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n Section 1 
On-deck cargo securing arrangements

1.1 Introduction

1.1.1 This guidance note is designed to assist Designers, Lashing Companies, Shipyards, Owners and Operators who wish to
check their stack configurations using Pt 3, Ch 14 Cargo Securing Arrangements of Lloyd’s Register’s (hereinafter referred to as
LR) Rules and Regulations for the Classification of Ships, July 2018.

1.1.2 Stack heights and lashing arrangements have changed rapidly with the development of ultra large containerships. The
stack heights have increased and lashing arrangements are secured higher up the stack, changing their behaviour and force
distribution. Conventional methods which are based on a shear only model for the stack deformation are not appropriate for high
stacks. LR has investigated and identified the key properties governing the stack response and developed a set of high level
requirements for the assessment.

1.1.3 Pt 3, Ch 14, 9 Strength of container securing arrangements specifies the requirements for containers and container
lashing equipment. The Rules, however, do not specify the calculation methodology used. This was intentionally done to provide
flexibility in their application depending on the implementation. This guidance note describes a methodology that complies with the
Rule requirements.

1.1.4 All Rule equations are to use units as defined in Pt 3, Ch 14 Cargo Securing Arrangements. Consistent units are to be
used throughout all parts of the analysis. Results presentation in kN and mm preferred.

1.2 Analysis of container stack

1.2.1 This guidance note is applicable for containers that are stowed in the fore and aft direction. It is sufficient to calculate the
forces in the lashing rods based on assessment of the transverse and vertical loads acting on the containers. The vertical forces in
the corner posts are to include the effects of transverse and longitudinal loads acting on the containers.

1.2.2 To assess the forces in the stack using the transverse and vertical loads, the forward and aft end of the stack is
assessed independently and assumed decoupled. Only transverse and vertical displacements are considered when establishing
the stack forces. Any longitudinal loads are to be converted to vertical forces applied to the container corners based on the
reaction moments required to balance the stack.

1.2.3 For containers that are stowed athwartships the principles in this guidance document can be implemented to derive a
methodology which complies with Pt 3, Ch 14 Cargo Securing Arrangements.

1.2.4 The application of ship motion and environmental loads will induce forces in the container boxes and lashing devices
which result in distortion of the container stack. The key structural items resisting this distortion are as follows:

• The shear stiffness of the container end and side panels;

• The axial stiffness of the container corner posts;

• The stiffness of the lashing devices, including lashing bridge structure, when present;

• Under certain conditions and lashing arrangements, the twistlock can experience lifting forces which result in increased stack
distortion.

All these aspects need to be considered in the stack assessment.

1.2.5 The forces in the containers, twistlocks and lashing devices are calculated from the stack distortion using Hooke’s law.
Using the forces applied to the stack in Pt 3, Ch 14, 9.2 Forces applied to each container and the stiffness of the stack, the overall
stack deformation is calculated using the standard force–displacement equations. Non-linearity of the system as a consequence of
twistlock separation and lashing rods is to be considered in evaluating the deformation. The inclusion of twistlock separation and
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corner post stiffness can result in an increase in the loads in the lashing devices. The inclusion of a lashing bridge structure
significantly affects the support a lashing device can provide for the stack and hence must be considered.

1.2.6 This guidance note calculates the forces and stack distortion using the stiffness method based on Hooke’s law to
represent the containers and securing devices. The final distribution of forces in the stack is solved using matrix methods.

n Section 2 
Modelling of the container stack

2.1 Stack assembly

2.1.1 The stack behaviour is governed by four main element types and their stiffness properties:

• container element;

• twistlock element;

• lashing element; and

• lashing bridge element.

2.1.2 Stacks comprise of containers stacked on top of each other with four twistlocks positioned at each corner of the
container base. For assessment of the stack ends, only the end face of the container and the two twistlocks below are included in
the model.

2.1.3 Lashings connect the container corners to the lashing bridge or the upper deck. Lashings at the forward end of the
container are assumed not to influence the aft end of the container. This method, therefore, does not include the impact of the
longitudinal force of the lashing on the container posts.

2.1.4 The average stiffness of the lashing bridge is used and the impact of adjacent stacks is ignored. This simplifies the
calculation and allows for each stack to be assessed independently.

2.1.5 Each stack element is associated with a set of degree of freedoms that govern the force distribution and deformation
behaviour of the member. The stiffness matrix of the stack is assembled by coupling the degrees of freedom of the stack
elements.

2.1.6 The forces are applied to the associated degrees of freedom, deforming the stack and distributing the applied load
through the members. For the assessment of the stack ends, any longitudinal loads are to be converted to vertical forces applied
to the container corners based on the reaction moments required to balance the stack.

2.1.7 It is assumed the base of the stack is fixed relative to the base of the lashing bridge, and these degrees of freedom are
constrained.

2.1.8 The stiffness matrix of the elements is symmetric and only one side of the matrix is presented in this guidance Note
unless stated otherwise.

2.2 Container stiffness

2.2.1 The overall distortion behaviour of a container is governed by a combination of its shear stiffness and corner post
stiffness. A container is to be modelled as a combination of shear only panels representing the walls, and rod elements
representing the corner posts and horizontal frame structures. The transverse shear stiffness of the container walls is to be taken
as specified in Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.9.2 Shear spring stiffness of container walls. The area and
Young’s modulus of the corner posts and horizontal frame members are to be taken as specified in Pt 3, Ch 14 Cargo Securing
Arrangements, Table 14.9.3 Container post properties.

2.2.2 Figure 1.2.1 Container end wall shows the mathematical model of the container end element for a two-dimensional
assessment. Element E is the shear only member, elements B and D are the corner post members and elements A and C are the
top and bottom horizontal post members. All five members are coupled at the four corner nodes, nodes 1 to 4.
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Figure 1.2.1 Container end wall

2.2.3 The container element is modelled with a shear only element for the end wall and four spring elements to represent the
axial strength of the corner posts and horizontal bars.

2.3 Twistlock stiffness

2.3.1 Inherent in the twistlock design is a need for play in order to be able to fit the device. This play allows easy installation of
the twistlocks, but this also means that vertical lifting of the top container occurs before the twistlock comes in to tension.
Twistlocks therefore have three states; see Table 1.2.1 Twistlock separation and states. This vertical lifting distance is referred to as
twistlock separation. If this separation occurs, then it can significantly increase the transverse stack deformation and the forces in
the lashing devices, see Figure 1.2.3 Twistlock force extension curve. The assessment of the effects of twistlock separation is
particularly critical for external lashing arrangements.

Table 1.2.1 Twistlock separation and states

State Figure Description

(a) Twistlock closed Twistlock closed and in compression.

The distance between the container castings

is equal to the twistlock flange height.
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(b) Twistlock open Twistlock open and in tension.

The distance between the container castings

is equal to the twistlock flange height +

twistlock separation.

(c) Twistlock float Float condition with zero axial force.

The distance between the container castings

is in between closed and open state.

This state will not occur above the lashing

points.

2.3.2 Shear deformation of the twistlocks can be ignored.

2.3.3 Figure 1.2.2 Port and starboard twistlocks shows the mathematical model of the port and starboard twistlocks. Each
twistlock includes a shear only triangular member to resist the shear force and a vertical spring member to resist vertical axial
loads.

Figure 1.2.2 Port and starboard twistlocks
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2.3.4 The port twistlock comprises of a triangular shear element connected to node 1, node 2 and node BP, and an axial
spring connected to node 1 and node BP.

2.3.5 The starboard twistlock is a mirror of the port twistlock and comprises of a triangular element connected to node 1,
node 2 and node BS, and an axial spring element connected to node 2 and node BS.

Figure 1.2.3 Twistlock force extension curve

2.4 Lashing devices stiffness

2.4.1 Lashing rods are to be modelled using tension only rod elements. Elongation may be determined by reference to an
effective cross-sectional area and an effective modulus of elasticity of the lashing (allowance for straightening and stretching),
which in the absence of actual test values, is to be taken as specified in Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.9.4
Effective modulus of elasticity of lashing devices.

2.4.2 The lashings are assumed to be constrained in the longitudinal direction at both the fixed end and the container end.

2.4.3 Figure 1.2.4 Lashing device shows the mathematical model of the lashing devices. Each lashing can be connected to a
corner of a container and a fixed part of the hull or lashing bridge tier.
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Figure 1.2.4 Lashing device

2.4.4 The lashing rod is mathematically modelled as a spring connecting the container corner, node C, to a fixed point, node
F. The spring can be removed when in compression.

The stiffness of the lashing can be calculated as:

KLR =
Ar ⋅ Eeff

lr
3

where  

KLR = the stiffness of the lashing, in kN/mm2

Eeff = the effective modulus of elasticity of the lashing, in kN/mm2

Eeff = Er when the lashing is in tension

Eeff = 0 kN/mm2 when the lashing is in compression

Er = the lashing rod effective modulus of elasticity, taken from Pt 3, Ch 14 Cargo Securing Arrangements, 
Table 14.9.4 Effective modulus of elasticity of lashing devices, in kN/mm2

Ar = the effective lashing rod cross-sectional area, in mm2

lr = the length of the lashing rod, in mm

lr = lx
2 + ly

2 + lz
2

where  

lx = the longitudinal component of the lashing rod from the lashing bridge, in mm, positive forward

ly = the transverse component of the lashing rod from the lashing bridge, in mm, positive to port

lz = the vertical component of the lashing rod from the lashing bridge, in mm, positive upwards
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2.5 Lashing bridge stiffness

2.5.1 Where lashing devices are attached to a lashing bridge, the lashing bridge transverse stiffness is to be taken into
account and may be modelled with rod elements. For lashing bridge designs with multiple lashing platforms, a lashing bridge rod
element is required for each platform. All the lashing bridge rod elements are to be connected in series. The bottom of the lashing
bridge can be assumed to be rigidly fixed.

2.5.2 The lashing bridge tier is assumed to be fixed in the vertical and longitudinal direction. The bottom of the lashing bridge
is assumed to be fixed in all degrees of freedom.

2.5.3 Figure 1.2.5 Assembly of a three tier lashing bridge shows the mathematical model of a three tier lashing bridge. The
transverse location of the nodes is not important and only included for demonstrative purposes. Lashings attached to tier 2 would
be connected to node LB2, and lashings attached to tier 3 will be connected to node LB3.

Figure 1.2.5 Assembly of a three tier lashing bridge

2.5.4 A single lashing bridge tier can be mathematically modelled as a horizontal spring. The spring stiffness is set to the
transverse spring stiffness of the lashing bridge as defined in Pt 3, Ch 14 Cargo Securing Arrangements, klby.

n Section 3 
Assessment of the stack

3.1 Assessment of the stack deformation

3.1.1 The deformation of the stack is solved using matrix methods. The resulting deformation can be used to derive the forces
in the container end wall, corner posts, twistlocks and lashing devices using Hooke’s law.

F = K ·δ + C

δ = K-1 · (F - C)

where

F = the applied nodal force matrix, in kN

K = the stiffness matrix of the stack and securing devices, in kN/mm

C = the twistlock force matrix of the stack, in kN, which is non zero when a twistlock is open
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δ = the nodal displacement matrix, in mm

3.1.2 The stack stiffness matrix and twistlock force matrix are dependent on the state of the twistlock and lashing devices.
This implies that the solution has a non-linear component requiring an iteration technique to solve.

3.2 Boundary conditions

3.2.1 To invert the stiffness matrix adequate constraints are to be imposed. It is sufficient to fix the base of the stack and the
base of the lashing bridge. The boundary constraint can be included by imposing a large value along the diagonal of the stiffness
matrix at the degrees of freedoms constrained.

3.3 Forces in the container

3.3.1 From the calculated displacements of the container nodes, the racking force and corner post forces of the container
end can be calculated. The locations of the forces recorded are shown in Figure 1.3.1 Container end wall showing locations for
evaluating corner post forces.

3.3.2 The racking force of the container panels is calculated from the transverse shear deformation and the shear stiffness.

3.3.3 The vertical force in the corner post is to be calculated from the compression of the post plus the vertical force due to
shear in the end wall acting on the post.

Figure 1.3.1 Container end wall showing locations for evaluating corner post forces

3.3.4 The absolute racking force on the container end must not exceed the allowable racking force on container end specified
in Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.9.6 Allowable forces in containers in stacks with the same base size.

3.3.5 The maximum compressive force in each corner post of the container must not exceed the vertical forces at each top
corner casting and in each corner post, compression, specified in Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.9.6
Allowable forces in containers in stacks with the same base size. The maximum tensile force in each corner post of the container
must not exceed the vertical forces at each top corner casting, tension, specified in Pt 3, Ch 14 Cargo Securing Arrangements, 
Table 14.9.6 Allowable forces in containers in stacks with the same base size.

3.3.6 The allowable forces for containers of other dimensions, e.g. 24 ft, 48 ft and 53 ft, will be determined on the basis of the
values in Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.9.6 Allowable forces in containers in stacks with the same base size
and of the forces for which the container has been certified.

3.3.7 For mixed stack arrangements the allowable forces are to be taken from Pt 3, Ch 14 Cargo Securing Arrangements, 
Table 14.9.7 Allowable compression forces for posts and corner castings of 40 ft and 45 ft containers in mixed stacks.

3.3.8 The allowable forces for container end walls are shown in Table 1.3.1 Allowable forces for containers.
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Table 1.3.1 Allowable forces for containers

Name Force component
Allowable

Tension Compression

Racking force RAy RAyAllowable

Corner post force

VsT

VTTAllowable VTCAllowable

VpT

VsB

VpB

where

RAyAllowable = the allowable racking force on the container end, in kN, from Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.9.6

Allowable forces in containers in stacks with the same base size.

VTTAllowable = the allowable vertical force at each top corner casting, tension, in kN, from Pt 3, Ch 14 Cargo Securing Arrangements, Table

14.9.6 Allowable forces in containers in stacks with the same base size.

VTCAllowable = the allowable vertical force at each top corner casting and in each corner post, compression, in kN, from Pt 3, Ch 14 Cargo

Securing Arrangements, Table 14.9.6 Allowable forces in containers in stacks with the same base size.

3.4 Forces in the twistlock

3.4.1 From the calculated displacements of the twistlock nodes, the twistlock vertical forces and twistlock shear forces can be
calculated. Figure 1.3.2 Twistlock forces shows the location points where the forces are recorded.

3.4.2 The vertical force in the twistlock is to include the vertical forces from the triangular shear elements for both port and
starboard twistlocks.

3.4.3 The calculated twistlock shear force is to be increased by 10 per cent due to misalignment, corrosion and design
tolerances before comparing to the Safe Working Load (SWL).

Figure 1.3.2 Twistlock forces

3.4.4 The maximum vertical compressive force in the twistlock is not to be greater than the allowable vertical forces at each
bottom corner casting, compression and the maximum vertical tensile force in the twistlock is not to be greater than the allowable
vertical corner pull-out force at each bottom corner casting.

3.4.5 The twistlock tensile load is to be less than the SWL.

3.4.6  Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.3.2 Test loads and test modes for loose container securing fittings
shows the allowable shear force of the twistlocks. The calculated twistlock shear force is not to exceed the allowable shear force
of the twistlocks.
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3.4.7 The allowable forces for twistlocks are shown in Table 1.3.2 Allowable forces for twistlocks.

Table 1.3.2 Allowable forces for twistlocks

Name Force component
Allowable

Tension Compression

Twistlock shear force
SFs

TLSFAllowance
SFp

Twistlock axial force

VsCastingT

TLTAllowance

VCTAllowable

VCCAllowable

VpCastingT

VsCastingB

VpCastingB

where

TLSFAllowance = the allowable shear force on the twistlock, in kN, from Pt 3, Ch 14 Cargo Securing Arrangements , Table 14.3.2 Test loads

and test modes for loose container securing fittings

TLTAllowance = the allowable tensile force on the twistlock, in kN, from Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.3.2 Test loads

and test modes for loose container securing fittings

VCTAllowable = the allowable vertical force at each bottom corner casting, tension, in kN, from Pt 3, Ch 14 Cargo Securing Arrangements, 

Table 14.9.6 Allowable forces in containers in stacks with the same base size.

VCCAllowable = the allowable vertical force at each bottom corner casting, compression, in kN, from Pt 3, Ch 14 Cargo Securing

Arrangements, Table 14.9.6 Allowable forces in containers in stacks with the same base size.

3.5 Forces in the lashing device

3.5.1 From the calculated displacements of the lashing rod nodes, the lashing rod force and applied casting forces can be
calculated.

3.5.2 The forces and force components in the lashing devices must not be greater than the allowable lashing forces on the
corner castings and the SWL of the lashing device.

3.5.3 The resultant forces in the securing devices are not to exceed the allowable SWL for which the device has been
approved, see Pt 3, Ch 14, 2 Fixed cargo securing fittings, materials and testing and Pt 3, Ch 14, 3 Loose container securing
fittings, materials and testing.

3.5.4 The forces in lashing devices, where fitted, are not to exceed the allowable SWL of the lashings as determined from Pt
3, Ch 14, 3 Loose container securing fittings, materials and testing.

3.5.5 The allowable lashing forces on the corner castings for containers of other dimensions, e.g. 24 ft, 48 ft and 53 ft, will be
determined on the basis of the values in Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.9.6 Allowable forces in containers in
stacks with the same base size and of the forces for which the container has been certified.

3.5.6 The allowable forces for lashing devices are shown in Table 1.3.3 Allowable forces for lashing devices.

Table 1.3.3 Allowable forces for lashing devices

Name Component Force Allowable

Lashing rod force Fr LRAllowable
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Container casting force

Transverse FCastingY LRCYAllowable

Vertical FCastingZ LRCZAllowable

End Wall Plane FCasting LRCAAllowable

where

LRAllowable = the allowable tensile force of the lashing rod, in kN, from Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.3.2 Test loads

and test modes for loose container securing fittings

LRCYAllowable = the allowable horizontal force from lashing on container casting acting parallel to the end face, in kN, from Pt 3, Ch 14

Cargo Securing Arrangements, Table 14.9.6 Allowable forces in containers in stacks with the same base size.

LRCZAllowable = the allowable vertical force from lashing on lower container casting acting parallel to the end face, in kN, from Pt 3, Ch 14

Cargo Securing Arrangements, Table 14.9.6 Allowable forces in containers in stacks with the same base size.

LRCAAllowable = the allowable resultant force from lashing on container casting acting parallel to the end face, in kN. For lashings secured to

the top container corners it is taken as the resultant force from para-lashing on upper container casting acting parallel to the end or side

face, taken from Pt 3, Ch 14 Cargo Securing Arrangements, Table 14.9.6 Allowable forces in containers in stacks with the same base size

For lashings secured to the bottom corner castings it is taken as 300 kN, from Pt 3, Ch 14 Cargo Securing Arrangements, Figure 14.9.2

Allowable forces for 20 ft or 40 ft containers constructed to ISO 1496-1:1990 including Amendment Nos. 1, 2 and 3.
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