.67 Tgc
-0 100%
100%
MAX HOG N/A
SFLC
100%
100%
MAX SAG N/A
0 0.67 SFLC
17 Harbour-4 Meia
-0 Tsc 100%
100%
MAX HOG N/A
SFLC
100%
100%
MAX SAG N/A
| SFLC
18 Harbour-5 M LW 0.83 Tgc
100%
100%
MAX HOG N/A
SFLC
100%
100% SAG N/A
19 Harbour-6 M, 0.75 Tgc
100%
100% HOG N/A
100%
100% N/A
20 Harbour-7 Lm 0.83 Tsc SAG
100% | 100% N/A




HOG

100%
100% N/A
0.75 SAG
21 Harbour-8
Tsc 100%
100% N/A
HOG
100%
100% N/A
SAG
22 Harbour-9 0.83 Tgc
100%
100% N/A
HOG
Notes:

(1) Still water shear force of 1009%MAX SFLC is the adjustment condition of shear force.
(2) 100% still water shear force is the shear force judgment condition, to be carried out in accordance with Chapter 3.

(3) Harbour-4 ~ Harbour-9 conditions are to be checked for the ore carriers applying for the class notation of EL100.

FE Load Combinations Applicable to Aftmost Cargo Hold Region Table 2.7.2.2
Still )
Still water
o . water . Wave
No. Description Loading pattern Draught bending .
shear condition
moment
force
FSM-1
Full load
80% BSP-1P
1 homogeneous Tsc 100%
] SAG OST-1P
- light cargo
OSA-1P
Full load FSM-1
80%
2 homogeneous Tsc 100% BSP-1P
SAG
— heavy cargo OST-1P
FSM-1
3 Slack load Tsc 100% | 100% BSP-1P
OST-1P
HSM-2
FSM-1
1 100%
4 Ballast-1V Tean | 100% ) BSP-1P
0
g OST-1P
OSA-1P
FSM-1
5 Ballast-2V T 100% 100% BSR-1P
allast- ) ) -
BAL-N SAG
OST-1P
HSM-1
6 Ballast-3® T 100% 100% BSR-1P
allast- ) ) -
BAL-H SAG
BSP-1P
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HSM-1

50%
100% BSP-1P
. 0.75 SAG
7 Multiport-1 OST-1P
TSC
50% HSM-1
100%
HOG OST-1P
HSM-1
50%
100% BSP-1P
SAG OSA-1P
. 0.75
8 Multiport-2
TSC
50% HSM-1
100%
Hog OST-1P
100% | 50% FSM-1
SAG OST-1P
) 0.75
9 Multiport-3 100% FSM-1
Tsc 50%
BSR-1P
Hog
OSA-1P
50% FSM-1
100%
SAG OST-1P
) 0.75
10 Multiport-4 FSM-1
Tsc 50%
100% BSR-1P
Hog
OSA-1P
30% FSM-1
100%
_ SAG OST-1P
. {0 0.67
11 Multiport-5 M 1o FSM-1
1 TSC 30%
100% BSR-1P
Hog
OSA-1P
60%
100% BSP-1P
HOG
100%
] 0 0.67 30%
12 Multiport-6 Meun MAX HSM-2
—0 Tsc HOG
SFLC
100%
MAX | 0 HSM-1
SFLC
100%
50%
MAX N/A
0 0.67 SAG
13 Harbour-1 Mein SFLC
10 Tec
100% | 100%
N/A
Hog
100%
0 0.67 50%
14 Harbour-2 MAX N/A
{0 Tse SAG
SFLC
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100%

100%
MAX N/A
HOG
SFLC
100%
100% N/A
0.83 SAG
15 Harbour-3
Tsc 50%
100% N/A
HOG
50%
100% N/A
0.83 SAG
16 Harbour-4
Tsc 50%
100% N/A
HOG
100%
100% N/A
0.83 SAG
17 Harbour-5
Tsc 50%
100% N/A
HOG
50%
100% N/A
0.83 SAG
18 Harbour-6
Tsc 50%
100% N/A
HOG
Notes:

(1) The loading condition is to be assessed if it is required in the Loading Manual.

(2) Harbour-4 ~ Harbour-6 conditions are to be checked for the ore carriers applying for the class notation of EL100.

(3) In principle, the required adjustment in shear force of harbour MAX SFLC condition is to be done at forward bulkhead of

engine room.
FE Load Combinations Applicable to Foremost Cargo Hold Region Table 2.7.2.3
Still
Still water
o . water . Wave
No. Description Loading pattern Draught bending .
shear condition
moment
force
HSM-1
Full load i -
1 h - = 0| |o[[0} |0 T L00% 60% BSP-1P
omogeneous o u 0
mod oLfollofdo ¢ SAG OST-1P
- light cargo
OSA-2P
HSM-1
Full load
60% BSP-1P
2 homogeneous Tsc 100%
h SAG OST-1P
— heavy cargo
vy carg OSA-2P
HSM-1
0 60%®™
3 Slack load Mray | B0%My Tsc 100% BSP-1P
SAG
OSA-2P
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HSM-1

HSM-2
. 100% | 100%
4 Ballast-1V TeaLnN ) BSP-1P
0
g BSR-1P
OSA-2P
HSM-1
. 100% BSP-1P
5 Ballast-2® TeaLnN 100%
Sag BSR-1P
OSA-2P
HSM-1
. 100% BSP-1P
6 Ballast-3® Tean | 100%
SAG BSR-1P
OSA-2P
HSM-1
) 100% FSM-1
7 Multiport-1 0.75 Tsc | 50%
SAG BSP-1P
OSA-2P
HSM-1
100% FSM-1
. 50%
8 Multiport-2 0.75 Tsc SAG BSP-1P
OSA-2P
HSM-1
) 50% FSM-1
9 Multiport-3 0.75 Tgc | 100%
SAG BSP-1P
OSA-2P
HSM-1
) 50% FSM-1
10 Multiport-4 0.75 Tgc | 100%
SAG BSP-1P
OSA-2P
HSM-1
) 0 60% FSM-1
1 Multiport-5 Mran 0.83 Tsc | 100%
0 SAG BSP-1P
OSA-2P
BSP-1P
60%
100% OST-2P
HOG
- 0 OSA-2P
12 Multiport-6 Men o 0.67 Tgc
100%
60%
MAX HSM-2
HOG
SFLC




100%

MAX | 0 HSM-1
SFLC
100%
100% N/A
0 SAG
13 Harbour-1 Mean 0.67 Tsc
10 100%
100% HOG N/A
100%
100% N/A
0 SAG
14 Harbour-2 M | Me n 0.67 Tgc
100%
100% H N/A
0g
100%
100%
MAX SAG N/A
SFLC
15 Harbour-3 0.67 Tsc
100%
100%
MAX HOG N/A
SFLC
100%
100%
MAX SAG N/A
40 0.67 SFLC
16 Harbour-4 Mo N
Tsc 100%
100%
MAX HOG N/A
SFLC
100%
100% SAG N/A
17 Harbour-5 0.83 Tgc
100%
100% HOG N/A
100%
100% SAG N/A
18 Harbour-6 0.75Tgc
100%
100% HOG N/A
100%
100% SAG N/A
19 Harbour-7 0.83Tsc
100%
100% HOG N/A
100%
100% N/A
0.75 SAG
20 Harbour-8
Tsc 100%
100% HOG N/A
Notes:

(1) The loading condition is to be assessed if it is required in the Loading Manual.

(2) Harbour-4 ~ Harbour-8 conditions are to be checked for the ore carriers applying for the class notation of EL100.

(3) In principle, the required adjustment in shear force of harbour MAX SFLC condition is to be done at forward bulkhead.
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CHAPTER 3 DIRECT STRENGTH ANALYSIS OF CARGO HOLD REGION

3.1 General Requirements

3.1.1 Direct strength assessment is to be carried out for primary structural members in cargo
hold region for an ore carrier with the length of 150 m and above based on three-dimensional FE
analysis.

3.1.2 FE analysis is to include the two following parts:

3.1.2.1 Cargo hold analysis to assess the strength of longitudinal hull girder structural members,
primary supporting structural members and bulkheads.

3.1.2.2 Fine mesh analysis to assess detailed stress levels in local structural details.

3.1.3 The strength assessment performed with finite element analysis is to verify that the
scantlings comply with the acceptance criteria specified in this Chapter for:

3.1.3.1 Cargo hold structural analysis performed in accordance with 3.2 to 3.4 in Chapter 3;
3.1.3.2 Local structural analysis performed in accordance with 3.5 in Chapter 3.

3.1.4 A flow diagram of direct structural strength analysis for cargo hold is shown in Figure
3.1.1.

FE Direct calculation of cargo holds

\. J

Basic FE mesh model of cargo holds

A 4

Definition of loading conditions for Definition of loading conditions

yield and buckling strength assessment for fatigue strength analysis

\ 4

A 4

Very fine mesh model

Applied by load and boundary conditions

A 4

A
Applied by load and boundary conditions

Yield strength assessment — v

\ Fine mesh model

\ 4

Buckling strength

A 4 Hot spot stress assessment

assessment

Detailed stress assessment for fatigue analysis

of highly stressed area

Figure 3.1.1 Flow Diagram of Direct FE Analysis for Cargo Hold

3.1.4 Used finite element types

3.1.41 The structural assessment is to be based on linear finite element analysis of three-
dimensional structural models. The general types of finite elements to be used in the finite element
analysis are given in Table 3.1.4.1.
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Types of Finite Element Table 3.1.4.1

Type of finite element Description

Line element with axial stiffness only and constant cross sectional area along
Rod (or truss) element
the length of the element

Line element with axial, torsional and bi-directional shear and bending stiffness
Beam element and with constant properties along the

length of the element

Shell element with in-plane stiffness and out-of-plane bending stiffness with
Shell (or plate) element

constant thickness

3.1.4.2 Two node line elements and four node shell elements are, in general, considered
sufficient for the representation of the hull structure. The mesh requirements given in this Chapter
are based on the assumption that these elements are used in the finite element models. However,
higher order elements may also be used.

3.2 Structural Modeling
3.2.1 Objectives and scopes
3.2.1.1 The cargo hold structural strength analysis is used for the assessment of scantlings of
longitudinal hull girder structural members, primary supporting members and bulkheads within
the cargo hold region. This section gives the requirements for cargo hold structural strength
analysis.
3.2.1.2 For the purpose of FE structural assessment and load application, the cargo hold region
contains the following cargo hold regions, which may vary depending on the ship length and cargo
hold arrangement.

®  Midship cargo hold region,

® Foremost cargo hold(s),

® Aftmost cargo hold(s).
3.2.1.3 For the purpose of the FE analysis, the mid-hold is defined as the middle hold(s) of the
three cargo hold length FE model. In case of foremost and aftmost cargo hold assessment, the
mid-hold represents the foremost and aftmost cargo hold respectively.
3.2.1.4 The scantling assessment is carried out according to the requirements in this Chapter for
each individual cargo hold using the FE load combinations defined in Ch 2, Sec 7 applicable to the
considered cargo hold.
3.2.2 Members to be modelled
3.2.2.1 All main longitudinal and transverse structural elements are to be modelled. These
include:

*  Inner and outer shell,

*  Deck,

*  Inner bottom plating,

*  Double bottom floors and girders,

*  Transverse and vertical web frames,

*  Hatch coamings,

e Stringers,

*  Transverse and longitudinal bulkhead structures,

-52-



*  Other primary supporting members,

*  Other structural members which contribute to hull girder strength.
3.2.2.2 All plates and stiffeners on the structure, including web stiffeners, are to be modelled.
Brackets which contribute to primary supporting member strength and the size of which is not less
than the typical mesh size (s-by-s) described in [3.2.4.1], are to be modelled.
3.2.3 Extent of model
3.2.3.1 Except the foremost and aftermost cargo hold models, the longitudinal extent of the
cargo hold FE model is to cover three cargo hold lengths. The transverse bulkheads at the ends of
the model are to be modelled. Where corrugated transverse bulkheads are fitted, the model is to
include the extent of the bulkhead stool structure forward and aft at the model ends and stringers
of transverse bulkhead of ballast tanks.
3.2.3.2 The foremost and the aftmost cargo holds are located at the middle of the FE models as
follows, as practical as possible:
* Foremost cargo hold: from the after bulkhead of the cargo hold no. 2 to the ship’s foremost cross
section where the reinforced ring or web frame remains continuous from the base line to the
strength deck.
* Aftermost cargo hold: from the after bulkhead of the engine room to the forward bulkhead of no.
N-1 cargo hold, where N is the number of holds or sets of holds numbered from forward to aft.
« If the ratio of length of target cargo hold to that of adjacent cargo hold exceeds 1:1.5, appropriate
section of adjacent cargo hold is to be considered as model extending area, the cargo hold
parameters and loading parameters corresponding to load calculation are to be taken according to
the actual parts.
3.2.3.3 In general, the finite element model is to represent the geometry of the hull form. In the
midship cargo hold region, the finite element model may be prismatic provided the mid-hold has a
prismatic shape.
3.2.3.4 In the foremost cargo hold model, the hull form forward of the transverse section at the
middle of the fore part up to the model end may be modelled with a simplified geometry. The
transverse section at the middle of the fore part up to the model end may be extruded out to the
fore model end.
3.2.3.,5 In the aftmost cargo hold model, the hull form aft of the middle of the machinery space
may be modelled with a simplified geometry. The section at the middle of the machinery space
may be extruded out to its aft bulkhead.
3.2.3.6  When the hull form is modelled by extrusion, the geometrical properties of the transverse
section located at the middle of the considered space (fore or machinery space) are copied along
the simplified model. The transverse web frames are to be considered along this extruded part with
the same properties as the ones in the fore part or in the machinery space, and the continuity of
longitudinal structural members are to be kept.
3.2.3.7 Both port and starboard sides of the ship are to be modelled.
3.2.3.8 The full depth of the ship is to be modelled including primary supporting members above
the upper deck, trunks, forecastle and/or cargo hatch coaming, if any. The superstructure or deck
house in way of the machinery space and the bulwark are not required to be included in the model.
3.2.4 FE model of cargo holds
3.2.4.1 The element type is to be modeled according to the following principles:
(1) Stiffeners bearing lateral load are modeled by beam elements, and those not bearing lateral



load are modeled by rod elements.

(2) All areas of inner and outer shell plating, deep webs of transverse rings, stringers, plane
bulkhead web stiffeners, frames, other members as well as corrugation bulkheads and bulkhead
stools are to be modeled by plate elements. Triangular elements are to be minimized during
modeling. In particular in highly stressed areas and in such areas around openings, at bracket
connection and at hopper connections where significant stress gradient is predicted, triangle
elements are to be avoided as far as possible.

(3) The aspect ratio of plate element is not to exceed 3, and to be close to 1 in the highly stressed
areas or areas where significant stress gradient is predicted as far as possible.

3.2.4.2 The FE mesh is to follow the stiffening system as far as practicable, so as to represent the
actual plate panels between stiffeners. The element meshing is to be in accordance with the
following principles.

(1) One element between every longitudinal stiffener for bottom plating, side shell plating, deck,
longitudinal bulkhead, inner bottom plating, longitudinally, the element length is not to be greater
than twice longitudinal spaces; One element between every vertical stiffener on transverse
bulkheads for transverse bulkheads and wash bulkheads of side tanks; One element between every
web stiffener on transverse and vertical web frames, cross ties and stringers.

(2) At least three elements over the depth of double bottom girders and floors, transverse web
frames, vertical web frames of side tanks and their horizontal stringers and cross ties of side tanks.
Where the web depth is less, representation using two elements over the depth is acceptable
provided that there is at least one element between every web stiffener. The mesh size of adjacent
structural members is to be matched with.

(3) The mesh on the hopper tank web frame is to be fine enough to represent the shape of the web
ring opening; the curvature of free edge on large brackets of primary support members is to be
modelled accurately to avoid unrealistic high stress due to geometry discontinuities.

(4) Corrugated bulkheads and bulkhead stools are to be modelled by shell plate element,
diaphragms in the stools and internal longitudinal and vertical stiffeners on the stool plating are to
be included in the model. The shell element mesh on the flange and web of the corrugation is in
general to follow the stiffener spacing inside the bulkhead stool.

(5) The stiffening system modeling by beam element is to be matched with actual structures, the
deviation direction of bending center or shearing center is to be in consistent with that of normal
line of attached plating, and is to be coordinated with plate element.

(6) Non continuous stiffeners are to be modelled as continuous stiffeners, i.e. the height web
reduction in way of the snip ends are not to be modelled.

(7) Web stiffeners of primary supporting members are to be modelled. Where these stiffeners are
not in line with the primary FE mesh, it is sufficient to place the line element along the nearby
nodal points provided that the adjusted distance does not exceed 0.2 times the stiffener spacing
under consideration. The stresses and buckling utilisation factors obtained need not be corrected
for the adjustment. Buckling stiffeners on large brackets, deck transverses and stringers parallel to
the flange are to be modelled. These stiffeners may be modelled using rod elements.

(8) Methods of representing openings and manholes in webs of primary supporting members are
to be in accordance with Table 3.2.4.1.
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Representation of Openings in Primary Supporting Member Webs  Table 3.2.4.1

Criteria Modelling decision
hg/h < 0.5 and gy < 2.0 Openings do not need to be modelled
Manholes The manholes are to be judged according to the geometric dimension of

openings, generally modelled by removing the adequate FE

hy/h = 0.5 or g, = 2.0 The geometry of the opening is to be modelled

where:

13
go = <1 * 26 - h0)2>

lo: Length of opening parallel to primary supporting member web direction, in m, see Figure 3.2.4.1. For
sequential openings where the distance, d, between openings is less than 0.25 h, the length [ is to be
taken as the length across openings as shown in Figure 3.2.4.2

hy: Height of opening parallel to depth of web, in m, see Figure 3.2.4.1 and Figure 3.2.4.2.

h: Height of web of primary supporting structural members in way openings, in m, see Figure 3.2.4.1 and
Figure 3.2.4.2.
h
/“_‘*\__’,
<}
h,

t

IK“\
LHohs £ h
\ N

il

Figure 3.2.4.1 Openings in Web
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Figure 3.2.4.2 Length I, for Sequential Openings with d, < h/4
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3.2.4.3 The as-built scantlings are to be applied for the FE model, to fully reflect the
strength-based stiffening, however, scantling or reinforcement for the special design as requested
by the shipowner is not to be considered.

3.24.4 Membrane stress, i.e. mid-surface stress of bending plate elements, is applied as
permissible stress criteria for plate element. Axial stress is employed for beam element.

3.2.5 Boundary conditions

3.2.5.1 All boundary conditions described in this Section are in accordance with the global
coordinate system defined in Ch 1, Sec 2.

3.2.5.2 The boundary conditions given in this Section are applicable to cargo hold finite element
model analyses in cargo hold region.

3.2.5.3 The boundary conditions consist of the rigid links at model ends, point constraints and
end-beams. The rigid links connect the nodes on the longitudinal members at the model ends to an
independent point at neutral axis in centreline. The boundary conditions to be applied at the ends
of the cargo hold FE model, except for the foremost cargo hold, are given in Table 3.2.5.1. For the
foremost cargo hold analysis, the boundary conditions to be applied at the ends of the cargo hold
FE model are given in Table 3.2.5.2.

Boundary Constraints at Model Ends Except the Foremost Cargo Hold Models

Table 3.2.5.1
) Translation Rotation
Location
6x 6}’ 62 Bx ey 92
Aft end
Independent point — Fix Fix Mr_ena — —
) — Rigid link Rigid link Rigid link — —
Cross section
End beam, see [3.2.5.4]
Fore end
Independent point — Fix Fix Fix — —
Intersection of centreline .
] Fix — — — — —
and inner bottom
] — Rigid link Rigid link Rigid link — —
Cross section
End beam, see [3.2.5.4]

Note 1: [-] means no constraint applied (free).
Note 2: See Figure 3.2.5.1

Boundary Constraints at Model Ends of the Foremost Cargo Hold Models

Table 3.2.5.2
. Translation Rotation
Location
5, 5, 5, 0, o, | o,
Aftend
Independent point — Fix Fix Fix — —
Intersection of centreline )
. Fix — — — — —
and inner bottom
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— | Rigid link Rigid link Rigidlik | — | -

Cross section
End beam, see [3.2.5.4]

Fore end

Cross section — Rigid link Rigid link Rigid link - -

Independent point — Fix Fix Mr_ena — —

Note 1: [-] means no constraint applied (free).
Note 2: See Figure 3.2.5.1.
Note 3: Boundary constraints in fore end are to be located at the most forward reinforced ring or web frame

which remains continuous from the base line to the strength deck.

Inde=p=nd=nt point

"4 NA

L ]

Inters=ction of cantrefine

and inn=r bottom

. J

Figure 3.2.5.1 Boundary Conditions Applied at the Model End Sections

3.2.5.4 End constraint beams are to be modelled at the both end sections of the model along all
longitudinally continuous structural members and along the cross deck plating of bulk carriers. An
example of end beams at one end for a double hull bulk carrier is shown in Figure 3.2.5.2.

P 3¢ v V) ar
PVR— F—d—¢ (a3 Ll )t vl v ., .,

K
4
K
L
K
X
4

Figure 3.2.5.2 End Constraint Beams
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3.2.5.5 The properties of beams are calculated at fore and after sections separately and all beams
at each end section have identical properties as follows:
®  Net moment of inertia: Iy, = I,, = [,x(J) = 1/25 of the vertical hull girder moment of
inertia of fore/aft end cross sections based on the net FE model.
® Net cross sectional area:A, and A, = 1/80 of the fore/aft end cross sectional areas
based on the net FE model.
where:
Iy : moment of inertia about local beam Y axial, in m*;
I, : moment of inertia about local beam Z axial, in m*;
I()) : torsional inertia, in m*;
A, :sheararea in local beam Y direction, in m?;
A, : shear area in local beam Z direction, in m?.

3.3 FE Load Combinations

3.3.1 Design load combinations

3.3.1.1 A FE load combination is defined as a loading pattern, a draught, a value of still water
bending and shear force, associated with a given dynamic load case.

3.3.1.2 For cargo hold structural strength analysis, the design load combinations specified in Ch
2, Sec 7 are to be used for considered ship type and considered cargo hold regions.

3.3.1.3 Each design load combination given in Ch 2, Sec 7 consists of a loading pattern and
dynamic load cases as given in Ch 2, Sec 2. Each load combination requires the application of the
structural weight, internal and external pressures and hull girder loads. For seagoing condition,
both static and dynamic load components (S+D) are applied. For harbour and tank testing
condition, only static load components (S) are applied.

3.3.1.4 Where the loading conditions specified by the designer are not covered by the load
combinations given in Ch 2, Sec 7, these additional loading conditions are to be examined
according to the procedure in Chapter 2 and this Chapter.

3.3.2 Load application

3.3.2.1 Effect of the weight of hull structure is to be included in static loads, but is not to be
included in dynamic loads. Density of steel is to be taken as given in Ch 2, Sec 6.

3.3.2.2  Unless otherwise mentioned in this Section, the sign of moments and shear force is to be
in accordance with the sign convention defined in Ch 2, Sec 1.

3.3.2.3 External pressure is to be calculated for each load case in accordance with Ch 2, Sec 5.
External pressures include static sea pressure, wave pressure and green sea pressure.

3.3.2.4 Internal pressure is to be calculated for each load case in accordance with Ch 2, Sec 6 for
design load scenarios given in Ch 2, Sec 7, Table 1. Internal pressures include static dry and liquid
cargo, ballast and other liquid pressure, setting pressure on relief valve and dynamic pressure of
dry and liquid cargo, ballast and other liquid pressure due to acceleration.

3.3.2.5 Constant pressure, calculated at the element’s centroid, is applied to the shell element of
the loaded surfaces, e.g. outer shell and deck for external pressure and tank/hold boundaries for
internal pressure. Alternately, pressure can be calculated at element nodes applying linear pressure
distribution within elements.
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3.3.3 Hull girder loads

3.3.3.1 Each loading condition is to be associated with its corresponding hull girder loads which
is to be applied to the model according to the procedure described in [3.3.4] for shear force and
bending moment and in [3.3.5] for torsional moment. The hull girder loads are the combinations
of still water hull girder loads and wave induced hull girder loads as specified in Ch 2, Sec 7. For
each required FE load combination, the wave induced hull girder loads are to be calculated with
the Load Combination Factors (LCFs), specified in Ch 2, Sec 2.

3.3.3.2 Target hull girder vertical bending moment

The target hull girder vertical bending moment, My.targ, in KNm, at a longitudinal position for a
given FE load combination is taken as:

Mv—targ = Cpm-rcMsw + Myy_1c

where:

Cpm.Lc: percentage of permissible still water bending moment applied for the load
combination under consideration as given in Ch 2, Sec 7;

Mgy permissible still water bending moments in kNm, at the considered longitudinal
position for seagoing and harbour conditions as defined in Ch. 2, 2.4.2;

M,v.Lc vertical wave bending moment in kNm, for the dynamic load case under
consideration, calculated in accordance with Ch 2, 2.4.3;

M : the values are to be taken as:

v-targ"
* Midship cargo hold region: the maximum hull girder bending moment within the
mid-hold(s) for each individual cargo hold for each given FE load combination as
defined in Ch 2, Sec 7;
* Qutside midship cargo hold region: the values at all web frame and transverse
bulkhead positions of the FE model under consideration.
Both Cgm.c Msw and M,,.Lc are either in sagging or in hogging condition according to the FE
load combinations given in the tables of Ch 2, Sec 7.
3.3.3.3 Target hull girder shear force
The target hull girder vertical shear force at the aft and forward transverse bulkheads of the
mid-hold, Qarg-att aNd Qtarg-rwa, IN KN, for a given FE load combination is taken as:
®  Qfwa = Qart:
Qtarg-ast = Csr-1c " Qsw—neg — BDQswa + fB'CQW|Qwv—neg
Qtarg—fwa = Csr-rc " Qsw—pos T AQswy + fB|CQW|Qwv—pos
®  (Qfwa < Qquft:
Qtarg-aft = Csr-rc " Qsw-pos — AQswa + fB|CQW|Qwv—pos
Qtarg-fwa = Csr—1c " Qsw-neg + AQswy + fB'CQW|Qwv—neg

where:

Qfwar Qart: vertical shear forces, in kN, due to the local loads respectively at
the forward and aft bulkhead position of the mid-hold, as defined in
[4.4.7];

Ceprc: percentage of permissible still water shear force as given in Ch 2,
Sec 7, for the FE load combination under consideration;

Qsw-pos’ positive and negative permissible still water shear forces, in kN, at

Qsw-neg: any longitudinal position for seagoing and harbour conditions;

AQqwr: shear force correction for permissible still water shear force



without considering non-homogeneous loading, to be taken as:
Qswi=0;

shear force correction for permissible still water force which has

carried out non-homogeneous loading, for the considered FE

loading pattern at the forward bulkhead taken as:

minimum of the absolute values of AQuq;, calculated at forward

bulkhead for the mid-hold and the value calculated at aft bulkhead

of the forward cargo hold taken as:

Astf = Min(|Adef|Mid’ |Adef|Fwd)

where: AQnqs to be taken as:

M
AQ,y =Cyax [—

—pT
BHIH p LC,an

where: C, — distribution factor, taken as:

C, =—1, at the aft end of the considered cargo hold

except for aftmost cargo hold;

C, =1, at the fore end of the considered cargo hold

except for foremost cargo hold;
Cq: linearly distributed at internal of considered
cargo hold:
Cq =0 at mid-length of the cargo hold;
Cq4 = 0 at the fore bulkhead of the foremost cargo
hold;
Cq = 0 at the aft bulkhead of the aftmost cargo
hold;
Cq: linearly distributed at other locations;
@ — coefficient, taken as:

I,b
a=g ooI
2+
(/’bo
M __ mass, in t, in the hold in way of the

considered transverse section for the
considered loading condition. M is to
include the mass of ballast water and fuel
oil located directly below the flat portion of
the inner bottom, if any, excluding the
portion under the bulkhead stool,



B,  breadth of the cargo hold, in m.

H

L length of the cargo hold, in m;

l,,b,  length and breadth, respectively, in m, of the

flat portion of the double bottom in way of
the hold considered; bois to be measured on
the hull transverse section at the middle of
the hold,;

@ =1.38+1.55¢g Lo
o, but not greater than 3.7;

Ticmn  draught, in m, measured vertically on the

hull transverse section at the middle of
the hold considered, from the moulded
baseline to the waterline in the loading
condition considered,;

AQ-  shear force correction for the full hold,;

AQ.  shear force correction for the empty hold;

AQgwa: shear force correction for permissible still water shear force
without considering non-homogeneous loading, AQg,2=0;
shear force correction for permissible still water force which has
carried out non-homogeneous loading, for the considered FE
loading pattern at the forward bulkhead taken as:
minimum of the absolute values of AQqg calculated at aft
bulkhead for the mid-hold and the value calculated at forward
bulkhead of the aft cargo hold taken as, of which the AQ, 4 is
defined as above.

Qswa = Min(|AQmar| ;o 1AQmarl , )
fs: wave heading factor, as given in Ch 2, Sec 4;
Cow: load combination factor for vertical wave shear force, as given
in Ch 2, Sec 2;
Qwv—pos’ positive and negative vertical wave shear forces, in kN, as
Qwv-neg" defined in Ch 2, Sec 4, [3.2.1];

Qtarg-art and Qtarg—rwa: 1o be taken at after and forward transverse bulkheads of the
mid-hold under consideration.
3.3.3.4 Target hull girder horizontal bending moment
The target hull girder horizontal bending moment, Mp.ag, in KNm, for a given FE load
combination is taken as:
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Mh—targ = Myh-Lc
where:

Myh—1c: horizontal wave bending moment, in kNm, for the dynamic load case under

consideration, calculated in accordance with Ch 2, Sec 4, [3.5.4].

The values of M. c are taken as:
» Midship cargo hold region: the value calculated for the middle of the individual cargo hold under
consideration.
 Qutside midship cargo hold region: the values calculated at all web frame and transverse
bulkhead positions of the FE model under consideration.
3.3.3.5 Target hull girder torsional moment
The target hull girder torsional moment, Myt.targ, in KNm, for the dynamic load cases OST and
OSA is the value at the target location taken as:
th—targ =Myi-1c (xtarg)
where:
M,,e_1c(x):  wave torsional moment, in KNm, for the dynamic load case OST and OSA,
defined in Ch 2, Sec 4, [3.5.5], calculated at x position;
Xtarg- target location for hull girder torsional moment taken as:
*  For midship cargo hold region:
* If Xpiqg < 0.531L: after bulkhead of the mid-hold;
* If xpiq > 0.531L: forward bulkhead of the mid-hold;
* Outside midship cargo hold region:
The transverse bulkhead of mid-hold where the following formula is

minimum:
Myye—1c(Xpna)
——— [M — Mqy_
Mor—rc Coona)| [Muwe—1c(Xpra) r-FrEM (Xpna) ]
Xmid- X-coordinate, in m, of the mid-hold centre;
Xphd: X-coordinate, in m, of the after or forward transverse bulkhead of mid-hold.

For dynamic load cases other than OST and OSA and for all dynamic load cases of oil tankers,
hull girder torsional moment My.targ, at middle of mid-hold is to be adjusted to zero.

3.3.4 Hull girder load adjustment

3.3.4.1 General

The procedure given in this sub-article [3.3.4] describes how to adjust the hull girder horizontal
bending moment, vertical force and vertical bending moment distribution on the three cargo hold
FE model to achieve the required target values at required locations. The hull girder load target
values are specified in [3.3.3].

The target locations for hull girder shear force are at the transverse bulkheads of the mid-hold. The
final adjusted hull girder shear force at the target location should not exceed the target hull girder
shear force.

The target location for hull girder bending moment is, in general, located at the centre of the
mid-hold. If the maximum value of bending moment is not located at the centre of the mid-hold,
the final adjusted maximum bending moment within the mid-hold is not to exceed the target hull
girder bending moment.



3.3.4.2 Local load distribution

The following local loads are to be applied for the calculation of hull girder shear and bending
moments:

a) Ship structural steel weight distribution over the length of the cargo hold model (static loads).
The structural steel weight is to be calculated based on the FE model of as-built thickness, as used
in the cargo hold FE model.

b) Weight of cargo and ballast (static loads).

c) Static sea pressure, dynamic wave pressure and, where applicable, green sea load. For the
harbour/tank testing load cases, only static sea pressure needs to be applied.

d) Dynamic cargo and ballast loads for seagoing load cases.

With the above local loads applied to the FE model, the FE nodal forces are obtained through FE
loading procedure. The 3D nodal forces will then be lumped to each longitudinal station to
generate the one dimension local load distribution. The longitudinal stations are located at
transverse bulkheads/frames and typical longitudinal FE model nodal locations in between the
frames according to the cargo hold model mesh size requirement. Any intermediate nodes created
for modelling structural details are not treated as the longitudinal stations for the purpose of local
load distribution. The nodal forces within half of forward and half of afterward of longitudinal
station spacing are lumped to that station. The lumping process will be done for vertical and
horizontal nodal forces separately to obtain the lumped vertical and horizontal local loads, f,; and
fii, at thelongitudinal station i.

3.3.4.3 Hull girder forces and bending moment due to local loads

With the local load distribution, the hull girder load longitudinal distributions are obtained by
assuming the model is simply supported at model ends. The reaction forces at both ends of the
model and longitudinal distributions of hull girder shear forces and bending moments induced by
local loads at any longitudinal station are determined by the following formulae:

Ti(Xi-Xagt)fvi

RV_fore =- Xtore-Xaft RV_aft = Zi foi + RV_fore
Ti(Xi-Xatt)Fni
RH_fore = ﬁ RH_aft = 'Zi fhi + RH_fore
F, = Z fui
i

Qv rem (%) = Ry age- Xi fui for x; <xj
Qu_rem(%j) = Ripafe F Zifni for x; <x
My pem (Xj) = (Xj'Xaft)Rv_aft'Zi(Xj'Xi)fvi for x; <x;
MH-FEM(Xi) = (Xj'Xaft)RH_aft + Zi(xj'xi)fhi for x; <x;

where:
Ry afe~ Ry foren Ry apen Ry fore: Vertical and horizontal reaction forces at the aft and
fore ends, in kN;

Xaft: X-coordinate of the aft end support, in m;

Xfore- X-coordinate of the fore end support, in m;

foi: lumped vertical local load at longitudinal station i as defined in [3.3.4.2], in
kN;
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fri: lumped horizontal local load at longitudinal station i as defined in [3.3.4.2],

in kN;

F: total net longitudinal force of the model, in kN;

fui: lumped longitudinal local load at longitudinal station i as defined in
[3.3.4.2], in kN;

X X-coordinate, in m, of considered longitudinal station j;

X X-coordinate, in m, of longitudinal station i.

Qv rem (%)~ Qu pem (%)~ My_pem(xj)~ My_peu(x;): vertical and horizontal shear forces, in kN,
and bending moments, in KNm, at longitudinal station xj created by the local loads applied on the
FE model. The sign convention for reaction forces is that a positive creates a positive shear force.
3.3.4.4 Longitudinal unbalanced force

In case total net longitudinal force of the model, F, is not equal to zero, the counter longitudinal
force, (Fy);, is to be applied at one end of the model, where the translation on X-direction, &y, is
fixed, by distributing longitudinal axial nodal forces to all hull girder bending effective
longitudinal elements, as follows:

(5, =14
X Ax nj
(F)j- axial force applied to a node of the j-th element, in kN;
F: total net longitudinal force of the model, as defined in [3.3.4.3], in kN;
Aj: net cross sectional area of the j-th element, in m’;
Ay net cross sectional area of fore end section, in m*:
J

n;: number of nodal points of j-th element on the cross section, n; = 1 for beam element,

n; = 2 for 4-node shell element.

3.3.4.5 Hull girder shear force adjustment procedure

The hull girder shear force adjustment procedure defined in this requirement applies to all FE load
combinations given in Ch 2, Sec 7. The FE load combinations not directly covered by the load
combination tables of Ch 2, Sec 7 are to be considered on a case by case basis.

The two following methods are to be used for the shear force adjustment:

* Method 1 (M1): for shear force adjustment at one bulkhead of the mid-hold as given in [3.3.4.6],
* Method 2 (M2): for shear force adjustment at both bulkheads of the mid-hold as given in
[3.3.4.7].

For the considered FE load combination, the method to be applied is to be selected as follows:
 For maximum shear force load combination (Max SFLC), the method 1 applies at the bulkhead
mentioned in Table 3.3.4.1 if the shear force after the adjustment with method 1 at the other
bulkhead does not exceed the target value. Otherwise, the Method 2 applies.

* For other shear force load combination:

* The shear force adjustment is not requested when the shear forces at both bulkheads are lower
or equal to the target values.

» The method 1 applies when the shear force exceeds the target at one bulkhead and the shear
force at the other bulkhead after the adjustment with method 1 does not exceed the target value.



Otherwise the Method 2 applies,

» The Method 2 applies when the shear forces at both bulkheads exceed the target values.
The “maximum shear force load combination” is indicated by “Max SFLC” in load combination
table of Ch 2, Sec 7. Non maximum shear force load combination is the “other shear force
combination”. These load combinations are not indicated in the load combination table of Ch 2,

Sec 7.
Mid-Hold Bulkhead Location for Shear Force Adjustment Table 3.3.4.1
Design . Mid-hold
) . Condition on
loading Bulkhead location M, Q bulkhead for
conditions fwd SF adjustment
<0 wad > Qaft Fwd
(Sagging) Q <Q Aft
Xb_aft > 0.5L gging fwd aft
>0 Qrwa > Qase Aft
) (Hogging) Qfwa =< Qayt Fwd
Seagoing
- <0 Qfwa > Qagt Aft
conditions (Sacgingd 0 <0 o
aggin < Wi
Xo_pwa < 05L gging fwd aft
>0 wad > Qaft Fwd
(Hogging) Qfwa < Qase Aft
)(b-aft < 0.5L and )(b—fVVd > 0.5L - - D
Harbour Whatever the location
and testing - D
conditions

(1) For the FE load combinations covered by the load combination tables of Ch 2, Sec 7, the bulkhead where the

shear force adjustment is to be done is indicated in those tables.

Vertical Shear Force Adjustment by Application of Vertical Bending Moments

My aft and My gore for Method 1 Table 3.3.4.2
Vertical shear force diagram Target position in
mid-hold

Bkhd Bkhd

Bkhd

Bkhd

Forward bulkhead
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Aft bulkhead
Bkhd Bkhd Bkhd
*y Qe ,-"'-'
v e
Bkhd
=0
)
FANS /P

Vertical shear force after adjustment
Vertical shear force due to local loads

3.3.4.6 Method 1 for shear force adjustment at one bulkhead
The required adjustments in shear force at following transverse bulkheads of the mid-hold are

given by:
*  Aftbulkhead

MY_aft = MY_fore = M (Qtarg—aft - Qaft)
*  Foreward bulkhead

MY_aft = MY_fore = M (Qtarg—fwd - wad)
where:

My q5e My fore - vertical bending moment, in kNm, to be applied at the aft and fore
ends in accordance with [3.3.4.10], to enforce the hull girder vertical
shear force adjustment as shown in Table 3.3.4.2. The sign convention
is that of the FE model axis;

Qaft vertical shear force, in kN, due to local loads at aft bulkhead location

of mid-hold, xb ., resulting from the local loads calculated according
to [4.4.3].
Since the vertical shear force is discontinued at the transverse
bulkhead location, Qg is the maximum absolute shear force between
the stations located right after and right forward of the aft bulkhead of
mid-hold;

Qfwa: vertical shear force, in kN, due to local loads at the forward bulkhead

location of mid-hold, Xp. fwq, resulting from the local loads calculated
according to [3.3.4.3].
Since the vertical shear force is discontinued at the transverse
bulkhead location, Qg is the maximum absolute shear force between
the stations located right after and right forward of the forward
bulkhead of mid-hold.

3.3.4.7 Method 2 for vertical shear force adjustment at both bulkheads
The required adjustments in shear force at both transverse bulkheads of the mid-hold are to be

made by applying:
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* Vertical bending moments, My as. My fore at model ends and,

» Vertical loads at the transverse frame positions as shown in Table 3.3.4.4 in order to generate
vertical shear forces, AQax and AQsyq, at the transverse bulkhead positions.

Table 3.3.4.3 shows examples of the shear adjustment application due to the vertical bending
moments and to vertical loads.

X - X
MY_aft = MY_fore = M (Qtarg—fwd - wad)

_ Xfore - Xaft Qtarg—fwd - wad + Qtarg—aft - Qaft
MY_aft - 2 . 2

MY_fore = MY_aft
_ Qtarg—fwd - wad - (Qtarg—aft - Qaft)

AQfua = >
AQaft = —AQfwa
where:

My q5¢ My fore - vertical bending moment, in kNm, to be applied at the aft and fore
ends in accordance with [3.3.4.10], to enforce the hull girder
vertical shear force adjustment. The sign convention is that of the
FE model axis;

Qaft adjustment of shear force, in kN, at aft bulkhead of mid-hold;

Qfwa: adjustment of shear force, in kN, at fore bulkhead of mid-hold.

The above adjustments in shear forces, AQax and AQsyq, at the transverse bulkhead positions are to
be generated by applying vertical loads at the transverse frame positions as shown in Table 3.3.4.4.
The transverse frame positions correspond to the floors. Vertical correction loads are not to be
applied to any transverse tight bulkheads, any frames forward of the forward cargo hold and any
frames aft of the aft cargo hold of the FE model.

The vertical loads to be applied to each transverse frame to generate the increase/decrease in shear
force at the bulkheads may be calculated as shown in Table 3.3.4.4. In case of uniform frame
spacing, the amount of vertical force to be distributed at each transverse frame may be calculated
in accordance with Table 3.3.4.5.

Target and Required Shear Force Adjustment by Applying Vertical Forces

Table 3.3.4.3
) ) Aft Bhd Fore bhd
Vertical shear force diagram
SF target SF target
Bkhd Bkhd 0., /f‘gl\(\hd Bkhd
Qtarg—aft Qtarg—fwd
(-ve) (+ve)
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Bkhd

Bkhd

Bkhd

llBQI‘MT t;

Bkhd

Qtarg—aft
(+ve)

Qtarg —fwd
(-ve)

Vertical shear force due to local load

Vertical shear force after both adjustments

Vertical shear force after adjustment by use of My_gr and My_gope

Note 1: -ve means nagetive.

Note 2: +ve means positive.
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Distribution of Adjusting Vertical Force at Frames

and Resulting Shear Force Distribution Table 3.3.4.4
Bkhd ; Bkhd Bkhd Bkhd
i Zx 2 |
|
Al g aw,= Wi/(n, - 1) dw,= W2/(n,- 1) Bw,= W3/(n, - 1) Aliere
W1 = total load applied W2 = total load applied W3 = total load applied
n, = number of frame spaces n, = number of frame spaces n, = number of frame spaces
F in aft tank of FE model in middle tank of FE in forward tank of FE E
T maodel model ¢
zi: fw, dw, dw, 0w, Jw, Ow, Ow, Ow, dw, 8w, Ow, 0w, 0w, Ow,
Simply Simply
support dw, dw, dw, dw, ow, dw, dw, support
end end

Note: Transverse bulkhead frames not loaded
Frames beyond aft transverse bulkhead of aft most tank and ferward bulkhead of forward most tank not loaded
F = Reaction load generated by supported ends
Bkhd AQ, + F—__ |BKkhd Bkhd Bkhd
SF distribution generated
end reactions not included)
{:rwi aw1 aw, r}w: OWI aw1 ow,
Simply aw, dw, dw, dw, 3 Simply
support support
end end

Shear Force distribution due to adjusting vertical force at frames

Simply support end

bkhd

1

bkhd
Shear force

hihd

generated by

bkhd

|

|

{l'.'.

reaction force

g

I

Mote: F=qif ¢

=, and A

Al o

T
|
|

simply support end

and loads are symmetrical about mid-length of model

Note 1: For definition of symbols, see Table 8.
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Formulae for Calculation of Vertical Loads for Adjusting Vertical Shear Forces

Table 3.3.4.5
s = Qare(l—1l; = 1) + AQppa(ly + 1) F o5 (Wl(lz +1) -W3(l + l3)>
ST —D@I- -2~ L) !
W1+W3) (AQust— AQfwa)
w2 = =
M T (n, — 1)
_—A Qrwa L =13 —13) = AQupe(ly +13)
W = D@ - 2L, 1)
where:

I, : length of aft cargo hold of model, in m;
I, : length of mid-hold of model, in m;

I5 : length of forward cargo hold of model, in m;

Q. : required adjustment in shear force, in kN, at aft bulkhead of middle hold, see [4.4.7];

Qra : required adjustment in shear force, in kN, at fore bulkhead of middle hold, see [4.4.7];

F : end reactions, in kN, due to application of vertical loads to frames;
W, : total evenly distributed vertical load, in kN, applied to aft hold of FE model, (n; — 1)éwy;
W, : total evenly distributed vertical load, in kN, applied to mid-hold of FE model, (n, — 1)éws,;
W; : total evenly distributed vertical load, in kN, applied to forward hold of FE model, (n; — 1)éws;
n, : number of frame spaces in aft cargo hold of FE model;

n, : number of frame spaces in mid-hold of FE model,;

ns : number of frame spaces in forward cargo hold of FE model;

Sw1 : distributed load, in kN, at frame in aft cargo hold of FE model;

Awz : distributed load, in kN, at frame in mid-hold of FE model;

Sws : distributed load, in kN, at frame in forward cargo hold of FE model;

Al,,q : distance, in m, between end bulkhead of aft cargo hold to aft end of FE model;

Algore - distance, in m, between fore bulkhead of forward cargo hold to forward end of FE model;

| : total length, in m, of FE model including portions beyond end bulkheads:= I; + I, + I3 + Algpg +

lfore-

Note 1: Positive direction of loads, shear forces and adjusting vertical forces in the formulae is in accordance
with Table 3.3.4.2 and Table 3.3.4.3.

Note 2: W1 + W3 = W2,

Note 3: The above-mentioned equations only apply to the situation with same frame spacing in their respective
cargo holds. The length and frame spacing for each cargo hold may be different.

If non-uniform frame spacing is used within each cargo hold, the average frame spacing [,,_; is
used to calculate the average distributed frame loads dway.i.,, according to Table 3.3.4.4, where i =
1, 2, 3 for each hold. Then 8w,y is redistributed to the non-uniform frame as follows:
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av—-i-

1k

lk
av-i

— k=1,2,....,n; — 1, ni — 1 for each frame in cargo hold i, i=1, 2, 3

1av-i

average frame spacing, in m, calculated as I;/n;, in cargo hold i withi=1, 2, 3.
length, in m, of the cargo hold i with i = 1, 2, 3 as defined in Table 3.3.4.4;
number of frame spacing in cargo hold i with i = 1, 2, 3 as defined in Table
3.3.4.4;

average uniform frame spacing, in m, distributed force calculated according to
Table 3.3.4.4 with the average frame spacing [,._; in cargo hold i withi =1, 2,
3

distributed load, in kN, for non-uniform frame k in cargo hold I;

equivalent frame spacing, in m, for each frame k with k = 1, 2,..., n;- 1, in cargo
hold i, taken as:

R . . :
Ik _ =1 - % %‘ for k=1 (first frame), in cargo hold i
1k k1 . .
Ik, = T+ fork=2,3......n; -2 in cargo hold i
nl ni—l
o=t L L for k=n; -1 (last frame), in cargo hold i.

—1 i n;
a—t 4yt 2

frame spacing, in m, between the frame k - 1 and k in the cargo hold i.

The required vertical load Sw; for a uniform frame spacing or w} for non-uniform frame
spacing, are to be applied by following the shear flow distribution at the considered cross section.
For a frame section under vertical load 6, the shear flow, g, at the middle point of the element is
calculated as:

Sw;
df-k = L Qx
where:
qf—k: shear flow calculated at the middle of the k-th element of the transverse frame, in
N/mm;
Sw;: distributed load at each transverse frame location for i-th cargo hold, i =1, 2, 3, as
defined in Table 3.3.4.4;
L. moment of inertia of the hull girder cross section, in mm®*:
Q: first moment about neutral axis of the accumulative section area starting from the
open end (shear stress free end) of the cross section to the point s for shear flow
G7-x in mm® taken as:
Sk
Qr = j;) Zneyt ds
Zneu: vertical distance from the integral point, s, to the vertical neutral axis;
t: net thickness, in mm, of the plate at the integral point of the cross section.

The distributed shear force at j-th FE grid of the transverse frame, Fgig, is obtained from the shear
flow of the connected elements as following:



where:

Iy length of the k-th element of the transverse frame connected to the grid j, in mm;

n: total number of elements connect to the grid j.
The shear flow has direction along the cross section and therefore the distributed force, Fyig, is a
vector force. For vertical hull girder shear correction, the vertical and horizontal force components
calculated with above mentioned shear flow method need to be applied to the cross section.
3.3.4.8 Procedure to adjust vertical and horizontal bending moments for midship cargo hold
region
In case the target vertical bending moment needs to be reached, an additional vertical bending
moment is to be applied at both ends of the cargo hold FE model to generate this target value in
the mid-hold of the model. This end vertical bending moment is given as follows:

My_eng = Mv—targ - Mv—peak

where:
My _end: additional vertical bending moment, in kNm, to be applied to both ends of FE
model in accordance with [4.4.10];
My_targ: hogging (positive) or sagging (negative) vertical bending moment, in KNm, as
specified in [3.3.3.2];
My_peak: maximum or minimum bending moment, in KNm, within the length of the

mid-hold due to the local loads described in [3.3.4.3] and due to the shear force
adjustment as defined in [3.3.4.5];

My.peak is to be taken as the maximum bending moment if My.iarg is hogging
(positive) and as the minimum bending moment if My.tarq IS Sagging (negative).
My.peak is to be calculated as follows based on a simply supported beam model:

Mv—peak = Extremum {MUFEM (%) + Myineioaa

X —X
+ My qape <2 S L 1)}
- Xfore — Xaft

M, ppy(x): vertical bending moment, in kNm, at position x, due to the local loads as
described in [3.3.4.3];

My ¢ end bending moment, in kNm, to be taken as:
When Method 1 is applied: the value as defined in [3.3.4.6];
When Method 2 is applied: the value as defined in [3.3.4.7];
Otherwise: Myaftzo;

Miinetoad: vertical bending moment, in kNm, at position x, due to application of vertical
line loads at frames according to Method 2, to be taken as:

Miimetoaa= — (x — xape)F — Xi(x — x;) 6wy, for x; < x

F: reaction force, in kN, at model ends due to application of vertical loads to
frames as defined in Table 7;

X X-coordinate, in m, of frame in way of the mid-hold;

Sw;: vertical load, in kN, at web frame station i applied to generate required shear
force.

In case the target horizontal bending moment needs to be reached, an additional horizontal
bending moment is to be applied at the ends of the cargo tank FE model to generate this target
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value within the mid-hold. The additional horizontal bending moment is to be taken as:

Mh—end:

Mh—targ:
Mh—peak:

My ppm ():

Mp—ena = Mp—targ — Mh—pear
additional horizontal bending moment, in KNm, to be applied to both ends
of the FE model according to [4.4.10];
horizontal bending moment, as defined in [3.3.3.4];
maximum or minimum horizontal bending moment, in KNm, within the
length of the mid-hold due to the local loads described in [3.3.4.3].
Mi.peak is to be taken as the maximum horizontal bending moment if My.arg
is positive (starboard side in tension) and as the minimum horizontal
bending moment if My.arg is Negative (port side in tension).
Mh.peak is to be calculated as follows based on a simply supported beam
model:
Mh_peak= Extremum { My _rem (X) }.
horizontal bending moment, in KNm, at position x, due to the local loads
as described in [3.3.4.3].

The vertical and horizontal bending moments are to be calculated over the length of the mid-hold
to identify the position and value of each maximum/minimum bending moment.
3.3.4.9 Procedure to adjust vertical and horizontal bending moments outside midship cargo hold

region

To reach the vertical hull girder target values at each frame and transverse bulkhead position, as
defined in [3.3.3.2], the vertical bending moment adjustments, my;, are to be applied at web frames
and transverse bulkhead positions of the finite element model, as shown in Figure 19. The vertical
bending moment adjustment at each longitudinal location, i, is to be calculated as follows:

. . , N Xi—Xaft
f@) = _Mv—targ(l) + My_pem () + Myjneioqa (i) + My gpe 25— ——1

where:

Xfore - Xaft

vi

FO+FE+D O
:%Zo’"”
£

ne
My—enda = — Z my;
j=0

index corresponding to the i-th station, starting from i =1 at the aft end
section up to ng;

total number of longitudinal stations where the vertical bending moment
adjustment, my;, is applied;

vertical bending moment adjustment, in KNm, to be applied at transverse
frame or bulkhead at station i;

vertical bending moment adjustment, in KNm, to be applied, at the fore end
section (n¢+1 station);

argument of summation to be taken as:

my, = 0 for j=0;

m,; = my, for j=i;

required target vertical bending moment, in KNm, at station i, calculated in
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accordance with [3.3.3.2];

My, _pgn (D): vertical bending moment distribution, in kNm, at station i due to local
loads as given in [3.3.4.3];

Miineroaa(@):  vertical bending moment, in kKNm, at station i, due to the line load for the
vertical shear force correction as required in [3.3.4.8].

| Transv. bhd | Transv. bhd
| I

I
_Ea_ﬁn_.l r—i—v—oﬁv—oa—oj—o—(w

e
i

My can be substituted to m,; in this figure.

Figure 3.3.4.1 Adjustments of Bending Moments Outside Midship Cargo Hold Region

To reach the horizontal hull girder target values at each frame and transverse bulkhead position as
defined in [3.3.4.3], the horizontal bending moment adjustments, my;, are to be applied at web
frames and transverse bulkhead positions of the finite element model, as shown in Figure 3.3.4.1.
The horizontal bending moment adjustment at each longitudinal location, i, is to be calculated as
follows:

f(i) = Mh—targ Ok MH—FEM(i)

i-1
fO+fGE+1)

Mp; =
ne
Mpy—end = _Emhj
j=0
where:
i longitudinal location for bending moment adjustments, my;;
ng: total number of longitudinal stations where the horizontal bending
moment adjustment, my;, is applied;
mp;: horizontal bending moment adjustment, in kNm, to be applied at
transverse frame or bulkhead at station i;
Mpy—end- horizontal bending moment adjustment, in kNm, to be applied at the
fore end section (ny+1 station);
Mmp;: argument of summation to be taken as:
myo = 0 for j=0;
My = my; Of j=i;
Mh_targ(i): required target horizontal bending moment, in kNm, at station i,
calculated in accordance with [4.3.4];
My _ ey (0): horizontal bending moment distribution, in KNm, at station i due to local

loads as given in [4.4.3].
The vertical and horizontal bending moment adjustments, m,; and my;, are to be applied at all web
frames and bulkhead positions of the FE model. The adjustments are to be applied in FE model by
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distributing longitudinal axial nodal forces to all hull girder bending effective longitudinal
elements in accordance with [3.3.4.10].
3.3.4.10 Application of bending moment adjustments on the FE model
The required vertical and horizontal bending moment adjustments are to be applied to the
considered cross section of the cargo hold model by distributing longitudinal axial nodal forces to
all hull girder bending effective longitudinal elements of the considered cross section:

®  For vertical bending moment:

Mv Ai
(Fo)i = Iy—nson_i i
® For horizontal bending moment:
M, A;
(Fx)i - Iz—nSOn_i i
where:

M,: vertical bending moment adjustment, in KNm, to be applied to the considered
cross section of the model,

My: horizontal bending moment adjustment, in kNm, to be applied to the
considered cross section the ends of the model;

(Foi: axial force, in kN, applied to a node of the i-th element;

L. hull girder vertical moment of inertia, in m*, of the considered cross section
about its horizontal neutral axis;

L hull girder horizontal moment of inertia, in m*, of the considered cross section
about its vertical neutral axis;

z;: vertical distance, in m, from the neutral axis to the centre of the cross
sectional area of the i-th element;

Vi horizontal distance, in m, from the neutral axis to the centre of the cross
sectional area of the i-th element;

Ay cross sectional area, in m?, of the i-th element;

n;: number of nodal points of i-th element on the cross section, ni= 1 for beam

element, ni= 2 for 4- node shell element.
For cross sections other than cross sections at the model end, the average area of the
corresponding i-th elements forward and aft of the considered cross section is to be used.

3.3.5 Procedure to adjust hull girder torsional moments

3.3.5.1 General

The procedure in this sub-article describes how to adjust the hull girder torsional moment
distribution on the cargo hold FE model to achieve the target torsional moment at the target
location. The hull girder torsional moment target values are given in [3.3.3.5].

3.3.5.2 Torsional moment due to local loads

Torsional moment, in KNm, at longitudinal station i due to local loads, Mqrgy; ,in KNm, is
determined by the following formula:

My_pgmi = Z[fhik (Zix — 2)] — Z(fvikyik)
n %

where:
Ms_pemic lumped torsional moment, in KNm, due to local load at longitudinal station i;
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vertical coordinate of torsional reference point, in m, to be taken as <r = 0
fhir: horizontal nodal force, in kN, of node k at longitudinal station i;
frik: vertical nodal force, in kN, of node k at longitudinal station i;
Vik: Y-coordinate, in m, of node k at longitudinal station i;
Zik: Z-coordinate, in m, of node k at longitudinal station i;

My _pemo:  lumped torsional moment, in KNm, due to local load at aft end of the FE
model (forward end for foremost cargo hold model), taken as:
My _pemo = Zklfrok @ok — 2r)] — Xk (fookYox) + Ry fwa * (Zinag — zr)  for
foremost cargo hold model
My _pemo = Zklfrok Zok — 2r)] — Xk (fooxYox) + Ry aft * (Zina — z-)for the
other cargo hold models

Ry fwd: horizontal reaction forces, in kN, at the forward end, as defined in [3.3.4.3];
Ry aft: horizontal reaction forces, in kN, at the aft end, as defined in [3.3.4.3];
Zind- vertical coordinate, in m, of independent point as defined in [3.2.5].
fu
!
1
Fos i
Mode k :
WerZdd
i
i
i

Reference point

Figure 3.3.5.1 Station Forces and Acting Location of Torsional Moment at Section

3.3.5.3 Hull girder torsional moment
The hull girder torsional moment, My.eem (XJ-), in KNm, is obtained by accumulating the station
torsional moment from the aft end section (forward end for foremost cargo hold model) as
follows:
® when x; = x; for foremost cargo hold
MT—FEM(xj) = Z Mr_pgmi model
i ® when x; <x; otherwise.

where:

MT_FEM(xj): hull girder torsional moment, in KNm, at longitudinal station X;;

X X-coordinate, in m, of considered longitudinal station j.
The torsional moment distribution given in [3.3.5.2], has a step at each longitudinal station.
3.3.5.4 Procedure to adjust hull girder torsional moment to target value
The torsional moment is to be adjusted by applying a hull girder torsional moment Mr.gng in KNm,
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at the independent point of the aft end section of the model (forward end for foremost cargo hold
model), given as follows:

Mrp_eng = th—targ - th(xtarg)

where:
Xtarg: X-coordinate, in m, of the target location for hull girder torsional moment,
as defined in [3.3.3.5];
Myyi—targ: target hull girder torsional moment, in kNm, specified in [3.3.3.5], to be

achieved at the target location;
Myt(Xtarg):  hull girder torsional moment, in KNm, at target location due to local loads.
Due to the step of hull girder torsional moment at each longitudinal station, the hull girder
torsional moment is to be selected from the values aft and forward of the target location as follows:
Maximum value for positive torsional moment and minimum value for negative torsional moment.

3.4 Analysis Criteria

3.4.1 Evaluation areas

3.4.1.1 \Verification of results against the acceptance criteria is to be carried out within the
longitudinal extent of the mid-hold, including mid-hold intact corrugated bulkhead structure
(intact lower stool and upper stool), horizontal girder of transeverse bulkhead in ballast tank,
as shown in Figure 3.4.1.1. For the foreward hold model, the fore end of evaluation extent is to
collision bulkhead of foreward hold.

mid=hold

Figure 3.4.1.1 Longitudinal Extent of Evaluation Area

3.4.1.2 The following structural elements within the evaluation area are to be verified with the
criteria given in [3.4.2]:
« All hull girder longitudinal structural members,
« All primary supporting structural members and bulkheads within the mid-hold,
« All structural members being part of the transverse bulkheads, such as:

» stool structure and its connected longitudinal girders and double bottom floors, and local

longitudinal girders,

+ horizontal girders of plane bulkhead in side hold and their attached transverse structures,
« All structural members being part of the forward transverse bulkhead of the machinery space
and all hull girder longitudinal structural members aft of this transverse bulkhead within the extent
of 15% of the aftmost cargo hold length.
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3.4.2 Yield strength assessment

3.4.2.1 For all plates of the structural members defined in [3.4.1.2], the von Mises stress, Gy,
in N/mm?, is to be calculated based on the membrane normal and shear stresses of the shell
element. The stresses are to be evaluated at the element centroid of the mid-plane (layer), as
follows:

Oym = \/G,ZC — 040y + 0% + 31%,

where:
ox, 0y.  element normal membrane stresses, in N/mm?;
Tay! element shear stress, in N/mm?.

3.4.2.2 For beams and rod elements, the axial stress, caxia, iN N/mm?, is to be calculated based
on axial force alone. The axial stress is to be evaluated at the middle of element length.

3.4.2.3 Coarse mesh stress criteria

The hull structural unit of target hold is to be in compliance with the following criteria:

1.0 S+D
<
Y710 S
where:

Ay yield utilisation factor:

Ay = ‘;’2”" for shell elements in general,;

y
Ay = % for rod or beam elements in general;
y

Opm. Von Mises stress, in N/mm?;
Oaxial: axial stress in rod or beam element, in N/mm?;
Ry: yield limit of material, to be takenas R, = 220/k.

3.4.2.4 The yield check criteria for the flange of primary supporting members are to be based on
axial stress.

3.4.25 Where the von Mises stress of the elements in the cargo hold FE model in way of the
area under investigation by fine mesh exceeds the yield criteria, average Von Mises stress,
obtained from the fine mesh analysis, calculated over an area equivalent to the mesh size of the
cargo hold finite element model is to satisfy the yield criteria above.

3.4.2.6 In way of cut-outs, yield utilisation factor is to be obtained with shear stress correction.
Except as indicated in 3.4.2.7, the element shear stress in way of cut-outs in webs is to be
corrected for loss in shear area in accordance with the following formula. The corrected element
shear stress is to be used to calculate the Von Mises stress of the element for verification against
the yield criteria.

Teor = ml_elem
Ashr
where:
Teor: corrected element shear stress, in N/mm?;
h: height of web of girder, in mm, in way of opening, see Table 1. Where the

geometry of the opening is modelled, h is to be taken as the height of web of
the girder deducting the height of the modelled opening;
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tmod:

Ashr:

Telem-

modelled web thickness, in mm, in way of opening;
effective net shear area of web, in mm? taken as the web area deducting the
area lost of all openings, including slots for stiffeners, calculated by the

following equation:

AEhr = (hw +tf +tp)tw

where: tf :thickness of face plating for primary supporting members, in mm;

tp : thickness of shell plating in way of supporting members, in mm;

hW: web height after deducting the opening, calculated by the

following diagram:

‘/7
by
/N
{a<h, /3 \
— f-——
\\} / e
a/’f
P f
:,'f
:'/ s
(74 == -
s A

element shear force, in N/mm?, before correction.
3.4.2.7 Exceptions for shear stress correction for openings

Correction of element shear stress due to presence of cut-outs is not required for cases given in
Table 3.4.2.1 provided A,/C, complies with the criteria given in [3.4.2.3].

Exceptions for Shear Stress Correction

Table 3.4.2.1

Identification

Figure

Difference between modelled shear
area and the net effective shear area
in % of the modelled shear area

A —A
FEM shr 100%

Ashr

Reduction
factor for yield

criteria, c,
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Upper and lower slots for < 15% 0.85

local support stiffeners |
fitted with lugs or collar =
plates
P — :E:l
Upper or lower slots for < 20% 0.80
local support stiffeners == ==

fitted with lugs or collar

plates

In way of opening, upper < 40% 0.60
and lower slots for local J_
[

=
L=

support stiffeners fitted

with collar plates

T T

Agy,,.: Effective net shear area of the web, in mm?, taken as the web area without the all opening areas and without

the slots for stiffeners.

3.5 Local Structural Strength Analysis

3.5.1 General requirements

3.5.1.1 The detailed stress assessment of primary members in cargo hold area is to be carried out
according to the requirements of this Section.

3.5.2 Locations for assessment

3.5.2.1 Refined mesh FE analysis is to be carried out for the specified location.

3.5.2.2 If the corresponding stress of specified location exceeds 90% allowable stress in the hold
model analysis, refined mesh FE analysis is to be carried out. The refining locations are as
follows:

(a) in way of connection of longitudinal bulkhead and inner bottom plating;

(b) in way of knuckle of longitudinal bulkhead;

(c) in way of connection of longitudinal bulkhead and deck;

-80-




(d) in way of connection of corrugated transverse bulkhead and lower stool;

(e) in way of lower stool and inner bottom;

(f) in way of hatch corners;

(9) in way of toe ends of stringers for plane transverse bulkhead;

(h) in way of connection of vertical stiffener of plane transverse bulkhead and deck longitudinals,
outer bottom longitudinals;

(i) in way of openings in highly stressed areas.

3.5.3 FE models

3.5.3.1 The global cargo hold model is to be in accordance with the requirements of 3.2.2.
3.5.3.2  Where the sub-model method is used for refining, the minimum extent of sub-model is to
be such that boundaries of the sub-model correspond to the locations of adjacent primary
supporting members.

3.5.3.3 The mesh size in the fine mesh zones is not to be greater than 50 <50 mm.

3.5.3.4 The extent of the fine mesh zone is not to be less than 10 elements in all directions from
the area under investigation. A smooth transition of mesh density from fine mesh zone to the
boundary of the fine mesh model is to be maintained.

3.5.3.,5 All plating within the fine mesh zone is to be represented by shell elements. The aspect
ratio of elements within the fine mesh zone is to be kept as close to 1 as possible. Variation of
mesh density within the fine mesh zone and the use of triangular elements are to be avoided. In all
cases, the elements within the fine mesh model are to have an aspect ratio not exceeding 3.
Distorted elements, with element corner angles of less than 45<or greater than 135< are to be
avoided. Stiffeners inside the fine mesh zone are to be modelled using shell elements. Stiffeners
outside the fine mesh zones may be modelled using beam elements.

3.5.4 Fine mesh strength criteria

3.5.4.1 Reference stress is Von Mises stress, owm, Which is to be calculated based on the
membrane normal and shear stresses of the shell element evaluated at the element centroid. The
stresses are to be evaluated at the mid plane of the element.

3.5.4.2 The maximum permissible stresses are based on the mesh size of 50 < 50 mm as
specified in [3.5.3]. Where a smaller mesh size is used, an area weighted Von Mises stress
calculated over an area equal to the specified mesh size may be used to compare with the
permissible stresses. The averaging is to be based only on elements with their entire boundary
located within the desired area. The average stress is to be calculated based on stresses at element
centroid; stress values obtained by interpolation and/or extrapolation are not to be used. Stress
averaging is not to be carried across structural discontinuities and abutting structure.

3.5.4.3 The permissible fine mesh stress criteria are to meet the following requirements:

A, <1.7  for element not adjacent to welds

A, <1.5 for element adjacent to welds

where:
Af Fine mesh yield utilization factor:
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A = 2 for shell element in eneral;
f= R,

| al | .
Af = % for rod element in general:
Y

Oym- \on Mises stress, in N/mm?;
O axial- axial stress of rod element, in N/mm?.
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CHAPTER 4 BUCKLING STRENGTH ASSESSMENT

4.1 General Requirements

4.1.1 General provisions

(1) This Chapter contains the strength criteria for buckling and ultimate strength of local
supporting members, primary supporting members and other structures such as pillars, corrugated
bulkheads and brackets.

(2) For each structural member, the characteristic buckling strength is to be taken as the most
unfavourable/critical buckling failure mode.

(3) Unless otherwise specified, the scantling requirements of structural members in this Chapter

are based on net scantling obtained by removing t, from the gross offered thickness, where t, is

defined in 4.1.5(1).
(4) In this Chapter, compressive and shear stresses are to be taken as positive, tension stresses are
to be taken as negative. Unless otherwise specified, the stress in this Chapter are the corrected

stress o, , as defined in 4.1.5(2).

(5) Buckling capacity obtained in this Chapter gives a lower bound estimate of ultimate capacity,
or the maximum load the panel can carry without suffering major permanent set.
(6) Buckling capacity assessment in this Chapter utilises the positive elastic post-buckling effect
for plates and accounts for load redistribution between the structural components, such as between
plating and stiffeners. For slender structures, the capacity calculated using this method is typically
higher than the ideal elastic buckling stress (minimum Eigen value). Accepting elastic buckling of
structural components in slender stiffened panels implies that large elastic deflections and reduced
in-plane stiffness will occur at higher buckling utilisation levels.
(7) The buckling check methods and conclusions may be acceptable in accordance with the other
technical standards with the consent of CCS.
4.1.2 Scope of application
(1) The buckling assessment of stiffened panels and corrugated plating structures in this Chapter
are to be carried out in accordance with the following requirements:
(O FE buckling analysis for stiffened and unstiffened panels, corrugated bulkhead structures,
refer to 4.2;
@ Buckling capacity calculation for plating, stiffeners, struts, pillars and cross ties, corrugated
bulkhead structures, refer to 4.3;
3 Buckling assessment criteria for stiffened and unstiffened panels, struts, pillars and cross
ties, corrugated bulkhead structures, refer to 4.4.
(2) Stiffener
The buckling check of the stiffeners referred to in this Chapter is applicable to the stiffener fitted
along the long edge of the buckling panel.



(3) Enlarged stiffener
Enlarged stiffeners, with or without web stiffening, used for Permanent Means of Access (PMA)
are to comply with the following requirements:
4.1.3 Assessment methods
The buckling assessment is carried out according to one of the two methods taking into account
different boundary condition types:
* Method A: All the edges of the elementary plate panel are forced to remain straight (but free to
move in the in-plane directions) due to the surrounding structure/neighbouring plates.
* Method B: The edges of the elementary plate panel are not forced to remain straight due to low
in-plane stiffness at the edges and/or no surrounding structure/neighbouring plates.
4.1.4 Buckling utilisation factor
The utilisation factor, n, is defined as the ratio between the applied loads and the corresponding
ultimate capacity or buckling strength.
For combined loads, the utilisation factor, n,, IS to be defined as the ratio of the applied
equivalent stress and the corresponding buckling capacity, and is to be taken as:

/4 1

Mot = —0 = — (0.1)
WU }/C
where: //,., — applied equivalent stress, in N/mm?;
W, — equivalent buckling capacity;
Y. — stress multiplier factor at failure, as defined in 4.3 of this Chapter.

For each typical failure mode, the corresponding capacity of the panel is calculated by applying
the actual stress combination and then increasing or decreasing the stresses proportionally until
collapse.

Figure 4.1.4 illustrates the buckling capacity and the buckling utilisation factor of a structural
member subject to oxand oy stresses.
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Buckling strength interaction curve

Figure 4.1.4 Example of Buckling Capacity and Buckling Utilization Factor

4.1.5 Thickness reduction and stress correction
(1) Thickness reduction

In this Chapter, all structures such as panels, stiffeners, etc. are to deduct the appropriate standard

thickness reduction, t,, indicated in Table 4.1.5.

Standard Thickness Reduction Used to Calculate Critical Buckling Stress

Table 4.1.5
Location Thickness reduction, in mm
One side connected with ballast 10
Ballast tank within 1.5 m of water )
weathertightness deck Both sides connected with 20
ballast water )
Other locations 1.0

(2) Stress correction

When the buckling assessment is carried out, stresses, including positive stress, shear force, etc.,
are to be obtained based on hold or global FE calculation, and corrected as following:

op=-2 (02)

where: o ,: working stress for buckling calculation;

o . stress obtained by FE calculation;
thickness of original plate used for FE calculation;

—
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t,: standard thickness reduction listed in Table 4.1.5.

4.1.6 Buckling assessment requirements of global FE analysis

For global FE analysis, buckling assessment is to be verified based on the following two steps:

(1) Buckling assessment is to be carried out for certain critical structural areas (focused on the
areas with higher buckling utilization factor which is found in hold FE analysis, i.e. buckling
utilization factor is greater than 95% of the criteria), in order to satisfy the relevant requirements.
If not, buckling assessment is to be further extended to the corresponding structural positions,
even to the global structure, in order to satisfy the relevant requirements.

(2) The global buckling assessment results of relevant structures are to be compared with the
corresponding hold FE buckling assessment results. If the buckling utilization factor given by the
global FE buckling assessment is much higher than hold assessment (i.e. above 20%, and the
factor is greater than 95% of the criteria), buckling assessment is also to be further extended to the
corresponding structural positions, even to the global structure, in order to satisfy the relevant
requirements.

In addition , for the structural areas beyond the hold FE assessment, buckling assessment is to be
carried out in the global FE analysis.

4.2 Type of Panel
4.2.1 Symbols
1., — allowable buckling utilization factor, defined in 4.4.1 of this Chapter;

o — aspect ratio of the plate panel, defined in 4.3 of this Chapter.

4.2.2 General provisions
(1) The requirements of this Section apply for the buckling assessment of direct strength analysis

of the structural members subjected to compressive stress, shear stress and lateral pressure.
(2) Structural elements
The plate panel of hull structure is to be modelled as stiffened or unstiffened panel, and Method A

and Method B as defined in 4.1.3 of this Chapter are to be used according to the panel positions
and stiffener arrangement. For certain typical hull structures, panel definition and assessment
method are to be in accordance with Table 4.2.2 and Figure 4.2.2(1) to Figure 4.2.2(4).

Panel Definition and Assessment Method for Structural Element

Table 4.2.2

Assessment o
Structural elements Normal panel definition
method

Longitudinal structures, see Figure 4.2.2(1)

Longitudinally stiffened panels
Length: between web frames
Shell envelope

SP-A Width:  between primary supporting
Deck

members

Inner hull
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Hopper tank side
Longitudinal bulkheads

Double bottom longitudinal girders in line with

Length: between web frames

longitudinal bulkhead or connected to hopper tank SP-A )
. Width: full web depth
side
Web of double bottom longitudinal girders not in
. . o Length: between web frames
line with longitudinal bulkhead or not connected to SP-B )
. Width: full web depth
hopper tank side
Web of horizontal girders in double side space SPA Length: between web frames
connected to hopper tank side Width: full web depth
Web of horizontal girders in double side space not P.B Length: between web frames
connected to hopper tank side Width: full web depth
. . o . . Plate  between local stiffeners/face
Web of single skin longitudinal girders or stringers UP-B
plate/PSM
Transverse structure, see Figure 4.2.2(2)
. ) Plate  between local stiffeners/face
Web of transverse deck frames including brackets UP-B
plate/PSM
Length: full web depth
Vertical web in double side space SP-B Width:  between primary supporting
members
Irregularly stiffened panels, e.g. web panels in way UP-B Plate  between local stiffeners/face
of hopper tank and bilge plate/PSM
Length: full web depth
Double bottom floors SP-B Width:  between primary supporting
members
] . ) Plate between vertical web stiffeners/face
Vertical web frame including brackets UP-B
plate/PSM
) Plate between vertical web stiffeners/face
Cross tie web plate UP-B
plate/PSM
Transverse bulkhead, see Figure 4.2.2(3)
Regularly stiffened bulkhead panels inclusive the Length: between primary supporting
secondary buckling SPA members
stiffeners perpendicular to the regular stiffener (such Width:  between primary supporting
as carlings) members
Irregularly stiffened bulkhead panels, e.g. web panels .
) ) UP-B Plate between local stiffeners/face plate
in way of hopper tank and bilge
Web plate of bulkhead stringers including brackets UP-B Plate between web stiffeners /face plate
Cross deck, see Figure 4.2.2(4)
Upper/lower stool including stiffeners SP-A Length: between internal web diaphragms
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Width: length of stool side

Plate between local stiffeners /face plate

Stool internal web diaphragm UP-B
/PSM
Cross deck SP-A Plate between local stiffeners/ PSM
Notes:
(DSP and UP stand for stiffened and unstiffened panel respectively.
@A and B stand for Method A and Method B respectively.
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Figure 4.2.2(1) Longitudinal Plates for Typical Ore Carriers
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Procedure for
cross-tie pillar
buckling

Pl iieti!
N /

Procedure for

opening

e
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Figure 4.2.2(2) Transverse Web Frames for Typical Ore Carriers

Procedure for

corrugated bulkhead

Figure 4.2.2(3) Transverse Bulkhead for Typical Ore Carriers
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Figure 4.2.2(4) Corrugated Bulkhead and Cross Deck

4.2.3 Stiffened/unstiffened panels
(1) Idealization of stiffened panel

(D To represent the overall buckling behaviour, each stiffener with attached plate is to be
modelled as a stiffened panel of the extent defined in Table 4.2.2.

@ If the stiffener properties or stiffener spacing varies within the stiffened panel, the
calculations are to be performed separately for all configurations of the panels, i.e. for
each stiffener and plate between the stiffeners. Plate thickness, stiffener properties and

stiffener spacing at the considered location are to be assumed for the whole panel.
(2) Idealization of unstiffened panels
In way of web frames, stringers and brackets, the geometry of the panel (i.e. plate bounded by
web stiffeners/face plate) may not have a rectangular shape. In this case, an equivalent rectangular
panel is to be defined according to 4.2.3(2)( for irregular geometry and 4.2.3(2)@ for
triangular geometry and to comply with buckling assessment.
(O Modelling of an unstiffened panel with irregular geometry

Unstiffened panels with irregular geometry are to be idealised to equivalent panels for

plate buckling assessment according to the following procedure:

a. The four corners closest to a right angle, 90< in the bounding polygon for the plate
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are identified.

b. The distances along the plate bounding polygon between the corners are calculated,
i.e. the sum of all the straight line segments between the end points.

d;

d,

c. The pair of opposite edges with the smallest total length is identified, i.e. minimum
of d; + dzand d + d,.

d. A line joins the middle points of the chosen opposite edges (i.e. a mid point is
defined as the point at half the distance from one end). This line defines the
longitudinal direction for the capacity model. The length of the line defines the
length of the capacity model, a measured from one end point.

e. The length of shorter side, b in mm, is to be taken as:
b=A/a
where:
A — area of the plate, in mm?;
a— length defined in d, in mm.

f.  The stresses from the direct strength analysis are to be transformed into the local
coordinate system of the equivalent rectangular panel. These stresses are to be used
for the buckling assessment.

@ Modelling of an unstiffened plate panel with triangular geometry
Unstiffened panels with triangular geometry are to be idealised to equivalent panels for
plate buckling assessment according to the following procedure:

a. Medians are constructed as shown below.



b. The longest median is identified. This median the length of which isl,, in mm,
defines the longitudinal direction for the capacity model.

c. The width of the model,1,, in mm, is to be taken as:
l, =All,
where:
A — area of the plate, in mm®.

d. The lengths of shorter side, b, and of the longer side, a, in mm, of the equivalent
rectangular plate panel are to be taken as:

tri

Ctri
a= I1Ctri
where:
C. = O.4II—2 +0.6

1
e. The stresses from the direct strength analysis are to be transformed into the local
coordinate system of the equivalent rectangular panel and are to be used for the

buckling assessment of the equivalent rectangular panel.
(3) Average thickness of plate panel
Where the plate thickness along a plate panel is not constant, the panel used for the buckling
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assessment is to be modelled with a weighted average thickness taken as:

n
> At
tavr = 1n

2 A

1

(0.3)

where:
A, — area of the i-th plate element;
t,— thickness of the i-th plate element;

n— number of finite elements defining the buckling plate panel.
(4) Yield stress of the plate panel

The panel yield stress R is taken as the minimum value of the specified yield stresses of the

eH _P

elements within the plate panel.

(5) Reference stress

The stress distribution is to be taken from the direct strength analysis and the actual stress is
applied to the buckling model after it is corrected according to 4.1.5(2). The reference stresses are
to be calculated using the stress based reference stresses as defined in Appendix A of this Chapter.
(6) Lateral pressure

The lateral pressure applied to the direct strength analysis is also to be applied to the buckling
assessment. Where the lateral pressure is not constant over a buckling panel defined by a number
of finite plate elements, an average lateral pressure, N/mm?, is calculated using the following
formula:

> AP
S — (0.4)
A

avr n

1
where:
A — area of the i-th plate element, in mm?;

P. — lateral pressure of the i-th plate element, in N/mm?;
n— number of finite elements in the buckling panel.

4.2.4 Corrugated bulkhead
(1) Buckling failure modes

Three buckling failure modes are to be assessed on corrugated bulkheads:
(O Corrugation overall column buckling, refer to Table 4.2.4(1), as appropriate;

@ Corrugation flange panel buckling;
@ Corrugation web panel buckling.



Application of Overall Column Buckling for Corrugated Bulkhead

Table 4.2.4(1)
Corrugation Orientation
Horizontal Vertical
Longitudinal bulkhead Required Required, when subjected to local
Transverse bulkhead Required vertical forces (e.g. crane loads)

(2) Reference stress
(O Each corrugation flange and web panel is to be assessed,;

2 The membrane stresses at element centroid are to be used, and the actual stress is applied
to the buckling assessment after it is corrected according to 4.1.5(2);
@ The maximum normal stress parallel to the corrugation, o,., is the maximum of the two

following stresses:
a. The normal stress parallel to the corrugation taken at b/2 from the corrugation
ends,
b. The normal stress parallel to the corrugation within the mid span of the
corrugation.
Due to the area near the corrugation ends has greater stress gradient, the representative stress in

way of b/2 is to be taken for buckling check, other than the local high stress.

Where the corrugation end is fitted with a shedder plate, the normal stress parallel to the
corrugation at end is to be taken at the position defined as following: firstly, find mid breadth of
shedder plate and flange (web) respectively and obtain their intersection; secondly, take the point
at b/2 from the intersection along the mid breadth of flange (or web). The diagram of typical
structure is shown in Figures 4.2.4(1) and 4.2.4(2).

Assessment method
- for corrugated bulkhead M

Lower edge of corrugstion flange

Lower edge of

corrugation
e Assessment method DA
UP-A

for corrugated bulkhead methos

Lower edge of Shedder

corrugation web piste

UP-A Shedder plate
method Lower adg= of
corrugation web

1

.

Lower stool Lower stool

Position in way of blorr.Flang=/2

©
o Position in way of blorr.Web/2.

Figure 4.2.4(1) Points at b/2 of Symmetric and Asymmetric Shedder Plates
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Assessment method for
corrugated bulkhead — __ e ®

Lower edge of
corrugation flange Assessment methpd

for corrugated o

7 bulkhead .

| |

Gusset plate

UP-A mehod

7 Ldge
ation flange

UP-A mehod Gusset plate

o )

ELO“ ver edge : f
!

corrugation{jweb

-

corrugation ‘ reb

/ \ Lower stool p* Lower stool

@ Position in way of bCorr. Flange/2
© Position in way of bCorr. Web/2

Figure 4.2.4(2) Points at b/2 of Symmetric and Asymmetric Shedder Plates/Gusset Plates

The maximum shear stress is the shear stress which is the maximum at the corrugation flange (or
web) as defined above for the normal stress.

The in-plane stresses, o,ando,, and shear stress, t, are to be taken as the element stresses

averaged over the width of the considered member (flange or web) at the considered location.

When the stress value at b/2 from ends cannot be obtained directly from FE element, the stress at

this location is to be obtained by interpolation. This interpolation is to be made on elements

extending over a distance equal to 3b to a point located at b/2 from the end of the corrugation or

from the intersection of the shedder plate if fitted, measured at the mid breadth of the flange or of

the web. The interpolations of the in-plane stresses, o, and o, are to be made in accordance

with A.1.3(1) of Appendix A in this Chapter.

The shear stress at b/2 is obtained by linear interpolation between the elements most close to 'b/2'

location. For the application of this requirement, b is defined as follows:

b — width of the considered member of the corrugation, i.e. flange or web.

@ Where more than one plate thicknesses are used for flange panel, maximum stress is to be

obtained for each thickness range and to be checked with the buckling criteria for each
thickness.

4.3 Buckling Capability
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4.3.1 Symbols
A, —sectional area of the stiffener (without attached plating), in mm?;

a — length of the longer side of the plate panel, in mmm, see B.1.2 of Appendix B in this
Chapter;

b— Iengpth of the shorter side of the plate panel, in mm, see B.1.2 of Appendix B in this
Chapter;

d — length of the side parallel to the axis of the cylinder corresponding to the curved plate
panel, in mm, as shown in B.1.3 of Appendix B in this Chapter;

b,, — effective width of the attached plating of a stiffener, in mm, as defined in 4.3.3(3)®);

b.,— effective width of the attached plating of a stiffener, in mm, without the shear lag

effect taken as:

‘ch for 7 =0

.-Il;lx"": = [ {
b for 0.=0

C,— reduction factor of the considered stiffener according to case @ defined in Table B.1.2
in Appendix B;

b, — breadth of the stiffener flange, in mm;

b ,b, — width of plate panel on each side of the considered stiffener, in mm;

e, — distance from attached plating to centre of flange, in mm, as shown in Figure 4.3.1, to
be taken as:

) for flat bar profile;
¢, =<k —035: for bulb profile;
i, +0.3t: for angle and TEE profile.

Fon, — coefficient defined in 4.3.3(2)@);

F..,— coefficient defined in 4.3.3(2)®);

h,, — depth of stiffener web, in mm, as shown in Figure 4.3.3(1);

|,— span, in mm, of stiffener equal to spacing between primary supporting members;

R — radius of curved plate panel, in mm;
Ry »— specified minimum yield stress of the plate in N/mm?;

Ry s — specified minimum yield stress of the stiffener in N/mm?;
S — partial safety factor to be taken as:
S = 1.1 for structures which are exposed to local concentrated loads (e.g. container loads
on hatch covers, foundations);

S = 1.0 for all other cases;
t,— thickness of plate panel, in mm;

t,— stiffener web thickness, in mm;
t, — flange thickness, in mm;

x axis — local axis of a rectangular buckling panel parallel to its long edge;
y axis — local axis of a rectangular buckling panel perpendicular to its long edge;
o — aspect ratio of the plate panel, defined in Table B.1.2 of Appendix B, to be taken as:



L — coefficient, to be taken as:

 — coefficient, to be taken as:
o =Min(3;a)

o, — stress applied on the edge along x axis of the buckling panel, in N/mm?;
o, — stress applied on the edge along y axis of the buckling panel, in N/mm?;
o, — maximum stress, in N/mm?;
&, — minimum stress, in N/mm?;
o. — elastic buckling reference stress, in N/mm?, to be taken as:

(1) For the application of plate limit state according to 4.3.3(2)®:

’E (1, i
O =——5| =
121-v*)\ b

(2) For the application of curved plate panels according to 4.3.3(2)®:

r’E [t i
O =——| —
12(1-v°)\ d

7 applied shear stress, in N/mm?;
7, — buckling strength in shear, in N/mm?, as defined in 4.3.3(2)®);
¥ — edge stress ratio to be taken as:
v
0,
7 — stress multiplier factor acting on loads. When the factor is such that the loads reach the
interaction formulae, y=y,;

¥. — stress multiplier factor at failure.

b, b, b,
- ty
h,, tw—)— le— P €r tw—) le— h, h,,
ol C ol C ¥ [ | C
5 e S . I }

Figure 4.3.1 Stiffener Cross Sections

4.3.2 General
(1) This Section contains the methods for determination of the buckling capacity of plate panels,
stiffeners, primary supporting members, struts, pillars, cross ties and corrugated bulkheads.
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(2) For the application of this section, the stresses o,, o, and 7 applied on the structural

members are defined in 4.2.3(5) and 4.2.4(2):

(3) Ultimate buckling capacity

The ultimate buckling capacity is calculated by applying the actual stress combination and then
increasing or decreasing the stresses proportionally until the interaction formulae defined in
4.3.3(1), 4.3.3(2)and 4.3.3(3)@ are equal to 1.0.

(4) Buckling utilization factor

The buckling utilisation factor of the structural member is equal to the highest utilisation factor
obtained for the different buckling modes.

(5) Lateral pressure

The lateral pressure is to be considered as constant in the buckling strength assessment.

4.3.3 Plates and stiffeners
(1) Overall stiffened panel buckling capacity

The elastic stiffened panel limit state is based on the following interaction formula:

Z (0.5)
Cy

where: c, and P, are defined in (3)®.

(2) Plate buckling capability
@ Plate limit state
The plate limit state is based on the following interaction formulae:

€ €o/2 S &/2 S € S e
[%10—st _B(yclaxSJ VaOy + Va0y +(7/61|T| -1
O Oy Oy Oy Tc

2/ﬂ025 z/ﬂgzs
’ S
(mmsj +[_y°2|T|J =1 0,20

GCX TC (0.6)
i 2/ 55
S S
[—7°36y ] +[7€3|T| ] -1 #o, >0
ch Tc
ycA |T| S — 1
TC
with:
7/(: :min(ycllyc2’7c3’7c4) (07)
where:

o,,o,— applied normal stress to the plate panel, in N/mm?, to be taken as defined in 4.3.3(2)

@;
- — applied shear stress to the plate panel, in N/mm?;
o,,— ultimate buckling stress, in N/mm?, in direction parallel to the longer edge of the

buckling panel as defined in 4.3.3(2)®3);

o,,— ultimate buckling stress, in N/mm?, in direction parallel to the shorter edge of the

buckling panel as defined in 4.3.3(2)®3);
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Y VersVenr Voo — Stress multiplier factors at failure for each of the above different limit states.
74 and y,, are only to be considered when o, >0 and o, > 0 respectively;

B — coefficient given in Table 4.3.3(1);
e, — coefficient given in Table 4.3.3(1);

B,— Plate slenderness parameter taken as:

ﬁ _ B ReH _P
* t, U E
Definition of Coefficients B and eg Table 4.3.3(1)
Applied stress B €
o, =0ando, >0 0.7-03p, /a* 2By
o,<0o0ro, <0 1.0 2.0

@ Reference degree of slenderness
The reference degree of slenderness is to be taken as:

R
l — eH _P
Ko, (0.8)
K — buckling factor, as defined in Table B.1.2 and B.1.3 in Appendix B of this Chapter.
3 Ultimate buckling stresses
The ultimate buckling stresses of plate panels, in N/mm?, are to be taken as:

O-cx = Cx ReH _P

Oy = Cy ReH_P 09)

The ultimate buckling stress of plate panels subject to shear, in N/mm?, is to be taken as:
ReH P

r \/§ (0.10)
where:

C,.C,,C,— reduction factor, defined in Table B.1.2 of Appendix B in this Chapter.

7,=C

For the 1% Equation of 4.3.3(2)®, when o, <0 or o, <0, the reduction factors are to be

takenas: C, =C, =C, =1.

For other cases:
a. For SP-A and UP-A, C, is calculated according to Table B.1.2 of Appendix B in this

Chapter by using
1
c,=|1-=1]>0
o

b. For SP-B and UP-B, C, is calculated according to Table B.1.2 of Appendix B in this
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Chapter by using
c =1
c.  For corrugation of corrugated bulkheads, C, is calculated according to Table B.1.2 of
Appendix B in this Chapter by using

C, =(1—1)2 0
a

The boundary conditions for plates are to be considered as simply supported, see cases (D,
@ and (5 of Table B.1.2 of Appendix B in this Chapter. If the boundary conditions differ
significantly from simple support, a more appropriate boundary condition can be applied
according to the different cases of Table B.1.2 of Appendix B in this Chapter subject to the

agreement of CCS.
@ Correction factor, F

long

The correction factor Fi,ng depending on the edge stiffener types on the longer side of the
buckling panel is defined in Table 4.3.3(2). An average value of Fong is to be used for
plate panels having different edge stiffeners. For stiffener types other than those
mentioned in Table 4.3.3(2), the value of ¢ is to be agreed by CCS. In such case, value
of ¢ higher than those mentioned in Table 4.3.3(2) can be used, provided it is verified by
buckling strength check of panel using non-linear FE analysis and deemed appropriate by

CCS.
Correction Factor, F . Table 4.3.3(2)
Structural element types Fiong c
Stiffened panel 1.0 N/A
Stiffener not fixed at both ends 1.0 N/A
Flat bar @ . 01
Bulb profile If t—w>1v Fiong =C+1; 03
Angle profile ’ 0.4
Stiffened ) ) t t ’
Danel Stiffener fixed | T profile If tlgl, Fiong :C(tﬂJ +1 0.3
at both ends P P
Girder of high
rigidity (e.g.
bcg)]tton:/( g 14 N/A
transverse)
Note (1):
t, is web thickness, in mm, without the correction defined in 4.3.3(3)@.

® Correction factor, F,.,

The correction factor, F,,, isto be taken equal to 1.0.
©® Curved plate panels
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This requirement for curved plate limit state is applicable when R/t < 2500. Otherwise,

the requirement for plate limit state given in 4.3.3(2)@ is applicable.
The curved plate limit state is based on the following interaction formula:

S 125 S S S 1.25 ﬁs 2

O, O,
[—Wax j —0.5-[ 7T ]{ ad ]+[ ad ] +(7°’ ]:1.0 (0.12)
C R CaXReH_P CtheH_P ClgReH_P CrReH_P

where:
o,,— applied axial stress to the cylinder corresponding to the curved plate panel, in N/mme.

In case of tensile axial stresses, 0, =0;

o, — applied tangential stress to the cylinder corresponding to the curved plate panel, in

N/mm?. In case of tensile tangential stresses, o, =0 ;

C.,.C,.C,— buckling reduction factor of the curved plate panel, as defined in Table B.1.3
of Appendix B in this Chapter.
The stress multiplier factor, yc, of the curved plate panel need not be taken less than the stress

multiplier factor, vyc, for the expanded plane plate panel according to 4.3.3(2)@.
(@ Applied normal stress to plate panel

The normal stress, o, and o, in N/mm?, to be applied for the plate panel capacity

calculation as given in 4.3.3(2)@ are to be taken as follows:

For FE analysis, the reference stresses as defined in 4.2.3(5);
For grillage analysis where the stresses are obtained based on beam theory, the stresses taken

as:
Uxb + VO'yb
x T T 2
1-v (0.12)
Oy tVoy,
y 1—1?
where:

Oy 0y, — SUress, in N/mm?, from grillage beam analysis respectively along x or y axis of

the attached buckling panel;
+ — shear stress, in N/mm?, used to calculate panel capability in 4.3.3(2)(D), to be taken as:
For FE analysis, the reference shear stresses as defined in 4.3.3(3)@ of this Chapter;
For grillage beam analysis, 7=0 in the attached buckling panel.
(3) Stiffener buckling capability
@ Buckling mode
The following buckling modes are to be checked:
a. Stiffener induced failure (SI);
b. Associated plate induced failure (P1).
2 Web thickness of flat bar
For accounting the decrease of the stiffness due to local lateral deformation, the effective
web thickness of flat bar stiffener, in mm, is to be used in 4.3.3(3)@ for the calculation of

the sectional area, A, the section modulus, Z, and the moment of inertia, |, of the
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stiffener and is taken as:

[ [1— %[%]2 [1— b—;”]] (0.13)

@ Ildealisation of bulb profile
Bulb profiles are to be considered as equivalent angle profiles, as defined by:

hl
=h/ ——-+2
=M, 9.2
b, :a(t;ﬁ h, —ZJ
6.7
=ty
9.2
L=t

where:
h’w, t'w— height and thickness of bulb steel, in mm, indicated in Figure 4.3.3(2);
a — coefficient, to be taken as:

(120— h!

2
a=11+ ) for K, <120

a=10 for n >120

T : ]

Y Y
3 ¢ 3 ¢

Bulb Profile Equivalent Angle Profile
Figure 4.3.3(2) Bulb Profile and Equivalent Angle Profile

®  Ultimate buckling capacity
Where o,+0,+0,>0 , the ultimate buckling capacity for stiffeners is to be
checked according to the following interaction formula:
7%03‘F0B‘*0M 8221
R

eH

(0.14)

where:
o, — effective axial stress, in N/mm?, at mid span of the stiffener, acting on the stiffener

with its attached plating:
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st +A§
o, =
befflt +A§
o, — nominal axial stress, in N/mm?, acting on the stiffener with its attached plating:
a. For FE analysis, o, is the FE corrected stress as defined in 4.3.3(2)@ in the

attached plating in the direction of the stiffener axis;
b. For grillage beam analysis, o, is the stress acting along the x-axis of the attached
buckling panel;
R, — specified minimum yield stress of the stiffener in N/mm?*:
a. Ry =R, ¢ forstiffener induced failure (SI);
R, =R

b. "~ "e_Pfor associated plate induced failure (PI);
— bending stress in the stiffener, in N/mm?:
M, +M
Gb — (o] 1
1000Z

Z — net section modulus of stiffener, in cm?, including effective width of plating according

to 4.3.3(3)®), to be taken as:
a. The section modulus calculated at the top of stiffener flange for stiffener induced
failure (SI);
b. The section modulus calculated at the attached plating for plate induced failure
(PI);

C., — plate induced failure pressure coefficient:

a. Cei= 1 if the lateral pressure is applied on the side opposite to the stiffener;
b. CPI = -1 if the lateral pressure is applied on the same side as the stiffener;
C,, — Stiffener induced failure pressure coefficient:

a. C, =-1if the lateral pressure is applied on the side opposite to the stiffener;
b. C, =1if the lateral pressure is applied on the same side as the stiffener;
M,— bending moment, in N-mm, due to the lateral load P:
a. for continuous stiffener:

_c PIsK
b 24.0°
b. for sniped stiffener:
|P|sl?
M,=C ——
'8-10

P — lateral load, in kN/m? means the average pressure of attached plate defined in 4.2.3(6)
of this Chapter;
C, — pressure coefficient:

a. C,=Cg for stiffener induced failure (SI);
b. C, =C, forplate induced failure (PI);
M,— bending moment, in N-mm, due to the lateral deformation w of stiffener:
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Pw
MOZFE(cf _P]Withcf -P, >0

z

F. — ideal elastic buckling force of the stiffener, in N.

2
F. {Ifj El.10°

| — moment of inertia, in cm*, of the stiffener including effective width of attached plating
according to 4.3.3(3)®. I is to comply with the following requirement:

3
st

| >—P
12-10*

Y% __ thickness of plate, in mm, to be taken as the thickness of the considered EPP on one
side of the stiffener;

P, — nominal lateral load, in N/mm?, acting on the stiffener due to stresses, oy, oy and t, in

the attached plating in way of the stiffener mid span:

2
t
P, = —p{axl (T—s] +2cy0, +«/§q}
S

S

le = j/ax [1+iJ
st

p

m
7 =7|r|—thReH_PE[%+b—§j >0

Zy _ stress applied on the edge along y axis of the buckling panel, in N/mm? but not less
than O:

a. For FE analysis, oy is the FE corrected stress as defined in 4.3.3(3)® in the
attached plating in the direction perpendicular to the stiffener axis;
b. For grillage beam analysis, o, is the stress acting along the y-axis of the
attached buckling panel;
v — applied shear stress, in N/mm?:
a. For FE analysis, 7 is the reference shear stress of the attached plating as defined in
4.2.3(5) of this Chapter;
b. For grillage beam analysis, 7 =0 in the attached buckling panel;
m1, m2 — coefficients taken equal to:

(my =147 m,=049 for g>2

Imy=196 m =037 for @<l

C_ factor taking into account the stresses in the attached plating acting perpendicular to the
stiffener’s axis:
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(0514w for 0= =1
= ]
w1

'\r:_L_.: fl:lr

w — edge stress ratio for case @ according to Table B.1.2 of Appendix B in this Chapter;
w — deformation of stiffener, in mm:

W=W, +W,
Wo__ assumed imperfection, in mm, to be taken as:
a. W, =1 /1000 in general;
b. W, =—W,y, for stiffeners sniped at both ends considering stiffener induced
failure (SI);
c. Wy =W, for stiffeners sniped at both ends considering plate induced failure
(PD);
W

na— distance from the mid-point of attached plating to the neutral axis of the stiffener

calculated with the effective width of the attached plating according to 4.3.3(3)®);

W deformation of stiffener, in mm, at mid-point of stiffener span due to lateral load P. In

case of uniformly distributed load, w; is to be taken as:

Y Pl
a. = 1 38410 EI in general;

oo SRS
b. W, = ' 38410 EI for stiffeners sniped at both ends;

¢, — elastic support provided by the stiffener, in N/mm?:

c, =F [ﬂ d+c,)

S

1
Cp =
L, 091 12|3104_1
Co | ST,

C,. — coefficient to be taken as:

2

L 2s|.

a. C,= S S I, >2s
2s |

S
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o,,— stress due to torsional deformation, in N/mm?, to be taken as:
a. For stiffener induced failure (SI):

2
t; V4 1
O-W - Eyw (E"l_thqDO [Ej 1_ 0.4ReH_S _1

b. For plate induced failure (PI):
o, =0
y,— distance, in mm, from centroid of stiffener cross section to the free edge of stiffener
flange, to be taken as:

tW

a Yu = o for flat bar;
o ht2 -+t b2

b. Yw =D¢ 2A for angle and bulb profile;
b

c. Yu= 5 for T profile;

@, — coefficient, to be taken as:

I
®, =107
hW
o, — reference stress for torsional buckling, in N/mm?:
E(ex®1 10
Ogr =—| ——2——+0.385I,
R

Ip—polar moment of inertia of the stiffener, in cm*, about point C as shown in Figure 4.3.1,

as defined in Table 4.3.3(3);
I __st. Venant’s moment of inertia of the stiffener, in cm”, as defined in Table 4.3.3(3):

lo__sectional moment of inertia of the stiffener, in cm®, about point C as shown in Figure 4.3.1,

I 2
Bi
T

(0.753 e, —0.5t, }
I, ;s 3
£ £
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as defined in Table 4.3.3(3);
& — degree of fixation, to be taken as:

e=1+




A,— web area, in mm?
A, — flange area, in mm’.

Moments of Inertia for Typical Cross Section

Table 4.3.3(3)

Crgizpsgfttilgsnal Flat bar® Bulb, angle and T profiles
3 e, —0.5t,)°
] 3hv2|/-t(v)v4 [AN( f - t) L Ae [10*

3
Mot [1—0.63tl]
3-10 h,

e, —0.5t,)t2
e Af)w 1-0.63—
3-10 e, —0.5t,

+

bft? tf
+|1-0.63"
310 b,

Aeibl (A +26
(B0 [ A +204, for bulb and angle profiles
h33 12:10° | A +A,
Iw WW
36-10° bit, e
for T profile
12-10°

Note (1): t,, is web thickness, in mm. t,, 1 as defined in 4.3.3(3)@ is not to be used in this table.

©® Effective width of attached plating
The effective width of attached plating of stiffeners, beg, in mm, is to be taken as:

min| C

=+

xS

b.z5) for o, =0
for o, =0

(0.15)

where: y, is the effective width coefficient, to be taken as:

I, — effective length of the stiffener, in mm, taken as:

|
a. lg= ﬁ for stiffener fixed at both ends;

b. lg =0.75l for stiffener simply supported at one end and fixed at the other;

c. |y = forstiffener simply supported at both ends.
@  FE corrected stresses for stiffener capacity
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When the reference stresseso, and o, obtained by FE analysis according to 4.2.3(5)

and 4.2.4(2) are both compressive, they are to be corrected according to the following

formulae:

If o, <vo,:

Ifo, <vo,:

In other cases:

(4) Primary supporting members

(O Web plate in way of openings

The web plate of primary supporting members with openings is to be assessed for buckling
based on the combined axial compressive and shear stresses.
The web plate adjacent to the opening on both sides is to be considered as individual

unstiffened plate panels as shown in Table 4.3.3(4).
The interaction formulae of 4.3.3(2) are to be used with:

where:

O

GX = GaV
,=0 (0.16)
T=T7T

av

a— weighted average compressive stress, in N/mm? in the area of web plate being

considered of cases O and @ or 3 in Table B.1.2 of Appendix B in this Chapter.
For the application of Table 4.3.3(4), the weighted average shear stress is to be taken

as:

a. Opening modelled in primary supporting members:

T weighted average shear stress, in N/mm?, in the area of web plate being

considered , i.e. P1, P2, or P3 as shown in Table 4.3.3(4);
b. Opening not modelled in primary supporting members:
7,, — weighted average shear stress, in N/mm?, given in Table 4.3.3(4).

@ Reduction factors of web plate in way of openings

The reduction factors, C, or Cy in combination with, C. of the plate panel(s) of the web

adjacent to the opening is to be taken as shown in Table 4.3.3(4).

@ The equivalent plate panel of web plate of primary supporting members crossed by
perpendicular stiffeners is to be idealised as shown in Figure 4.3.3(3).
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Equivalent plate panel ¢0.5hw

T

Note: The correction of panel breadth is applicable also for other slot configurations provided that the web or

In

collar plate is attached to at least one side of the passing stiffener.

Figure 4.3.3(3) Web Plate Idealization for Primary Structural Members
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Buckling Reduction Factors

Table 4.3.3(4)

Configuration

C,. C

X y

C

T

Opening modelled in PSM

Opening not modelled in PSM

(@) Without edge
reinforcements:

Separate reduction factors are to be
applied to areas P1 and P2 using
case ® or case ® in Table B.1.2
of Appendix B of this Chapter, with
edge stress ratio: W=1.0

Separate reduction factors
are to be applied to areas P1
and P2 using case or
case in Table B.1.2 of
Appendix B in this Chapter

When case () of Table B.1.2 of
Appendix B in this Chapter is applicable:
A common reduction factor is to be
applied to areas P1 and P2 using case @
with:

7, =T, (Web);

When case @ of Table B.1.2 of
Appendix B in this Chapter is not
applicable: Separate reduction factors are
to be applied to areas P1 and P2 using
case @® orcase @ with:

7,, =7, (web)h/ (h—h,)
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av

(b) With edge
reinforcements:
(c) Example of
hole in web:

—>

Separate reduction factors are to be | Separate reduction factors | Separate reduction factors are to be
applied for areas P1 and P2 using | are to be applied for areas P1 | applied to areas P1 and P2 using case @®
C, for case @ or Cy for case @ | and P2 using case @ in | in Table B.1.2 of Appendix B in this
in Table B.1.2 of Appendix B in | Table B.1.2 of Appendix B | Chapter with:

this Chapter, with stress ratio: W | in this Chapter r,, =7, (web)h/(h—-h))
=1.0

-

Panels P1 and P2 are to be evaluated in accordance with (a). Panel P3 is to be evaluated in accordance with (b).

Note 1: Web panels to be considered for buckling in way of openings are shown shaded and numbered P1, P2, etc.

where:

h :
h, :
z,, (web) :

height, in m, of the web of the primary supporting member in way of the opening.

height in m, of the opening measured in the depth of the web.

weighted average shear stress, in N/mm?, over the web height h of the primary supporting member in Table 4.3.3(4).
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4.3.4 Struts, pillars and cross ties
(1) Buckling utilization factor
The buckling utilisation factor, 1, for axially compressed struts, pillars and cross ties is to be taken

as:

av

O,

cr

77:

where: o, :  average axial compressive stress in the member, in N/mm?;

o

minimum critical buckling stress, in N/mm?, taken as:

cr*

c, =0,,fore, 20,87,

@
P = i“‘l - Jz-:—-_: R;:—.'_: s+ for @ > l-(}-5-'?5:'_:
@ ) J
minimum elastic compressive buckling stress, in N/mm?, according to 4.3.4(2) to
(4);

specified minimum yield stress of the considered member, in N/mm?. For built
up members, the lowest specified minimum yield stress is to be used.

(2) Elastic column buckling stress
The elastic compressive column buckling stress, oec in N/mm? of members subject to axial

compression is to be taken as:

where:

o, = TEL 107"

end o5
pill
I: moment of inertia about the weakest axis of the cross section, in cm®;
A:  cross sectional area of the member, in cm?;
Goin = length of the member, in m, taken as:
(@ for pillar and strut: unsupported length of the member;
@ for cross tie:

a. in centre tank: distance between the flanges of longitudinal stiffeners on
the starboard and port longitudinal bulkheads to which the cross tie’s
horizontal stringer is attached;

b. in wing tank: distance between the flanges of longitudinal stiffeners on
the longitudinal bulkhead to which the cross tie’s horizontal stringer is
attached, and the inner hull plating;

fena : €Nnd constraint factor, to be taken as:
@  for pillar and strut:
fena = 1.0 where both ends are simply supported,;
fena = 2.0 where one end is simply supported and the other end is fixed;
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fend = 4.0 where both ends are fixed;
@ for cross tie:

feng = 2.0.
A pillar end may be considered fixed when brackets of adequate size are fitted. Such brackets are
to be supported by structural members with greater bending stiffness than the pillar.
(3) Elastic torsional buckling stress
The elastic torsional buckling stress, .., in N/mm?, with respect to axial compression of members
is to be taken as:

Gl 7f Ec

_ SV + end warp 10—/1

Vs

pol pol™~ pill

where:
Isv: St Venant’s moment of inertia, in cm®, see Table 4.3.4 for examples of
cross sections;
Ipot . polar moment of inertia about the shear centre of cross section, in cm*:

lpot = I, +1,+A (V2 +22)

Cwarp - Warping constant, in cm®, see Table 4.3.4 for examples of cross sections;
bpin & length of the member, in m as defined in 4.3.4(2);
Y, : transverse position of shear centre relative to the cross sectional centroid, in
cm, see Table 4.3.4 for examples of cross sections;
Z, - vertical position of shear centre relative to the cross sectional centroid, in cm,
see Table 4.3.4 for examples of cross sections;
A:  cross sectional area, in cm?, as defined in 4.3.4(2);
ly:  moment of inertia about y axis, in cm*:
I2:  moment of inertia about z axis, in cm*.
(4) Elastic torsional/column buckling stress
For cross sections where the centroid and the shear centre do not coincide, the interaction between
the torsional and column buckling mode is to be examined. The elastic torsional/column buckling
stress, o, With respect to axial compression is to be taken as:

1
Oprr = g [<GE + 0y - \/(GE +0,)" —4g0,0,,

where:
¢ : coefficient taken as:

§=1—!y§+zg!f1

7

pol

Y, : transverse position of shear centre relative to the cross sectional centroid, in cm,
as defined in 4.3.4(3);
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z,: vertical position of shear centre relative to the cross sectional centroid, in cm, as
defined in 4.3.4(3);

A:  cross sectional area, in cm?, as defined in 4.3.4(3);

lpoi - polar moment of inertia about the shear centre of cross section, in cm* as
defined in 4.3.4(3);

o... elastic column compressive buckling stress, as defined in 4.3.4(2);
G... elastic torsional buckling stress, as defined in 4.3.4(3).

Typical Cross Sectional Properties Table 4.3.4

w

1, =%(2bft? +d,,t2 )10

cm
d2b’t
Cwarp — wt~f - f 10—6
24 cm®
1 3 3 -4
I, =5 bt} +d, 830 4
cm
Vo =0cm
2
="t 1bt O'tSdeWt 10™
wt -w + frf cm
- bit; +4d3t] 10°¢
144 om

Isv—netSO = %(bfut? + Ztht3 )10_4

W
cm?
Vo =0cm
d2 t,10" 0.5d2t,10™"
Z, =

2, t, +boty dyt, +bt /6

bfzu dvavltw (3d wltw + 2bfut f )
i C =
b, " 12(6d, t, + byt )

10°

cm
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I = %(bflt?1 +2b,,t7, +higt], + dwttvgv)lo_A

4

cm
Vo=0cm
~ (bysd,,t;s+0.5d% t,)10™
by v Aoty +Dgy te 20, t, +bestg cm
( I, b, rdye A
= : le1 Z‘:"' > =+ i3 | _M—Zs|' |
\ 200 10 Ay cm®
b, —t, [t b, t., b?
(( fl 1‘2)3 fl + f2 *f2 f1)10_4
12 2 om?
b3, t
— f2%*f2 10—4
12 om?
3
| _bf3tf310—4
f3 —
12 om?
I..d
= f3 Pwt 10_1
If1 +If3 o

Note (1): All dimensions are in mm.

Note (2): Cross sectional properties are given for typical cross sections. Properties for other cross sections are to be

determined by direct calculation.

4.3.5 Corrugation bulkhead
The buckling utilisation factor of flange and web of corrugation of corrugated bulkheads is based

on the combination of in-plane stresses and shear stress.
The interaction curve of 4.3.3(2) is to be used with the following coefficients:
a=2

vy =y, =1

4.4 Strength criteria
4.4.1 Allowable buckling utilization factor
The allowable buckling utilization factor, r7,, of general structural members for hull structure is

defined in Table 4.4.1.

Allowable Buckling Utilization Factor, 7, Table 4.4.1
Structural component Allowable buckling utilisation factor, n,
Plates and stiffeners 1.0
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Stiffened and unstiffened panels
Web plate in ways of openings

Struts, pillars and cross ties 0.8

4.4.2 Stiffened/unstiffened panels
A structural member is considered to have an acceptable buckling strength if it satisfies the
following criterion:

(1) UP-A method
The buckling strength of UP-A method is to satisfy the following criterion:

Top-a < Ma (0.17)
where:
nue_»— Maximum plate utilisation factor, calculated according to Method A as defined in

4.3.3(2) in this Chapter.
(2) UP-B method
The buckling strength of UP-B is to meet the following criterion:
Mup-s <M (0.18)
where:
nue_s— Maximum plate buckling utilization factor, calculated according to Method B as

defined in 4.3.3(2) in this Chapter.
(3) SP-A method
The buckling strength of SP-A method is to satisfy the following criterion:
Nsp-n = M (0.19)
where:
ne_, — maximum stiffened panel buckling utilisation factor taken as the maximum of:

(D The overall stiffened panel capacity as defined in 4.3.3(1) of this Chapter;

2 The plate capacity calculated according to Method A as defined in 4.3.3(2) of
this Chapter;

(3 The stiffener buckling strength as defined in 4.3.3(3) of this Chapter considering
separately the properties (thickness, dimensions), the pressures defined in
4.2.3(6) and the reference stresses of each EPP at both sides of the stiffener.

Note: The stiffener buckling capacity check can only be fulfilled when the overall stiffened panel capacity, as
defined in 4.3.3(1), is satisfied.

(4) SP-B
The buckling strength of SP-B is to satisfy the following criterion:

NspP-B SNall (0.20)
where:

nsp-s - Maximum stiffened panel utilisation factor taken as the maximum of:
(O The overall stiffened panel capacity as defined in 4.3.3(1);
(2 The plate capacity calculated according to Method B as defined in 4.3.3(2);
(3@ The stiffener buckling strength as defined in 4.3.3(3) considering separately
the properties (thickness, dimensions) and the reference stresses of each EPP
at both sides of the stiffener.

-116-




Note: The stiffener buckling capacity check can only be fulfilled when the overall stiffened panel capacity, as

defined in 4.3.3(1), is satisfied.

(5) Web plate in way of openings

The web plate of primary supporting members with openings is to satisfy the following criterion:
TNopening < Nall (0.21)

where:

Nopening - Maximum web plate utilisation factor in way of openings, as defined in 4.3.3(4) and
4.1.4.

4.4.3 Struts, pillars and cross ties
The buckling strength of struts, pillars and cross ties is to satisfy the following criterion:

nP;’]iar < 773]]

maximum buckling utilisation factor of struts, pillars or cross ties, defined in
where: 17, ;.. .
4.3.4(1) of this Chapter.
4.4.4 Corrugation bulkhead
(1) Overall column buckling
The overall buckling failure mode of corrugated bulkheads subjected to axial compression is to be
checked for column buckling (e.g. horizontally corrugated bulkheads and vertically corrugated
bulkheads subjected to local vertical forces).
Each corrugation unit within the extension of half flange, web and half flange (i.e. single
corrugation as shown in grey in Figure 3.4.3) is to satisfy the following criterion:

Noverarr = Mars

where:

Maximum overall column utilisation factor, as defined in 4.3.4(1) and 4.3.4(2),
considered as a pillar with a unsupported length taken as the length of the
corrugation.

7701/9/';1/ /

|I |I.
{ ."
."f ,-"l
! Il
II|I I||l

Figure 3.4.3 Diagram of Corrugation Element
End constraint factor, f.,q corresponding to pinned ends is to be applied except for fixed end
support to be used in way of stool with width exceeding twice the depth of the corrugation.

(2) Local buckling
The buckling strength of a unit flange and a unit web of corrugation bulkheads is to satisfy the
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following criterion:

7700rr < 77a|| (0-22)
where:
Neor — Maximum unit flange or unit web utilisation factor, as defined in 4.3.5 and 4.1.4 of

this Chapter, two stress combinations are to be considered for the application of the

above criterion:

@ The maximum normal stress parallel to the corrugation, oy, combined with the
stress perpendicular to the corrugation, oy, and with the shear stress, t, at the
location where the maximum normal stress parallel to the corrugation occurs;

(2 The shear stress, T, combined with the normal stress parallel to the corrugation,
oy, and with the stress perpendicular to the corrugation, oy, at the location where
the maximum shear stress occurs.

The buckling assessment is to be performed for an aspect ratio o equal to 2, and
for the thicknesses of the member where the maximum compressive/shear stress
occurs, see 4.2.4(2)@.

Appendix A Stress Based Reference Stresses

A.1.1 General requirements

(1) Symbols

a : length, in mm, of the longer side of the plate panel as defined in 4.3.1 of this Chapter;

b : length, in mm, of the shorter side of the plate panel as defined in 4.3.1 of this Chapter;

A : area, in mm?, of the i-th plate element of the buckling panel;

n : number of plate elements in the buckling panel;

oyi: actual stress, in N/mm?, at the centroid of the i-th plate element in x direction, applied along
the shorter edge of the buckling panel;

oyi: actual stress, in N/mm?, at the centroid of the i-th plate element in y direction, applied along
the longer edge of the buckling panel;

y: edge stress ratio as defined in 4.3.1 of this Chapter;

7 actual membrane shear stress, in N/mm? at the centroid of the i-th plate element of the
buckling panel.

A.1.2 Stress based method

(1) This section provides a method to determine stress distribution along edges of the considered
buckling panel by 2nd order polynomial curve, by linear distribution using least square method
and by weighted average approach. This method is called Stress based Method. The reference
stress is the stress components at centre of plate element transferred into the local system of the
considered buckling panel.

(2) Definition

A regular panel is a plate panel of rectangular shape. An irregular panel is plate panel which is not
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regular, as detailed in 4.2.3(2) of this Chapter.
(3) Stress application
@ Regular panel
The reference stresses are to be taken as defined in A.1.3(1) for a regular panel when the
following conditions are satisfied:
a. At least, one plate element centre is located in each third part of the long edge a of a regular
panel, and
b. This element centre is located at a distance in the panel local x direction not less than a/4 to
at least one of the element centres in the adjacent third part of the panel.
Otherwise, the reference stresses are to be taken as defined in A.1.3(2) for an irregular panel.
@ Irregular panel and curved panel
The reference stresses of an irregular panel or of a curved panel are to be taken as defined in
A.l4.

A.1.3 Reference stress

(1) Regular panel

@ Longitudinal stress

The longitudinal stress o, applied on the shorter edge of the buckling panel is to be calculated as
follows:

For plate buckling assessment, the distribution of o4 is assumed as 2nd order polynomial curve
as:

o, =Cx* +Dx+E

The best fitting curve oy is to be obtained by minimising the square error IT considering the area
of each element as a weighting factor.

= i/\ [0, —(Cx* + Dx+ E)]2

The unknown coefficients C, D and E must yield zero first derivatives, oI with respect to C,D
and E respectively.

oIl :

P 2;Axf [Gxi —(Cx* +Dx, + E)] =0
oIl 3
£=2;Axi[aﬁ—(Cxi2+Dxi+E)}=0
o _ oy _(Cx2 _
= 2;,0\ I:O-xi (Cx? + Dx, + E)] =0

The unknown coefficients C, D and E can be obtained by solving the 3 above equations.

1 ¢b b> . b
S, | =Bj0 o (X)dx=—C+_D+E
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S, == dx—| az—ab+ 2 |c PIb+E
Xz_BLibo-x(x)x_a—a +€ +a—§ +

If-D/2C <b/20or-D/2C >a-b/2,S,,is to be ignored. Otherwise, S, , is taken as:

2 2
Sys =%j” &, (X)dx =§)—2C—E—C+ E
where:
b D
TS
b D
™2 2C

The longitudinal stress is to be taken as:
o, =MaX(Sy,; Sxy; Sy3)
The edge stress ratio is to be taken as:
w, =1
For stiffener buckling assessment, o, (x) applied on the shorter edge of the attached plate is to
be taken as:

n
ZAGxi
o, ==

2 A

1
The edge stress ratio for the stress o, is equal to 1.0.

@ Transverse stress

The transverse stress o, applied along the longer edges of the buckling panel is to be calculated by
extrapolation of the transverse stresses of all elements up to the shorter edges of the considered
buckling panel.

il a B
4 } X
V
F :} b
Cf;l.
O O O O Ho—X

Figure A.1.3 Buckling Panel
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The distribution of & (x) isassumed as straight line. Therefore:

o, (X) = A+ Bx
The best fitting curve o, (x) is to be obtained by the least square method minimising the square

error TT considering area of each element as a weighting factor.
0 2
M= Alo,—(A+Bx)]
i=1

The unknown coefficients A and B must yield zero first partial derivatives, oIT with respect to A
and B, respectively.
oIl s
A 2§A [0 —(A+Bx)]|=0
or
—=2 X |o;,—(A+Bx)|=0
GB zlA ||: yi ( |)]
The unknown coefficients A and B are obtained by solving the 2 above equations and are given as

follow:
(BBt B [ e
(a5 )

_ min(A, A+ Ba) >0
Yy max(A, A+Ba) " v =
w, =1lfor Oy <0,

(3 Shear stress
The shear stress 7 is to be calculated using a weighted average approach, and is to be taken as:

iATi
Z:ZA

T =

(2) Irregular panel and curved panel
The reference stress, including longitudinal, transverse and shear stresses are to be calculated
using a weighted average approach. They are to be taken as:
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The edge stress ratios are to be taken as:
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Appendix B Buckling Factors and Reduction Factors of Panels

B.1.1 Symbols
See the definitions in 4.3.1 of this Chapter.

B.1.2 Plane Plate Panel

The buckling factor and reduction factor are to be calculated according to the equations in Table
B.1.2.

B.1.3 Curved Plate Panel

The bucking factor and reduction factor of curve plate panels which satisfy R/t, <2500 are to
be calculated according to the equations in Table B.1.3.
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Buckling Factors and Reduction Factors of Plane Plate Panel Table B.1.2
Case Stress ratio i Aspect ratio « ‘ Buckling factor K Reduction factor C
K = 8.4 Wheno, <0, C, =1;
11 Wheno, >0:
Ky = Fiong [7.63—{//(6.26—101//)]

x = I:Iong [5975(1_l//)2]

C =1for i<

c=of L0220 forisi

where:

c=(1.25-0.12p) <1.25

A =3{1+ ’1—@J
2 c

f,=1-y)(a-))

£ =060- )+
(04 a

But not greater than 14.5— 035

Wheno-y <0, Cy =1;
When o, >0,

2
c, =of 1R H-R)

where:

c=(1.25-0.12p) <1.25

a’ R=i(l-ifd) fori<i,
2 2
14y <0 _ 200F,y, (1+4°) R=022 foriz/,
3 Y (1~ f,)100+2.45° +6.9f, +23f,)
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Case

Stress ratio

Aspect ratio  «

Buckling factor K

Reduction factor C

a>6(1-y)

1
f,=0.6(=+14
(/3+ B)

But not greater than14.5—0.35/3?
f,=1,=0

A-y)<a<6(l-y)

foiy

s
f,=1f,=0

150-y)<a<31-w)

f= %— (2 wp)’ —9(coﬁ—1)(§—ﬁ>

f,=1f,=0

-y <a<151-y)

Ifa>15,

Q:{E—EG—QT}E—D
s 3) ) B

f,=38-2 f,=0

Ifa <15,

A

_v(1-161))

f
2 l1-a

f,=0

f, =[L5-Min(L.5a)]

0.751-y) <a<(-y)

f, =0

A = 0.50(1+a/1—0.88 c)

¢, =1 isdefined in 4.3.3(2)®.

22
H=l-——>R
o(T ++/T2-4)
T:/1+£+1
154 3
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Case

Stress ratio

Aspect ratio

Buckling factor K

4

f, =1+2.31(3-1) —48(%—,5’) f2

v<l-—

2
K, =5.972 Ftran ﬂ
y 1-1,

where:

f, a-1
8 (B )(1.81 l.Slj

f, =[L.5—Min(L5;a)]

£t L+1+31//
181 524

f, = %[1+ Max(-Ly)]’

X

K - 40.425+1/ a?)
3w +1

K, =4(0.425+1/a*)1+v)

5y (1—3.42y)
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Aspect ratio  « ‘ Buckling factor K

Reduction factor C

Case Stress ratio
Y- q, Y- o,
] t — A[D 1>y >-1 K, = (o_425+i2j3__‘/’
o, 77" ox‘l‘ [04 2
@ a
o, a>1.64 K =128
] tu F b .
LT <164 K, =—5 +0.56+0.13¢
(04
® a
LTTTmee | 1zpeo 045 a)
b By +)a
t, Ejb
BEEBRELY 1 s
‘ 0>y =>-1 K, =4(0.425+ 0" )(1+y)— - 5p (1-3.42y )= C,=1 fori<0]
€ > a [24
a
- oL foringg
T T 051
o TII11]] @
F b )
- ’:[ 12y 2-1 K :(o.425+a2)3 v
[ l ] ‘ o, g 2a
Uy —
< N
@ a
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Reduction factor C

Case Stress ratio Aspect ratio o Buckling factor K
o[ TI1T111]
b Ejb 056 013
EEEEEN - =
o, a a
< >
a
o a, C.=1 for =043
tp _ b _ — 3"
| “I K, =6.97 C -1, 13,1_0__
@ - p > f::ur'f :-I:IE_‘,-
o [ [ 1] C =1 fori<083
t) jb B K 4, 207 067 10w
o d €. =113 5=
o TT 11T E)
< > f i
a
a>4 =4 _ )
g, o, C =1 for £ =083
; -‘ ‘[h ) ( --
i . |: — 1 El__
a<4 K, _4+274{4 0‘} C, —113 v
@ a fnr,}ngg




Case

Stress ratio

Aspect ratio  «

Buckling factor K

Reduction factor C

K, determined as per case®

Ifa<2, C,=C,;
fa>2,

C :(1.06+LJC ;
y 10 ) **

Where: C , is equal to C, calculated

according to case @

a
>4 K, =6.97

¢ i C =1 fori<0§3

— 4 , 1 02

a<4 KX=6.97+3.1{—4;“} €=l 777

for A =08

LI L] ¢ =1 for;<0s3

b

t, I B K 697 3_.1(4—1/05)“ ‘1 022

o | | [ [[] Yot atl o3 C, =113 ————
P for A=083

a
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Stress ratio

Aspect ratio  « ‘ Buckling factor K

Reduction factor C

K, =3 [5.34+i2}
(24

< >
® 7
——
t 4 7.15
p — ](7 = \/§|:5 34+M8X|:—2,T
E— T a” o
a
[(r = Krcasel 5‘2/'
d,
. - > /(mse] 5 isequalto K_calculated according to case ®
. r = reduction factor of openings, to be taken as:
] ( T
l | - d,\(. d
| \\.___,-»/ r= __a __b
-2s)
- .
© @ d d
%207 gnd 2207
a B

C_ =1 for =084

c =

0.84

ford =084

-130-




Case

Stress ratio

Aspect ratio  « ‘

Buckling factor K

Reduction factor C

K =

T

N (0.6+%)

C. =1

r- a

084

A

t:l:

for i =084

fori =084

Edge boundary conditions: - - - - - - - -

Plate edge free.

Plate edge simply supported.

Plate edge clamped.

Note (1): cases listed are general cases. Each stress component (o, , &, ) is to be understood in local coordinates.
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Buckling and Reduction Factor for Curved Plate Panel With R/t, <2500

Case

Aspect ratio

Buckling factor, K

Reduction factor, C

Scos R
R t,

2
K =l+zd—
3Rt

p

For general application: C,, =1 for
4<0.25

C, =1.233-0.9331 for0-25<4<1
C, =03/ forl<A=15
C, =02/ forA>15

d R 2 t 2 i i .g. bi
d_os5 R K < O.267d— 3_9 Gy O.4d— For curved single fields, e.g. bilge strake,
R t, Rt, RVR Rt, which are bounded by plane panels,
0.65
C,= E <1.0

d (Rtp )0.175

+3
0.35
. } Rt, d

K:

9163 )R
R t,

2 2 2
k=039 4225 R°
R dt,

For general application:
C, =1for 404

C, =1.274-0.686 for 04 <A <12

9

C =@f0r/1>1.2
/12

For curved single fields, e.g. bilge strake,
which are bounded by plane panels,

¢, - %10

tg
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Aspect ratio

Buckling factor, K

Reduction factor, C

2

<

ol f=%

’_
tp
\Jtp

As in load case 2a

2
d ? ’
= K =o.3d—2+0.291 R
R R dtp
4 d R 0.67d°
2cg7 |2 K =43 [28.3+—=——+
d | R \/; \F\/Jr:Rmt;s
/ CT:lfor/ISOA'
| | C,=1274-0686-1; 04<1<12
] 2 0.65
y R 0.28d C: =
Zogr = K=+3 CA for 212
R E RRE, >

Explanations for boundary conditions:

Plate edge free. ——————— Plate edge simply supported.

Plate edge clamped.
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CHAPTER S GLOBALFINITE ELEMENT STRENGTH ASSESSMENT FOR SHIP

5.1 General Requirements
5.1.1 For ore carriers of 350 m or over in length, direct calculation of global strength is to be
carried out. For those of 300 m or over in length, strength assessment of primary structures in
cargo hold area is in general to be carried out by means of direct calculation of global strength.
5.1.2 For ore carriers intended for overall strength (excluding torsional strength) assessment of
primary members by means of direct calculation of global strength, the model, load cases and load
calculation, strength criteria may be in accordance with the requirements of the Guidelines.
5.1.3 Right-handed Cartesian coordinate system is to be adopted in this Chapter, with the
original point at the intersection of aft perpendicular with baseline in ship’s longitudinal center
plane:

® x — the longitudinal direction, positive forward,;

® vy the transverse direction, positive to port from the center line;

® 7z — the vertical direction, positive upwards from the baseline.

5.1.4 The flow chart of FE direct calculation of global strength of ship is given in Figure 5.1.4.

[ Direct calculation of global strength J

A 4 A 4

v
[ Structural modeling ] [ Load prediction ] Loading condition ]

\ 4
Element selection, meshing, property definition Hydrodynamic model, mass model

y

A 4

Splicing and adjusting mesh model of whole ship Hvdrod i« load calculati
ydrodynamic load calculation
(hydrodynamic pressure, 4
acceleration)
y ) Internal cargo,
Adjusting light ship weight and representation v liquid pressure
center of gravit
gl y Representing hydrodynamic
v load to generate load document

Structural FE model

\ 4

Applying FE model loads for whole ship |

!

Inertia balance

v

Submitting calculation

v

Result analysis

Figure 5.1.4 Flow Chart of Direct Calculation of Global Strength of Ship
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5.2 Model Requirements

5.2.1 Hydrodynamic load calculation model

In addition to the geometric characteristics of hull, the hydrodynamic load calculation model is to
reasonably reflect the hull mass and its distribution. Then the displacement, trim angle and bow
and stern draughts of calculation model will be in consistent with those in loading manual through
the adjustment of floating condition, and the error is to be controlled within #1% of displacement
and +5 cm of trims both at bow and stern.

5.2.2 Extent of FE model

The global three-dimensional FE model is to cover hull structure within the whole ship’s length
and width, including all primary members, such as deck structure, side structure, double-bottom
structure, transverse bulkhead, inner hull longitudinal bulkhead, bow and stern structures, etc. The
main engine, superstructure, propeller shaft, etc., may be properly simplified, and smaller brackets,
openings or holes may be neglected. The typical global FE model for ore carrier is given in Figure
5.2.2.

i

Figure 5.2.2 Typical Global FE Model for Ore Carriers

5.2.3 Finite element modeling

5.2.3.1 The element type is to be modeled in accordance with the requirement of 3.1.4 of the
Guidelines. The main engine and large equipment may be modeled by mass concentration element.
The pillar subjected to axial pull and compression may be modeled by rod element.

5.2.3.2 The FE meshing principles are to be in accordance with the requirement of 3.2.4 of the
Guidelines. The structures other than cargo hold area are to comply with the following
requirements:

(1) For areas other than cargo holds, where transverse framing deck, platform and shell plating are
used, each adjacent two transverse frames is to be modeled as a mesh, with the width direction not
more than the spacing of these two frames, and coordinated with the meshes of adjacent members.
The meshing of plate element for other primary members may be referred to meshing methods of
cargo hold area, based on the actual positions of framing and stiffeners, the member connection
areas and the areas with larger linear variety may be properly adjusted locally.

(2) The forepeak tank, afterpeak tank and engine room are to be modeled by simplified or
equivalent method in compliance with the precision requirements. In addition, where the
maximum shearing force in shearing condition appears in the stem and stern areas, consideration
is to be taken to ensure the mesh of this area have the same precision as that in cargo hold area.
5.2.4 Adjustment of weight and center of gravity of light ship
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5.2.4.1 The property of the whole ship model is to be defined by cargo holds, to ensure that the
mass distribution is matched with the ship’s hydrostatic buoyancy. The error between the total
weight and total buoyance is not to be more than 0.0001A, where A is the moulded displacement,
in t, at the corresponding draught. The error of longitudinal coordinate for centers of mass and
buoyancy is not to be more than 0.0025L, and the error of horizontal coordinate is not to be more
than 0.001B.

5.2.4.2 Adjustment method

(1) The differences due to outfitting and modeling may be adjusted by correction of density of
material.

(2) For large equipment, such as main engine, etc., adjustment may be made by simulation
methods of beam element or mass concentration element.

5.2.5 Refined mesh model

5.2.5.1 Where the results of the following areas for the global FE calculation exceed 95%
allowable stress as specified in 3.5.1, refined mesh is to be modeled for analysis:

(1) primary transverse supporting members in double-bottom and side tank;

(2) connection of the transverse bulkhead with lower stool and connection of the lower stool with
inner bottom ;

(3) most stressed connection of the inner bottom with inner longitudinal bulkhead;

(4) deck plating in way of the hatch corners.

5.2.5.2 Two methods in 3.5.3.2 of the Guidelines may be adopted for refining model.

5.2.5.3 The refined meshing is to comply with the requirement of 3.5.3 in the Guidelines.

5.3 Hydrodynamic Load Calculation

5.3.1 Calculation condition

5.3.1.1 Each calculation condition consists of loading condition and wave load condition.

5.3.1.2 The maximum still water bending moment in hogging and sagging conditions under
typical loading conditions and the condition under maximum still water shear force specified in
loading manual are to be selected respectively. In general, the loading condition intended for
calculation is given in Table 5.3.1.2, and the other most unfavorable load conditions in loading
manual are also to be taken into consideration.

Loading Cases Table 5.3.1.2
Loading conditions Cases
(1) sagging
Full load (2) maximum vertical still water bending moment
(3) maximum, medium, minimum density of cargo
| ball (1) hogging
Normal ballast (2) maximum vertical still water bending moment
Heavy ballast (1) sagging
(if any) (2) maximum vertical still water bending moment or shear force
Multi-port (1) sagging or hogging
. (2) maximum vertical still water bending moment or shear force
(if any) (3) maximum, medium, minimum density of cargo

5.3.1.3 The superimposition of corresponding wave loads are to be added in basis of the above
loading conditions, the following dominant load parameters are to be taken into consideration in
wave load case:

(1) vertical wave bending moment;
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(2) vertical wave shear force (in way of the maximum still water shear force);

(3) bow vertical acceleration (calculation point is to be taken as the top end of intersection line
between the fore bulkhead of No.1 cargo hold and longitudinal centerline section);

(4) bow transverse acceleration (calculation point is the same as (3));

(5) maximum heeling angle.

5.3.2 Loading condition combination

5.3.2.1 The loading condition combination, including loading condition and wave load condition
are to be obtained according to 5.3.1.2 and 5.3.1.3 in this Chapter.

Calculation Conditions Table 5.3.2.1
Wave load - parameter Full load Normal Heavy ballast Multi-port
i H ull loa .
Loading condit ballast (if any) (if any)
Vertical wave bending moment Applicable Applicable Applicable -

Vertical wave shear force Applicable Applicable Applicable Applicable
Bow vertical acceleration Applicable Applicable Applicable Applicable
Bow transverse acceleration Applicable Applicable Applicable Applicable
Maximum heeling angle - Applicable - Applicable

5.3.3 Hydrodynamic load analysis

5.3.3.1 The technical flow chart of wave load prediction is shown in Figure 5.3.3.1, mainly
including hydrodynamic load calculation modeling, equivalent design wave determination, motion
and load prediction.
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Determination of loading condition

%

Establishment of hydrodynamic calculation model

\/

Adjustment of floating condition

Ship motion and load calculation procedure based on
two-dimensional strip or three-dimensional potential flow theory

\y
v

Frequency response functions for dominant load parameters

Transfer function of vertical Transter function of
bending moment vertical shear force

Determination of the most unfavorable wave frequency.
phase and sea direction to each load parameter

!

Statistical analysis (short and long term prediction) to determine
the ultimate value of each dominant load parameter

Ultimate value of vertical Ultimate value of
bending moment vertical shear force

Vi

Determination of equivalent design wave under
various structural load cases

Wave height Frequency Phase Sea direction

\”

Calculation of load compositions under various
structural load cases

Outboard water pressure Acceleration of ship motion
Hydrodynamic pressure of structural Calculation of cargo load
FE model by interpolation

Figure 5.3.3.1 Technical Flow Chart for Wave Load Calculation of Ore Carriers

5.3.3.2 Transfer function of wave load
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(1) The frequency response of dominant load parameter at various wave directions through
three-dimensional ship motion, the inputs of wave direction, frequency and ship speed are to
comply with the following.

* The angles of wave direction used for calculation are not to be less than 7, including 0<

30<60<90< 120< 150°and 180<
* The number of wave frequency is to be taken as 20~30 cases, the range taken as 0.2~1.2
rad/s, and the increments taken as 0.05 rad/s.

* The ship speed is taken as zero.
(2) In addition, the combined parameter of sea direction, frequency (i.e. wave length) and phase
under the maximum frequency response function may be obtained according to the frequency
response function curve of each dominant load parameter under various sea directions, for
determination of the subsequent equivalent design wave.
5.3.3.3 Long-term predicted ultimate value
(1) For non-restriction navigation area, the wave scatter is the in the standard wave statistical data
in North Atlantic provided by IACS Rec. No.34;
(2) In the short and long term prediction of wave load, PM wave spectrum is to be used, short
crested wave spread function is to be obtained from square of the cosine function;
(3) The ultimate value of dominant load parameter is to be obtained from transfer function through
long-term prediction, with the exceeding probability generally to be taken as 10°%;
(4) Considering practical navigating experience under extreme sea conditions, the exceeding
probability for bow vertical acceleration and heeling angle predictions may be taken as 10°°.
5.3.3.4 Determination of equivalent design wave
The equivalent design eave is to be defined by sea direction, amplitude, wave length and phase.
(1) Sea direction
The sea direction of equivalent design wave means the sea direction with the maximum frequency
response function of dominant load parameters.
(2) Amplitude calculation
The amplitude of equivalent design wave is to be determined by long-term predicted ultimate
value of load parameter and frequency response function, to be calculated by the following
equation:

Lj
3y, =—+
AJ'
where:
a, — amplitude, in m;
L — long-term ultimate value of load parameter at the certain probability level;

i
Aj — the maximum value of frequency response function of dominant load parameter;

i — number of dominant load parameter.

(3) Wave length
The length of equivalent design wave is to be determined by the time instant when frequency
response function achieves maximum, may be calculated by the following equation:
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A=(279)]

where:
A — length of design wave, in m;
g —acceleration of gravity;

— wave frequency corresponding to the maximum value of frequency response function

,

of dominant load parameter, in rad/s.
(4) Phase

The time instant when dominant load parameter achieves maximum is to be determined by the
phase when frequency response function reaches the maximum value, may be calculated by the
following equation:

where:

— wave frequency corresponding to the maximum value of frequency response
a

function of dominant load parameter, in rad/s;

e phase corresponding to the maximum value of frequency response function of
i

dominant load parameter, in rad;
n — Oorl

5.3.4 Motion and load prediction

According to the equivalent design wave, various load composition predictions, including
acceleration of motion, outboard hydrodynamic pressure, are to be carried out.

5.3.4.1 Acceleration

The calculation of acceleration is normally in plural form, or represents by two real numbers, such
as amplitude and phase. Due to the amplitude and phase, the acceleration at calculation point may
be obtained by the following equation:

A =(a)@,)sin(@,t; +5)
where;
A — instantaneous acceleration at arbitrary calculation position of hull;
a, — amplitude of frequency response function of acceleration;
a,, — amplitude of design wave;
& — phase of frequency response function of acceleration;
t; — time instant when dominant load parameter achieves maximum.

5.3.4.2 Hydrodynamic pressure calculation and loading

According to the equivalent design wave, the hydrodynamic pressure distribution when dominant
load parameter achieves maximum (such as vertical bending moment) is to be calculated, and the
hydrodynamic pressure distribution on the external surface of structural FE model is to be
obtained by interpolation method, as shown in Figure 5.3.4.2.

The wave pressure under design wave is to be calculated by the following equation:
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P = (A)(ay)sin(ayt; +&)
where:
P, — pressure at arbitrary calculation position of hull;

A — amplitude of frequency response function of wave pressure;
a,, — amplitude of design wave;

& — phase of frequency response function of acceleration;

t; — time instant when dominant load parameter achieves maximum.

248001
226001
207-001

186-001

-281-00)
23600
-445-007]

-656-002]

Figure 5.3.4.2 Diagram of Outboard Hydrodynamic Pressure

5.4 Global Ship Loads Applied and Inertia Balance

5.4.1 External water pressure

5.4.1.1 External water pressure includes external hydrostatic pressure and wave hydrodynamic
pressure.

5.4.1.2 The external hydrostatic pressure acts, according to draught under the calculation
condition, on external wet surface of hull, the equation is as following:

Ps =P 9(Tc —2)

where: ps  — density of sea water, to be taken as 1.025 t/m?;
g — acceleration of gravity, to be taken as 9.81 m/s%;

T.c — draught under the loading condition taken into consideration, in m;

z — vertical coordinate of loading point, in m, but not to be greater than Tc.
5.4.1.3 The hydrodynamic pressure is to be calculated by calculation method stipulated in 5.3.3
and applied on shell element of hull.
5.4.2 Internal load
5.4.2.1 The internal loads of ore carriers are to include cargo loads within cargo holds, internal
load in tanks and inertial force of light ship.
5.4.2.2 The cargo load is to be calculated and applied in compliance with the requirements of 2.6
of Chapter 2 in the Guidelines, and the acceleration is to be calculated in compliance with the
requirements of 5.3.4.1 of this Chapter.
5.4.2.3 The internal load in tank is to be calculated and applied in compliance with the
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requirements of 2.6 of Chapter 2 in the Guidelines, and the acceleration is to be calculated in
compliance with the requirements of 5.3.4.1 of this Chapter.

5.4.2.4 Inertial force of light ship means the one obtained by multiplying mass model only
consisting of structural mass, excluding the mass of cargo, ballast water, etc., with acceleration of
model motion.

5.4.3 Inertia balance for loads

5.4.3.1 The application of inertial force on each node and dynamic balance of external force of
the global FE model may be achieved by loading and balance adjustment. The general flow chart
of the whole ship’s dynamic adjustment is shown in Figure 5.4.3.1.

FE model
\ 4
Load applied <
v Error analysis
L mponent check
Unbalanced force check oad component chec

l Beyond the
requirement

Satisfied

Inertia balance
(inertia release)

[ Calculation submitted ]

Figure 5.4.3.1 General Flow Chart of the Whole Ship’s Dynamic Balance

5.4.3.2 For each load case, the unbalanced forces of model on axes x, y and z are to be
calculated and checked upon the completion of global load application. In the case of a head sea
condition, the unbalanced force on each direction is not to exceed 1% displacement of ship; in the
case of a beam sea condition or oblique sea condition, the unbalanced force is not to exceed 2%
displacement of ship.

5.4.4 Constraint condition

5.4.4.1 After the whole ship’s dynamic balance is adjusted, the calculation model has been in a
free dynamic balance, and in order to prevent rigid body motion, boundary constraint is to be
applied to the model with six constraints for degree of freedom.

5.4.4.2 When inertia release function is used to carry out structural strength analysis, the
boundary constraint may be carried out through reference points, shown in Figure 5.4.4.2. In
general, the intersection of midship and longitudinal centerline section (Node 1) is to be selected
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as virtual supporting.

Figure 5.4.4.2 Diagram of Reference Point Position

5.5 Strength Assessment Criteria
5.5.1 Yield strength criteria
5.5.1.1 The yield strength criteria is as follows:

O'S[O']

where: = — Von Mises corresponding stress of plate element center or axial stress of beam
element for mesh area of spacing of frames, in N/mm?;

[o]— allowable stress, in N/mm?, to be calculated by:

[c]=220/K  N/mm?

K — material factor.
5.5.1.2 Where the refined mesh size is 50 mm x50 mm, the stress criteria of refined mesh model
is to be taken as 1.6 times of global FE allowable stress.

5.5.2 Buckling strength criteria

5.5.2.1 The buckling strength is to be checked by reference of the provisions on buckling
strength assessment for hull structures in 4.1.6 in Chapter 4 of the Guidelines.
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Appendix 1

Direct Strength Analysis of Engine Room Structures

1.1 General Requirements

1.1.1 Scope of application

1.1.1.1 This Appendix applies to direct strength analysis of engine room structures of very large
ore carriers with the length of 350 m and above.

1.1.1.2 The direct strength analysis of engine room structures applies to strength assessment for
the following structures:

1) longitudinal members of hull girders within engine room area;

2) transverse members within engine room area;

3) other primary supporting members within engine room area.

1.2 Structural Modeling

1.2.1 Extent of model

1.2.1.1 Athree-cargo hold model is used in the direct strength analysis of engine room structures,
generally including aft part, engine room and aftmost cargo hold adjacent to engine room, shown
in Figure 1.2.1. For the ore carriers with specially arranged aftmost cargo holds, the extent of
model is to be considered specially.

Aft At
.,&ﬂ; Engine most
room | €392
hold
Area to

bt asse SEEd

Extent of model
Figure 1.2.1 Extent of Model for Direct Strength Analysis of Engine Room Structure

1.2.2 Modeling requirements

1.2.2.1 The engine room is to be modelled according to actual hull structures. The superstructure,
deckhouse, funnel, etc. located above the main deck may not be modelled, however, the effects of
their weights on cargo hold model are to be taken into account.

1.2.2.2 The engine room is to be modelled by reference to structural modeling requirements for
cargo hold areas specified in [3.2] of Chapter 3.

1) for the requirement for element size, see [3.2.2.2] of Chapter 3;

2) for the requirement for FE element type, see [3.2.4.1] of Chapter 3;

3) for FE modeling requirement, see [3.2.4.2] of Chapter 3;

4) for the requirement for structural scantlings, see [3.2.4.3] of Chapter 3.

1.2.3 Boundary conditions

1.2.3.1 The boundary conditions for direct strength analysis of engine room structures are
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defined in Table 1.2.3.1.

Boundary Conditions of Engine Room Model Ends Table 1.2.3.1
Translational Rotational
Location 5 5 5 0 0 0
X y Z X y z
Fore end of model: Fix - Fix - Fix Fix
Nodes on longitudinal members End of beam (see [3.2.5.5] of Chapter 3)
Independent point
(at the height of
neutral axis of - Fix - Fix Mir_ena -
Aftend longitudinal
of model centerline section
Nodes on
longitudinal Rigid link Rigid link Rigid link - - -
members
Independent point (intersection
of longitudinal centerline
section and inner bottom in way - Fix - - - -

of fore bulkhead of engine

room)

Notes:

(1) [-] means no constraint applied (free).

(2) Rigid link means connecting the nodes of longitudinal member at model ends with the corresponding points.

(3) My_eng, See [1.3.2.5].

1.3 Loads

1.3.1  Load combinations
1.3.1.1 The load combinations specified in Table 1.3.1.1 are to be taken into consideration for

direct strength analysis of engine room structures. If special compartment is arranged within
engine room area or special load case is defined in loading manual, additional consideration is to

be taken.
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Load combinations for Direct Strength Analysis of Engine Room

Table 1.3.1.1
Still Still
water water Designed wave
No. Description Loading pattern Draught | shear | bending (see [2.2.1] of
force | moment Chapter 2)
Csric | Cemic
Full load HSM-2
1 Tsc 100% 100%
departure BSP-2P
Full load HSM-2
2 _ — Toc 100% | 100%
arrival Dir= BSP-2P
Ballast warber
. Ealllast wartsr HSM-2
3 Ballast arrival TgaL 100% 100%
BSP-2P

1.3.1.2 In each load combination, the applicable loads are to include the followings:

1) sea pressure, see [2.5.1] of Chapter 2;

2) ore load, see [2.6.3] of Chapter 2;

3) ballast water, oil fuel and other internal loads of large tanks, see [2.6.1] of Chapter 2;

4) The pressure P, in kN/m?, caused by homogeneously distributed loads on non-exposed deck
and platform, is to be calculated by the following equation:

a,_
Py = (1 + f zgem;) Py

where:
fg: correction coefficient of wave direction, see [2.4] of Chapter 2;
a,_qnv- €Nvelope vertical acceleration, in m/s? , see [2.3.4.3] of Chapter 2;
P,,_: local static pressure, in kN/m?.
5) The concentrated load, Fy, in kKN, caused by heavy machines within engine room is to be
calculated by the following equation:
Fy = (1 + fﬁ * az—env)mU
Where:
my:weight of machine, in t.
6) For hull and superstructure, only static loads are to be considered. If the superstructure,
deckhouse, funnel, etc. above main deck are not modelled, their weights are to be applied on upper
deck supporting members of these structures in the form of homogeneously distributed loads.
1.3.2 Adjustment of target hull girder loads

-146-




1.3.2.1 In each load combination, the hull girder vertical bending moment and shear force are to
be adjusted to a target value. The procedure is to adjust the vertical shear force firstly, then to
adjust the vertical bending moment.
1.3.2.2 The location of target hull girder shear force is to be in way of each main web frame of
engine room area, including fore and aft bulkheads of engine room, and is to be extended two
main web frames outside the engine room area. The target shear force, Qg in way of each main
web frame is to be calculated by the following equation:
Qtarg = Csr.rc * Qsw + fg * Cow * Quy
where:
Csr 1c: coefficient of still water shear force, see Table 1.2;
Q... allowable still water shear force, in kN, under sea-going condition;
Cow: coefficient of combination of wave shear force, see [2.2.3] of Chapter 2;
Q.- Wave shear force, in kN, under sea-going condition, see [2.4.3.2] of Chapter 2.
1.3.2.3 The target hull girder vertical bending moment is to be located in way of fore bulkhead
of engine room, and the target bending moment M,_,r,, is to be calculated by the following
equation:
My_targ = Cem_Lc * Msw + fg * Cwv * My
Where:
Cpum Lc: coefficient of still water bending moment, see Table 1.2;
M, allowable vertical bending moment, in kN.m, under sea-going condition;
Cwy: coefficient of combination of wave bending moment, see [2.2.3] of Chapter 2;
M,,,: wave bending moment, in KN.m, under sea-going condition, see [2.4.3.1] of Chapter 2.
1.3.2.4 In order to achieve the target value of hull girder shear force, the vertical shear force
adjusted value, Q;, is to be applied in way of main web frame defined in 1.3.2.2. Referring to
[3.3.4.7] of Chapter 3, Q; is to be applied on the corresponding transverse section through shear
flow distribution method. The target shear force is to be adjusted according to Figure 1.3.2.1.
Q, = Qtarg—l - Qfem—l
Qi = Qtarg-i — Qrem-i — Z Qj
Jj<i
where:
Q;: the adjusted shear force in kN, in way of i main web frame;
Qtarg-i- the target shear force, in kN, in way of i main web frame, see [1.3.2.2];
Qfem-—i: shear force, in kN, caused by local load in way of i™ main web frame.
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Figure 1.3.2.1 Adjustment of Target Hull Girder Shear Force

1.3.2.5 In order to achieve the target value of hull girder vertical bending moment in way of
target location, the adjusted bending moment, M;_.,.4, is to be applied on the model ends. The
target vertical bending moment is to be adjusted according to Figure 1.3.2.2.

My _eng = Mv—targ — Mgem — Z Qil;

where:

My _.nq: the adjusted vertical bending moment, in kN.m, at the model ends;

M,,_arg: the target vertical bending moment, in kN.m, see [1.3.2.3];

Msem: the vertical bending moment, in kN.m, caused by local load in way of fore bulkhead of
engine room;

Q;: the adjusted shear force, in kN, in way of i™ main web frame, see [1.3.2.4];

I; the distance, in m, between i"™ main web frame and aft end of model.

L —
' Bulkhead Bulkhead

Figure 1.3.2.2 Adjustment of Target Hull Girder Bending Moment

1.4 Analysis Criteria

1.4.1 Extent of assessment

1.4.1.1 The extent of assessment is indicated in Figure 1.2.1.1. The primary members of engine
room are to be carried out yield and buckling strength assessments in accordance with the
requirements of [1.4.2] and [1.4.3].

1.4.2 Yield strength assessment
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1.4.2.1 The yield strength assessment for primary members of engine room is to be carried out in
accordance with the relevant requirements of [3.4.2] in Chapter 3.

1.4.3 Buckling strength assessment
1.4.3.1 The buckling strength assessment for primary members is to be carried out in accordance

with the relevant requirements of Chapter 4.
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Appendix 2

Requirements for Finite Element Calculation of Cargo Hold
Carrying Ores Containing Moisture

2.1 General Requirements

2.1.1 Scope of application

2.1.1.1 The structural strength FE analysis for ore carriers carrying ores due to the change of
moisture is to be carried out in accordance with the requirements of this Section.

2.1.1.2 FE yield strength and buckling strength analyses of cargo holds with the effects of
moisture content are to be carried out for midship, foremost and aftmost cargo holds.

2.1.2 Applicable conditions

2.1.2.1 When the moisture content of ore is lower than TML, it may be regarded as a dry
condition and FE direct analysis is to be carried out in accordance with the requirements of the
Guidelines.

2.1.2.2 When the moisture content of ore is higher than TML, it may be regarned as a liquid
condition and strength assessment is to be carried out in accordance with the requirements of the
Guidelines.

2.2 Liquefied Ore Loads and Calculation Conditions

2.2.1 Loads

2.2.1.1 The loads considered for FE analysis of cargo holds under liquefied ore condition are to
include hydrostatic and dynamic pressures of cargo, hydrostatic and dynamic pressures of ballast
water and oil fuel, external hydrostatic and dynamic pressures and hull girder load.

2.2.1.2 The hydrostatic pressure of liquefied ore is to be calculated by the following equation:

B = pc 9K, (hc _Z)
where:

P — density of liquefied ore, not considered the effects of moisture content;
K — coefficient of load, to be taken as 1.0 for liquefied ore;

hc_ height of liquefied ore loaded, to be calculated by cargo surface level according to

carrying capacity M under loading condition.
2.2.1.3 The dynamic pressure of liquefied ore is to be calculated by the following equation:

R :Pc[ax (XG _X)"'av (yG_y)"'KC 8, (hc _Z)]
where:

Pes Ko hc — to be taken by the above-mentioned equation for hydrostatic pressure;

Xs~ Yg — center of gravity of hold, as defined in Section 2, Chapter 2 of the Guidelines;
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dy, ~ a,. a, — acceleration in way of center of gravity of hold, as defined in Section 2,

Chapter 2 of the Guidelines.
2.2.1.4 The external hydrostatic and dynamic pressures, hydrostatic and dynamic pressures of
ballast water and oil fuel, as well as hull girder load are to be defined in accordance with the
requirements of Chapter 2.

2.2.2 Loading conditions

2.2.2.1 The FE loading conditions of cargo holds under liquefied ore condition are given in
Table 2.2.2.1. If other loading conditions of loading manual are more severe than those specified
in Table 2.2.2.1, direct strength analysis is also to be carried out for such loading conditions.

Loading Conditions of Direct Strength Analysis for Liquefied Ore Holds

Table 2.2.2.1
Still water
. . . Wave
No. Description Loading pattern Draught bending B
condition
moment
Homogeneous
100% HSM-1
1 ly loaded — Tsc
SAG BSP-1P
heavy cargo
HSM-1
100%
FSM-1
. 0| |0 0| |0 SAG BSP.1P
2 Multiport -1 ol lo ol lo 0.67 Tgc -
100%™ HSM-2
HOG FSM-2
HSM-1
100%
FSM-1
0 SAG
3 Multiport - 2 M ol lo 0.83 Tsc BSP-1P
100%Y HSM-2
HOG FSM-2

2.3 Finite Element Model

2.3.1 Extent of model

2.3.1.1 In line with the requirements of Section 2, Chapter 3 of the Guidelines, three-cargo holds
model is to be adopted and the length of model is to cover the whole three holds.

2.3.2 Element meshing

2.3.2.1 According to the requirements of Section 2, Chapter 3 of the Guidelines.

2.3.3 Boundary conditions

2.3.3.1 According to the requirements of Section 2, Chapter 3 of the Guidelines.

2.4 Assessment Areas and Criteria

2.4.1 Assessment areas

2.4.1.1 For the structural strength assessment of cargo holds under liquefied cargo conditions,
the following structural areas are to be focused on:

(1) web frame of ballast tanks;
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(2) lower area of longitudinal bulkheads;

(3) corrugated bulkheads and lower stools;

(4) longitudinal girders.

2.4.2 Assessment criteria

2.4.2.1 The strength assessment criteria is to be in accordance with the requirements of Seciton 4,
Chapter 3 in the Guidelines.

2.5 Buckling Strength Assessment

2.5.1 The hold based FE buckling strength assessment is to be carried out in accordance with the
requirements of Chapter 4 in the Guidelines.
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Appendix 3

Requirements for Hull Structural Fatigue Strength Assessment of Ore Carriers

3.1 General Requirements

3.1.1 This Appendix applies to hull structural fatigue strength assessment for ore carriers.

3.1.2 Those not covered by this Appendix are to be in accordance with the relevant requirements
in CCS Guidelines for Fatigue Strength of Hull Structures.

3.1.3 In general, hull structural nodes in way of critical locations within cargo hold areas are
selected to carry out fatigue strength assessment. For ore carriers, at least the following locations
are to be checked:

(1) in way of connection of longitudinals (bottom, side, deck and inner hull) and transverse web
frame;

(2) in way of connection of longitudinals (bottom, side, deck and inner hull) and transverse
bulkheads;

(3) in way of connection of inner longitudinal bulkhead and inner bottom plating;

(4) in way of connection of inner bottom plating and lower stools;

(5) in way of knuckle of inner longitudinal bulkhead (if any).

3.2 Loading Conditions and Loads

3.2.1 The loading conditions of fatigue assessment for ore carriers are to include homogeneously
full load condition, normal ballast condition and maximum ballast condition (if any), with the
detailed requirements given in Table 3.2.2.

Loading Conditions of Fatigue Assessment Table 3.2.1
Correction
. coefficient Loading )
Loading  still i Time
of sti capaci i
condition of ] pacty DenSIty otf) dILy distribution
ot Loading pattern Draught water ofcargo | cargoinbu fact
atigue 3 actor
J bending hold pe (UMD
assessment a
moment M (D
Csw
I I I Permissible
Homogeneously Full loaded 0.8 M maximum 05
full load draught (sagging) : designed '
E e
) 0.35, if
T Light
0.6 there is no
Normal ballast ballasted . — —
(hogging) extra data,
! draught
0.175 for
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normal

ballast and
maximum
ballast,
- Maximum respectively
) draught
Maximum i 0.65
) under . —
ballast (if any) ballast (sagging)
allas
condition

3.2.2 The fatigue loads of ore carriers are to be calculated in accordance with the relevant
requirements of bulk carriers in Chapter 2 of CCS Guidelines for Fatigue Strength of Hull

Structures. Unless provided in loading manual, k. and GM which are adopted for motion

calculation of fatigue assessment are to be taken in accordance with Table 3.2.2.

k, and GM for Ore Carriers Table 3.2.2
Loading conditions of fatigue assessment kr GM
Full load 0.35B 0.12B
Normal ballast 0.45B 0.33B
Maximum ballast 0.40B 0.25B

3.3 Simplified Stress Analysis

3.3.1 The simplified stress analysis method applies to fatigue strength assessment of connected
nodes in way of ends of longitudinals for ore carriers. The simplified stress analysis is to be
carried out in accordance with the relevant requirements of Chapter 4 of CCS Guidelines for
Fatigue Strength of Hull Structures.

3.4 Finite Element Hot Spot Stress Analysis

3.4.1 Finite element hot spot stress analysis method applies to fatigue strength assessment of
welded nodes and non-welded nodes for ore carriers. FE hog spot stress analysis of ore carriers is
to be carried out in accordance with the relevant requirements of Chapter 5 of CCS Guidelines for
Fatigue Strength of Hull Structures.

3.4.2 In the process of FE stress analysis, each calculation condition is to be divided into overall
load case and local load case, and the hot spot stress is to be obtained by the combination of
stresses under overall load case and local load case, and calculated according to the following
equation:

_ 2
O_c - f;hO-HG + CVTf;]O-L N/mm

where: o, — hot spot stress, in N/mm?, under overall load case;
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o, — hot spot stress, in N/mm?, under local load case;

1, ~ I,,— correction coefficient of corrosion, see 1.6.1 of Chapter 1 in CCS Guidelines
for Fatigue Strength of Hull Structures;
C,, — correction coefficient of ship type, for ore carriers, to be determined by the
following requirements:
C,;=0.6, for hot spot in way of connection of inner bottom plating and lower
stool onboard ore carrier;

C,;=0.9, for other hot spots onboard ore carrier.
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