FORMULA SHEET: Fatigue, Fracture Mechanics
Structural Mechanics

Fatigue: Machined Components

OR

Endurance limit estimates (see Dowling Table 10.1)

Steel

Cast Iron + Cast Steels:


Stress concentrations
· :

· Approximations for :

Peterson for steels (Dowling, 2013, p. 498):


Typical values are:

· :


[image: ]



Mean stress correction
	Approach
	Equations

	Modified Goodman
	

	Gerber
	

	Morrow
	

	SWT
	

	Walker
	




Juvinall & Budynas (Dowling, 2013, p. Table 10.1)
Juvinall

Budynas:


Modifying factors

Size:

Load:
 for axial loading if the fatigue S-N curve was obtained from completely reversed bending loading.
[image: ]
Temperature:

Reliability:
[image: ]
Fatigue: Large scale manufactured components



Partial factor for fatigue:
	Assessment
	Consequence of failure

	
	Low
	High

	Damage tolerant
	1.0
	1.15

	Safe life
	1.15
	1.35



Temperature:

[image: ]0.6
0.4
0.8

Grinding & TIG dressing:
Effective stress range: 
Steel:

Aluminium:




Peening:
Effective stress range:


Fracture Mechanics
Universal equation: 
Plastic collapse:  
Fracture:


Stress concentration factors:
Centre cracked plate:  
[image: ]


Single edge crack:

[image: ]
Double edge crack:

[image: ]
LEFM

Fracture toughness estimation: 
Lower limit: 
Note,  in Joule,  in 
Crack growth


Pressure equipment

[image: ]

Interpolation on a logarithmic scale using your ruler







CONVERSIONS
1 ksi = 6.89 MPa

[bookmark: _Toc489301607]Detail catgories
[image: ]

Joint efficiencies
[image: ]



Vessels – Dangerous gas
[image: ]
Figure 1:  Design categorization of vessels containing dangerous gas
[bookmark: _Toc489301608]Vessels – Dangerous liquids
[image: ]
Source: (SANS 347, 2012)
[bookmark: _Toc489301666]Figure 2:  Design categorization of vessels containing dangerous liquids
[bookmark: _Toc489301609]Piping – Dangerous gas
Similar graphs are available for piping of non-dangerous gas, dangerous liquids and non-dangerous liquids.
[image: ]
Source: (SANS 347, 2012, p. 16)
[bookmark: _Toc489301610]Transportable container and vessels for dangerous gas
[image: ]


Vessels: Non-dangerous gas
[image: ]
Source: (SANS 347, 2012, p. 12)
Figure 3:  Design categorization of vessels: non-dangerous gas
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Part Thickness, t,, Pressure, P, Stress, S,
[mm] [MPa] [MPa]
Cylindrical shell Pr SEt P(r+0.6t)
SE; — 0.6P T+ 0.6t tE;
Spherical shell Pr 2SEqt P(r+0.2t)
2SE; —0.2P r+0.2t 2tE;
2:1 Semi-elliptical PD 2SEt P(D +0.2t)
head 2SE — 0.2P D +0.2¢t 2tE
Torispherical head 0.885PL SEt P(0.885L + 0.1t)
with 6% knuckle SE —0.1P 0.885L + 0.1t tE
Conical section PD 2SEtcosa P(D +1.2tcosa)
(a = 30°) 2cosa (SE — 0.6P) D +12tcosa 2tEcosa

Notes, all dimension in mm and pressure in MPa. You can also use m and Pa.
D Internal diameter [nm]. Add twice the corrosion allowance

L Inside crown radius of Torispherical head [mm]. Add corrosion allowance.
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image10.png
TABLE UW-12

MAXIMUM ALLOWABLE JOINT EFFICIENCIES™® FOR ARC AND GAS WELDED JOINTS

Degree of Radiographic Examination

Type Joint (@ (b) (©
No. Joint Description Limitations Category Full Spot? None
&%) Butt Joints as attained by None A/B,C &D 1.00 085 070

double-welding or by other
means which will obain the
same quality of deposited weld
metal on the Inside and outside
weld surfaces to agree with the
requirements of UW-35.
Welds using metal backing
strips which remain in place
are excluded.
@ sSingle-welded butt Joint with (a None except as In (b) below A/B,C &D 0.90 0.80 065
backing strip other than those (b) Circumferential butt Joints with AB&C 0.90 0.80 065
Included under (1) one plate offset; see UW-13(b)(4) and
Flg. UW-13.1, sketch (k)
@) single-welded butt Joint Circumferentlal butt Joints only, not AB&C NA NA 060
without use of backing strip over % In. (16 mm) thick and not
over 24 in. (610 mm) outside
diameter
@ Double full fillet lap Joint (a) Longitudinal Joints not over % A NA NA 055
In. (10 mm) thick
(b) Circumferential Joints not over B&cCt NA NA 055
% In. (16 mm) thick
(5) single full fillet lap Joints with (a) Circumferential Joints* for 8 NA NA 050
plug welds conforming to UW- attachment of heads not over 24 in.
17 (610 mm) outside diameter to shells
not over ; In. (13 mm) thick
(b) Circumferential Joints for the c NA NA 050

attachment to shells of Jackets not
over % In. (16 mm) In nominal

thickness where the distance from the
center of the plug weld to the edge of
the plate Is not less than 1% times the

diameter of the hole for the plug.

(continued)
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