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Abbreviations 

 

AP  : Aft perpendicular 

BL  :  Base line 

CG  :  Centre of gravity 

CL  : Centre line 

EDW  :  Equivalent design wave 

FE  :  Finite element 

FP  :  Forward perpendicular 

LCB  :  Longitudinal centre of buoyancy 

LCF  :  Longitudinal centre of flotation 

LCG  :  Longitudinal centre of gravity 

RAO  :  Response amplitude operator 

TCG  :  Transverse centre of gravity 

VCG  :  Vertical centre of gravity 

 

Coordinate System 

 

The coordinate system is defined as follows: 

 

Origin  : AP, CL, BL 

 

+ve X axis :  Along the ship’s length from Aft to Fore 

 

+ve Y axis :  Along the Ship’s beam from CL to Port 

 

+ve Z axis :  Along the Ship’s depth from Baseline  
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Section 1 

 

General Principles 

 

General  

1.1.1  This document is intended to provide guidelines for performing structural assessment of ships 
using the finite element (FE) method.  

1.1.2 A general description of relevant FE analyses are given in these guidelines. 

1.1.3    Scope and details of the applied procedures/methods are also provided in the relevant sections.  

Scope 

1.2.1 These guidelines are to be used in conjunction with the latest IRS Rules and Regulations for the 
Construction and Classification of Steel Ships (hereinafter referred to, as the Rules)  

1.2.2       IRS Rules will prevail in case of any differences between the Guidelines and Rules. 

1.2.3   Established / standard computer software/programs are to be used for the finite element analyses 
herein. 

1.2.4  The additional class notation DSA (Direct Strength Analysis) will be assigned to vessels where a 
structural strength assessment has been carried out in accordance with the relevant requirements 
of the Rules, provisions of these Guidelines and the ‘Guidelines on Application of Direct 
Seakeeping Loads in Structural Analysis of Ships’ (IRS-G-DES-06). 

Finite Element Analysis 

1.3.1      General 

1.3.1.1 These guidelines cover the following approaches to perform strength assessment of ship 
structures based on finite element method namely: 

(a) Full ship analysis, to assess the global structural strength and deformations of the hull 
girder primary structure as specified in Section 2. This is recommended for ships as 
specified in Section 2 (refer Section 2).  

(b) Cargo hold analysis, to assess the strength of primary structural members within the cargo 
hold region (refer Section 3). 

(c) Local structural strength analysis, to assess the local structural strength and detailed stress 
levels (refer Section 4).  

1.3.2 Net Scantling Approach  

1.3.2.1 Net Scantling approach is to be used for structural assessment based on FE given in present 
guide.  

1.3.2.2 In the “Net Scantling Approach”, the required gross scantling is obtained by adding the net 
scantling obtained from the structural strength requirement to the total corrosion addition as 
defined below:    

t୥୰୭ୱୱ_୰ୣ୯୳୧୰ୣୢ ൌ t୬ୣ୲_୰ୣ୯୳୧୰ୣୢ ൅ tୡ 
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 The total corrosion addition, tୡ in [mm], for both sides of the structural member is obtained by the 
following formula: 

tୡ ൌ  tୡଵ ൅ tୡଶ ൅ t୰ୣୱ 
where, 
tୡଵ, tୡଶ  = Corrosion addition, in [mm], on each of the two sides of the considered 

structural member, as defined in Table 1.3.2.1. 

t୰ୣୱ   =  Reserve thickness, taken as 0.5[mm], also to be applied in non-corrosive 
environment and for stainless steel and aluminium to account for possible thickness reductions, 
e.g. wear and tear, grinding or under tolerance thickness. 

 

Table 1.3.2.1: Corrosion addition for one side of a structural member 

 

Sl.N
o. 

Compartment Type Structural Member 

Corrosion Addition  
(tc1 or tc2) 

General 
Special 

case 

1 
Tanks for Ballast water1) /Sea 
water 

All members7) 1.00 1.252) 

2 
Tanks for Cargo Oil1) and Slop 
Tank 

All members 1.00 1.252) 

3 Tanks for Liquid Chemical All members 1.00   

4 Tanks for fuel oil, lube oil All members 0.50 1.002) 

5 
Tanks for Brine, Urea, Bilge 
Tank, Drain Storage, Chain 
Locker 

Face plates of PSM's 1.00   

Other members 1.00   

6 Tanks for fresh water All members 0.50   

7 
Other tanks - cargo tanks only 
intended to carry fresh water, 
fuel oil, lube oil, RSW or mud. 

All members 0.50   

8 Dry Bulk Cargo3) 

General 1.00   

Inner bottom plating 

1.50 

  

Sloping stool plate of hopper tanks 
and lower stool 

  

Transverse bulkhead plating   

Brackets, Frames, ordinary 
stiffeners and primary supporting 
members 

1.00 1.54) 

9 
Containers and General cargo 
hold 

All members in hold 1.00   

10 Accommodation spaces5) All members 0.00   
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11 
Void, dry spaces and other 
category spaces not 
mentioned above6). 

All members 0.50   

  

  12 
Stainless steel and aluminium 
(independent of compartment 
type)  

All members 0.00 

13 External Surfaces All members 0.50   

(1) Ballast tank: also includes combined ballast and cargo oil tanks but does not include cargo oil tanks 
which may carry ballast according to Regulation 18 of MARPOL 73/78 as amended. 

(2) This minimum corrosion addition is applied in the area within 1.5[m] below the top of the tank. This is 
applied to ballast or liquid cargo tanks with exposed weather deck as the tank top. 

(3) Dry bulk cargo hold includes holds intended for the carriage of dry bulk cargoes, which may carry oil 
or water ballast. 

(4) This minimum corrosion addition is applied in the area within 1.5[m] above the bottom of hold, e.g. 
inner bottom. The bottom of hold is defined as the lowest horizontal boundaries of the hold. 

(5) When not covered by any sheeting, AC Room, galleys, technical areas and crew staircases are to be 
considered as "other compartments 

(6) Applicable for the spaces containing membrane or independent cargo tanks of gas carriers. Also 
applicable for semi-enclosed compartments, e.g. open ro-ro spaces. 

(7) 0.5 [mm] is to be added to the plate surface exposed to ballast for the plate boundary between water 
ballast and heated cargo oil tanks or heated fuel/lube oil tanks/slop tanks. 0.3[mm] is to be added to each 
surface of the web and face plate of a stiffener in a ballast tank and attached to the boundary between 
water ballast and heated cargo oil tanks or heated fuel/lube oil tanks/slop tanks. Heated oil tanks are 
defined as tanks/slop tanks arranged with any form of heating capability (the most common type is heating 
coils). 

(8) Dry bulk cargo carriers refers to the cargo holds of vessels with class notations BC-A, BC-B, BC-C or 
Ore Carrier. For single skin bulk carriers of length > 150[m], tcmin = 3.5 [mm]. 
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1.3.3     Types of finite elements used 

1.3.3.1    General types of finite elements to be used for the finite element analysis are indicated in Table 
1.3.3. The over-arching objective is to model the stiffness of the primary and structural members 
as accurately as practicable. 

1.3.3.2 Two node beam/link elements and four node shell elements are, in general, considered sufficient 
for the idealization of the primary and secondary supporting members of the hull structure. Plates 
are to be modelled using shell element and stiffeners are to be modelled as beam elements. The 
mesh requirements given in subsequent sections assume that these elements are used in the 
finite element models. Higher order elements can be used for complex geometries or high stress 
gradient regions. 

1.3.3.3 Usually, the aspect ratio of the shell elements is not to exceed 2. The use of triangular shell 
elements is to be kept to a minimum. Wherever possible, the aspect ratio of shell elements in 
areas where there is a likelihood for high stresses or a high stress gradient is to be kept close to 
1. 

1.3.3.4  For quadrilateral-shaped shell element, an angle greater than 135˚ and smaller than 45˚ is not 
recommended. Triangular elements are to be avoided to the extent practicable. The limiting range 
for triangular shell element is 45˚ to 90˚, if used. 

1.3.3.5 Only shell elements are to be used for fine mesh analysis. 

 

Table 1.3.3: Types of finite elements used 

Types of finite element Description 

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

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

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

 

1.3.4      FE model check 

1.3.4.1  The FE model is to be checked in order to ensure that there is adequate representation of the 
geometry, stiffness and mass in the model with respect to the actual ship. The following checks 
for verification are recommended, but not limited to: 

(a) Geometric properties of structure (e.g. extent of geometry, structural idealization, effect of 
geometrical simplifications like omission of cuts-out etc.) 

(b) Material properties of structure (e.g. linear elastic, isotropic, anisotropic, orthotropic) 
(c) Stiffness properties of structures (e.g. moment of inertia, section modulus, neutral axis) 
(d) Mass properties (e.g. mass of individual tanks and the locations of their centre of gravity (CG), 

overall mass and their CG location) 
(e) Element types (e.g. suitable element type is used for representation of beams and plates) 
(f) Mesh size (e.g. aspect ratio, angle of distortion, shape error, adequate mesh. 
(g) Connectivity of the finite element model to ensure there are no free nodes/elements or overlapping 
nodes and elements.  
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(h) Applied loads and boundary conditions (BC).  
(i) Check for possible modelling errors e.g. double elements, elements not connected to other element 

edge, elements with irregular shape etc. 

Global co-ordinate system 

1.4.1  The following co-ordinate system is recommended: right hand co-ordinate system, with the x-axis 
positive forward, y-axis positive to port and z-axis positive vertically from baseline to deck. The 
origin should be located at the intersection between aft perpendicular (AP), baseline and 
centreline. The co-ordinate system is illustrated in Figure 1.4.1 along with the definition of positive 
motion. 

1.4.2  It should be noted that, in case of Part 3 of the Rules, the reference coordinate is defined at AE 
of Rule length ‘L’. 

1.4.3     The sign conventions (Refer Figure 1.4.2) for hull girder loads are as follows: 

 The vertical bending moments Msw and Mwv 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). 

 The vertical shear forces Qsw, Qwv 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. 

 The horizontal bending moment Mwh is positive when it induces tensile stresses in the starboard 
side and negative when it induces tensile stresses in the port side. 

 The torsional moment Mwt 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. 

 

Figure 1.4.1: Reference coordinate system and definition of positive motions 
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Figure 1.4.2: Sign convention for hull girder loads 

 

Documentation requirements 

1.5.1     Detailed documentation is be submitted in order to demonstrate compliance with the specified 
structural design criteria. The complete documentation would typically include: 

(a) Drawings and sketches of the subject structure. 
(b) Detailed description of structural modelling including all modelling assumptions and any 

deviations in geometry and arrangement of structure compared with plans. 
(c) Plate thickness plots, beam sections plot for all decks, profiles and transverse sections. 
(d) Details of boundary conditions. 
(e) Details of all loading conditions reviewed with calculated hull girder shear force, bending moment 

and torsional moment distributions. 
(f) Details of applied loads and confirmation that individual and total applied loads are correct. 
(g) Plots and results of structural analyses carried out. 
(h) Summary and plots of deflections. 
(i) Plots of stresses (von-mises, and in-plane stress components) for all decks, profiles and 

transverse sections to demonstrate that the yield design criteria are not exceeded in any member. 
(j) Plate and stiffened panel results utilization ratios in buckling/ultimate strength failure mode. 
(k) Tabulated results showing compliance, or otherwise, with the design criteria. 
(l) Proposed amendments to scantling, including revised assessment of stresses, yield, buckling and 

fatigue checks showing compliance with design criteria 
(m) Computer program used in analysis (including its version and date). 
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Section 2 

 

Full Ship Strength Analysis 
 

2.1 Scope and application 

2.1.1      General 

2.1.1.1  This section includes detailed guidelines for performing full ship strength analysis as required by 
the Rules in Part 3 and in Part 5. 

2.1.2     Full ship strength analysis is intended to evaluate and assess the global stresses and 
deformations of the hull girder. Full ship analysis is typically required for the following: 

(a) Ships with novel structural design and arrangement 
(b) Ships with large deck openings (e.g. container ships).  
(c) Ships without or with limited transverse bulkheads over the length of ship (e.g. Ro-Ro ship 

or car carrier)  
(d) Passenger ships (L > 150m) with partly effective superstructure and/or partly effective upper 

part of hull girder 

 
2.2 Full ship structural model 

2.2.1      Extent of Model 

2.2.1.1  A three-dimensional model of the full ship representing the entire hull structure is to be created. 
All primary and most secondary structural members are to be modelled in order to accurately 
simulate the stiffness of the hull girder. 

2.2.1.2  Both port and starboard sides are to be modelled. Any structural items that do not contribute to 
the global strength may be disregarded although the masses of these said items are to be 
included appropriately into the model. 

2.2.1.3  Mass modelling and loads application are to be performed in accordance with IRS Guidelines 
IRS-G-DES-06. 

2.2.1.4 Large openings in the structure are to be represented adequately using the method given in 
Section 3, [3.4.4.5]. 

2.2.1.5   Typical full ship models are shown in Figure 2.2.1 (a) and Figure 2.2.1 (b). 

2.2.2      Meshing 

2.2.2.1  Mesh size should be selected to accurately represent the geometry of the stiffness considered 
structure (e.g. overall geometry, stiffeners locations, arrangement such that the grid points are 
located at the intersection of primary members) and the load distribution. 

2.2.2.2  It is recommended that, elements are sized such that there is at least one element between two 
stiffeners and at least three elements between two web frames. It is recommended to maintain 
the aspect ratio of the elements below 2.0. Element sizes may be refined near openings in order 
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to capture the stress gradients accurately. It is recommended to avoid triangular elements as far 
as possible within the finite element model. 

2.2.2.3  Finer mesh generation can be done in a local structure where refined stress distribution is needed. 
The finer mesh model may be included as part of the full ship structural model or analysed 
separately as per [2.2.2.4]. Local structure is to be provided with all the relevant geometric details 
and appropriate mesh density in global model. 

2.2.2.4   A separate analysis of local structure can be performed using sub-modelling technique. The 
displacements from global model are taken as the boundary conditions. More details are to be 
referred from Section 4. 

 
Figure 2.2.1 (a): Full ship model of a Bulk Carrier  

 

 
Figure 2.2.1 (b): Full ship model of a Container ship 
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2.2.3     Boundary conditions 

2.2.3.1   Buoyant condition of full ship FE model in static structural analysis is to be simulated by providing 
artificial supports. Boundary conditions are applied to prevent the rigid body motions without over-
constraining the model. These support reactions are not to exceed [1]% of the displacement of 
the ship. Location of boundary condition is to be far away from the area of interest. Generally, 
boundary conditions are typically applied at two locations, one in the aft and the other in the fore. 
A Typical example of boundary conditions is indicated in Table 2.2.3 and Figure 2.2.. 

 

Table 2.2.3: Boundary conditions for global model 

 Location Direction 

Engine Room Front Bulkhead 
SB & PS Z 

CL Y 

Collision Bulkhead CL X, Y, Z 

 

 
Figure 2.2.3: Boundary conditions 

 
 

2.3 Loads 

2.3.1      A general overview of full ship structural strength analysis is given in Figure 2.3.1. The procedure 
given in Figure 2.3.1 is to be followed to calculate the maximum loads. 

2.3.2 Most representative loading conditions typically found in the loading manual are to be considered 
for the full ship analysis. Other cargo loading conditions that may be deemed critical may also be 
considered in the full ship analysis. The need to consider other loading conditions or additional 
loading conditions is to be determined in consultation with IRS. 

2.3.3 Loading conditions are to be considered in accordance with Part 3 of the Rules. For specific ship 
types, refer Part 5 of the Rules. 

2.3.4 The procedure given in Figure 2.3.1, includes the calculation of long term response for each 
‘Maximum Load Situation’ as defined in [2.4]. It is calculated for various loading conditions based 
on environmental data (scatter table) and the ship’s Response Amplitude Operator (RAOs). The 
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long-term response refers to the most probable extreme value at the given probability level of 
exceedance which is generally taken as 10-8 for a design life of 25 years. 

2.3.5      The Equivalent Design Wave (EDW) is defined as a regular wave which provides the long-term 
extreme value of the maximum load situation under consideration. The equivalent design wave 
can be characterized by e.g. wave height, wave length, wave heading, wave crest position 
referenced to the amidships. For each of the Maximum Load Situations [see 2.4], an equivalent 
design wave is to be determined. Simultaneous load components acting on the hull structure are 
to be generated for that design wave at the specific time instant when the corresponding Maximum 
Load Situation reaches its maximum.  

2.3.6 The ship motion and wave loads are to be calculated for the calculated equivalent design wave. 
Non-linear seakeeping analysis is recommended to be performed to effectively account for 
instantaneous nonlinear effects during the time simulation. 

 

Figure 2.3.1: Schematic representation of full ship Strength Analysis 

 

2.3.7 To develop the loads for structural FE analysis, load cases are to be prepared considering the 
loading conditions, ship’s speed and maximum load situations. It includes the both static and 
dynamic components. The dynamic loads represent the combined effects of a maximum load 
situation and other accompanying loads acting simultaneously on the hull structure, if any. It 
contains the loads e.g. external wave pressures, internal tank pressures, bulk cargo loads, 
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container loads and inertial loads on the structural components and equipment. The load 
application is to be considered in accordance with [2.5]. 

2.3.8 For each load case, the developed loads are then used in the FE analysis to determine the 
resulting stresses and other load effects within the hull structure. The acceptance criteria are to 
be checked in accordance with [2.6]. 

2.4 Maximum Load Situation 

2.4.1 The load effects due to ship motion and accelerations create a situation where the ship structure 
receives the highest loads on structural members. This kind of situation can be checked by the 
following parameters: 

 Maximum vertical bending moment at midship (sagging and hogging see Figure 1.4.2) 
 Maximum vertical shear force (positive and negative see Figure 1.4.2) 
 Maximum horizontal bending moments at midship (positive and negative, see Figure 1.4.2) 
 Maximum torsional moment in vessels having large openings (positive and negative see 

Figure 1.4.2) 
 Maximum vertical accelerations (upwards and downwards, see Figure 1.4.1) 
 Maximum lateral accelerations (portside and starboard side see Figure 1.4.1) 
 Maximum roll (positive and negative, see fig. Figure 1.4.1). 

 

2.5 Load application 

2.5.1      All the relevant loads (e.g. external sea-pressure, local loads, inertial loads etc.) are to be applied 
on the FE model. IRS Guidelines IRS-G-DES-06 are to be referred for more details on application 
of sea-keeping loads on full ship FE model. 

2.6 Analysis criteria 

2.6.1      General 

2.6.1.1  The analysis criteria that apply for full ship FE model are described in this sub-section. Structural 
adequacy of hull girder structural members, primary and secondary structural members is to be 
checked. FE analysis results for failure mode of material yielding, buckling and fatigue are to be 
checked. Wherever, the full ship FE model is partially or entirely refined to a mesh arrangement 
as used in cargo hold analysis (Section 3) or local structural analysis (Section 4); the analysis 
criteria given in respective and relevant sections are to be applied. 

2.6.2  Yield strength assessment 

2.6.2.1  For all plates/shell elements, the von Mises stress, σ୴୫ [N/mm2] are to be calculated based on 
the membrane normal and shear stresses of the shell elements. The stresses are to be evaluated 
at the element centroid of the mid-plane (layer), as follows: 

 

σ୴୫ ൌ  ටσ୶
ଶ െ σ୶σ୷ ൅ σ୷

ଶ ൅ 3τ୶୷
ଶ 

where, 
 

σ୶,σ୷  : Element normal membrane stresses, in [N/mm2] 

 

τ୶୷  : Element shear stress, in [N/mm2] 
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2.6.3 Buckling strength assessment 

2.6.3.1 Applicable structural locations/details/members are to be selected and evaluated as provided in the 
IRS Rules for Bulk Carriers and Oil Tankers, Volume 2, Chapter 8 for buckling strength assessment. 

2.6.3.2 IRS will specially consider buckling strength evaluation using non-linear finite element techniques 
in lieu of the provisions on 2.5.3.1. For this purpose, it has to be demonstrated to the satisfaction 
of IRS that the program using non-linear finite element techniques gives satisfactory results. The 
program is to be able to consider the effects of initial imperfections in the plating according to IACS 
Recommendation. 47 and residual stresses. 

2.6.4     Fatigue strength assessment 

2.6.4.1 Applicable structural locations/details/members are to be selected as indicated in IRS Rules Part 3 
and Part 5 and IRS Guidelines IRS-G-DES-07 for fatigue strength assessment. 
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Section 3 

 

Cargo Hold Analysis  
 
3.1 Scope and application 

3.1.1 This section gives the requirements for finite element based structural strength analysis of cargo 
hold region. It is performed to assess the strength of longitudinal hull girder structural members, 
primary supporting structural members and bulkheads within cargo hold region as specified in 
[3.2].  

3.1.2 Strength analysis of mid-ship cargo hold region is mandatory for the following ships. The definition 
of cargo hold region is given in [3.2]; 

 Ships having rule length L >150[m] 

The regions other than mid-ship cargo hold will be considered by the IRS, if necessary. 

3.1.3 Cargo hold structural strength analysis covers the cargo hold region including the aft bulkhead of 
the aft most cargo hold and the collision bulkhead in accordance to Section 3, [3.1.2]. The 
evaluation areas are defined in [3.9.1]. 

3.1.4     The procedures of cargo hold analysis may also be used for fatigue analysis as indicated in IRS 
Guidelines IRS-G-DES-07. The local structural mesh density is to be taken as indicated in Section 
4 and IRS Guidelines IRS-G-DES-07.  

 

3.2 Cargo hold definition 

3.2.1      For the purpose of FE structural assessment and load application, the term cargo hold region 
refers to the following cargo hold regions, which may vary depending on the ship length and cargo 
hold arrangement, as defined in Figure 3.2.1 (a): 

(a) Mid-ship cargo hold region 
 

(b) Forward cargo hold region 
 

(c) After cargo hold region 
 

(d) Foremost cargo hold(s) 
 

(e) Aft most cargo hold(s) 
 

3.2.2  Evaluation area 

The evaluation area is an area in the partial ship model, where the verification of results against 
the acceptance criteria are to be carried out. For a cargo hold structural analysis, evaluation area 
is defined in [3.9.1] 
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Figure 3.2.1(a): Definition of cargo hold regions for FE structural assessment 

 

 Holds in the forward cargo hold region are defined as holds with their longitudinal centre of gravity 
position forward of 0.7 L from AE, except foremost cargo hold. 
 

 Holds in the mid-ship cargo hold region are defined as holds with their longitudinal centre of gravity 
position at or forward of 0.3 L from AE and at or aft of 0.7 L from AE. 

 
 Holds in the after cargo hold region are defined as holds with their longitudinal centre of gravity 

position aft of 0.3 L from AE, except aft most cargo hold. 
 
 Foremost cargo hold(s) is (are) defined as hold(s) in the foremost location of the cargo hold region. 
 
 Aft most cargo hold(s) is (are) defined as hold(s) in the aft most location of the cargo hold region. 
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Figure 3.2.1 (b): Example of a three cargo hold model of a bulk carrier (shown the port side of the 
full breadth model) 

 

Figure 3.2.1 (c): Example of a three cargo hold model of an oil tanker (with port side of the full 
breadth model visible) 

 

 

Figure 3.2.1 (d): Example of a three cargo hold model of an LPG carrier (with port side of the full 
breadth model visible) 
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Figure 3.2.1 (e): Example of a three cargo hold model of an LNG carrier (with port side of the full 
breadth model visible) 

 

3.3 Cargo hold FE analysis methodology: 

3.3.1      The procedure for performing cargo hold FE structural analysis is as follows 

— Structural modelling of three cargo hold model as defined in [3.4] 
 

— Boundary conditions as defined in [3.5] 
 

— FE load combinations as defined in [3.6] 
 

— Load application as defined in [3.7] 
 

— Evaluation area as defined in [3.9.1] 
 

— Strength assessment as defined in [3.9.3] and [3.9.4] 
 

3.3.2      Corrosion margin is to be applied (for calculation of sectional properties such as sectional area, 
sectional moment of inertia etc.) as specified in Section 1, [1.3.2].  

3.4 Structural modelling 

3.4.1      Structural elements to be modelled 

3.4.1.1  All main longitudinal and transverse structural elements within the extent of three hold model are 
to be modelled. These include the following: 

— Inner and outer shell  
 

— Deck 
 

— Double bottom floors and girders 
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— Transverse and vertical web frames 
 

— Hatch coming 
 

— Stringers 
 

— Transverse and longitudinal bulkhead structures 
 

— Outer primary supporting members 
 

— Other structural members which contribute to hull girder strength 
 

3.4.1.2  All plates and stiffeners on the structure, including web stiffeners are to be modelled. Large 
brackets which contribute to the strength of primary supporting members are also to be modelled. 

 

3.4.2      Model extent 

3.4.2.1   General 

(a) 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 aft-most cargo hold assessment, the 
mid-hold represents the foremost and aft-most cargo hold including the slop tank if any, 
respectively. The extent of the model for cargo hold analysis is such that the model boundaries 
are adequately remote from the evaluation area/mid-hold. 

 

3.4.2.2   Longitudinal extent 

Except for the foremost and aft most 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 of the tanks/holds at the model ends. The 
web frames at the end of the model are to be modelled. Typical finite element models representing 
the mid-ship cargo hold region of different ship type configurations are shown in Figures 3.2.1(b) 
to Figure 3.2.1(e). 

 

3.4.2.3   Transverse extent: 

Both port and starboard sides of the ship are to be modelled. 

3.4.2.4   Vertical extent:  

The full depth of the ship is to be modelled including all primary and secondary members above 
the upper deck, trunks, forecastle and/or cargo hatch coaming, if any. The superstructure or deck 
house in way of machinery space and the bulwark are not required to be included in the model.  

3.4.2.5   Hull form modelling: 

(a) In general, the finite element model is to represent the geometry of hull form. In the mid-ship cargo 
hold region, the finite element model may be prismatic provided the mid-hold has a prismatic 
shape. 
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(b) The foremost cargo hold model, the hull form forwards of the transverse section at the middle of 
the fore part up to the model end as defined in 3.4.2.2 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, as shown in Figure 3.4.2. 

 
(c) The aft most cargo hold model, the hull form aft of the middle of the machinery space may be 

modelled with simplified geometry. The section at the middle of the machinery space may be 
extruded out to its aft bulkhead, as shown in Figure 3.4.2. 

 
(d) When the hull form is modelled by extrusion, the geometrical properties of the transverse section 

located at the middle of the considered space (fore and machinery space) are copied along the 
simplified model. The transverse web frames are to be considered along the extruded part with 
the same properties as the ones in the fore part or in the machinery spaces. 

 

 
 

Figure 3.4.2: Hull form simplification for foremost and aft most cargo hold 
 

3.4.3.     Finite element types used 

3.4.3.1   Plates are to be modelled using shell element and stiffeners are to be modelled as beam elements 
having axial, torsional, bi-directional shear and bending stiffness. The eccentricity of the neutral 
axis is to be modelled. 

3.4.3.2  Stiffeners, face plates of primary supporting members and brackets are to be modelled using rod 
or beam elements. 

3.4.4      Modelling aspects 

3.4.4.1   Mesh 

The shell element mesh is to follow the stiffening system as far as practicable, hence representing 
the actual plates between stiffeners (s x s, where s is the stiffener spacing). In general, the shell 
element mesh is to satisfy the following requirements: 

 
— One element between every longitudinal stiffener (Figure 3.4.4(a)). Longitudinally, the 

element length is not to be greater than 2 longitudinal spaces with a minimum of three 
elements between primary supporting members. 

 
— One element between every stiffener on transverse bulkheads, (Figure 3.4.4(b)). 

 
— One element between every web stiffener on transverse and vertical web frames, cross 

ties and stringers (Figure 3.4.4(a) and Figure 3.4.4(c)). 
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— At least 3 elements over the depth of double bottom girders, floors, transverse web frames, 
vertical web frames and horizontal stringers on transverse bulkheads. For cross ties, deck 
transverse and horizontal stringers on transverse wash bulkheads and longitudinal 
bulkheads with a smaller web depth, modelling using 2 elements over the depth is 
acceptable provided that there at least 1 element between every web stiffener. For a single 
skin ships, 1 element over the depth of side web frames is acceptable. The mesh size of 
adjacent structure is to be adjusted accordingly. 

 

— The mesh size of hopper tank web frames and topside web frames is to be fine enough to 
represent the shape of the web ring opening, as shown in Figure 3.4.4(a) 

 

— The curvature of free edge on large brackets of primary supporting members is to be 
modelled to avoid unrealistic high stress due to geometry discontinuities. In general, a 
mesh size equal to the stiffener spacing is acceptable. The bracket toe may be terminated 
at the nearest nodal point to provided that the modelled length of bracket arm does not 
exceed the actual arm length. The bracket flange is not be connected to the plating, as 
shown in Figure 3.4.4(d). The modelling of the tapering part of the flange is to be in 
accordance with Section 3, [3.4.4.7]. An example of acceptable mesh is shown in Figure 
3.4.4(d). Finer mesh is to be used for determination of detailed stress at the bracket toe, 
as given in Section 4. 

3.4.4.2  Aspect ratio 

The aspect ratios of the shell elements are in general not to exceed 3. The use of triangular 
elements is to be kept minimum. Where possible, aspect ratio of shell elements in areas where 
there are likely high stresses or high stress gradients, is to be kept close to 1. 

3.4.4.3   Finer mesh 

Where the geometry cannot be adequately represented in the cargo hold model and the stress 
exceeds the cargo hold mesh allowable stress criteria, a finer mesh may be used for such 
geometry. The mesh size required for such analysis can be governed by the geometry. In such 
cases, the average stress within an area equivalent to that specified in Section 3, [3.4.4] is to 
comply with the requirements given in Section 3, [3.9.3]. 
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Figure 3.4.4 (a): Typical finite element mesh on web frame 

 

Figure 3.4.4 (b): Typical finite element mesh on transverse bulkhead 

 

Figure 3.4.4 (c): Typical finite element mesh on horizontal transverse stringer on transverse 
bulkhead 

 



Guidelines on Structural Assessment of Ships based on Finite Element Method  

2020 

 

Indian Register of Shipping  IRS-G-DES-05 Page | 26  

 

 

Figure 3.4.4 (d): Typical finite element mesh on transverse web frame main bracket 

3.4.4.4   Corrugated bulkheads 

Diaphragms in the stools, supporting structure of corrugated bulkheads and internal longitudinal 
and vertical stiffeners on the stool plating are to be included in the model. Modelling is to be 
carried out as follows: 

 
— The corrugation is to be modelled with its geometric shape. 

 
— The mesh on the flange and web of the corrugation is in general to follow the stiffener 

spacing inside the bulkhead stool. 

 

— The mesh on longitudinal corrugated bulkhead is to follow longitudinal positions of 
transverse web frames, where the corrections to hull girder vertical shear forces are applied 
in accordance with Section 3, [3.8.3.7]. 

 

— The aspect ratios of the mesh in the corrugation is not to exceed 2 with minimum of 2 
elements for the flange breadth and web height. 

 
— Where difficulty occurs in matching the mesh on the corrugations directly with the mesh on 

the stool, it is acceptable to adjust the mesh on the stool in way of the corrugations. 

 

— For a corrugated bulkhead with and upper stool and/or lower stool, it may be necessary to 
adjust the geometry in the model. The adjustment is to be made such that the shape and 
position of the corrugations and primary supporting members are retained. Hence, the 
adjustment is to be made on stiffeners and plate seams if necessary. 

 

— When a corrugated bulkhead is subjected to liquid cargo or ballast, dummy rod elements 
with a cross sectional area of 1 mm2 are to be modelled at the corrugation knuckle between 
the flange and the web. Dummy rod elements are to be used as minimum at the two 
corrugation knuckles closet to the intersection between: 
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o Transverse and longitudinal bulkheads 
o Transverse bulkhead and inner hull 
o Transverse bulkhead and side shell 

 
— Manholes in diaphragms are to be modelled according to Section 3, [3.4.4.5] 

 

3.4.4.5   Openings 

 
(a) Methods of representing openings and manholes in webs of primary supporting members are to 

be in accordance with Table 3.4.4. Regardless of size, manholes are to be modelled. 
 

(b) For openings of about manhole size it is sufficient to delete element/s, with sufficient length and 
height (between 70% and 150%) of the actual opening. The FE-mesh is to be arranged to 
accommodate the opening size as far as practical. For larger openings with length and height of 
at least of two elements (of size of stiffener spacing, s) are to be modelled as much as practical 
with the applied mesh size, see Figure 3.4.4 (e) and Figure 3.4.4 (f). 

 

Table 3.4.4: Representation of openings in primary supporting member webs 

Criteria Modelling Decision Analysis 

ho/h < 0.5 and go < 2.0 Openings need not be modelled 
To be evaluated by the screening 
procedure as indicated in Section 
4, [4.5] 

Manholes 
The geometry of the opening is to 
be modelled by removing the 
adequate elements 

To be evaluated by the screening 
procedure as indicated in Section 
4, [4.5] 

ho/h > 0.5 and go > 2.0 
The geometry of the opening is to 
be modelled 

To be evaluated by fine mesh as 
indicated in Section 4, [4.2] 

where: 

𝑔௢ ൌ ቆ1 ൅
𝑙௢

ଶ

2.6ሺℎ െ ℎ௢ሻଶቇ 

 

lo 
: Length of opening parallel to primary supporting member web direction [m], see Figure 3.4.4 (e). 
For sequential openings where the distance, do between openings is less than 0.25 h, the length ho 
is to be taken as the length across openings as shown in Figure 3.4.4 (f). 

ho : Height of opening parallel to depth of web [m], refer Figure 3.4.4 (e) and Figure 3.4.4 (f) 

h : Height of web of PSM in way of opening [m], see Figure 3.4.4 (e) and Figure 3.4.4 (f) 
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Figure 3.4.4 (e): Opening in web 

 

Figure 3.4.4 (f): Length lo for sequential openings with do < h/4 

3.4.4.6 Stiffeners 

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

 
Web stiffeners of primary supporting members are to be modelled. Where these stiffeners are not 
in line with 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 stress and buckling utilization factors obtained need not be corrected for the 
adjustment. Buckling of stiffeners on large brackets, deck transverses and stringers parallel to the 
flange are to be modelled. These stiffeners on large brackets, deck transverse and stringers 
parallel to the flange are to be modelled. These stiffeners may be modelling using rod elements. 

3.4.4.7   Face plate of primary supporting member 
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The effective cross-sectional area at the curved part of the face plate of primary supporting 
members and brackets is to be calculated in accordance with IRS Rules for Bulk Carrier and Oil 
Tankers, Chapter 3, Section 7. The cross-sectional area of a rod or beam element representing 
the tapering part of the face plate is to be based on the average cross-sectional area of the face 
plate in way of the element length. 

3.5 Boundary conditions 

3.5.1      General 

3.5.1.1  All boundary conditions described in this section are in accordance with the global coordinate 
system defined in Section 1, [1.4]. 

3.5.2      Application 

3.5.2.1  All boundary conditions described in this section are applicable to cargo hold finite element model 
analyses in cargo hold region as defined in [3.2]. 

3.5.3      Boundary conditions 

3.5.3.1  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 3.5.3 (a). 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 3.5.3 (b). 

 

Table 3.5.3 (a): Supporting constraints at model ends except foremost cargo hold models 

Location Translation Rotation 

 x y z x y z 

Aft end 

Independent point - Fix Fix MT-end - - 

Cross-section 

- Rigid 
link 

Rigid 
link 

Rigid 
link 

- - 

End beam, refer Section 3, [3.5.4] 

Fore end 

Independent point - Fix Fix Fix - - 

Intersection of centreline and inner bottom3 Fix - - - - - 

Cross-section 

Fix Rigid 
link 

Rigid 
link 

Rigid 
link 

- - 

End beam, refer Section 3, [3.5.4] 

Note 1: [-] means no constraint applied (free) 

Note 2: See Figure 3.5.3. 

Note 3: Fixation point can be made on continuous structure at centreline other than independent point (e.g. 
outer bottom at centreline or longitudinal bulkhead at centreline) 
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Table 3.4.3 (b): Supporting constraints at model ends of the foremost cargo hold model 

Location Translation Rotation 

 x y z x y z 

Aft end 

Independent point - Fix Fix Fix - - 

Intersection of centreline and inner bottom Fix - - - - - 

Cross-section 

- Rigid 
link 

Rigid 
link 

Rigid 
link 

- - 

End beam, Refer Section 3, [3.5.4] 

Fore end 

Independent point - Fix Fix Fix - - 

Cross-section 

Fix Rigid 
link 

Rigid 
link 

Rigid 
link 

- - 

End beam, Refer Section 3, [3.5.4] 

Note 1: [-] means no constraint applied (free) 

Note 2: See Figure 3.5.3. 

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. 

Note 4: Fixation point can be made on continuous structure at centreline other than independent point 
(e.g. outer bottom at centreline or longitudinal bulkhead at centreline) 

 

 

Figure 3.5.3: Boundary conditions applied at the model end sections 
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Figure 3.5.4: End constraint beams modelled for a bulk carrier 

 

3.5.4      End constraint beams  

3.5.4.1  End constraint beams are to be modelled at both end sections of the model along all longitudinally 
continuous structural members and along the cross-deck plating. A typical example of end beams 
modelled at each end of a bulk carrier is shown in Figure 3.5.4. 

3.5.4.2  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: I୷୷  = I୸୸  = I୶୶ ሺJሻ = 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: 𝐴௬  = 𝐴௭  = 1/80 of the fore/aft end cross sectional areas based 

on the net FE model. 

 

where, 
 

I୷୷   :  Net moment of inertia bout the local beam Y axis [m4] 

 

I୸୸   :  Net moment of inertia bout the local beam Z axis [m4] 
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I୶୶ ሺJሻ  :  Torsional inertia [m4] 

 

A୷   :  Shear area in local beam in Y direction [m2] 

 

A୸   :  Shear area in local beam in Z direction [m2] 

 

3.6 Loads and FE load combinations 

3.6.1      Design loads 

3.6.1.1   Design loads are linked with the design conditions and/or operating conditions related to hull 
structural strength, referenced over the entire service life of a ship. Design load scenario for 
strength assessment (composed of a Static load case (S) or a Static + Dynamic (S+D) load case) 
that imposes the most onerous loads regimes is to be investigated; where the static and dynamic 
loads are dependent on the loading condition being considered. 

3.6.1.2  Design loads for cargo hold analysis are as provided in IRS Rules Part 3, Chapter 4. For specific 
type of ship, IRS Rules Part 5 is to be referred. 

3.6.2      Design load combinations 

3.6.2.1 FE load combination  

An FE load combination is defined as a loading pattern, a draught, a still water bending and shear 
force, associated with a given loading condition. 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 are applied. A typical FE load combination 
sample tabulation is given in Table 3.6.2 below. FE load combinations can be decided based on 
the following components: 

 

(a) Loading pattern 

Arrangement of internal loads in FE model configures the various loading pattern. The various 
patterns are to be checked to get the most onerous one which induced the maximum loads. The 
severe loading condition is considered for the analysis. 

 
(b) Draught 

Draught and loading pattern is to be combined in such a way that the net loads acting on the 
individual structures are maximized. 

 
(c) Percentage of permissible still water shear force and bending moment 

 

It is the percentage of permissible still water shear force, QSF and still water bending moment, 
MSW that is considered for that particular loading pattern and draught. In general, it is taken as 
100%. 

 

(d) Loading condition 
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The dynamic loads are to be determined as per Part 3, Chapter 5. A dynamic load consists of 
internal, external pressure and hull girder loads. For cargo hold structural strength analysis, the 
design loads specified in the Rules are to be used for the considered ship types and considered 
cargo hold regions. 

 
Where the loading conditions provided by designer are not covered by FE load combination in 
the Rules, additional loading conditions are to be examined according to the procedure given in 
this section. 
 

 

Table 3.5.2: FE load combination tabulation sample 

No. Loading Pattern 

Still Water Loads 

Loading 
Condition Draught 

Percentage of 
permissible 

SWBM/SWSF 

Harbour conditions (S) 

1. a b c d 

2. 

 

   

Seagoing conditions (S+D) 

 a b c d 

     

a, b, c, d as defined above 

 

3.7 Load application 

3.7.1 General 

3.7.1.1 Sign convention 

Unless otherwise mentioned in this Section, the sign of moments and shear force is to be in 
accordance with the sign convention defined in Part 3, Chapter 5, Section 2 [2.1.1] of the Rules. 

 

3.7.1.2  Hull structural weight: 

Effect of the weight of hull structure is to be included in static loads, but is not to be included in 
dynamic loads. If not specified, the density of steel is to be taken as 7.85 [t/m3]. 

 

3.7.2 External and internal loads 

3.7.2.1   Pressure application of FE element 
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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. A typical illustration of pressure application on the outer hull 
portion is given in Figures 3.7.2 (a) and Figure 3.7.2 (b). 

3.7.2.2 External pressure  

External pressure is to be calculated in accordance with Part 3, Chapter 4, Section 3 of the Rules. 
External pressures include static sea pressure, wave pressure and green sea pressure. The 
forces applied on the hatch cover by the green sea pressure are to be distributed along the top of 
the corresponding hatch coamings. 

 

 

 

Figure 3.7.2 (a): Illustration of pressure application on the outer hull of a 3 cargo hold FE model 

 

3.7.2.3 Internal pressure  

Internal pressures are to be calculated in accordance with Part 3, Chapter 4, Section 3 of the 
Rules and in case specific type of vessel Part 5 is to referred. 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 accelerations. 

3.7.2.4 Any specific loads other than those listed above are to be taken as per the provisions given in 
Part 5 and IRS Guidelines IRS-G-DES-06. 

3.8 Hull girder loads 

3.8.1 General 

As the three holds FE model (which is simply supported at both ends, in which the required local 
loads (i.e. static and dynamic hold pressure, static sea and dynamic wave pressure and structural 
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weight) are applied) represents only a part of the actual ship, the local loads applied to the model 
will depict only a semi-global effect. These semi-global hull girder loads may not have reached 
the intended target values of hull girder loads specified in Part 3, Chapter 5, Section 2 of the 
Rules. Hence, hull girder loads need to be adjusted by the application of additional forces and 
moments in order to properly represent the actual loading states. The hull girder loads in each 
loading condition are a combination of still water hull girder loads and wave induced hull girder 
loads as specified in Part 3, Chapter 5 Section 2 of the Rules. These target values of hull girder 
components that needs to be separately adjusted are namely: 

 
— 3.8.2 (a)  Target hull girder vertical bending moment 

 
— 3.8.2 (b) Target hull girder vertical shear force 

 

3.8.2  Hull girder targets  

   (a) Target hull girder vertical bending moment 

The target hull girder vertical bending moment, M୴ି୲ୟ୰୥  [kN-m] at a longitudinal position for a 

given FE load combination is taken as: 

M୴ି୲ୟ୰୥ ൌ  Mୱ୵ ൅ M୵୴ 

where: 

Mୱ୵  Permissible still water bending moments at the considered longitudinal 
position for seagoing and harbour conditions as defined in the rules, 
Chapter 5, Section 2 and respectively. Mୱ୵ is either in sagging or in 
hogging condition.  

 

M୵୴  Vertical wave bending moment [kN-m], for the loading condition under 
consideration, calculated in accordance with the IRS Rules, Chapter 5, 
Section 2. 

The values of  M୴ି୲ୟ୰୥  are taken as: 

— Mid-ship cargo hold region: the maximum hull girder bending moment within the mid-hold(s) 
of the model for given loading condition as defined in Chapter 5, Section 2. 

 
— Outside mid-ship cargo hold region: the values of all web frame and transverse bulkhead 

positions of the FE model under consideration. 

   (b) Target hull girder vertical shear force 

The target hull girder vertical shear force at the aft and forward transverse bulkheads of the mid-
hold, Q୲ୟ୰୥ିୟ୤୲ and Q୲ୟ୰୥ି୤୵ୢ [kN] for a given FE load combination is taken as: 

— Q୤୵ୢ ൒  Qୟ୤୲  

Q୲ୟ୰୥ିୟ୤୲ ൌ  Qୱ୵ି୬ୣ୥ െ ΔQୱ୵ୟ ൅ fஒหC୕୛หQ୵୴ି୬ୣ୥ 

Q୲ୟ୰୥ି୤୵ୢ ൌ  Qୱ୵ି୮୭ୱ ൅ ΔQୱ୵୤ ൅ fஒหC୕୛หQ୵୴ି୮୭ୱ 

 

— Q୤୵ୢ ൏  Qୟ୤୲  
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Q୲ୟ୰୥ିୟ୤୲ ൌ  Qୱ୵ି୮୭ୱ ൅ ΔQୱ୵ୟ ൅ fஒหC୕୛หQ୵୴ି୮୭ୱ 

Q୲ୟ୰୥ି୤୵ୢ ൌ Qୱ୵ି୬ୣ୥ െ ΔQୱ୵୤ ൅ fஒหC୕୛หQ୵୴ି୬ୣ୥ 

 

where: 

Q୤୵ୢ , Qୟ୤୲   : Vertical shear forces [kN] due to the local loads respectively at the forward 
and aft bulkhead position of the mid-hold, as defined in Section 3, [3.8.3.6]. 

Qୱ୵ି୮୭ୱ, Qୱ୵ି୬ୣ୥  : Positive and negative permissible still water shear forces [kN] at any 

longitudinal position for seagoing and harbour conditions as defined in the 
Part 3, Chapter 5, Section 2. 

ΔQ୫ୢ୤ : Shear force correction at the considered transverse section for the 
considered cargo hold and is calculated as: 

ΔQ୫ୢ୤ ൌ Cୢα ൬
M

Bୌlୌ
െ ρT୐େି୫୦൰ 

Cୢ : Distribution coefficient taken as: 

 Cୢ= -1 at the aft end of the considered cargo hold except for aftmost 
cargo hold. 
 

 Cୢ= 1 at the fore end of the considered cargo hold except for foremost 
cargo hold. 
 

 Cୢ= 0 at mid-length of the cargo hold. 
 

 Cୢ= 0 at the aft bulkhead of the aftmost cargo hold. 
 

 Cୢ= 0 at the fore bulkhead of the foremost cargo hold. 
 

 Cୢ: Linearly distributed at other locations. 
 

α : Coefficient taken as: 

  α ൌ g 
l଴b଴

2 ൅ φ l଴
b଴

 

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. 

Bୌ : Breadth of the cargo hold, in m, measured at mid-length of the cargo hold 
and at the mid height between the top of hopper tank and the bottom of 
topside tank [m] as per Figure 3.8.2. 
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lୌ : Length of the cargo hold [m] at the centreline between the transverse 
bulkheads. This is to be measured to the mid-depth of the corrugated 
bulkhead(s) if fitted [m] as per Figure 3.8.2. 

l଴ , b଴ : Length and breadth, respectively [m] of the flat portion of the double bottom 
in way of the hold considered; b0 is to be measured on the hull transverse 
section at the middle of the hold. 

φ ൌ 1.38 ൅ 1.55 
l଴

b଴
 

T୐େି୫୦ : 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. 

 

Figure 3.8.2: Definition of cargo hold parameters for bulk carrier 

 

ΔQୱ୵୤ : Shear force correction [kN] for the considered FE loading pattern at the 
forward bulkhead taken as minimum of the absolute values of ΔQ୫ୢ୤, 
calculated at the forward bulkhead for the mid hold and the aft bulkhead of 
the forward cargo hold taken as: 

 

o For ships where shear force correction ΔQ୫ୢ୤ is required (E.g. for bulk 
carriers) should be taken as: 

 
ΔQୱ୵୤ ൌ Min ሺ|ΔQ୫ୢ୤|୫୧ୢ , |ΔQ୫ୢ୤|୤୵ୢሻ 

 
o Otherwise: 
 

ΔQୱ୵୤ ൌ 0 
 

 
ΔQୱ୵ୟ : Shear force correction [kN] for the considered FE loading pattern at the aft 

bulkhead taken as minimum of the absolute values of ΔQ୫ୢ୤, calculated at 
the aft bulkhead for the mid hold and the forward bulkhead of the aft cargo 
hold taken as: 
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o For ships where shear force correction ΔQ୫ୢ୤ is required should be taken 
as: 
 
ΔQୱ୵ୟ ൌ Min ሺ|ΔQ୫ୢ୤|୫୧ୢ , |ΔQ୫ୢ୤|ୟ୤୲ሻ 
  

o Otherwise: 
 
ΔQୱ୵ୟ ൌ 0 

 
 

fஒ   : Wave heading factor = 1. 
 
C୕୛  : Load combination factor for vertical wave shear force = 1. 
 
Q୵୴ି୮୭ୱ , Q୵୴ି୬ୣ୥   : Positive and negative vertical wave shear force [kN] as defined in Chapter 5, 

Section 2. 
 

3.8.3 Procedure to adjust hull girder shear force and bending moments 

3.8.3.1 General 

— The procedure provided here 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 Section 3, [3.8.2].  

 
— The target locations for the hull girder shear force are at the transverse bulkheads of the 

mid-hold of the FE model. It should be ensured that the final adjusted hull girder shear force 
at the target location does 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 of the FE model. If the maximum value of bending moment is not located at 
the centre of the mid-hold, the final adjusted maximum bending moment should be located 
within the mid-hold and the value is to not exceed the target hull girder bending moment. 

3.8.3.2   Local load distribution 

The following local loads should be applied on the FE model for the calculation of hull girder shear 
and bending moments: 

(i) Ship structural steel weight distribution over the length of the cargo hold model (static 
loads). 

(ii) Weight of cargo and ballast (static loads). 
(iii) Static sea pressure, dynamic wave pressure and, where applicable, green sea load. 
(iv) Dynamic cargo and ballast loads. 

 

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-dimensional 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 
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vertical and horizontal nodal forces separately to obtain the lumped vertical and horizontal local 
loads, ′f୴୧′ and ′f୦୧′, at the longitudinal station ‘i′.  

 

3.8.3.3   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: 

 

R୚ି୤୭୰ୣ ൌ  െ 
∑ ሺX୧ െ Xୟ୤୲ሻ f୴୧୧

X୤୭୰ୣ െ Xୟ୤୲
 

R୚ିୟ୤୲ ൌ  ෍ f୴୧ ൅  R୚ି୤୭୰ୣ

୧

 

 

Rୌି୤୭୰ୣ ൌ   
∑ ሺX୧ െ Xୟ୤୲ሻ f୦୧୧

X୤୭୰ୣ െ Xୟ୤୲
 

Rୌିୟ୤୲ ൌ  െ ෍ f୦୧ ൅  Rୌି୤୭୰ୣ

୧

 

 

 F୧ ൌ  ෍ f୪୧

୧

 

 
Q୚ି୊୉୑൫X୨൯ ൌ  R୚ିୟ୤୲ െ  ∑ f୴୧୧      When Xi < Xj 
 
Qୌି୊୉୑൫X୨൯ ൌ  Rୌିୟ୤୲ െ  ∑ f୦୧୧      When Xi < Xj 
 
M୚ି୊୉୑൫X୨൯ ൌ  ൫X୨ െ Xୟ୤୲൯R୚ିୟ୤୲ െ  ∑ ൫X୨ െ Xୟ୤୲൯f୴୧୧    When Xi < Xj 
 
Mୌି୊୉୑൫X୨൯ ൌ  ൫X୨ െ Xୟ୤୲൯Rୌିୟ୤୲ െ  ∑ ൫X୨ െ X୧൯f୴୧୧    When Xi < Xj 

where, 
 

R୚ି୤୭୰ୣ , R୚ିୟ୤୲ , 
Rୌି୤୭୰ୣ , Rୌିୟ୤୲    :  Vertical and horizontal reaction at the aft and fore end [kN] 

Xୟ୤୲ X-coordinate of the aft end support [m]. 

X୤୭୰ୣ : X-coordinate of the fore end support [m]. 

f୴୧ : 
Lumped vertical local load at longitudinal station i as defined in [3.8.3.2] 

[kN]. 

f୦୧ : 
Lumped horizontal local load at longitudinal station i as defined in [3.8.3.2] 

[kN]. 

F୧ : Total net longitudinal force of the model [kN] 

f୪୧ : 
Lumped longitudinal local load at longitudinal station i as defined in [3.8.3.2] 

[kN]. 

X୨ : X-coordinate [m] of considered longitudinal station j. 

X୧ : X-coordinate [m] of longitudinal station i. 
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Q୚ି୊୉୑൫X୨൯ 

Qୌି୊୉୑൫X୨൯ 

M୚ି୊୉୑൫X୨൯  

Mୌି୊୉୑൫X୨൯ 

: 

Vertical and horizontal shear forces [kN] and bending moments [kN-m], at 

longitudinal station X୨ created by the local loads applied on the FE model. 

The sign convention for reaction forces is that a positive bending moment 

creates a positive shear force. 

3.8.3.4   Longitudinal unbalanced forces 

In case the total net longitudinal force of the finite element mode, F୧, not equal to zero, the counter 

longitudinal force, ሺF୶ሻ୨, is to be applied at one end of the model, where the translation on X-

direction, δx , is fixed, by distributing longitudinal axial nodal forces to all hull girder bending 

effective longitudinal elements, as follows: 

ሺF୶ሻ୨ ൌ  
F୧

A୶ି୬ହ଴
 
A୨ି୬ହ଴

n୨
 

where, 

3.8.3.5   Hull girder shear force adjustment procedure 

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

a) Method 1 (M1): for shear force adjustment at one bulkhead of the mid-hold as given 
in [3.8.3.6], 

 
b) Method 2 (M2): for shear force adjustment at both bulkheads of the mid-hold as given 

in [3.8.3.7]. 
 

— For the considered FE load combination, the method to be applied is to be selected as 
follows: 

 
a) For maximum shear force load combination (Max SFLC), the Method 1 applies at 

the bulkhead given in Table 3.8.3 (a), 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. 

 
b) For other shear force load combination: 

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

ሺF୶ሻ୨                : Axial force applied to a node of the j-th element [kN]. 

F୧                : Total net longitudinal force of the model, as defined in  [3.8.3.2] [kN] 

A୨ି୬ହ଴                : Cross sectional area of the j-th element [m2] 

A୶ି୬ହ଴                : Cross sectional area of fore end section [m2] 

n୨                : 

Number of nodal points of j-th element on the cross section, nj = 1  

for beam element, nj = 2 for 4-node shell element. 
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o 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, 
 

o Method 2 applies when the shear forces at both bulkheads exceed the target 
values, 

 
— The “maximum shear force load combinations “are marked as “Max SFLC “in the load 

combination tables. Where FE load combinations are specified in IRS Rules for specific 
ships, Refer Part 5 of the Rules. The “other shear force load combinations “are those which 
are not the maximum shear force load combinations. They are not marked in the load 
combination tables. 

 

 

Table 3.8.3 (a): Mid-hold bulkhead location for SF adjustment 

Design 
Loading 
Condition 

Bulkhead Location 𝐌𝐰𝐯ି𝐋𝐂 
Condition 
on 𝐐𝐟𝐰𝐝 

Mid-hold 
BHD for SF 
adjustment 

Seagoing 
Conditions 

Xୠିୟ୤୲ > 0.5 L 

<0 
(sagging) 

Q୤୵ୢ > Qୟ୤୲ Forward 

Q୤୵ୢ ≤ Qୟ୤୲ Aft 

>0 
(hogging) 

Q୤୵ୢ > Qୟ୤୲ Aft 

Q୤୵ୢ ≤ Qୟ୤୲ Forward 

Xୠି୤୵ୢ < 0.5 L 

<0 
(sagging) 

Q୤୵ୢ > Qୟ୤୲ Aft 

Q୤୵ୢ ≤ Qୟ୤୲ Forward 

>0 
(hogging) 

Q୤୵ୢ > Qୟ୤୲ Forward 

Q୤୵ୢ ≤ Qୟ୤୲ Aft 

Xୠିୟ୤୲ ≤ 0.5 L and Xୠି୤୵ୢ ≥ 0.5 L - - [*] 

 

Harbour and 
testing 
conditions 

Whatever the location - - [*] 

[*] No limitation of Mid-hold bulkhead location for shear force adjustment. In this case the shear force can 
be adjusted to the target either at forward (Fwd) or at aft (Aft) mid hold bulkhead. 

Note: The bulkhead where the shear force adjustment is to be done either at aft or forward bulkhead of 
mid-hold in accordance with the load arrangements in the tanks and loading condition. 
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3.8.3.6   Method 1 for vertical shear force adjustment at one bulkhead 

— The required adjustments in shear force at following transverse bulkheads of the mid-hold 
are given by: 

 
a) Aft bulkhead: 

Mଢ଼ିୟ୤୲ ൌ  Mଢ଼ି୤୭୰ୣ ൌ  
ሺX୤୭୰ୣ െ  Xୟ୤୲ሻ

2
 ൫Q୲ୟ୰୥ିୟ୤୲ െ  Qୟ୤୲൯ 

 

b) Forward bulkhead: 

 Mଢ଼ିୟ୤୲ ൌ  Mଢ଼ି୤୭୰ୣ ൌ  
ሺଡ଼౜౥౨౛ି ଡ଼౗౜౪ሻ

ଶ
 ൫Q୲ୟ୰୥ି୤୵ୢ െ  Q୤୵ୢ൯ 

 

where, 
 

Mଢ଼ିୟ୤୲ , Mଢ଼ି୤୭୰ୣ  :  Vertical bending moment [kN-m] to be applied at the aft and fore 
ends in accordance with [3.8.3.10], to enforce the hull girder vertical 
shear force adjustment as shown in Table 3.8.3 (b). The sign 
convention is that of the FE model axis. 

 

Qୟ୤୲  : Vertical shear force [kN] due to local loads at aft bulkhead location 
of mid-hold, Xୠିୟ୤୲ resulting from the local loads calculated according 
to [3.8.3.3]. 

 

Since the vertical shear force is discontinued at the transverse 
bulkhead location, Qୟ୤୲ is the maximum absolute shear force 
between the stations: located right after and right forward of the aft 
bulkhead of mid-hold. 

 

Q୤୵ୢ : Vertical shear force [kN] due to local loads at the forward bulkhead 
location of mid-hold, Xୠି୤୵ୢ resulting from the local loads calculated 
according to [3.8.3.3]. 

 

Since the vertical shear force is discontinued at the transverse 
bulkhead location, Q୤୵ୢ is the maximum absolute shear force 
between the stations located right after and right forward of the 
forward bulkhead of mid-hold. 
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Table 3.8.3 (b): Vertical shear force adjustment by application of vertical bending moments 
𝑴𝒀ି𝒂𝒇𝒕 and 𝑴𝒀ି𝒇𝒐𝒓𝒆 for Method 1 

Vertical Shear Force Diagram Target Position 

 

Forward  
Bulkhead 

 

Aft  
Bulkhead 

 

 

3.8.3.7  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: 

 
a) Vertical bending moments, Mଢ଼ିୟ୤୲, Mଢ଼ି୤୭୰ୣ at model ends and, 
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b) Vertical loads at the transverse frame positions as shown in Table 3.8.3 (c) in order 
to generate vertical shear forces, ∆Qୟ୤୲  and ∆Q୤୵ୢ , at the transverse bulkhead 
positions. 

 

Table 3.8.3 (c) shows examples of the shear adjustment application due to the vertical 
bending moments and to vertical loads. 

 

Mଢ଼ିୟ୤୲ ൌ  
X୤୭୰ୣ െ  Xୟ୤୲

2
.
Q୲ୟ୰୥ି୤୵ୢ െ  Q୤୵ୢ ൅  Q୲ୟ୰୥ିୟ୤୲ െ Qୟ୤୲

2
 

 
Mଢ଼ି୤୭୰ୣ ൌ  Mଢ଼ିୟ୤୲ 
 

∆Q୤୵ୢ ൌ  
Q୲ୟ୰୥ି୤୵ୢ െ  Q୤୵ୢ െ  ൫Q୲ୟ୰୥ିୟ୤୲ െ Qୟ୤୲൯

2
 

 
∆Qୟ୤୲ ൌ  െ∆Q୤୵ୢ 

 

where, 
 

Mଢ଼ିୟ୤୲ , Mଢ଼ି୤୭୰ୣ              : Vertical bending moment [kN-m] to be applied at the aft and fore 
ends in accordance with [3.8.3.10], to enforce the hull girder 
vertical shear force adjustment. The sign convention is that of the 
FE model axis. 

 

∆Qୟ୤୲     : Adjustment of shear force [kN] at aft bulkhead of mid-hold. 
 

∆Q୤୵ୢ  : Adjustment of shear force [kN] at fore bulkhead of mid-hold. 
  

— The above adjustments in shear forces, ∆Qୟ୤୲ and ∆Q୤୵ୢ , at the transverse bulkhead 
positions are to be generated by applying vertical loads at the transverse frame positions 
as shown in Table 3.8.3 (c). For bulk carriers, 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 
3.8.3 (c). 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 3.8.3 (d) 

 

  



Guidelines on Structural Assessment of Ships based on Finite Element Method  

2020 

 

Indian Register of Shipping  IRS-G-DES-05 Page | 45  

 

 

Table 6.8.3 (c):  Target and required shear force adjustment by applying vertical forces 

 

Vertical Shear Force Diagram 

Aft BHD Fore BHD 

SF target SF Target 

 

Q୲ୟ୰୥ିୟ୤୲  
(-ve) 

Q୲ୟ୰୥ି୤୵ୢ 
(+ve) 

 

Q୲ୟ୰୥ିୟ୤୲  
(+ve) 

Q୲ୟ୰୥ି୤୵ୢ  
(-ve) 
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Table 3.8.3 (d): Distribution of adjusting vertical force at frames and resulting shear force 
distributions 

 

 

       
Note:  
 

 Transverse bulkhead frames are not loaded 
 

 Frames beyond aft transverse bulkhead of the aft most tank and forward bulkhead of the fore most 
tank are not loaded. 
 

 F: Reaction Force generated by the supported ends 
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Note: For the definition of relevant symbols refer Table 3.8.3 (e) 

 

Table 3.8.3 (e):  Formulae for calculation of vertical loads for adjusting vertical shear 
forces 

δwଵ ൌ  ΔQୟ୤୲ሺ2l െ lଶ െ lଷሻ ൅ ΔQ୤୵ୢሺlଶ ൅ lଷሻ
ሺnଵ െ 1ሻሺ2l െ lଵ െ 2lଶ െ lଷሻ

 F ൌ  0.5 ቆ
Wଵሺlଶ ൅ lଵሻ െ Wଷሺlଶ ൅ lଷሻ

l
ቇ 

δwଶ ൌ  
ሺWଵ ൅ Wଷሻ

ሺnଶ െ 1ሻ
ൌ  

ሺΔQୟ୤୲ െ ΔQ୤୵ୢሻ
ሺnଶ െ 1ሻ

 

δwଷ ൌ െ ΔQ୤୵ୢሺ2l െ lଵ െ lଶሻ െ ΔQୟ୤୲ሺlଵ ൅ lଶሻ
ሺnଷ െ 1ሻሺ2l െ lଵ െ 2lଶ െ lଷሻ

 

lଵ         ∶ Length of aft cargo hold of model, in m. 

lଶ         ∶ Length of mid-hold of model, in m. 

lଷ         ∶ Length of forward cargo hold of model, in m. 

ΔQୟ୤୲  : Required adjustment in shear force [kN] at aft bulkhead of middle hold, see [3.8.3.7], 

ΔQ୤୵ୢ: Required adjustment in shear force [kN] at fore bulkhead of middle hold, see [3.8.3.7] 

F        : End reactions [kN] due to application of vertical loads to frames. 

Wଵ       ∶ Total evenly distributed vertical load [kNm] applied to aft hold of FE model, (n1 - 1)δwଵ. 

Wଶ       ∶ Total evenly distributed vertical load [kN] applied to mid-hold of FE model, (n2 - 1) δwଶ. 

Wଷ       ∶ Total evenly distributed vertical load [kN] applied to forward hold of FE model, (n3 -    1) δwଷ. 

nଵ        ∶ Number of frame spaces in aft cargo hold of FE model. 
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nଶ          ∶ Number of frame spaces in mid-hold of FE model. 

nଷ        ∶ Number of frame spaces in forward cargo hold of FE model. 

δwଵ     ∶ Distributed load [kN] at frame in aft cargo hold of FE model. 

δwଶ     ∶ Distributed load [kN] at frame in mid-hold of FE model. 

δwଷ     ∶ Distributed load [kN] at frame in forward cargo hold of FE model. 

Δlୣ୬ୢ  ∶ Distance [m] between end bulkhead of aft cargo hold to aft end of FE model. 

Δl୤୭୰ୣ ∶ Distance [m] between fore bulkhead of forward cargo hold to forward end of FE model. 

l         : Total length [m] of FE model including portions beyond end bulkheads: 

          = lଵ + lଶ + lଷ + Δlୣ୬ୢ + Δl୤୭୰ୣ 

Note 1: Positive direction of loads, shear forces and adjusting vertical forces in the formulae is in 
accordance with Table 3.8.3 (c) and Table 3.8.3 (d). 

Note 2: W1 + W3 = W2. 

Note 3: The above formulae are only applicable if uniform frame spacing is used within each hold. The 

length and frame spacing of individual cargo holds may be different. 

 

— If non-uniform frame spacing is used within each cargo hold, the average frame spacing 
lୟ୴ି୧ is used to calculate the average distributed frame loads δwୟ୴ି୧ , according to Table 
3.8.3 (e), where i = 1, 2, 3 for each hold. Then, δwୟ୴ି୧, is redistributed to the non-uniform 
frame as follows: 

 

δw୧
୩ ൌ  δwୟ୴ି୧ .

୪౗౬ష౟
ౡ

୪౗౬ష౟
    { k = 1, 2, …, (ni – 1), for each frame in cargo hold i = 1, 2, 3} 

 

where, 
 

lୟ୴ି୧  : Average frame spacing [m] calculated as l୧ n୧⁄ , in hold i with i = 
1, 2, 3. 

 

l୧  : Length [m] of the cargo hold i with i = 1, 2, 3 as defined in Table 
3.8.3 (e). 

 
n୧  : Number of frames spacing in hold with i = 1, 2, 3 according to 

Table 3.8.3 (e). 
 

δwୟ୴ି୧  : Average uniform frame spacing [m] distributed force calculated 
according to Table 3.8.3 (e) with average frame spacing lୟ୴ି୧ in 
cargo hold with i = 1, 2, 3. 

 

δw୧
୩  : Distributed load [kN] for non-uniform frame k in cargo hold i. 

 

lୟ୴ି୧
୩   : Equivalent frame spacing [m] for each frame k with k = 1, 2... ni 

- 1, in cargo hold 𝑖, taken as: 
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 lୟ୴ି୧
୩ ൌ  l୧

ଵ െ  
୪౗౬ష౟ .  ୪౟

భ

୪౟
భା୪౟

౤౟ ൅
୪౟
మ

ଶ
  [For k = 1 (first frame), in cargo hold i] 

 

 lୟ୴ି୧
୩ ൌ  

୪౟
ౡ

ଶ
൅  

୪౟
ౡశభ

ଶ
   [For k = 2, 3... (ni – 2), in cargo hold i] 

 

lୟ୴ି୧
୩ ൌ  l୧

୬౟ െ  
୪౗౬ష౟ .  ୪౟

౤౟

୪౟
భା୪౟

౤౟ ൅
୪౟
౤౟షభ

ଶ
  [For k = ni – 1 (last frame), in cargo hold i] 

 

l୧
୩   : Frame spacing [m] between the frame k - 1 and k in the cargo 

hold i. 
 

— The required vertical load  for a uniform frame spacing 𝛿𝑤௜ or 𝛿𝑤௜
௞ for non-uniform frame 

spacing, are to be applied by following the shear flow distribution at the considered cross 
section as per section. For a frame section under vertical load 𝛿𝑤௜ , the shear flow, qf, at 
the middle point of the element is calculated as: 
 

q୤ି୩ ൌ  
δw୧

I୷ି୬ହ଴
 Q୩ି୬ହ଴ 

 

where,  

 

q୤ି୩  : Shear flow calculated at the middle of the k-th element of the 
transverse frame [N/mm]. 

 

δw୧  : Distributed load at each transverse frame location for i-th cargo 
hold, i = 1, 2, 3, as defined in Table 3.8.3 (e) [N]. 

 
I୷ି୬ହ଴       : Moment of inertia of the hull girder cross section [mm4] 

 

Q୩ି୬ହ଴  : 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 s୩ for shear flow q୤ି୩, [mm3] taken as: 

 

Q୩ି୬ହ଴ ൌ  න z୬ୣ୳t୬ହ଴ds
ୱౡ

଴
 

 

z୬ୣ୳ : Vertical distance from the integral point, s, to the vertical neutral 
axis. 

 

t୬ହ଴  : Net thickness [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 F୨ି୥୰୧ୢ is obtained from 

the shear flow of the connected elements as following: 

F୨ି୥୰୧ୢ ൌ  ෍ q୤ି୩  
l୩

2

୬

୩ୀଵ

 

 

where, 
 

l୩  : Length of the k-th element of the transverse frame connected to 
the grid j [mm]. 
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n    : Total number of elements connected to the grid ‘j’. 
 

— The shear flow has direction along the cross section and therefore the distributed 
force, F୨ି୥୰୧ୢ is a vector force. For vertical hull girder shear correction, the vertical and 
horizontal force components calculated with above mentioned shear flow method above 
need to be applied to the cross section. 

3.8.3.8  Procedure to adjust vertical and horizontal bending moments for mid-ship 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: 

 

M୴ିୣ୬ୢ ൌ  M୴ି୲ୟ୰୥ െ M୴ି୮ୣୟ୩ 

where, 

M୴ିୣ୬ୢ  : Additional vertical bending moment [kN-m] to be applied to both 
ends of FE model in accordance with [3.8.3.10], 

 

M୴ି୲ୟ୰୥ : Hogging (positive) or sagging (negative) vertical bending 
moment [kN-m] as specified in [3.8.2 (a)]. 

 
M୴ି୮ୣୟ୩  : Maximum or minimum bending moment [kN-m] within the length 

of the mid-hold due to the local loads described in [3.8.3.3] and 
due to the shear force adjustment as defined in [3.8.3.5]. M୴ି୮ୣୟ୩ 
is to be taken as the maximum bending moment if M୴ି୲ୟ୰୥ is 
hogging (positive) and as the minimum bending moment if 
M୴ି୲ୟ୰୥ is sagging (negative). M୴ି୮ୣୟ୩ is to be calculated as based 
on the following formula: 

 

M୴ି୮ୣୟ୩ ൌ Extremum ൜M୚ି୊୉୑ሺxሻ ൅  M୐୧୬ୣ୪୭ୟୢ ൅ Mଢ଼ିୟ୤୲ ൬2
x െ xୟ୤୲

x୤୭୰ୣ െ xୟ୤୲
െ 1൰ൠ 

 

M୚ି୊୉୑ሺxሻ : Vertical bending moment [kN-m] at position x, due to the local 
loads as described in [3.8.3.3]. 

 

Mଢ଼ିୟ୤୲    : End bending moment [kN-m] to be taken as: 
 

o When Method 1 is applied: the value as defined in [3.8.3.6]. 
 

o When Method 2 is applied: the value as defined in [3.8.3.7]. 
 

o Otherwise: Mଢ଼ିୟ୤୲ = 0 
 

M୐୧୬ୣ୪୭ୟୢ : Vertical bending moment [kN-m] at position x,  due to application 
of vertical line loads at frames according to Method 2, to be taken 
as: 

 

M୐୧୬ୣ୪୭ୟୢ ൌ  ሺx െ xୟ୤୲ሻF െ ෍ሺx െ x୧ሻδw୧

୧

 

 

F   : Reaction force [kN] at model ends due to application of vertical 
loads to frames as defined in Table 3.8.3 (d). 
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x   : X-coordinate [m] of frame in way of the mid-hold. 
 
xୟ୤୲   : X-coordinate at aft end support [mm] 
 
x୤୭୰ୣ   : X-coordinate at fore end support [mm] 
 
δw୧  : Vertical load [kN] at web frame station i applied to generate 

required shear force.  
 

3.8.3.9  Procedure to adjust vertical bending moments outside mid-ship cargo hold region 

— To reach the vertical hull girder target values at each frame and transverse bulkhead 
position, as defined in [3.8.2 (a)], the vertical bending moment adjustments, 𝑚௏௜, are to be 
applied at web frames and transverse bulkhead positions of the finite element model, as 
shown below in Figure 3.8.3 (a)  

 

 
 

Figure 3.8.3 (a):  Adjustments of bending moments outside mid-ship cargo 
hold region. 

 

— The vertical bending moment adjustment at each longitudinal location i, is to be calculated 
as follows: 

 

fሺiሻ ൌ െM୚ି୲ୟ୰୥ሺiሻ ൅ M୚ି୊୉୑ሺiሻ ൅ M୪୧୬ୣ୪୭ୟୢሺiሻ ൅ Mଢ଼ିୟ୤୲ሺiሻ. ൬2.
x୧ െ xୟ୤୲

x୤୭୰ୣ െ xୟ୤୲
െ 1൰ 

 

m୚୧ ൌ
fሺiሻ ൅ fሺi ൅ 1ሻ

2
െ ෍ m୚୨

୧ିଵ

୨ୀ଴

 

 

m୚ିୣ୬ୢ ൌ െ ෍ m୚୨

୬౪

୨ୀ଴

 

 

where, 
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i  : Index corresponding to the i-th station, starting from i =1 at the 
aft end section up to n୲. 

 

n୲  : Total number of longitudinal stations where the vertical bending 
moment adjustment, m୚୧ is applied. 

 

m୚୧  : Vertical bending moment adjustment [kN-m] to be applied at 
transverse frame or bulkhead at station i. 

 

m୚ିୣ୬ୢ  : Vertical bending moment adjustment [kN-m] to be applied, at 
the fore end section (n୲ାଵ station). 

 

m୚୨   : Argument of summation to be taken as: 
 

m୚୨ ൌ 0   When j ൌ 0 
 
m୚୨ ൌ m୚୧   When j ൌ i 

 

M୚ି୲ୟ୰୥ሺiሻ  : Required target vertical bending moment [kN-m] at station i, 
calculated in accordance with [3.8.2 (a)]. 

 

M୚ି୊୉୑ሺiሻ  : Vertical bending moment distribution [kN-m] at station i due to 
local loads as given in [3.8.3.3]. 

 
Mlineloadሺiሻ  : Vertical bending moment [kN-m] at station i, due to the line load 

for the vertical shear force correction as required in [3.8.3.8]. 

 

3.8.3.10  Application of bending moment adjustments on the FE model 

— The required vertical and horizontal bending moment adjustments should be applied to the 
considered cross section of the cargo hold model. This process is carried out by distributing 
longitudinal axial nodal forces to all hull girder bending effective longitudinal elements of 
the considered cross section according to simple beam theory as explained below: 

 
a) For vertical bending moment: 
 

ሺF୶ሻ୧ ൌ
M୚

I୷ି୬ହ଴
.
A୧ି୬ହ଴

n୧
. z୧ 

where, 
 

M୚  : Vertical bending moment adjustment [kN-m] to be applied to the 
considered cross section of the model. 

 

 ሺF୶ሻ୧   : Axial force [kN] applied to a node of the i-th element. 
 

I୷ି୬ହ଴  : Hull girder vertical moment of inertia [m4] of the considered cross 
section about its horizontal neutral axis. 

 
z୧  : Vertical distance [m] from the neutral axis to the centre of the 

cross-sectional area of the i-th element. 
 

A୧ି୬ହ଴   : Cross sectional area [m2] of the i-th element. 
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n୧  : Number of nodal points of i-th element on the cross section, n୧ = 

1 for beam element, n୧ = 2 for 4-node shell element. 
 

— For cross sections other than at the ends of the model, the average area of the 
corresponding 𝑖-th elements forward and aft of the considered cross section is to be used. 

 

3.8.4      Summary of hull girder load adjustments 

The summary of the various sections to be referred for the adjustment procedures is tabulated in 
Table 3.8.4. 

 

Table 3.8.4: Overview of hull girder adjustment procedures 

  
Mid-ship cargo hold 
region 

After and 
forward cargo 
hold region 

Aft most 
cargo hold 

Foremost 
cargo hold 

Adjustment of Vertical 
Shear Forces 

Refer [3.8.3.5] 

Adjustment of Bending 
Moments 

Refer [3.8.3.8] Refer [3.8.3.9] 

 

3.9 Analysis criteria 

3.9.1     Evaluation area 

3.9.1.1  Mid-hold analysis: All the structural members within the evaluation area of the FE model needs 
to be evaluated for the yielding and the buckling strength assessment, specifically: 

— All hull girder longitudinal members 
 

— All primary supporting structural members such as web frames, cross ties etc. 
 

— Transverse bulkheads, forward and aft of the mid hold. 

Examples of the evaluation area selected for oil tankers and bulk carriers are illustrated in Figures 
3.9.1 (a) and 3.9.1 (b) respectively. 
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Figure 3.9.1 (a): Longitudinal extent of evaluation area for oil tanker 

 

 

Figure 3.9.1 (b): Longitudinal extent of evaluation area for bulk carrier 

 

3.9.2     Evaluation areas for cargo hold analysis pertaining to the foremost and aft most cargo   
holds 

3.9.2.1   For the fore and aft most cargo hold regions the evaluation area is extended in order to include 
the following critical elements also, in the assessment process: 

i. Foremost cargo hold region 
 
All the structural members which are a part of the collision bulkhead and extending to one 
web frame spacing forward of the collision bulkhead 

 
ii. Aft most cargo hold region 

All structural members being part of the transverse bulkhead of the aft most cargo hold 
and all hull girder longitudinal structural members aft of this transverse bulkhead with the 
extent of 15% of the aft most cargo hold length. 

3.9.3     Yield strength assessment 
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3.9.3.1  von Mises stress 

For all plates of the structural members within the evaluation area, the von Mises stress, σ୴୫, 
[N/mm2] is to be calculated based on the membrane normal and shear stresses of the shell 
element. The equivalent stresses are to be evaluated at the element centroid of the mid-plane 
(layer), as follows: 

 

σ୴୫ ൌ  ටσ୶
ଶ െ σ୶σ୷ ൅ σ୷

ଶ ൅ 3τ୶୷
ଶ 

 

where, 
 

σ୶, σ୷   : Element normal membrane stresses [N/mm2] 
 

τ୶୷   : Element shear stress [N/mm2] 
  

3.9.3.2  Axial stress in beams 

For beam and rod elements, the axial stress, σୟ୶୧ୟ୪, [N/mm2] should be calculated based on axial 
stress alone. The axial stress needs to be evaluated at the middle of element length. The axial 
stress has to be calculated for the following members: 

o Flange of primary supporting members, 
 

o In dummy rod elements which are modelled with unit cross sectional properties, at the 
intersection between the flange and web of the corrugation. 

3.9.3.3  Permissible stress 

The coarse mesh permissible yield utilization factors, λ୷୮ୣ୰୫, given in Table 3.9.3 (a), are based 

on the element types and the mesh size described in this section. Whenever, the geometry is 
incapable of being represented in the cargo hold model and the stress exceeds the allowable 
criteria, then a finer mesh needs to be used to adequately demonstrate satisfactory scantling. 
Where a smaller mesh size is used, an average weighted von Mises stress calculated over an 
area equivalent to the specified mesh size required for the partial ship model needs to be used to 
comply with the coarse mesh permissible yield utilization factors. Stress averaging is not to be 
carried across structural discontinuities and abutting structure 

3.9.3.4  Coarse mesh permissible yield utilization factors 

The permissible coarse mesh yield utilization factors, λ୷୮ୣ୰୫, given in Table 3.9.3 (a), are based 

on the element types and the mesh size described in Section 4, [4.5]. The yield utilization factor 
resulting from element stresses of each structural component is not to exceed the permissible 
values as given in Table 3.9.3 (a). 

 

Table 3.9.3 (a): Permissible coarse mesh yield utilization factor, 𝛌𝐲𝐩𝐞𝐫𝐦 

Structural Member 
Load 

components 
𝛌𝐲𝐩𝐞𝐫𝐦 

Plating of all longitudinal hull girder structural members, 
primary supporting structural members and bulkheads. 

S 0.80 
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Dummy rod of corrugated bulkhead. Face plate of primary 
supporting members modelled using shell or rod elements. 

S+D 1.0 

Corrugation of corrugated bulkheads under lateral pressure 
from liquid loads, for shell elements only. 

S 0.72 

S+D 0.90 

 

3.9.3.5  Allowable criteria and coarse mesh permissible yield utilization factors 

The results from cargo hold analysis should illustrate that the stresses obtained from the FE 
analysis do not exceed the coarse mesh permissible yield utilization factors, as follows: 

λ୷ ൑  λ୷୮ୣ୰୫ 
 

where, 
 

λ୷ :  Yield utilization factor 

 
λ୷ ൌ  

஢౬ౣ

஢౯
 ;    For plate elements in general 

 

λ୷ ൌ  
஢౗౮౟౗ౢ

஢౯
  ;    For rod or beam elements in general 

 

σ୴୫   : von Mises Stress [N/mm2] 
 

σୟ୶୧ୟ୪     : Axial stress in rod element [N/mm2] 
 

λ୷୮ୣ୰୫  : Coarse mesh permissible yield utilization factor, as given in the Table 
3.9.3 (a) 

 

σଢ଼   : Nominal yield stress, taken equal to 235/k 
 

3.9.3.6   Corrugation of corrugated bulkheads 

The stress in corrugation of corrugated bulkheads is to be evaluated based on: 
i. The von Mises stress, σ୴୫, in the shell elements on the flange and web of the corrugation. 

 
ii. The axial stress, σୟ୶୧ୟ୪, in dummy rod elements, modeled with unit cross-sectional 

properties at the intersection between the flange and web of the corrugation. 
 

3.9.3.7   Simplified shear stress correction for openings 

In the presence of cut-outs, the yield utilization factor needs to be corrected using the simplified 
shear stress correction factor. Correspondingly, the yield criteria should be satisfied utilizing this 
corrected yield utilization factors as: 

 

λ୷ ൌ
஛౯,ూు

େ౨
  

 

where, 
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λ୷,୊୉  : Yield utilization factor from FE assessment with openings not reflected in 
the model 

 

C୰   : Reduction factor for yield criteria as given in Table 3.9.3 (b). 
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Table 3.9.3 (b): Simplified shear stress correction 

 

 

Aୱ୦୰ି୬ହ଴: Effective net shear area of the web [mm2] taken as the web area without the all opening 
areas and without the slots for stiffeners. 

 

3.9.3.8   Shear stress correction for cut-outs 

Except as indicated in [3.9.3.5], the element shear stress in way of cut-outs in webs should be 
corrected for loss in shear area in accordance with the following formula. The corrected element 
shear stress needs to be used to calculate the von Mises stress of the element for verification 
against the yield criteria. 

 

τୡ୭୰୰ ൌ
h. t୫୭ୢି୬ହ଴

Aୱ୦୰ି୬ହ଴
τୣ୪ୣ୫ 

 

where, 
 

τୡ୭୰୰   : Corrected element shear stress [N/mm2] 
 

h  : Height of web of girder [mm], in way of opening, refer Table 3.4.4.   
Where the geometry of the opening is modelled, h is to be taken as 
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the height of web of the girder deducting the height of the modelled 
opening. 

t୫୭ୢି୬ହ଴  : Modelled web thickness [mm], in way of opening. 

Aୱ୦୰ି୬ହ଴  : Effective net shear area of web [mm2], taken as the web area deducting 

the area loss of all openings, including slots for stiffeners, calculated as 
given in [3.9.3.9]. 

τୣ୪ୣ୫ : Element shear stress [N/mm2] before correction.  

3.9.3.9  Shear area of primary supporting members with web openings 

The effective web height, hୣ୤୤, in mm, to be considered for calculating the effective net shear area, 
Aୱ୦୰ି୬ହ଴ is to be taken as the lesser of: 

hୣ୤୤ ൌ h୵ 

hୣ୤୤ ൌ h୵ଷ ൅ h୵ସ 

hୣ୤୤ ൌ h୵ଵ ൅ h୵ଶ ൅ h୵ସ 

where: 

h୵   : Web height of primary supporting member, in mm. 

h୵ଵ, h୵ଶ, h୵ଷ, h୵ସ : Dimensions as shown in Figure 3.9.3. 

Where an opening is located at a distance less than h୵/3 from the cross-section considered, 
hୣ୤୤ is to be taken as the smaller of the net height and the net distance through the opening. Refer 
Figure 3.9.3. 

 

 

             Figure 3.9.3: Effective shear area in way of opening 

 

3.9.4 Buckling strength assessment 
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3.9.4.1  Applicable structural locations/details/members are to be selected and evaluated as provided in 
the IRS Rules for Bulk Carriers and Oil Tankers, Vol.2, Chapter 8 for buckling strength 
assessment. 

3.9.4.2  IRS will specially consider buckling strength evaluation using non-linear finite element techniques 
in lieu of the provisions on 2.5.3.1. For this purpose, it has to be demonstrated to the satisfaction 
of the IRS that the program using non-linear finite element techniques gives satisfactory results. 
The program is to be able to consider the effects of initial imperfections in the plating according 
to IACS Recommendation. 47 and residual stresses. 

3.9.5      Fatigue strength assessment 

3.9.5.1 Applicable structural locations/details/members are to be selected as described in IRS Rules Part 
3 and Part 5 and IRS Guideline IRS-G-DES-07. 
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Section 4 

 

Local Structural Strength Analysis 

 

4.1 Scope and application 

4.1.1     Local analysis is the subsequent assessment after performing either the full ship analysis or the 
three cargo hold analysis. The local strength analysis of structural details is to be performed if 
deemed critical by IRS. Present section details the procedure of local strength analysis. 

4.1.2     Fine mesh FE analysis is to be carried out for structural details for specific ships as given in Part 
5, as applicable. Such analysis may also be carried out for any details that are deemed critical by 
IRS.  

4.1.3     The local analysis is performed to verify the adequacy of local structural details for yielding in 
accordance with [4.6]. 

4.2 Local areas to be assessed by fine mesh 

4.2.1      General 

4.2.1.1  Structural details in the mid-ship cargo hold region to be assessed by fine mesh analysis are 
modelled as detailed such as: 

 
— Hopper knuckle 

 
— Frames end bracket 

 
— Large openings 

 
— Connections of deck and double bottom longitudinal stiffener to transverse bulkhead 

 
— Connections of corrugation to adjoining structure 

 
— Bracket at the heel of horizontal stringer 

 
— Hatch corner area 

 
— Scarfing and termination of primary structural members 

 
— Crane & Other Heavy Equipment Foundations 

 

4.2.1.2  For each of the above-mentioned structural details, one fine mesh model is required within all the 
cargo hold models covering the mid-ship cargo hold region. The selection of the location of fine 
mesh model is to be based on requirements given in [4.2.2] to [4.2.7] for all cargo hold analyses 
in the mid-ship cargo hold region. 

4.2.2      Hopper knuckles for ship with double side 
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4.2.2.1   Fine mesh analysis is to be carried out for the lower and upper hopper knuckles of either welded 
or bent type, in way of a typical transverse web frame, as indicated in Figure 4.2.2. 

4.2.2.2 For double side arrangements without the hopper plating, i.e. where the inner hull longitudinal 
bulkhead is fitted directly to the inner bottom, fine mesh analysis is to be carried out for the heel 
of the transverse web frame. 

4.2.2.3 The transverse web frame which, in the cargo hold analysis, has the maximum yield utilisation 
factor, λ୷ in knuckle is to be selected for the fine mesh analysis. 

  

Figure 4.2.2: Mandatory areas at hopper knuckles for ships with double side 
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Figure 4.2.3: Mandatory areas at lower upper knuckle and side frame end brackets for single 
side bulk carrier 

 

4.2.3      Side frame end brackets and lower hopper knuckle 

4.2.3.1   Fine mesh analysis is to be carried out for the lower hopper knuckle of either welded or bent type, 
lower and upper end bracket of side frame, as indicated in Figure 4.2.3. 

4.2.3.2. The side frame which in the cargo hold analysis has the maximum yield utilisation factor, λ୷, in end 

bracket joints is to be selected for the fine mesh analysis. 

4.2.4      Large openings 

4.2.4.1  Large openings in way of primary supporting members, for which their geometry is required to be 
represented in the cargo hold model in accordance with Section 3, [3.4.4.5] are to be assessed 
by fine mesh analysis. 

4.2.4.2   The structural member in way of the large openings having the maximum yield utilisation factor, 
λ୷, in the cargo hold analysis is to be selected for the fine mesh analysis. 

4.2.5   Connections between deck and double bottom longitudinal stiffeners and adjoining 
structures of transverse bulkhead 

4.2.5.1  Fine mesh analysis is to be carried out for the connections of deck and double bottom longitudinal 
stiffeners and adjoining structures of transverse bulkhead, either plane or corrugated bulkhead. 
The adjoining structures of transverse bulkhead include the structural members in way of the 
bulkhead, the partial deck girders and partial double bottom girders, if any. For example, the 
following structural members are to be assessed, some of them being shown in Figure 4.2.5. 
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— At least one pair of connections between inner and outer bottom longitudinal stiffeners and 
adjoining structures of transverse bulkhead. 

— At least one pair of connections between inner and outer bottom longitudinal stiffeners and 
adjoining structures of adjacent floor to the transverse bulkhead. 

— At least one connection between deck longitudinal stiffener (fitted above or below deck) 
and adjoining vertical structure of transverse oil tight bulkhead. 

— Connection between deck longitudinal partial girder on top of transverse oil tight bulkheads 
when fitted and adjoining vertical structure of transverse oil tight bulkhead. 

— Connection between bottom longitudinal partial girder in way of transverse oil tight 
bulkheads when fitted and adjoining vertical structure of transverse oil tight bulkhead. 

4.2.5.2 The selection of the connections between longitudinal and vertical stiffeners to be analysed is to be 
based on the maximum relative deflection between supports, i.e. between floor and transverse 
bulkhead or between deck transverse and transverse bulkhead. Where there is a significant 
variation in end connection arrangement between stiffeners or scantlings, analyses of additional 
connections may be required by IRS. 

 

 

 

Figure 4.2.5: Mandatory area connection between double bottom and deck longitudinals and 
adjoining structure of transverse bulkhead 
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4.2.5.3   Outside the mid-ship cargo hold region, the scantlings of the connections as given above are not 
to be less than the required scantlings obtained for the mid-ship cargo hold region unless an 
equivalent strength is demonstrated by fine mesh analysis. 

4.2.6     Connection between corrugation and adjoining structure 

4.2.6.1   Fine mesh analysis is to be carried out for connections between corrugation and adjoining lower 
supporting structures. For example, the following structure members, as shown in Figure 4.2.6, 
are to be assessed. 

— Connection of the corrugation and supporting structure in way of lower stool shelf plate 
 

— Connection of the corrugation and lower supporting structure to inner bottom if no stool is 
fitted. 

 
— Connection of the corrugation and upper corner of the gusset plate if shedder plate with a 

gusset plate is fitted at top of the lower stool. 
 

4.2.6.2  The corrugation unit which, in the cargo hold analysis, has the maximum yield utilisation factor, 
λ୷, in way of the corrugation connection, is to be selected for the fine mesh analysis. 

4.2.6.3  Where there is a significant variation in arrangement of supporting structures of the corrugation, 
analysis of additional location may be required by IRS. 

4.2.6.4    For ships with both longitudinal and transverse corrugated bulkheads, fine mesh analysis is 
required for the connection between corrugation and supporting structure in way of the lower stool 
shelf plate or inner bottom, if no stool is fitted, at the intersection between longitudinal and 
transverse bulkheads. 
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Figure 4.2.6: Mandatory area connection between corrugation and adjoining stool 

 

4.2.7      Bracket at the heel of horizontal stringer 

 

4.2.7.1    Fine mesh analysis is to be carried out for the bracket at the heel of horizontal stringers. All 
structural elements adjacent to the heel including the inner hull, longitudinal and transverse 
bulkhead are to satisfy the allowable stress criteria. The heel of horizontal stringer which, in the 
cargo hold analysis, has the maximum yield utilization factor, λy, is to be selected for the fine mesh 
analysis. Where there is a significant variation in the arrangement of the bracket at the heel and 
the horizontal stringer, analysis of additional locations may be required by IRS. 

4.3 Structural model 

4.3.1      General 

4.3.1.1   Evaluation of detailed stresses requires the use of refined finite element mesh in way of areas of 
high stress. The fine mesh analysis can be carried out by fine mesh zones incorporated into the 
cargo hold model. Alternatively, equivalent local FE model with fine mesh zones in conjunction 
with the boundary conditions obtained from the cargo hold model may be used. 

4.3.1.2  Local fine mesh zone is to be made of shell elements considering the bending and membrane 
properties. 

4.3.2      Extent of model 

4.3.2.1   If a separate local fine mesh model is used, its extent is to be such that the calculated stresses 
at the areas of interest are not significantly affected by the imposed boundary conditions. The 
boundary of the fine mesh model is to coincide with primary supporting members in the cargo 
hold model, such as web frame, girders, stringers and floors. 
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4.3.3.     Mesh size 

4.3.3.1   The mesh size in the fine mesh zone is not to be greater than 50×50 mm.  

4.3.3.2   The extent of the fine mesh zone is not to be less than 10 elements in all directions from area 
under evaluation. A smooth transition of mesh density from coarser mesh to fine mesh zone is to 
be maintained 

 

4.3.4      Elements 

4.3.4.1   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. The overlap beam element 
can be applied as shown in Figure 4.3.4 (a). 

 

Figure 4.3.4 (a): Overlap element in transition from shell to beam elements 

 

4.3.4.2  Where fine mesh analysis is required for main bracket end connections, including the end 
connection of hold frames, the fine mesh zone is to be extended at least 10 elements in all 
directions from the area subject to assessment, see Figure 4.3.4 (b). 

4.3.4.3  Where fine mesh analysis is required for an opening, the first two layers of elements around the 
opening are to be modelled with mesh size not greater than 50 x 50 mm. A smooth transition from 
the fine mesh to the coarser mesh is to be maintained. Edge stiffeners which are welded directly 
to the edge of an opening are to be modelled with shell elements. Web stiffeners close to an 
opening may be modelled using rod or beam elements located at a distance of at least 50 mm 
from the edge of the opening. Example of fine mesh zone around an opening is shown in Figure 
4.3.4 (c). 

4.3.4.4   Face plates of openings, primary supporting members and associated brackets are to be modelled 
with at least two elements across their width on either side. 

  

Shell elements 

Beam elements 

Overlap 
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Figure 4.3.4 (b): Fine mesh zone around bracket toe 
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Figure 4.3.4 (c): Fine mesh zone around an opening 

 

4.3.5      Transverse Web Frames 

4.3.5.1   In addition to the requirements of  [4.3.2] to [4.3.4], the modelling requirements in this sub-section 
are applicable to the analysis of a typical transverse web frame. 

4.3.5.2    Where a FE sub model is used, the model is to have an extent of at least 1+1 web frame spaces, 
i.e. one web frame space extending either side of the transverse web frame under investigation. 

4.3.5.3    The full depth and full breadth of the ship are to be modelled, see Figure 4.3.5 (a). Figure 4.3.5 
(b) shows a close-up view of the finite element mesh at the lower part of the vertical web and 
backing brackets. 
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Figure 4.3.5 (a): Example of extent of local model for fine mesh analysis of web frame bracket 
connections and openings 
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Figure 4.3.5 (b): Close-up view of FE mesh at lower part of a transverse web frame 

 

4.3.6      Transverse bulkhead stringers, buttress and adjacent web frames 
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4.3.6.1  In addition to the requirements of Section 4, [4.3.2] to [4.3.4], the modelling requirements in this 
sub-section are applicable to the analysis of a typical transverse bulkhead structures and adjacent 
web frame. 

4.3.6.2  Due to the structural interaction among the transverse bulkhead, horizontal stringers, web frames, 
deck and double bottom, it is recommended that the FE local model represents a full section of 
the hull. Longitudinally, the ends of the model should be extended at least one web frame space 
beyond the areas that require investigation, see Figure 4.3.6 (a). 

4.3.6.3   Alternatively, it is acceptable to use a number of local models, as shown in Figure 4.3.6 (b), to 
analyse different parts of the structure. For the analysis of the transverse bulkhead horizontal 
stringers the full breadth of the ship is to be modelled. For the analysis of buttress structure, the 
local model width should be at least 4+4 longitudinal spaces, i.e. four longitudinal spaces at each 
side of the buttress. 

4.3.6.4    Figure 4.3.6 (c) shows the finite element mesh on a transverse bulkhead horizontal stringer. Figure 
4.3.6 (d) shows the local model for the analysis of buttress connections to transverse bulkhead 
and double bottom structure, and openings. 
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Figure 4.3.6 (a): Extent of local model for fine mesh analysis of transverse bulkhead and 
adjoining structure 
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Figure 4.3.6 (b): Example of local analysis of transverse bulkhead structure using local models 

 

 
 

Figure 4.3.6 (c): Example of finite element mesh on transverse bulkhead horizontal stringer 
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Figure 4.3.6 (d): Example of local model for the analysis of buttress connections to bulkhead 
and double bottom structure, showing port half of model 

 

4.3.7      Deck, double bottom longitudinal and adjoining transverse bulkhead vertical stiffeners 

4.3.7.1  In addition to the requirements of [4.3.2] to [4.3.4], the modelling requirements in this sub-section 
are applicable to the analysis of longitudinal and vertical stiffener end connection and attached 
web stiffeners. 

4.3.7.2   Where a local FE model is used, each end of the model is to be extended longitudinally at least 
two web frame spaces from the areas under investigation. The model width is to be at least 2+2 
longitudinal spaces. Figure 4.3.7 shows the longitudinal extent of the local model for the analysis 
of deck and double bottom longitudinal stiffeners and adjoining transverse bulkhead vertical 
stiffener. 

4.3.7.3  The web of the longitudinal stiffeners outside of the fine mesh zone should be represented by at 
least 3 shell elements across its depth. Similar size elements should be used to represent the 
plating of the bottom shell and inner bottom. The flange of the longitudinal stiffeners and face 
plate of brackets should be modelled with at least two shell elements across its width at one side. 
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Figure 4.3.7: Example of local analysis of deck, double bottom longitudinal and adjoining 
transverse bulkhead vertical stiffeners 

 

4.3.8      Corrugated bulkheads 

4.3.8.1   In addition to the requirements of [4.3.2] to [4.3.4], the modelling requirements in this sub-section 
are applicable to the analysis of connection of corrugated bulkheads to lower stool and the 
connection between lower stool and inner bottom. 

4.3.8.2   The minimum extents of the local model are as follows, see also Figure 4.3.8 (a). 

— Vertically, the model is to be extended from the bottom of the ship to a level at least 2 m 
above the corrugation and lower stool connection. The upper boundary of the local model 
is to coincide with the horizontal mesh line of the cargo hold FE model for the purpose of 
applying boundary displacements, see [4.3.2]. 
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— For transverse corrugated bulkheads, the local model is to be extended transversely to the 

nearest diaphragm web in the lower stool on each side of the fine mesh zone (i.e. the local 
model covers two lower stool transverse web/diaphragm spaces). The end diaphragms 
need not be modelled. 
 

— For the longitudinal corrugated bulkheads, the local model is to be extended to the nearest 
web frame on each side of the fine mesh zone (i.e. the local model covers two frame 
spaces). The end web frames need not be modelled. 
 

— For the corrugation and lower stool connection located close to the intersection of 
transverse and longitudinal corrugated bulkheads, such as for product tanker, the local 
model is to cover the structure between the diaphragms (in transverse direction) and web 
frames (in longitudinal direction) closest to the detail, whichever is relevant. In addition, the 
local model is to be extended at least one diaphragm/ web frame outside the intersection 
between the transverse stool and the longitudinal stool. 
 

— For lower stool to inner bottom connection, the connection between inner bottom, lower 
stool plate, diaphragm and double bottom girder, where applicable, is the centre of the fine 
mesh zone. 

 

4.3.8.3   For corrugation connections, the fine mesh zone is to cover at least the corrugation flange under 
investigation, the adjacent corrugation webs and a further extension of 500 mm from each end of 
the corrugation web, i.e. the fine mesh zone covers at least four corrugation knuckles, see Figure 
4.3.8 (a) and Figure 4.3.8 (b). The mesh size within the fine mesh zone is not to be greater than 
50 × 50 mm. 

  

 

Figure 4.3.8 (a): Example of local analysis of deck, double bottom longitudinal and adjoining 
transverse bulkhead vertical stiffeners 
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Above figures show the extent of local model and fine mesh zone on longitudinal corrugated bulkhead 
connection to lower stool. Similar extent applies to transverse corrugated bulkhead. The model extents 
shown above are the minimum extents. 

 

Figure 4.3.8 (b): Example of partial local model for the analysis of connection of corrugated 
bulkhead and lower stool 
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Figure 4.3.8 (c): Example of partial local model for the analysis of connection of lower stool to 
inner bottom 

4.3.8.9   Diaphragm webs, brackets inside the lower stool and all stiffeners on the stool plate and diaphragm 
are to be modelled at their actual positions within the extent of the local model. Shell elements 
are to be used for modelling of diaphragm, web and flange of vertically orientated stiffeners, and 
brackets in the fine mesh zone. 

4.3.8.10 Horizontally orientated stiffeners within the fine mesh zone are to be represented by either shell or 
beam elements. 

4.3.8.11 FE local models for the fine mesh analysis of longitudinal bulkhead to lower stool connection and 
lower stool to inner bottom connection are shown in Figure 4.3.8 (b) and Figure 4.3.8 (c) 
respectively. 

4.3.9      Hatch corner structures 

4.3.9.1   In addition to the requirements of [4.3.2] to [4.3.4], the modelling requirements in this sub-section 
are applicable to the analysis of hatch corner structures. 

4.3.9.2   The high stress area, such as hatch coming end bracket, the hatch end beam connection, need to 
be analysed by fine mesh model. The fine mesh zones cover these areas, see Figure 4.3.9. 
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Figure 4.3.9: Example of local model for the analysis of hatch opening structures 

 
4.4 Screening procedure 

4.4.1      General 

4.4.1.1  Local structural details where the stress gradient changes sharply due to complex geometry, the 
potential stresses can be much higher than the average stress on the area of coarse mesh 
analysis. Such locations are to be identified through the screening procedure and fine mesh 
analysis is to be performed to investigate the real stress distribution over those areas.  

4.4.1.2   Examples of the screening procedure of structural details are given in Appendix A. 

 
4.5 Loads and FE load combinations 

4.5.1 General 

4.5.1.1  The fine mesh detailed stress analysis is to be carried out for all FE load combinations applied to 
the corresponding full ship analysis (Section 2) or cargo hold analysis (Section 3). 

4.5.2  Load application and boundary conditions 

4.5.2.1  Where a separate local model is used for the fine mesh detailed stress analysis, the nodal 
displacements from the cargo hold model or full ship model are to be applied to the corresponding 
boundary nodes on the local model as prescribed displacements. Alternatively, equivalent nodal 
forces from the cargo hold model or full ship model may be applied to the boundary nodes. 

4.5.2.2  Where there are nodes on the local model boundaries which are not coincident with the nodal 
points on the cargo tank model, it is acceptable to impose prescribed displacements on these 
nodes using multi-point constraints. The use of linear multi-point constraint equations connecting 
two neighbouring coincident nodes is considered sufficient. 

4.5.2.3  All local loads, including any loads applied for hull girder bending moment and/or shear force 
adjustments, in way of the structure represented by the separate local finite element model are to 
be applied to the model. 
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4.6 Analysis criteria 

4.6.1      Reference stress 

4.6.1.1  Von Mises stress is taken as the reference stress, vm, 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. 

4.6.2      Permissible stress 

4.6.2.1  The maximum permissible stresses are based on the mesh size of 50 x 50 mm as specified in 
Section 4, [4.3.1] to [4.3.4]. 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. 

4.6.3      Allowable stress criteria 

4.6.2.1  Verification of stress results against the allowable stress criteria is to be carried out in accordance 
with Section 4, [4.6.1] and [4.6.2]. The structural assessment is to demonstrate that the stress 
complies with the following criteria: 

 

λ୤ ൑  λ୷୮ୣ୰୫ 

 

where, 

λ୷   :  Yield utilization factor 
 

λ୷ ൌ  
஢౬ౣ

஢౯
 ;   For plate elements in general 

 

λ୷ ൌ  
|஢౗౮౟౗ౢ|

஢౯
  ;  For rod or beam elements in general 

 

σ୴୫   : von Mises Stress in [N/mm2] 
 

σୟ୶୧ୟ୪     : Axial Stress in rod element [N/mm2] 
 

λ୷୮ୣ୰୫ : Fine mesh permissible yield utilization factor are given in Table 4.6.3. 
 
σ୷  : Nominal yield stress (considering the material factor as per IRS Rules 

e.g. 235/k) 
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Table 4.6.3: Permissible fine mesh yield utilization factor, 𝛌𝐟𝐩𝐞𝐫𝐦 

Structural Member 
Load  

components 
 𝝀𝒇𝒑𝒆𝒓𝒎 

Elements not adjacent to weld 
S 1.36 ff 

S+D 1.7 ff 

Elements adjacent to weld 
S 1.2 ff 

S+D 1.5 ff 

where, 

ff   =   fatigue factor taken as: 

    =   1.0 in general 

    =   1.2 for details where fatigue strength is verified by hot spot stresses based on very fine mesh        

          finite element analysis  
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Appendix A 

 

Screening Procedure 
 

A.1 Screening Areas 
 

A.1.1 The structural details subject to the screening procedure are checked in the following ship areas: 
 
A.1.1.1 Within the full cargo hold region 
 

The following structural details and areas in the cargo hold region are to be evaluated by 
screening: 

— Openings which do not require modelling and manholes, see Section 3, [3.4.4.5], in way of 
web of primary supporting members, such as transverse web frame as indicated in Table 
A.1.1 (a) and Table A.1.1 (b), horizontal stringers as indicated in Table A.1.1 (c), floors and 
longitudinal girders in double bottom. 
 

— Bracket toes on transverse web frame as indicated in Table A.1.1 (a) and Table A.1.1 (b) 
horizontal stringer and transverse plane bulkhead connected to double bottom or buttress 
structure specified in Table A.1.1 (c). 
 

— Heels of transverse bulkhead horizontal stringers specified in Table A.1.1 (c). 
 

— Connections of transverse lower stool to double bottom girders and longitudinal lower stool 
to double bottom floors as indicated in Figure A.1.1 (a). 

 
— Connection of lower hopper to transverse lower stool structure as indicated in Figure A.1.1 

(a). 
 

— Connection of topside tank to inner side as indicated in Figure A.1.1 (b). 
 

— Connection of corrugation and upper supporting structure to upper stool as indicated in 
Figure A.1.1 (c). 
 

— Hatch corner area, such as the hatch coaming end bracket, the hatch corner and the hatch 
end beam connection as indicated in Figure A.1.1 (d). 

 
Within each group of the structural details having the same geometry and the same relative 
location inside the cargo region, the screening verification can be performed for the detail for 
which the yield utilisation factor, λ୷, is maximum 

 
A.1.1.2 Outside mid-ship cargo hold region 
 

The following structural details outside mid-ship cargo hold region are to be evaluated by 
screening: 

 

— Hopper knuckle, as defined in Section 4, [4.2.2] and [4.2.3] 
 

— Side frame end bracket, as defined in Section 4, [4.2.3] 
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— Large openings, as defined in Section 4, [4.2.4] 

 
— Connections of corrugation to adjoining structure, as defined in Section 4, [4.2.6] 

 
— Bracket at the heel of horizontal stringers in Section 4, [4.2.7] 

 
The connections of corrugation to adjoining structure and the bracket at the heel of horizontal 
stringers to be screened are to be similar in its geometry, its proportion and its relative location to 
the corresponding detail modelled in fine mesh in the mid-ship cargo hold region. 

 
When the connections of corrugation to adjoining structure and the bracket at the heel of 
horizontal stringers outside the mid-ship cargo hold region are different from the corresponding 
detail modelled in fine mesh in the mid-ship cargo hold region, a fine mesh analysis is to be 
performed for the detail located where the yield utilisation factor, λ୷, is maximum for structural 
details having the same geometry and the same relative location. 

 
When it is deemed necessary, IRS may request a fine mesh analysis to be performed. 

 

Table A.1.1 (a): Screening areas of transverse web frame in oil tanker 
 

  

  

 
Bracket toes 

 
Openings and manholes (shaded regions) 

 
Openings and manholes 
(unshaded regions) 

Screening check to be performed for openings except if: 
 

ho/h < 0.35 and go < 1.2, and each end of the opening forms a 
semi-circle arc (i.e. radius of opening equal to b/2). This 
criterion does not apply to manholes which are to be evaluated 
by screening irrespective of size. 
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ho, h and go is defined in Section 3, [3.4.4.5], b is the smallest 
of the length and breadth of the opening. 
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Table A.1.1 (b): Screening areas of transverse web frame in bulk carrier 
 

  

 
Bracket toes 

 
Openings and manholes (shaded regions) 

 
Openings and manholes 
(unshaded regions) 

Screening check to be performed for openings except if: 
 

ho/h < 0.35 and go < 1.2, and each end of the opening forms a 
semi-circle arc (i.e. radius of opening equal to b/2). This 
criterion does not apply to manholes which are to be evaluated 
by screening irrespective of size. 
 

ho, h and go is defined in Section 3, [3.4.4.5], b is the smallest 
of the length and breadth of the opening. 

 

Table A.1.1 (c): Screening areas for horizontal stringer and transverse bulkhead to double bottom 
connections in oil tanker 
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Bracket toes 

 
Openings and manholes (shaded regions) 

 
Openings and manholes 
(unshaded regions) 

Screening check to be performed for openings except if: 
 

ho/h < 0.35 and go < 1.2, and each end of the opening forms a 
semi-circle arc (i.e. radius of opening equal to b/2). This 
criterion does not apply to manholes which are to be evaluated 
by screening irrespective of size. 
 

ho, h and go is defined in Section 3, [3.4.4.5], b is the smallest 
of the length and breadth of the opening. 
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Figure A.1.1 (a): Screening areas at connections of lower stool to inner bottom and hopper tank 

 

 
Figure A.1.1 (b): Screening areas at connections of topside tank to inner side 

 

 
Figure A.1.1 (c): Screening areas at connection of corrugation and upper supporting structure 

to upper stool 
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Figure A.1.1 (d): Screening areas at hatch corner in bulk carrier 
 
A.2 Screening criteria 
 

A.2.1 Screening factors and permissible screening factors 
 
A.2.1.1 The screening factors, λୱୡ and the permissible screening factors, λୱୡ୮ୣ୰୫, are given in Table A.2.1 

(a) for the screening areas defined in [A.1]. 
 

 

Table A.2.1 (a): Screening factors and permissible screening factors 
 

Type of Details 
Screening 
factors, 𝝀𝒔𝒄 

Permissible 
screening 

factors, 𝝀𝒔𝒄𝒑𝒆𝒓𝒎 

Within the whole cargo hold region S+D S 

Openings for which their geometry is not required to be 
represented in the cargo hold model in accordance with 
[3.4.4.5],  in way of webs of primary supporting members, 
such as transverse web frame as indicated in Table A.1.1 (a) 
and Table A.1.1 (b), horizontal stringers as indicated in Table 
A.1.1 (c), floors and longitudinal girders in double bottom. 

Table A.2.1 (b) 1.70 1.36 

Manholes (2) λ୷ 0.85 λ୷୮ୣ୰୫ 

Bracket toes on transverse web frames as indicated in Table 
A.1.1 (a) and Table A.1.1 (b), horizontal stringers and 
transverse plane bulkhead to double bottom connection or 
buttress structure specified in Table A.1.1 (c). 

Table A.2.1 (c) 1.50 1.20 

Heels of transverse bulkhead horizontal stringers specified 
in Table A.1.1 (c). 

Table A.2.2 1.50 1.20 
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Connections of transverse lower stool to double bottom 
girders and longitudinal lower stool to double bottom floors 
as indicated in Figure A.1.1 (a). The connection of lower 
hopper to transverse lower stool structure as indicated in 
Figure A.1.1 (a). The connection of topside tank to inner side 
as indicated in Figure A.1.1 (b). The connection of 
corrugation and upper supporting structure to upper stool as 
indicated in Figure A.1.1 (c). 

λ୷ 0.75 λ୷୮ୣ୰୫ 

Hatch corner area λ୷ 0.95 λ୷୮ୣ୰୫ 

Outside mid-ship cargo hold region 

Hopper knuckle 

λ୷ 

0.65 λ୷୮ୣ୰୫ 

Side frame end bracket 0.85 λ୷୮ୣ୰୫ 

Large openings (2) 0.85 λ୷୮ୣ୰୫ 

Connections of corrugation to adjoining structure and 
bracket at the heel of horizontal stringer 

λୱୡ ൌ
Kୱୡσୡ

σଢ଼
 

(1) 
1.5 ff 1.2 ff 

where, 
 

λy        : Coarse mesh yield utilisation factor, as defined in Section 3, [3.9.3] 
 

λyperm : Coarse mesh permissible yield utilisation factor, as defined in Section 3, [3.9.3] 
 

Ksc.      : Screening stress concentration factor, taken as: 
 

 𝐾ௌ஼ ൌ
𝜎ிெ

𝜎஼ெ
 

 

σFM     : Von Mises fine mesh stress [N/mm2] for the considered detail calculated in the mid-ship cargo  
hold region according to  Section 4. 

 

σCM     : Von Mises coarse mesh stress [N/mm2] for the considered detail calculated in the mid-ship cargo 
hold region according to Section 4. 

 

σC          : Von Mises coarse mesh stress [N/mm2] for the area in way of considered detail. 
 

ff.            : Fatigue factor defined in Section 4, [4.6] 
 

NOTE: 
 

(1) For each screened detail, σFM and σCM are to be taken from the corresponding elements in the same 
plane position. 
 

(2) The representative element which has maximum yield utilisation factor around the manhole and the 
large opening is to be verified against criterion 
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Table A.2.1 (b): Screening factor for openings in primary supporting members 
 

λୱୡ           : Screening factor taken as 
 

λୱୡ ൌ 0.85C୦ ቆหσ୶ ൅ σ୷ห ൅ ቆ2 ൅ ൬
l୭

2r
൰

଴.଻ସ

൅ ൬
h୭

2r
൰

଴.଻ସ

ቇ หτ୶୷หቇ
k

235
 

 

Ch           : Coefficient taken as(2): 
 

 For opening in web of PSM. 
 

C୦ ൌ 1.0 െ 0.23 ൬
h୭

h
൰ ൅ 2.12 ൬

h୭

h
൰

ଶ

 
 

 For opening in web of main bracket and buttress (see figures below). 
 

 C୦ = 1.0 
 

r         : Radius of opening [mm] 

 

h0            : Height of opening parallel to depth of web [mm] 

 

l0  : Length of opening parallel to girder web direction [mm] 

 

h  : Height of web of girder in way of opening [mm] 

 

σx       : Axial stress in element x-direction determined from cargo hold FE analysis according to the 
coordinate system shown [N/mm2]. 

 

σy  : Axial stress in element y-direction determined from cargo hold FE analysis according to the 
coordinate system shown [N/mm2]. 

 

xy  : Element shear stress determined from cargo hold FE analysis(1) [N/mm2]. 
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NOTE: 
 

(1) The element shear stress is to be adjusted using the formula given in Section 3, [3.9.3.8] prior 
to the evaluation of yield utilisation factor for verification against the screening criteria. 

 

(2) Where the geometry of the opening is required to be modelled in accordance with Section 3, 
[3.4.4.5], fine mesh FE analysis is to be carried out to determine the stress level and the 
screening criteria are not applicable. 
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Table A.2.1 (c): Screening factor for bracket toes of primary supporting members 
 

λSC : Screening factor taken as: 
 

λୗେ ൌ Cୟ ቆ0.68 ൬
bଶ

bଵ
൰

଴.ହ

σ୴୫ ൅ 0.5 ൬
Aୠୣୟ୫

bଵt
൰

଴.ହ

|σୠୣୟ୫|ቇ
k

235
 

 

Ca : Coefficient taken as: 
 

Cୟ ൌ 1.0 െ 0.2 ൬
Rୟ

1400
൰

ଶ

 

 

b1, b2 : Height of shell element in way of bracket toe in cargo hold FE model [mm] 
 

Abeam-n50    : Sectional area of beam or rod element in cargo hold FE model representing the face plate of 
bracket [mm2] 

 

σbeam        : Beam or rod element axial stress determined from cargo hold FE analysis [N/mm2] 
 

σvm : von Mises stress of shell element in way of bracket toe determined from cargo hold FE analysis 
[N/mm2] 

 

tn50 : Net thickness of shell element in way of bracket toe [mm] 
 

Ra : Leg length [mm] not to be taken as greater than 1400 [mm] 

 

 

 

A.2.2 Screening criteria 
 

A.2.2.1 Stresses in areas defined in [A.1], calculated for all applicable FE load combinations 
given in Section 4 [4.4] are to be checked against the following screening criteria: 

 
 

λୱୡ ൑ λୱୡ୮ୣ୰୫ 
 

where: 
 

λSC   : Screening factor defined in [A.2] 
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λୱୡ୮ୣ୰୫ : Permissible screening factor defined in [A.2] 

 

Where the screening criteria are not met, fine mesh analysis of the corresponding 
structural detail is required and to be performed according to requirements given in 
Section 4, [4.3], under the FE load combination defined in Section 4, [4.4] and to comply 
the criteria given in Section 4, [4.6]. 

 

Table A.2.2: Screening factor for heels of transverse bulkhead horizontal stringers 

λୱୡ : Screening factor taken as: 
 

 For heels at side horizontal girder and transverse bulkhead horizontal stringer, at 
the locations 1, 2 and 3 in figure below: 

 

λୱୡ ൌ 1.67 σ୴୫
k

235
 

 

 For heel at longitudinal bulkhead horizontal stringer, at the location 4 in figure below: 
 

λୱୡ ൌ 3.2|σ୶|
k

235
 

 

σx : Axial stress in element x-direction determined from cargo hold FE analysis in accordance 
with the coordinate system shown [N/mm2]. 

 

σvm : von Mises stress of shell element in way of heel determined from cargo hold FE analysis 
[N/mm2]. 
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Individual element in web to be verified against criteria 

 

***End of Guidelines*** 

 


