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Dynamics

Dynamics: is the branch of mechanics which deals with the study of
bodies in motion. It is divided into two parts:

1- Kinematics: is the study of motion of a body without any reference
to force system acting on it.

2- Kinetics: is the study of relationship between motion and the forces
causing it.

13.1 Motion

ot A8 jad) el St saisall (B aida g amad) Al ) an AT 22y laa e puda gal ) J gY)
In physics, motion is a change in position of an object with respect to time and
its reference point. Motion is typically described in terms of velocity,
acceleration, displacement, and time. Motion is observed by attaching a frame
of reference to a body and measuring its change in position relative to another
reference frame.

The following are the terms that should be studied before dealing with

motion : 13.2 Rest : When the body does not change its position with

respect to the surroundings, the body is said to be at rest. Example: A
person, sitting inside a moving bus, is at rest with respect to the person
sitting next to him as he is not changing his position. Motion: When the
body changes its position with respect to the surroundings, the body is

said to be in motion. Example: Considering Sun as reference point,

planets change its position, so, planets are in motion.

45

13.3 Kinds of Motion

1- Translational motion 4S_all 4y 4y Laie 85 ) daall daddl e awal)
L)l sie Lad Lein A adlge clli A4S al) CalS 5

which divides into rectilinear motion(3_~ll Je b adis ) and curvilinear
motion(Aas_all e slus sl ),

2- Rotational Motion 25 i sS85 Gl jlue Glapen auall Hl 5 325 saa
Ay e Jsae Olosall A8 a8 da g all Al el LSy Ja e Wl s
Ahadle 1 2 (S5 A all A8 je e A a AN AS e Al Jhe AS)a dlae )

-

& £ L) L e

13.4 Distance and Displacement

In Physics, we have to be able to describe the motion (or in simple words,
movement) of the objects where object might be as small as an ant or as
big as an Plane. One of the important way to describe the motion is "how
far the object moved?". This parameter can be described by either of these
two -

1. Distance 48bus



2. Displacement 4= )

So, what is distance and what is displacement? Distance is the length of
the path covered in the motion of an object while Displacement is the
length of the straight line between the initial position of the object before
movement (or motion) and final position of the object after movement
with the direction. Simple Definition

Distance :- is the total length of path traversed by the moving body
without worrying about direction. Displacement :- is the line segment
with direction between initial and final position of a moving body .So,

distance is a scalar (only magnitude
46

but no direction), on the other hand, displacement is vector (magnitude
with direction). So, displacement has a direction but which direction?
Easy.. direction will be mentioned with the answer.

Like in figure 18, movement happened from A to C through B (A to B and
then B to C). In this case, Distance is be 7 meters (length of the path
covered = sum of length AB and length of BC). Although, displacement is
5 meters in the direction of AC (Length of line segment between initial
position, A and final position, C = Length of the line segment AC).

13.5 Rectilinear motion 4 al 4adicall with constant
acceleration:

Velocity (V): The time rate of change of position.

V=ds/dt

Acceleration (a): The time rate of change of velocity.
a=dv/dt

Vo=Vi+at..... (1)

S=Vit+(1/2) at........ (2)

V2:= Vi + 23S .............. (3)

Ex 19: A train_d=8 is moving from rest (i« o<l in station (A) in a uniform
acceleration Jia23 Al and a straight line and reaches station (B) in 72 Km/h
which has a distance 4L of 2 km from (A) . Then the train continue in this
velocity and reaches station (D) after 0.5h from its initial movement .Then the
driver used the brake to stop in station (E)after 35 minutes from its initial
movement Find:

Figure 18 Distance and Displacement
47

1- Acceleration and the time of the train from (A) to (B)?
2- Distance between (B) and(D)?

3- Acceleration and distance between (D) and(E)?

4- Mean velocity of the train between (A) and (E)?



Sol:

72Km/h =72*1000/3600 =20 m/s , 2Km =2000 m, 0.5h=(1/2 )h=1800 sec
From A to B V1=0, V2=20m/s , S=2000m

V2.= v+ 2aS (20)2=0+2*a*2000 a=0.1 m/s:2

V2=Vi+at20=0+0.1*t t=200 sec

From B to D tspo= 1800 sec - 200 sec=1600 sec

V=s/t s=vt=20*1600 s8p=32000 m

From D to E 35 min.=35*60=2100 sec. tep=2100-1800=300 sec.
V2=Vi1+at0=20+a*300 a=-1/15 m/sa bl Jixi Lli 5

V2,= v+ 23S 0=(20)2+2(-1/15)*s s=3000 m

Mean Velocity=(s1+s2+s3)/ttotal =(2000+32000+3000)/(35*60)=17.62m/s
Problems

21. A body dropped (ki ) from a top of tower(“s z_» ) of 100m height( \& )
4

) and at the same time another body thrown(—2 ) vertically from the bottom
of the tower(disl z il ) to collide (axkaal )with the first body at a 34m height
find the first velocity of the second body ( thrown body)

22. A ball is thrown up with initial velocity 19.6 m/s2 find.

1- The velocity after (1.5) s?

2- The time spent to reach the maximum height.?

3- The maximum height.?

4- The time spent to reach (18.375) m height.?
48

13.6 Newton's Second Law

The acceleration of a particle is proportional to the resultant force acting on it
and in the direction of this force.

analiy Jand annd) e Aluane 3 g8 3 3 5all Agde (5559 olaily 3Rl

dpal) dpdaly 1) ¢y 9I8Y (gl A (g

2F=m a

EX. 20: A body of 80 kg is placed on a plane surface. Find the force P required
to give the body an acceleration equal to 2.5 m/s2 if the kinetic coefficient of
friction between the boy and the surface is 0.25 ?

Sol: X Fx=m a

P cos 30- F=80*2.5 F =uxN =0 .2 5 xN

P cos 30 -0.25 N=200 ------------ (1)

SFy=0 pwad ¥ dal slaiily LAl

N — P sin 30 -785=0 N=P sin 30 +785 ------------ (2) sub. In (2)
P= Newtons

49

13.7 Curvilinear Motion & all e L (aie
F o r curvilinear motion there are two components of acceleration:



1) Tangential acceleration (at): at= dv/dt
2) Normal acceleration (an): a n=ver
Where:

I = radius of the curve path.

V = Final velocity

Total acceleration (a): a=Vat+an2

Notes:

1) In rectilinear motion: r = oo
an=vr=zero ;a=at=dv/dt

2) In case of constant velocity:

at=dv/dt = zero ; a = a n=vzr =(constant)
3) In case of regular change of velocity:
at= constant dv/dt ; an= variable = v2r

Va=Vi+at..... (1)
S=Vit+(1/2)at2...... (2)
V22=vi2+ 2aS .............. (3)

EX 21 : Atrain moves from the rest on a curve path (r=81m
Jrepresented in the following relation (S = 4t2+ 3t + 7) find tangential
acceleration, normal acceleration, and total acceleration after (3)
seconds.?

Sol:

V=ds/dt=8t+3=8(3)+3=27m/s

at=dv/dt =8 m/s.

an=V2/r=(27)2/81=729/81 =9 m/s2

a=Vat+an2=V82+92

a=12m/s2

50

EX. 22: A point moves on a curvilinear path with equation (S=t3+
5t).the total acceleration is (8.39) m/s2when t = 0.66 seconds. Find the
radius of the path?

Sol:

V=ds/dt=31t+5=3(0.66)2+5=6.3m/s

at = dv/dt = 6t = 6(0.66) = 3.96 m/s2 a=Vat+an2 an2=a2—a2=8.392—3.962
an=7.4 m/s2

an=V2/rr=V2/an

r=(6.3)2/7.4=5.4m

13.8 Rotational Motion

Figure 19
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S=r0 dSdt=rdldt V=rwdVdt=rdwdt at=ra an=V 2r
a=Vap+an2

when rotational motion at constant acceleration: W 2= 1+0ot

w2=w 12t2a 0 f=wit+12 a t2

Ex 23: The right angle bar(g!,3 aid 43 311)
rotates clockwise with an angular
velocity which is decreasing (u<lii )

at the rate(J@») of 4 rad/(sec)2

find the velocity and acceleration

of point Awhen w =2 rad/sec?
A

w
52

Sol: V=rw=0.5%x2=1ms at=ra=0.5x-4)=—2 mlsz2
an=Voar=(rw)2r=rwz2=0.5%x22=2 m/sz2
a=\at+an2=\(—2)2+22=\8=2.83 m s 2

Ex24 : The rotational velocity in revolution per second of a radial line on
a rotating gear is given by : w =—200+8 t 2 Calculate:

1- 68 during the 3rasecond after t=0?

2- The angular acceleration a of the disk when its angular velocity is
momentarily zero?

Sol: 1-0=lwdt=/(-200+8 t2)dt=149.3
rev.x2m=937.8rads3z3:2



2-

When w =0 0=—200+8t2t=5sec

a =16t =16x5=80rad /s 2

53

14. Work, Power and Energy

14.1 Work Jaddl

work done by a force is the product of the force and the distance moved in
the direction of the force by the point at which it acts.

W=F.S
W=F.S.cos 0
W=-R.S
W=m.g.h
W=-m.g.h
W=m.g.sin 0 .s
W=20

Unit of work: N. m (Joule) figure 20

dbadle Jadll e padaall el oalsd) s

54

14.2 Power 84l Jaxal) a3 Slad¥ Jadd)

The time rate of the work done. It used to measure the efficiency of the
machine which performs work.

Power (p) = work / time = w/t

The unit of power are: N.m/s = joule / s =[watt]

horsepower (hp). hp =746 j/s

1kw=1.34hp

1 hp = 0.746 kw

Power in any instant =F As/ At=F. V

14.3 Energy J) 48a)s jaial) o Sladl Jad(

The ability of the force to perform a work or (the work which the body
can be done). It has the same units of the work.(N.m, dyne.cm).
There are two types of energy:

A) Kinetic energy (K.E):

The energy gained by a body because of its motion.
K.E=1/2m V2

Definition:

K.E = work done

KE=F.S

The proof:




v22=v12+2a s (multiply this eq. by (1/2)m) 12m v22=12m vi2+2a s 12m
12mv22—-12mviz=mas

KE=F.S

It has the same units of the work (N.m)

B) Potential Energy (P.E):

It s the energy gained by a body because of its position. P.E=m.g.h
Definition:

AK.E=AP.E

The proof:

AK.E=F.S
55

12 m (v22—v12)=m g (h1—h2)

12 mv2+m g he=12 mviz+m g ha
2(K.E+P.E)=X(K.E+P.E)
Notes:

1- A body thrown up:

K.E in the time when it is thrown= SUM Of P E & K E in any instant= P. E in the max.
height

2- A body fall down:

P. E vefore falling in any instant = SUM of P. E & K. E = K.E near the round

EX 25:

Calculate the velocity v f the 50 Kg crate(/krat/_<s ) when it reaches the
bottom of the chute (/shoot/_2~ie)at B if it is given an initial velocity of 4
m/s down the chute at A. the coefficient of kinetic friction is 0.3 ?

Sol: Xf y=0 N =50%9.81xcosl5=474newtons
F=pixN=0.3x474=142.1newtons

W 1=50x9.81xsin15 x10=1263.5 Jadi 48 e () sl ) ga(

W 2=—142.1x10=1421 jou l @ Jad 5 58 NKiaY) )alloy(

AW =—1421+1269.5=—151.5joule

AK.E=AP.E12x50%(V p2—42)=—151.5

VB=3.15 m/s
15

B

A

10 m
56

Problem

23. A 0.05 kg shot has a horizontal velocity of 600 m/s is penetrated a
target for 0.2 m distance. Find the mean resistance of the target?




24. A pendulum has a mass of its ball m and the length of its thread is 0.4
m. The ball pulled until the thread made 60 -with the vertical and released
to vibrate. What is the velocity of the ball movement when it pass under
the suspension point directly? (neglect air resistant)?

57

Strength of Materials

daglia 3 gall: oA g alsd) ¢ uon s Jlaay ddalicall 5 abwdl) Gluag
Clalga) ciladiy) o cla il g Al Lghaad @l Jlaal) |

Strength of materials: is the science which deals with relations
between externally applied loads and their internal effects on bodies. The
bodies are not assumed to be ideally rigid as in the statics. Rigid body does
not deform under any loads.

Glia an luca il dlarioad) Jagai]l Gllaa G slie M sall Lgia 1 —

1

1Y 3 Sl il Al eVl

2

2 -3k auall diladia,

3

3-uald sl oA Baaly (B aes Al |

4

4Y 325 b aeall B G AR U8 gy deall S8 a3 OS5 aual
adbq\j ):\.Itu

Jasll,

The purpose of studying strength of materials is to be ensure that the
structures used will be safe against the maximum internal effects that may
be produced by any combination of loading.

Definitions «iylas

Loading: Is the external force acting on a body.

Juaal¥l: Ay s sdll Al S Ao cldial),

A&l Tension :‘;A_g'é)ﬂ\:\:\;)&\ ‘;"J\ UAFJNL@J?L»AY\ ‘;"\S\j JJSLSJEMS;\J
42 gac

e Lgaalia olaily ) slae Fusse 201 il jall Jala oda alua¥l lae 525
LealUai

6l 333 el s a5 3 Lga e LgSians

Figure 21

P
58
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A3 see e adalie alua¥) Jad 5 L 805 )5S Ly pae LS 8 2l (0 elai) (5 58 ()5S e
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Figure 22

Stress:

Is the force of resistance offered a body against the deformation.
Stress=PA

Where:

P: applied load

A: cross-sectional area

There are two types of stress :-

AgaY) Stress sa 5 Jaee (o8l dalall Al ol G Gl ja el die & gan 5 o0
a5l o Al A HAll e adalia aluaV), 5 ) sea Ay @llia (e 55 e CilalgaY) -
1- Normal Stresses: when the force acts perpendicular to the cross-section

area
1 -clalgay) 4 sand) )asaadl ( Normal Stresses - o2 5 i) al 55 Laxie i3 (5 4l
A )l 5 ) say i gee o paile auad) Jie 28l Blaaai¥l 5 30 5l o 0S5 W
Cilalea) 4305 tension stresses sl lalea) dudaxa compression stresses

Figure 23

P
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A) Compression (compressive stress) o ¢

B) Tension stress (o ¢ ):

Figure 24

2-Shearing (Tangential) stress (t): The stress which is caused by
force acting a long or parallel to the area resisting the forces sometimes
called tangential tress.

2 -clagaY) Luulea) Tangential Stresses 25 Al Asiilavie jisi @l s
o Al 5 gea Lpan ) 431 50 adaliad plua ) Jis i) o) i1 5 3a 54l T

T=PA

Where:

P = shearing force

A = area being sheared a long or parallel to p

Double shear: The devise the bolt resists shear across two cross sectional
areas.

T=p/2A

Strain (e):



Is the deformation accompany loading.
Or
Is the change in shape or size produced in unit dimension of a body

subjected to an external force. € =6 Lo=L —LoL o

§ :the elongation(dUaisy) )

Lo : origin length, L: finally length

Jud¥) strain - sy esdill (Al i Al auall dagii A il ) Cilalgal Ll 5

s Al

daliall o anad) ()5 lata JladiV) Co ey AawiS G sl dlanly anaad) ) eV Loy
rsde,

P

P

P

)
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Elasticity: the limitin which the material will return to its original
shape when unload.

g pall- o308 50 e g la jial Lol 4la¥) asy )3 daall Sigall Lale oo
o 5okl (g3l iy Jaall o il ¢ yall

Plasticity: the limit in which the material will not return to its original
shape when unload.

Lgall) 1- o) ol yuall ) T pkad A alagl salal) i il Jeall Lgide ate g ¢l il 3all)
la sl Aabial) sy A1) ) el Jaadl s ) usilly o) il i) 4 gall),
Deformation: the change in which any dimension associated with the
load or temperature induced displacement.

p9dil) - 583 ke o i IS ala) g anadl day aliaat JlaalU ) 8l dpa JlAlI( () 5So
Ll e ) ol

Assumptions:

1- Constant cross sectional area of specimen.

2- The material homogeneous.

3- The load must be axial.

Notes:

1-Normal stress (axial load) normal strain (elongation).

2-Strain is a dimensionless quantity.

3- Units of stress are:

[N / m2(Pascal) (pa), N/ mmz, Ib / ftz, b / in2 (psi)]

[ 106 N/ m2=10spa=1MPa, 10sPa=G Pa]

Q9é da Hooke Law -
A5 O 23a A8al) Cp JaiY) Slga¥ s Gy Ob iV ol Ll Lo sk e dlea W) (63 s
Glld Jlrdsy)



Hook's Law

E=ce 0=PAE=5L
E=pasL=PLAS & =PLAE
61

GlgaY) 4 gan) Al Jas g g o gas o) adala Gl gl g pdalla e

Normal stress due to an axial load on Uniform Cross section area ;
O Jilasall L) 4 i) salall dpubiall Lellasind 5 (S e AT 5 G lasla
IS Sy Lanall o ASLal (e alil) Jaally deaiaal) (o adaf 5010 1AL (pad (55 5 puall il
o 5lie A a5 Lall 5 Alaivaall ddlia) Lol sad (5 AN Bl 138 (2 2,

o=PA

Example(26)

Compare between the two stresses of the two rods shown.

JGaz- B G Cpalea ! S (e 0t gand) Cpuiaall 8 S

o 1=600N 10m m 2

o 1=600N 10%10-sm 2

o 1=60«106N m 2

o 2=60001000 m m »= 60001000%10-¢

= 6%106 N m:

1Al )l Balall 8 2 ganll ) 1 (I Aaglie alii B i Cilaial daglie 3 ganll ) 2)
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Example (27)

If the allowable stress is ot =157 M N m .. for the plate shown find the
force F if the diameter of hole is d= 20 mm ,the plate's thickness is t= 10
mm and the plate's width is 200 mm?

)2 233 8 58l Aa gensall dasiial (o liall 83 gadie Cdaal day )b sl US Leia d= 20
mm « Lle ol @lilga¥l da sandl 28ll g £ =157 M N m 2« Slan s Aagiall t=10 mm
lea e s

b=200 mm ¢

Answer: -

A 1=0.2+0.01=0.002 m 2

A 2=0.02%0.01%2=0.0004 m 2

~ 0.002-0.0004=0.0016 m 2

ot=FA F=ot=+A =157x106%16%10—4

~F=2512KN
F

F

F

F

63
Example 28:




An aluminum tube is rigidly fastened between a bronze rod and steel rod
as shown in the following figure. Axial loads are applied at position
indicated. Determine the stress in each material.

- 45l e o sl A C sl 5 35 ATs 63V 8 LS 8 JS), culale Jlaal1 4y ) gaall
& S Al caval dlgay) 8 JSale €

Sol: 0 =PA

ocBronze=PA=25x10:750%10-=33.333 N/m2compression
cAluminum=PA=5x1031100x10-6=4545 N/m2compression
oS teel=PA=15x103850x10—6=17.64Nm2tension

BaY o Aga¥) b Feo) psially ¢ eSs Unida Laly dgal) b N 6l 08 2k *

BaY o) Jishl ) ¥ ¥ i Ao clibua alalgal) *

ABsronze= 750 mm2 Aaiuminum=1100 mm2 Asteet =850 mm2

15 KN
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Example (29):

Find the minimum diameter of steel wire when the load exerted on it is 5KN

and the stress is not exceed 100 MN/m2?

Jhaz- i e aliall (528 ) Jes o8 5 KN 2 JBl e o 3¥ bl 1Y) caale o

AV Y 5% 2100 MN/m ¢

Sol. 0 =PA P=5 x103 N ¢ =100x106 N /m 2

100x106=5x%103 4d2 d =7.98 m m
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I @3 Similarity Principle

s nt ) Ulal ) e g (30 (558l 5 5i5al) e 4tila L jlal) diln) (5 5l

sl o sk sl a5 il sl Aatll) sl (S5 slane g pamall 5 yad a5

alalaal) Zaliaall 5l 5 138 Taall ey Taay @l

OSas el e cila sl LISH 3 gand 53 Aalise alaie Ll alg (e Jalaa 4 5 jall

ey b3l (o &

SL=P LA E=1A E (P1L1+P 2L 2+P 3L 3+-')

Cua P 135l 5 Jisall o adaiall Y1

1L Jsh alaiall J5)

Lol 13 OAS 3 panll 53 alalia ddliaa ) 1A ¢ 2A ¢ 3A (Jishls adalidll ) 1, L2, Lal( de Vsl cuilS y aran
A

iﬂg\ o 358 2 P old Uil 2SN () o5 ) 8 Al ol Ll E -2)

SL=SL1+SL2+SL3

SL=P L1A1E+P L2A2E+P L3A:E

SL=PE (L1iA1+L2A2+L3A3)

Lal 13) Calial Jalae A5 pall G alaiiall ld i) Canen VIS -

SL=P (L1A1E 1+L2A2E »+L3A3E )

Notes:

1) elongation of bar of homogeneous sectional area:

6 =8 146 2+6 3+ -=P1L1AE+P2L2AE+P3L3AE+:--=1AE(P1L1+P2L2+P3L3+::*)

Where:




P = The force affected on section
L = The length of section

2) Extension of bar of varying sectional area:
66

§ =6 146 2+6 3+---=P1L1AE+P2L2AE+P3L3AE+---=PE(L1A1+L2A2+L3A3+:-+)
Where:

A = cross sectional area dalus adaidl)

E = modulus of Elasticity Jalz 45 5 yll

Example (30):

If the tension force exerted to the multi suction rod of brass shown is 30 KN
find the total elongation if E=100GN/m2?

Sol. § =6 146 2+6 3=P1L1AE+P2L2AE+P3LsAE=PE(L1A1+L2A2+L3A3)

6 =30%103100x109(150x10—3m 4(25x10—3)2+200%10—3m 4(20%x10—3)2+150x
10—3m 4(35%x10—3)2) 6 =0.329 mm

1

2

3

L(mm)

150

200

150

D(mm)

25

20

35

25 mm

35 mm mm
20 mm

150 mm
200 mm
150 mm mm
30 KN

30 KN

30 KN
30 KN

30 KN
30 KN
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Aga) ualll Shear Stress

s ea¥) W A Laie 555 (5 Al Lm AN 5 ) ey Lanaa ol B3l g pdalial LY,
Giany g (aill Laigl il Jlaa¥) ddabise dimy Jat ladaie L by Js BV 3V e adaite
ke,

& JA el o 4las JI Rivet (=l e dalis 4akia

2ol )i sl T=P A

Figure 25 Shear Stress

& JSE sl a5l J) Bolt @ o=

i (fialiue dzlaid i jall )l AU T=P 24

Figure 26 Double shear
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Example(31)

As shown in the figure it needed to make a hole in the plate when the maximum
shear stress is 300MN/m2 and the maximum pressure stress in the pressure bar
IS 400 MN/m2. Find the max thickness of the plate to make a hole of diameter =
100 mm ?

Jha:- LS Cne (b JA by oo i (B Aa 51 3 ) il ol 0 )58 72300 M N /m213) 5

OS slga) Taruall adY) 3 gee Latuall (5 by T=400M N /m 2. cuald il class da gl

Cuny oy dehiny) e oo (i o )l 100 mm ¢

Ans:-

oc=FA F=c A

=0 1 d 4= 400%106%3.14*(1001000)24=3.14x106 Newtons
t=Fmdtt=Fm d t=3.14%1063.14%10010004300%10s

t =10300= 130=0.0333 m=33.3mm

F
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Agal A Torsion Stress

sy o) 5V sale b saee Yl o (ablia) Lge ) 5if LIS 5 21 g 3abiall Lia i 46 ol
s IS 2V 6 5 A ) 8 CASA) (Y lli g vie (i e adaall G paisal) Gl
3aac VI

A O O slia (& el iiuSlaia s 8 eladiW) axg s Laaaad e 5 AN Ailiay 33 535

B

cus

A sl A el (5 e adaliall (ya pmieadl Ul land A (GY 3 adalall el 31
g%

GJ\:-}ZB&)?J':: c\ﬂﬁ\(gﬁ\u'aﬁéjjs,\e)d\L..gﬂ\&._\ga.ﬁgéja\o)cin&g)'#\ggﬂ\ubfﬁg
4l

Jon sl gkl 1agh o sall dagii g o il () 5855 ) 145 o) IVI( (o Cpadaial) Gpam jaisal)
"...u.

sl o) laaal de aY Uiy s 8 adl)l e S e cpadaial)

s 9dl) alll: Shear Deformation

Sﬂ\w\m’u}ﬁﬁ ‘M&wdjﬂﬁg\%ﬁaﬁi%w@qﬁJQM\ (aga
Lot 13 Jsha aneall i pnall 3580 €0 (i ey il il il il 8 JSED (e
& ) sie g Ol LS (e 8 <A

Figure 27

2 Jare Jedi¥l il g ay s e L

tany =8 sL
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Fixed edge
Fixed edge
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Cuny of I A5y bsea laa o Sé tany =y

Jianid e ;-

Y=45sL y = unit shear strain

@) O Jedi¥l adll g il J1 1 55 Om Cnen s Ondalatia juaiad Ll

OS5 5 Al G MgV alll JdiV) 5 il o (2 58 o 0 538 S sa (Kae Gkl

e padll

=G vy (1)

Cus ) G A Jalase 455l & il modulus of rigidity ¢S s 283l (o sl il
syl dbludl A §s=P LAsG

& JSEN olia) Hlaia 3 ganl 3 13 (g 300 calia 1Y) Lilalu e o) g1 T (Je Ailgd 2 ganl) ld Ll
AB &1 e mlandl oa il 535 058 b Jea¥) Laiin Cogu 551k ) 5310 AC

Ladic
S5l 3 gandl IS V255 9 )mmai 1Ay ) sall (o ST LS 2o ) a e o) i) aludl(
Figure 28
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Figure 29

o ISl oSl i ki al WS §s 58 DE Lsu ) 455 0
6s=DE=pf

s8an g o sl 13g] adadall Yeadll( o

y=6sL=p0OL

OS5 Agal (il 48 (e (58 54
=G y=(G 6L)p (2)
JdT=[dp*p

T=ldp*p

T=dpdA dp=tdA
~T=ltdAx*p

“T=[(G 6L)yp2d A

~“T=G 6L+lp2d A

nd

p
[p2d A ax sl SN kil )
Figure 30

Figure 30
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Zuhm;Gmge)-:,J}mﬁ\‘;m\aww};\hjJwgqﬁ;&wm:\;@\
eﬂ)}aﬂ\é\ﬂ\‘;\kﬂ\fﬁjduﬁb\])\:\A‘_gd&d\obd\u)&)eﬁ J}..asl\‘_,’_’i\ﬂ\




dalual A (5 gl X,y 4l ) Haddl 7 58

Jz=[r2d A=J(x2+y2)d A

Jz=lx2d A+ly2d A

Jz=lx+ly

G O pie sl I bl Aaluad iy (N s (3900 o Lga sina (5 sl £ sana
oo palll S J s gl () sae palaia A L glue Glih 3 ) gaall  odadll
+T=G 6L ] 6=total angleof twist

WO=T LG L T=torque s S

QGL=T] L=Lengthdsh

From (2G 6 L=tp

“T]=Tp =i Aeal 3 oa

~T=T p] p=r=d2For maximum shear stress

Tmax=T r]

< X X < < = X

Yy
dA

Figure 31

Figure 31
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Cus g o) 098 Ao 28 Jarii) 8 GLELE s2d Y alzall Gld Cilalea¥) can o Y ) gl
aa i), IS g 8 o3 caYalaall 4l J sriall 5aac Y 5 51aY) Ay yilall i saliall Lgia
38 yaall

LS L

434:33 alall:

J =1 *r 42=1 *d 432

tmax=T*r]

stmax =T *r nwa2=2T 1 *r 3

stmax =T *d [27+a42=16 T 1 *d 3

3 garll (4 gaall :

J=m2(R4-1r4)

J=m 32(D 4—d 4)

tmax=2T Rmw(R4+r124)

tmax=16T Dm(Ds+d4)

D

R

r
d

Figure 32
Figure 32
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Jaxiiast 3aac 3 ylay) Jail 35081 8 cllipdai dlae 3 88 () 5 58 A siiall Ao 50 a 30 ¢ 5l
i

OsdAe 1Ay 5 Al @ (sl

power=T x@w ———— (1)

Gus Ol w o8 Jb ) ) il 4y Hlad JSDsas 5 (e rad/s L 18 S 5ee 5 MY) )50
Ay f

350 dSl a5 ey O

w=2mn f

BESTRST

power=Tx*2m f

@ O a6 sy

T =p ower2 T f

Cum (S a2l 038 Aail o 3all ) T (Jsmmnll o dlgal Gaill alae 1 Cilin 5 1355 U,
Adandle s Ulal aay N 22 sall ) <y 438200 ) rp.m (oaall 7 aius aie de i J) )
Q)W

alasiuly ¢ silall )

w=2m N/60

A U el A dllaall ) 1( &Y |z dad i s
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Example (32)

Find he moment (torque) transmittal by a 0.25 m diameter rod if
tTmax=46mnim2?

Jia: ax o jadl (A1 Al 3 gerdl (521 5 508 0.25 M 13 Cale () dad gl (il 2dY) 1=4.6
mnim2¢

T=16Tnm dsT=m dst16

~T = (0.25)2%4.6%10616=14113 N .m

Example (33)

A rigid bar transmit a torque equal to 10000 N.m. If tm a x is not exeed
4.5 MN/mz2. Find the minimum diameter of the bar ?

Jia: 2sac alia Jiy a e 5 laie 10000 N.m 1) caale o) slgal (il ¥ 55l 24.5
MN/m

3 B ki €2 5anll

=16 Tm d34.5+x106=16%100003.14*d 3

d=2245cm d=0.2245m
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Exampe (34)

A steel drive shaft with a 50 mm diameter is loaded as shown in the
figure with torsional torque exerted on the gears which connected on it
use G =83*103 M N /m 2 and find in degree the relative rotational angle
between A and D ?

Jiar 3 gac 1) 53V sh 53 Hhd s 5O MM Jesse LS Gase 8 JSE a5 a0 o) 53 dabie o



el Ada g2 yall 4, Jexidl G =83%103 M N /1 2 el s il il 14555 sall 1 5
daal)

O Ol A 5 D

Ans:

06=T LG ]

0AID=60A/B+6 BIC+6 C /D

=T apLasG J+T scLecG J+T coLcnG |

=1GJ {700 (3)-500(1.5)+800 (2)}

700 N.m

C

O 0O m@mwm™O

A

1200 N.m
1300 N.m
800 N.m
77

=3 283+10sx106xm (0.05)4(2950)=0.058+1801

=3.32degree

Example (35)

A steel bar of 2 m Length and 60 mm diameter. Find the torque
transmitted of the bar and the angle in degree if the maximum shear
stress is 70 MN/m2 and the modulus of rigidity G=80 GN/m2?

JUa; 3 gae alia e liall Al gla 2 M o ki s 60 MM ¢ 2 Aai o jall (g2 alély 3 ganll it
I ) laall 1) e G (oaal dlga] (i 4l (55 270 MN/M 05 Jalae 44l
Uil

2G=80 GN/m ¢

Ans:-

J=n d+32=m (0.06)432=1.2717%10-6

t=T r ] 70%«106=T %0.031.2717x10-6

T =2970 N.m

=T LG ] 0=2970%x280%109%1.2717+10-6

60 =0.05833rad

6 =(0.05833)(180m )

=3.340
78

gy @l 1 4, Thermal stresses

e Cpad Odbaall a5 33k N dpenall Lays o 33b 1 8 (o ) clasdl s Jil L0550 (g

83l (& Jshall 3 A Sl jlae W sl (& Jshall Al (S Llua e 30 U
AL =k At *L

G At 3Ll Sda 0 ) )8

AL 33530 b Jshall



o¢ Jalaa 224l J glall Ydalaa 2aaill ol 1 (5 (

L Jshll LY

LS (3 JS31 B3 )a g e (e Al 32 o

Lia 5 Y a5 40 (330 5o alal Alldaial 5 gandl Lal 13) (IS 3 perd) Cafia (pa ilgal) 2ind (i
3sanl) A5y lin i a0 2 panll oty LeaYl gl Vs Van s sl i o sl Al
idac Ll

O5SE s el (il 5 08 e adllind ¢Sy s Lo WIS
€=AL L =x*AL *L L

nE=xXxAL

o=E €

=0 =E *CxAt

F=c A

~F =FE xocxAt *A

o« : coefficient of longitudinal expansion

(coefficient of thermal expansion )

(Longitudinal sk )(Coefficient ) Jalxs

(Expansion 2x43)

L

L

L

L

Figure 33

L

i O i N N N

F

Figure 34
Figure 34
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Example (36)

Find the stresses which grow in the rail/reil/(Jk8 <) Ll ) at 500c
temperature if it fixed in winter at -4oc temperature without cavities if
«=125%10-7 1/d e y and E =206+x109 N /m 2 ?

JUar Lo oa Slalea¥) ) Al g &l GG daaall die da jo ) 185 Co=50st 13 <ils
o2 luaill 8 Cuein g Telid ie g da 0 &l 15 ) Cod-Tut s b | e ) pa alall (s Jalaa
a4

Sl Bl Jlumidll =125%10-7 1/c 0 Jalaas 45 )l E =206+109 N /m 2 €

Ans:

At =(50—(—4))=540 C

o =F *ocxAt

=206%109%125%10—-7+54

=139.05%106 N /m 2



=139.05M N /m 2
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Example(37)

A steel bar with length of 0.4 m is fixed from one of its ends and the
other end of the bar has a distance of 0.1 mm from the order fixative.
The bar is worked so it’s temperature increased by 300C and its section
became rectangular (50 X 30)mm. Find the value of stresses growing in
the bar if E =200 G N/m 2 and x=12%10-6 1co ?

dhiel 25ae (e clall sk 0.4 M e e s2a) 4l Al 5 5 ,aY) 225 0.1 mm o=
Cuflall DAY, 3 Al day g SNl Cuadi ) a2 2 V4 e 030 grial 5 Anaie Slylaiue
odlay)

(50 X 30)Mm 2 e Cilalga¥) sal giall b 3 gl 13) Cadde () laia Jalzs 435 5all E =200
G N/m2 dalzas 22aill &l ) (555 Qliall =12%10-6 (1co) €

Ans:- AL =x. At .L =12%10—6+30%0.4=144x10—6m

AL =0.144 mm

2y Gfiall (e o yla agaall all b 0.1 MM Y Gl Jshall ) aiay (e AS jall axy
Jyas k3 ganll Ciall (5 b 0.144-0.1=0.044 mm
~€=0.044%10-30.4=0.11%10-3

o =F €=200%109%0.11%10-3=22%106 N /m 2

F =0 *A =22x106%0.05+0.03=33%x103 N
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153 JLaa¥) g1 6l ccliall 3 g8 (alll a3 clai): Type Of Beams

axiiui Cilgiall ) Beams ( (8 ikl dpuaigl GuY o Jlaa¥) dilisall andi g il

s g 5l Ll laaliad 5 ) 32 o) il Ay ) LS i

1

1 -yl dawadl Simply Supported

Agall sl Simply Supported Beam (& (i 2 3 53 Jad luaia 8 (523
Ol e g da a8 Al s AN,

2

2 - sl 23Ul Cantilever Beam

OS5y Adiall Aidie e e dal g Al s (e okl SU

3

3 - wlixll &3l Clamped edges

s Ll (S5 A3 e Lyl WS & ISl ) Fixed ended (sl &idie (e <ok
8aiia 5 (g o hall JAY) Leai Mvie ciliiall 3284l restrained beams ) Jis
cantilever, simply supported )

4 -l & 5 0 Overhanging beams

@t g Adall (Al 5 om e 5 Lede aay diwall LS (3 JSA

5

5 - sl 5 il 4l dleal sidll Continuous Beams

ETENPLII RN R PREE-KF TR IO DURERE SR BN 253y JdYl e ol A YN ) Gy

82

g5 Jwa¥ Kind of loads

1




1 - Jla¥ 5 K 5l & dkis Point load

g <5358l 538 yall 8 Jass Yl @t mid-point load WS & JSall oLl |
83

sl cad 3 e ol Eccentric point load WS 8 J<al ol

sl s aal el End point load

2

2 - Jwall 4e 54l Distributes loads

84

¢) s OIS Ly 3 53 Leliiie Uniformly Distributed loads LS & Jsal
sl e akie Non-Uniformly Distributed loads WS & Jsill Lal
Clilua 393, Jud) & clall Calculation of reaction

Al Ll (30 C¥alre (5 3) il LaS 5 da 38 8 Juaadl) J W) L g Ly cpllie Sl
Ex(38):- Find the reaction force of the simply supported beam shown?
B

A

3N

6 N

2m

2m

2m

6N

3N

axR

yAR

bR

85

Ans:-

M A =0

3%x2+6+x4—R D *6=0

RD=5Newtons

Sfy=0RAy+5-3-6=0

~RAy=4N

>fx=0RAx=0

Ex(39):- For the cantilever beam shown find the reaction in A ? (Neglect
the weight of the beam)

Ans:-

+2XMA=0

AR

AM

B

2m

2m

6

6 NN

3

3 NN

2m




2m
2m
2m

A
6
6 NN
3

3NN
B

A

86

— M A +3x2+6x4=0

MA=30N.m

+Xfy=0

~R A-3-6=0

RA=9Newtons

87

858 Lalll aje g slial) B wliall Shear Force of Bending moment in Beams
O Jlaa¥) Al i o) bendmg s cliall beams oS il et o cLs.A

DAY P& Al jedayg 13a 8l IS (5 58 Gl p g e 5 elindl) Al 5 Gt Clilga)
Glalea) s

cLaa) |

23 (5 8 Gl A adaie dgiall JuaS & JSEN 5Ll dam s 13 OIS sl Aliane (5 58l

A Al o e Dy adaiall (e JanY) I e Gl a8 e ey adaial) (e A2V
) JanY) aed g Al 13) culS AR dske

@l O 558 (il A gl Jslad ey ad e jadl eV (N eV A (e el a1 GaSall
oSally |

a0 lind¥) T e 13) OIS oy elinil (8 Al i | 5 ) e ) (Sl 5 (Sl
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aﬁuaﬂ\eﬁjﬁhu‘i\uﬁual\w\ J.uladAALgJJM@Lu\

Shear force, bending moment in simply supported beam with
pointed load graphically

JaY Flaa) g padl dnpdal i agie | eliad s (il o Tuial 3 cilgiall JaY 5 G
ealaall 3 plaall Jalads o gu I ALl o 32l Usd) pM 3585 Gl (s gLl <l shaaldl 400

1
1 - pdad) Aal) adally day jlaiay X (e ddads LY,

2

2 - dad g8 alll 2 je 5 cladY) die (5 sindl ) S,

3
3_Asegﬁaéhsadxgu;\}egz)§uaﬂ\e}};ugw_ucdsiw.ﬁdx_
4
4

A ) &l @l Geliar s ) Ganlie ae 31 Hlany Jlie W) LEY1 ) &) A all Ll )b
(2 g

,x-_ gLl g_,;f(o)s:gp)ﬁmg;émuu\}gmi_




Ex(40): Draw graphically the shear forces and bending moments for the
simply supported beam with mid-point load shown in figure ?

Jliaz- ansyl alada (5 58 Gl a5 e 5 oliadV) 3 yigall e diiall AB saiusall Talisd Unpsy il
Wk 10 m gall g da ) (36835 la i 6 Newtons e alaaill ¢ ¢

89

Ans: First we draw the F.B.D.

for the beam and calculate

the reaction forces

+3>XMA=0

6x5—R B *10=0

~“RB=3Newtons

+Xfy=0

R A —6+3=0

RA=3Newtons

Now make a section to

the left of the force (6 N)

let it be at point D with a
v

D

B
A
6N
5m
5m
6N
6 N
A
ARR
B
BRR
C

6 N
3N
3N

3N

X

M

90

distance of X from A as shown.

draw F.B.D. for AD it is clear that the shear force and bending moment is
positive and V=3 N, M= 3 X (linear relationship)

@) O Aadd a e liad¥) ala 3 Jad |

X=0M=0X=5m M=15M.m

Now make a section to the right of the force (6 N) let it be at point E with
a distance of X from A as shown.



Draw F.B.D. for AE it is clear
that the shear is negative
but the moment still positive.
+2f y=03-6+V =7

V=3N

+ XM E =0

M +6x(x —5)—3*x =0

M +6x —30—3x =0

V

6N

6 N

3N

3N

3N

3N

6N

6 N

3N

3N

X
E

M

X
91

M =3x +30—6x

M 30-3x

M =3 (10—x ) (Linear relationship)

Lia 5 dagd o e elindV) (ailins Llad

X=5M=15M m X=TM=9N.m ...

Now we can draw the shear forces and bending moment for the beam
graphically as shown. ; ;
OSans apend s JUal Bl e aues ciliall da jaall Jlea¥ 58 50 Cua o il
055 Bl G Jaa¥) el gl 4l juaty ddas @iy 5 (g i Jaladial) (alad) (il
el 53 il

15 NmNm

3 NN
3 NN

y

Y
X

X
92
Ex: Draw graphically the shear forces and the bending moment for the

simply supported beam shown with eccentric pointed load?
300 kN
300 kN



93
898 (ualll aje sliady) dall Aapend) ciad LAl Jaa aliile g 54l &

Ex: Draw graphically the shear forces and bending moment for the
simply supported beam with uniform load shown?

+2fy=0

45—15x +v =0

V =15x —45 (linear eq.)

x=1v=-230N

x=2v=I1I5N

x=3v=0

x=4v=15N

x=6v=45N

M =0+

M +15x (x2)—45x=0

M =45x —15x 22 ) saia(

x=0M=0, x=1, M=45-152=37.5N.m

x =2 M =45%x2-15 (2)22=90—-602=90-30=60 N .m
94

x =3 M =45%3-15 (3)22=135-1352=67.5 N .m

x =4 M =45%4—15 (4)22=180-2402=60 N .m

X =6 M =45%6—15 (6)22=270-270=0

Sﬁ cua:ﬂ\ @jﬁ QUAJ\J\M@*&\ MJ;C'LSJAAJJAA S
Ex: Draw shear force and M b For the beam shown?
Ans: XM =0 M =250«4=1000 N .m

M =250 x Linear
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Ex: Draw F s h of B b For the beam shown?
o= Jls

v =2x

x=0v=0

x=1lv=2

x=2v=4

x=31v=6

M =0

M=2x*xx2M=x2

x =0 M =0 e aie Jus

x=1M=1




x=2M=4

x=3M =9

95

v—2x +6=0

v=2x-6x=0v=—6, x=3

v=0

+EIM=0M —2x (x2)-9+6x =0

M =9+x 2—6x

x=0M=9x=1M=4

x=2M=1x=3M=0
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