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1 1D waves

1.1 Wave propagation
ou? _ 20u?

Jt2 7 ox?

u(x,t) = f(x+ct)+g(x—ct)

du
V=0
1.2 Impedance
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1.3 Energy

Epot =3 [Foed

por =3 Jy ocis
Erin=3 [y pv2dx

1.4 Harmonic waves .
u(x,t) = Acos(kx + wt) = Aet(wt=kx)
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2.2 Rayleigh waves
up = Ae—bxzeik(xl—ct)
Uy = Be—bxzeik(xl —ct)
usz = 0

2.3 Helmoltz decomposition
u=up+uc=Ve+rot

3 Linear Elastic Fracture Mechanics
3.1 Griffith’s energy criterion (Global)

dE _ BEpor  dw
dA — dA dA

of = 2575
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AGrif fith = m,z

3.2 Energy release rate
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3.3 Airy function
Vip =0
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3.4 Irwin’s solution (Local)
3.4.1 Model

ojj(r,0) =~ ‘/Kififl]
frx = COS [1 - s1n(%)sm
foy = cos [1 + sm(%)
fry = cos( g )sm(g)cos(%)
fzz(Plane strain) = v(fex + fyy)
fzz(Plane stress) = fi, = fy, =0

3.4.2 Mode 1I

0ij(r,0) = \/ﬁ fij(@

frx = sm [2 + cos( g )cos(Te)]
foy = sin( g )cos( )Cos( 39)

by e 1 ()i 2
fzz(Plane strain) = v(fyx + fylf
f.z(Plane stress) = fy, = fyz 20

3.5 Kvalues
Crack, length 24, in an infinite plate:

Ky =o+vma

Same shape, with a symmetric stress distribution o(x) along y:

K= 2\/7J0 afxz

Crack, length a, on the edge of a semi-infinite plate:

K;=1.120Vma
Crack of length 24 in an infinite plate, with an angle 3:

Ky = o cos? pyma

Kjr =osinfcospyma

Central penny-shaped crack, radius a, in an infinite body:

Kr = %a\/n = 20\/%

Same shape with a symmetric stress distribution o(r) along y:
a 7‘(7

\/7 j az—r

Decomposition of a problem into subparts: Kt"t KI + KI + KIC
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3.6 K-Grelation
K? K% K?
_ I 11 11T
G=p+p+ 2
Plane strain : E’ =

E
1-v2
Plane stress : E' = E
3.7 Mixed-Mode Fracture
Principle of Local Symmetry:
Ki(a®)=0
Maximum Hoop Stress:
ogo(a) < ogp(a’),Va o
Maximum Energy Release Rate Criterion:
G(a) < G(a™),Va
4 Brittle materials
S(V,0)=TIN S(AV;,0)
2-parameters Weibull distribution:

F(V,0)=1-5(V,0)=1 —eXP[—fV(Ug

Tensile: k,; =1

)" 4] 21— exp | (22

3-point bending: k,;, = W
4-point bending: k,, = 22”%;,7::}1“)2

5 Plasticity in Fracture Mechanics

0.5
ovM = % [(01 = 02)2 + (01 = 03)? + (02~ 03)?]
Kic = VEG = \[E(2y; + Gp)

Ist order approximation: oy, = 0ys

2
P oK
P 27\ 0ys

2nd order approximation:

2
_1(K
=% (%)
J-integral (for pulling in the y-direction):
] = fp(wdy - T; % ds)
6 Fatigue crack growth

Paris law:

;—K] = CAK™ with m between 2 and 4.



