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Section 1: Introduction 
 

1.1 Scope 
 

1.1.1 As part of the ShipRight design and construction procedures, Lloyd's Register has developed and 
introduced multi-level Fatigue Design Assessment (ShipRight FDA) procedures. 
 

1.1.2 The current ShipRight FDA procedures comprise three levels of assessment: 
 

1.1.3 ShipRight FDA level one (FDA1): structural details and critical locations are identified and improved 
using the Structural Detail Design Guide. 
 

1.1.4 ShipRight FDA level two (FDA2): longitudinal end connections are assessed using an efficient spectral 
direct calculation procedure, where parametric formulations for hydrodynamic loads, ship motions and structural 
responses are incorporated. 
 

1.1.5 ShipRight FDA level three (FDA3): critical structural details are assessed using a full spectral direct 
calculation procedure which involves numerical hydrodynamic analysis for ship motions and loads and finite 
element analyses for structural response. 
 

1.1.6 The above three-level procedures are to assess the fatigue damage caused by the wave environments 
in which the ship navigates. 
 

1.1.7 This procedure, ShipRight FDA ICE, is supplementary to the above procedures and is to assess fatigue 
damage induced by ice loads for ships navigating in ice covered regions. 
 

1.1.8 The objective of ShipRight FDA ICE procedure is to provide technical guidelines to assess fatigue at the 
end connections of ice belt regions under ice loading. 
 

1.1.9 The ShipRight FDA ICE procedure includes the determination of trading routes in ice regions, ice data, 
ice load impact frequencies, ice load distributions, structural stresses, fatigue performance at low temperatures, 
fatigue damage and acceptance criteria. 
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1.2 Application 
 

1.2.1 The procedure is to be applied on a voluntary basis at the request of the ship Owner or ship Builder. 
 

1.2.2 A notation, ShipRight FDA ICE, may be assigned where the ship complies with the requirements of this 
procedure. 
 

1.2.3 The procedure is applicable to all conventional ship types, e.g. oil tanker, LNG carrier, bulk carrier and 
container ship, except icebreakers. Ships of novel design will be specially considered. 
 

1.2.4 The procedure is applicable to the end connections located within the ice belt of the cargo hold region. 
Areas outside the cargo hold region will be specially considered. 
 

1.2.5 The procedure is based on an ice-strengthened ship navigating in first-year ice conditions (i.e. First-Year 
Ice Class Rules) whereby there is icebreaker assistance and the formation of ice channels. Non ice-strengthened 
ships, or other ice class ships which involve a different operational profile will be specially considered. 
 

1.2.6 The fatigue design assessment is applicable to joints where the steel has a minimum yield strength not 
exceeding 400 N/mm2 and remains ductile at low service temperatures. Other materials will be specially 
considered. 
 

Section 2: Trading Routes and Ice Data 
 

2.1 Trading Routes and Ice Conditions for the Baltic 
 

2.1.1 A map of North Baltic Seas is presented in Fig. 1, which illustrates typical ice coverage in a mild winter. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Fig. 1    Ice Coverage in Northern Baltic Sea 
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2.1.2 A general description of ice conditions may include the extent of ice cover, level ice thickness, ice 
strength, ridge size and density. 
 

2.1.3 In this procedure an equivalent ice thickness, ℎeq, is used, which relates the level ice thickness, ridge 
density, and the occurrence probability of ridging. 
 

2.1.4 The ice conditions in the Northern Baltic are first-year ice. Assessment for different ice types, such as 
multi-year ice, will be specially considered. 
 

2.1.5 Three Baltic trading routes from the ice edge to Kemi, Kokkola and Primorsk are identified. The distance 
and equivalent ice thicknesses are described for each route and are presented in Table 1. The locations of these 
three ports are shown in Fig. 1. 
 

2.1.6 Three different types of winters are used for fatigue design assessment: mild, average and severe, 
which are combined as a total winter profile by assuming 10 per cent, 70 per cent and 20 per cent respectively. 
 

2.1.7 Ship Builders and Owners, in consultation with Lloyd's Register, are to select appropriate trading routes 
for fatigue design assessments. 
 

2.2 Trading Routes and Ice Conditions in Regions other than the Baltic 
 

2.2.1 Trading routes and ice conditions in other ice infested regions are to be suitably identified by the Owner 
or Builder in consultation with Lloyd's Register and the appropriate fatigue design assessment is to be 
determined by Lloyd's Register. 
 

2.3 Loading Conditions 
 

2.3.1 For the fatigue design assessment, the loading conditions and port time including other non-sailing time 
are dependent on the ship type. 
 

2.3.2 For typical ship types, the information presented in Table 2 may be used for the purpose of fatigue 
assessment induced by ice loads. In addition to the full and ballast load conditions, a partial load condition is also 
to be considered. The sailing time may be linearly interpolated between the full load condition and the ballast load 
condition. Other sailing times at different loading conditions may be used with the agreement of the Owner, 
Builder and Lloyd's Register. 
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Table 1 Monthly ice data of the Baltic for ShipRight FDA Ice procedure 

Month Winter type 
Kemi Kokkola Primorsk 

ℎeq[m] 𝐷𝐷 [Km] ℎeq[m] 𝐷𝐷 [Km] ℎeq[m] 𝐷𝐷 [Km] 

November 
Mild - - - - - - 
Average - - - - - - 
Severe 0,15 46 - - - - 

December 
Mild 0,10 28 - - - - 
Average 0,20 37 - - - - 
Severe 0,35 352 0,20 148 0,15 111 

January 
Mild 0,18 46 - - - - 
Average 0,47 343 0,25 157 0,20 120 
Severe 0,64 435 0,41 222 0,41 259 

February 
Mild 0,38 92 0,15 37 0,15 28 
Average 0,76 759 0,59 463 0,57 407 
Severe 0,86 926 0,70 630 0,72 519 

March 
Mild 0,53 352 0,35 148 0,35 185 
Average 0,86 759 0,70 463 0,61 407 
Severe 1,10 926 0,93 630 1,06 519 

April 
Mild 0,50 315 0,25 74 0,00 0 
Average 0,82 444 0,47 130 0,40 37 
Severe 1,14 648 0,96 389 0,96 259 

May 
Mild 0,14 28 - - v - 
Average 0,28 111 - - - - 
Severe 0,50 222 0,28 1110 0,21 37 

NOTES 
ℎeq[m] is the equivalent ice thickness 
𝐷𝐷 [Km] is the ice distance 
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Table 2 Sailing time at typical loading conditions for ShipRight FDA Ice 

Ship type Full load condition Ballast load condition Non-sailing time 
Oil Tanker 42,5% 42,5% 15% 
LNG Carrier 45,0% 45,0% 10% 
Bulk Carrier 40,0% 40,0% 20% 
Container Ship 75% 10,0% 15% 
 
Illustration of structural area assessed with associated loading conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE  Values for 𝐻𝐻1, and 𝐻𝐻2 are in accordance with Lloyd’s Register’s Rules for Ships [2] 

 

 

Section 3: Fatigue Damage Calculations 
 

3.1 Fatigue Critical Locations 
 

3.1.1 The critical locations to be considered for fatigue due to ice loads are the end connections of frames and 
stiffeners of the side shell in the ice belt region of the ship. A typical example is illustrated in Fig. 2 for a 
transverse frame system. 
 

3.1.2 The ship hull is to be divided into three regions: aft, midship and forward according to Lloyd's Register’s 
Rules for Ships [2]. An illustration of the hull regions is shown in Fig. 3. The vertical extensions above full load 
waterline (LWL) and ballast load waterline (BWL) are also presented in Fig. 3. 
 

3.2 Number of Ice Loads Impact 
 

3.2.1 The number of ice impacts to the hull structure for a given distance sailed is related to the equivalent ice 
thickness. 
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Fig. 2 illustration of critical locations 

 

 

 

 

 

 

 

 

 

Fig. 3 Illustration of hull regions and vertical extensions 

 

 

3.2.2 The impact frequency, 𝑓𝑓D, is defined as the number of impacts per metre sailed, and is determined from 
the following: 
 

𝑓𝑓D = 𝐶𝐶region  
1

10,4ℎeq3/4 − 2,0ℎeq + 1,18
 

where 

ℎeq = equivalent ice thickness, in metres 

𝐶𝐶region = hull region factor, as defined in Table 3. 
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Table 3 Hull region factor for ShipRight FDA ICE 

Factor 
Region 

Aft Midship Forward 

𝐶𝐶region 0,55 0,60 1,00 

 

3.2.3 The number of ice impacts for a sailed distance in equivalent ice thickness ℎeqis calculated by the 
following equation: 
 

𝑛𝑛T = 𝐷𝐷𝑓𝑓D 

where 

𝐷𝐷  = distance navigated in the ice, in metres 

𝑓𝑓D = impact frequency, as defined in 3.2.2. 

 

3.3 Distribution of Ice Load Amplitudes 
 

3.3.1 The ice loads to be considered for the fatigue design assessment of the end connections are idealised 
as local impact loads between the ice and hull structures within the ice belt region, as illustrated in Fig. 4. 
 

3.3.2 The amplitude of ice loads is generally influenced by the hull form, ice thickness, ice strength and ship 
speed, etc. 
 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Ice load on the ship hull (transverse frame) 

 

3.3.3 Based on the statistical analysis of measurements of ice loads, the distribution of load amplitudes may 
be approximately described by a Weibull distribution. 
 

3.3.4 The scale parameter of the Weibull distribution for the ice load at the forward region is to be determined 
from the following: 
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𝐹𝐹 = 93𝐶𝐶form
�Γ �1 + 2

ξ� − Γ2 �1 + 1
ξ��

0,52

Γ2,04 �1 + 1
ξ�

 (kN/m) 

where 

Γ  = gamma function 

ξ  = Weibull shape parameter, as defined in 3.3.5 

𝐶𝐶form = hull form factor, as defined in 3.3.6. 

 

3.3.5 The shape parameter of the Weibull distribution for the ice load is to be determined from: 
 

ξ = 0,8ℎeq−0,6 

where 

ℎeq = equivalent ice thickness, in metres. 

 

3.3.6 The hull form factor is dependent on the shape of the hull and for the forward region it is determined 
from: 
 

𝐶𝐶form =
(sin α cos βn)1/2

(1 + 3,3 sin2βn)1/3 

where 

α  = bow entrance angle as defined in Fig. 5, and not to be taken less than 5° 

βn = hull frame angle as defined in Fig. 5. 

 

3.3.7 The scale parameter for the midship and aft regions is to be determined from the following: 
 

𝐹𝐹 = 𝐶𝐶region 𝐹𝐹max    (kN/m) 

where 

𝐶𝐶region = hull region factor for aft and midship regions as defined in Table 3 

𝐹𝐹max  = maximum value for the scale parameters in the forward region in accordance with 3.3.4, and 
to be determined along the waterline at not less than 5 locations. 

 

3.4 Fatigue Stresses 
 

3.4.1 The structural fatigue stress, which is induced by the ice loads, is to be determined by using structural 
beam theory. 
 

3.4.2 The ship is considered to be effectively protected against corrosion and abrasion due to ice. An average 
value of 1.0mm may be deducted from the gross scantlings for the purpose of the fatigue design assessment. 
Other reduction values may be used with the agreement of the Owner, Builder and Lloyd's Register. 
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Fig. 5 Definition of hull angles at the forward region 

 

3.4.3 For transverse framing systems, the stress at a critical location, due to the ice load which is assumed to 
be acting at the mid span of the frame, is to be calculated from the following: 
 

σ = 𝐾𝐾L 𝑓𝑓L
𝐹𝐹 𝑆𝑆w 𝑠𝑠
𝑚𝑚0 𝑍𝑍  �1 − 𝐶𝐶b

𝑏𝑏
𝑆𝑆w
�    (N/mm2) 

where 

𝐹𝐹  = as defined in 3.3.4 or 3.3.7, in kN/m 

𝑠𝑠  = spacing of the stiffener, in mm 

𝑆𝑆w = span of the stiffener, in mm 

𝑍𝑍  = section modulus of the stiffener at the critical location, in mm3 

𝐾𝐾L = additional stress factor due to an unsymmetrical stiffener, e.g. L-type, as defined in 3.4.4  

𝑚𝑚0 = boundary coefficient of the stiffener, as defined in 3.4.6 

𝐶𝐶b = reduction coefficient when an end bracket or flat bar is fitted, as defined in 3.4.6. The value of 
�1 − 𝐶𝐶b

𝑏𝑏
𝑆𝑆w
�   is to be greater than zero 

𝑏𝑏  = length of a bracket or depth of flat bar, in mm 

 𝑓𝑓L = �600
2s
�
0,5

 

 

3.4.4 The stress factor for unsymmetrical stiffeners is to be determined from the following: 
 

𝐾𝐾L =
1 + λ β2

1 + λ β2 ψ 

where 

β  = 1 − 2𝑏𝑏g
𝑏𝑏f

 for built-up profiles 

β  = 1 − 𝑡𝑡w
𝑏𝑏f

 for rolled angle profiles 

ψ  = ℎw
2𝑡𝑡w
4𝑍𝑍

 

λ  = 3
1+0,025η

 

η  = 𝑙𝑙4

𝑏𝑏f
 3𝑡𝑡f�

4ℎw   3

𝑡𝑡w   3
+ℎw

   2𝑠𝑠
𝑡𝑡p  3

�
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Other parameters are defined in Fig. 6. 

 

3.4.5 For HP bulb profiles, the equivalent built-up profile is to be considered as illustrated in Fig. 6. The 
assumed built-up flange is to have the same properties as the bulb flange for cross-sectional area, moment of 
inertia about the vertical axis and neutral axis position. The equivalent built-up profile dimensions may be 
determined from the following: 
 

ℎw = 0,891ℎ + 2,0 (mm) 

𝑏𝑏g = 0,5𝑡𝑡w + 0,0672ℎ − 1,06 (mm) 

𝑏𝑏f  = 𝑐𝑐h(𝑡𝑡w + 0,149ℎ − 2,0) (mm) 

𝑡𝑡f  = 0,108ℎ − 2,0 (mm) 

where 

ℎ  = height of HP bulb stiffener, in mm 

𝑡𝑡w = web thickness, as defined in Fig. 6, in mm 

𝑐𝑐h = 1,1 + (120−ℎ)2

3000
, for ℎ ≤ 120 mm 

  = 1,0, for ℎ > 120 mm 

 

3.4.6 The boundary coefficient 𝑚𝑚0 and reduction coefficient 𝐶𝐶b for transverse framing system are determined 
according to Table 4. 
 

3.4.7 For longitudinal framing system the stress at a fatigue critical location, due to the ice load which is 
assumed acting uniformly over the whole span of the frame, is determined from: 
 

σ =  𝐾𝐾L 𝑓𝑓L  
𝐹𝐹 𝑆𝑆w2

𝑚𝑚0 𝑍𝑍  �1 − 𝐶𝐶b  
𝑏𝑏
𝑆𝑆w
�  (N/mm2) 

where 

𝐹𝐹  = as defined in 3.3.4 or 3.3.7, in kN/m 

𝑆𝑆w = span of the stiffener, in mm 

𝑍𝑍  = section modulus of the stiffener at the critical location, in mm3 

𝐾𝐾L = additional stress factor due to an unsymmetrical stiffener, e.g. L-type, as defined in 3.4.4 

𝑚𝑚0 = boundary coefficient of the stiffener, as defined in 3.4.8 

𝐶𝐶b = reduction coefficient when a bracket or flat bar is fitted, as defined in 3.4.8. The value of 
�1 − 𝐶𝐶b

𝑏𝑏
𝑆𝑆w
�    is to be greater than zero  

𝑏𝑏  = length of bracket or depth of flat bar, in mm 

 𝑓𝑓L = �600
𝑆𝑆w
�
0,5
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3.4.8 The boundary coefficient 𝑚𝑚0 and reduction coefficient 𝐶𝐶b for longitudinal framing system are to be 
determined according to Table 5. 
 

3.4.9 For stiffeners not at a right angle to the shell plating, the section modulus is to be determined from the 
following: 
 

𝑍𝑍 =  𝑍𝑍l sin(θ) 

where 

𝑍𝑍 = section modulus of the stiffener at the critical location, in mm3 

𝑍𝑍l = section modulus of the stiffener at a right angle to the shell plating, in mm3 

Θ = is the angle between the stiffener web and the plating, in degrees (90° are the case of right angle). 

 

 

Fig. 6 Unsymmetrical stiffener and equivalent built-up profile for HP bulk stiffener 
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Table 4 Boundary coefficients 𝒎𝒎𝟎𝟎 and 𝑪𝑪𝐛𝐛 for transverse framing systems 

Illustration of end connection 
details 

Structural configuration 

a b c d 

 

  

  

𝐶𝐶b (Location A) 4,0 1,38 6,0 6,7 

𝐶𝐶b (Location B) - - 1,25 1,25 

𝑚𝑚0 8,0 5,3 10,0 13,3 

 

3.5 Fatigue Damage 
 

3.5.1 The Palmgren-Miner cumulative damage rule is to be used for fatigue damage assessment. The fatigue 
damage index is given by: 
 

Ω = �
𝑛𝑛(𝑆𝑆i)
𝑁𝑁(𝑆𝑆i)

∞

i=1

 

where 

𝑛𝑛(𝑆𝑆i) = number of stress cycles for the stress range 𝑆𝑆i 

𝑁𝑁(𝑆𝑆i) = number of cycles to failure for the stress range 𝑆𝑆i. 
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3.5.2 For continuously distributed stresses, the accumulated fatigue damage can be expressed as: 
 

Ω =  𝑛𝑛T  �
𝑝𝑝(𝑆𝑆)
𝑁𝑁(𝑆𝑆)

∞

0

 𝑑𝑑𝑆𝑆 

where 

𝑛𝑛T = the number of ice load impacts 

𝑁𝑁(𝑆𝑆) = number of cycles to failure for the stress range 𝑆𝑆 

𝑝𝑝(𝑆𝑆) = density function. 

 

3.5.3 The probabilistic distribution of the stress range due to ice loads can be approximately expressed in a 
Weibull distribution: 
 

𝑝𝑝(𝑆𝑆) =
ξ
σ  �

𝑆𝑆
σ�

ξ−1

exp �−
𝑆𝑆
σ�

ξ

 

where 

𝑆𝑆 = the stress range, in N/mm2 

ξ = the shape parameter of the Weibull distribution 

σ = the scale parameter of the Weibull distribution. 

 

3.5.4 The accumulated fatigue damage, for a given equivalent ice thickness and distance sailed, is to be 
determined from: 
 

Ωi = μ 
𝑛𝑛T
𝐾𝐾2

 σm Γ �1 +
𝑚𝑚
ξ � 

where 

μ   = 1,0 −
γ �1+𝑚𝑚

ξ
,v�−v

Δm
ξ  γ�1+𝑚𝑚+Δ𝑚𝑚

ξ
 ,v�

Γ�1+𝑚𝑚ξ �
 

v   =  �
𝑆𝑆Q
σ �

2

 

𝑆𝑆Q = stress range at the intersection of the S-N curve between slopes of 𝑚𝑚 and 𝑚𝑚 + Δ𝑚𝑚 

 γ  =  incomplete Gamma function 

𝑛𝑛T  = number of ice load impacts 

Γ   = Gamma function 

𝐾𝐾2, and 𝑚𝑚 are the design S-N curve parameters as given in 3.6. 
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Table 5 Boundary coefficients 𝒎𝒎𝟎𝟎 and 𝑪𝑪𝐛𝐛 for longitudinal framing systems 

Structural configuration 
𝐶𝐶b 

(at A) 
𝐶𝐶b 

(at B) 
𝑚𝑚0 

a 

 

5,3 - 12,0 

b 

 

4,5 - 8,0 

c 

 

4,8 1,0 14,9 

d 

 

5,0 1,0 20,0 

 
 

3.5.5 The accumulated fatigue damage in the specified design life for a loading condition, as defined in 2.3.2, 
is to be determined from the following: 
 

Ω = �Ωi
i

 

where 

i = summation of all ice conditions of the ship to be navigated 

Ω = fatigue damage in a loading condition. 

3.6 Fatigue Design S-N Curve 
 

3.6.1 The nominal stress design S-N curves used for fatigue design assessment is represented by two 
standard deviations below the mean, which corresponds to a 97,5 per cent probability of survival. This is defined 
as follows: 
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log(𝑁𝑁) = log(𝐾𝐾2) −𝑚𝑚log(𝑆𝑆) 

where 

𝑁𝑁 = number of cycles to failure for the stress range 𝑆𝑆 

log(𝐾𝐾2) = log(𝐾𝐾1) − 2𝑠𝑠𝑡𝑡𝑑𝑑 

𝑚𝑚 = inverse slope of SN curve for 𝑁𝑁 ≤ 107 as given in Table 6 

𝑚𝑚 + Δ𝑚𝑚 = inverse slope of SN curve for 𝑁𝑁 > 107 and Δ𝑚𝑚 = 2 

𝐾𝐾1 = constant relating to the mean S-N curve 

𝑠𝑠𝑡𝑡𝑑𝑑 = standard deviation of log(𝑁𝑁) 

𝑆𝑆Q = stress range corresponding to 107 cycles of the design S-N curve. 

 

3.6.2 The DEn basic design S-N curve data are presented in Table 6 for welded steel joints. 
 

Table 6 DEn basic design S-N curve data 

Curve 
𝐾𝐾1 

m 
Standard deviation 𝐾𝐾2 𝑆𝑆Q 

𝑀𝑀𝑀𝑀𝑀𝑀  log10 loge log10 loge 

B 2,343 E15 15,3697 35,3900 4,0 0,1821 0,4194 1,01 E15 100,2 
C 1,082 E14 14,0342 32,3153 3,5 0,2041 0,4700 4,23 E13 78,2 
D 3,988 E12 12,6007 29,0144 3,0 0,2095 0,4824 1,52 E12 53,4 
E 3,289 E12 12,5169 28,8216 3,0 0,2509 0,5777 1,04 E12 47,0 
F 1,726 E12 12,2370 28,1770 3,0 0,2183 0,5027 0,63 E12 39,8 
F2 1,231 E12 12,0900 27,8387 3,0 0,2279 0,5248 0,43 E12 35,0 
G 0,566 E12 11,7525 27,0614 3,0 0,1793 0,1793 0,25 E12 29,2 
W 0,368 E12 11,5662 26,6324 3,0 0,1846 0,1846 0,16 E12 25,2 
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3.6.3 Fatigue strength may decrease with an increase in plate thickness at the considered location. If the plate 
thickness is greater than 22 mm, the stress range is to be multiplied by the following correction factor: 
 

𝐶𝐶t = �
𝑡𝑡

22�
0,25

 

where 

𝑡𝑡 = plate net thickness, in mm. 

 

3.7 Fatigue Performance of Welded Joints at Low Temperatures 
 

3.7.1 Fatigue test results show that the mean fatigue strength of welded joints at low temperatures is not 
lower than that of welded joints at room temperatures, providing that the materials are in a ductile state at the low 
temperatures. 
 

3.7.2 Therefore, for the purpose of this procedure, the DEn basic design curves, as presented in Table 6, are 
applicable for the fatigue assessment of welded joints at low temperatures. This assumption is based on the steel 
remaining in a ductile state at the low temperatures. 
 

3.8 S-N Curves for Typical Weld Joints 
 

3.8.1 The selection of an S-N curve to be used for fatigue assessment is based on the type of welded joints. 
Table 7 presents a typical selection of joint details and the corresponding S-N curve to be used in the 
assessment. Joint details of novel designs will be specially considered. 
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Table 7 Selection of S-N curves for typical weld joints (see continuation) 

S-N curve for 
location A Joint type S-N curve for 

location B 

𝐹𝐹2 

 

𝐹𝐹2 

𝐹𝐹2 

 

𝐹𝐹2 

𝐹𝐹2 

 

𝐹𝐹2 

𝐹𝐹2 

 

𝐹𝐹2 
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Table 7 Selection of S-N curves for typical weld joints (conclusion) 

S-N curve for 
location A Joint type S-N curve for 

location B 

𝐹𝐹 

 

𝐹𝐹2 

𝐹𝐹 

 

𝐹𝐹 

𝐹𝐹2 

 

𝐹𝐹2 

NOTES 
1. Where the attachment length is less than or equal to 150 mm, the S-N curve is to be upgraded one class from those 

specified in the Table. For example, if the class shown in the Table is 𝐹𝐹2, upgrade to 𝐹𝐹. Attachment length is defined as 
the length of the weld attachment on the stiffener flange (e.g. web stiffener depth or bracket base length). 

2. Where there is less than 10 mm minimum clearance between the edge of the stiffener flange and the face of the end, 
e.g. where the stiffener is an unsymmetrical profile, the S-N curve is to be downgraded by one class from those 
specified in the Table. For example, if the class shown in the Table is 𝐹𝐹, downgrade to 𝐹𝐹2; if the class shown in the 
Table is 𝐹𝐹2, downgrade to 𝐺𝐺. 

3. Lapped connections (attachments welded to the web of the stiffeners) should not be adopted and therefore these are 
not covered by the Table. 

4. In cases where web stiffeners are omitted or not connected to the stiffener flange, fatigue strength due to ice load is to 
be specially considered. 
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Section 4: Fatigue Acceptance Criteria 
 

4.1 Design Life 
 

4.1.1 The ShipRight FDA ICE procedure is based on the service life (design life) specified in Section 1.3, 
Table 1.1 of ShipRight FDA Procedure Overview [3]. 
 

4.1.2 Where required by an Owner or Builder, a longer design life may be specified. 
 

4.2 Acceptance Criteria 
 

4.2.1 An ice-strengthened ship is assumed to operate in ice regions and open water environments. 
 

4.2.2 Therefore, the fatigue design assessment of a ship is to be performed both in ice regions and wave 
environments. The total accumulated fatigue damage index over the design life is to meet the following criterion: 
 

Ω = (ΩICE + ΩWAVE) ≤ 1,0 

where 

ΩICE = fatigue damage index induced by ice loads 

ΩWAVE = fatigue damage index induced by wave loads. 

 

4.2.3 The assessment of fatigue damage induced by wave loads may be based on ShipRight FDA procedures 
[1] or other recognised methods. The assessment for ice loads is to be in accordance with ShipRight FDA ICE 
procedure. 
 

4.2.4 In general, the following simplified criteria may be used: 
 

ΩWAVE ≤ 0,50 = fatigue damage index induced by wave loads, assuming 50 per cent of design life in 
wave environment (e.g. 12,5 years in waves for 25 year design life) 

ΩICE ≤ 0,50 = fatigue damage index induced by ice loads, assuming six months winter time a year in 
ice regions (e.g. 12,5 years of winter time in ice for 25 year design life). 

 

4.2.5 Ship Builder and ship Owner, in consultation with Lloyd's Register, are to decide appropriate loading 
conditions and trading routes in ice regions for the fatigue design assessment. 
 

Section 5: Application Examples  
 

5.1 Chemical Tanker 
 

5.1.1 The ship is a chemical tanker. The main dimensions of the ice-classed tanker are: 
 

Lpp (m) Breadth (m) Design draft (m) Ice class 
105 17,5 6,6 1AS 
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5.1.2 The following analysis applies the procedure to a transverse frame at the forward region. An illustration 
of the frame arrangement is shown in Fig. 7 and the fatigue location under consideration is the joint between the 
transverse frame and the stringer. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Transverse frame in the forward region 

 

5.1.3 Hull form angles for the transverse frame are: 
 

Angle α (degs) Angle βn (degs) 
19 21,3 

 

5.1.4 The geometrical parameters and stress factor (𝐾𝐾L) at the critical location are as follows: 
 

Frame spacing Frame span Section modulus Stress factor (L-type) 
350 mm 3686 mm 763,200 mm3 1,28 
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Table 8 Fatigue damage assessment results for Kemi route 

Month Wynter 
type 

Kemi 
ℎeq[m] 25 years sailed 

distance (km) 
Fatigue damage  

(𝐹𝐹2 curve) 
Fatigue damage  

(𝐹𝐹2 curve) 

Nov. 
Mild - - - 0,000001 
Average - - -  
Severe 0,15 1,042 0,000001  

Dec. 
Mild 0,10 313 0,000001 0,000296 
Average 0,20 2,197 0,000010  
Severe 0,35 7,917 0,000285  

Jan. 
Mild 0,18 521 0,000001 0,009575 
Average 0,47 26,981 0,003965  
Severe 0,64 9,792 0,005608  

Feb. 
Mild 0,38 1,042 0,000055 0,103732 
Average 0,76 59,796 0,066811  
Severe 0,86 20,835 0,036866  

Mar. 
Mild 0,53 3,959 0,001014 0,198915 
Average 0,86 59,796 0,105805  
Severe 1,10 20,835 0,092096  

Apr. 
Mild 0,50 3,542 0,000696 0,126545 
Average 0,82 35,003 0,051937  
Severe 1,14 14,585 0,073912  

May 
Mild 0,14 313 0,000000  
Average 0,28 8,751 0,000117  
Severe 0,50 5,000 0,000982 0,001099 

Total fatigue damage 0,44 

 

5.1.5 It is assumed that the ship trades in Baltic Seas. Three trading routes are employed, as described in 
Table 1 of Section 2. It is assumed that the ship visits each port an average of 3,5 times during each winter 
month in the 25 year service life. The fatigue damage calculation is for the ship with a full load condition. 
 

5.1.6 The results of the fatigue damage assessment for the route to Kemi in each winter month are presented 
in Table 8. 
 

5.1.7 The results showed that the months of February to April contributed significantly to the fatigue damage. 
 

5.1.8 The fatigue damage index for the three Baltic routes and the combined route (assuming 33,3 per cent 
duration for each of the three routes) is shown in Table 9. 
 

5.2 Aframax Oil Tanker 
 

5.2.1 The second example is for an Aframax tanker. The main dimensions of the ice-classed oil tanker are as 
follows: 
 

Lpp (m) Breadth (m) Design draft (m) Ice class 
230 44 14,5 1AS 
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Table 9 Fatigue damage assessment results for the Baltic routes 

Route Kemi Kokkola Primorsk Combined routes 

Fatigue damage  
(𝐹𝐹2 curve) 0,44 0,12 0,10 0,22 

 

5.2.2 Fig. 8 shows the waterline profile of the forward region and two transverse frames (Frame A and Frame 
B) of the Aframax tanker. The assessed fatigue locations are also shown in Fig. 8, which are the joints between 
the transverse frames and stringers. 
 

5.2.3 The hull form angles for the transverse frames under consideration are as follows: 
 

Frame A Frame B 

Angle α (degs) Angle βn (degs) Angle α (degs) Angle βn (degs) 
14 3,5 26 10 
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Fig. 8 Transverse frames of the Aframax tanker 

 

5.2.4 The geometrical parameters and stress factor (𝐾𝐾L) of the two transverse frames at forward region and a 
longitudinal stiffener at the midship region are as follows: 
 

 Frame spacing Frame span Section modulus Stress factor 

Frame A 480 mm 3,200 mm 1005,526 mm3 1,0 

Frame B 450 mm 3,250 mm 858,325 mm3 1,0 

Longitudinal at 
Midship 640 mm 4,560 mm 2125,707 mm3 1,0 
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5.2.5 Three Baltic trading routes are used, as described in Table 1 of Section 2, for the fatigue assessment. It 
is assumed that the ship visits each port an average of 3,5 times during each winter month in the 25 year service 
life. 
 

5.2.6 The fatigue damage index for each route and combined route (33,3 per cent for each of the three 
routes) is shown in Table 10. In the calculations for the longitudinal stiffener at the midship region, the max ice 
load was assumed to have occurred at the Frame B. 
 

Table 10 Fatigue damage assessment results for the three Baltic routes 

Location 
Fatigue Damage (𝐹𝐹2 curve) 

Kemi Kokkola Primorsk Combined routes 

Frame A 0,08 0,02 0,02 0,04 

Frame B 0,32 0,08 0,07 0,16 

Longitudinal at 
midship* 0,15 0,04 0,03 0,07 

NOTE 
*The max ice load was assumed to have occurred at the Frame B. 
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