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Section
1   Introduction

n Section 1 
Introduction

1.1 General

1.1.1 This procedure provides the requirements for the use of design based on crack initiation as an alternative to crack arrest
design in container ships, see Pt 4, Ch 8, 2.3 Requirements for use of thick steel plates of the Rules and Regulations for the
Classification of Ships and defines the requirements for an effective Engineering Critical Assessment.

1.1.2 Crack arrest design assumes that an unstable crack extension may start in a region of high stress and/or low
toughness. In order to arrest the crack and prevent brittle fracture, the surrounding material must have sufficient resistance to
fracture propagation. Crack arrest will occur if the applied crack driving force is less than the resistance to the fracture
propagation.

1.1.3 Brittle fracture is the sudden, very rapid cracking of a material under stress where the material exhibits very little plastic
deformation. Cracks usually initiate at a stress concentration, such as a pre-existing material imperfection or an imperfection which
develops in service such as fatigue cracking. These cracks will then continue to grow once they are initiated and will run
perpendicular to the applied stress.

1.1.4 As an alternative to crack arrest design, design based on crack initiation can be applied, see Pt 4, Ch 8, 2.3
Requirements for use of thick steel plates of the Rules and Regulations for the Classification of Ships. The methodology for
designs based on this approach requires:

(a) calculation of baseline discontinuity size that is tolerable (i.e. not considered to result in brittle fracture based on assumed
loading conditions);

(b) detection and sizing of such discontinuities, to give confidence and assurance that discontinuity type and sizes are either not
present, or not exceeded;

(c) the calculated discontinuity size is considered tolerable to fatigue conditions throughout the calculated design life, should the
discontinuity propagate.

1.1.5 Enhanced NDE (and applied stricter defect acceptance criteria) is a requirement in this process and is stipulated as an
accompanying method to Measure 1, when applying countermeasures for brittle crack arrest design (Measure 1 as described in
LR Rules and IACS UR S33). This is to be carried out during construction in accordance with Ch 3, 1 Enhanced NDE requirements
in order to determine whether any imperfection which does not meet the welding defect acceptance criteria calculated in
accordance with Ch 2 Determination of Welding Defect Acceptance Criteria for Enhanced NDE exists in the weld. If such an
imperfection exists, then the imperfection shall be removed, and the weld shall be repaired.

1.1.6 An Engineering Critical Assessment is to be carried out in accordance with Ch 2 Determination of Welding Defect
Acceptance Criteria for Enhanced NDE and submitted to LR prior to construction in order to determine the welding defect
acceptance criteria.

1.1.7 Acceptance criteria are to be obtained for all imperfections in accordance with Ch 2 Determination of Welding Defect
Acceptance Criteria for Enhanced NDE.

1.2 Application

1.2.1 This procedure is to be applied to container ships where the steel plates for the hatch coaming side plate or hatch
coaming top plate exceed a thickness of 50 mm but are not greater than 100 mm. Designs using plates with a thickness
exceeding 100 mm are to be specially considered.

1.2.2 This procedure applies to plates having specified minimum yield strength of 390 and 460 N/mm2. Steels and weldments
are to comply with the toughness requirements of Ch 3 Rolled Steel Plates, Strip, Sections and Bars, Ch 11 Approval of Welding
Consumables and Ch 12 Welding Qualifications of the Rules for the Manufacture, Testing and Certification of Materials.

1.2.3 The approach in this procedure applies to the erection of block-to-block joints, including both assembly and sub-
assembly joints.
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1.2.4 This procedure considers the scenario where a brittle crack runs along the butt joint. It is assumed that the crack
initiates in any of the block-to-block butt weld joints and then propagates along the butt weld joint without deviation.

1.2.5 The application of this alternative approach does not exempt the use of crack arrest steel for the upper deck.

Procedure for the Use of Enhanced NDE for Container Ships

General Chapter 1
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n Section 1 
General

1.1 General

1.1.1 In order to determine the welding defect acceptance criteria for use with enhanced NDE, an Engineering Critical
Assessment (ECA) is to be carried out prior to construction where an imperfection in a weld is assessed to see whether it will result
in crack initiation within a period of time under fatigue crack propagation. In addition, an assessment of the effect of multiple
imperfections located close together is to be conducted.

1.1.2 The following acceptance criteria are to be obtained:

(a) The critical location of an imperfection in the weld corresponding to the smallest detectable imperfection size, see Ch 2, 2.5
Characterisation of imperfections 2.5.3;

(b) The critical imperfection size corresponding to a given location, see Ch 2, 2.5 Characterisation of imperfections 2.5.4.

1.2 Engineering Critical Assessment (ECA)

1.2.1 The assessment is to be carried out in accordance with British Standard BS 7910:2013+A1:2005 Guide to the methods
for assessing the acceptability of flaws in metallic structures, hereafter referred to as BS 7910, and this ShipRight procedure.

1.2.2 A combined fatigue and fracture assessment is to be carried out where an imperfection has grown through fatigue (BS
7910, Clause 8) and then assessed to determine whether fracture is predicted to occur following fatigue crack initiation (BS 7910,
Clause 7).

1.2.3 The assessment is to be carried out on the hatch coaming side plate, hatch coaming top plate and upper deck.

1.2.4 If any assumptions deviate from those given in this procedure, a sensitivity analysis is also to be carried out to test these
assumptions.

1.2.5 Figure 2.1.1 Engineering critical assessment flowchart provides an overview of the assessment process and the basic
steps which are to be followed.
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Figure 2.1.1 Engineering critical assessment flowchart
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n Section 2 
Basic input data

2.1 General

2.1.1 The following basic information is required in order to carry out the assessment:

• Locations under consideration;

• Material properties;

• Loading;

• Characterisation of imperfections.

2.2 Locations under consideration

2.2.1 The following locations are to be considered, see Figure 2.2.1 Locations to be considered in determining weld
acceptance criteria:

• Hatch coaming top plate;

• Hatch coaming side plate;

• Upper deck.

2.3 Material properties

2.3.1 The mechanical properties of the weld material are to be taken as the mechanical properties of the attached plating and
are to be assumed to be as specified by the Rules and Regulations for the Classification of Ships.

2.3.2 The assessment temperature is to be assumed to be −10°C unless a lower design temperature for the ship is specified,
i.e. the ship has a Winterisation Class Notation.

2.3.3 The Young’s Modulus is to be assumed to be 208000 N/mm2.

2.3.4 The Poisson’s ratio is to be assumed to be 0,3.

Figure 2.2.1 Locations to be considered in determining weld acceptance criteria

2.3.5 A full-thickness crack tip opening displacement (CTOD) value of 0,18 mm at −10°C is to be assumed unless otherwise
specified, i.e. a higher CTOD value can be required in order to increase the toughness of the material. The material toughness,
Kmat, can be obtained from the CTOD value as follows:

Kmat =
m σ o δ mat E

1 − υ2
N/mm3/2

Where:  

E = the Young’s Modulus, in N/mm2

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

δmat = the CTOD value, in mm

ν = the Poisson’s ratio

m = 1, 517
σo
σU

−0, 3188
for 0, 3 <

σo
σU

< 0, 98

Where:  

σU = the ultimate tensile strength of the material in N/mm2

2.4 Loading

2.4.1 The following stresses are to be considered:

• Primary stresses;

• Secondary stresses.

2.4.2 Primary stresses consist of global bending stresses, global membrane stresses, and local stresses.

2.4.3 The global bending stresses are to be obtained from the Rules and Regulations for the Classification of Ships (based on
a probability of 10-8) where gross scantlings are to be assumed. These stresses can be assumed to be global membrane stresses
due to the plates being thick.

In order to account for horizontal bending and torsion, the hogging vertical wave bending stress at the top of the hatch coaming is
not to be taken as less than 175/kL N/mm2 minus the still water bending stress at the top of the hatch coaming. The hogging
vertical wave bending stress at other locations is to be adjusted based on the height of the location above the neutral axis. The
sagging vertical wave bending stress is to be increased by the same amount as the hogging vertical wave bending stress.

The following stresses are to be applied as indicated in Ch 2, 4 Fatigue assessment and Ch 2, 5 Fracture assessment:

• Still water bending stress based on the maximum permissible hogging still water bending moment;

• Vertical hogging wave bending moment stress;

• Vertical sagging wave bending moment stress.

2.4.4 The maximum stress range to be used in the fatigue assessment is to be taken as the vertical wave bending stress due
to hogging plus the vertical wave bending stress due to sagging, i.e. if hog = 140 N/mm2 and sag = 250 N/mm2, then the stress
range = 390 N/mm2. A factor of 0,8 is to be applied to the stress range to represent world-wide service.

2.4.5 The primary stress to be used in the fracture assessment is to be taken as the still water bending stress due to hogging
plus the vertical wave bending stress due to hogging.

2.4.6 Local stresses can be assumed to be zero as local container loading is considered in the SDA where the maximum
permissible stress is the same as required by the Rules and Regulations for the Classification of Ships.

2.4.7 The secondary stress is to be assumed to be equal to the specified minimum yield stress of the material, see BS 7910
Clause 7.

2.5 Characterisation of imperfections

2.5.1 The initial imperfection is to be characterised as an embedded imperfection, see Figure 2.2.2 Imperfection geometry
where the height, 2a, of the imperfection can be assumed to be one third of the length, 2c, of the imperfection.

Procedure for the Use of Enhanced NDE for Container Ships
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Figure 2.2.2 Imperfection geometry

2.5.2 The minimum dimensions of an imperfection are to be taken as no less than 2a = 3,4 mm and 2c = 10 mm, which
corresponds to the minimum detectable imperfection size, see BS 7910 Annex T.7.

2.5.3 When using the assessment process to determine the depth of the sub-surface critical zone where no imperfections are
permitted, the dimensions of the initial imperfection are to be taken as 2a = 3,4 mm and 2c = 10 mm. The critical ligament, pmin, is
then to be varied until the design life is obtained, see Ch 2, 2.6 Design life. The critical ligament, pmin, is not to be taken as less
than 4 mm. A margin is also to be considered, see Ch 2, 2.5 Characterisation of imperfections 2.5.5.

2.5.4 In order to determine the critical imperfection size, two ligaments are to be considered where p is taken as B/8 and B/4,
see Figure 2.2.3 Imperfection ligament, and the depth of the weld, B, is assumed to be equal to the thickness of the parent
material. The dimensions 2a and 2c are then to be varied until the required design life is obtained, see Ch 2, 2.6 Design life. The
ligament, p, is not to be taken as less than half the height of the imperfection. A margin is also to be considered, see Ch 2, 2.5
Characterisation of imperfections 2.5.5. Note that if the critical ligament, pmin, is greater than B/8 and/or B/4 then these locations
need not be considered and the corresponding dimensions 2a and 2c are to be taken as the minimum dimensions, see Ch 2, 2.5
Characterisation of imperfections 2.5.2

Figure 2.2.3 Imperfection ligament

To account for sizing errors when enhanced NDE is carried out, see BS 7910 Annex T, a margin of 7 mm and 1,5 mm is to be
added to the length, 2c, and height, 2a, of an imperfection respectively, when using phased array ultrasonic testing. The ligament,
p, is to be reduced by 1,5 mm. This margin can either be accounted for directly in the calculation, i.e. if 2a = 5 mm, 2c = 15 mm
and p = 8 mm, then the dimensions to be used in the calculations are to be taken as 2a = 6,5 mm, 2c = 22 mm and p = 6,5 mm.
Alternatively, the margin can be accounted for when converting the initial imperfection size into enhanced NDE criteria where if 2a
= 5 mm, 2c = 15 mm and p = 8 mm, then the corresponding enhanced NDE criteria are to be taken as 2a = 3,5 mm, 2c = 8 mm
and p = 6,5 mm.

2.5.5 The width of the weld, L, is to be assumed to be no greater than 1,2 times the depth of the weld, B.

Procedure for the Use of Enhanced NDE for Container Ships
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2.5.6 Following fatigue crack growth, the imperfection is to be re-characterised. Where an embedded imperfection becomes
surface breaking (p ≤ 0), it is to be re-characterised as a surface imperfection, see Figure 2.2.2 Imperfection geometry, where a is
to be taken as 2a, i.e. if 2a = 20 mm for the embedded imperfection then a is to be assumed to be 20 mm for the surface
imperfection.

2.6 Design life

2.6.1 The design life of the ship is to be taken as 20 years.

n Section 3 
Stress intensity factor solution

3.1 Stress intensity factor solution

3.1.1 In order to account for the effect of geometry on the applied stress, the stress intensity factor solution is to be obtained
in accordance with BS 7910, Annex M for a flat plate and a welded joint. For a welded joint, the solution is to be based on 3D
finite element modelling.

3.1.2 For fatigue assessments, the stress intensity factor range is:

ΔK = Y Δσ πa N/mm3/2

Where:

a = half the imperfection depth for the embedded case and the imperfection depth for the surface case, see Figure
2.2.2 Imperfection geometry

YΔσ = the geometry factor and stress range, to be taken as:

YΔσ = M fW ktmMkmMmΔσ N/mm2

Where:

Δσ = the stress range in N/mm2, see Ch 2, 4.1 Fatigue assessment 4.1.2

M, fw and

Mm

= to be calculated in accordance with BS 7910 Annex M.4

Mkm = to be calculated in accordance with BS 7910 Annex M.11. For embedded

imperfections Mkm is to be taken as 1

ktm = to be taken as 1

3.1.3 For fracture assessments, the stress intensity factor is to be taken as:

K = Yσ πa N/mm3/2

Where:

Yσ = (Yσ)p + (Yσ)s N/mm2

(Yσ)p = the contribution from the primary stress, to be taken as:

Yσ p = M fW ktmMkmMmσp N/mm2

(Yσ)s = the contribution from the secondary stress, to be taken as:

Yσ s = Mm σs N/mm2

Where:

σp = the primary stress in N/mm2, see Ch 2, 2.4 Loading 2.4.5

Procedure for the Use of Enhanced NDE for Container Ships
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σs = the secondary stress in N/mm2, see Ch 2, 2.4 Loading 2.4.7

M, fw, Mm,

Mkm and ktm

= to be calculated in accordance with Ch 2, 3.1 Stress intensity factor solution 3.1.2

n Section 4 
Fatigue assessment

4.1 Fatigue assessment

4.1.1 Imperfections are assumed to grow under fatigue. The stress spectrum can be obtained from a Weibull distribution. The
probability distribution parameter and scale parameter, f1, are to be calculated as follows:

f 1 =
SR

lnNR
1/ξ

Where:

SR = the maximum stress range in N/mm2, see Ch 2, 2.4 Loading 2.4.4

ξ = the Weibull probability distribution parameter, to be taken as:

ξ = 1, 1 − 0, 35L − 100300  but not less than 0,845

NR = the number of cycles, to be taken as:

NR =
31, 557 × 106 f 0TD

4logL

Where:

f0 = equal to 0,85

TD = the design life of the ship, to be taken as 20 years

L = the Rule length of the ship in metres

4.1.2 The distribution of stress is to be divided up into a sufficient number of blocks for small stresses to be applied for a large
number of cycles and large stresses applied for a small number of cycles. These stress blocks are to be applied such that they
simulate the fluctuation in stresses experienced by the ship throughout its life. This can be achieved by further dividing the stress
spectrum such that instead of applying 20 years of stresses in one go (where for much of the ship’s life, high cycle low stresses
are applied), the stresses are applied over a smaller period of time and then reapplied repeatedly for the lifetime of the ship, see 
Figure 2.4.1 Stress spectrum applied over 20 years and Figure 2.4.. The crack growth increments Δa and Δc are then calculated
for one stress cycle based on the applicable crack growth law, see Ch 2, 4.1 Fatigue assessment 4.1.3 to Ch 2, 4.1 Fatigue
assessment 4.1.7.

4.1.3 A two stage crack growth relationship, see Figure 2.4.3 Two stage crack growth relationship, based on the stress ratio
for a given stress cycle, is to be applied where the environment is assumed to be air. The crack growth is to be calculated using
Paris’ law, as follows:

da
dN = A ΔK m and dc

dN = A ΔK m

Where:

A and m = constants which depend on the material and applied conditions including environment and cyclic frequency,
see Table 2.4.1 Fatigue crack growth constants

ΔK = the stress intensity factor range, see Ch 2, 3.1 Stress intensity factor solution

ΔK = Y Δσ πa

Procedure for the Use of Enhanced NDE for Container Ships
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Where:

a = half the imperfection depth for the embedded case and the imperfection depth for the

surface case in mm, see Figure 2.2.2 Imperfection geometry

Δσ = the applied stress range cycle in N/mm2, see Ch 2, 4.1 Fatigue assessment 4.1.2

Y = the geometry factor, see Ch 2, 3.1 Stress intensity factor solution

For ΔK < ΔK0, da/dN and dc/dN are assumed to be zero

Where:

ΔK0 = the fatigue crack growth threshold below which no fatigue crack growth is assumed

to take place, see Ch 2, 4.1 Fatigue assessment 4.1.5

4.1.4 The constants A and m are to be taken as follows for da/dN and dc/dN in mm/cycle and ΔK in N/mm3/2:

Table 2.4.1 Fatigue crack growth constants

Stage A Stage B Stage A/Stage B

transition point

ΔK N/mm3/2A m A m

4,37 x 10-26 8,16 6,77 x 10-13 2,88 315

4.1.5 The fatigue crack growth threshold is to be taken as follows:

ΔKo = 170 − 214
σSWBM − σVWBM_SAG

σSWBM + σVWBM_HOG
 but is not to be taken less than 63 N/mm3/2

Where:  

σSWBM = the maximum still water bending stress at the location under consideration, see Ch 2, 2.4 Loading 2.4.3

σVWBM_SAG = the sagging vertical wave bending stress at the location under consideration, see Ch 2, 2.4 Loading 2.4.3

σVWBM_HOG = the hogging vertical wave bending stress at the location under consideration, see Ch 2, 2.4 Loading 2.4.3
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Figure 2.4.1 Stress spectrum applied over 20 years

Figure 2.4.2 Stress spectrum applied over 3 months
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4.1.6 The growth of the crack, Δa and Δc, is to be estimated for one cycle from the value of ΔK calculated in accordance with 
Ch 2, 4.1 Fatigue assessment 4.1.3. Dimensions a and c are to be increased by Δa and Δc.

4.1.7 A fracture assessment, see Ch 2, 5 Fracture assessment, is to be carried out each time dimensions a and c are
increased. If the imperfection is found to be tolerable, the next stress cycle is to be applied and the whole process is to be
repeated. Note that the stress intensity factor solution, see Ch 2, 3.1 Stress intensity factor solution, is to be re-calculated each
time using the new values of a and c. If the imperfection is found to be intolerable, the fatigue assessment is to be halted and the
achieved life is to be calculated. The results are then to be evaluated in accordance with Ch 2, 6 Evaluation of results.

Figure 2.4.3 Two stage crack growth relationship
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n Section 5 
Fracture assessment

5.1 General

5.1.1 The fracture assessment is to be carried out in accordance with BS 7910 Annex 7 using Option 1. Options 2 and 3 can
be applied subject to agreement with LR; however, a sensitivity analysis will need to be carried out in order to confirm the
assumptions.

5.2 Fracture assessment

5.2.1 A failure assessment diagram (FAD) is to be developed, see Figure 2.6.1 Example of failure assessment diagram, where
the assessment line is to be determined as follows for Option 1:

f Lr = 1 + 1
2Lr

2 −0, 5 0, 3 + 0, 7exp − μL6r
for Lr ≤ 1

f Lr = f 1 Lr
N − 1 / 2N for 1 < Lr < Lr, max

f Lr = 0 for Lr ≥ Lr, max

Where:

μ = min 0, 001 Eσo
, 0, 6

N = 0, 3 1 −
σo
σU

Where:

E = the Young’s Modulus in N/mm2

σo = the specified minimum yield stress in N/mm2

σU = the ultimate tensile strength in N/mm2

Lr is determined in accordance with Ch 2, 5.2 Fracture assessment 5.2.3

Lr, max is determined in accordance with Ch 2, 5.2 Fracture assessment 5.2.2

5.2.2 In order to prevent plastic collapse, a cut-off is to be set at the point at which Lr = Lr,max where:

Lr, max =
σo + σU
2 σo

Where:

σo = the specified minimum yield stress in N/mm2

σU = the mean ultimate tensile strength in N/mm2

5.2.3 The load ratio, Lr, is to be determined from the primary loads.

Lr =
σref
σo

Where:
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σo = the specified minimum yield stress in N/mm2

σref = the reference stress in N/mm2, to be taken as:

σref =
9 σp

2 1 − α 2 0, 5

3 1 − α 2

α = a/B
1 + B/c

for W ≥ 2 c + B

α = a/B 2c/W for W < 2 c + B

Where:

σp = the primary stress in N/mm2, see Ch 2, 2.4 Loading 2.4.5

a = half the imperfection height for the embedded case and the imperfection depth for the surface case

in mm, see Figure 2.2.2 Imperfection geometry

c = half the imperfection length in mm, see Figure 2.2.2 Imperfection geometry

B = the depth of the weld in mm, see Figure 2.2.2 Imperfection geometry

W = the length of the weld seam in mm

5.2.4 The fracture ratio, Kr, is to be determined based on the stress intensity factor due to primary loads, the stress intensity
factor due to secondary loads and plasticity interaction effects.

Kr =
Yσ p + Yσ s

Kmat
+ ρ

Where:

(Yσ)p = determined in accordance with Ch 2, 3.1 Stress intensity factor solution 3.1.3

(Yσ)s = determined in accordance with Ch 2, 3.1 Stress intensity factor solution 3.1.3

Kmat = determined in accordance with Ch 2, 2.3 Material properties 2.3.5

ρ = a factor to account for plasticity interaction effects with combined primary and secondary loading

ρ = ρ1 for Lr ≤ 0, 8

ρ = 4ρ1 1, 05 − Lr
for 0, 8 < Lr < 1, 05

ρ = 0 for Lr ≥ 1, 5

Where:

ρ1 = 0, 1 Yσ s
Lr
Yσ p

0, 714
−0, 007 Yσ s

Lr
Yσ p

2
+0, 00003 Yσ s

Lr
Yσ p

5
for Yσ s

Lr
Yσ p

≤ 5, 2

ρ1 = 0, 25

Where:

Lr = determined in accordance with Ch 2, 5.2 Fracture assessment 5.2.3

for Yσ s
Lr
Yσ p

> 5, 2
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n Section 6 
Evaluation of results

6.1 General

6.1.1 The purpose of the assessment is to establish enhanced NDE criteria in order to reduce the risk of brittle fracture
occurring within the required design life, see Ch 2, 2.6 Design life.

6.1.2 For each incremented dimension a and c in the fatigue assessment, the fracture ratio, Kr, and the load ratio, Lr, are to
be calculated and plotted on the FAD, see Ch 2, 5.2 Fracture assessment and Figure 2.6.1 Example of failure assessment
diagram. The achieved life before failure is reached is also to be calculated.

6.1.3 If the assessment point (Kr, Lr) is below the assessment line, then the crack is considered to be tolerable and the next
stress cycle is applied. The process is repeated until either the crack is considered to be intolerable or the design life is reached,
i.e. failure is not predicted to occur during the lifetime of the ship.

6.1.4 If the crack is found to be intolerable and the achieved life is less than the required design life, then the initial
imperfection is considered to be unacceptable. The assessment is to be repeated using a smaller initial imperfection.

6.1.5 If the crack is found to be intolerable but the achieved life is greater than the design life, then the initial imperfection is
considered to be acceptable. However, the greater the achieved life, the smaller the initial imperfection, and hence the stricter the
enhanced NDE acceptance criteria. Consideration should therefore be given to repeating the assessment using a larger initial
imperfection.

6.2 Failure assessment diagram

6.2.1 The failure assessment diagram (FAD) is to be developed in accordance with Ch 2, 5.2 Fracture assessment. An
example of an FAD is shown in Figure 2.6.1 Example of failure assessment diagram.

6.2.2 For the example shown in Figure 2.6.1 Example of failure assessment diagram, corresponding plots of the predicted
crack growth and achieved life can be seen in Figure 2.7.1 Example of predicted crack growth.

6.3 Welding defect acceptance criteria

6.3.1 The results of the assessment are to be recorded for use with the enhanced NDE requirements given in Ch 3 NDE
Requirements. Table 3.1.1 Single imperfection criteria gives an example of the table to be used to record the criteria. A table is to
be generated for each combination of material grade and plate thickness. The imperfection acceptance criteria calculated
according to this procedure are not to be taken greater than that required by Ch 13, 2.12 Non-destructive examination of welds in
the Rules for the Manufacture, Testing and Certification of Materials
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Figure 2.6.1 Example of failure assessment diagram

n Section 7 
Assessment of multiple imperfections

7.1 General

7.1.1 In addition to assessing the criticality of a single imperfection located in a weld, it is also important to assess the
criticality of multiple or coplanar imperfections interacting with each other.

7.1.2 Multiple imperfections can be assessed either through direct calculation, see Ch 2, 7.2 Direct calculation, or through a
qualitative assessment, see Ch 2, 7.3 Qualitative assessment. Note that the latter method is more conservative.

7.1.3 The interaction of three coplanar imperfections located in a length of weld of 150 mm is to be considered.
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Figure 2.7.1 Example of predicted crack growth
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7.2 Direct calculation

7.2.1 The initial imperfections are to be characterised in accordance with Ch 2, 2.5 Characterisation of imperfections. The
coplanar imperfections can be assumed to be the same size. The ligaments, p, are to be the same as those obtained from the
assessment of a single imperfection and it is recommended that the associated imperfection size, 2a and 2c, be used initially.

7.2.2 The imperfections are to be assumed to lie in the same longitudinal plane, i.e. they all have the same ligament.

7.2.3 In order to ensure that the worst case is considered, the spacing between two initial imperfections is to be assumed to
be the greater of 40 mm and the length of the imperfection.

7.2.4 The imperfections are assumed to grow under fatigue conditions, see Ch 2, 4 Fatigue assessment, and when the
spacing between two imperfections, s, reduces to zero, the imperfections are combined to form a larger imperfection, see Table
2.7.1 Interaction of coplanar imperfections in width direction.

Table 2.7.1 Interaction of coplanar imperfections in width direction

Imperfection Criteria for interaction Effective dimensions after interaction

Coplanar surface imperfection

s ≤ 0
a = max (a1, a2)

2c = 2c1 + 2c2 + s

Coplanar embedded imperfection

s ≤ 0
2a = max (2a1 , 2a2)

2c = 2c1 + 2c2 + s

7.2.5 A fracture assessment is to be carried out in accordance with Ch 2, 5 Fracture assessment.

7.2.6 As with a single imperfection, the fracture results are to be plotted on an FAD and the achieved life is to be calculated,
see Ch 2, 5.2 Fracture assessment.

7.2.7 In addition, the crack(s) are to be evaluated based on the final crack length. If the crack length reaches 150 mm and the
achieved life is less than the required design life, see Ch 2, 2.6 Design life, then the initial imperfections are considered to be
unacceptable and the assessment is to be repeated using smaller initial imperfections.

7.2.8 The accumulative maximum permissible imperfection criteria are to be obtained by multiplying the initial imperfection
dimensions by a factor of three.

7.3 Qualitative assessment

7.3.1 Where it is not possible to directly assess the interaction between multiple imperfections, a qualitative assessment can
be carried out instead, where a single imperfection is assessed to see whether the half length of the crack that has fatigue
propagated, c, exceeds the spacing between two imperfections.

7.3.2 A single imperfection is to be assessed in accordance with Ch 2, 1 General to Ch 2, 6 Evaluation of results in
association with an additional criterion where half the final crack length, c, cannot exceed half the required distance between two
imperfections, see also Figure 2.7.2 Qualitative assessment of multiple imperfections.

c < spacing2 + ci +
margin

2

Where:  

spacing = greater of 40 mm and the length of the imperfection
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Where:  

ci = half length of the initial imperfection

margin = 7 mm, see Ch 2, 2.5 Characterisation of imperfections 2.5.5

Figure 2.7.2 Qualitative assessment of multiple imperfections

7.3.3 In addition, the combined predicted length of three cracks plus the required margin is not permitted to exceed 150 mm.

7.3.4 It is recommended that as a starting point the imperfection criteria from the single imperfection assessment be used.
However, it should be noted that it is likely the critical ligament pmin will increase and that the critical imperfection sizes associated
with p = B/8 and B/4 will decrease.

7.3.5 The accumulative maximum permissible imperfection criteria are to be obtained by multiplying the initial imperfection
dimensions by a factor of three.
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CHAPTER 1 GENERAL

CHAPTER 2 DETERMINATION OF WELDING DEFECT ACCEPTANCE CRITERIA FOR ENHANCED NDE

CHAPTER 3 NDE REQUIREMENTS

SECTION 1 ENHANCED NDE REQUIREMENTS
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Section
1   Enhanced NDE requirements

n Section 1 
Enhanced NDE requirements

1.1 General

1.1.1 Where it is proposed to carry out design against crack initiation as an alternative to design for crack arrest, see Pt 4, Ch
8, 2.3 Requirements for use of thick steel plates of the Rules and Regulations for the Classification of Ships, the scope, technique,
testing level, quality level, criteria, and procedure are to be in accordance with the requirements of this Chapter, as an
accompanying method to Measure 1 (NDE during construction), when applying countermeasures for brittle crack arrest design
(Measure 1 as defined in LR Rules and IACS UR S33).

1.2 Scope of enhanced NDE

1.2.1 The block-to-block butt welds (including sub-blocks) of the hatch coaming side plate, top plate and flange are to be
100% examined in accordance with the techniques stated in Ch 3, 1.3 NDE technique.

1.3 NDE technique

1.3.1 The block-to-block joints (including sub-assembly blocks) are to be visually examined in accordance with Ch 13, 1.11
Non-destructive examination of welds and Ch 13, 2.12 Non-destructive examination of welds in the Rules for the Manufacture,
Testing and Certification of Materials except as amended by this procedure. See also ISO 17637:2011 Non-destructive testing of
welds – Visual testing of fusion-welded joints.

1.3.2 Magnetic Particle Inspection (MPI) is to be carried out on the block-to-block joints (including sub-assembly blocks) in
accordance with ISO 17638:2016 Non-destructive testing of welds – Magnetic particle testing.

1.3.3 Phased array ultrasonic testing (PAUT) is to be carried out in accordance with ISO 13588:2012 Non-destructive testing
of welds – Ultrasonic testing – Use of automated phased array technology.

1.3.4 Conventional (or manual) ultrasonic testing may be used in addition to PAUT, to supplement or substitute this method.
Applicability for using this method, where used as a substitute for PAUT, is further described in this Chapter. Ultrasonic testing is to
be carried out in accordance with ISO 17640:2018 Non-destructive testing of welds – Ultrasonic testing – Techniques, testing
levels, and assessment.

1.4 Testing level

1.4.1 The testing level for volumetric inspection, when using PAUT, is to be at least Level B in accordance with ISO
13588:2012 Non-destructive testing of welds – Ultrasonic testing – Use of automated phased array technology.

1.4.2 The testing level for volumetric inspection, when using manual UT, is to be at least Level B in accordance with ISO
17640:2018 Non-destructive testing of welds – Ultrasonic testing – Techniques, testing levels, and assessment.

1.5 Quality level

1.5.1 For surface inspection no indications are permitted on either surface of the weld. Appropriate weld dressing may be
required to facilitate the inspection and removal of surface imperfections.

1.5.2 For volumetric inspection, imperfections are to be assessed in accordance with the results of the assessment, see Ch 2,
6 Evaluation of results.

1.5.3 Table 3.1.1 Single imperfection criteria and Table 3.1.2 Multiple imperfections criteria give examples of the tables to be
used to record the criteria. The maximum acceptable size is to be determined based on the plate thickness and ligament, p, see 
Figure 3.1.1 Imperfection ligament.

1.5.4 Indications which are evaluated to be cracks are unacceptable regardless of size.

1.5.5 No cracks or imperfections within the critical sub-surface zone are permitted, see Figure 2.2.3 Imperfection ligament.
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1.5.6 In addition to the quality requirements included within this sub-Section, see additional requirements given in Ch 3, 1.9
Conventional ultrasonic procedure 1.9.10.

Table 3.1.1 Single imperfection criteria

Material Grade

Plate Thickness,

mm
Ligament, p, mm

Single Imperfection Maximum Acceptable Size, mm

Height, 2a Length, 2c

0 ≤ p < pmin No defects permitted

pmin ≤ p < B/8

B/8 ≤ p < B/4

B/4 ≤ p < B/2

Table 3.1.2 Multiple imperfections criteria

Material Grade

Plate Thickness,

mm
Ligament, p, mm

Accumulative Maximum Acceptable Size, mm

Height, 2a Length, 2c

0 ≤ p < pmin No defects permitted

pmin ≤ p < B/8

B/8 ≤ p < B/4

B/4 ≤ p < B/2

1.6 Grouping of imperfections

1.6.1 A group of imperfections shall be considered as a single imperfection if:

• the distance between two individual imperfections along the weld is less than the length of the longer indication or 40 mm,
whichever is greater; and

• the distance between two individual imperfections in the thickness direction of the weld is less than the height of the higher
imperfection.

Figure 3.1.1 Imperfection ligament
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1.7 Advanced NDE procedure

1.7.1 The NDE procedure applicable to the advanced technique is to be submitted to LR and reviewed by an NDE specialist
or Surveyor holding a current Level 3 PAUT qualification. The procedure shall be technically formulated to be capable of achieving
the required testing and quality levels to the satisfaction of LR.

1.7.2 The personnel undertaking inspections using PAUT, where they are limited to capturing the data only, will be required to
have attained a national or international recognised qualification in the method to at least Level 1. They shall also be provided with
detailed written instructions to enable the setting up of equipment, positioning the transducers, etc.

1.7.3 The personnel assessing the results of data collected will be required to have attained at least a Level 2 qualification and
will be expected to have gained experience in the method, i.e. not recently qualified personnel.

1.7.4 The shipyard undertaking the enhanced NDE is to advise how they intend to address the failure, should such
parameters exist, to obtain full weld coverage scanning during fabrication due to the geometry of the weld, the design of the
structure, and any other factors that may limit full scanning of the weld, e.g. probe size near the ends of the weld.

1.7.5 The following information is to be included in the procedure:

(a) Inclusion of linear scans to examine weld fusion faces;

(b) Detailed scan plans with all relevant focal laws and all critical zones indicated;

(c) Simulation blocks for each weld geometry, weld gap, cap width, and material thickness are to be provided. These blocks are
to accurately reflect actual construction fabrication processes;

(d) Size and type of artificial defects, noting that items such as side drilled holes may not be sufficient to represent all
discontinuities, in all cases – therefore, additional target reflectors such as surface notches may also be required;

(e) Sizing errors for depth, through wall thickness, and length;

(f) Sizing errors due to large beam paths and expected significant ultrasonic beam spreads;

(g) Sizing methods, e.g. 6db, 3db drop, or tip diffraction;

(h) Details of permanent datum marks for traceability, and for follow-up NDE in service (if required);

(i) Classification or interpretation of crack type defects, and how they will be identified;

(j) Focussing of ultrasonic beams shall be utilised (and stated where applicable) as per the equipment/probe capability, up to the
maximum depth achievable, and in all zones identified as sub-surface critical.

1.7.6 The sizing errors for depth, through wall thickness, and length are to be demonstrated to be less than or equal to the
sizing errors given in BS 7910 Annex T.7 for PAUT. It is noted that the sizing errors beyond focussing capability depth may be
larger than those stated in BS 7910 Annex T.7 for longer beam-path lengths, beyond the focus depth.

Where this is identified and demonstrated (as part of the procedure qualification test), then a series of measurements shall be
taken at various depths to identify the additional sizing inaccuracy, compared with the dimensions of the known target reflectors.
These measurements shall be taken along the length of the calculated beam path length for a number of beam angles. These shall
be tabulated, and a correction factor shall be applied (at various depths, e.g. every additional 40 mm beyond the maximum focus
range) to account for the additional beam-spread and sizing capability at various depths, and then compared with sizes of the
known target reflectors. The correction factor shall be applied at the appropriate depth (and beam path length) when determining
the acceptability of any detected imperfections, in order to achieve a higher degree of sizing accuracy.

1.7.7 Detailed reports, including all scan data, are to be provided, and where applicable, included in the ship’s documentation
to ensure that all weld discontinuities are accurately mapped if it is determined that any in-service NDE is required. In-service or
periodic NDE may be required as an outcome of this assessment and will be determined and stipulated as applicable; however,
this requirement is not the pre-set condition within this assessment and will be determined accordingly.

1.8 Procedure qualification test

1.8.1 The procedure qualification for the PAUT shall include the following steps:

(a) Review of available performance data (including detection abilities and defect sizing accuracy, and determination of any
applicable correction factors for size of imperfection and beam path length, as per Ch 3, 1.7 Advanced NDE procedure
1.7.6);

(b) Identification and evaluation of significant parameters and their variability;

(c) Planning and execution of a repeatability and reliability test programme which includes on-site demonstration;

(d) Documentation of results from the repeatability and reliability test programmes.

1.8.2 The qualification test block shall contain flaws representative of the minimum ECA flaw size dimensions and the flaws
shall be placed in representative areas covering relevant zones, including the critical sub-surface zone.
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1.9 Conventional ultrasonic procedure

1.9.1 There may be a requirement to carry out testing using conventional (or manual) ultrasonic testing (hereinafter known as
UT). This may be as a supplement to PAUT, e.g. to confirm any imperfections detected by PAUT, to carry out additional scans to
augment PAUT, or any other need, as dictated by a specific, recorded need.

1.9.2 There may be instances whereby PAUT cannot be used in certain locations, e.g. weld geometry/arrangement vs probe
dimensions and geometry. Such locations and instances shall be identified and documented at the procedure stage, see Ch 3, 1.7
Advanced NDE procedure 1.7.4. Therefore, in a limited capacity, UT can be used as a substitute for PAUT in certain instances and
locations, and only when all efforts to carry out PAUT have been explored and considered non-viable. These factors shall be
recorded and be acceptable to LR. In no cases shall UT be used as a substitute for PAUT full scanning of a specific weld joint as
part of this ShipRight procedure (as understood by the scope of welds within this ShipRight procedure).

1.9.3 The UT procedure is to be submitted to LR and reviewed by an NDE specialist or Surveyor holding a current Level 3 UT
qualification. The procedure shall be technically formulated to be capable of achieving the required testing and quality levels to the
satisfaction of LR.

1.9.4 The personnel undertaking inspections using UT will be required to have attained a national or international recognised
qualification in the method to at least Level 2. They shall also be provided with detailed written instructions to enable testing of the
weld.

1.9.5 The following information is to be included in the procedure:

(a) Scan plans to examine all of the weld, including fusion faces;

(b) The simulation (or reference) blocks provided for PAUT (as detailed in Ch 3, 1.7 Advanced NDE procedure 1.7.5) shall be
used for UT, as well as any other calibration or reference blocks, as necessary;

(c) Sizing errors for depth, through wall thickness, and length;

(d) Sizing errors due to large beam paths and expected significant ultrasonic beam spreads;

(e) Sizing methods, e.g. 20db, 6db or 3db drop;

(f) Details of permanent datum marks for traceability, and for follow-up NDE in service (if required);

(g) Classification or interpretation of crack type defects, and how they will be identified.

1.9.6 The sizing errors for depth, through wall thickness, and length are to be demonstrated to be less than or equal to the
sizing errors given in BS 7910 Annex T.7 for UT. The measurement and recording of beam spread inaccuracy, as described in Ch
3, 1.7 Advanced NDE procedure 1.7.6 (beyond a beam-path length of 100 mm), as applicable to UT, shall also be demonstrated
to determine any correction factors that need to be applied for accurate sizing.

1.9.7 Detailed reports are to be provided, and where applicable, included in the ship’s documentation to ensure that all weld
discontinuities are accurately mapped, if it is determined that any in-service NDE is required.

1.9.8 All efforts to maximise the extent of PAUT shall be made, and hence reduce the need for UT. Where UT is found to be
necessary, as determined on a case by case basis, then the quality criteria for imperfections as detailed in Ch 3, 1.5 Quality level
shall also be used for UT (i.e. the same criteria as for PAUT).

1.9.9 A rigorous effort shall be made to ensure that all weld sections (as identified for volumetric testing) shall have some form
of either PAUT or UT (see also Ch 3, 1.9 Conventional ultrasonic procedure 1.9.8). Where there are any weld areas identified as
having no access to any form of PAUT or UT, these are to be highlighted to LR, and the reason shall be documented why
volumetric testing cannot be carried out.

1.9.10 If there are any identified weld sections where volumetric testing cannot be carried out (see also Ch 3, 1.9 Conventional
ultrasonic procedure 1.9.9), then the following quality levels and assumptions shall apply to untested weld sections, in addition to
the quality level as detailed in Ch 3, 1.5 Quality level:

(a) if any rejectable imperfection (i.e. a defect) as detected by either MPI, PAUT or UT occurs within a length of 40 mm from an
untested section, then the untested section shall be deemed to be rejectable, unless determined otherwise;

(b) if a weld section contains more than two defects in a 150 mm length of weld anywhere in that weld section, then the
untested section shall be deemed to be rejectable, unless determined otherwise;

(c) if a weld section contains more than four defects throughout the length of the weld section, then the untested section shall be
deemed to be rejectable, unless determined otherwise;

(d) if any acceptable imperfection as detected by either MPI, PAUT or UT occurs within a length of 20 mm from an untested
section, then the untested section shall be deemed to be rejectable, unless determined otherwise;

(e) if a weld section contains more than four acceptable imperfections in a 300 mm length anywhere in that weld section, then
the untested section shall be deemed to be rejectable, unless determined otherwise;
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(f) if a weld section contains more than six acceptable imperfections throughout the length of the weld section, then the
untested section shall be deemed to be rejectable, unless determined otherwise.
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