Toughness/crack resistance

Basic notations (transition fracture behaviour of
Steels, temperature dependence of strength
properties, fractography and failure analysis —
basic approach)

(Empirical) tests of toughness/crack resistance
(Charpy, Pellini diagram, NDTT)

Linear — elastic fracture mechanics — LEFM (lrwin,
fracture toughness tests), Elastic — plastic fracture
mechanics EPFM (tests, interpretation)



How to avoid brittle fracture of welded steel
structure/component

- crack arrest concept
— transition temperature

- concept of
— fracture mechanics
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k - safety factor

R; - strength parameter
toin = tt+ At

tt - transition temperature

At — safety factor to trans.
temperature



Fracture mechanics

Fracture mechanics IS a scientific field
dealing with limit states of bodies with
cracks/defects




Fracture mechanics

Stressed (loaded) body with a crack — energetic
analysis — Griffith — parameter G

Stressed (loaded) body with a crack — stress
analysis — Irwin (Kinz)— parameter K



+» Energy balance (energy conservation

+» \Work associated with new fracture

Energetic criterion - Griffith

- Infinitely large plate loaded by constant
stress, internal crack, thickness B

law)

surface Increment (crack propagation)
“covered” by elastic energy released In
surrounding of the growing crack

aw _dw, dw,
dA ~ dA  dA

~dW,  dW,
dA  dA ;




Energetic criterion - Griffith

Crack may propagate only If the
process leads to total energy decrease
and/or Is the same

At accident, at sudden fatlures
caused by brittle fracture, the work
connected with fracture formation IS
covered by elastic energy
accumulated In the structure

the fracture Is possible only when released
elastic energy at the crack tip Is capable to
create new surfaces




Energetic criterion - Griffith
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Energetic criterion — Griffith-Orowan

broken bonds

oYy

(@) Ideally brittle material

Crack development plastic zone

-

(b) Kvazibrittle, elastic plastic material
skuteéna plocha
W5 = Ps prumét plochy




Energetic criterion — Griffith-Orowan

(Irwin modification of Griffiths theory)

_aw,
da

G =

/5 MPa
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- ‘ energy release rate

m

‘ crack driving force
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Energetic criterion — Griffith-Orowan

G, — fracture toughness of the material

R (R- curve) - materials crack resistance
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Energetic criterion — Griffith-Orowan
CRACK DRIVING FORCE G

Energy release rate (rate of potencial energy change iIn
dependence on fracture surface increement)

MATERIALS CRACK RESISTANCE R

Rate of surface energy increase with increase of fracture
surfaces, the critical value — condition for crack initiation

toughness G




Energetic criterion — Griffith-Orowan

Crack resistance curve — inherent property of the material
G — material property (fracture toughness)

instability
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d. a a
stable crack propagation — crack does not propagate, as far as
applied load increases

unstable crack propagation — crack propagates spontaneously,
without necessity of further load increasing




Stress criteria - lrwin

r a @ - polar coordinates
o - components of stress

tensor
Oxx ¥e - constant
fi(0),9;(0)

- dimensionless quantities
(function of angle 6)




Stress criteria - lrwin

loading modes

| opening Il.i shear lll. torsion




Stress criteria - lrwin
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Stress criteria - lrwin

Stress intensity factor
|




Stress criteria - lrwin

Napét'ova pole pred Celem trhliny pro Méd I a Méd 11 v linearnim elastickém a isotropnim

materialu

Mod 1

0

1- sin(g-) sin(
i 2

K,

AJ27wr

A9

K

ey

0
v cos( 5

I ERCRE

O(rovinna napjatost)

L(ox + Oyy) (rovinna deformace)

O(rovinna napjatost)
W(ox + Oyy) (rovinné deformace)




Stress criteria - lrwin

Posunuti pred Eelem trhliny pro Mod I a Méd 11 v linearnim elastickém a isotropnim materialu

Mod 1 Mod 11

f(f}\/; co{%)[K ~1+ 2sz'n2@H fé \/; sm(—g-]{x + 1+2cos2(—2—):l
B R | Y N AR

G je modul ve smyku, x= 3-4u (rovinna deformace), x=(3-1)/(1+u)

Tab. 3 Slozky nenulovych napéti a posunuti v Modu III v linearnim elastickém a isotropnim
materialu

_—KHI sin(gj = K Cos (2)
2w . 27Ty 2




Stress criteria - lrwin

Stress distribution - biaxial vs. triaxial

Strain distribution — triaxial vs. biaxial
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Stress criteria - lrwin
Basic solutions

General solutions (tabeled) B _ thickness

W — width / dimension In

crack propagation direction
a — crack length

F — fracture force 21




Stress criteria - lrwin

units K,

K| =o~NTT.a MP&\/E — MPam]./Z _ |\/|Pam0’5

relationship between G a K-




Stress criteria - lrwin

validity conditions
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— determine stress state at the crack tip
— It has unambiguous relation to G,
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Stress criteria - lrwin

test specimen

component

Fracture occurs when the stress intensity
factor at the crack tip reaches the critical
value K= K.

providing the region (process zone) where
singularity dominates Is the same
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L_inear elastic fracture mechanics — if the
fracture occurs at small plastic zone (small scale
yielding conditions, 2% velikosti tloustky).

Fre< (0,6 +0,8) Fgy

(ceramics, some plastics, aluminium alloys,
high strength steels, for common steels only

for very large thickness and/or dynamic
loading).
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determination of K.
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determination of K,

Stejny neporuSeny prirez
W=50 mm

b=25 mm

S=200 mm

W=26 mm

=25 mm

S=104 mm
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a/\W = 0,5 maximum principal stress

Yiewport: 1 ODB: /usr/pecple/chlup/scratchiv0S.odb
Step: O Frame: D

S, Max. Principal
{Ave, Crit.: 75%]

+1.500e+03
+1.3752+03
+1.249=+03
+1.124=+03
+9.987e+02
+8.733e+02
+7 . 480e+02
+3 .22 7e+02
+4 .97 32+02
+3.720e+02
+2.45872+02
+1.21l3e+02
-4, 0002+00

QDB wid5. odk ABAJIS/ Standard 6.1-1 Sun Mar 18 00:06:18 CET 2001

Step: load-1 Incrament 0: Step Time = O, 0000E+DD
Frimary Var: 5, Max. Principal



a/\W = 0,5 maximum principal stress / detalil

Viewport: 1 ODB: Jusr/pecple/chlup/scratchiw05S.odb

2, Max. Principal
lawve., Crit.: 75%)

+L.500e+03
+1.375e+03
+1.249e+03
+L.124a+03
+9.9872+02
+2.733e+02
+7.480a+02
+a, 227e+02
+4 .97 32+02
+3.720e+02
+2 . 487e+02
+L.213e+02
-4 . 000a+00

QDE: w5, odk ABAIS/Standacd 6.1-1 Sun Mar 18 00:06:18 CET 2001

Step: load-1 Incranent 0: Step Time = O, 00D0OE+DD
Frimary War: S, Max. Frincipal



a/\W = 0,5 plastic deformation - detall

Viewport: 1 ODB: Jusr/pecple/chlup/scratchiw05S.odb

EEEQ
lawve., Crit.: 75%)

+L.000e-02
+9.,250e-03
+5.500e-03
+7.750e-03
+7.000e-03
+a.250e-03
+5.500a-03
+4,750e-03
+4 . 000e-03
+3.250e-03
+2.500e-03
+L.750e-03
+1L.000e-03

QDE: w5, odk ABAIS/Standacd 6.1-1 Sun Mar 18 00:06:18 CET 2001

Step: load-1 Incranent 0: Step Time = O, 00D0OE+DD
Primary War: FEER



a/\W = 0,1 maximum principal stress - detall

Viewport: 1 ODB: fusr/people/chlupiscratchi0 .odb

S, Mazx. Principal
lawve., Crit.: 75%)

+L.500e+03
+1.375a+03
+L.24%92+03
+1.124a+03
+93.9872+02
+2.733e+02
+7 . 480a+02
+a, 227e+02
+4 .97 3a+02
+3.720e+02
+2.467a+02
+L.213e+02
-4 . 000a+00

QDE: will.odb ABAOUIS/Standard 6.1-1 Wed apr 11 19:06:11 CEST 2001

Step: load-1 Incranent 0: Ztep Time = O, 00DOE+DD
Primary YVar: S, Max. Principal



a/\W = 0,1 plastic deformation - detall

Viewport: 1 ODB: Jusr/pecple/chlup/scratchiv0 1 .odb

EEEQ
lawve., Crit.: 75%)

+L.000e-02
+9.,250e-03
+5.500e-03
+7.750e-03
+7.000e-03
+a.250e-03
+5.500a-03
+4,750e-03
+4 . 000e-03
+3.250e-03
+2.500e-03
+L.750e-03
+1L.000e-03

QDE: widl.odk ABAIS/Standacd 6.1-1 Wed Apr 11 19:06:11 CEST Z001

Step: load-1 Incranent 0: Step Time = O, 00DOE+OD
Primary War: FEER



