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1.  INTRODUCTION 

The purpose of this document is to give the methodology to assess fatigue strength of 
welded and non-welded connections of longitudinal ordinary stiffeners with transverse 
primary members under shear mode, with a simplified approach. This approach requires 
various calculations: nominal stress ranges, geometric stress concentration factors and the 
elementary damage ratios. Examples of connection details are shown in appendices. 

 

2. GENERAL 

2.1. Application 
Fatigue strength assessment under shear mode is to be carried out for ordinary stiffeners 
connections with transverse primary members, located on side shell between 0.7TB and 
1.15T, for oil tankers and FPSO more than 250 m in length. 

Where: 

TB = Ballast draught 

T = Full load draught 

2.2. Shear phenomenon 

Cracks under shear mode are mainly due to both global and local phenomena: 

� The bending of primary members is called hull girder phenomenon. Thus, 
according to beam theory, maximum shear stress appears at the neutral fibre 
which is usually closed to the cut out. 

� The local phenomenon is due to the shear stress brought by the longitudinal 
under lateral pressure. 

 

 

 

 

 

 

 

 
Figure 1 : Phenomenon of fatigue under shear mode 

Local Hull girder
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2.3. Fatigue strength assessment  

The fatigue strength assessment under shear mode is normally performed by use of very fine 
mesh with FEM analysis. However, due to the great number of connections, a simplified 
approach based on nominal stress ranges, allowing extrapolations may be very useful. It is 
then strongly recommended to recalculate the most critical details with accurate FEM. The 
different steps of the simplified approach are summarized below: 
 

 

 

 

 

 

 

 

3. NOMINAL STRESS RANGE CALCULATION 

3.1. Nominal hull girder stress range 

The nominal hull girder stress range is due to the bending of the primary member. Thus, 
nominal stress in this case is based on the maximum principal stress in the effective section 
of the primary structure.  

The nominal hull girder stress range, in N/mm², is to be calculated for each load case and 
each loading condition with the following formula: 
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with: 

∆σ Nom hg : Nominal hull girder stress range, in N/mm², due to hull girder shear stress in 
web frame  

∆τXY : Shear stress range, in N/mm², in web frame calculated using a coarse mesh 
fatigue analysis. 

∆σxx : Compressive stress range, in N/mm², in web frame calculated using a coarse 
mesh fatigue analysis along the X local axis. 

∆σyy : Compressive stress range, in N/mm², in web frame calculated using a coarse 
mesh fatigue analysis along the Y local axis. 

Nominal local stress 
range, see 3.2 

Nominal hull girder 
stress range, see 3.1 

Hot spot stress range, 
see 5.1 

Notch stress range, 
see 5.2 

Damage ratios, 
see 5.5 
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h : Web frame height, in mm (see Figure 2 ). 

h’ : Web frame height minus height of the cut out, in mm (see Figure 2 and 
Figure 3):  

h’ = h-(d-v) 

In case of opening such as manholes or lightening holes in primary members, the height of 
these openings should be deducted when determining h’ except if the opening is modelled in 
the FE model. 

 
Figure 2 : Definition of h and h’ 

 

Note : a coarse model is a FEM with one element over the height of the web frame. 

A fine mesh model, whose element size is around the value of the stiffener spacing, can also 
be used for determining the hull girder nominal stress but they should be considered on case 
by case basis. In case of double hull or double bottom they could be averaged over the 
distance h. 

3.2. Nominal local stress range 

3.2.1. Geometric parameters 

 

Side1 Side2 

Figure 3: definition of geometric parameters 

∆σ Nom Loc Side 2 ∆σ Nom Loc Side 1 
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b, c1, c2, d, u ,v : Dimensions of the cut-out, in mm, see Figure 3. 

c = max(c1;c2), 

t1: Thickness of the web frame, in mm, see Figure 3 

t2: Thickness of the collar plate, in mm, see Figure 3 

 

3.2.2. Calculation 

The nominal local stress range, in N/mm², is to be calculated for each load case and each 
loading condition, depending on the side location (see Figure 3), with the following 
formulae: 
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with: 
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Pmax, Pmin :   Local lateral pressures, in N/mm², for each load case and each loading 
condition, cases “max” and “min”, constituted by still and dynamic 
local pressures. 

E :    Young modulus of steel (206 000 Mpa) 

G :   Coulomb modulus  ( )υ+
=

12
EG  

υ :   Poisson coefficient υ  = 0.3 

s :    Stiffeners spacing (see Figure 2), in m. 

 

Full document details: BV NR515 2004

http://www.avadocuments.com/doc/bv-nr515-2004
http://www.avadocuments.com/doc/bv-nr515-2004

