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ϵxx
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
=

1

E



1 −ν −ν 0 0 0
−ν 1 −ν 0 0 0
−ν −ν 1 0 0 0
0 0 0 2(1 + ν) 0 0
0 0 0 0 2(1 + ν) 0
0 0 0 0 0 2(1 + ν)
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σxx
σyy
σzz
τxy
τxz
τyz


=

E

(1 + ν)(1− 2ν)



1− ν ν ν 0 0 0
ν 1− ν ν 0 0 0
ν ν 1− ν 0 0 0
0 0 0 1−2ν

2 0 0
0 0 0 0 1−2ν

2 0
0 0 0 0 0 1−2ν
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
ϵxx
ϵyy
γxy

 =
1

E

 1 −ν 0
−ν 1 0
0 0 2(1 + ν)


σxx
σyy
τxy




σxx
σyy
τxy

 =
E

(1− ν2)

 1 ν 0
ν 1 0

0 0 (1−ν)
2


ϵxx
ϵyy
γxy


ρn˜ = σ˜̃N˜ σn = ρn˜ ·N˜ τn =

√
|ρn˜|2 − σ2

n

σn =
σxx + σyy

2
+

(
σxx − σyy

2

)
cos 2α+τxy sin 2α

τn = −
(
σxx − σyy

2

)
sin 2α+ τxy cos 2α

σ3
e − I1σ

2
e + I2σe − I3 = 0

I1 = tr(σ˜̃) I3 = det(σ˜̃)
I2 =

∣∣∣∣ σxx τxy
τxy σyy

∣∣∣∣+ ∣∣∣∣ σxx τxz
τxz σzz

∣∣∣∣+ ∣∣∣∣ σyy τyz
τyz σzz

∣∣∣∣

σ1,3 =
σxx + σyy

2
±

√(
σxx − σyy

2

)2

+ τ2xy

τmax =

∣∣∣∣σ1 − σ3
2

∣∣∣∣ =
√(

σxx − σyy
2

)2

+ τ2xy

ϵxy =
1

2
γxy ϵnn = N˜ T ϵ˜̃N˜ ϵsn = S˜T ϵ˜̃N˜

ϵvolum. = ϵxx + ϵyy + ϵzz =
1− 2ν

E
tr(σ˜̃)

ϵx′x′ =
ϵxx + ϵyy

2
+

(
ϵxx − ϵyy

2

)
cos 2θ+ ϵxy sin 2θ

ϵ3e − J1ϵ
2
e + J2ϵe − J3 = 0

J1 = tr(ϵ˜̃) J3 = det(ϵ˜̃)
J2 =

∣∣∣∣ ϵxx ϵxy
ϵxy ϵyy

∣∣∣∣+ ∣∣∣∣ ϵxx ϵxz
ϵxz ϵzz

∣∣∣∣+ ∣∣∣∣ ϵyy ϵyz
ϵyz ϵzz

∣∣∣∣

ϵ1,3 =
ϵxx + ϵyy

2
±

√(
ϵxx − ϵyy

2

)2

+ ϵ2xy

γmax = |ϵ1 − ϵ3| = 2

√(
ϵxx − ϵyy

2

)2

+ ϵ2xy

σ˜̃ = σ˜̃h + σ˜̃d tr(σ˜̃d) = 0 σ˜̃h =

 p 0 0
0 p 0
0 0 p

 σ˜̃d =

 σxx − p τxy τxz
τxy σyy − p τyz
τyz 0 σzz − p


σx =

N

S
+

Mzy

Iz
− Myz

Iy
τxy =

QMs

tIz
τ =

Tρ

J


