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CHAPTER 1 PROCEDURE FOR THE ASSESSMENT OF CONTAINER SHIP LASHING BRIDGE
STRUCTURES, AUGUST 2021

SECTION 1 INTRODUCTION

SECTION 2 STRUCTURAL ANALYSIS

SECTION 3 VIBRATION ANALYSIS

Procedure for the Assessment of Container Ship Lashing Bridge Structures, August 2021

2 Lloyd's Register



Section
1   Introduction

2   Structural analysis

3   Vibration analysis

n Section 1 
Introduction

1.1 Application

1.1.1 The application of Ch 1, 1 Introduction and Ch 1, 2 Structural analysis of this procedure is mandatory for all container
ships with lashing bridge structures. A vibration analysis should also be carried out in order to mitigate the possibility of the lashing
bridge structure resonating; therefore the application of Ch 1, 3 Vibration analysis of this procedure is also strongly recommended,
see Ch 1, 3.1 Objectives 3.1.2.

1.1.2 Lashing bridge structures enable lashings to be attached to containers high up in a stack. They give stacks lashed in
such a way greater stability and allow higher total loading capacities to be achieved. An example of a typical two-tier high lashing
bridge is shown in Figure 1.1.1 Typical two-tier lashing bridge and deck structure.

1.1.3 In order that they comply with Lloyd's Register’s (LR) Rules and Regulations for the Classification of Ships (hereinafter
referred to as the Rules for Ships), Pt 3, Ch 14, 4.2 Strength 4.2.5, it is necessary to assess the structural integrity of lashing
bridge structures. This procedure provides the direct calculation requirements for the assessment.

1.1.4 This procedure is applicable for transverse lashing bridge structures that are attached above transverse bulkheads
(open or closed) of container ships. The application to lashing bridges at other locations will be specially considered on the basis of
this procedure. It is assumed that the only connection to the container stacks is via lashing rods, buttress supports and/or similar
devices.

1.1.5 The lashing bridge design must be continuously plated at the lashing eye platform levels.

1.1.6 The assessment of the lashing bridge structure is to be based on a three-dimensional (3-D) Finite Element (FE) analysis
carried out in accordance with this procedure.

1.1.7 The assessment of other on-deck container support systems, such as cell guide type supports, combined type
supporting systems or other novel support systems will be specially considered.

1.1.8 For this analysis, global hull girder bending effects do not need to be considered. However, special consideration must
be given to areas that form part of the intersection between the hull structure and the lashing bridge that are affected by the global
hull girder loads, e.g. intersections at the hatch coaming top and the upper deck.

1.1.9 It is recommended that the designer discusses the analysis requirements with LR at an early stage of the design.

1.1.10 Where alternative procedures are proposed, these are to be agreed with LR before commencement.
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Figure 1.1.1 Typical two-tier lashing bridge and deck structure

1.2 Analysis report

1.2.1 A report of the calculations discussed in Ch 1, 1.1 Application of this procedure is to be submitted to LR for review of
the lashing bridge system. The report must show compliance with the specified structural design criteria in Ch 1, 2.4 Acceptance
criteria of this procedure.

1.2.2 If the computer software employed for the assessment is not recognised by LR, full particulars of the program must also
be submitted, see Rules for Ships, Pt 3, Ch 1, 3.1 Alternative arrangements and scantlings.

1.2.3 LR may require the submission of computer input and output data to verify that the calculations were completed in
accordance with the procedure.

1.2.4 The detailed report is to contain:

• List of the plans used, with their dates and versions.

• Detailed description of the structural model, including all modelling assumptions and material properties.

• Plots to demonstrate that the structural modelling and the assigning of properties are correct.

• Intended Container Securing Arrangements (CSA), or equivalent, and details of the cases where the lashing rod forces are
maximised.

• Results showing compliance, or otherwise, with the design criteria.

• Proposed amendments to the structure where necessary, including revised assessments of stresses and buckling properties.
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n Section 2 
Structural analysis

2.1 Modelling

2.1.1 The full breadth of the lashing bridge structure is to be modelled. When the lashing bridge is split into two, so that
separate port and starboard split lashing bridges are used, then both sides of the split lashing bridge need to be assessed. The FE
model is to be such that it represents the actual lashing bridge structural arrangement.

2.1.2 The hull structure above the stringer immediately below the upper deck and one main web frame forward and aft of the
lashing bridge structure should be included in order to correctly model the support conditions at the base of the lashing bridge. A
coarse mesh representation using approximate scantling is adequate for this purpose. It is not necessary to use the final approved
scantlings to model the hull structure below the hatch coaming top. The scantlings used need to be sufficient such that the correct
degree of support to the lashing bridge is modelled, hence initial design scantlings would be acceptable. It is important to model
the structure within the top of the transverse bulkhead or torsion box reasonably accurately in terms of the lashing bridge
connection. Figure 1.2.1 Typical FE model of a two-tier lashing bridge showing fine mesh inserts for detailed analysis shows a
typical FE model. Alternatives to the above specification regarding the extent of the hull structure will need to be discussed and
agreed with LR at the beginning stage of FE analysis. Typical extent of the hull structure below the hatch coaming to be modelled
is shown in Figure 1.2.2 Typical extent of the hull structure below the hatch coaming to be modelled.

2.1.3 It may be necessary to assess lashing bridges at several locations along the ship length, i.e. at points where the lashing
bridge arrangements significantly vary. At a minimum, a lashing bridge sited over an open (non-watertight) bulkhead is to be
assessed, due to the reduced rigidity of support for a lashing bridge in this location.

2.1.4 In general, the standard FE model mesh size is to be approximately 20t × 20t or 150 × 150 mm whichever is smaller,
where t is the plate thickness in mm. Plate elements are to be used to represent large pillars, cross struts, plated beams, etc. and
the mesh density is to be sufficient to correctly capture the bending stiffness of the structural members. The lashing eyes to which
the lashing forces are applied to are to be included to correctly model the distribution of the lashing force applied to the lashing
bridge structure.

2.1.5 The FE model of the ship structure is to be represented using a right-handed Cartesian co-ordinate system, with:

(a) X: measured in the longitudinal direction, positive forward.

(b) Y: measured in the transverse direction, positive to port from the centreline.

(c) Z: measured in the vertical direction, positive upwards from the baseline.

2.1.6 The FE model is to be based on the gross scantlings of the structure. Corrosion deductions are not to be included.

2.1.7 Where the FE model mesh size is insufficiently detailed to represent areas of localised higher stresses, such as lashing
eye brackets, brackets between cross struts, pillars and lashing bridge decks, openings etc., these areas must be investigated by
means of additional fine mesh models, or by fine mesh included into the main lashing bridge model.

2.1.8 The mesh size adopted for the fine mesh region should be such that the structural geometry can be adequately
represented and the stress concentrations can be adequately determined. In general, the minimum required mesh size in fine
mesh areas is not to be greater than 1/5 of the depth of the member (smallest dimension). In some locations a finer mesh may be
necessary to represent the structural geometry. The mesh size need not be less than t × t unless adequate representation of the
structural geometry requires a finer mesh. Triangular plate elements are to be avoided. The inserts in Figure 1.2.1 Typical FE model
of a two-tier lashing bridge showing fine mesh inserts for detailed analysis highlight the extent of the model to be fine meshed for
detailed analysis. In general, it will only be necessary to review the most highly stressed bracket of each type.

2.1.9 All large openings in the lashing bridge are to be represented. Normal size access openings in plated webs may be
modelled by deleting the appropriate elements. In areas where the openings have not been modelled, the resulting shear stresses
and von Mises stresses are to be corrected according to the ratio of the actual shear area to the modelled shear area.

2.1.10 Regarding corners, bracket radius edges and openings, the model must have a minimum of 15 elements per 90 degree
arc of the free edge plate, but the element size need not be taken below t × t. Where FE analysis programs do not supply accurate
nodal stresses, a line element (rod element) with a small nominal area is to be attached at the plating free edge to obtain the peak
edge stress.

2.1.11 Standard mesh size is to be used to represent the structure outside areas of local stress concentration. Where such
area is represented by fine mesh in the model, the average stress over an area equivalent to the size of the standard mesh is not
to exceed that required by the standard mesh criteria.
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2.1.12 It is not expected that the main lashing bridge struts or pillar members will experience large bending loads, so bending
of the pillars is not likely to be a critical issue. However, if it is shown that this is not the case, then fine mesh analysis may be
necessary to accurately model the local bending stresses.

2.1.13 Table 1.2.1 Mesh size shows the mesh size requirement for each component of the lashing bridge model. Figure 1.2.1
Typical FE model of a two-tier lashing bridge showing fine mesh inserts for detailed analysis shows the mesh size segmentation of
a typical lashing bridge structure.

Table 1.2.1 Mesh size

Mesh Mesh size Application region

Coarse mesh and mesh transition Secondary stiffener spacing or smaller

Hull structure below the lashing bridge:

- Stringer

- Upper deck

- Bulkhead

- Side shell/Inner shell

Standard mesh

20t × 20t

or

150 mm × 150 mm

Lashing bridge structure and region

connecting to the hull structure:

- Vertical, horizontal and diagonal members/

columns

- Hatch coaming top

Fine mesh

To allow adequate representation of structural

geometry and accurate determination of

stress concentrations.

Need not be less than t × t

See Ch 1, 2.1 Modelling 2.1.8

Hot spot stress locations:

- Lashing eye brackets

- Brackets, etc.

Note t is the smaller member thickness
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Figure 1.2.1 Typical FE model of a two-tier lashing bridge showing fine mesh inserts for detailed analysis

Figure 1.2.2 Typical extent of the hull structure below the hatch coaming to be modelled
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2.2 Load cases

2.2.1 The loads from the lashing rods are to be applied to the lashing bridge eyes using force vectors that are consistent with
the lashing arrangements. The lashing arrangements are to be in accordance with the intended CSA, or equivalent, see Rules for
Ships, Pt 3, Ch 14, 1.1 Application 1.1.1. If more than one lashing arrangement is shown in the intended CSA, then each lashing
arrangement is to be assessed. It is therefore necessary to review all the lashing cases for each lashing arrangement.

2.2.2 Each of the lashing cases in Table 1.2.2 Lashing cases to be assessed are to be assessed. For each of the lashing
cases listed in Table 1.2.2 Lashing cases to be assessed, the bay cases in Table 1.2.3 Container bay arrangements to be
assessed are also to be assessed. If the lashing arrangements are not symmetrical port and starboard, then additional loading
cases taking account of the unsymmetrical lashing arrangements will be necessary.

2.2.3 If the Safe Working Load (SWL) Envelope case is adopted for lashing case 1, lashing cases 2, 3 and 4 are not required
to be assessed.

2.2.4 The purpose of these lashing cases is as follows:

Lashing case 1: SWL

(a) Define two representative lashing rod force distributions based on the SWL of the lashing rods:

(i) Lashing case 1.1: SWL envelope case

• Apply a large lashing rod force to envelop all possible lashing configurations;

• If SWL envelope case is applied and the structure meets the criteria specified in Table 1.2.4 Allowable criteria for yielding and 
Table 1.2.5 Allowable criteria for buckling, lashing cases 2, 3 and 4 are not required to be assessed;

(ii) Lashing case 1.2: Factored SWL case

• Apply a large representative lashing rod force in order to derive the appropriate lashing bridge stiffness, KBY for each lashing
bridge platform, see Ch 1, 2.2 Load cases 2.2.6;

(b) Calculate the stresses and buckling loads of the lashing bridge structure and support based on a simple assumption
regarding the lashing rod forces. It is assumed that the specified lashing rod forces can be simultaneously generated for all
container stacks;

(c) Confirm that the lashing bridge is acceptable with the symmetric bay and one bay arrangements, as specified in Table 1.2.3
Container bay arrangements to be assessed;

Lashing case 2: Maximum SWL for local structure

(a) Confirm that the lashing eye arrangements and immediate supporting structures are acceptable when extreme lashing rod
forces are applied;

Lashing case 3: Maximum intended CSA lashing forces associated with maximising the stack weights

(a) Confirm that the lashing bridge is acceptable when the lashing rod forces derived in accordance with the intended CSA
lashing arrangements, or equivalent, are at maximum due to all the stacks being loaded to their maximum possible weights;

Lashing case 4: Homogeneous stack weights

(a) Confirm that the lashing bridge is acceptable when the lashing rod forces derived in accordance with the intended CSA
lashing arrangements, or equivalent, are at maximum due to all the stacks being loaded to achieve their maximum possible
homogeneous stack weight;

Note For cases 3 and 4, the effect of the lashing bridge stiffness needs to be taken into account in the container stack lashing rod
force calculation; this is the method specified in the Rules for Ships, Pt 3, Ch 14 Cargo Securing Arrangements.

2.2.5 The self-weight of the lashing bridge is to be included. It is not necessary to apply ship motion forces to the lashing
bridge structure.

2.2.6 The average transverse spring stiffness of each lashing platform i of the lashing bridge (KBYi) is to be calculated based
on lashing case 1.2: Factored SWL. It is recommended that for a 2.5 m tall platform a lashing stiffness of 20 kN/mm is achieved
for symmetric bay conditions and 40 kN/mm for asymmetric bay conditions. It is acceptable to assume a single lashing bridge
transverse spring stiffness per lashing platform can be assigned to cover all stacks associated with a particular lashing bridge.

2.2.7 The average lashing bridge stiffness for each platform is to be calculated by averaging the effective transverse spring
stiffness of each stack connected to the lashing bridge. The effective transverse spring stiffness of lashing bridge platform i for a
stack is determined from the total transverse force applied by the stack to lashing platform i and above and the average transverse
deformation of lashing platform i at the stack.
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KBYi =
1
NS

Σ
s = 1

NS
KBYi,s

where  

KBYi,s = the transverse spring stiffness of lashing platform i for stack s

 = FYi,s
δYi,s

FYi,s = is the total combined transverse force acting on lashing platform i and above due to stack s

δYi,s = is the transverse deformation of lashing platform i at stack s

 = = dYi,s − dYi−1,s

dYi,s = is the average transverse movement of lashing platform i at stack s

Ns = is the number of stacks connected to lashing platform i or above.

Table 1.2.2 Lashing cases to be assessed

Lashing case Load case description Loads to apply

1

1.1 SWL envelope case

The lashing rod forces are to be taken as:

• 100% of the SWL of each lashing rod.

• For paralash systems: 75% of the SWL of each lashing rod.

If this approach is adopted for lashing case 1, lashing cases 2, 3 and 4 are not

required to be calculated. See Ch 1, 2.2 Load cases 2.2.4.(a).(i).

1.2 Factored SWL case

The lashing rod forces are to be taken as:

(a) For lashing rods connected to the top level of the lashing bridge:

• 75% of the SWL of each lashing rod.

• For paralash systems: 50% of the SWL of each lashing rod.

• For a windward lashing: 100% of the SWL of each lashing rod.

(b) If lashing rods are connected to levels below the top level of the lashing bridge:

• 55% of the SWL of each lashing rod.

• For paralash systems: 38% of the SWL of each lashing rod.

For other arrangements please consult LR.

Figure 1.2.4 Example lashing configurations with percentage SWL for lashing case 1

(see note) shows example lashing configurations and the percentage SWL.

2
Maximum SWL for local

structure

An additional lashing case is to be reviewed based on lashing case 1 in order to

ascertain the stresses of the lashing rod eye bracket that exhibits the largest stress,

as follows:

• The lashing rod loads at the eye bracket exhibiting the largest stress for lashing

case 1 are to be increased to 100% SWL.

• In addition, the lashing rod loads for the adjacent port and starboard container

stacks are also to be increased to 100% SWL.

• The loads on the other lashing points are to be reduced such that the total

transverse lashing force is the same as for lashing case 1.

On the assumption that all lashing rod eye bracket structural arrangements are similar,

it is only necessary to review the worst bay case scenario, see Table 1.2.3 Container

bay arrangements to be assessed. If this is not the case, then the most critical lashing

eye bracket location of each bay case is to be assessed.
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3

Maximum intended CSA

lashing forces associated

with maximising the stack

weights

The maximum lashing rod forces are to be calculated in accordance with Rules for

Ships, Pt 3, Ch 14 Cargo Securing Arrangements for each stack, and applied

simultaneously to the lashing bridge.

4
Homogeneous stack

weights

Lashing rod forces are to be consistent with maximising the weight of each individual

stack of homogenously loaded containers, calculated in accordance with Rules for

Ships, Pt 3, Ch 14 Cargo Securing Arrangements.

Note 1. Each of the above cases is to be reviewed to find which one applies the greatest load on the lashing bridge for each lashing

arrangement. If the lashing rod forces for lashing cases 3 and 4 are well below case 1, then cases 3 and 4 may need not be considered, but the

results of this review are still to be included in the report.

Note 2. Only those forces from lashing rods that can be in tension simultaneously are to be applied.

Note 3. The angle of the lashing rod is determined from the intended CSA or equivalent. The lashing rod orientation, and hence the force vector,

is calculated using:

• The longitudinal distance from the lashing foundation to the container corner fitting, lx.

• The transverse distance from the lashing foundation to the container corner fitting, ly.

• The vertical separation from the lashing foundation to the container corner fitting, lz.

Note 4. The above cases are to be considered for each lashing arrangement in the intended CSA or equivalent.

Table 1.2.3 Container bay arrangements to be assessed

Bay case Bay arrangement Description

S Symmetric bay Lashing forces due to containers in the bays forward and aft of the lashing bridge

F Fwd bay only Lashing forces due to containers in the bay forward of the lashing bridge only

A Aft bay only Lashing forces due to containers in the bay aft of the lashing bridge only
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Figure 1.2.3 Section view of lashing rod loads (roll to starboard)

Note Lashing cases can be found in Table 1.2.2 Lashing cases to be assessed

Figure 1.2.4 Example lashing configurations with percentage SWL for lashing case 1 (see note)

2.3 Boundary conditions

2.3.1 The FE model is to be constrained at the lower stringer level and at the forward and aft web frame using the boundary
conditions shown in Figure 1.2.5 Boundary conditions. These boundary conditions have been selected in order to ensure that the
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stress and deformation of the lashing bridge structure is accurately represented. Studies have shown that modelling a lesser
extent of hull structure leads to significant inaccuracies in the derived stress.

2.3.2 Boundary conditions in Figure 1.2.5 Boundary conditions are to be used to constrain the model for all load cases
described in Ch 1, 2.2 Load cases.

Figure 1.2.5 Boundary conditions

2.4 Acceptance criteria

2.4.1 Allowable criteria for yielding and buckling are shown in Table 1.2.4 Allowable criteria for yielding and Table 1.2.5
Allowable criteria for buckling. All lashing bridge members, and the hull structure immediately supporting the lashing bridge base,
are to be assessed.

2.4.2 The critical buckling stress of plate panels subject to primarily uniaxial or shear stress is to be derived using the formulae
given in Table 1.2.5 Allowable criteria for buckling. The critical buckling stress of plate panels that are subjected to significant
compressive and shear stresses can be derived using a procedure such as the method used in LR’s ShipRight buckling software.

2.4.3 The column stability of pillars, struts and plated members acting as pillars are to comply with the requirements of Table
1.2.5 Allowable criteria for buckling.

2.4.4 Alternatively, the buckling capability of the structure may be verified using first principle non-linear FE analysis in special
circumstances. It is recommended that the designer discusses with LR early on in the design cycle.

Table 1.2.4 Allowable criteria for yielding

Structural item
Allowable stresses (N/mm2)

Direct stress Shear stress von Mises stress

(a) Standard FE model mesh regions covering all

lashing bridge members and hull structure relating to

the lashing bridge base.

0,8 σ0 0,46 σ0 (see Note 1) 0,9 σ0
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(b) Fine mesh models or

regions (see Note 2)

Average stress (see Note

3)
- - σ0

Individual element - - 1,2 σ0

Free edge of brackets

and the direct (tangential)

stresses at the free edge

of rounded corners

1,5 σ0 - -

Note 1. The specified values relate to the average shear stress over the width of the member.

Note 2. Fine mesh regions of areas of local stress concentration are to be assessed using (b) and can be excluded from (a), see Ch 1, 2.1

Modelling 2.1.11.

Note 3. The average stress is to be calculated based on averaging over the element being assessed and the elements directly connected

to its boundary nodes. Averaging is not to be taken across or to include abutting structural boundaries or discontinuities. Figure 1.2.6

Average stress for fine mesh yield assessment shows how to calculate the average stress for a given element.

σ0: Specified minimum yield stress, in N/mm2.

Table 1.2.5 Allowable criteria for buckling

Structural item Elastic buckling stress (N/mm2)

Buckling factor of safety

λ =
σCR
σ or λ =

τCR
τ

(see Note 1

)

Plated areas subjected to compressive stresses

greater than σ0 / 2 σE = 3, 6E
tp
s

2
1,1

Plated areas subjected to shear stresses greater

than τ0 / 2
τE = 3, 6 1, 335 + a

b
2
E tp
a
2

1,1

Column stability of slender members of closed

section shape, e.g. tubes, (typically diagonal,

horizontal or vertical bracing members) (see Note

2)

σE = 0, 001E 1
Atle

2 f end

1,1

Column stability of slender members of open

section shape, e.g. channels or angle bars (see

Note 2)

σE = 0, 001E
1ω
lple

2 f end + 0, 385E
It
Ip 1,1

Symbols and parameters

λ: Buckling safety factor

σ: For columns, σ is to be taken as the average axial compressive stress at the mid length, in N/mm2

For plated areas, σ is to be calculated using the weighted average stress of the plate panel, in N/mm2, Figure 1.2.7 Buckling axial and shear

stress definition based on weighted average stress shows an example calculation of σ =
Σi = 1
N Aiσi
Σi = 1
N Ai

τ: For plated areas, τ is to be calculated using the weighted average shear stress of the plate panel, in N/mm2, Figure 1.2.7 Buckling axial and

shear stress definition based on weighted average stress shows an example calculation of τ =
Σi = 1
N Aiτi
Σi = 1
N Ai

A: Element area, in mm2
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N: Total number of elements on a plate panel

σ0: Specified minimum yield stress, in N/mm2

τ0 : Specified minimum shear yield stress, in N/mm2 to be taken as 
σ0
3

σCR: Critical buckling stress in compression, in N/mm2

E: Modulus of elasticity, in N/mm2

s: Spacing of secondary plate stiffeners, etc., in mm

tp: As built thickness of plating, in mm

le: Effective length of the column member, in m, to be taken as the mean full length of the member excluding end brackets. Figure 1.2.8

Effective member length (le) shown for typical members shows examples of effective length of members calculations

a: For plated areas, the smaller dimension of a rectangular approximation of the plate panel, in mm

b: For plated areas, the larger dimension of a rectangular approximation of the plate panel, in mm

I: Smallest moment of inertia, in cm4, of column about the centroid

At: Cross-sectional area, in cm2, of column

Iω: Sectorial moment of inertia, in cm6, of column about the shear centre

Ip: Polar moment of inertia, in cm4, of column about the shear centre

It: St. Venant’s moment of inertia, in cm4, of column about the centroid

fend: End constraint factor, taken as; 1,0 where both ends are simply supported; 2,0 where one end is simply supported and the other end is

fixed; 4,0 where both ends are fixed

Note 1. The elastic critical buckling stress is to be calculated as follows:

σCR =
σE ≤

σ0
2

σ0 1 −
σ0
4σE

if σE >
σ0
2

τCR =
τE ≤

τ0
2

τ0 1 −
τ0
4τE

if τE >
τ0
2

Note 2. Provided that the wall or plate thickness of a pillar complies with the requirements specified in the Rules for Ships, local wall buckling of

the pillar is considered satisfactory.
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Figure 1.2.6 Average stress for fine mesh yield assessment

Figure 1.2.7 Buckling axial and shear stress definition based on weighted average stress
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Figure 1.2.8 Effective member length (le) shown for typical members

n Section 3 
Vibration analysis

3.1 Objectives

3.1.1 The objective of the vibration analysis is to verify that the natural frequencies of the lashing bridge structure sufficiently
avoid resonance (resulting from the coincidence of structural natural frequency and excitation frequencies during normal operating
conditions) with excitation frequencies caused by the engine and propeller.

3.1.2 If the ship is expected to operate with no containers secured to the lashing bridges, such as during sea trials, ballast
voyages or empty on deck bays; then significant vibration of the lashing bridges is possible. Where a ship is intended to be
operated in these conditions, a vibration analysis specified in Ch 1, 3 Vibration analysis is strongly recommended.

3.1.3 There are two main sources of excitation that need to be considered when assessing container ship lashing bridge
structures: propellers and main engines. Large excitation forces can be caused by the unbalanced loads and moments inherent in
low speed diesel engines. Large propeller excitation forces can occur at certain blade frequencies. Other machinery items are
normally suitably mounted and insulated from ship structure, and are not expected to produce significant excitation forces.

3.1.4 These two excitation sources can induce unacceptable vibration levels in the vessel which could coincide with the
natural frequencies of the lashing bridge.

3.2 Modelling

3.2.1 In general, the coarse mesh 3-D finite plate element model used for the strength assessment may be used. It will be
necessary to evaluate the vibration response of lashing bridge structures at several locations along the ship. In particular, the
lashing bridges at the aft end are more likely to be prone to vibration as these are closer to the propeller and main machinery
locations.

3.2.2 The extent of these models is to be such that the application of boundary conditions will not affect the overall response
of the models. Minimum model extent and boundary conditions are described in Ch 1, 2.1 Modelling and Ch 1, 2.3 Boundary
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conditions. A typical lashing bridge example model is shown in Figure 1.2.8 Effective member length (le) shown for typical
members.

3.2.3 Where a global hull structure FE model is available and a global hull modal analysis is to be carried out, it is
recommended that the lashing bridge models are incorporated in the global hull structure model prior to vibration analysis.

3.2.4 The unloaded condition is to be considered without any lashings attached to the lashing bridge.

3.2.5 For vibration analysis, it is necessary to ensure the total mass of the lashing bridge structure is accurately modelled.
Structural mass may be accounted for by defining the material density of the steel in the FE model. It is usually necessary to make
a small increase to the material density to allow for minor structures that are not included in the model. Concentrated and
distributed outfit masses can be taken into account by increasing the structural material’s mass density.

3.3 Assessment and acceptance criteria

3.3.1 In general, it is sufficient to carry out normal mode (eigenvector) analysis of the lashing bridge structure to calculate the
natural frequencies and vibration mode shapes.

3.3.2 The calculated natural frequencies of the global behaviour of the lashing bridge are to satisfy the following requirements:

(a) For lashing bridge structures located adjacent to and aft of the main machinery space with slow speed diesel engines, the
calculated natural frequencies of the lashing bridge should not be in the range of the propeller blade frequencies associated
with:

• 85% NCR to

• MCR plus 10% MCR for first order propeller blade excitation and large main engine unbalance force excitation.

where  

NCR = the Normal Continuous Rating. In the event that the ship is expected to operate for a prolonged period at
a speed lower than that provided by operating at the NCR, then the shaft speed consistent with that
speed should be used instead of the NCR.

MCR = the Maximum Continuous Rating

For lashing bridge structures located at stern of ship or just above propeller, the second order propeller blade excitation is
also to be considered.

(b) For lashing bridge structures located away from the aft end of the ship, usually forward of the main machinery space (typically
cargo hold areas), the calculated natural frequencies should not be in the above range for frequencies associated with large
main engine unbalance force excitation and the first order propeller blade excitation.

3.3.3 A Campbell diagram may be used to assess the potential resonant frequencies. An example Campbell diagram is
shown in Figure 1.3.1 Campbell diagram illustrating lashing bridge vibration assessment. It illustrates the influence of propeller
shaft rotational speed on the vibration frequency and highlights possible resonant conditions with the first order propeller blade
excitation. At the intersection between the first order propeller blade frequency line and the line of natural frequencies of a mode, a
possible resonant condition can be found.

3.3.4 Resonance is sometimes impossible to avoid for the unloaded lashing bridge case (for example, a sea trial condition, or
when the bays either side of a lashing bridge are empty, or when the minimal lashings are used) and in this situation it may be
acceptable to apply methods such as additional structural damper systems to reduce excessive vibrations, temporary masses to
adjust the natural frequencies, or the equivalent. Such methods should be submitted to LR for consultation. Alternatively, forced
vibration analysis can be used to verify the level of vibration is acceptable; the computation approach is to be agreed with Lloyd’s
Register before commencement.
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Figure 1.3.1 Campbell diagram illustrating lashing bridge vibration assessment

Procedure for the Assessment of Container Ship Lashing Bridge Structures, August 2021

Procedure for the Assessment of Container Ship
Lashing Bridge Structures, August 2021

Chapter 1
Section 3

18 Lloyd's Register



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

© Lloyd’s Register Group Limited 2021 
Published by Lloyd’s Register Group Limited 

Registered office (Reg. no. 08126909) 
71 Fenchurch Street, London, EC3M 4BS 

United Kingdom 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Lloyd’s Register and variants of it are trading names of Lloyd’s Register Group Limited, its subsidiaries and affiliates. For further details 
please see http://www.lr.org/entities 

 
Lloyd's Register Group Limited, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and 
collectively, referred to in this clause as ‘Lloyd's Register’. Lloyd's Register assumes no responsibility and shall not be liable to any person 
for any loss, damage or expense caused by reliance on the information or advice in this document or howsoever provided, unless that 
person has signed a contract with the relevant Lloyd's Register entity for the provision of this information or advice and in that case any 
responsibility or liability is exclusively on the terms and conditions set out in that contract. 

 
© Lloyd’s Register, 2021 

http://www.lr.org/entities

	Procedure for the Assessment of Container Ship Lashing Bridge Structures
	Document history
	Chapter 1 Procedure for the Assessment of Container Ship Lashing Bridge Structures, August 2021
	Section 1 Introduction
	1.1 Application
	1.2 Analysis report

	Section 2 Structural analysis
	2.1 Modelling
	2.2 Load cases
	2.3 Boundary conditions
	2.4 Acceptance criteria

	Section 3 Vibration analysis
	3.1 Objectives
	3.2 Modelling
	3.3 Assessment and acceptance criteria



