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M. Vable Mechanics of Materials: Chapter 2

Strain

» Relating strains to displacements is a problem in geometry.

<~

Displacements &7

2

Kinematics

Learning objectives

» Understand the concept of strain.

» Understand the use of approximate deformed shape for calculating
strains from displacements.
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Preliminary Definitions

» The total movement of a point with respect to a fixed reference coordi-
nates 1s called displacement.

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

» Lagrangian strain 1s computed from deformation by using the original
undeformed geometry as the reference geometry.

o Fulerian strain 1s computed from deformation by using the final
deformed geometry as the reference gecometry.

Expandmng Educational Horizons 2-2 February 2016



Printed from: hitp:Mmadhuvable org/free-downloads

M. Vable Mechanics of Materials: Chapter 2

Average Normal Strain

L¢

» Elongations (Ly > L) result m posifive normal strains. Contractions
(Ly <L,) result in negafive normal strains.
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Units of average normal strain

« To differentiate average strain from strain at a point.
* 1n/in, or cm/cm, or m/m

» percentage. 0.5% 1s equal to a strain of 0.003

o prefix; p= 10°°, 1000 p 1n /1in 1s equal to a strain 0.001 in /in
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€21 Duce to the application of the forces in Fig. C2.1, the displace-
ment of the rigid plates in the x direction were observed as given below.
Determine the axial strains in rods in sections AB, BC, and CD.

Up = —1.8 mm Uq = 0.7 mm Up = 3.7 mm
= N F, r .
A B D .
s o 3:% F IV ’
1.5 m>—25m—»«—2m—>
Fig. C2.1
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Average shear strain

Undeformed grid Deformed grid
(a)

Wooden Bar with Masking Tape Wooden Bar with Masking Tape

| ' | i

T
Yav = E_a

« Decreases in the angle (o </ 2) result in positive shear strain.
Increase in the angle (« > = /2) result in negative shear strain

Units of average shear strain

» To differentiate average strain from strain at a point.

» rad

o prefix: pL= 107°. 1000 1L rad 1s equal to a strain 0.001 rad
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(22 A thin triangular plate ABC forms a right angle at point A.
During deformation, point A moves vertically down by 6. Determine

the average shear strain at point A.
6, = 0.008 in

5 1in.
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Small Strain Approximation

L .—L D2 D
& = i 1+(L_) +2(L—)COSG—1 2.5
Lo o0 o
D
. _ DcosH p
small I
0
il Bt 26 e Eq.25 % error
1.0 1.23607 19.1
0.5 0.58114 14.0
0.1 0.10454 4.3
0.03 0.005119 2.32
0.01 0.01005 0.49
0.003 0.00501 0.25

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 (y) calculations the following approximation may
be used for the trigonometric functions: tany 1y siny ~ vy cosy~ 1
Small-strain calculations result in lincar deformation analysis.
Drawing approximate deformed shape is very important in analysis of
small strains.
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2.3 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.

Class Problem 2.1

Draw an approximate exaggerated deformed shape.
Using small strain approximation write equations relating o,p and Opp

to 8})_

6p =025 mm
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Strain Components
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Engineering Strain

Cxx ny Vyz
Engineering strain matrix 8

©ex ny 0
Plane strain matrix v e 0
yx Yy
| 0 0 0
Strain at a point
; (Au) ou
& = lm |—] =2
XX Av 5 OMNAX ox
A & Ax — ONAY - Ax dy Ox
Ay —0
o L v o
_ _ Ow , Ou
SZZ=%V sz_yxz_a—'_@

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

Strain at a Point on a Line

_ du)

XX dx
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C24 Displacements u and v 1n the x and y directions respectively
were measured by Moire Interferometry method at many points on a
body. Displacements of four points on a body are given below. Determine

the average values of strain components &, &, and v, at point A
shown in Fig. C2 4.
Y uy = 0 vy =0
- - — up = 0.625pumm vg = —03125umm
g e = —0.500pmm v = —0.5625umm
-
= 4 7 x  Up = 0.250umm v = —1.125umm
0.0005 mm

Fig. C2.4
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(25 The axial displacement in a quadratic one-dimensional finite
clement is as given below. The displacements of nodes 1, 2, and 3 are #,

u,, and u3, respectively
| Uy i
u(x) = —<@x-a)x-2a) - =(x)(x-2a)+—x)(x-a)
2 2 2
2a a 2a
Determine the strain at Node 2.

Node 1 Node 2 Node 3
(@ ® D)
X 1: 0 x2: d x3= 261

.
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