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D
T

1
=
7
'@ N

¢ = Angle of twist 2 |/

L

y: Shear strain angle i ) A 6 5 L gl )

fixed
T — z Solid shaft Hollow shaft '}/—Z y S Sb ear Strajn

=57

max ]

@ ((~Y)

T : Shear stress I' ‘J H JJ y:ﬂ _IL
T: Torque (N.m) - ‘ ¢J
r: Radius of shaft (m) xt gt W=y 0l y: Shear strain angle (Rad)

J: Polar moment of inertia L P - Rendlianok SHa it o)
¢p:Angle of twist (degree)
L: length of shaft (m)
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* The Modulus of Rigidity(G) :
Slope of the T —y curve in the elasticrange 7=G*y  y(Rad) Shest

* The Modulus of Resilience : Area under the elastic portion represent

the energy absorbed by the material in the elastic region = % T,Yy Shear Stain

* The Modulus of Rupture (Toughness) : Total area represents the total
energy absorbed by the material before fracture = %ruyMax ;

Note : Not pure Brittle
Caused by : Shear stress it’s the same Ductile

Brittle (Pure) U Ductile

Caused by : Normal stress

Fracture atangle 45 Q Fracture at angle 90°




JQ1(Years). Two steel shafts with modulus of rigidity G=80GPa ,
diameters D1=20mm, D2=10mm for the same torque applied , the

ratio of shear angle of the first to the second is Vi

Trq T,r,
V1= Vo =
LGy © G

0.01

~ % (0.02)*
32

V1




JQ2(Years). An aluminum bar of solid circular cross section of
diameter of 30mm is subjected to torque T=1.5N.m, the length of
the bar is 1.2m and its shear modulus of elasticity is 28GPa , Find :

1- The maximum shear stress in the bar.

2- The maximum shear strain in the bar.

Tr _15x0015
Umax =7 ~ 7+ (0.03)% !
32
_Ir 1540015 . o
—_ — — ] ox
G]  ,g,7*(0.03)*
32
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1Q3(Years ).
 1- Ductile material in torsion test fail due to (shear stress)
« 2- Brittle material in torsion test will fail at angle of (45 )

* 3- The elastic modulus calculated from shear stress strain diagram is
called modulus of (rigidity)

* 4- The modulus of resilience can be defined as the amount of energy
per unit volume absorbed during (elastic) deformation of the material .

* 5- Failure due to shear stress is characterized by (smooth shiny )

JQ4(Years). In torsion test , we use T, Y, G respectively to represent ?
Ans. Shear stress , shear strain , modulus of rigidity



1Q5(Years). Find :
1- Polar moment of inertia
2- modulus of rigidity

T+ (0.02)*

1— ] = —1.57 « 108
J 32 i
0.003 % 0.01 s 10—

_ == 2k

Y =550 «10-3

7.5 % 0.01

T = = 4.7/ MPa
1.57 «x 108

G 477 + 10° 3.975 * 1010

= = . *
1.2 %104

d =20mm, length = 250mm

d(Rad) | T(N.m)
0 0
0.003 7.5
0.006 15
0.009 22.5
0.0135 33.75
0.018 45
0.0203 50.75
0.03 62
0.046 62
0.068 62
0.123 70
0.197 75




1Q6(Years). A torsion experiment is performed on the circular
specimen with diameter 8 mm and gauge length of 150 mm, the
resulting Shear =Strain diagram is shown below ?

* Find:

1- Applied Torgque at the yield point
2- The modulus of rigidity

3- The modulus of resilience

4- Total angle of twist

. e — ———— - — - - T— — —_— -



T*] _ T*D3xmw _ 120%10°%3.14%0.0083

Ans.1- T = = = 12.06
T 16 16
2— G r_120-10° 6 * 1010 = 60GP
—_— —_— e = — k —
v~ 0.002 .
1 1 .
3 — E*y*ry=§* 120+ 10° * 0.002 = 0.12

yL 0.15%150

41— ¢="=—""—=5625



JQ7(Years). Which of the following illustrations represents brittle
failure under torsional load ?

Ans. T Wing st
. . ‘s I

\ | ,
. Foaw s

1Q8(Years). The Shafts shown below differ only in regards to the
material from which they were made . If the same torque is applied to
each , the maximum shear stress is ?

Ans. Equal in both Shafts C.-““““' /}9 CUM”‘ i)

*\Iummum » Steel




1Q9(Years). The angle of twist ?

Ans. Greater in Aluminum shaft than that in steel one

14



1Q10(Years). If the below figure shows an elastic shearing
stress — strain curve for torsion test , the modulus of rigidity
(Shear modulus of elasticity ) is equal to ?

(20000 — 5500)

G = = 1.11 %107
(0.00185 — 0.0006) )

15



JExp: Strain Measurement with Strain Gauges

Give accurate measurements of strain .

(dStrain Gauges: Sensor whose resistance varies with applied force; It
converts force, into a change in electrical resistance which can then

be measured .

External forces External forces .
Axial force e |, |Normalforce 7 :
Mc A b
P € AL o= T — Neutral
Stress(o) = — - .;I ' axis
() =7 L Nl
M: Max moment
P: Load 5 L: Length . I: Moment of inertia
AtArea=r" T AL= Deformation Y: Distance y from the neutral axis

C = Ymax 16



>

Two types of strain :
1- Axial : Install the strain gauge Parallel
2- lateral : Install the strain gauge Perpendicular

€laterial

Slope=E

axial

» €

axial

—€ )
S I ') pe= V= laterial

€

axial

R= pL AR and AL

AR = 2%
Ro Slope= K AR AR A kA
= % - Ro R: resistance
— € p : Resistivity
> € Lo
- L: length

A: area

17



a) Quarter Bridge b) Half Bridge

5ol L
ACtua‘ Strain =# ACtua‘ Stl‘aln —~ °¢ )SJ
2

d) Full bridge.

c) Diagonal Bridge

sel 8l

- bl Actual Strain =
Actual Strain =Tﬁ]



JQ1(Years). A strain gauge is ?
Ans. Resistance

Q2(Years). For measuring strains using the Wheatstone bridge , which of the
following is directly measured from the bridge ?

Ans. Voltage

dQ3(Years). In strain gauge , a small change in dimensions is translated into
equivalent changein ?

Ans. Resistance
JQ4(Years). The material type usually used for strain gauges is ?
Ans. Piezoelectric

dQ5(Years). For full a whetstone’s bridge , the actual strain on the beam is the
reading of the bridge multiply by ?

Ans. 0.25



J1Q6(Years). For strain gauges measurements to obtain the actual
strain , the indicator reading of the full bridge should be ?

Ans. Divided by 4

JQ7(Years). Which of the following configurations is Not used for
strain measurements using the Wheatstone bridge ?

Ans. Three quarter Bridge

1Q8(Years). In the strain gauge experiment both axially and laterally
oriented strain gauges were attached to simply supported beam to be

experimentally estimate ?
Ans. Poisson’s ratio



JExp: Hardness Test
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» Hardness of any metal is : Its resistance to surface indentation under standard
test conditions and its Non Destructive test .

> Device : Universal Hardness Tester.

F

|

@ — S — 1-Specimen 2- Indenter 3- Indentation
-> Indentation el gl ) L«gj‘ q_""u_“ [EE Q-”J;-“ 3:3)] g?ﬂ‘ RN b_jﬁ‘ aS yi t_gdj\ JJ\J‘

Specimen Indenter diameter D Indentation diameter d

We measure the diameter by microscope d<D

* Three main test methods are used:

1-Brinell (HB) 2 —Vickers(HV) 3-Rockwell (HRC/HRB)

| ) /\

Vickers Hardness number

Brinell harness number type C type B

22



Brinell harness number = Pkg/) — kgf=kg
%ﬁD(D—VDz—dz)(mmz) . ,
P: Force applied (kg)

 Note : indenter is a ball of steel

* Don’t use Brinell tests if BHN > 450 why ?
ball maybe easily deformed and this will introduce errors.

D: Diameter of indenter (mm)

d: Diameter indentation(mm)

. Depth of indentation independent with BHN .

4D @ Thickness of the test piece T
i I

>3D

* Hardness ball > 1.7 Hardness of specimen .
d

_ fia
- Specimen

|
|
i
_1 T>4D

If several readings must be taken on the same specimen, they should be spaced
away from each other and away from the edges of the work piece > 4D .

T  For soft materials > 15
Values of —:

For hard materials = > 7 Distance from edge and specimen should be =3D

23




2 —Vickers(HV) _ P _ 1854P Square based diamond pyramid indenter
D% sink(136") D2
2 Fsing( ) _dy+d,
2
Depth of indentation independent with VHN * Main Load = 10 for smooth material

e Main Load= 30 for hard material

Hardness number of > 300 the Brinell and

: * Hardness scale range from
Vickers Hardness values are same

very soft to very hard

3-Rockwell (HRC/HRB)

= Note:

Cant be used for soft material o = (3.45 — 3.5)BHN

HRC :Rockwell test Type C HRB :Rockwell test Type B
Main load = 150N Main load = 100N

Indenter : diamond cone Indenter :steel ball (1/16")

24




dQ1(Years). Indicate the name of the hardness test ?

e 1- Pyramid indenter made of diamond (Vickers test )

e 2- Conical indenter made of diamond (Rockwell C test )

e 3- Spherical indenter of diameter D made of steel (Brinell test )

~Mlittee

auiaoll dwaidll paud) GuoualK DI aiaul

1Q2(Years). In the Vickers test , which of the following is correct ?
Ans. The diamond produces square indentation area

(1Q3(Years). Brinell test is not suitable for testing () material .
Ans. Hard or very soft material

dQ4(Years) . The Brinell hardness number for a metal is 150, then the ultimate
strength in Mpa for this metal is ?

Ans. 3.5*%150=525

25



1Q5(Years). Hardness is defined as the resistance of the material
against plastic deformation ?

Ans. True

1Q6(Years). The indentation depth in the hardness test is directly
indicated as hardness value in ?

Ans. Rockwell scale
1Q7(Years). If material B scratches material C but not A then ?

Ans.A>B > C



1Q8(Years). For a correct hardness reading in Brinell Hardness test ,
the dimension marked by X on the shown figure must be ?

Ans. = 4D

Load !
|

>3D @
i

X !
/D> d
v ) !
| B |
| l

pecimen




JExp: Compression test
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Shortening=i—l‘*100% e o J"S‘ Sy J gkl

Increasing in Area= %*100% anileal) pe J8) anilaisy) dabical)

D>Lwhy? L C hedl) Al aas (gl AG1NY) disell a2a
- =<5
Avoid Buckling D

v'Universal Testing Machine (UTM) :The machine is Capable doing the Compression test .

Happen The friction between sample
because and the testing machine .

arreling

OW we can .

Avoid it ?

Put oil

29



d Brittle material : | —
el
Fracture atangle 45  «isia “
Caused by : Normal stress :
Yield=Ultimate=fracture
Compression higher than tension ?

Atoms and cracks
will be close to
each other

d Ductile material :

No Fracture  cia gis ki &aa, /

C

Stress

o . .
Strain
30




JQ1(Years) . When calculating the actual stress strain diagram , the
material was assumed to have constant (cross section) .

JQ2(Years). To reduce or eliminate barreling in compression test , we
must to (decrease the friction)

JQ3(Years). For a compression test of a ductile material , which of the
following statements is true?

Ans. Barreling will occur .
Q4 (Years). Which of the following is true regarding ductile material ?

Ans. No fracture occurs for the material under compression .

1Q5(Years). For the same specimen size , compression test usually
requires (More) energy from the test machine than tensile test .



1Q6(Years). For brittle materials under compression loads ?

Ans. The modulus of toughness will be much higher than the value under
tension

1Q7(Years). For most brittle materials , the ultimate strength in compression
in much large then the ultimate strength in tension , this is mainly due to ?

Ans . Presence of flaws and microscopies cracks or cavities

. . . L ..
1Q8(Years). In compression test to avoid buckling > ratio was chosen to be ?

Ans. < 5

1Q9(Years). For brittle materials used in compression test , the values of
ultimate stress are expected to be ?

Ans. Much higher than the values obtained in the tensile test .



P JExp: Tensile Test P
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v'Universal Testing Machine (UTM) :The machine is Capable doing the tensile test. <4 i gin

D
—

Sl gl Ly L g gskad

Deformation = S=L;-L, — 5=L¢-L,

mm \
Strain ya Ly
B \g _ Deformed o Length — Oridinal o length L —L,

Original o Length L

0

Engineering Stress

Load P

O =
Original®Area A,

a1s0)l dwaiall puudl droualK DI aiall
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(AStress-Strain Diagram for Ductile Material :

| |

. | Aadity
5 i) Al s Yield Stress (a,) u*-*&::—;uﬂ
. E Ultimate stress(c b (19S5 (Al Adadil) D
g A ‘ uts) Aaiad) Jte
& >
Slope = E Rupture or i) Adhii Al E
fracture stress
= Strain
b Stage ( JaIall) | Definition (< _»il) Symbol ()
Proportional psiioual) Jadl) Al OA
5 E limit
“ A C Elastic o s Jaall W) Ja ua oL
-;: > ) gl
Plastic dad) aa 5 Y Jeadl W S A | LM
A, A, ) Lgled Y
Necking dad ol (s dad) gl dAidaial) BetweenD and E
o L stein M Al a8 dad (g A




» Elastic limit: Maximum load that can be applied to the specimen without permanently deforming it.

» Plasticregion: The part of the stress-strain diagram after the yielding point. the plastic deformation
starts. Plastic deformation is permanent.

UThe Modulus of Elasticity (E) : Shows the Elastic resistance to an applied load that causes
deformation. It is a measure of the stiffness of materials .

. E=% so o=E* € justin Elastic and called Hock’s Law

UThe Modulus of Resilience (UR): Amount of energy stored in stressing the material to the

. . . 1
elasticlimit . Up=A4, = E*EY *a,

» This quantity is important in selecting materials for energy storage such as springs .

The Modulus of Toughness (UT): Total energy absorption capabilities of the materials to failure .

2
—_ — =% t 3
UT—A1+A2—3EU 0 Max

» This quantity is important in selecting materials for applications where high overloads are likely to
occur and large amounts of energy must be absorbed .



JThe ductility of material: is ability of material to deform under load .

LlO  100%

> Reduction Of Area % = % *100%

F

vIf the Percentage of elongation and reduction of cross-sectional are
large, the material is said to be ductile .

» Elongation%-=

0]

v'when they are low, the material is said to be brittle.

E
Shear modulus of elasticity (G): = Q True Values
V.=V 2(14V)
|
*L=A* gr=0(l+¢€
ATL=A"L  |0sulk Modulus(k) = —— r=0(l+e)
f~ . . . “Claterial
Lf V = poissons ratio =

EAxial 37



Stress-Strain Diagram for Brittle Material : Happen because Normal stress

o l Fracture at angle 90
Ay Sy
High carbonic steel
Yield=Ultimate=fracture Shape: Flat
Only Elastic
Ductility < 5%

. Jada g 1o daga (A 940 yall o) sl ddaisia oS5l Gadiadd) s,

Ductile Material

Happen because Shear stress

Shape : Cup and Cone
Fracture at angle 45

Low carbonic steel
Ductility > 5%



1Q1(Years). Consider the Stress- strain diagram for a typical structural
steel in tension shown below .

A) Rupture stress is at point ?

B) proportional limit is at point ?

C) Elastic deformation occurs between points ?
D) Necking occurs between points ?

E) Strain hardening occurs between points ?

ANS: 8
A) E
B) A
C)O,A
D)D, E

Stress

E) c , D E Strain



O = = = 254777070.1Pa = 254.7MPa

Q2(Years). A 500 mm long cylindrical bar with 10mm diameter is subjected to
axial loading (P=20kN) as shown in figure , the bar is made of a material with
E=90GPa and v=0.3 knowing that the stress in the bar did not reach the yield

strength of the material .
»>Find : P
1- The stress in the bar ? 4

2- the length of the bar under the effect of the applied load ?

3- the diameter of the bar under the effect of the applied load ?

Load P 20103

" Original°Area A~ 7(0.01)2




dQ3(Years). This figure shows stress-strain diagrams , please answer questions
below by writing the correct letter or number.

1- Rupture stress

2- True stress-strain diagram
3-Engineering stress-strain diagram
4-UTS

5-Yield region

6-Necking region

] Ans.
1-3

O\U'I-FUUI\)
U NN -RL >
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dQ4(Years). A force of 20000 N will cause 1 cm™* 1cm bar of magnesium to stretch
from 10 cm to 10.045 cm, calculate the modulus of elasticity in GPa ?

Ans.

20000 10.045 — 10
Stress = - Jg7y2 = 200MPa Strain = T =4.5+107
E=—2%  _ 44444 44MPa = 44.4GP
“45+103 cEiras s anrd

Q5(Years). In the tension test, the property which is an indication of the stiffness of a

material ?
Ans. Modulus of Elasticity

Q6(Years). In tensile test, modulus of resilience represent ?

Ans. The Amount of energy absorbed (stored)during elastic limit .




dQ7(Years). The tensile strength —strain curve for steel shown below , the
specimen original length is 100mm and has a diameter of 10mm , using the data
in the table, answer the following .

1- The modulus of elasticity

2- Fracture stress

Load(kN) Deflection(mm)

B 10 0.3
C 13 0.5
Load A A 19
D 15
D
B

Deflection



10 x 103

Stress at B = 3 = 127.38MPa . _ 0.3
7 (0.01)? Strain at B 100
127.38
— E = 0 003 = 42.46GPa
15 * 103
2 — Stressat D = T = 191.08 MPa
) (0.01)2

duiaoll dwakiall paud) daoualK Ul aial
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Q8(Years). The figure shown below represents a Load — Deflection curve of a
tensile test.

* Find:

1- Modulus of elasticity

2- Engineering stress and strain for point A

3- The ultimate strength

4- The total length of the specimen at fracture

5- The modulus of resilience a4

.....

11
rrrrr



1— E from Slope

Ps§ P 6§
(0,0), (20,0.12)
20
Stress = = = 254MPa
Z(0.01)2
Strai 0.12 1.09 x 1073
= — = . X
ran 110
254.6 = 10°
= = 233.57GPa

E =
1.09 x 103

P &
2 — (30,0.42)

= 382.165MPa

Stress = =
Z (0.01)2

Strai — 3.81 %10 3
— — %
an

31.5%10°

= 401.07MPa

3 — Stress = =

7 * (0.01)2

46



4 — lf—ll:6 5—UR=%*Ey*O'y

lf — 110 = 0.7 %*1.09* 1073 * 254 % 106 = 138.75

[, = 110.7




JQ9(Years) Find :

1- Total strain if loaded to point X and released
2- Proportional limit

3- Upper yield strength

4- Lower yielding strength

5- Modulus of resilience

1- G
» Ans: 5,
3-B
4- C
5- H




1Q10(Years). Which of the following is a proper sequence ?
Ans. Proportional limit then Elastic limit then yielding then failure .

JQ11(Years). The specimens used in compression tests are shorter than
those used in tensile tests, this can be expected to ?

Ans. To avoid buckling (None of the above in the years )

J1Q12(Years). During tensile- testing of a specimen using universal testing
machine, the parameters actually measured include ?

Ans. Load and elongation

(1Q13(Years). A rod of length L and diameter D is subjected to tensile Load P
, Which of the following is sufficient to calculate the resulting change in

diameter?
Ans. Both Young’s modulus and shear modulus .

JQ14(Years). If fracture occurs before much plastic deformation occurs , we
say that the material is brittle ?

Ans. True




1Q15(Years). For the uniaxial stress- strain curve shown below , the
modulus of elasticity ?

E—G— 6.67 _ 10000
& 0.00067




1Q16(Years). For the shown curve the modulus of rupture for material A
approximately equals (Stress in kPa)? .

Ans.

10>+ 1000 _ 25M nth 27M T
042102 pa (in the years pa)

51



JQ17(Years). A 95 mm specimen with 12 mm diameter is used in
tensile test, if the specimen yielded and the test was continued till it
reached a final length of 102.3 mm, calculate the actual diameter of
the specimen at this point ?

T . T
Ans. Z*LL*DOZ =Z*Lf*Df2
~#95%12% =~ % 102.3 * Df?

Df = 11.563

1Q18(Years). When comparing engineering stress — strain curves with
actual stress — strain curve , the engineering stress- strain curve will have ?

Ans. Lower values of stress after yielding point .



1Q19(Years). Find :

1- Maximum compressive stress occurs at point ?
2- Maximum tensile stress occurs at point ?

3- Maximum Shear stress occurs at point ?

4- Zero shear stress occurs at point ?

5- Zero normal stress occurs at point ?

53



+ve
E

A
—ve

Normal Stress

E D

A B

Shear Stress

Ans.

2—F
3—C
4 —Aand E
5—-C

54



1Q20(Years). For a specimen under axial loading with E = 84GPa
and v = 0.28 if the lateral strain was measured and found to be
equal to 54 * 10™°, the applied longitudinal stress is equal to ?

—€lLateria _ -5
V = poissons ratio = —2% 0.28 54 % 10

e-Axial o

EAxial

€ 1,10 = —192.85 x 107>

Longitudinal stress = —192.85 * 107> * 84 * 1000 = —162Mpa



0 Q21(Years). The fracture surfaces will be oriented at 45 with respect
to the specimen axis for the following test material combinations ?
Ans. Tensile-ductile , compression — brittle , torsion-brittle

d Q22(Years). Relative to the axis of the specimen , the orientation of
fracture surface of a brittle material during tension , compression
and torsion test will be ?

Ans. 90,45 and 45

d Q23(Years). The strain energy density is equal to the area under
the load deformation diagram ?
Ans. False



1Q24(Years). If both material shown below are failed under tensile
load , the ductile material ?

Ans. 1

J Q25(Years). Three identical beams with the same boundary conditions
and subjected to the same loading are made of steel , brass and
aluminum , the smallest stress will occur in the beam made of ?

Ans. Stress are equal in the three beams

57



1Q26(Years). The figure below shows the stress-strain curves for four
different material , all curves are drawn to the same scale .

Find :

1- Material (C ) has the highest yield strength .

2- Material (B) has the highest ultimate strength .

3- Material (A) did not show any necking before fracture .
4- Material (D) is the most ductile .

5- Material (A) is the most brittle .

58



JExp: THIN WALL CYLINDER
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 Stress Types :
PD

2t
P = Pressure

1 — Hoop Stress(oy) =
oy = 20

Pressingin the inner wall
2 — Longitudinal stress(o;)

_ Q Pressing in the ends of the cylinder
4t

o, = 0 (Spherical or open cylinder)

t 1

Thickness (t) Diameter (D) <

D 20 TPWA| BRY WY C PRI

We put water, oil in the cylinder so we get stress and strain .

d Strain Types :
1 — Hoop Strain (ey) = % — V%
E = Modulus of Elasticity P
— GL
V = Poison's ratio U=
En

2 — Longitudinal Strain(e;)

60
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JQ1(Years) . In thin wall cylinder experiment, you expect the strain to be negative ?

Ans. In the axial direction for closed end cylinder test.

dQ2(Years). If the Longitudinal stress in the thin wall cylinder is equal to 150MPa
the hoop stress is Mpa is ?

Ans. o, = 2 0;,= 150 * 2= 300MPa
Q3(Years) . For a thin walled cylinders with open end condition ?

Ans.o;, = 0
Q4(Years). For a thin wall cylinder, if the pressure s increased above certain limit then ?
Ans. The cylinder usually cracks along the Longitudinal direction first.

(1Q5(Years). Poisson’s ratio is defined as ?

Ans. The ratio of lateral strain to axial strain when the material is loaded along one axis .

dQ6(Years). The hoop stress of spherical thin-walled pressure vessels is twice as large as
the Longitudinal stress?

Ans. True



Q7(Years). A strain gauge placed on the longitudinal direction of a
thin walled cylinder with closed end condition if the strain gauge
reported a reading of 146 u — strain, the value of the pressure
inside the vessel is equal to ?

D=4m , t=1.25cm , E=70GPa, v=0.33

oy Op
—_L_yZH
LT TV g
1461076 = — L _ 033« o, = 30058823.53 Pa
70 * 10° 70 * 10°
_2 30058823.53 = —
LT 4t RN WX

100
P =376000Pa = 376kPa



1Q8(Years). The air inside a thin walled cylinder is pressurized using a loaded
piston as shown in the figure, the cylinder is made of Aluminum (E=70GPa) and it
has a diameter of 60mm and wall thickness of 2mm .

»Find :
* 1- The Longitudinal stress at point A on the cylinder wall .
e 2-The hoop stress at Point A on the cylinder wall .

* 3- If two strain gauges were placed side by side at point A along the hoop
direction, what will be the strain reading if the strain gauges were connected

using double quarter bridge .

4000N




1 —0, =0 (Spherical or open cylinder)

4000
PD * 60
2 — Hoop Stress(oy) =— = T 2
8 47 (1000) 21.2MP
= 21. a
2 * 2
3 — Hoop Strain (ey) =%—V%
oy 21.2%10° »
€y =7 = oo =3.02+ 10

2%3.02%x107* = 6.057 % 107



JQ9(Years). The air pressure in a cylinder is increased by a loaded piston
as shown below , the cross sectional area of the piston face is 18.1in?
the thickness of the cylinder wall is 0.125 inches and the radius of the
cylinder is 2.4 inches , the stress in the cylinder wall at point A are ?

F 800
P —— =44.19 lBOOb

4 181

Hoop Stress(oy) = PO _A419«24x2 848.448

2t 2*0.125

Longitudinal stress(o;) = PD _4419x24x2 424.224 A

4t 4 x 0.125




J1Q10(Years). The thin walled cylinder shown is loaded both by an
internal pressure p=20 psi and an applied torque T=4000 , the radius
of the cylinder is r =4 inch and the wall thickness is t =0.125 inch , the
tangential and longitudinal stress ?

PD 20«8 i S S S m— N\ :
Hoop Stress(oy) = = 640 rp—— \ /’\

2t ~ 2%0.125 * \/
'~ (B .,

Pt il
/ |
Longitudinal stress(o;) :PD: 20+8 — 320 / \/ ,J

4t 4 %0.125




JExp: Stability Of Columns
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JEnd condition of columns( K values ) :
»Case 1: (Pin - Pin) : Max Deflection in the middle of column .
»Case 2 : (Fixed Free) : Max Deflection in the top of column .

> Case 3 : (Fixed Fixed): Max Deflection in the middle of column.
> Case 4 : (Fixed-Pined)

Pin
P "/
k=0.7
'S
k=12 L
v

Case 3 Case 4



Elai) Cgia @ gﬁ\g gy L;ﬁ ade Whaad gl Jaad) sa |3

 P_, = Critical Load “Theoretical value ” : The Load at which the
buckling( lateral deflection) will occur .

b _nz*nz*E*I n=1
" T Wef )
>L %« E x]
P =




P = Pcr
Failure,Unstable , Buckling happened

auiaodl Awassall pand) duoualK il aiall

Symbol Mean
E Modulus of
Elasticity
— 3
. I Moment of inertia I = E bh
P < Pcr
K Depends on type ;
iti b: SY) a8 )
No failure ,Stable End condition »
L Length
L. Length of column

affected by axial
" load
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JQ1(Years) . A 500mm long column has a square cross section

(Bmm*6mm) , the column has fixed- free ends and is made of steel
(E=210GPa) , Find the critical buckling load ?

Jigmad) 13¢d 2l £ 2 22 5

~ b* (0.006)*
12 12

% * 210 x 10° * 1.08 * 10710 ke
Por = = 22384 N C

(2 X O 5)2 dxiaall waial puud) dxopalS DI diaul

73

I =1.08 «10°10




JQ2(Years). if the column is to be replaced by another column having
a rectangular cross-section (4Amm*10mm) , what should be the length
of the column such that it will have the same critical buckling load ?

1 3 _ -11
I === +0.01+0.004%= 5.33 + 10

w2 %210 « 102« 5.33 x 10~ 11

223.84 =
(2 +L)*

L =0.351m = 351.5mm

duiaoldl dwaiall paud) droual Ul aiall
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Q3(Years). To find the critical force experimentally in the stability of columns
] : : P : : :
experiment, the relationship between ” and P is drawn and the intersection of the

line with P-axis is taken as the critical force because that point represents the ?
Ans . Load value at which deflection is very high .

JQ4(Years). Buckling always occurs in the direction with the (minimum) second
moment of Area .

Q5(Years). Buckling is affected by ?
Ans. Elasticity of the material

1Q6(Years). A beam with fixed- pinned end condition loaded in the middle is
expected to have the maximum deflection at a point ?

Ans. Closer to the pinned end

dQ7(Years). A beam with pinned- pinned end condition loaded in the middle is
expected to have the maximum deflection at a point ?

Ans. Loaded directly below the applied load .



1Q8(Years). For a column of length L is subjected to a compressive
load and having a critical load P, if the length of the column was

changed to g then the critical buckling load will be ?

nZ*E*I T[Z*E*I

cr — PCT — L
(KL)* l (K *3)?

|

Sl 8 sl

oS s A ga AV Jahall lae La culd (G IS

P

AxmésxEx] % % FE % [
— T Pcr:

P

Ans. Increase 4 times



1Q9(Years). In stability of columns test the rod, if rod material is steel
(E=210GPa) , The cross section with dimensions of 0.5%2 cm and length
90 cm , if the data given in table are for pinned-pinned end condition

Find :

P Y(mm)
1- Experimental critical load . 30 0.125
2- Theoretical critical load . 50 0.250
3- Percentage error . 75 0.500
100 0.750
125 1
137.5 1.25
150 1.50
162.5 1.75

duiaoll dwakiall paud) duoualK DI aial

175

2
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Ans: z Al Jaall dlag) af (ra g dam ) ani i S A aaS

P Y(mm) P /

Y

30 0.125 240
50 0.250 200
75 0.500 150
100 0.750 133.33
125 1 125
137.5 1.25 110
150 1.50 100
162.5 1.75 92.85

175 2 87.5



P

175

30

P

o

87.5

experiment

240
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e« E %[

1
— . 3_ -10
P. = (KL)? I =—+0.02+0.005°= 2.08 + 10
» - m*%210%10°%2.08 10710 c21 68 N
i (1%0.9)2 U

pP.—P
Error% = ( CP ) * 100%

531.68 — 175
531.68

Error% = ( ) * 100% = 67%

axinodl Awaial puud) dioualKEn dainabl




(1Q10(Years). Four specimens (A,B,C,D) of the same material length and cross
section but with different end conditions are tested for buckling, the load P is

. P : :
plotted against ” wherey is the lateral deflection as shown .

1- The specimen with Fixed-Free end conditions is ?

2- The specimen with Pinned-Fixed end conditionsis ?

1- Fixed —free : K=2
So P_, is lowest so the Ans (A)

2- Pinned —fixed : K=0.7
So P, is higher so the Ans (C) not (D) because (D) k=0.5
so its has the highest P, .




1Q11(Years). One of the following is an example for buckling of
column?

A- Column in a building

B- a beam loaded by an axial compressive force only
C- Walking stick

D- All of the above




] Exp: Deflection of Beams

Types of Beams

| (a) Cantilever
\\‘;““\."\“
1 ~litte

axiaadl Awaiall paud) droualK Ul diall

(b) Simply supported




» Simply supported beam

- - . X X
- X F AxZF(]_—Z) Bx:F*Z
i S |
A B Reaction Reaction
3 [ 3] L
R O i L 0<x<
ZL)\L I / BEI"L 3 2
% Deflection FL3 I
/ 48E1 2
Max Deflection h

1 _
I =—bh3 b: »SY¥) a3 ) :
12 b




» Cantilever beam

= } — FL: 1=L o
X =Y Yrmax eﬂec lon (J/) = 3E[\A,. " ..12
, i > 81l 2254
Deflection Proportional to F and L® o o
JJSA ) Qe

Deflection Inversely to E and [

F
y i S or Deformation at point A = Zero
7 B

7 S or Deformation at point B = Max

b: s:SY) a8 0
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Measurement of the Deflection : By Dial gauge and the unitsin (mm).

Measurement of the Reaction : By Dynamometer and the units in (N) .

1 Round=360°" = 1mm

Reading
1 Round = 100 part

- gLu.S\ @L'd\
Theoretical—Experiment

F=

Theoretical
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J1Q1(Years). For a simply supported beam with loading shown, if it
has cross section of (20mm*4mm) :

* Find :
1- Reaction at Aand B
2- Maximum deflection occurs at ?

20549 aga Vs

3- Moment at point C

4- The Maximum tensile stress in the beam at point C P =30
4Mmm
0.5m
! C
im
A

2m



1
1—Ax=30(1—§) Bx=30*%=15N
= 15N

2 — Max at the centre of the beam

3— XM,=15%0.5=7.5 CpiS Jas |

Mc 7.5%x2 %1073
4 — T — 1 = 140. 63Mpa
13 * 0.02 0. 0043




JQ2(Years). If the beam is replaced by another one of same material ,
same length and same loading but with circular sectional area of
diameter 10 mm then ?

— f—

FI3 | x X3
e — | A
W)= REr|° L
rd* m(0.01)*
] = — = = 4. 1010
64 64 2010
I=lbh3 =i*002*00043 = 1.06 « 1010
12 12 ' ' '

Ans. Beam of rectangular cross section will deflect more than circular
one because moment of inertia is higher than circular cross section



1Q3(Years). A cantilever beam of rectangular cross-section is
subjected to a load W at its free end , if the depth of the beam is
doubled and the load is halved , the deflection of the free end as
compared to original deflection will be ?

. FE
Deflection (y) = W
S — 4F1L13 . — F2L23 SZ - Sl :i
' Ebih,3 2\4Eb2h23 1e
1



JQ4(Years). A 1.75 m beam subjected to a load at point x if the
reactions found at A and B are 1245N and 1975N respectively , the
load F and its location are ?

A =F(1—2 1245 = F(1 — —— S §
x=F1-7) =F =17 i
A B
- X X
ons — g _FEX ons (. 3456.25
= =778 = =17 3220 = F
. X
1245 = 3220(1 - 7 107 = X




d Q5(Years). ot

1- The material that has the highest ductility ?

Ans. A /J

2- The material that has the largest elastic modulus ?
Ans. C

3- The material that has the highest toughness ?
Ans. C




1Q6(Years).
1- The shear strain in a rod is the deformation per unit length ?

Ans. F

2- Buckling is a mode of failure that does not depend on stress or
strength but rather than on structural stiffness ?

Ans. T

3- Horizontal equilibrium is used to determine that the neutral axis of
an elastically deforming beam is located at the centroid of the cross —

section
Ans. T

93
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JQ7(Years). A 800mm beam is used in deflection of beams test , if the

load of 4 kg is applied at point 650 mm from A, the reaction at B will
be equal to ? If you know E = 190GPa and A = 18 * 6 mm?*

650
B, =4%9.807 1073 % 300 0.0318kN = 31.872N

94



(1Q8(Years). For the same data in previous question , if the load is
applied at the center of the beam , the expected deflection at
Xx=650mm from A equal to ?

I=i>l<18>l<63 = 324mm*
12

S = 4 %9807 *1073 «800° [3 %150 4 150°
48 %324 % 190 * 1000000 | 800 8003

= 3.64



N

JExp: Impact test
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* Toughness : The energy required to fracture a material and it depends
on geometry (strength) and ductility or Total strain energy per unit
volume of a metal .

* Impact is a shock load which is applied for a very short time under
consideration .

Toughness and ductility

t: time of application of load on specimen

. . 1 : . .
Consideration : t<-W_ W._.natural period of vibration of
3 structure(natural frequency)

Toughness and Temperature
da sk Adde

Types of Notch: 1-V 2-U Types of impact tests

1. Charpy test 2. Izod test

<=

v
K g

(b) Charpy Test

Toughness Low Higt

Stressconcentranon.~~~ Higt Low

(2) 1zod Test 7



Charpy test 1zod test

1-Notch opposes the hammer 1-Notch faces the hammer
2-Specimen is simply supported 2-Cantilever type specimen (clamped)
3-Simple and fast 3-More complicated and slower
4- Low Toughness 4- Hight Toughness
(Brittle example . steel) (Ductile example : Aluminum)
5- Two shearing Area 5- One shear Area
6- E Charpy =2 E Izod 6- E Izod = E Charpy
7- IS 7- AN gl
2
U= mg(h,-h,)- friction Max velocity so h1=zero then h2=;—g

U= mgL(cos 8,-cos 6,) - friction

98



JQ1(Years). Four different samples were used in impact test for the

same material , the order of samples based on the amount of energy
absorbed from Low to high ?

Ans.
(V notch charpy) — (U notch charpy) — (V notch Izod) — (U notch Izod)

JQ2(Years). In the impact test , the pendulum load was released
before installing the test specimen to ?

Ans. Measure the friction energy loss

1Q3(Years). Impact test use the principle of () the material ?
Ans. Conservation of energy to find the toughness



JQ4(Years). In 1zod test , the specimen is kept as ?
Ans. Cantilever Beam

JQ5(Years). In Charpy test, the specimen is kept as ?
Ans. Simply supported Beam

(1Q6(Years). A loads acts on a structure for period of time , this izod
can be considered impact if ?

Ans. Its application time is less than one third of the first natural
frequency of the structure .

JQ7(Years). Charpy testing determines the yield strength as a function
of temperature ?

Ans. False

1Q8(Years). The energy per unit volume required to cause fracture in
the charpy specimens is called ?

* Ans. Modulus of toughness



JQ9(Years ). Write Down the name of each test in the provided box
and draw an arrow showing the direction and location where the
hammer hits the specimen ?

“aan

Ans.

= 1 4

(b) Charpy Test

(2) 1zod Test 101



1Q10(Years) . Using the figure shown , the energy absorbed through
the impact test is ? If you know the massis 1 kg and g = 9.81?2

U= mg(h,-h,)

9.81+(1-0.4) =5.9N.m

JQ11(Years). A specimen is used in charpy test absorbed 45 joule to

fracture, if the same specimen is used in Izod test will most likely
absorb ?

Ans. %* 45 = 22.5 joule



JQ12(Years). A 4 kg hammer is used to construct a pendulum for
impact test with L=0.75m , the pendulum was initially held at 0" angle
with the horizontal line and used in charpy impact test , if the final
pendulum position was at angle 25 with the horizon , what the
expected value of the energy absorbed by the specimen ?

_» Horizontal

sUana & da )
h =0.75 +sin25 = 0.43
U= mg(h,-h,)

4%9.81x*(0.75—-0.43) =12.44



JQ13(Years). In impact test experiment , a hammer with mass 50 kg is
released from rest . The maximum velocity was measured to be 5 = ,

the resistance energy loss coming from air just before impact is 5 ’
joule , after hammer had strike the specimen , the maximum
elevation of the hummer on the opposite side is 0.4 m, estimate the
energy absorbed by the specimen ?

Ans.

1
Au = [Em x V% — (mgh)] -5

1
Au = [ESO*SZ —(50*9.81*0.4)] —5=423.8



JExp: Fatigue Test
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So, Fracture happen at a stress less than yield stressor o < 0,

[ O
Ultimate stress gcg X

Residual fracture
surface. rough

Form of Fracture at angle 90

Fatigue fracture
surfaca: smooth
with lines of rest

Appedarance of the fracture
surface of a sample

Fatigue Life: It is the number of cycles to cause failure
at a specific stress taken from S-N curve S: stress

N: # of cycles

Fatigue strength: It is the stress at which failure will
occur for a specified number of cycles.

106



Mc
o= —
! [

M: Bending Moment = F*L

Stress ——g-

c = centroud = —
2 —
-

4
No of Cycles ——&s=

. T
I: Moment of Inertia= —

——

#of cycles = oo then No failure

Endurance : the number N of load cycles until #of cycles = Zerothen 0 = 0,

rupture at a certain load.
Relation between Stress and #of cycles is inverse

Fatigue Endurance Limit: It is the stress level at which fatigue will never occur, that is the
largest value of fluctuating stress that will not cause failure for infinite number of cycles.

107



JQ1(Years). In fatigue testing , a material with no clear endurance
limit is typically ?

Ans. Non ferrous

1Q2(Years). The stress level below the material can withstand an
infinite number of Load cycles ?

Ans. Endurance Limit

Q3(Years). The laboratory instrument used to test the fatigue life of
material has ?

Ans. A rotating element with an applied bending Load .

Q4 (Years). In fatigue test an alternating Load can be defined as a load
that ?

Ans. Changes periodically between tension and compression cycles



1Q5(Years). The figure below shows the results of the fatigue
experiment , in this experiment a beam rotates with the motor and is
subjected to a load F at the free hand . The beam is 100.5 mm long,
8mm diameter and the moment of inertia is 201lmm*

* Find:

1- the ultimate strength for this material
2- The life at the ultimate strength

3- The life at a stress of 200 Mpa in cycles
4- the endurance limit

5- the fatigue strength that cause failure
of this metal at 1000 cycles

6- the maximum load F that will cause
failure in the previous question




Ans. 1- 400 MPa when the number of cycles (N) is 1
2- One cycle

3- when the stress 200 MPa , the cycles is 10°
4- 150 MPa

5- 1000 cycle so the stress 300 MPa

6- Load = Stress x Area skl gl

300 *g* 82 = 15072N = 15.072kN

Sl & Al

& g Al




1Q6(Years). Three different specimens of the same material were
subjected to fatigue loads, the following illustrations represents the
broken specimens , which one of them represents the one that had
the least load (Lowest stress ) ?

Ans. C

111



JQ7(Years). In fatigue test if we reduce the magnitude of the cycle stress ?
Ans. The part would serve more cycles before breaking

(1Q8(Years). Fracture usually occurs as soon as critical stress has been
reached , however repeated applications of somewhat lower stress my
cause fracture , this is called fatigue ?

Ans. True
1Q9(Years). What is the relation between stress at the tension side
and the diameter of the fatigue test specimen ?

Ans. Stress is proportional to (di(,n'ruete‘r)_3

J Q10(Years). In fatigue test if we increase the magnitude of the cycle stress ?
Ans. The part would survive less cycles before breaking



JQ11(Years). The Shown curve represents fatigue test, results for
aluminum and steel , refer to it answer . The endurance limit for
Material B and represents what ?

Ans. Endurance limit cant be determined
and it represents Aluminum .

113



J1Q12(Years). A cylinder of 2014 T6 aluminum is subjected to full
reverse load cycle with a maximum load of 125000 N, using the
fatigue data in the figure , the diameter of the cylinder of giving a
lifetime to failure of 100 million cycles ?

114



P
o = P = 125000N (k)

#of cycles = 10°

o = 20ksi (From diagram ) = 18 x 6.895 = 124.11 MPa

125000

. D2
3*D D =35.8

124.11 =




JQ13(Years). The S-N diagram from some steel alloy is shown, find :

1-T
2-T
3-T
4-T

ne endurance limit of the material ?

ne fatigue life corresponding to a stress level of 350MPa ?

ne ultimate strength of the material ?

ne fatigue strength corresponding to 30000 load cycle is ?

116



Ans.

1- 1I50MPa
2- 1000
3-400

4- 270

Ultimate strength

117



JExp: Creep Test of Metallic Materials

PN\ al\VirAY~
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Creep : A consequence of this is that steel under a constant stress Slope= Rate of strain
at an elevated temperature will continuously deform with time . Unit : —

Sec
* Rate of Strain (Creep ) depends on :
1- Temperature 2- Stress

Creep occurs if :

« T.>04T,
* o2 O'y

T_: Absolute melting Temperatu
T, : Surrounding Temperature



1 to 2 Primary (Transient) Creep : Constant Load or Stress
Diminishing rate due to work hardening of the metal
Work hardening > Annealing

Rate of strain decreases

2 to 3 Secondary Creep(Quasi-viscous) :

Constant rate because a balance is achieved between the work
Hardening and annealing (thermal softening) processes.

Work hardening = Annealing

Rate of strain constant

Determines the life of a given component 1
Needs more time , Most important stage

Prime importance as a design criterion '

Primary or
Transient
Creep

Strain or Extension

3 to 4 Tertiary Creep : Time

The creep rate increases due to necking of

the specimen and the associated increase

in local stress.

Failure occurs at point 4.

Work hardening < annealing

Rate of strain increases 120



1Q1(Years). The creep rate is ?
Ans. Directly proportional to the metal temperature and applied Load

JQ2(Years). Of the three stages of creep it is the second stage that
shows a constant strain rate ?

Ans. True

1Q3(Years). An elements which are subjected to creep spend most of
their live in ?

Ans. Secondary Creep

Q4 (Year). Plastic deformation and eventual failure at elevated
temperature under static mechanical stress is called creep ?

Ans . True



JQ5(Years). A good example of a material which has creep under
loading at room temperature ?

Ans. Lead

1Q6(Years). As the working temperature () the creep strain rate () ?

Ans. Increased , Increased .

1Q7(Years). Creep in metals occurs at significant rate when ?

Ans. The stress is higher than the yield strength and the temperature is
higher than 40% of the melting temperature .




1 Q8(Years). In the creep experiment, a typical extension — time

curve is shown below .
 Dimension of the specimen : Thickness 2mm , width 5 mm and

gauge length 90 mm

* Find: _$1 I
1- Design creep rate . :_
: . §3. o
2- Elastic region R =
3- Plastic region a%:* | a2
4- Fracture strain
3
| |
:-. 1t| T E t .



Ans. 1- Creep rate for stage (2-3) =

2- from O to 150

3- From 150 to 450

Length

90

Elongation _ 450

Elongation

Time

350—-250

— 4

Strain or Extension

35—-10 min

Constant Load or Stress

Secondary or
Quasi-viscous

Primary or Creep
Transient
Creep
2
1

Tertiary Creep

Failure

Plastic

Elastic

Time
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Q9(Years). A material with melting point = 755C  is subjected to stress at
elevated temperature, the maximum temperature for this material to be used so
it wont shown creep behavior is ?

Ans. Ts > 0.4 * (755 + 273.15)
Ts > 411.2C
Ts >411.2 —273.15 = 138C"

JQ10(Years). The figure bellow shows an actual results obtained from creep test for
4 different conditions of the same material , the longest time for rapture is for ?

Ans. Curve 2

CmrpSomn




