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Stresses on x-y-z planes

x-y-z traction vector components
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traction vector components 

because the stress matrix is symmetric we can also write
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σnn

τs

s

n

σnn = T n( ) ⋅ n

= Tx
n( )nx + Ty

n( )ny + Tz
n( )nz

σnn = σ xxnx
2 +σ yyny

2 +σ zznz
2

+2σ xynxny + 2σ xznxnz + 2σ yznynz

{ }[ ]{ }T
nnσ σ= n n

τ s = T n( ) 2
−σ nn

2

= Tx
n( )( )2

+ Ty
n( )( )2

+ Tz
n( )( )2

− σnn
2

s = sxex + syey + sz ez

τ s s = T n( ) −σ nnn

τ s sx = Tx
n( ) − σnnnx

τ s sy = Ty
n( ) − σnnny

τ s sz = Tz
n( ) −σ nnnz

normal stress

total shear stress

stresses on an arbitrary cutting plane
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n( )vy + Tz
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σnv = σ xxnxvx + σ yynyvy +σ zznzvz

+σxy nyvx + nxvy( )
+σxz nzvx + nxvz( )
+σyz nzvy + nyvz( )

stresses on an arbitrary cutting plane
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stress transformation relations
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relationship between changes of normal stress
and the total shear stress



T n( ) = σ pn

( )
( )

( )

0

0

0

xx p x xy y xz z

yx x yy p y yz z

zx x zy y zz p z

n n n

n n n

n n n

σ σ σ σ

σ σ σ σ

σ σ σ σ

− + + =

+ − + =

+ + − =

σ xx −σ p( ) σ xy σ xz

σ yx σ yy − σ p( ) σ yz

σzx σ zy σ zz − σ p( )
= 0

Principal stresses

no shear stresses
on planes of extreme 
normal stress

homogeneous
system

for non-trivial
solution



σ p
3 − I1σ p

2 + I2σ p − I3 = 0

I1 = σ xx + σ yy +σ zz

I2 = σxxσ yy +σ xxσ zz + σ yyσzz −σ xy
2 −σ xz

2 −σ yz
2

I3 = σ xxσ yyσ zz + 2σ xyσ xzσ yz − σ xxσzy
2 −σ yyσ xz

2 −σ zzσxy
2

I2 =
σ xx σ xy

σ xy σ yy
+

σ yy σ yz

σ yz σzz
+

σ xx σ xz

σ xz σzz

I3 =
σxx σ xy σ xz

σ xy σ yy σ yz

σ xz σ yz σ zz

I1 = σ p1 +σ p2 +σ p3

I2 = σ p1σ p2 + σ p1σ p3 + σ p2σ p3

I3 = σ p1σ p2σ p3

cubic

stress
invariants
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To solve for the principal directions



n1 = n2 = n3 =
1
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T1 = σ p1n1

T2 = σ p2n2

T3 = σ p3n3
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=
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=
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stresses on the octahedral plane(s)
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