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  1 Introduction 

The proof of suffi cient fatigue strength is apart from the 
buckling analysis the most important strength check for 
thin-plated ship structures which frequently results in sev-
eral changes during ship structural design. The fatigue 
strength assessment is mainly performed with the nomi-
nal stress approach as this allows the designer to quickly 
and effectively evaluate the fatigue strength of structural 
details. Similar to other proofs, the occurring stress may 
here be compared with a permissible one taking into 
account necessary safety margins. In the case of fatigue, 
the stresses are represented by stress ranges leading to 
the following format [1, 2]:

Δσmax ≤ Δσp (1)

Here, the highest occurring stress range Δσmax is deter-
mined in the nominal stress approach for an ideal, unde-
formed structure, as represented in construction draw-
ings or product models without any fabrication-related 
imperfections. The transformation of the structure into an 
appropriate calculation model is performed either on the 
basis of the beam theory or the fi nite element method. 
The stress ranges are computed assuming realistic loads, 
e. g. due to waves.

The permissible stress range Δσp depends mainly of the 
structural detail considered, the shape of the load spec-
trum and the number of load cycles expected and is nor-
mally based on the Palmgren-Miner rule. At the same time 
the required safety is to be kept which is determined by 
the design S-N curve such that a probability of failure 
of 2.3% is not exceeded for the detail. The fabrication-
related imperfections mentioned lead to a stress distribu-
tion which differs from that in a perfect component. This 
difference which usually results in increased stresses is 
implicitly considered in the right side of equation (1). This 
means that the permissible stress range is smaller than 
it would have been applied to perfect, i. e. undeformed 
structures. 

In practice, the deviation from ideal to fabricated structure 
must not exceed tolerances which are prescribed by rel-
evant construction standards in shipbuilding. For the block 
joint considered here, the stress increase at the weld toe 
is mainly caused by axial and angular misalignments, 
see Figure 1. The Production Standard for the German 
Shipbuilding Industry [3] provides tolerance limits for butt 
joints of highly stressed components of 10% for axial mis-
alignment (related to plate thickness) and of a depth of 
5 mm for lateral distortion, which is the normal distance 
of the fabricated joint to a reference plane. Concerning 
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During design of block joints in ship structures it is assumed that the permissible tolerances for axial and 
angular misalignment given in shipbuilding standards are not exceeded. This is particularly important for 
fatigue assessments based on the nominal stress approach which implicitly incorporates stress magnifi ca-
tion due to imperfections. Preliminary investigations of thin-plated ship structures (t = 4 mm) showed that (a) 
it is very diffi cult to keep the thickness-dependent tolerances for thin plates, and (b) even if the tolerances 
are kept, the fatigue strength might not be suffi cient as the stress magnifi cation incorporated in the nominal 
stress approach is far exceeded. The present paper highlights the problem in the beginning. The main part 
describes fatigue tests of components performed in a joint industry project. Stiffened panels were fabricated 
by different shipyards under realistic shipbuilding constraints. The partly large imperfections (buckles, axial 
and angular misalignment) were extensively recorded using photogrammetric technique in order to obtain the 
characteristics of typical pre-deformations. The component tests establishing the link to the fatigue strength 
were carried out with a stress ratio R = −1 which is typical for naval vessels. Concurrent nonlinear fi nite ele-
ment calculations containing the whole test set-up were carried out to obtain relations between pre-deforma-
tion and stress increase. After description of the test results, a procedure for the assessment of imperfections 
is discussed which are measured in the usual way in shipbuilding.
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the latter, the production standard does not defi ne how to 
measure the imperfection, i.e. the reference plane is not 
clear. Also, it is not clear whether buckles as harmonic part 
of imperfections are included or not. The tolerances for 
axial misalignment are derived from ISO 5817 [4], which 
introduces quality levels for imperfections in general. ISO 
5817 does not give limits for lateral distortion, the older 
version of ISO 5817 [5], which was modifi ed in 2006 with 
a technical corrigendum, adhered tolerances for related 
angular misalignment. The limits of [3] are assumed for 
the present investigation, as the upper fl ange of the hull of 
a naval vessel is considered as reference structure, being 
also characterized by very thin plating which results from 
the demand for light-weight structures. Here, plate thick-
nesses down to 4 mm are used. 

In a preceding unpublished project, a typical longitudinally 
stiffened plate fi eld with a butt joint in the upper deck of a 
naval vessel was modelled with fi nite elements consider-
ing the axial misalignment as well as angular and lateral 
distortion. It was shown that under membrane stresses 
the idealized imperfections result in much higher stresses 
in the weld than considered in the rules with respect to 
permissible stress ranges. This fi nding is in contradiction 
to past experience showing that damages have not been 
observed in thin-plated block joints of ships in service. 

This contradiction initiated a joint industry project which is 
described in the following.

  2 Objectives 

In the past, out-of-plane distortions were regarded prima-
rily with respect to their infl uence on buckling behaviour, 
which is also taken into account in the latest Eurocode 
for design of steel structures [6]. Fatigue cracks resulting 
from distortions were investigated primarily in connection 
with “web-breathing” phenomena in steel bridge design, 
which was examined in various publications, e.g. [7, 8]. 
Up to the project start, distributions of pre-deformations 
occurring in practice were almost unknown with regard to 
thin-plated ship structures with thickness t = 4 mm and 
transversal butt welds. Therefore, the increased stresses 
determined in the preceding project have been based 
on idealized distributions of defl ections which consist of 
buckles corresponding to the eigenforms of the whole 
plate fi eld, of an angular distortion in form of a locally pro-
nounced angle and of axial misalignment. The idealized 

pre-deformations resulted in rather high stress increase 
which exceeds the implicitly considered value in the rules 
by far. Therefore, one objective of the joint industry project 
was to get insight into the amount and distribution of pre-
deformations occurring at block joints in practice.

So far, the effect of such imperfections on the 
fatigue strength of welded joints was regulated by 
Recommendation 705 of the German Society of Welding 
Technique (DVS), which classifi ed rule-based tolerances 
into according FAT-classes for fatigue strength assess-
ment [9]. Concerning butt welded joints, this correspond-
ence was derived from the results of fatigue tests with 
specimens having thickness t > 10 mm [10]. It is obvious, 
that the mechanical behaviour of a pre-deformed panel 
with t = 4 mm is rather different from the behaviour of a 
panel with t > 10 mm, especially concerning the effect of 
lateral distortion on second order based stress increase. 
Therefore, results of corresponding measurements will be 
utilized to consider the effects of such imperfections in 
structural components on the fatigue strength. The rela-
tionship between typical measurements of imperfections 
in shipbuilding and their effects on the fatigue strength 
considering also the number of load cycles, residual 
stresses and stress ratios should be investigated experi-
mentally and theoretically. 

  3 Experiments 

In the following, the experimental investigations are 
described, where stiffened panels were designed and 
fabricated, from which test models for fatigue tests were 
extracted. These were clamped into a special frame and 
subjected to cyclic loads. In all steps the pre-deformations 
were measured and controlled ensuring that the tests are 
performed with the imperfections found in the stiffened 
panels.

3.1 Panels and test models

The design of the panels corresponds to a section of 
a longitudinally stiffened deck of a naval vessel, see 
Figure 2. The dimensions of the single plate fi elds are 
1200 × 400 mm, the longitudinals were bulb fl ats HP 
60 × 4 and the deck transverses were relatively low with a 
web 150 × 4 and a fl ange 50 × 6. The butt joint is located 
150 mm apart from one deck transverse. The panels were 
fabricated under shipyard conditions for block joints. As 
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Figure 1 – Butt joint imperfections according to [3-5]

a) axial misalignment b) lateral distortion c) angular misalignment
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a deck is considered, the bulb fl ats were welded in over-
head position. In total four panels were available which 
were fabricated by three different shipyards.

From the panels having each seven single plate fi elds, 14 
test models were extracted for the fatigue tests by fl ame 
cutting which are indicated in Figure 2 by hatching.

3.2 Measurement of imperfections

The distortions of the panels were measured by photogram-
metry in order to record the often discussed characteris-
tics of fabrication-related imperfections. Photogrammetric 
measurement yields 3D information of an object in space 
from 2D digital images. For this purpose markers were 
applied on the panel which are refl ecting light when pic-
tures are taken with a high-resolution camera. To trans-
form the 2D into 3D information, at least three images are 
necessary from different viewpoints, however, about 20 
pictures were taken from different angles, distances and 
particularly elevations. The accuracy (standard deviation) is 
about 50 μm for the object according to [11].

The grid for the measurement has been chosen with 
respect to a 2D representation of the imperfections and 
their evaluation. Important is which types of imperfection 
in which extent and shape have to be expected. The geo-
metric imperfections consist of:

–  lateral buckling distortion (distributed over the whole 
panel)

– axial misalignment (in way of the butt joint)
– angular distortion (in way of the butt joint).

Buckling distortions generally occur in stiffened panels 
and plate fi elds due to axial and angular shrinkage at the 
welds joining plate and stiffener or girder. They represent 
the basic shape of the expected imperfections. As char-
acteristic buckling shape for the given geometry, three 
half waves in longitudinal and one half wave in transverse 

direction are expected. In order to record the geometry 
of the buckling shape with suffi cient accuracy (regarding 
amplitude and distribution), the number of measurement 
points was chosen such that fi ve points are arranged 
along each half wave. 

This results in a basic grid with a = 100 mm. The distance 
was reduced to 50 mm in way of the weld in order to 
record the local axial misalignment and angular distortion. 
On each panel a total of about 800 markers were applied, 
Figure 3.

3.3 Test frame

A test frame was designed which had to fulfi l the follow-
ing requirements:

– Application of an alternating normal load with constant 
distribution via a bolted connection
– Choice of the load level such that fatigue cracks in 
the butt joint may be expected in the high-cycle fatigue 
domain

FATIGUE STRENGTH OF THIN-PLATED BLOCK JOINTS WITH TYPICAL SHIPBUILDING IMPERFECTIONS

Figure 2 – Investigated panel with one test model indicated

Figure 3 – Photogrammetric measurement
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– Design of the welded details in the test frame with infi -
nite endurance so that testing of several models does not 
cause fatigue damages in the frame
– Possibility to test the models at load ratio R = –1.

During development of the test frame, fi nite element cal-
culations were carried out to ensure the durability of the 
frame itself and to fi nd an arrangement of the specimen in 
the frame which leads to the desired load at the focussed 
butt joint.

Figure 4 shows the realized test frame with a clamped 
test model. The nominal load is introduced by a hydrau-
lic actuator above the test model with a force of up to 
250 kN. This was able to create a nominal load of about 
400 kN in the test model considering the increased lever 
and the stiffness of the frame. The nominal stress is about 
150 N/mm² in the cross section. For an estimated stress 
increase factor Ks = 2.0 due to misalignment, the maxi-
mum stress range is about 300 N/mm², which results in 
expected number of load cycles of 200,000 for a stress 
ratio R = –1 based on previous investigations. This lies 
in the high-cycle fatigue domain. The testing at R = –1 
requires a pre-load during clamping of the test model 
by 130 kN (tension of the actuator) so that the model 
is subjected to alternating loads whereas the actuator is 
working in the tensile range (actuator force from +15 kN 
to + 245 kN). Alternating loads are thus avoided in the 
bearings. 

  4 Experimental Results 

4.1 Fatigue tests

Figure 5 shows the crack locations for 13 of the totally 14 
test models. One test was stopped after two million cycles 
without fracture which has to be regarded as “run-out”.

Crack initiation at the butt joint had occurred in half of 
the test models. Failure was defi ned as number of cycles 

N for a through-thickness crack, i. e. when the crack has 
reached the opposite plate surface. Other crack locations 
were sealing plates arranged at the stiffeners of some 
joints, the fi llet weld at the deck transverse and the weld 
between plate and longitudinal.

Remarkable for the cracks at the block joint is that three 
of seven cracks initiated not in the plate fi eld but close to 
the longitudinals. The reason is that the distortion results 
in a re-distribution of membrane stresses leading to 
increased stresses at the longitudinals. These are higher 
than the total stress within the plate fi eld which consists 
of a membrane and bending portion.

In order to establish a relationship between the stress 
range and the number of load cycles at failure, fi nite ele-
ment (FE) calculations of all test models have been per-
formed. Here, a model of the test frame and pre-deformed 
test model has been created. A geometrically non-linear 
analysis was performed and controlled by comparison 
between measured and computed strains. The nonlin-
earity led to a straightening of the panel under tensile 
loads, while the defl ection was enlarged under compres-
sive loads. As the tests were carried out at R = –1, at 
a moderate nominal stress range, the nonlinear effects 

 FATIGUE STRENGTH OF THIN-PLATED BLOCK JOINTS WITH TYPICAL SHIPBUILDING IMPERFECTIONS

Figure 4 – Test model clamped in the test frame

Figure 5 – Locations of crack initiation of 13 test models
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on membrane stresses under tension and compression 
nearly compensate each other. The difference in mem-
brane stress range for typical harmonic buckling shaped 
pre-defl ections is less than 5%.

The mesh in way of the butt joint corresponds to the IIW 
recommendations for the structural hot-spot approach 
with extrapolation points at the distance from the weld 
toe of 0.5 resp. 1.5 times the thickness [10, 12]. This 
allowed the structural stress at the crack location to be 
evaluated so that the fatigue test results can be assessed 
with the nominal as well as structural hot-spot stress 
approach. The nominal stress simply corresponds to the 
force introduced into the model divided by the sectional 
area, whereas the structural hot-spot stress contains the 
effects of the pre-deformations.

Four out of seven fatigue test results based on nominal 
stress range are below the design S-N curve (FAT 80), 

see Figure 6. Remarkable is the result for Panel 2_6 
which is far below the design S-N curve due to the fact 
that in this special case the angular distortion produced 
a “roof shape”, which means, the joint was deformed in 
opposite direction of the stiffeners. All other test models 
were characterized by a downward distortion (as sketched 
in Figure 1 b), resulting only in a small deviation from the 
design S-N curve.

The nominal design S-N curve is based on a stress ratio R 
= 0.5 and contains a global allowance of 30% for stress 
increase due to angular and axial misalignment, see [10]. 
If the stress increase is directly included in the stress, the 
design S-N curve (or FAT class) is increased by 25%, in 
this case to FAT 100, see [10, 12]. This corresponds to the 
design S-N curve based on structural hot-spot stress. The 
test results containing the increased structural stress range 
at the crack location are compared to this design S-N curve 
in Figure 7. All results are now well above this line.

FATIGUE STRENGTH OF THIN-PLATED BLOCK JOINTS WITH TYPICAL SHIPBUILDING IMPERFECTIONS

Figure 7 – Fatigue test results and design S-N curve based on structural hot-spot stress range

Figure 6 – Fatigue test results and design S-N curve based on nominal stress range
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4.2 Distribution of imperfections

The results of the imperfection measurement are avail-
able as 3D ASCI-data in Cartesian coordinates. These 
allow a high fl exibility as regards their evaluation. 

The total distributions, which are dominated by harmonic 
buckling shapes throughout the whole panel and local 
misalignments at the butt joint, show different shapes in 
each panel. This is caused by shipyard-typical fabrication 
techniques as the four panels were fabricated by three 
different shipyards. The analysis of the shapes and their 
infl uence on the total mechanical behaviour of a panel 
under axial load will be described in future publications.

In shipyard’s practice, however, measuring bridges are 
employed whereby the length of the applied bridge is 
not defi ned in the Production Standard mentioned. First 
investigations have shown that due to the buckling form 
the bridge length has a decisive effect on the gauge 
signal from which the lateral distortion is determined. In 
shipyard’s practice, for a transverse butt joint, measuring 
bridges with a length according to the distance between 
the deck transverses (in this case 1200 mm) are used up 
to now, Figure 8. This measuring device of the height z0 
is arranged parallel to the deck longitudinals and depth 
measurements z1 and z2 are taken at both sides of the 

joint. The imperfections axial misalignment eax and lateral 
distortion ez are calculated as the difference resp. the 
mean value of z1 and z2 while the latter has to be cor-
rected by the bridge’s height.

eax = |z1 − z2| (2)

1 2 0

1
( )

2ze z z z
 

(3)

The shrinkage angle esh was taken from a cubic spline 
function through the photogrammetric measurement 
points in front of and behind the weld, which allowed the 
angle to be determined by differentiation.

For each measurement point along the weld, lateral dis-
tortion, shrinkage angle and axial misalignment were 
analysed. This way it is possible to check if the usually 
assumed relationship between lateral distortion and 
shrinkage angle exists. This is illustrated in Figure 9 where 
the red line shows the tolerance limit according to [3].

A correlation between lateral distortion and shrinkage 
angle is observed only for panel 2. Even here, a signifi cant 
scatter of the measured values can be observed. This has 
even resulted in a negative lateral distortion (≅ roof shape) 
in plate fi elds 1 and 6 (this is the test model with rather 
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Figure 8 – Measurement of distortions in shipyard’s practice

Figure 9 – measured lateral distortion ez and shrinkage angle esh
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early failure, see Figure 6). Figure 9 shows also that the 
tolerance limit for lateral distortion is exceeded by about 
35% of all measurement points. A corresponding evalua-
tion with respect to axial misalignment shows about 50% 
exceedence of the limit (eax/t = 0.1).

4.3  Relationship between measured 
imperfections and stress increase

FE models of the whole panels were created in order to 
assess the fatigue susceptibility of the block joints. The 
pre-deformations from the measurements have been 
incorporated and an axial unit stress σN = 100 N/mm² 
applied. The analysis results allow assessing how far a 
direct correlation between measured imperfections and 

the stress magnifi cation factor according to [10] for 2D 
considerations at small-scale specimens is possible. This 
would mean that the measured lateral distortion and axial 
misalignment can directly yield the stress increase at the 
weld and herewith the fatigue behaviour. Figure 10 shows 
the relationship between stress magnifi cation factor and 
lateral distortion. 

A linear correlation between amount of lateral distortion 
and stress magnifi cation can hardly be seen. Therefore, 
a discrete measurement of the lateral distortion at a 
butt weld is not suffi cient for the assessment of the 
quality regarding fatigue. This is illustrated by the com-
parison of two distributions of plate fi eld defl ections in 
Figure 11.

FATIGUE STRENGTH OF THIN-PLATED BLOCK JOINTS WITH TYPICAL SHIPBUILDING IMPERFECTIONS

Figure 10 – Computed stress magnifi cation factor vs. lateral distortion for the four panels

Figure 11 – Distribution of defl ections of two single plate fi elds with same lateral distortion at the butt joint
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Both examples are characterized by the same lateral dis-
tortion of ez = 8 mm, however, the shrinkage angles are 
quite different: 1.5º for example 2 and 9º for example 1. 
For such high lateral distortion it may be expected that the 
axial misalignment of eax/t " 0.1 plays a minor role. The 
FE calculations show that the stress magnifi cation factor 
is KS = 1.5 for example 2 and KS = 2.5 for example 1.

Although these two panels are extreme examples, they 
represent two fundamentally different characteristics of 
the distributions of pre-deformations between panel 2 on 
the one hand and panels 1, 3 and 4 on the other. While in 
panel 2 a pronounced local angular shrinkage occurs, the 
distortion of the other three panels is mainly determined 
by a pronounced buckling shape with relatively small 
angles at the weld. Here, the maximum distortion is not 
observed directly at the weld, but 50 to 100 mm beneath 
the weld. The reason for the different distributions of 
pre-deformation can be found in the different fabrication 
methods of the shipyards. The obtained results indicate 
that a discrete measurement of lateral weld distortion and 
axial misalignment is not suffi cient for the quality assess-
ment with respect to fatigue behaviour.

  5 Assessment 

        of the experiments with the IIW 

        fatigue recommendations 

Imperfections such as angular distortion and axial mis-
alignment can be considered e. g. according to the IIW 
Fatigue Recommendation [10]. Here, stress magnifi cation 
factors are determined using measured axial misalign-
ment and lateral distortion:

– for axial misalignment: Kaxial = 1 + 3eax / t (4)

– for lateral distortion: Kangular = 1 + 3ez / t (5)

These are combined to an effective stress magnifi cation 
factor Keff:

Keff = 1 + (Kaxial − 1) + (Kangular − 1) (6)

However, no experience is available with the application of 
this recommendation to the structural components under 
consideration. The seven test results offer the applicability 
of the recommendation to be checked. Considered are the 
clamped models in the test frame. Available are imperfec-
tions measured along the butt joint at points 50 mm apart 
from each other between the two longitudinals HP 60 4. 
The reference length is again the distance of 1200 mm 
between the deck transverses. 

The results of this evaluation are shown in Figure 12. 
Basis is the nominal stress range Δσn in the panel, i. e. the 
total force referred to the sectional area. Above this, the 
local stresses computed with the magnifi cation factor in 
equation (6) are plotted for all measurement points along 
the weld for the seven test models. The crack initiation 
points are indicated in red. It can be seen that the actual 
crack initiation points do not agree with the highest stress 
according to [10] which one might expect. The reason is 
the effect of a redistribution of membrane stresses to the 
longitudinal edges, when a pre-deformed plate is longitu-
dinally loaded in plane. This 3D-effect, which comes nota-
bly into account for thin plate structures, is not included 
in the simplifi ed equations (4) - (6), which are based on 
2D-mechanics of a single plate strip. 

A comparison with the local stresses obtained from 
the FE analyses had shown a much better agreement 
between the highest stress range and the location of 
crack initiation.

  6 Estimation of the fatigue 

        life under spectrum loading 

The fatigue life of the test models was estimated also 
under spectrum loading applying the rules in [1, 2]. For 
each test model a component S-N curve is assumed hav-
ing the fatigue life observed in the tests and a slope expo-
nent m = 3. Using this S-N curve, the number of load 
cycles was determined for a straight-line spectrum with a 
maximum stress range Δσmax = 200 N/mm2 which is typi-
cal for naval vessels. The benefi cial mean stress effect for 
alternating loads has already been considered already in 
the tests. The results are shown in Figure 13.

Except for the test model with roof-shaped distortion 
(panel 2_6), all test models would reach the number of 
required load cycles between 5·107 and 7.5·107 being typi-
cal for naval vessels as shown in Figure 13.

  7 Conclusion 

The fatigue test results for thin-plated block joints can 
hardly be associated with nominal S-N curves in the rules. 
The reason is the global consideration of 30% stress 
increase due to imperfections. These are exceeded in 
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Figure 12 – Computed local stress range according to [10] 
along the butt joint and at the crack initiation point
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block joints of typical shipyard fabrication particularly due 
to large angular distortion of welds. It has to be noted that 
test models have been selected which show relatively 
high stress magnifi cation and which were not rectifi ed 
by fairing. Therefore, conclusions from the test models 
regarding global stress increases to be considered are in 
practice problematic. 

A direct consideration of the stress increase obtained 
from FE calculations and comparison of the test results 
with the design S-N curve based on structural hot-spot 
approach shows good agreement. Therefore, the fatigue 
strength of the test models can be well assessed with the 
structural hot-spot stress approach. The estimation of the 
fatigue life of the test models for wave loads (straight-line 
spectrum) showed that this reaches the typical required 
fatigue life for naval vessels if the maximum stress range 
is restricted to ±100 N/mm². Higher stress ranges in 
combination with the typical stress ratio R = –1 are not 
possible for buckling reasons. Therefore, the buckling 
strength is a rather stringent design criterion in addition to 
the fatigue strength of the butt joint.

The application of the simple 2D formulae of the IIW 
Fatigue Recommendations [10] does unfortunately not 
yield the stress increase nor the crack initiation point 
correctly. Therefore, structural stress computations con-
sidering the directly measured imperfections are neces-
sary. The aim is still a fatigue check based on the nominal 
stress approach. For this reason, further evaluation of the 
imperfection measurements and the derivation of a sim-
ple and practical relationship between the imperfections 
at the weld and the stress magnifi cation are necessary. 
This would allow on the one hand direct assessments of 
shipyard-typical measurements and on the other the defi -
nition of tolerances in beforehand under consideration of 
the expected fabrication quality. This aim is followed in 
subsequent investigations so that fatigue checks will still 
be possible with the nominal stress approach.

As a conclusion of this project it is recommended to place 
much emphasis on the avoidance of local imperfections 
when welding block joints of 4 mm thickness and to keep 
the angular shrinkage as small as possible. A roof-shape 
distortion has to be avoided. It is highly recommended to 
extend the tolerance values in the production standards to 
angular distortion.

 Acknowledgement 

Particular gratitude is expressed to the partners of this 
project, which was made possible with their fi nancial and 
consultant assistance:

German Federal Offi ce of Bundeswehr Equipment, Infor-
mation Technology and In-Service Support (BAAINBw), 
Koblenz
Blohm + Voss Naval GmbH, Hamburg & Emden
Fr. Lürssen Werft GmbH & Co. KG, Bremen
P + S Werften GmbH, Wolgast
Germanischer Lloyd AG, Hamburg
Technische Universität Hamburg-Harburg, Hamburg

 References 

[1] GL: Rules and Guidelines, I – Ship Technology, Part 1; 
Seagoing Ships, Chapter 1: Hull Structures. Germanischer 
Lloyd, Hamburg 2010.

[2] BWB: BV 1040-1 Structural Strength of Surface 
Ships, German Federal Offi ce of Defense Technology and 
Procurement (BWB), Koblenz 2007

[3] VSM: Production Standard of the German Shipbuilding 
Industry. Verband der Deutschen Schiffbauindustrie e.V., 
Hamburg 2003.

FATIGUE STRENGTH OF THIN-PLATED BLOCK JOINTS WITH TYPICAL SHIPBUILDING IMPERFECTIONS

Figure 13 – Computed life for the test models subjected to a straight-line spectrum 
with Δσmax = 200 N/mm2



128

[4] ISO 5817: Welding – Fusion-welded joints in 
steel, nickel, titanium and their alloys (beamwelding 
excluded) – Quality levels for imperfections. International 
Standardisation Organisation, Geneva 2006.

[5] ISO 5817: Welding – Fusion-welded joints in 
steel, nickel, titanium and their alloys (beamwelding 
excluded) – Quality levels for imperfections. International 
Standardisation Organisation, Geneva 2003.

[6] Eurocode 3: Design of steel structures – Part 1-5: 
Plated structural elements, 2009.

[7] Crocetti R.: On some Fatigue Problems Related 
to Steel Bridges, PhD-Thesis, Chalmers University of 
Technology, Gothenburg 2001.

[8] Kuhlmann U. and Günther H.-P.: Web breathing as 
a fatigue problem in bridge design, Proceedings of the 
Third International Conference on Thin-Walled Structures, 
Krakow, 2001.

[9] DVS: Merkblatt 0705 Empfehlungen zur Auswahl von 
Bewertungsgruppen nach DIN EN 25817 und ISO 5817, 
Stumpfnähte und Kehlnähte an Stahl, Deutscher Verband 
für Schweisstechnik, Düsseldorf, 1994.

[10] Hobbacher A.: Recommendations for Fatigue Design 
of Welded Joints and Components. IIW doc.1823-07, 
Welding Research Council Bulletin 520, New York 2009.

[11] Imetrics: User Handbook, Imetric SA Technopole, 
Porrentruy, 2000.

[12] Niemi E., Fricke W. and Maddox S.: Fatigue Analysis 
of Welded Components – Designer’s Guide to the Hot-
Spot Stress Approach. Woodhead Publ., Cambridge 2006.

About the authors
Dipl.-Ing. Lars Eggert (Lars.Eggert@luerssen.de) is with Fr. Lürssen Werft GmbH 
& Co. KG, Bremen and Prof. Dr.-Ing. Wolfgang Fricke (w.fricke@tu-harburg.de) and 
Dr.-Ing. Hans Paetzold (hans.paetzold@tu-harburg.de) are at Hamburg University 
of Technology (Germany).

 FATIGUE STRENGTH OF THIN-PLATED BLOCK JOINTS WITH TYPICAL SHIPBUILDING IMPERFECTIONS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


