1. In a state of plane strain, the strain components associated with the x-y axes are

€zz =800 % 107°
€y =100 107°
Yoy = —800 x 107°

Find the principal strains and the principal strain directions.
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2. The displacements for a rigid-body rotation through an angle g about an axis may be described by
u(w,y) = (cos B — 1)z — (sin B)y
v(z,y) = (sin f)z + (cos f — 1)y.

Find the strain tensor and rotation w,. What will happen to strain tensor and rotation in case of
small 37

Step 1 N

Question Scenario:

The situation entails analyzing the displacement and resulting stress in a inflexible body
due to a small rotation approximately an axis. This type of analysis is critical in fields
which includes robotics, aerospace engineering, and any mechanical system regarding
Fotational motion

Given:

1. Displacements are defined by:

u(x,y) = (cos f — 1)x — sin By

v(x,y) =sin Bx + (cos B — 1)y

. Small attitude approximation is applicable as (beta) is small.

3. Objective is to decide the rotation approximately the z-axis ((omega_z)) and strains in
the frame.

Objective:

Determine the angular speed (omega_z) and evaluate the lines, especially whether they
vanish under small rotations and compute their values.

1st step:

Approach to Solve the Question:

Employ the ideas of rigid-body dynamics, in particular focusing on rotational
kinematics.

Utilize small attitude approximations and partial derivatives to decide traces.

Deriving Angular Velocity w,:

To find w, we use the rotation matrix form for a rotation about the z-axis:

R— [cos B —sin ﬂ]

sinf cosf

For small angles, where S is close to zero, we approximate

(cosf=1) and (sinf=Pp):

see the supplanting vector as the difference between revolve and initial position , we get



wrf]-f
=[5 3L

1st step:

This calculation show that the supplanting Fields (u) and (v ) directly
correspond to the rigid-body rotation around the z-axis by an angle 3, identify
w, = Bradians per unit time .

Answer

Angular Velocity (w,) : (/) radians per unit time.

Strain : All strain component ( (€xx ), (€yy ), (7xY ))be zero, bespeak no internal
distortion .

Make the strain disappear ?

Yes , the strain vanish when 8 be small .



3. Consider a thin (Im x Im x lem) steel plate which is loaded on one edge with a uniformly distributed
10 kN load and supported on the other end with a center pin and edge rollers, as shown. Assume
we make a measurement of the displacement field and find that u(z,y) = (5 x 107%)z m, and
v(z,y) = (0.15 x 107%)y m. Determine the strain field in the plate.

Wi

Thickness 1 cm

I m 10 kN
| |
| L 1
Step 1
calculate these strain components:
1. Longitudinal strain epsilon_{x}
ex = Oudx = 99x (510 °x) =5 x 10°°
2. Transverse strain epsilon_{y}
ey = Ovdy = 99y (—0.1510 %) = —0.15 x 10~ °
3. Shear strain gamma xy ;
yxy = 12(dudy + dvox) = 12(0+0) =0
Step 2 A
Longitudinal strain epsilon_{x} =5*10"-6
¢ Transverse strain epsilon_{y} =-0.15*10"-6
¢ Shear strain gamma xy =0
Answer A

These strains describe how the material deforms under the given displacement field
andapplied load.



4. Consider a two-dimensional body shown. The undeformed state of the body is shown on the left.
After the application of load, the body takes on the configuration shown on the right. What is the
average shear strain, 7,,, in the body?
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Step 1 N

Shear strain is the ratio of the displacement in the displaced layer to the dimension of
the object normal to the displaced layer.
In this case, the displaced layer is the upper layer.

1st step:

As the displacement in the upper layer is small, the change in the other
dimensions is negligible.

Step 2 N

The shear strain is calculated as follows:
X

£ = —
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5. Consider a two dimensional body occupying the region [0,1] (E [0,1] whose displacement field is given
by u = (422 +2) x 10~% and v = (22 + 3y*) x 10~%. What is the strain field for the body? Assume
the numerical constants have consistent units.
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6. Shown below is a solid circular rod of material. The bottom is clamped, and torque is applied to the
top. The motion of the material has been measured in cylindrical coordinates as u, = 0, ug = arz,
u, = 0, where « is a given constant with appropriate dimensions. What is the strain field in the rod?
[Note: You need to use strain-displacement relation in cylindrical coordinate system|]




Determine the strain field in the rod by using the relations as follows:
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is the relative change in length of the body in the r direction.

£,c 1s the relative change in length of the body in the angular direction.
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7,s 1s the change in angle between the r and & coordinate lines at a given point.
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Substitute all the values as follows:

is the relative change in length of the body in the z direction.

1 1 [ Cu, 1( 1 Ou, Oug fr
&, —Y,e — ¥, 6— >l +7
7 2 7 2 = ral 2 r 06 or
l?’ &g l}’ = l(la"" +r6u‘9/rj l(ali+u j
27 *® 27 2\ » o6 or Lo 7
l},__, 17,:9 e l(@ur rau:J 1(6119 1611:]
| 2 2 i 2 &= or 2l 6z~ 06
_ 20 1(180  o(arz)/r 1,
or 2\ o860 or o=
. l l@ a(ar )/r l 6(ar:)+0 l a(afrz)+
2\ r o6 or r o6 2 o=
1(@+ 60] 1(o(arz) 100 20
2\ o= or 2 o= r o6 o=
0 l(lx0+rx0) l(0+r><0)
2\r 2
o =
— l(1><0+r><0) 1(o(ar=) l[ar+l><0)
2\ r r o6 2 r
1 1
—(0+7rx0) —(ar+—><0) 0
| 2 2 r |
(0] (0] (0]
—lo o L (ar)
5 7
(0] —(ar) (0]

%)

100
r 06

N[= |~

o0
or

(%=

is the change in angle between the r and z coordinate lines at a given point.

is the change in angle between the 6 and z coordinate lines at a given point.
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