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Problem # 1

1. Thin-walled pressure vessels are subjected to plane stress condition. (v

2. Circular rods under torsion are considered a uni-axial stress condition. (‘L)
3. Therméi stresses alwévs occur upon heating mechanical components. ()
4. Maximum normal stress failure theory is suitable for ductile materials. (%)
5. Stress analysis using Finite Element Method is suitable for mechanical
Components with complicated geornetries. (\/f
6. Brittle coating methed is based on the theory of light. (M)
7. Transmission polariscopes are used for real mechanical components. (X))
8. Stress and strain measurements are confined to free surfaces. (
9. Long members having small cross-sections may buckle when subjected to
Compressive ioads which exceed the critical values. W

10. The principal stresses are independent on the X-Y-Z coordinate system. v/
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Problem # 2
Given: 0= 0y= 0,,= 0, T,y= T;= Ty,= 80 Mpa
Solution:

c) I= 0t Oyt 0,=0

1= Oy« Oyy+ Oxx O2:+0yy0z2- txyz- ‘[sz- rxzz = —3(80)2= -19200

3= Oy OyyOrz- Onclyz - Oy Tz - Oz 2Ty Ty, T:=2(80)°= 1024000
a) o°- 1, 6°+l; 6-13= 0

o°- 0* 6°-19200*0+1024000= 0

o= 160 Mpa

0,=~-80 Mpa
03= 80 -. Mpa
_61—63_

b) Tmax™ —2 = 120 Mpa
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Problem # 3

Given: E= 210 Gpa, u=0.28,
£4=400*10°, £5=300*107°, £c=-100*10" TR

Solution:

1) £12=0.5(at+ £c)* 0.5((ea- £c)*+(2€5- £a- £¢)°)"°
£1,=0.5(400-100)+ 0.5((400+100)*+(2*300-400+100)°)*°
€,=441.5 micron
£,=-141.5. micron
2) 0,=E(e1, pea)/(1- 1)

210+10%%(441.5 . —0.28+1415  )*107°
R 1-0.282

=91.5. Mpa

2
02=E(€2, pe1)/(1- 1)
210%103+(-141.5  +0.28+4415  )+107°
= 1-0.282

=-4.0 Mpa
3) Ymax=(€1- €2)=441.5476+141.5476
=583 micron
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Problem #5
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b) Acoustical method
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Brittle Coating Method

The principle of stress analysis involves the adherence of a thin
coating (resin- or ceramic-based) brittle in nature on the
surface of a specimen. When the specimen is subjected to
external loads, the thin brittle coating cracks under tensile
stresses. Strains produced in specimen are transmitted to the
coating resulting in coating cracks. From the threshold strain of
coating, i.e. minimum strain required to cause the coating to
crack, determined through calibration of coating, the stresses
in specimen are determined. The behavior of the coating is
quite complicated as it depends on the number of parameters
influencing the behavior of the coating, such as coating
thickness, coating temperature,...

Moire Fringes Technique
Moire is a French word and its meaning is watered silk, which is
a common optical phenomenon being observed daily if a fold of
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silk or any other finely woven fabric is allowed to slip on
another fold and viewed against a light background simmering
zig-zag patterns, localized between two folds of fabric. Such
patterns are also seen in mismatched window blinds or
superimposed fine wire meshes. In other words, whenever a
geometric figure repeating itself regularly such as a set of
straight lines, dots, meshes, etc.

Finite element method

FEM: Method for numerical solution of field problems.

Description
- FEM cuts a structure into several elements (pieces of the structure).

- Then reconnects elements at “nodes” as if nodes were pins or drops
of glue that hold elements together.

- This process results in a set of simultaneous algebraic equations.

1l
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Solve All Problems. Equation Sheet is provided

Problem# 1: (10 points)
Mark (v} or (X) the following statements:
1. Thin-walled pressure vessels are subjected to plane stress condition.
2. Circular rods under torsion are considered a uni-axial stress condition.

3. Thermai stresses always occur upon heating mechanical components.

— N || M

4. Maximum normal stress failure theory is suitable for ductile materials.
5. Stress analysis using Finite Element Method is suitable for mechanical
Components with complicated geornetries.

(
Brittle coating method is based on the theory of light. (
. Transmission polariscopes are used for real mechanical companents. (

(

. Stress and strain measurements are confined to free surfaces.

o' By il

. Long members having small cross-sections may buckle when subjected to
Compressive ioads which exceed the critical values. it
10. The principal stresses are independent on the X-Y-Z coordinate system. ()

Problem # 2: { 19 points)
At a point on a stressed member, the applied stresses are found to be:
= CE‘,= Uz"z=0 . and the shear stresses on all surfaces are equal 80 MPa.
Calcuiate the following:
(a) The principal stresses 0} , 07, o
(b) The largest maximum shear stress, and

(¢) The three stress invariants I, ,1, ,I3

Problem # 3: ({0 points)
A Rectangular Strain Rosette, shown in Fig. 1, is used to measure the strains at 2
point located on a compenent which is made of a steel with E= 210 GPa and
S =0.28. The measured strains are: J€/;\ = 400 microns, €, =300 microns,

-€C = — 100 microns. Calculate: \C
1) The principal strains, £ &e‘z, in microns, A /B
! »*
2) The principal stresses, @, &g, , in MP3,

3) The maximum shear strain at the point; Brviax » \

Fig. 1




| Problem #4: (o points)

It is required to accurately draw a Mohr's stress circles for each of the

following stress conditions, and show the magnitude of all the
principal stresses and maximum shear stresses:

1 0., = 100 MPa, Ty =0, =0 & all shear stresses Tt

B e 'txy= S0MPa, T, = xS
= - =T - =
=100 MPa, T, ?;‘y =Tt =0

oL are zero

Y Jz 2%
AKX

2ol = 0;

3. g =olr

Problem # 5: (10 points)

(a) Draw a neat sketch of the components of
What is the output of each setting?.

(b) Write a short note on each of the following stress analysis techniques:
Acoustical method, Brittle coating method, Moire_method, Finite element
method.

plane and circular polariscopes.

Support your answer with accurate sketches,

With my best wishes, Prof. Dr. M. Shabara




