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Content

• Propagation law (Paris law)

• Lifetime Calculation

• Parameters influencing the service life

• Thickness effect in welded joints
(Δ𝜎𝐶,𝒓𝒆𝒅 = 𝒌𝒔 ∙ Δ𝜎𝐶)
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I) Initiation II) stable propagation

III) Fracture

Manson-Coffin law Paris-Erdogan law

Forman law, …

Fig. 13.9: Stages of crack development

Unstable 
propagation
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Fig. 13.9: Stages of crack development

Operating limit, or detection 
capability per NDT (domain 

dependent)

Economical service life, mechanical parts

Economical service life, welded parts

I) Initiation II) stable propagation

III) Fracture

Unstable 
propagation
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II) Stable propagation

III) Unstable propagation

I) Initiation 
and/or slow 
propagation

Fig. 13.10: Propagation law

Threshold (valeur de seuil)
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da

dN
= D × DK n - DKth

n( ) ³ 0

Other expression (Stages 1 and 2):

Another expression, Forman (Stages 2 and 3):

(Stage II, Paris law)

Propagation laws
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a = n
2

-1

Fatigue service life, by integration (section 13.3.3)

da

dN
= D ×DK n DK > DKth

Formal integration possible for simple cases
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Fig. 13.16: Parameters influencing service life

Effect of the initial crack dimension a0 Effect of the stress difference Δσ

Propagation limit
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Fig. 13.17: Comparison between various N-a curves
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Thickness effect in welded joints
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n ¹ 2▪ For Y = cte, Mk = v .(a/T)w (valid for many welded joints) and

scale or thickness effect !

▪ Since n = 3 (= m, steel) and w = -0.33 to -0.10 (attachments & transversal 
welds, ...), then N decreases when T increases!

▪ In the codes, expressed as:

𝑘𝑛 =
𝑁𝑇
𝑁𝑇𝑟𝑒𝑓

≅
𝑇

𝑇𝑟𝑒𝑓

𝑛𝑤

Δ𝜎𝑛𝑜𝑚,𝑇
Δ𝜎𝑛𝑜𝑚,𝑇𝑟𝑒𝑓

−3

=
𝑇

𝑇𝑟𝑒𝑓

−3∙𝑤

𝒌𝒔 =
Δ𝜎𝑛𝑜𝑚,𝑇
Δ𝜎𝑛𝑜𝑚,𝑇𝑟𝑒𝑓

=
𝑇𝑟𝑒𝑓

𝑇

−𝑤
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Thickness effect in welded joints, extract EN 1993-1-9

FAT

Size effect
for 

t > 25 mm:

ks =(25/t)0,2

Δ𝜎𝐶,𝒓𝒆𝒅 = 𝒌𝒔 ∙ Δ𝜎𝐶

Δ𝜎𝐶

Size effect consideration:

… …

Table 8.3: Transverse butt welds
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Structures under real loading: Variable amplitude loading
Loading model and statical system

Influence line (stress in considered detail) 

Historic of stresses

Construction detail
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Structures under real loading: fatigue life, propagation stages I and II 
(but without initiation)

N = dN
ai

a j

ò =
1

D × DK n - DKth
n( )
da

ai

a j

ò

a f = ai +D × DK j

n - DKth
n( )

j=1

N

å

Under variable amplitude (cycle-by-cycle propagation):

DK j =Yj ×Ds j × pa j
C-Mn steels, average values:
Dmoy = 2.0·10-13 (mm/cycle)·(N/mm−3/2)3 , n = 3
ΔKth,moy,R = 0 = 100 MPa√mm (for a stress ratio                        )R = 0 = 

𝜎𝑚𝑖𝑛

𝜎𝑚𝑎𝑥
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