ME 382 Lecture 21

ANOTHER EXAMPLE OF FRACTURE-MECHANICS
Always check for yield and fracture
Rectangular plate (b= 50 mm x t = 10 mm) with single edge crack (length a)
Made of aluminum alloy (K, = 34 MPaOm, s, = 325 MPa)

Calculate failure load for different values of a

{
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For thisgeometry:  Remote stress: sy = P/bt
In plane of crack: ol»(b-_P)t; o,»0;, o,»0

(1) Consider yield
Yield will occur first in plane of crack

\ Loading parameter for yield: &, = P

(b- a)t
Material property for yield: Sy (325 MPa)

Yield criterion: 0,2 oy

\ Loadforyied: P,

sy(b-a)t= 325" 10°(0.050-a) 10"’
= 3.25(0.050-a) MN (if ainm)

(2) Consider fracture:

Loading parameter for fracture: K, = f(a/b)o, Vra = f(a/b)FPt\/E
where f(a/b) given in Dowling or data book

Material property for fracture: K. (34 MPaQOm)
Fracture criterion: K 3 K.

\' Load for fracture: P, =——-t 1% (5 109)(10?)" 34" 10°
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% kN (if ainm)

a(m | am| ab | f@b) | P, &N) | P (kN) [Praw (kN)
0 0.050 0 112 | 163 ¥ 160
00025 | 00475 | 005 | 116 | 154 | 165 | 150
0005 | 0045 | 01 | 125 | 146 | 109 | 110
0010 | 0040 | 02 | 137 | 130 | 700 70
0020 | 0030 | 04 | 211 | 975 | 321 %

DESIGN OF PRESSURE VESSEL S
Cylindrical pressure vessel: r>>t;

Materia parameters. Yield stress: s ; Fracture toughness: K,

crack along length

Principal stresses: o,=-P/2»0;, o4, =PR/t; o,,=PR/2t
(1) Consider yield
Loading parameter for yield: Von Mises effective stress:

L, 172
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Materia property for yield: s
Yield criterion: G, 3 o,

. . . PR 2
\ Design against yield: —_—<— note: no =!
gnag y i \/§0Y ( )

(2) Consider fracture:

Hoop stress, s, islargest, therefore axial cracks are most serious

qq?
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Pipes and cylinders generally explode by splitting along their length
» 2a

- C
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Loading parameter for fracture: K,

Can assumethat K, » 069\/5

PR
K, :T\/TE
Materia property for fracture: K¢
Fracture criterion: K 3 K,
\ Design against fracture: PR < K
t Jna
PR/t
25, yield |
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Transition crack length, a;, when

fracture
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ME 382 Lecture 21
Examplel:  Pressure-vessel steel ASTM A517-F(K , = 187 MPaCm, s, = 760 MPa)
P a;» 14 mm
Example 2: 2014 Aluminum alloy (K. =24 MPaQOm, s, = 415 MPa)
P a;»0.8mm
Much easier to detect a 14 mm long crack than a 1 mm long crack
Yieldisa“safer” failure mechanism than fracture
p one design philosophy: make transition crack length as large as possible

A safer design criterion is“Leak before break”

“Leak-before-break” design for pressure vessels

Assume cracks are approximately semi-circular

K, »o,Vma, where 5, = PR/t
\ Fracture occurs when crack length is given by
18K, 15
a=a ==l
nePrg
Two possibilities:
(i) a. <t (ia,>t
» 2ac
Q_/
t t
Explosion occurs Pressure vessel will leak before explosion
L eak-before-break criterion: a.>t
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Must also remember to design against yield: P—F < 2\7§Y

Don’t waste time remembering these equations - derive them if needed

Example: Thickness of pressure vessel with P = 1.0 MPa, R= 1.0 m, and safety factor of
3.0 on the thickness.
Use a2014 Aluminum alloy (K. = 24 MPaQOm, s, = 415 MPa).

. . ) PR 20
1. Design against yield: — < —=
gnagansty t  J3

J3PR
20,
10°° 1 J3 _
>
274157 10
\ With safety factor t=9.3mm

\ t>

3.1 mm

) PR K
2. Design for “leak-before -break”: — <<
J N
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\ t>

\ t>1.7 mm
\ With safety factor t =5.1mm

\ Minimum thicknessis 9.3 mm
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