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Section
1   Introduction

n Section 1 
Introduction

1.1 Introduction

1.1.1 This document provides guidance for assessing the buckling capability of hull structures. These guidance notes are
applicable to the ShipRight SDA analysis of the following ship types:

• container ships

• passenger ships

• membrane LNG ships

• Ro-Ro ships

1.1.2 Subject to Lloyd’s Register’s (LR) agreement, alternative methods for buckling assessments may be specially
considered.
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Section
1   Buckling panel

2   Buckling working stress

3   Buckling capacity and factor of safety

n Section 1 
Buckling panel

1.1 General

1.1.1 For the purpose of buckling capability assessment hull structural members are in general modelled as Unstiffened
Panels and Stiffened Panels, as illustrated in Figure 2.1.1 Illustration of stiffened panel and unstiffened panel. An Unstiffened Panel
(UP) is normally defined as the plate bounded by stiffeners and primary supports. A Stiffened Panel (SP) is normally defined as a
component comprises of stiffeners with attached plating.

1.1.2 The buckling capacity is to be assessed using plate and stiffeners reduced by the corrosion addition thickness. The
standard thickness deduction is given in the SDA procedure of the specific ship type.

1.1.3 The buckling capacity is to be derived in accordance with the methods described in Ch 3 Methods for Buckling
Capacity Calculation.

1.1.4 Where a plate panel is comprised of finite plate elements of different thicknesses, the buckling assessment is to be
based on the area weighted average thickness, tavr, given by:

tavr =
Σ1
nAiti
Σ1
nAi

where  

Ai = area of the i-th plate element

ti = thickness of the i-th plate element with deduction of corrosion addition

n = number of finite elements defining the buckling plate panel.

1.1.5 An irregular plate panel is to be converted into an equivalent rectangular panel in accordance with Ch 4 Conversion of
Irregular Panels into Equivalent Regular Panels.

1.1.6 For stiffener buckling, if the stiffener properties or stiffener spacing varies within the stiffened panel, the calculations are
to be performed separately for all configurations of the panels, i.e. for each stiffener and plate between the stiffeners. Plate
thickness, stiffener properties and stiffener spacing at the considered location are to be assumed for the whole panel.
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Figure 2.1.1 Illustration of stiffened panel and unstiffened panel
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n Section 2 
Buckling working stress

2.1 General

2.1.1 The element stresses obtained from finite element (FE) analysis are to be converted into the buckling working stresses,
e.g. edge stresses acting on the panel’s edges, for the buckling assessment. For buckling assessment, compressive stress is
assumed to be positive and tensile stress is assumed to be negative.

2.1.2 Where the stresses are obtained from a FE model constructed based on gross scantlings, the portion of direct stress
due to local loads are to be increased in proportion to the ratio of the modelled thickness to the corroded plate thickness, the
portion of the direct stress due to hull girder loads may be maintained. The shear stresses are to be increased in proportion to the
ratio of the modelled thickness to the corroded plate thickness.

σ = σlocal
t

t − tc
+ σglobal

τ = τlocal + τglobal
t

t − tc

where  

σ = the direct stress in x or y direction for buckling assessment

σlocal = the direct stress in x or y direction due to local loads

σglobal = the direct stress in x or y direction due to global loads

τ = the shear for buckling assessment

τlocal = the shear stress due to local loads

τglobal = the shear due to global loads

t = the model thickness based on gross scantlings

tc = the standard thickness deduction given in the SDA procedure

2.2 Buckling working stresses for regular panels

2.2.1 The longitudinal stress σx for an unstiffened panel, applied on the shorter edge of the buckling panel, is to be taken as:

σx = max σx1; σx2; σx3
The edge stress ratio is to be taken as:

Ψx = 1

where

σx1 =
1
b∫
0

b

σx x dx =
b2
3 C + b2D + E

σx2 =
1
b ∫
a − b

b

σx x dx = a2 − ab + b
2

3 C + a − b2 D + E

If −D2C < b2  or −D2C > a − b2 , σx3 is to be ignored.

Otherwise, σx3 is taken as:

σx3 =
1
b ∫
xmin

xmax

σx x dx =
b2
12C + D

2

4C + E

xmin = − b2 −
D
2C
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xmax =
b
2 −

D
2C

The unknown coefficients C, D and E can be obtained by solving the following equations:

δΠ
δC = 2 ∑

i = 1

n
Aixi

2 σix − C xi
2 + D xi + E = 0

δΠ
δD = 2 ∑

i = 1

n
Aixi σix − C xi

2 + D xi + E = 0

δΠ
δE = 2 ∑

i = 1

n
Ai σix − C xi

2 + D xi + E = 0

where the distribution of σx(x) is assumed as to be a second order polynomial curve as:

σx x = C ⋅ x2 + D ⋅ x + E
and

Π = ∑
i = 1

n
Ai σix − C xi

2 + Dxi + E
2

2.2.2 For a buckling panel comprised of two finite elements, the above method cannot be applied. The longitudinal stress is to
be obtained as follows:

σx = σmax if A0 ≥ b
2

σx =
σmaxA0 + σmin b

2 − A0
b2

 if A0 < b
2

where  

σmax = max σx1, σx2

σmin = min σx1, σx2

A0 = is the corresponding element area for σmax

2.2.3 The longitudinal stress σx for a stiffened panel, applied on the shorter edge of the attached plate, is to be taken as:

σx =
Σ1
nAiσxi
Σ1
nAi

The edge stress ratio is to be taken as:

Ψx = 1

2.2.4 The transverse stress σy for a stiffened panel and an unstiffened panel, applied on the longer edge of the buckling panel
and assumed as a linear distribution, see Figure 2.2.1 Illustration of buckling working stresses, is to be taken as:

σy = max A, A + Ba

Ψy =
min A , A + Ba
max A , A + Ba  for σy ≥ 0

Ψy = 1 for σy < 0

A =
Σi
nAiσiy Σi

nAixi
2 − Σi

nAixi Σi
nAixiσiy

Σi
nAi Σi

nAixi
2 − Σi

nAixi
2

B =
Σi
nAi Σi

nAixiσiy − Σi
nAixi Σi

nAiσiy

Σi
nAi Σi

nAixi
2 − Σi

nAixi
2

σy x = A + Bx
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Figure 2.2.1 Illustration of buckling working stresses

2.2.5 The shear stress for a stiffened panel and an unstiffened panel, applied on all edges of the buckling panel, is to be taken
as:

τ =
Σ1
nAiτi
Σ1
nAi

2.2.6 The lateral pressure applied to the direct strength analysis is also to be applied to the stiffened panel buckling
assessment. If the lateral pressure is not constant over the buckling panel, an average lateral pressure, N/mm2, is to be calculated
from:

Pavr =
Σ1
nAiPi
Σ1
nAi

2.3 Buckling working stresses for irregular panels

2.3.1 The longitudinal, transverse and shear stresses for irregular panels are to be calculated using a weighted average
approach. They are to be taken as:

σx =
Σ1
nAiσxi
Σ1
nAi

σy =
Σ1
nAiσyi
Σ1
nAi

τ =
Σ1
nAiτi
Σ1
nAi

The edge stress ratios are to be taken as:
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Ψx = 1

Ψy = 1

n Section 3 
Buckling capacity and factor of safety

3.1 Buckling capacity

3.1.1 Buckling capacity of stiffened panels and unstiffened panels are to be determined according to Ch 3 Methods for
Buckling Capacity Calculation.

3.2 Factor of safety

3.2.1 For an unstiffened panel under combined in-plane buckling stresses (σx, σy, τ), the Factor of Safety (Ω) for buckling
assessment is to be determined from:

Ω = γc

where  

γc = the stress multiplier factor at failure calculated based on Ch 3, 3 Buckling capacity of unstiffened panels.

3.2.2 For a stiffened panel under combined in-plane buckling stresses (σx, σy, τ) and lateral pressure, P, the Factor of Safety
(Ω) for buckling assessment is to be determined from:

Ω = min γca, γcb, γcc, γcd

where  

γca = stress multiplier factor at failure calculated based on Ch 3, 2 Overall stiffened panel buckling capacity for overall
stiffened panel capacity.

γcb = stress multiplier factor at failure calculated based on Ch 3, 3 Buckling capacity of unstiffened panels for plate
capacity.

γcc = stress multiplier factor at failure calculated based on Ch 3, 4 Buckling capacity of stiffeners for stiffener induced
(SI) failure capacity.

γcd = stress multiplier factor at failure calculated based on Ch 3, 4 Buckling capacity of stiffeners for attached plate
induced (PI) failure capacity.

3.2.3 The required factors of safety for buckling strength assessments are given in the ShipRight SDA procedures for the
relevant ship type.
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Section
1   General

2   Overall stiffened panel buckling capacity

3   Buckling capacity of unstiffened panels

4   Buckling capacity of stiffeners

5   Buckling capacity of primary supporting members

6   Buckling capacity of other structures

n Section 1 
General

1.1 Symbols and definitions

1.1.1 The symbols and definitions used in this Chapter are defined below:

x axis = local axis of a rectangular buckling panel parallel to its long edge

y axis = local axis of a rectangular buckling panel perpendicular to its long edge

σx = membrane stress applied in x direction, in N/mm2

σy = membrane stress applied in y direction, in N/mm2

τ = membrane shear stress applied in xy plane, in N/mm2

σa = axial stress in the stiffener, in N/mm2

σb = bending stress in the stiffener, in N/mm2

σw = warping stress in the stiffener, in N/mm2

σcx,σcy,τc = critical stress, in N/mm2

σo_s = specified minimum yield stress of the stiffener, in N/mm2

 = for aluminium at welded location, welded yield stress is to be used, in N/mm2, for stiffener buckling check

σo_p = specified minimum yield stress of the plate, in N/mm2

 = for aluminium at welded location, welded yield stress is to be used, in N/mm2, for stiffener buckling check

 = for aluminium, un-welded yield stress is to be used, in N/mm2, for plate buckling check

a = length of the longer side of the plate panel, in mm

b = length of the shorter side of the plate panel, in mm

d = length of the side parallel to the axis of the cylinder corresponding to the curved plate panel as shown in Table
3.3.4 Buckling factor and reduction factor for curved plate panel, in mm

σE = elastic buckling reference stress, in N/mm2 to be taken as:

• for the application of plate:

σE =
π2E

12 1 − v2
tp
b

2

• for the application of curved plate panels:
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σE =
π2E

12 1 − v2
tp
d

2

v = Poisson’s ratio for steel material is to be taken equal to 0.3. Poisson’s ratio for aluminium alloys is to be in
accordance with the property of the material used.

tp = net thickness of plate panel, in mm

tw = net stiffener web thickness, in mm

tf = net flange thickness, in mm

bf = breadth of stiffener flange, in mm

hw = stiffener web height, in mm

ef = distance from attached plating to centre of flange, in mm, to be taken as (see Figure 3.4.2 Stiffener cross
sections):

ef = hw for flat bar profile

ef = hw − 0, 5tf for bulb profile

ef = hw + 0, 5tf for angle, L2, and tee profiles

ef = hw − de + 0, 5tf for L3 profile

α = aspect ratio of the plate panel, to be taken as, α = ab

β = coefficient taken as, β = 1 − Ψ
α

Ψ =
edge ratio to be taken as, Ψ =

σ2
σ1

σ1 = maximum stress, in N/mm2

σ2 = minimum stress, in N/mm2

R = radius of curved plate panel, in mm

l = span, in mm, of stiffener equal to the spacing between primary supporting members

s = spacing of stiffener, in mm, to be taken as the mean spacing between the stiffeners of the considered stiffened
panel.

1.2 Elementary Plate Panel (EPP)

1.2.1 An elementary plate panel (EPP) is the unstiffened part of the plating between stiffeners and/or primary supporting
members.

1.2.2 All the edges of the elementary plate panel are forced to remain straight (but free to move in the in-plane directions) due
to the surrounding structure/neighbouring plates (usually longitudinal stiffened panels in deck, bottom and inner-bottom plating,
shell and longitudinal bulkheads).

1.3 Longitudinally stiffened EPP with different thicknesses

1.3.1 In longitudinal stiffening arrangement, when the plate thickness varies over the width, b, in mm, of a plate panel, the
buckling capacity is calculated on an equivalent plate panel width, having a thickness equal to the smaller plate thickness, t1. The
width of this equivalent plate panel, beq, in mm, is defined by the following formula:

beq = l1 + l2
t1
t2

1, 5
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where  

l1 = width of the part of the plate panel with the smaller plate thickness, t1, in mm, as defined in Figure 3.1.1 Plate
thickness change over the width

l2 = width of the part of the plate panel with the greater plate thickness, t2, in mm, as defined in Figure 3.1.1 Plate
thickness change over the width

Figure 3.1.1 Plate thickness change over the width

1.4 Transversely stiffened EPP with different thicknesses

1.4.1 In transverse stiffening arrangement, when an EPP is made of different thicknesses, the buckling check of the plate and
stiffeners is to be carried out for each thickness considered constant on the EPP.

n Section 2 
Overall stiffened panel buckling capacity

2.1 General

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

Pz
cf

= 1

where

Pz and cf are defined in Ch 3, 4.3 Stiffener buckling capacity.

n Section 3 
Buckling capacity of unstiffened panels

3.1 Plate panel

3.1.1 The plate limit state is based on the following interaction formulae:
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γc1σxS
σcx

e0
− B

γc1σxS
σcx

e0
2 γc1σyS

σcy

e0
2 +

γc1σyS
σcy

e0
+

γc1 τ S
τc

e0
= 1

γc2σxS
σcx

2/βp
0.25

+
γc2 τ S
τc

2/βp
0.25

= 1

for σx ≥ 0 and σy < 0

γc2σyS
σcy

2/βp
0.25

+
γc2 τ S
τc

2/βp
0.25

= 1

for σy ≥ 0 and σx < 0

γc2 τ S
τc

= 1
for σx < 0 and σy < 0

with

γc = γc1 for σx ≥ 0 and σy ≥ 0

γc = min γc1, γc2
for σx < 0 and σy < 0

where  

σx = applied normal stress to the plate panel, in N/mm2

σy = applied normal stress to the plate panel, in N/mm2

τ = applied shear stress to the plate panel, in N/mm2

σcx = ultimate buckling stress, in N/mm2, in direction parallel to the longer edge of the buckling panel as defined in 
Ch 3, 3.1 Plate panel 3.1.3

σcy = ultimate buckling stress, in N/mm2, in direction parallel to the shorter edge of the buckling panel as defined in 
Ch 3, 3.1 Plate panel 3.1.3

τc = ultimate buckling shear stress, in N/mm2, as defined in Ch 3, 3.1 Plate panel 3.1.4

γc1, γc2 = stress multiplier factors at failure for each of the above different limit states

B = coefficient given in Table 3.3.1 Definition of coefficients B and e0

S = 1,0 for additional factor of safety

e0 = coefficient given in Table 3.3.1 Definition of coefficients B and e0

βp = plate slenderness parameter taken as:

βp =
b
tp

σo_p
E

Table 3.3.1 Definition of coefficients B and e0

Applied stress B e0

σx ≥ 0 and σy ≥ 0 0, 7 − 0, 3βp/α
2 2/βp

0, 25

σx < 0 or σy < 0 1,0 2,0

3.1.2 The reference degree of slenderness is to be taken as:

λ =
σo_p
K σE
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K = buckling factor, as defined in Table 3.3.3 Buckling factor and reduction factor for plane plate panels and 
Table 3.3.4 Buckling factor and reduction factor for curved plate panel

3.1.3 The ultimate buckling stress of plate panels, in N/mm2, is to be taken as:

σcx = Cxσo_p
σcy = Cyσo_p

τc = Cτ
σo_p
3

where

Cx, Cy, Cτ are reduction factors, as defined in Table 3.3.3 Buckling factor and reduction factor for plane plate panels.

For the first equation in Ch 3, 3.1 Plate panel 3.1.1, when σx < 0 or σy < 0, the reduction factors are to be taken as Cx = Cy = Cτ

=1.

3.1.4 Method A and Method B are defined as:

Method A: for SP-A and UP-A, Cy is calculated according to Table 3.3.3 Buckling factor and reduction factor for plane plate
panels by using:

c1 = 1 − 1
α ≥ 0

Method B: for SP-B and UP-B, Cy is calculated according to Table 3.3.3 Buckling factor and reduction factor for plane plate
panels by using:

c1 = 1

3.1.5 The boundary conditions for plates are to be considered as simply supported (see cases 1, 2 and 15 of Table 3.3.3
Buckling factor and reduction factor for plane plate panels). If the boundary conditions differ significantly from simple supports, a
more appropriate boundary condition may be applied according to the alternative cases given in Table 3.3.3 Buckling factor and
reduction factor for plane plate panels.

3.1.6 The correction factor Flong depending on the edge stiffener types on the longer side of the buckling panel is defined in 
Table 3.3.2 Correction factor Flong.

3.1.7 An average value of Flong, is to be used for plate panels having different edge stiffeners. For stiffener types other than
those mentioned in Table 3.3.2 Correction factor Flong, is to be specifically considered.

Table 3.3.2 Correction factor Flong

Structural element types Flong c

Unstiffened panel 1,0 -

Stiffened panel

Stiffener not fixed at both ends 1,0 -

Stiffener fixed at

both ends

Flat bar (see Note)
Flong = c + 1 for 

tw
tp

> 1

Flong = c
tw
tp

3
+ 1 for 

tw
tp

≤ 1

0,1

Bulb profile 0,3

Angle L2, and L3 profiles 0,4

T profile 0,3

Girder of high rigidity (i.e.

bottom transverse)
1,4 -

Note 1: tw is the net web thickness, in mm, without the correction as defined in Ch 3, 4.2 Stiffener idealisation 4.2.3.

Guidance Notes for ShipRight SDA Buckling Assessment

Methods for Buckling Capacity Calculation Chapter 3
Section 3

16 Lloyd's Register



Table 3.3.3 Buckling factor and reduction factor for plane plate panels

Case
Stress

ratio, ψ
Aspect

ratio, α
Buckling factor, K Reduction factor, C

1 ≥ Ψ ≥ 0 Kx = Flong
8, 4

Ψ + 1, 1
When σx ≤ 0, Cx=1

0 > Ψ > − 1 Kx = Flong 7, 63 − Ψ 6, 26 − 10Ψ When σx > 0:

Cx = 1 for λ ≤ λc

Cx = csz c
1
λ −

0, 22
λ2

for λ > λc

where  

c = 1, 25 − 0, 12Ψ ≤ 1, 25

csz =
1, 25
βp

0, 3 ≤ 1, 0

λc = c
2 1 + 1 − 0, 88

c

Ψ ≤ − 1 Kx = Flong 5, 975 1 − Ψ
2
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1 ≥ Ψ ≥ 0

Ky =
2 1 + 1

α2
2

1 + Ψ + 1 − Ψ
100

2, 4
α2

+ 6, 9 f 1

When σy ≤ 0, Cy=1

α ≤ 6 f 1 = 1 − Ψ α − 1 When σy > 0:

Cy = csz c 1 − F2 1
λ −

R

λ2

+ c F2 1
λ −

H

λ2

where  

c = 1, 25 − 0, 12Ψ ≤ 1, 25

csz =
1, 25
βp

0, 3 ≤ 1, 0

R = λ 1 − λ
c for λ < λc

R = 0, 22 for λ ≥ λc

λc = c
2 1 + 1 − 0, 88

c

F =

1 −

K
0, 91 − 1

λp
2 c1 ≥ 0

λp
2 = λ2 − 0, 5 for 1 ≤ λp

2 ≤ 3

c1 as defined in Ch 3, 3.1 Plate panel 3.1.4

H = λ − 2λ

c T + T2 − 4
≥ R

T = λ + 14
15λ +

1
3

α > 6

f 1 = 0, 6 1 −
6Ψ
α α + 14

α

but not greater than 14, 5 − 0, 35
α2

0 > Ψ ≥ 1
− 4α/3

Ky =
200 1 + β2

2

1 − f 3 100 + 2, 4β2 + 6, 9 f 1 + 23 f 2

α > 6 1 − Ψ

f 1 = 0, 6
1
β + 14β

but not greater than

14, 5 − 0, 35β2

f 2 = f 3 = 0

3 1 − Ψ
≤ α ≤ 6 1
− Ψ

f 1 =
1
β − 1

f 2 = f 3 = 0

1, 5 1 − Ψ
≤ α < 3 1
− Ψ

f 1 =
1
β − 2 − ωβ 4

− 9 ωβ − 1 2
3 − β

f 2 = f 3 = 0

1 − Ψ ≤ α
< 1, 5 1 − Ψ

For α > 1, 5:

f 1 = 2
1
β − 16 1 −

ω
3
4 1

β − 1

f 2 = 3β − 2

f 3 = 0

For α ≤ 1, 5:

f 1 = 2
1, 5
1 − Ψ − 1 1

β − 1

f 2 =
Ψ 1 − 16 f 4

2

1 − α

f 3 = 0

f 4 = 1, 5 −Min 1, 5; α 2

0, 75 1 − Ψ
≤ α < 1 − Ψ

f 1 = 0

f 2 = 1 + 2, 31 β − 1

− 48 4
3 − β f 4

2

f 3 = 3 f 4 β − 1
f 4
1, 81 −

α − 1
1, 31

f 4 = 1, 5 −Min 1, 5; α 2
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Ψ < 1 − 4α/3

Ky = 5, 972
β2

1 − f 3

f 3 = f 5
f 5
1, 81 +

1 + 3Ψ
5, 24

f 5 =
9
16 1 + Max − 1;Ψ 2

1 ≥ Ψ ≥ 0
Kx =

4 0, 425 + 1
α2

3Ψ + 1

Cx =
KxσE
σo_p

, if
KxσE
σo_p

< 0, 5

Cx = 1 −
1
4

σ0p
KxσE

, if
KxσE
σ0p

≥ 0, 5
0 > Ψ ≥ − 1 Kx = 4 0, 425 +

1
α2

1 + Ψ − 5Ψ 1 − 3, 42Ψ

1 ≥ Ψ − 1 Kx = 0, 425 + 1
α2

3 − Ψ
2

-

α ≥ 1, 64 Ky = 1, 28

α < 1, 64 Kx =
1
α2

+ 0, 56 + 0, 13α2

1 ≥ Ψ ≥ 0 Ky = 4
0.425 + α2

3Ψ + 1 α2
Cy =

KyσE
σ0_p

, if
KyσE
σ0_p

< 0, 5

Cy = 1 −
1
4

σo_ρ
KyσE

, if
KyσE
σ0_p

≥ 0, 5

0 > Ψ ≥ − 1

Ky = 4 0, 425 + α
2 1 + Ψ 1

α2

−5Ψ 1 − 3, 42Ψ 1
α2

1 ≥ Ψ ≥ − 1 Ky = 4 0, 425 + α
2 3 + Ψ

2α2

- Ky = 1 +
0, 56
α2

+ 0, 13
α4
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- Kx = 6, 97

Cx = 1 for λ ≤ 0, 83

Cx = 1, 13
1
λ −

0, 22
λ2

for λ > 0, 83
- Ky = 4 +

2, 07
α2

+ 0, 67
α4

-

α ≥ 4 Kx = 4

α < 4 Kx = 4 + 2, 74
4 − α
3

4

- Ky = Ky determined as per case 2

Cy = Cy2 for α < 2

Cy = 1, 06 + 1
10α Cy2for α ≥ 2

where

Cy2 is Cy determined as per case 2

-

α ≥ 4 Kx = 6, 97 Cx = 1 for λ ≤ 0, 83

Cx = 1, 13
1
λ −

0, 22
λ2

for λ > 0, 83
α < 4 Kx = 6, 97 + 3, 1

4 − α
3

4

- Ky =
6, 97
α2

+ 3, 1
α2

4 − α
3

4

Cy = 1 for λ ≤ 0, 83

Cy = 1, 13
1
λ −

0, 22
λ2

for λ > 0, 83
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- Kτ = 3 5, 34 + 4
α2

Cτ = 1 for λ ≤ 0, 84

Cτ =
0, 84
λ for λ > 0, 84

- Kτ = 3 5, 34 + Max 4
α2

, 7, 15
α2, 5

-

K = K'r

K' = K according to case 15

r opening reduction factor taken as

r = 1 − da 1 −
db
b

with

da
a ≤ 0, 7 and 

db
b ≤ 0, 7

- Kτ = 3
0, 5 0, 6 + 4

α2

Cτ = 1 for λ ≤ 0, 84

Cτ =
0, 84
λ for λ > 0, 84

- Kτ = 8

- Kx =
b
a
2
1 − υ2

Cx =
KxσE
σ0_p

, if
KxσE
σ0_p

< 0, 5

Cx = 1 −
1
4

σ0p
KxσE

, if
KxσE
σ0p

≥ 0, 5

Edge boundary conditions:

Note 1: Cases listed are general cases. Each stress component (σx, σy) is to be understood in local coordinates.

3.2 Curved plate panel

3.2.1 The following requirement for the curved plate limit state is applicable when R/tp≤2500. Otherwise, the requirement for
plate limit state given in Ch 3, 3.1 Plate panel 3.1.1 is applicable.

3.2.2 The curved plate limit state is based on the following interaction formula:

γcσaxS
Caxσ0_p

1, 25
− 0, 5

γcσaxS
Caxσ0_p

γcσtgS
Ctgσ0_p

+
γcσtgS
Ctgσ0_p

1, 25
+

γcτ 3S
Cτσ0_p

2
= 1, 0
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where  

σax = applied axial stress to the cylinder corresponding to the curved plate panel, in N/mm2. In case of tensile
axial stresses, σax = 0

σtg = applied tangential stress to the cylinder corresponding to the curved plate panel, in N/mm2. In case of
tensile tangential stresses, σtg = 0

Cax, Ctg, Cτ = buckling reduction factor of the curved plate panel, as defined in Table 3.3.4 Buckling factor and
reduction factor for curved plate panel

3.2.3 The stress multiplier factor, γc, of the curved plate panel need not be taken less than the stress multiplier factor, γc, for
the expanded plate panel according to Ch 3, 3.1 Plate panel 3.1.1.

Table 3.3.4 Buckling factor and reduction factor for curved plate panel

Case Aspect ratio Buckling factor, K Reduction factor, C

1 d
R ≤ 0, 5 R

tp
K = 1 + 2

3
d2
R tp

For general application:

Cax = 1 for λ ≤ 0, 25

Cax = 1, 233 − 0, 933λ for 0, 25 < λ ≤ 1

Cax = 0, 3/λ
3 for 1 < λ ≤ 1 , 5

Cax = 0, 2/λ
2 for λ > 1 , 5

For curved single fields, e.g. bilge strake,

which are bounded by plane panels:

Cax =
0, 65
λ2

≤ 1, 0

d
R > 0, 5 R

tp
K = 0, 267 d2

R tp
3 − dR

tp
R ≥ 0, 4 d2

R tp

2a

2b

d
R ≤ 1, 63 R

tp K = d
R tp

+ 3
R tp

0.175

d 0.35

For general application:

Ctg = 1 for λ ≤ 0, 4

Ctg = 1, 274 − 0, 686λ for 0, 4 < λ ≤ 1, 2

Ctg = 0, 65/λ
2 for λ > 1, 2

d
R > 1, 63 R

tp
K = 0.3 d

2

R2
+ 2.25 R2

d tp

For curved single fields, e.g. bilge strake,

which are bounded by plane panels:

Ctg =
0, 8
λ2

≤ 1, 0

3 d
R ≤ 8, 7 R

tp
K = 3 28, 3 + 0, 67 d3

R1, 5tp
1, 5

Cτ = 1 for λ ≤ 0, 4

Cτ = 1, 274 − 0, 686λ for 0, 4 < λ ≤ 1, 2

Cτ =
0, 65
λ2

for λ > 1, 2
d
R > 8, 7 R

tp
K = 3 0, 28 d2

R R tp

Note 1: Boundary condition for plate edges is simply supported.
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n Section 4 
Buckling capacity of stiffeners

4.1 Stiffener limit states

4.1.1 The buckling capacity of a longitudinal stiffener is to be checked for the following limit states:

• stiffener induced failure (SI)

• associated plate induced failure (PI)

4.2 Stiffener idealisation

4.2.1 The effective length of the stiffener, leff, in mm, is to be taken equal to:

leff =
1
3  : stiffener fixed at both ends

leff = 0.75l : stiffener simply supported at one end and fixed at the other

leff = l : stiffener simply supported at both ends (e.g. continuous longitudinal stiffeners)

4.2.2 The effective width of attached plating of stiffeners, beff, in mm, is to be taken as:

beff = min Cxb, xss

where  

Cx = reduction factor defined in Table 3.3.3 Buckling factor and reduction factor for plane plate panels according to
case 1.

b = width of plate panel, in mm

s = stiffener spacing, in mm

xs =

min 1, 12
1 + 1, 75

leff
s

1, 6

; 1  for 
leff
s ≥ 1

xs =
xs = 0.407

leff
s  for 

leff
s < 1

4.2.3 In order to account for the decrease in stiffness due to local lateral deformation, the effective web thickness of flat bar
stiffener, in mm, is to be used for the calculation of the net sectional area, As, the net section modulus, Z, and the moment of
inertia, I, of the stiffener and is taken as:

tw_red = tw 1 − 2π2
3

hw
s

2
1 −

Cxb
s

4.2.4 The net section modulus Z of a stiffener, in cm3, including effective width of plating, beff, is to be taken equal to:

• the section modulus calculated at the top of the flange for stiffener induced failure (SI)

• the section modulus calculated at the attached plating for plate induced failure (PI)

4.2.5 The net moment of inertia, I in cm4, of a stiffener including effective width of attached plating, beff, is to comply with the
following requirement:

I ≥
s tp

3

12 × 104

4.2.6 Bulb profiles may be considered as equivalent angle profiles. The net dimensions of the equivalent built-up section are to
be obtained, in mm, from the following formulae.
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hw = hw′ −
hw′
9, 2 + 2

bf = α tw′ +
hw′
6, 7 − 2

tf =
hw′
9, 2 − 2

tw = tw′

where  

hw′ , tw′ = net thickness of a bulb section, in mm, as shown in Figure 3.4.1 Idealisation of bulb stiffener

α = coefficient equal to:

 =
1, 1 +

120 − hw′
2

3000  for hw′ ≤ 120

 = 1, 0 for hw′ > 120

Figure 3.4.1 Idealisation of bulb stiffener

4.3 Stiffener buckling capacity

4.3.1 When σa + σb + σw > 0, the ultimate buckling capacity for stiffeners is to be checked according to the following
interaction formula:

γcσa + σb + σw
σo

= 1

where  

σa = effective axial stress, in N/mm2, at mid-span of the stiffener, defined in Ch 3, 4.3 Stiffener buckling capacity
4.3.2

σb = bending stress in the stiffener, in N/mm2, defined in Ch 3, 4.3 Stiffener buckling capacity 4.3.3
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where  

σw = stress due to torsional deformation, in N/mm2, defined in Ch 3, 4.3 Stiffener buckling capacity 4.3.4

σo = specified minimum yield stress of the material, in N/mm2:

 = σo_s for stiffener induced failure (SI)

 = σo_p for plate induced failure (PI)

4.3.2 The effective axial stress, σa, in N/mm2, at mid-span of the stiffener, acting on the stiffener with its attached plating is to
be taken equal to:

σa = σx
s tp + As
cx b tp + As

where  

σx = nominal axial stress, in N/mm2, acting on the stiffener with its attached plating

As = net sectional area, in mm2, of the considered stiffener

4.3.3 The bending stress in the stiffener, σb, in N/mm², is to be taken equal to:

σb =
M0 +M1

Z × 10−3

where  

M1 = bending moment, in N mm, due to the lateral load, P:

 =
Ci
P s l2

24 × 10−3 for continuous stiffener

 =
Ci
P s l2

8 × 10−3 for stiffener sniped at both ends

 =
Ci
P s l2

14, 2 × 10−3 for one end sniped and the other end continuous stiffener

P = lateral load, in kN/m2

Ci = pressure coefficient:

 = CSI for stiffener induced failure (SI)

 = CPI for plate induced failure (PI)

CPI = plate induced failure pressure coefficient:

 = 1 if the lateral pressure is applied on the side opposite to the stiffener

 = −1 if the lateral pressure is applied on the same side as the stiffener

CSI = stiffener induced failure pressure coefficient:

 = −1 if the lateral pressure is applied on the side opposite to the stiffener

 = 1 if the lateral pressure is applied on the same side as the stiffener

M0 = bending moment, in Nm, due to the lateral deformation, w of stiffener:

 =
FE

PzW
cf − Pz

 with cf − Pz > 0

FE = ideal elastic buckling force of the stiffener, in N
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 = π
l
2
E I × 104

Pz = nominal lateral load, in N/mm2, acting on the stiffener due to stresses σx and τ, in the attached plating in way of
the stiffener mid span:

 = tp
s σxl

π s
l

2
+ 1
2 c γcσy +

2
4 τ1

where  

σx1 =
γcσx 1 +

As
s tp

 but not less than 0

τ1 =
γc τ − tp σo_pE

m1
a2

+
m2
b2

 but not less than 0

σy = Stress applied on the edge along y axis of the buckling panel, but not less than 0.

m1, m2 are coefficients taken equal to:

m1 = 1,47 , m2 = 0,49 for α ≥ 2

m1 = 1,96 , m2 = 0,37 for α < 2

c = factor taking into account the stresses in the attached plating acting perpendicular to the stiffener’s axis:

 = 0,5 (1 + ψ) for 0 ≤ ψ ≤ 1

 = 0,5/(1 − ψ) for ψ < 0

ψ = edge stress ratio for case 2 according to Table 3.3.3 Buckling factor and reduction factor for plane plate
panels.

W = deformation of stiffener, in mm, taken equal to:

 = W0 + W1

W0 = assumed imperfection, in mm, taken equal to:

 = l × 10−3 in general

 = l × 10−5 for stiffeners sniped at one or both ends, considering stiffener induced failure (SI)

 = Wna for stiffeners sniped at one or both ends, considering plate induced failure (PI)

Wna = distance, in mm, from the mid-point of attached plating to the neutral axis of the stiffener calculated with the
effective width of the attached plating

W1 = deformation of stiffener at midpoint of stiffener span due to lateral load, P in mm. In case of uniformly
distributed load, w1 is to be taken as:

 =
Ci

P s l4

384 E I × 10
−7 in general

 =
Ci
5 P s l4

384 E I × 10−7 for stiffener sniped at both ends

 =
Ci
2 P s l4

384 E I × 10−7 for stiffener sniped at one end and continuous at the other end

cf = elastic support provided by the stiffener, in N/mm2, to be taken equal to:

 =
FE

π
l
2
1 + cp

cp = coefficient to be taken as:

Guidance Notes for ShipRight SDA Buckling Assessment

Methods for Buckling Capacity Calculation Chapter 3
Section 4

26 Lloyd's Register



 = 1

1 + 0, 91
cxa

1 2 I × 104

s tp
3 − 1

cxa = coefficient to be taken as:

 = l
2s +

2s
l

2
 for l ≥ 2s

 =
1 + l

2s
2 2

 for l < 2s

4.3.4 The stress due to torsional deformation, σw, in N/mm2, is to be taken equal to:

= Eyw
tf
2 + hw Φ0

π
l
2 1

1 −
0, 4σo_s
σET

− 1  for stiffener induced failure (SI)

= 0 for plate induced failure (PI)

where  

yw = distance, in mm, from centroid of stiffener cross-section to the free edge of stiffener flange, to be taken as:

 = tw
2  for flat bar

 =
bf −

hwtw
2 + tfbf

2

2 AS
 for angle and bulb profiles

 =
bf − out + 0, 5tW −

hwtw
2 + tf bf

2 − 2bfdf
2 AS

 for L2 profile

 =
bf − out + 0, 5tW −

hw − tf tw
2 + tf bf + tW

2

2 AS
 for L3 profile

 = bf
2  for tee profile

Φ0 = coefficient to be taken as:

 = l
hw

× 10−3

σET = reference stress for torsional buckling, in N/mm2:

 =
E
Ip

ϵ π2 IW
l2

× 102 + 0, 385 IT

Ip = net polar moment of inertia of the stiffener about point C as shown in Figure 3.4.2 Stiffener cross sections, as
defined in Table 3.4.1 Moments of inertia, in cm4

IT = net St. Venant’s moment of inertia of the stiffener, as defined in Table 3.4.1 Moments of inertia, in cm4

Iω = net sectional moment of inertia of the stiffener about point C as shown in Figure 3.4.2 Stiffener cross sections,
as defined in Table 3.4.1 Moments of inertia, in cm6

ε = degree of fixation
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where  

 =

1 +
l
π
2
× 10−3

Iω
0.75s

tp
3 +

ef − 0, 5 tf

tW
3

Table 3.4.1 Moments of inertia

Flat bars Bulb, angle L2, L3, and tee profiles

IP
hW
3 tW
3 × 104

Aw ef − 0, 5 tf
2

3 + Afef
2 10−4

IT
hW
3 tW

3

3 × 104
1 − 0, 63

tW
hW

ef − 0, 5 tf tW
3

3 × 104
1 − 0, 63

tW
ef − 0, 5 tf

+
bf tf

3

3 × 104
1 − 0, 63

tf
bf

Iω
hW
3 tW

3

36 × 106

Af ef
2 bf

2

12 × 106
Af + 2, 6 AW
Af + AW

 for bulb, angle, L2 and L3 profiles

bf
3tfef

2

12 × 106
 for T profiles

AW = net web area, in mm2

Af = net flange area, in mm2

Figure 3.4.2 Stiffener cross sections

n Section 5 
Buckling capacity of primary supporting members

5.1 Web plate in way of openings

5.1.1 The web plate adjacent to the opening on both sides is to be considered as individual unstiffened plate panels as shown
in Table 3.5.1 Reduction factors.

5.1.2 The reduction factors, Cx or Cy in combination with Cτ of the plate panels of the web adjacent to the opening, are to be
taken as shown in Table 3.5.1 Reduction factors.
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5.1.3 The interaction formulae of Ch 3, 3 Buckling capacity of unstiffened panels are to be used with:

σx = σav
σy = 0

τx = τav

where  

σav = weighted average compressive stress, in N/mm2, in the area of web plate being considered, i.e. P1, P2 or P3
as shown in Table 3.5.1 Reduction factors. For the application of the Table 3.5.1 Reduction factors, the
weighted average shear stress is to be taken as:

• opening modelled in primary supporting members:

τav : weighted average shear stress, in N/mm2, in the area of web plate being considered, i.e. P1, P2 or P3
as shown in Table 3.5.1 Reduction factors

• opening not modelled in primary supporting members:

τav : weighted average shear stress, in N/mm2, given in Table 3.5.1 Reduction factors

5.1.4 The equivalent plate panel of web plate of primary supporting members crossed by perpendicular stiffeners is to be
idealised as shown in Figure 3.5.1 Web plate idealisation. This is applicable also for other slot configurations provided that the web
or collar plate is attached to at least one side of the passing stiffener.

Figure 3.5.1 Web plate idealisation
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Table 3.5.1 Reduction factors

Configuration Cx, Cy

Cτ

Opening modelled in PSM
Opening not modelled in

PSM

(a) Without edge reinforcements: Separate reduction factors are to

be applied to areas P1 and P2

using case 3 or case 6 in Table

3.3.3 Buckling factor and

reduction factor for plane plate

panels, with edge stress ratio:

Ψ = 1, 0

Separate reduction factors are to

be applied to areas P1 and P2

using case 18 or case 19 in 

Table 3.3.3 Buckling factor and

reduction factor for plane plate

panels.

When case 17 of Table 3.3.3

Buckling factor and reduction

factor for plane plate panels is

applicable:

A common reduction factor is to

be applied to areas P1 and P2

using case 17 in Table 3.3.3

Buckling factor and reduction

factor for plane plate panels

with:

τav = τav web

When case 17 of Table 3.3.3

Buckling factor and reduction

factor for plane plate panels is

not applicable:

Separate reduction factors are

to be applied to areas P1 and

P2 using case 18 or case 19 in 

Table 3.3.3 Buckling factor and

reduction factor for plane plate

panels with:

τav = τav web h/ h − h0

(b) With edge reinforcements: Separate reduction factors are to

be applied for areas P1 and P2

using Cx for case 1 or Cy for

case 2 in Table 3.3.3 Buckling

factor and reduction factor for

plane plate panels with stress

ratio:

Ψ = 1, 0

Separate reduction factors are to

be applied for areas P1 and P2

using case 15 in Table 3.3.3

Buckling factor and reduction

factor for plane plate panels.

Separate reduction factors are

to be applied to areas P1 and

P2 using case 15 in Table 3.3.3

Buckling factor and reduction

factor for plane plate panels

with:

τav = τav web h/ h − h0

(c) Example of hole in web: Panels P1 and P2 are to be evaluated in accordance with (a).

Panel P3 is to be evaluated in accordance with (b).

where  

h = height, in m, of the web of the primary supporting member in way of the opening

h0 = height, in m, of the opening measured in the depth of the web

τav(web) = weighted average shear stress, in N/mm2 over the web height h of the primary supporting member

Note 1: Web panels to be considered for buckling in way of openings are shown shaded and numbered P1, P2, etc.
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n Section 6 
Buckling capacity of other structures

6.1 Struts, pillars and cross ties

6.1.1 The buckling capacity, in N/mm2, for axially compressed struts, pillars and cross ties, is to be taken as:

(a) For built-up welded cross-sections:

σcr =
1
2 1 + 1

1 +
σE
σo

σE

for σE ≤ 0, 5σo

σcr =
1
2 1 −

σo
4σE

+ 1

1 +
σo
σE

σo

for σE > 0, 5σo

(b) For other cross-sections:

σcr = σE for σE ≤ 0, 5σo

σcr = 1 −
σo
4σE

σo
for σE > 0, 5σo

where  

σE = minimum elastic compressive buckling stress, in N/mm2, according to Ch 3, 6.1 Struts, pillars and cross ties
6.1.2 to Ch 3, 6.1 Struts, pillars and cross ties 6.1.4

σo = specified minimum yield stress of the considered member, in N/mm2. For built up members, the lowest
specified minimum yield stress is to be used

6.1.2 The elastic compressive column buckling stress, σEC, in in N/mm2, of members subject to axial compression is to be
taken as:

σEC = π2 E f end
I

A lpill
2 10−4

where  

I = net moment of inertia about the weakest axis of the cross section, in cm4

A = net cross sectional area of the member, in cm2

lpill = length of member, in m, taken as:

• for pillar and strut: unsupported length of member

• for cross tie:

(i) in centre tank: distance between the flanges of longitudinal stiffeners on the starboard and port
longitudinal bulkheads to which the cross tie’s horizontal stringer is attached.

(ii) in wing tank: distance between the flanges of longitudinal stiffeners on the longitudinal bulkhead to which
the cross tie’s horizontal stringer is attached, and the inner hull plating.

fend = end constraint factor, taken as:

• for pillar and strut:

f end = 1, 0 where both ends are simply supported
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where  

f end = 2, 0 where one end is simply supported and other end is fixed

f end = 4, 0 where both ends are fixed

f end = 1, 55 for deck pillars

A pillar end may be considered fixed when brackets of adequate size are fitted. Such brackets are to be
supported by structural members with greater bending stiffness than the pillar.

• for cross tie:

f end = 2, 0

6.1.3 The elastic torsional buckling stress, σET, in in N/mm2, with respect to axial compression of members is to be taken as:

σET =
G lsv
lpol

+
π2 f end E cwrap

lpol lpill
2 10−4

where  

Isv = net St. Venant’s moment of inertia, in cm4, see Table 3.6.1 Cross sectional properties for examples of cross
sections

Ipol = net polar moment of inertia about the shear centre of cross section, in cm4, Ipol = Iy + Iz + A y0
2 + z0

2

cwarp = warping constant, in cm6, see Table 3.6.1 Cross sectional properties for examples of cross sections

lpill = length of the member, in m, as defined in Ch 3, 6.1 Struts, pillars and cross ties 6.1.2

y0 = transverse position of shear centre relative to the cross sectional centroid, in cm, see Table 3.6.1 Cross
sectional properties for examples of cross sections

Z0 = vertical position of shear centre relative to the cross sectional centroid, in cm, seeTable 3.6.1 Cross sectional
properties for examples of cross sections

A = net cross sectional area, in cm2

Iy = net moment of inertia about y axis, in cm4

Iz = net moment of inertia about z axis, in cm4

6.1.4 For cross sections where the centroid and the shear centre do not coincide, the interaction between the torsional and
column buckling mode is to be examined. The elastic torsional buckling stress, σETF, in in N/mm2, with respect to axial
compression is to be taken as:

σETF =
1
2 ζ σEC + σET − σEC + σET

2 − 4 ζ σEC σET

where  

ζ = coefficient taken as:

 =
1 −

yo
2 + zo

2 A
lpol

y0 = transverse position of shear centre relative to the cross sectional centroid, in cm, as defined in Ch 3, 6.1
Struts, pillars and cross ties 6.1.3

z0 = vertical position of shear centre relative to the cross sectional centroid, in cm, as defined in Ch 3, 6.1 Struts,
pillars and cross ties 6.1.3

A = net cross sectional area, in cm2

Ipol = net polar moment of inertia about the shear centre of cross section, in cm4

σEC = elastic column compressive buckling stress, as defined in Ch 3, 6.1 Struts, pillars and cross ties 6.1.2
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where  

σET = elastic torsional buckling stress, as defined in Ch 3, 6.1 Struts, pillars and cross ties 6.1.3

Table 3.6.1 Cross sectional properties

lsv =
1
3 2 bf tf

3 + dwttw
3 10−4 cm4

cwarp =
dwt
2 bf

3tf
24 10−6 cm6

lsv =
1
3 2 bf tf

3 + dwttw
3 10−4 cm4

y0 = 0 cm

z0 = −
0, 5 dwt

2 tw
dwt tw + bf tf

10−1 cm

cwarp =
bf
3tf
3 + 4 dwt

3 tw
3

144 10−6 cm6

Isv − n50 =
1
3 bfutf

3 + 2 dwttw
3 10−4 cm4

y0 = 0 cm

z0 = −
dwt
2 tw10

−1

2 dwttw + bf tf
−
0, 5dwt

2 tw10
−1

dwttw + bfutf /6
cm

cwarp =
bfu
2 dwt

3 tw 3 dwttw + 2 bfutf
12 6 dwttw + bfutf

10−6 cm6
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Isv =
1
3 bf1tf1

3 + 2 bf2 tf2
3 + bf3 tf3

3 + dwt tw
3 10−4 cm4

y0 = 0 cm

z0 = zs −
bf3 dwt tf3 + 0, 5dwt

2 tw 10−1

dwttw + bf1tf1 + 2 bf2 + bf3 tf3
cm

cwarp = If1zs
2 +

If2 bf1
2

200 + If3
dwt
10 − zs

2
cm6

If1 =
bf1 − tf2

3tf1
12 +

bf2 tf2 bf1
2

2 10−4 cm4

If2 =
bf2
3 tf2
12 10−4 cm4

If3 =
bf3
3 tf3
12 10−4 cm4

zs =
If3 dwt
If1 + If3

10−1 cm

Note 1: All dimensions are in mm.

Note 2: Cross sectional properties are given for typical cross sections. Properties for other cross sections are to be determined by direct

calculation.
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Section
1   Modelling of unstiffened panel with irregular geometry

2   Modelling of unstiffened plate panel with triangular geometry

n Section 1 
Modelling of unstiffened panel with irregular geometry

1.1 General

1.1.1 Unstiffened panels with irregular geometry are to be idealised to equivalent panels for plate buckling assessment
according to the following procedure.

1.1.2 The four corners closest to a right angle, 90 degree, in the bounding polygon for the plate is identified.

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

1.1.4 The pair of opposite edges with the smallest total length is identified, i.e. minimum of d1 + d3 and d2 + d4.

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

1.1.6 The length of shorter side, b in mm, is to be taken as:

b = A/a

where  

A = area of the plate, in mm2

a = length defined in Ch 4, 1.1 General 1.1.5, in mm
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1.1.7 The stresses from the direct strength analysis are to be transformed into the local coordinate system of the equivalent
rectangular panel. These stresses are to be used for the buckling assessment.

n Section 2 
Modelling of unstiffened plate panel with triangular geometry

2.1 General

2.1.1 Unstiffened panels with triangular geometry are to be idealised to equivalent panels for plate buckling assessment
according to the following procedure.

2.1.2 Medians are constructed as shown below.

2.1.3 The longest median is identified. This median, the length of which is l1 in mm, defines the longitudinal direction for the
capacity model.

2.1.4 The width of the model, l2 in mm, is to be taken as:

l2 =
A
l1

where  

A = area of the plate, in mm2
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2.1.5 The lengths of shorter side, b, and of the longer side, a, in mm, of the equivalent rectangular plate panel are to be taken
as:

b =
l2
Ctri

a = l1 ⋅ Ctri

where  

Ctri =
0, 4

l2
l1

+ 0, 6

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

2   Buckling Panel Modelling

n Section 1 
General

1.1 General descriptions of container ship structural members

1.1.1 General descriptions of container ship structural members are presented in Figure 5.1.1 General descriptions of
container ship structural members.

Figure 5.1.1 General descriptions of container ship structural members
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n Section 2 
Buckling Panel Modelling

2.1 Buckling panels and assessment methods

2.1.1 Longitudinal structural members are to be modelled and assessed according to Table 5.2.1 Longitudinal structural
members.

2.1.2 Transverse webs are to be modelled and assessed according to Table 5.2.2 Transverse webs.

2.1.3 Transverse supporting bulkheads are to be modelled and assessed according to Table 5.2.3 Transverse supporting
bulkheads.

2.1.4 Transverse watertight bulkheads are to be modelled and assessed according to Table 5.2.4 Transverse watertight
bulkheads.
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Table 5.2.1 Longitudinal structural members

Structural member Assessment method Normal panel definition

Outer shell envelope: including outer bottom,

bilge and side shell

SP-A

(see Ch 3, 3.1 Plate panel 3.1.4)

Length: between web frames

Inner shell envelope: including inner bottom,

bilge platform and longitudinal bulkhead

(Note: for transversally stiffened bilges,

method in Ch 3, 3.2 Curved plate panel can

be used)

Width: between primary supporting members

Double bottom girders SP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Length: between web frames

Side stringers Width: web depth

Coaming UP-B

Note: one edge is free for the coaming side

plate

Length: between web frames

Width: between supporting members
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Table 5.2.2 Transverse webs

Structural member Assessment method Normal panel definition

Side transverses SP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Double bottom floors

Irregularly stiffened panels, e.g. web panels in

way of hopper tank and bilge

UP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Webs in way of passenger way and bottom

duck tunnel

(see Figure 5.1.1 General descriptions of container ship structural members for Position 3)
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Table 5.2.3 Transverse supporting bulkheads

Structural member Assessment method Normal panel definition

Cross-deck box SP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Side transverses SP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Double bottom floors

Irregularly stiffened panels, e.g. web panels in

way of hopper tank and bilge

UP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Webs in way of passenger way and bottom

duck tunnel

Horizontal stringer of supporting bulkheads SP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Vertical webs of supporting bulkheads

Face plates of supporting bulkheads UP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Note: one edge is free and no support

(see Figure 5.1.1 General descriptions of container ship structural members for Positions 1, 2, 4)
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Table 5.2.4 Transverse watertight bulkheads

Structural member Assessment method Normal panel definition

Regularly stiffened panels SP-A

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Irregularly stiffened panels, e.g. web panels in

way of hopper tank and bilge

UP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Webs in way of passenger way and bottom

duck tunnel

Horizontal stringer of transverse bulkheads SP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Vertical webs of transverse bulkheads

Face plates of horizontal stringers and vertical

webs

UP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Note: one edge is free and no support

(see Figure 5.1.1 General descriptions of container ship structural members for Positions 5)
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Section
1   General

2   Buckling panel modelling

n Section 1 
General

1.1 General descriptions of passenger ship structural members

1.1.1 General descriptions of passenger ship structural members are presented in Figure 6.1.1 General descriptions of
passenger ships structural members.
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Figure 6.1.1 General descriptions of passenger ships structural members
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n Section 2 
Buckling panel modelling

2.1 Buckling panels and assessment methods

2.1.1 Longitudinal structural members are to be modelled and assessed according to Table 6.2.1 Longitudinal structural
members.

2.1.2 Transverse webs/floors are to be modelled and assessed according to Table 6.2.2 Transverse webs.

2.1.3 Transverse bulkheads are to be modelled and assessed according to Table 6.2.3 Transverse bulkheads.
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Table 6.2.1 Longitudinal structural members

Structural member Assessment method Normal panel definition

Outer shell envelope, including outer

bottom, bilge and side shell

SP-A

(see Ch 3, 3.1 Plate panel 3.1.4)

Length: between web frames

Other longitudinal members, including inner

bottom, decks and longitudinal effective

structures

(Note: For transversally stiffened bilges, the

method in Ch 3, 3.2 Curved plate panel can

be used)

Width: between primary supporting

members

Double bottom girders SP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Length: between web frames

Width: web depth
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Table 6.2.2 Transverse webs

Structural member Assessment method Normal panel definition

Double bottom floors, Side transverse, Side

shell in way of openings

SP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Transverse webs with web stiffeners

Irregularly stiffened panels UP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

(e.g. web panels in way of bilge) (special case I: see Ch 3, 3.1 Plate panel

3.1.7, Case 20)

(special case II: see Ch 3, 5 Buckling

capacity of primary supporting members)

Transverse webs without web stiffeners

Pillars Column Buckling

(see Ch 3, 6.1 Struts, pillars and cross ties)

Between local supporting members
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Table 6.2.3 Transverse bulkheads

Structural member Assessment method Normal panel definition

Regularly stiffened panels SP-A

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Irregularly stiffened panels, e.g. web panels

in way of bilge

UP-A

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members
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Section
1   General

2   Buckling panel modelling

n Section 1 
General

1.1 General descriptions of membrane LNG ship structural members

1.1.1 General descriptions of membrane LNG ship structural members are presented in Figure 7.1.1 General descriptions of
membrane LNG ship structural members.
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Figure 7.1.1 General descriptions of membrane LNG ship structural members

n Section 2 
Buckling panel modelling

2.1 Buckling panels and assessment methods

2.1.1 Longitudinal structural members are to be modelled and assessed according to Table 7.2.1 Longitudinal structural
members.
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2.1.2 Transverse webs are to be modelled and assessed according to Table 7.2.2 Transverse webs.

2.1.3 Transverse bulkheads are to be modelled and assessed according to Table 7.2.3 Transverse bulkheads.

Table 7.2.1 Longitudinal structural members

Structural member Assessment method Normal panel definition

Outer shell envelope: including outer

bottom, bilge, side shell and deck

SP-A

(see Ch 3, 3.1 Plate panel 3.1.4)

Length: between web frames

Inner shell envelope: including inner bottom,

slope, inner hull and inner deck
(Note: for transversally stiffened bilges,

method in Ch 3, 3.2 Curved plate panel can

be used)

Width: between primary supporting

members

Double bottom girders SP-B Length: between web frames

Side stringers and deck girders (see Ch 3, 3.1 Plate panel 3.1.4) Width: web depth
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Table 7.2.2 Transverse webs

Structural member Assessment method Normal panel definition

Double bottom floors SP-B
Between local supporting members

Side and deck transverses (see Ch 3, 3.1 Plate panel 3.1.4)

Irregularly stiffened panels, e.g. web panels

in way of hopper tank and bilge

UP-B

(see Ch 3, 3.1 Plate panel 3.1.4. For webs

with openings, see Ch 3, 5.1 Web plate in

way of openings)

Between local supporting members

Webs in way of bottom duck tunnel
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Table 7.2.3 Transverse bulkheads

Transverse bulkheads Assessment method Normal panel definition

Regularly stiffened panels
SP-A

(see Ch 3, 3.1 Plate panel 3.1.4)
Between local supporting members

Irregularly stiffened panels, e.g. web panels

in way of truck deck turns
UP-B

Between local supporting members

Webs in way of bottom duck tunnel (see Ch 3, 3.1 Plate panel 3.1.4)

Irregularly stiffened panels, e.g. plate panels

in way of hopper and top slopes

UP-A
Between local supporting members

(see Ch 3, 3.1 Plate panel 3.1.4)
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Section
1   General

2   Buckling panel modelling

n Section 1 
General

1.1 General descriptions of Ro-Ro ship structural members

1.1.1 General descriptions of Ro-Ro ship structural members are presented in Figure 8.1.1 General descriptions of Ro-Ro
ship structural members.
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Figure 8.1.1 General descriptions of Ro-Ro ship structural members
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n Section 2 
Buckling panel modelling

2.1 Buckling panels and assessment methods

2.1.1 Longitudinal structural members are to be modelled and assessed according to Table 8.2.1 Longitudinal structural
members.

2.1.2 Transverse webs are to be modelled and assessed according to Table 8.2.2 Transverse webs.

2.1.3 Transverse bulkheads are to be modelled and assessed according to Table 8.2.3 Transverse bulkheads.

Table 8.2.1 Longitudinal structural members

Structural member Assessment method Normal panel definition

Outer shell envelope: including outer

bottom, bilge and side shell

SP-A

(see Ch 3, 3.1 Plate panel 3.1.4)

Length: between web frames

Other longitudinal members: including inner

bottom, decks and longitudinal effective

structures

(Note: for transversally stiffened bilges,

method in Ch 3, 3.2 Curved plate panel can

be used)

Width: between primary supporting

members

Guidance Notes for ShipRight SDA Buckling Assessment

Buckling Panels for Structural Members of Ro-Ro Ships Chapter 8
Section 2

62 Lloyd's Register



Double bottom and deck girders
SP-B Length: between web frames

(see Ch 3, 3.1 Plate panel 3.1.4) Width: web depth
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Table 8.2.2 Transverse webs

Structural member Assessment method Normal panel definition

Double bottom floors, Side transverse, Side

shell in way of openings

SP-B

Between local supporting members

Transverse webs with web stiffeners (see Ch 3, 3.1 Plate panel 3.1.4)

Irregularly stiffened panels (e.g. web panels

in way of bilge)

UP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

Between local supporting members

Transverse webs without web stiffeners

(special case I: see Case 20 in Table 3.3.3

Buckling factor and reduction factor for

plane plate panels)

(special case II: see Ch 3, 5 Buckling

capacity of primary supporting members)

Pillars
Column Buckling

(see Ch 3, 6.1 Struts, pillars and cross ties)
Between local supporting members
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Table 8.2.3 Transverse bulkheads

Structural member Assessment method Normal panel definition

Regularly stiffened panels
SP-A

(see Ch 3, 3.1 Plate panel 3.1.4)
Between local supporting members

Transverse webs with web stiffeners
SP-B

(see Ch 3, 3.1 Plate panel 3.1.4)
Between local supporting members

Irregularly stiffened panels (e.g. web panels

in way of bilge)

UP-A

(see Ch 3, 3.1 Plate panel 3.1.4)
Between local supporting members

Transverse webs without web stiffeners

UP-B

(see Ch 3, 3.1 Plate panel 3.1.4)

(special case I: see Case 20 in Table 3.3.3

Buckling factor and reduction factor for plane

plate panels)

(special case II: see Ch 3, 5 Buckling

capacity of primary supporting members)

Between local supporting members
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