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Abstract  

This paper presents a comparative study between assumed 

stress spectra and stress spectra derived from hull monitoring 

system data, with respect to the fatigue life at three different 

welded joints of a naval high speed light craft. The Palmgren-

Miner rule, combined with Eurocode 9 construction details 

and fatigue resistance data, is applied to the stress spectra to 

calculate the fatigue life. This work has been motivated by the 

need to improve life-of-type evaluations of high speed naval 

vessels with semi-planing hullforms, which are required to 

perform demanding operations.  It is shown that stress spectra 

derived from full-scale measurements are best modelled by 

Gaussian functions. Use of the largest stress cycle corre-

sponding to design sagging and hogging load cases leads to 

conservative fatigue life estimates in comparison to analysis 

based on the derived spectra and fleet maintenance data, even 

when a 10-8 probability of sustaining the design loads is con-

sidered. The use of standardised stress spectra in fatigue 

analysis of naval high speed light craft offers benefits though 

requires further consideration of the characteristic fatigue 

loads and wave environments. 
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Introduction 

Fatigue loading on ships is mainly due to combined 

global wave and slamming induced stresses (Fricke and 

Paetzold, 2010). Slamming occurs when the bow of a 

ship emerges from one wave crest and then re-enters 

with significant impact into the next wave. This can 

impart significant local impact loads and cause hull 

girder whipping; high frequency hull vibrations at a 

frequency near that of the hull’s natural frequency. The 

whipping responses are superimposed on the low fre-

quency wave load responses and significantly increase 

the number and magnitude of fatigue loading cycles 

(Phelps and Morris, 2013). For high speed light craft 

(HSLC) slam induced stresses can be relatively large 

due to the light displacement, shallow draft, and rela-

tively high speed operations in varying sea environ-

ments (Magoga et al., 2014). This is particularly the 

case for small naval vessels required to maintain a high 

operational tempo (Sheinberg et al., 2011; Tuitman et 

al., 2013).  

With increasing use of semi-planing and planing hull-

forms and lightweight materials such as marine-grade 

aluminium, in addition to examples of fatigue failures in 

such craft, the need to develop rigorous lifetime load 

spectra has been recognised (Collette and Incecik, 2006; 

Engle et al., 1997; Kramer et al., 2006; Magoga et al., 

2015). Options to establish a lifetime fatigue load spec-

trum, required in fatigue life evaluation, include spectral 

analysis, time-domain analysis, and simplified analysis. 

Spectral analysis considers the operational conditions of 

a ship by dividing different operational modes by speed, 

heading, and significant wave height for a specific wave 

scatter diagram. Typically, this method assumes linear 

load effects and stress responses, and is performed in 

the frequency domain. However, its utilisation to accu-

rately estimate load distributions and actual stress rang-

es of HSLC is restricted due to the difficulty in predict-

ing the highly nonlinear relationship between applied 

loading and fatigue life (Collette and Incecik, 2006; Det 

Norske Veritas, 2011). In comparison, there are time-

domain seakeeping codes available to calculate nonline-

ar loads to be transferred to structural models. However, 

coupled hydrodynamic-structural analysis is very time 

intensive, has tended to be limited to assessment of 

details, and requires validation via full-scale trials data 

(Sheinberg et al., 2011; Tuitman et al., 2013). In view 

of the above issues, it is suggested that practical proce-

dures to generate standardised load histories for imple-

mentation in simplified fatigue life prediction of HSLC 

may be of benefit (Kramer et al., 2000). 

Simplified fatigue analysis assumes a stress history or 

spectrum at the detail, characterised by the shape, mean 

and maximum of the stress cycles. An appropriate prob-

ability level is allocated to a reference stress. Stresses 

are generally based on rule loads and may be calculated 

by an analytical approach or the Finite Element Method. 

As summarised by Horn et al. (2009), many classifica-



tion societies assume that the long term distributions of 

stress ranges at local details are described by the 

Weibull distribution. This interpretation differs from a 

study of strain measurements of commercial ships 

which, as summarised by Fricke and von Lilienfeld-

Toal (2008),  demonstrated that the long-term distribu-

tion of cyclic stresses induced by wave loads is largely 

linear. This latter approach is provided in Germanischer 

Lloyd’s (GL) Rules for Classification and Construction 

– Seagoing Ships (2013). 

Nonetheless, from a review of the literature and classifi-

cation rules by the authors, there appears to be little 

information on the applicability of standardised stress 

spectra for HSLC. Design guidance for fatigue life es-

timation of HSLC receives less support than for steel 

ships (Soliman et al., 2015). As such, there is a level of 

uncertainty associated with use of simplified fatigue 

analysis for HSLC, especially for naval vessels operat-

ing in demanding environments.  

This paper presents a comparative study between as-

sumed stress spectra and derived stress spectra from 

strain measurements, with respect to the fatigue life at 

three structural details of naval aluminium HSLC. The 

study platform is an aluminium patrol boat, for which 

the results of finite element analysis and hull monitoring 

system data are available. Using this information, the 

accuracy of Linear, Gaussian and Weibull modelling of 

the derived stress spectra is investigated in two ways; 

firstly via goodness of fit, and secondly by comparing 

the fatigue life at the three details based on the derived 

and modelled spectra. The fatigue life is estimated using 

the Palmgren-Miner rule applied to fatigue resistance 

data for welded aluminium structures. This is followed 

by an examination of the sensitivity of fatigue analysis 

to standardised stress spectra, characterised by the max-

imum and number of stress cycles. Finally, recommen-

dations for further work are proposed. The results of this 

study enable the informed selection of the service life 

stress spectrum for use in life-of-type evaluation of 

naval HSLC with demanding operational requirements. 

Analysis 

Study Platform 

The study platform is the 56 m Royal Australian Navy 

Armidale Class Patrol Boat (ACPB). The ACPBs fea-

ture a semi-planing hullform, and were constructed from 

marine-grade aluminium alloys. The vessels were de-

signed and built by Austal Ships and classed by Det 

Norske Veritas (DNV) to be compliant with High 

Speed, Light Craft and Naval Surface Craft rules (Det 

Norske Veritas, 2011). The design life of the ACPBs is 

20 years. 

Finite Element Analysis 

Finite Element Analysis (FEA) is utilised for the fatigue 

life evaluation. A global model of the ACPB structure 

has been developed, and validated, in the commercial 

FEA package MAESTRO 10.0.1 (2013). The model is 

shown in Fig. 1.  

 

Fig. 1: Finite element model of ACPB with example 

embedded fine mesh 

The overall stiffness of the structure is represented in 

the model. The mesh is relatively coarse to compute the 

global stress distribution of primary members of the 

hull, though several areas of the model have undergone 

mesh refinement (embedded fine mesh models) to allow 

geometric stress concentrations to be resolved. These 

include nominal stresses, stresses due to structural dis-

continuities, and attachments. In general, the model has 

shell elements for plating and areas of mesh refinement, 

and beam elements for stiffeners and girders. 

Analysis of Hull Monitoring System Data 

During the build of the last ACPB, HMAS GLENELG, 

the Defence Science and Technology Group collaborat-

ed with Austal Ships to commission a Hull Monitoring 

System (HMS). The aims of the project were to develop 

a structural fleet management capability, and to demon-

strate the application of a versatile network using spe-

cialised sensors on a naval platform (Gardiner et al., 

2008). The HMS operated from May 2009 to February 

2014.  

The HMS was comprised of accelerometers, strain 

gauges, torsionmeters to measure shaft power, a six 

degree of freedom rigid body motion reference unit, and 

a Global Positioning System (GPS). The sensors were 

programmed to continuously collect and return data to a 

computer for storage. Most of the strain gauge signals 

were sampled at 50 Hz.  

In this paper data from three strain gauges are consid-

ered. The locations of these gauges are displayed in Fig. 

2. Strain gauges A, B and C were installed in 2012, in 

order to better understand the stresses induced in a pillar 

and the surrounding structure in the engine room: 

- Strain gauge A was situated below the weld toe of 

the forward bracket of the pillar.  

- Strain gauge B was installed 0.55 m aft of the pil-

lar, on the underside of the main deck plating, ap-

proximately 0.45 m inboard from the deck edge.  

- Strain gauge C was attached to the centre of the 

flange of a longitudinal beam underside of the main 

deck, approximately 0.4 m aft of the pillar. 

Data processing routines were developed in MATLAB
®

 

R2014a to convert and filter the raw strain data to stress. 

Due to the susceptibility of strain measurements to elec-

trical interference from surrounding electrical equip-

ment and to offset changes in the signal amplification 

circuitry, spikes or single data measurements signifi-



cantly different to the preceding and subsequent meas-

urements are present in the raw data. As such, the data 

processing routines include signal conditioning to re-

move spikes and to account for large offsets. High fre-

quency noise was attenuated by applying a low-pass 

Chebyshev filter at 7.5 Hz, greater than the three-node 

bending vibration frequency of 5 Hz (Magoga et al., 

2014), to the signals. 
 

 
 

 
Fig. 2: Strain gauge locations, at pillar centreline 

A ship-based instrument to measure the encountered 

wave environment could not be installed onboard 

HMAS GLENELG. However, significant wave height 

statistics over a 2.5 year period of the ACPBs’ primary 

operational area, the North-West of Australia, indicate 

that the vessels may have been operated 86% of the time 

in seas up to the top of Sea State 4, 13% in Sea State 5, 

and 1% in Sea State 6 (Aksu et al., 2015). For perspec-

tive, the ACPBs were designed to maintain operations 

in Sea State 5 and to survive cyclonic conditions up to 

Sea State 9 (2006). 

The collection of data was not continuous due to system 

defects, and maintenance of the vessel requiring power 

to the HMS to be switched off. As such, the total meas-

urement duration between August 2012 and February 

2014 was approximately 4500 hours. HMAS 

GLENELG was at sea 75% of this time. The corre-

sponding speed profile is presented in Fig. 3.  

 

Fig. 3: HMAS GLENELG’s speed profile between Au-

gust 2012 and February 2014  

Stress Spectra Derivation 

The stress spectra for strain gauges A, B, and C, gener-

ated using rainflow counting (Matsuishi and Endo, 

1968), are shown in Fig. 4. The measured stress direc-

tion for strain gauge A is vertical, and for strain gauges 

B and C is longitudinal. To enable comparison of the 

different stress spectra, the stress shown on the y-axis is 

normalised by the allowable stress allow of the ACPB 

calculated using DNV rules (2011). 

 

Fig. 4: Stress spectra derived from strain gauge data, 

normalised by allow of ACPB 

The maximum measured stress cycle at the strain gauge 

locations considered ranges between approximately 

35% and 45% of allow of the ACPB. This outcome is 

not unexpected, as the design condition should be more 

severe than the worst intended condition by a suitable 

margin (Mansour and Liu, 2008). 

To investigate the accuracy of form fitting of each of the 

derived stress spectra, the spectra have been modelled 

using the Linear (Eq. 1), Gaussian (Eq. 2), and Weibull 

(Eq. 3) functions: 
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Where a and b are the coefficients of the Linear func-

tion, and a1, b1, and c1 are the coefficients of the Gaussi-

an function. The scale and shape parameters of the 

Weibull function are denoted by  and  respectively, 

and a2 is a scale parameter independent of the exponent 

term. The form fitting is conducted by the method of 

least squares.  

The form fitting is based on stress cycles normalised by 

the design stress range design which differs at each 

strain gauge location. The values of design are comput-

ed using FEA under the design hogging and sagging 

load cases. 

The coefficients of the Linear, Gaussian and Weibull 

models of the stress spectra for each strain gauge indi-

vidually and combined (aggregate) are given in Table 1. 

The intention of the aggregate coefficients is to provide 

rationalised stress spectra for structural details indica-

tive of those in the vicinity of the strain gauge locations 

(that is, pillars and supporting structural items). The 

goodness of fit R
2
 values, shown in Table 2, indicate 

that the stress spectra are best approximated by a Gauss-

ian model. Although the R
2
 values of the Weibull mod-

els are also relatively high, there is unphysical decay at 

small values of n. 
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Table 1: Individual and aggregate coefficients of Linear, 

Gaussian and Weibull models, for each derived 

stress spectrum, based on stress cycles normal-

ised by design 

Function 
Strain Gauge Aggre-

gate A B C 

Linear 
 

a -0.180 -0.174 -0.186 -0.180 

b 1.000 1.000 1.000 1.000 

Gaussian 
 

a1 1.000 1.000 1.000 1.000 

b1 -1.338 -0.700 -0.898 -0.979 

c1 4.401 4.138 4.055 4.198 

Weibull 
 

a2 0.366 0.360 0.367 0.364 

 1.072 1.234 1.148 1.152 

 2.800 3.011 2.791 2.867 
 

Table 2: Comparison between R2 values of Linear, 

Gaussian and Weibull fits of stress spectra at 

each strain gauge location, using individual and 

aggregate coefficients  

Function R
2
 

Strain Gauge 

A B C 

Linear 
 

Original 0.915 0.967 0.959 

Aggregate 0.915 0.964 0.956 

Difference 0% 0.30% 0.31% 

Gaussian 
 

Original 0.986 0.984 0.991 

Aggregate 0.979 0.956 0.990 

Difference  0.70% 2.8% 0.10% 

Weibull 
 

Original 0.983 0.977 0.975 

Aggregate 0.961 0.942 0.973 

Difference  2.2% 3.7% 0.23% 
 

The derived and assumed stress spectra, using the ag-

gregate coefficients, for strain gauges A, B, and C are 

compared in Fig. 5, 6 and 7 respectively. As the stress 

spectra follow distributions, and there is adequate cov-

erage of the speed range, the measurement period is 

considered to provide an adequate long-term distribu-

tion of stress cycles. 

 
Fig. 5: Comparison of strain gauge A derived and as-

sumed stress spectra 

 
Fig. 6: Comparison of strain gauge B derived and as-

sumed stress spectra 

 

Fig. 7: Comparison of strain gauge C derived and as-

sumed stress spectra 

Fatigue Damage Estimation 

The Palmgren-Miner rule (Miner, 1945) is used to cal-

culate the fatigue damage. The damage D caused by all 

cycles is calculated using Equation 4: 

 
mk k

i

i i

i 1 i 1i

n 1
D n

N a 

     (4) 

Where k is the number of stress ranges, a  and m are 

Δσ-N curve parameters, and ni and Ni are the number of 

actual cycles experienced and cycles to failure for the i
th 

stress range increment, respectively.  

The fatigue life (FL) of a structural detail is the ratio of 

the service life, in years, to the fatigue damage. If the 

fatigue damage is less than unity, the structure has a 

fatigue life longer than the service or design life. 

To assess the fatigue life of a detail, the structural (or 

geometric) stress approach is used. This approach en-

tails determining the geometric stresses of a reference 

detail (strain gauge location) and the detail of interest 

using FEA, and then obtaining the ratio between the two 

values. In the calculation of the stress ratios between the 

locations of interest and the respective reference strain 

gauges, the maximum and minimum directional stresses 

under the design sagging and hogging load cases are 

taken. The ratio is then applied to the stress spectra. The 

construction detail with known fatigue resistance should 

be as similar as possible to the detail being assessed 

with respect to geometry and loads (Technical 

Committee CEN/TC 250, 1999).  

Three structural details of interest are analysed. These 

details and the reference strain gauges are given in Ta-

ble 3. Fatigue resistance data from Eurocode 9 (Tech-

nical Committee CEN/TC 250, 1999) is utilised, and the 

selected detail categories and corresponding constant 



amplitude fatigue limits L are also given in Table 3. 

The reference gauges are selected due to the close vicin-

ity to the location of interest, consistency of the domi-

nant load direction, and similarity of construction detail. 

When using the structural stress approach, it is essential 

that the stress type and value effectively describe the 

structural behaviour of the component (Horn et al., 

2009). To conduct the fatigue analysis at structural 

details with discontinuities and complex stress distribu-

tions, care was taken to refine the model in order to 

resolve the stress field at potential crack initiation sites 

using the recommendations given by DNV (Det Norske 

Veritas, 2010), Maddox (2003), and in Eurocode 9 

(Technical Committee CEN/TC 250, 1999).  

Table 3: Analysed details of interest 

Location Construction Detail 

ID-1 (Reference strain gauge is 

strain gauge A, stress ratio = 

2.64) 

Top of pillar, forward side 
 

 

9.1  

L = 12.3 MPa 

 
Double fillet weld 

 

 

 

ID-2 (Reference gauge is strain 

gauge B, stress ratio = 2.38) 

Vicinity of weld seam between 

insert and main deck plating 

 

 
 

 

7.2.3  

L = 18.1 MPa 

 
Butt weld of an 

open shape, welded 

from both sides 

 

 

ID-3 (Reference gauge is strain 

gauge C, stress ratio = 1.78) 

Web of longitudinal under main 

deck, adjacent to fillet weld to 

flange and butt weld to plating of 

different thickness  

   
 

11.3   

L = 18.1 MPa 

 
Cross-welded built-

up beam, using 

double sided full 

penetration welding 
 

Sensitivity of Fatigue Life to Fitted Spectra 

The spectra are based on stress cycles incurred over 

approximately 4500 hours. Thus, to calculate the fatigue 

life considering a service period of 20 years, the spectra 

are linearly extrapolated. 

Table 4 provides the estimated fatigue life for details 

ID-1, ID-2, and ID-3 based on the derived, Linear, 

Gaussian and Weibull spectra. The fatigue life values 

based on the reference derived spectra are consistent 

with fleet maintenance data, and are used to normalise 

the fatigue life values based on the assumed spectra for 

each detail. 

Table 4: Fatigue life estimates using different stress 

spectrum models at details of interest, normal-

ised by fatigue life values based on derived 

spectra 

ID 
Derived 

spectrum 

Linear 

spectrum 

Gaussian 

spectrum 

Weibull 

spectrum 

1 1.00 0.738 0.980 0.767 

2 1.00 0.841 1.35 1.31 

3 1.00 0.565 0.907 0.872 
 

The results given in Table 4 indicate that when a Linear 

model is used to represent the stress spectra at the strain 

gauge locations, the corresponding fatigue life estimates 

are smaller than those based on the derived spectra by 

an average of 29%. The Weibull model performs better, 

as the average difference (absolute) between the fatigue 

life estimates is 22%. In comparison, the fatigue life 

estimates based on the Gaussian spectra are most com-

parable with those based on the derived spectra, as the 

average difference is 15% (absolute).  

Sensitivity of Fatigue Life Estimation to Standardised 

Lifetime Spectra  

As discussed in the introduction, in the absence of de-

tailed long term distributions of stresses, an approach 

provided by GL’s Rules for Classification and Con-

struction – Seagoing Ships (2013) is to use standardised 

linear spectra as shown in Fig. 8. Convex spectra can 

also be used with agreement from the society. The 

stresses range between the maximum and minimum 

stresses resulting from the maximum and minimum 

relevant seaway induced load effects, that is design.  

 

Fig. 8: Standard stress range spectra given by GL (2013)   

To test the applicability of standardised lifetime spectra 

to the three details of interest, the linear and convex 

spectra with the maximum stress range considered to 

occur once (nmin equals 10
0
) are used to estimate the 

fatigue life. It is generally assumed that the number of 

stress cycles that a ship structure will experience over 

its life is 10
8
 stress cycles. As such, when generating the 

spectra the sum of the number of cycles considered is 

10
8
 occurring during the design life of 20 years.  In 

addition the number of stress increments needs to be 

sufficiently large to ensure reasonable numerical accu-

racy and should not be less than 20 (Det Norske Veritas, 

2010). In this analysis 60 increments are used. 

Table 5 shows the fatigue life based on the standardised 

linear and convex spectra with nmin equal to 10
0
 at each 

detail of interest, as a percentage of the fatigue life 

based on the derived spectra. For details ID-1, ID-2, and 

ID-3 the fatigue life estimates based on the standardised 

linear spectra are 4.1%, 2.8% and 4.9% of the fatigue 
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life based on the derived spectra, respectively. Using the 

standardised convex spectra the fatigue life estimates at 

all three details are less than 1% of those based on the 

derived spectra. The standardised convex spectrum 

features more significant stress cycles over a greater 

range of n. Thus, its use leads to more conservative 

fatigue life estimates than the standardised linear spec-

tra. However, for nmin equal to 10
0
 both standardised 

spectra result in considerably smaller fatigue life values 

than those predicted using the measured strain data.   

Table 5: Percentage fatigue life based on standardised 

linear and convex spectra, relative to that based 

on derived spectra, for each detail of interest 

  nmin 

Detail Spectrum 10
0
 10

-2
 10

-4
 

ID-1 
Linear 4.1% 9% 18% 

Convex 0.59% 1.2% 2.2% 

ID-2 
Linear 2.8% 6.4% 13% 

Convex 0.41% 0.8% 1.5% 

ID-3 
Linear 4.9% 11% 23% 

Convex 0.69% 1.4% 2.6% 
 

When nmin is equal to 10
0
, it is accepted that the struc-

ture will sustain the design loads once in its lifetime. 

Thus, application of standardised spectra with nmin equal 

to 10
0
 is unrealistic. Therefore, standardised spectra 

with probabilities of 10
-2

 and 10
-4

 of the structure sus-

taining the design loads are additionally considered as 

plotted in Fig. 9. 

 
Fig. 9: Standardised Linear and Convex stress range 

spectra, with nmin equal to 100, 10-2, and 10-4  

To check the validity of defining the standardised spec-

tra by smaller probabilities of the structure sustaining 

the design loads, the subsequent relationships between 

increments of ni/Ni (Di = ni/Ni) and /design are com-

pared to those based on the derived spectra. For exam-

ple, for detail ID-1, Fig. 10a, b, c, and d display the 

relationship between ni/Ni and /design based on the 

derived spectrum of the reference strain gauge, the line-

ar spectrum with nmin equal to 10
0
, the linear spectrum 

with nmin equal to 10
-2

, and the linear spectrum with nmin 

equal to 10
-4

, respectively. Note that the y-axis scale of 

the derived spectrum plot (a) is smaller than the y-axis 

scale of the linear spectra plots (b, c and d) because the  

measurement period, and hence number of cycles, was 

considerably less than assumed during the design life 

used to generate the linear spectra.  

 

 

Fig. 10: /design versus ni/Ni based on a) derived stress 

spectrum, and standardised linear spectra with nmin equal 

to b) 100, c) 10-2, and d) 10-4, at detail ID-1 (note y-axis 

scale of plot a) differs from b), c) and d))   

Fig. 10a reveals that at detail ID-1 the combination of 

the fatigue resistance data for Eurocode 9 construction 

detail 9.1 (see Table 3) and the distribution of the stress 

cycles measured at reference strain gauge A results in 

the largest contribution to fatigue damage (ni/Ni) occur-

ring at approximately 7% of design. For the linear 

spectra with nmin equal to 10
0
, 10

-2
, and 10

-4
 the fatigue 

damage peaks occur at 20%, 16%, and 13%, respective-

ly, of design (see Fig. 10b, c and d). For all spectra 

ni/Ni increases relatively steeply until the maximum, 

and then decreases gradually with increasing . Thus, 

both the shape and location of the peak of the 

/design versus ni/Ni curve of the linear spectrum 

with nmin equal to 10
-4

 are the most analogous to those 

of the derived spectrum.  

The fatigue life estimates based on the standardised 

linear and convex spectra with nmin equal to 10
-2

 and   

10
-4

 at each detail of interest, as a percentage of the 

fatigue life estimates based on the derived spectra, are 

also given Table 5. For the three details of interest, the 

fatigue life values based on the standardised linear spec-

trum with nmin equal to 10
-4

 ranged between 18% and 

23% of those of the derived spectrum. 

Relationship between Fatigue Life and Design Loads  

In an analysis of fatigue damage incurred in a United 

States Coast Guard Cutter, Stambaugh et al. (2014) 

concluded that it is important to monitor impact loading 

because the fatigue damage accumulated is proportional 

to the third power of the stress range. In line with this 

finding, the relationship between the design stress range 

design and the fatigue life at the three details of interest 

of the ACPB is quantified. For this exercise the fatigue 

life is estimated using the standardised linear spectra 

characterised by a 10
0
 probability of the vessel sustain-

ing between 30% and 100% of the design loads. The 

a) 

b) 

c) 

d) 



subsequent fatigue life estimates for each percentage of 

design, normalised by that based on the derived spec-

trum, are plotted in Fig. 11. Power functions are fitted to 

each detail’s set of fatigue life values, and Eq. 5 is the 

average of the three functions. In Eq. 5 the power term 

of the inverse stress range is 3.9. 

 

Fig. 12: Relationship between FL (fatigue life) based on 

standardised linear spectra and design at details ID-1, ID-

2 and ID-3. Values of FL are normalised by that based on 

the derived spectrum, for each detail  

3.9

derived design

FL 1
0.033

FL

 
  

  

 (5) 

Discussion 

Based on the above analysis, valuable further work 

includes establishment of the probability of exceedance 

of fatigue loads in the area of operations of the naval 

HSLC of concern. This would be similar to the ap-

proach employed in the Common Structural Rules 

(CSR) for Bulk Carriers and Oil Tankers (2010), in that 

dynamic sea pressures or fatigue loads are based on a 

10
-4

 probability level of exceedance for the North Atlan-

tic Wave Environment. However, naval HSLC operate 

in various wave environments and thus the probability 

of exceedance of fatigue loads vary. Also, in the CSR 

the characteristic load for fatigue assessment is an aver-

age value representing the expected load history re-

duced from the design load by a knock-down factor, 

rather than the maximum and minimum relevant seaway 

induced load effects. Given that the analysis presented 

is this paper indicates that the use of the stress range 

corresponding to design sagging and hogging load cases 

leads to conservative fatigue life estimates, even when a 

10
-4

 probability of sustaining the design loads is consid-

ered, it is concluded that more characteristic fatigue 

loads for naval HSLC are required.  

Eq. 5 illustrates that when the design loads are reduced 

by, for example, 10% the estimated fatigue life of the 

analysed details increase by approximately 50% assum-

ing a linear stress spectrum. As the fatigue life is pro-

portional to approximately the fourth power of the in-

verse stress range, it is important to predict and/or moni-

tor the accumulation of fatigue damage over the lifetime 

of the vessel. 

Clearly analysis of the fatigue life at the details of inter-

est is heavily dependent on the representation of stress 

ranges, as well as other parameters. Thus, understanding 

of uncertainties in the analysis is critical. The uncertain-

ties include: 

- Applicability of rules-based design loads to deter-

mine the design stress ranges. The loads applied to 

the HSLC can feature a high degree of nonlinearity 

due to their hullform, operation in semi-planing or 

planing modes, and susceptibility to slamming 

(Magoga et al., 2014a).  

- The dynamic behavior of the structure, that is, vari-

ation in the response frequencies and structural 

damping. 

- Use of the structural stress approach in the fatigue 

evaluation at the details of interest, which is a com-

promise between accuracy and ease of use (Horn et 

al., 2009). 

- Assumption of linear scalability of the number of 

stress cycles incurred during the strain measure-

ment period to the service life. This premise ne-

glects the random nature of ocean waves over time. 

Strain monitoring during the entire life of the ship 

would be one way to mitigate this simplification.  

- Uncertainty in the measurement of strains, due to 

uncertainty in the calibration of the strain gauges, 

induced electrical noise, and noise in the amplifica-

tion system. 

- Use of the Palmgren-Miner rule (Miner, 1945) 

which assumes that the effect of each cycle is inde-

pendent and any resultant damage is linearly cumu-

lative. Thus its weakness is that it does not account 

for load sequence effects.  

The three details analysed are part of the ACPB engine 

room structure close to a pillar. As such, further investi-

gation is required to extend the presented findings for 

reliable fatigue life evaluation at other structural areas. 

Conclusion 

Strain gauge data obtained from a hull monitoring sys-

tem installed onboard a naval HSLC has been used to 

investigate stress spectra assumptions required in sim-

plified fatigue analysis. Form fitting was performed to 

find the best model of the measured stress range data 

normalised by the design stress ranges. Then, using the 

structural stress approach, the fatigue life based on the 

derived and modelled stress spectra was calculated at 

three details of interest. It was found that, in comparison 

to the Linear and Weibull models, the fatigue life esti-

mates based on Gaussian model correlated best to those 

of the derived spectra and fleet maintenance data. In 

addition, aggregate coefficients of the models are pro-

vided in order to inform the generation of stress spectra 

at structural details indicative of the joints of pillars and 

supporting structural items. 

Driven by the experience of structural analysis of con-

ventional ships, and the time-intensive and challenging 

nature of more sophisticated procedures, the applicabil-

ity of standardised stress spectra in simplified fatigue 

analysis of naval HSLC was investigated. It was estab-

lished that use of standardised linear and convex stress 

spectra characterised by a 10
0
 probability of the vessel 

sustaining design loads during its lifetime leads to over-

ly conservative fatigue life values. As such, strategies to 

better describe stress spectra include determination of 



characteristic fatigue loads and probabilities in the area 

of operations. 
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