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Stress and Strain

The learning objectives in this chapter are:
• Understanding the concept of stress and the use of double subscripts in 

determining the direction of stress components on a surface.

• Understanding the concept of strain and the use of small strain and 
finite difference approximation.

• Understanding the stress and strain transformation in three dimension.
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 Internally Distributed Force System

• The intensity of internal distributed forces on an imaginary cut surface 
of a body is called the stress on a surface. 

• The intensity of internal distributed force that is normal to the surface 
of an imaginary cut is called the normal stress on a surface. 

• The intensity of internal distributed force that is parallel to the surface 
of an imaginary cut surface is called the shear stress on the surface.

• Relating stresses to external forces and moments is a two step process.

Internal Forces EquilibriumStatic Equivalency
and Moments 

External Forces
and Moments 

Stresses

x

y

z

x

y

z

x

y

z

x

y

z

Mz

T

My

Normal stress
linear in y

Normal stress
linear in z

Uniform
shear stress
in tangential
direction.Uniform Normal 

Stress σavg

N σavgA= V τavgA=

Uniform Shear
Stress τavg

Static equivalency

Axial Bending Bending Torsion
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Stress at a Point

• ΔAi will be considered positive if the outward normal to the surface is 
in the positive i direction.

• A stress component is positive if numerator and denominator have the 
same sign. Thus σij is positive if: (1) ΔFj and ΔAi are both positive. (2)  
ΔFj and ΔAi are both negative.

• Stress Matrix in 3-D: 

Table 1.1. Comparison of number of components

Quantity 1-D 2-D 3-D

Scaler 1=10 1=20 1=30

Vector 1=11 2=21 3=31

Stress 1=12 4=22 9=32

i

ΔFj

ΔAi

Outward normal Internal Force

direction of
outward normal to the
imaginary cut surface.

direction of the 
internal force component.

σij
ΔFj
ΔAi
---------⎝ ⎠

⎛ ⎞
ΔAi 0→

lim=

σxx τxy τxz

τyx σyy τyz

τzx τzy σzz
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Stress Element

• Stress element is an imaginary object that helps us visualize stress at a 
point by constructing surfaces that have outward normal in the coordi-
nate directions.

Stress cube showing all positive stress components

Plane Stress: All stress components on a plane are zero. 

Symmetric Shear Stresses: 

•  A pair of symmetric shear stress points towards the corner or away 
from the corner.

σxx τxy τxz

τyx σyy τyz

τzx τzy σzz

σxx τxy 0

τyx σyy 0
0 0 0

τxy τyx= τyz τzy= τzx τxz=
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 C1.1 Show the non-zero stress components on the A,B, and C faces 
of the cube shown in Figure P1.3 and Figure P1.4.

  Fig. P1.1

 Class Problem 1.1

σxx 0= τxy 15– ksi= τxz 0=
τyx 15– ksi= σyy 10ksi C( )= τyz 25ksi=

τzx 0= τzy 25ksi= σzz 20ksi T( )=
August 2012 1-5
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Stress transformation in two dimension

Matrix Notation

True only in 2D:   

The symmetry of shear stresses

z

x

y

n
t

Horizontal Plane

Ve
rti

ca
lP

la
ne

Inclined Plane

θ

Outward normal
to the inclined plane.

θ

n
t

λ

y

x

(a) (c)

σnn σxx θ2cos σyy θ2sin 2τxy θ θcossin+ +=

τnt σxx θ θsincos– σyy θ θcossin τxy θ θ2sin–2cos( )+ +=

σtt σxx θ2sin σyy θ2cos 2τxy θ θsincos–+=

nx θcos= ny θsin= tx λcos= ty λsin=

λ 90 θ+= tx ny–= ty nx=

n{ }
nx

ny
⎩ ⎭
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎧ ⎫

= t{ }
tx

ty
⎩ ⎭
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎧ ⎫

= σ[ ]
σxx τxy

τyx σyy

=

σ[ ]T σ[ ]=

σnn n{ }T σ[ ] n{ }=

τnt t{ }T σ[ ] n{ }=

σtt t{ }T σ[ ] t{ }=
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Traction or Stress vector 

 Mathematically the stress vector {S} is defined as: 

• pressure is a scaler quantity.
• traction is a vector quantity.,
• stress is a second order tensor. 

Statically equivalent force wedge.

 Stress vector in different coordinate systems.

S{ } σ[ ] n{ }=
Sx σxxnx τxyny+=

Sy τyxnx σyyny+=

σxx

σnn

τnt

σyy

τyx

τxy (nx dA)

(dA)

(dA)

(ny dA)
(ny dA)

( nx dA) σxx

σyy

τyx

τxy (nx dA)

(ny dA)
(ny dA)

( nx dA) Sx (dA)

Sy (dA)

S{ } σnn n{ } τnt t{ }+=

x

y

{S}
σnn{n}

τnt{t}
Sy

Sx
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Principal Stresses and Directions

OR

OR

Characteristic equation 

Roots: 

OR

• The eigenvalues of the stress matrix are the principal stresses.

• The eigenvectors of the stress matrix are the principal directions.

S{ } σ[ ] p{ } σp p{ }= =

S{ }
σxx τxy

τyx σyy

px

py
⎩ ⎭
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎧ ⎫

σp 0
0 σp

px

py
⎩ ⎭
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎧ ⎫

= =

σxx σp–( ) τxy

τyx σyy σp–( )

px

py
⎩ ⎭
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎧ ⎫

0=

σp
2 σp– σxx σyy+( ) σxxσyy τxy

2–( )+ 0=

σ1 2, σxx σyy+( ) σxx σyy+( )2 4 σxxσyy τxy
2–( )–±[ ] 2⁄=

σ1 2,
σxx σyy+

2----------------------⎝ ⎠
⎛ ⎞ σxx σyy–

2----------------------⎝ ⎠
⎛ ⎞

2
τxy

2+±=
August 2012 1-8
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Stress Transformation in 3-D

Equilibrium condition: 

n{ }
nx

ny

nz
⎩ ⎭
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎧ ⎫

= S{ }
Sx

Sy

Sz
⎩ ⎭
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎧ ⎫

= σ[ ]
σxx τxy τxz

τyx σyy τyz

τzx τzy σzz

=

σnn n{ }T σ[ ] n{ }=

τnt t{ }T σ[ ] n{ }=

σtt t{ }T σ[ ] t{ }=

S{ } σ[ ] n{ }=
S{ } σnn n{ } τnt tE{ }+=
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Principal Stresses and Directions

• Planes on which the shear stresses are zero are called the principal 
planes. 

• The normal direction to the principal planes is referred to as the princi-
pal direction or the principal axis.

• The angles the principal axis makes with the global coordinate system 
are called the principal angles. 

OR

OR

• The eigenvalues of the stress matrix are the principal stresses.

• The eigenvectors of the stress matrix are the principal directions.

Principal stress convention 
Ordered principal stresses in 3-D: 
Ordered principal stresses in 2-D: 

Principal Angles

Characteristic equation 

S{ } σ[ ] p{ } σp p{ }= =

σxx τxy τxz

τyx σyy τyz

τzx τzy σzz

px

py

pz
⎩ ⎭
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎧ ⎫

σp 0 0
0 σp 0
0 0 σp

px

py

pz
⎩ ⎭
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎧ ⎫

=

σxx σp–( ) τxy τxz

τyx σyy σp–( ) τyz

τzx τzy σzz σp–( )

px

py

pz
⎩ ⎭
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎧ ⎫

0=

px
2 py

2 pz
2+ + 1=

σ1 σ2 σ3> >

σ1 σ2>

0o θx θy θz, , 180o≤ ≤

σp
3 I1σp

2– I2σp I– 3+ 0=
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Stress Invariants

Roots: 

Principal Stress Matrix 

I1 σxx σyy σzz+ +=

I2
σxx τxy

τyx σyy

σyy τyz

τzy σzz

σxx τxz

τzx σzz

+ +=

I3

σxx τxy τxz

τyx σyy τyz

τzx τzy σzz

=

x3 I1– x2 I2x I3–+ 0=

x1 2A αcos I1 3⁄+= x2 3, 2– A α 60o±( )cos I1 3⁄+=

A I1 3⁄( )2 I2 3⁄–=

3αcos 2 I1 3⁄( )3 I1 3⁄( )I2– I3+[ ] 2A3( )⁄=

σ[ ]
σ1

σ2

σ3

=

I1 σ1 σ2 σ3+ +=

I2 σ1σ2 σ2σ3 σ3σ1+ +=

I3 σ1σ2σ3=
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Maximum Shear Stress

• maximum shear stress exists on two planes, each of which are 45o 
away from the principal planes.

σ
(T)

τ12
τ13

τ31

τ
(CW)

(CCW)

(C)
P1

τ21

P3
τ23
τ32

P2Plane Stress
σ3 0=

τmax max σ1 σ2–
2------------------

σ2 σ3–
2------------------

σ3 σ1–
2------------------, ,⎝ ⎠

⎛ ⎞=

p1

p2

p3 p3

p2

p1

τ23 τ32–
σ2 σ3–

2------------------= =

rotation about principal axis 1
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p2

p3

p1

p2

p3

p1

τ31 τ13–
σ3 σ1–

2------------------= =

rotation about principal axis 2

p2

p3

p1

p2

p3

p1

τ21 τ12–
σ1 σ2–

2------------------= =

rotation about principal axis 3
(In-plane)
August 2012 1-13
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Octahedral stresses

• A plane that makes equal angles with the principal planes is called an 
octahedral plane.

σ1

σ2

σ3

σnn σ1n1
2 σ2n2

2 σ3n3
2+ +=

τnt σ1
2n1

2 σ2
2n2

2 σ3
2n3

2+ +( ) σnn
2–=

n1 n2 n3 1 3⁄= = =

σoct σ1 σ2 σ3+ +( ) 3⁄=

τoct
1
3--- σ1 σ2–( )2 σ2 σ3–( )2 σ3 σ1–( )2+ +=
August 2012 1-14



M. Vable Intermediate Mechanics of Materials: Chapter 1
Pr

in
te

d 
fr

om
: h

ttp
://

w
w

w.
m

e.
m

tu
.e

du
/~

m
av

ab
le

/M
EE

M
41

50
/S

lid
in

te
r_

m
om

_s
lid

es
.h

tm
l

 C1.2 The stress at a point is given by the stress matrix shown. 
Determine: (a) the normal and shear stress on a plane that has an outward 
normal at 37o, 120o, and 70.43o, to x, y, and z direction respectively. (b) 
the principal stresses (c) the second principal direction and (d) the magni-
tude of the octahedral shear stress. (e) maximum shear stress

18 12 9
12 12 6–
9 6– 6

ksi
August 2012 1-15
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Strain

• The total movement of a point with respect to a fixed reference coordi-
nates is called displacement. 

• The relative movement of a point with respect to another point on the 
body is called deformation.

• Lagrangian strain is computed from deformation by using the original 
undeformed geometry as the reference geometry. 

• Eulerian strain is computed from deformation by using the final 
deformed geometry as the reference geometry.

• Relating strains to displacements is a problem in geometry.

Average normal strain

• Elongations (Lf  > Lo) result in positive normal strains. Contractions 
(Lf  < Lo) result in negative normal strains.

Kinematics
StrainsDisplacements

εav
Lf Lo–

Lo
---------------- δ

Lo
-----= =
August 2012 1-16
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Average shear strain

• Decreases in the angle (α < π / 2) result in positive shear strain. 
Increase in the angle (α > π / 2) result in negative shear strain

Units of average strain
• To differentiate average strain from strain at a point.

• in/in, or cm/cm, or m/m (for normal strains)

• rads (for shear strains)

• percentage. 0.5% is equal to a strain of 0.005

• prefix: μ = 10-6.  1000 μ  in / in is equal to a strain 0.001 in / 

π/2

A

B C

Undeformed grid Deformed grid

Wooden Bar with Masking Tape

Wooden Bar with Masking Tape

α

γ
A1

CB

A

Wooden Bar with Masking Tape

Wooden Bar with Masking Tape

γav
π
2--- α–=
August 2012 1-17
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Small Strain Approximation

2.5

2.6

• Small-strain approximation may be used for strains less than 0.01 
• Small normal strains are calculated by using the deformation compo-

nent in the original direction of the line element regardless of the ori-
entation of the deformed line element. 

• In small shear strain (γ) calculations the following approximation may 
be used for the trigonometric functions:  

• Small-strain calculations result in linear deformation analysis. 
• Drawing approximate deformed shape is very important in analysis of 

small strains.

εsmall     Eq. 2.6 ε      Eq. 2.5 % error 

1.0 1.23607 19.1

0.5 0.58114 14.0

0.1 0.10454 4.3

0.05 0.005119 2.32

0.01 0.01005 0.49

0.005 0.00501 0.25

Lf Lo
2 D2 2LoD θcos+ +=

Lf Lo 1 D
Lo
-----⎝ ⎠

⎛ ⎞ 2
2 D

Lo
-----⎝ ⎠

⎛ ⎞ θcos+ +=

D

P
P2

P1

�

A
L0

Lf

ε
Lf Lo–

Lo
---------------- 1 D

Lo
-----⎝ ⎠

⎛ ⎞ 2
2 D

Lo
-----⎝ ⎠

⎛ ⎞ θcos+ + 1–= =

εsmall
D θcos

Lo
----------------=

γtan γ≈ γsin γ≈ γcos 1≈
August 2012 1-18
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 C1.3 A roller at P slides in a slot as shown. Determine the deforma-
tion in bar AP and bar BP by using small strain approximation.

  Fig. C2.3

 Class Problem 1.2

Draw an approximate exaggerated deformed shape.
Using small strain approximation write equations relating   δAP and   δBP 
to δP.

�P � 0.02 in

110�

40�PA

B

�P � 0.25 mm

75°
30°

A
P

B

August 2012 1-19
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Strain Components

εxx
Δu
Δx-------=

εyy
Δv
Δy-------=

εzz
Δw
Δz--------=

Δw

Δu

Δv

z

x

y

Δz

Δy
Δx

Δu

Δv

z

x

y

Δx

Δy

π
2---

γxy–⎝ ⎠
⎛ ⎞

γxy
Δu
Δy------- Δv

Δx-------+=

γyx
Δv
Δx------- Δu

Δy-------+ γxy= =

Δz

Δy π
2--- γyz–⎝ ⎠

⎛ ⎞

y

z

x

γyz
Δv
Δz------- Δw

Δy--------+=

γzy
Δw
Δy-------- Δv

Δz-------+ γyz= =

Δv

Δw

π
2
--- γzx–⎝ ⎠

⎛ ⎞

Δz
Δx

z

x

y

Δw

Δu

γzx
Δw
Δx-------- Δu

Δz-------+=

γxz
Δu
Δz------- Δw

Δx--------+ γzx= =
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 Strain at a point

Engineering Strain

• tensor normal strains = engineering normal strains 
• tensor shear strains = (engineering shear strains)/ 2

• The partial derivative with respect to a coordinate implies that during 
the process of differentiation the other coordinates are held constant. 

• If a displacement is only a function of one coordinate, then the partial 
derivative with respect to that coordinate will be same as ordinary 
derivative.

 

εxx
Δu
Δx-------⎝ ⎠

⎛ ⎞
Δx 0→
lim x∂

∂u= =

εyy y∂
∂v=

εzz z∂
∂w=

γxy γyx
Δu
Δy------- Δv

Δx-------+⎝ ⎠
⎛ ⎞

Δx 0→
Δy 0→

lim y∂
∂u

x∂
∂v+== =

γyz γzy z∂
∂v

y∂
∂w+= =

γzx γxz x∂
∂w

z∂
∂u+= =

εxx xd
du x( )=
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Finite Difference Approximation

• Forward difference approximates the slope of the tangent using the 
point ahead of point i as:

• Backward difference approximates the slope of the tangent using the 
point behind i as:

• Central difference takes the average value using the point ahead and 
behind as:

 

εxx( )i
ui 1+ ui–
xi 1+ xi–----------------------=

εxx( )i
ui ui 1––
xi xi 1––---------------------=

εxx( )i
1
2---

ui 1+ ui–
xi 1+ xi–----------------------

ui ui 1––
xi xi 1––---------------------+=
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 C1.4 The displacements u and v in the x and y directions respec-
tively were measured by Moire' interferometry. Displacements of 16 
points on the body and are as given below. 

Determine the strains  at points 1 and 4. 

Point u
(μmm)

v
(μmm) Point u

(μmm)
v

(μmm)

1 0.000 0.000 9 0.128 0.384
2 -0.112 0.144 10 -0.048 0.336
3 -0.128 0.256 11 -0.128 0.256
4 -0.048 0.336 12 -0.112 0.144
5 0.112 0.176 13 0.048 0.624
6 -0.032 0.224 14 -0.160 0.480
7 -0.080 0.240 15 -0.272 0.304
8 -0.032 0.224 16 -0.288 0.096

εxx εyy, and, γxy
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 Class Problem 1.3

In terms of u, v, x, y, and node numbers, write the equations to determine the 
strains at point 6.εxx εyy, and, γxy
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Strain Transformation

Strain transformation equations in 2-D

Stress transformation equations in 2-D
     

• tensor normal strains = engineering normal strains
• tensor shear strains = (engineering shear strains)/ 2
Tensor strain matrix from engineering strains

Characteristic equation

Strain invariants
 

Maximum shear strain 

εnn εxx θ2cos εyy θ2sin γxy θsin θcos+ += εtt εxx θ2sin εyy θ2cos γ– xy θsin θcos+=

γnt 2εxx θsin θcos– 2εyy θsin θcos γxy θ2cos θ2sin–( )+ +=

σnn σxx θ2cos σyy θ2sin 2τxy θ θcossin+ += σtt σxx θ2sin σyy θ2cos 2τxy θ θsincos–+=

τnt σxx θ θsincos– σyy θ θcossin τxy θ2 θ2sin–cos( )+ +=

ε[ ]
εxx εxy γxy 2⁄= εxz γxz 2⁄=
εyx γyx 2⁄= εyy εyz γyz 2⁄=
εzx γzx 2⁄= εzy γzy 2⁄= εzz

=

εnn n{ }T ε[ ] n{ }= εnt t{ }T ε[ ] n{ }= εtt t{ }T ε[ ] t{ }= γnt 2εnt=

εp
3 I1εp

2– I2εp I– 3+ 0=

I1 εxx εyy εzz+ + ε1 ε2 ε3+ += =

I2
εxx εxy

εyx εyy

εyy εyz

εzy εzz

εxx εxz

εzx εzz

+ + ε1ε2 ε2ε3 ε3ε1+ += =

I3

εxx εxy εxz

εyx εyy εyz

εzx εzy εzz

ε1ε2ε3= =

γmax
2---------- max ε1 ε2–

2----------------
ε2 ε3–

2----------------
ε3 ε1–

2----------------, ,⎝ ⎠
⎛ ⎞=
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	Stress and Strain
	The learning objectives in this chapter are:
	. Understanding the concept of stress and the use of double subscripts in determining the direction of stress components on a surface.
	. Understanding the concept of strain and the use of small strain and finite difference approximation.
	. Understanding the stress and strain transformation in three dimension.


	Internally Distributed Force System
	. The intensity of internal distributed forces on an imaginary cut surface of a body is called the stress on a surface.
	. The intensity of internal distributed force that is normal to the surface of an imaginary cut is called the normal stress on a surface.
	. The intensity of internal distributed force that is parallel to the surface of an imaginary cut surface is called the shear stress on the surface.
	. Relating stresses to external forces and moments is a two step process.

	Stress at a Point
	. DAi will be considered positive if the outward normal to the surface is in the positive i direction.
	. A stress component is positive if numerator and denominator have the same sign. Thus sij is positive if: (1) DFj and DAi are both positive. (2) DFj and DAi are both negative.
	. Stress Matrix in 3-D:
	Table 1.1. Comparison of number of components


	Stress Element
	. Stress element is an imaginary object that helps us visualize stress at a point by constructing surfaces that have outward normal in the coordinate directions.
	Stress cube showing all positive stress components
	Plane Stress: All stress components on a plane are zero.
	Symmetric Shear Stresses:
	. A pair of symmetric shear stress points towards the corner or away from the corner.



	C1.1 Show the non-zero stress components on the A,B, and C faces of the cube shown in Figure P1.3 and Figure P1.4.
	Fig. P1.1
	Class Problem 1.1
	Stress transformation in two dimension
	Matrix Notation
	True only in 2D:
	The symmetry of shear stresses


	Traction or Stress vector
	Mathematically the stress vector {S} is defined as:
	. pressure is a scaler quantity.
	. traction is a vector quantity.,
	. stress is a second order tensor.

	Statically equivalent force wedge.
	Stress vector in different coordinate systems.

	Principal Stresses and Directions
	OR
	OR
	Characteristic equation
	Roots:


	OR
	. The eigenvalues of the stress matrix are the principal stresses.
	. The eigenvectors of the stress matrix are the principal directions.


	Stress Transformation in 3-D
	Equilibrium condition:

	Principal Stresses and Directions
	. Planes on which the shear stresses are zero are called the principal planes.
	. The normal direction to the principal planes is referred to as the principal direction or the principal axis.
	. The angles the principal axis makes with the global coordinate system are called the principal angles.
	OR
	OR
	. The eigenvalues of the stress matrix are the principal stresses.
	. The eigenvectors of the stress matrix are the principal directions.
	Principal stress convention
	Ordered principal stresses in 3-D:
	Ordered principal stresses in 2-D:
	Principal Angles

	Characteristic equation
	Stress Invariants
	Roots:

	Principal Stress Matrix


	Maximum Shear Stress
	. maximum shear stress exists on two planes, each of which are 45o away from the principal planes.

	Octahedral stresses
	. A plane that makes equal angles with the principal planes is called an octahedral plane.


	C1.2 The stress at a point is given by the stress matrix shown. Determine: (a) the normal and shear stress on a plane that has a...
	Strain
	. The total movement of a point with respect to a fixed reference coordinates is called displacement.
	. The relative movement of a point with respect to another point on the body is called deformation.
	. Lagrangian strain is computed from deformation by using the original undeformed geometry as the reference geometry.
	. Eulerian strain is computed from deformation by using the final deformed geometry as the reference geometry.
	. Relating strains to displacements is a problem in geometry.
	Average normal strain
	. Elongations (Lf > Lo) result in positive normal strains. Contractions (Lf < Lo) result in negative normal strains.

	Average shear strain
	. Decreases in the angle (a < p / 2) result in positive shear strain. Increase in the angle (a > p / 2) result in negative shear strain

	Units of average strain
	. To differentiate average strain from strain at a point.
	. in/in, or cm/cm, or m/m (for normal strains)
	. rads (for shear strains)
	. percentage. 0.5% is equal to a strain of 0.005
	. prefix: m = 10-6. 1000 m in / in is equal to a strain 0.001 in /


	Small Strain Approximation
	. Small-strain approximation may be used for strains less than 0.01
	. Small normal strains are calculated by using the deformation component in the original direction of the line element regardless of the orientation of the deformed line element.
	. In small shear strain (g) calculations the following approximation may be used for the trigonometric functions:
	. Small-strain calculations result in linear deformation analysis.
	. Drawing approximate deformed shape is very important in analysis of small strains.


	C1.3 A roller at P slides in a slot as shown. Determine the deformation in bar AP and bar BP by using small strain approximation.
	Fig. C2.3
	Class Problem 1.2
	Draw an approximate exaggerated deformed shape.
	Using small strain approximation write equations relating dAP and dBP to dP.

	Strain Components
	Strain at a point
	Engineering Strain
	. tensor normal strains = engineering normal strains
	. tensor shear strains = (engineering shear strains)/ 2
	. The partial derivative with respect to a coordinate implies that during the process of differentiation the other coordinates are held constant.
	. If a displacement is only a function of one coordinate, then the partial derivative with respect to that coordinate will be same as ordinary derivative.


	Finite Difference Approximation
	. Forward difference approximates the slope of the tangent using the point ahead of point i as:
	. Backward difference approximates the slope of the tangent using the point behind i as:
	. Central difference takes the average value using the point ahead and behind as:


	C1.4 The displacements u and v in the x and y directions respectively were measured by Moire' interferometry. Displacements of 16 points on the body and are as given below.
	Determine the strains at points 1 and 4.
	Class Problem 1.3
	In terms of u, v, x, y, and node numbers, write the equations to determine the strains at point 6.

	Strain Transformation
	Strain transformation equations in 2-D
	Stress transformation equations in 2-D
	. tensor normal strains = engineering normal strains
	. tensor shear strains = (engineering shear strains)/ 2

	Tensor strain matrix from engineering strains
	Characteristic equation
	Strain invariants
	Maximum shear strain



