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< Determine the resultant forces and moment on X, Y and Z axis for the
system shown below.
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l < Determine the moment about point
A (M,) produced by force F

M:Qx rzx 5(“6 =300 % 0-6 * SINnA0 =

F=300N
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< Determine the magnitude of the moment of force F about point O
k{cD = (o-‘-(f — o.q'j +0-2 k)

v 4
-~

\{CD\ = \' (0124 (o0.uy2a(e2* =o0-(

4 cD = o°6?——0-63+ o-??}k

(=5, °/°:Iﬁ)‘)'

o 200 (0-67 -0 673 <o223k)

PO, 4 T AL 7 R W
€= (1§01 190y +loo%

M =¥ x€ P q ¥
6-5 o o5
1o -3 [°°

N

0.5m

Mghossoon M) = %0} x40l -Qeld

Engineering Mechanics

(%1 CamScanner


https://v3.camscanner.com/user/download

< Determine the magnitude of the moment of force F about seament 0A

* NoA = O 6? —~ O-KS + bkﬂ
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Example

< The bar in the figure below has a constant width of 35 mm and a thickness of
10 mm. Determine the maximum average normal stress in the bar when it is

subjected to the loading shown.

B 9N C 3$kN
A ) KN i D
12 kN A A 2N
* 5 d""' e - &= v;h-—’
_ I 9 kN kN
35S mm
(a)
30 kN oy
12kN €——= =3 N,p = 12kN
9kN
(d) /,: S— ‘.Hh
RKNe—=C /I TRyl > Npc = kN
O kN
N (kN) 9 kN 4 kN
; 12 kN e | = : —Nep = 22kN
30 .' — N<TL\' T g
2+ L '
12 r
\ (b)

(c)
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b*h
=13
4 th
b h, o 39
In-:%h_a. Ic=-g—6(b' +h7)
b*h
=35
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wd!
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A=Z(d-d)
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Example

<+ Determine the product of inertia for the cross-sectional area of the member
shown about the x and y centroidal axes.

— 600 mm——

~— 100 mm

.)l

100 mm | |

200 mm

A

300 mm| ¢ 250 mm

B X

250 mm / e | 300 mm

200 mm | D l
— 100 mm
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Rectangle A

].r_\' = 7.\"_\" + Ad.rdy
= 0 + (300)(100)(—250)(200) = —1.50(10”) mm*
Rectangle B y
_ 100 mm
Iy = Iy, » + Ad, d L
=0 T 300 2
mmje
Rectangle D 0.nim
] = 7 . ¥ Ad d B [ X
= 0 + (300)(100)(250)(—200) = —1.50(10°) mm* 250mm /4 e| 300mm
200 mm | D l
— l——lOO mm

The product of inertia for the entire cross section is therefore

I, = —1.50(10°) + 0 — 1.50(10°) = —3.00(10%) mm*
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< In structural and mechanical design, it is sometimes necessary to calculate the
moments and product of inertia 7 for an area with respect to a set of inclined 1,
I, and 1,, axes when the values for ¢,1,1 ,1,, are known.

x!yrxy

“+ To do this, we will use transformation equations that relate the x, y and u, v
coordinates. |

v

I, L3 I, I, — I .
1, = = —cos 20 — I, sin 26

I, + 1 Iy — I : ~
I, = —— = —cos 20 + I,y sin 20

9

Iy — [y

lllU -

sin 20 + I, cos 20
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Z’C(Vl?vé}),n = = T
(f)ﬁ—fg.) / 2

A __maximum and _minimum moment oﬁ el ,Lm/

Taar = Fx+¥y o [AE g P T2
VAN 5) 2

min 2 3
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— e — ey - S mm e Bmm emm e

Example

< Determine the principal moments of inertia and the orientation of the principal
axes for the cross-sectional area of the member shown with respect to an axis

passing through the centroid.

I, = 2.90(10°) mm®* I, = 5.60(10%) mm* I, = —3.00(10°) mm”

—lyy —[—3.00(10°
tan 26, = — = [9 Salf) s—— = —2.22
(I, — 1,)/2  [2.90(10%) — 5.60(10%)]/2
26, = —65.8° and 114.2°
0,, = —32.9° and 6, = 57.1°

100 mm

— 600 mm——-
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I+ 1 L. =L\ -,
Imax = =~ * : o 8
min 2 2 -

2.90(10%) + 5.60(10°)

2

[2.90(10%) — 5.60(10%) 12 -

+ \/ Lo : Lo + [—3.00(10%)]°
Imax = 4.25(10%) + 3.29(10°)

or

Imax = 7.54(10°) mm"* Iyin = 0.960(109) mm”*
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<+ The main purpose in using Mohr’s circle here is to have a convenient means for
finding the principal moments of inertia for an area. Also, have a graphical
solution that is convenient to use and generally easy to remember

=
L-LY . »
I.r}' R= \/ ( 2 ) T II'V
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Example /';“_"_’l-ﬂ-;-“J‘JL’ ko M*QJ s o_,\u. \@x\b ul-.-.Jl I

< If a twisting moment of 1100 N.m is impressed upon a 4.4 cm diameter shaft,

what is the maximum shearing stress developed? Also, what is the angle of twist
in a 150 cm length of the shaft? The material is steel, for which G = 85 GPa.

T=1100Nm=1.1x10° N mm
D=44cm=44 mm
L=150cm=1500 mm

G = 85 GPa = 85x103 N/mm?2

For the shear stress and from the general Equation of torsion:

——————— 1 4 o !
T i, _mD w4t 3 . T _G6 _TL |
! L D 44 T X :

T ——=— = 1 1.1x10%(1,500 :

E‘t =—=7 | : r 2 2 BT 1:9 = - 3 ( )3 = 0.0527 rad.

S S . L 12106 & 368x10°( 85x10°) !
o1 X [

= - (22) = 65.8 N/mm? |1 180 :

" 368110 1 6=00527 (—n ) 30 |

------------------------- L [
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Example

< A hollow 3.0 m long steel shaft must transmit a torque of 25 kN.m. The total
angle of twist in this length is not to exceed 2.5° and the allowable shearing |
stressis 90 MPa. Determine the inside and outside diameter |

e e e s e e S S e e e S G Eae SED GEN AN S WIS G RS WSS W G Gme S we S e

T =25kN m = 25x106 N mm v TL
L =3 m =3000 mm : /=%o :
2.5 .
o = 25°= 22" _ 00436 rad | 25x106(3000) |
180 = 3 = 20.24x10° mm* !
7= 90 MPa = 90 N/mm? | 85x10° (0.0436) :
G = 85 GPa = 85x103 N/mm? RN s :
g T :
|
I (D" —d (
'] = ( eV )= 20.24x10° ———@ E i 206.2x10° i
i : 1.415x106  ~
4 _ g4 6
y T & mb—dy 250D —— () d=12444x10° = 125 mm
Y 32 2(90) | A
B o e e ) e e e B e S |
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Example

< The working conditions to be satisfied by a shaft of diameter 165 mm
transmitting power are:

1. That the shaft must not twist more than 1 degree on a length of 2.5 m
2. The shear stress must not exceed 55 kN/mm?

If G =80,000 N/mm?, calculate the torque which can be transmitted for a given
diameter according to the previous conditions.

1(m)

| l !

g =1°= rad = 0.0174 rad :Z=_G£ : : T__—_E !
Lol ] L T B
L=25m=2500mm,D =165 mm : i :
7= 55 N/mm? T =405 kN.m: 1T =485kN.m,

G = 80,000 N/mm?
_nD* m(165)*
I =3 =3

= 72.8x10°% mm*

CamScanner


https://v3.camscanner.com/user/download

Subiect Comp\\’\l k(cw\()ox\\_\()) 5\-(ng _—

_mah:n'a)es T A .sl(asgerj @mpom-n\~< o?lan

haue df'l’f’ci’ mvxcl .qkﬂa.{ .';"re(( ac}l'na Ly “\nn'{
oY Mmore Aivec l.‘gng_ al— Hﬂf SLame. Lime.

Afi_}’l’

® }3% Ento\fnq <umma)-\’on og

" EQCCE"\-U at (o)

_--L&AAAAA

N 2
|, &N %

3

ol o K4 )/A,C(/é’%/n)

T 2

'm

| ISET

=B = (o/x_‘. o’q) + //X.. {“‘!(’nﬂ?_@

22 '] 2

\-l- Z &fn?(—")%
} :

) ,9&») Ez‘nc,l\'v\(cj , ,‘gumma}'\'om . c?‘ 'EO(CC-’,S at /Zé
. e il 3
1o = ((x- K‘\) SsSmz2e = eosi 2 o
= |
I
= 3 = o’ [ ) - S PE LA_Gi@

N OT E B O O K

CamScanner


https://v3.camscanner.com/user/download

 If the stresses on two perpendicular planes through a point are 60 N/mm?
tension applied horizontally, 40 N/mm? compression applied vertically and 30
N/mm? shear, find the stress components on a plane inclined by 60° to the

vertical.

Given Data:
Ox = 60 N/mm?, oy =-40 N/mm?, 7=30 N/mm?,

Calculate the stresses from the following
equatipnc-

(ox + ”y) n (o — ‘73')
2 2

(0% — 0y)

Tg = -—z—sinZB — rcos 260

9=
g

cos 20 + rsin 20

(60 + (—40)) (60 — (—40))
96 = 2 e 2

cos(120) + 30 sin (120)

g = 10+ 50 (—0.5) + 30(0.866) = 11 N/mm

19 = b _5_40) ) sin 2(60) — 30 cos 2(60)

g = 43.3+4+15=583N/mm

40

T

70 30

1

g =60°

Ob

All data in N/mm-

T—

—
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Example

¢ For the stresses shown in Figure, find the following:

1. The principal stresses.
2. The position of the principal planes.
3. The maximum shear stresses.

200
A

All data in MPa

> 150

150

4—-»100

Solution:
Given data:
Ox =100 N/mm?, 6, =200 N/mm2, T= 150 N/mm?

(Note that Pa =1 N/m2, MPa =1 N/mmz)

1. The principal stresses:

_ (100 +200)

1
o, i -~ E‘/4(15°)2 + (100 — 200)*

o; = 150 +158.1 = 308.1 N/mm

o = 150 - 158.1 = —8.1 N/mm

CamScanner
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Example

2. The position of the principal planes:

2T
tan 20 =
("x - ay)
2(150)
20 = = —
tan (100 — 200)

20 =tan"1(-3)
20 = -71.6°
9 =—71.6/2 = —35.8°

or:
6 = —35.8 + 90 = 54.2°

3. The maximum shear stress:

1

Ty = E(al—a) |

1
Tmax = 5(308.1— (=8.1)) = 158.1 N/mm

(%1 CamScanner
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Example
 For the state of plane stress shown in Figure below, determine:

The principal planes. |
The principal stresses. 10 MPa
The maximum shear stresses.

ol

40 NMPa

(a) 26.65116.6°
(b) o©1=70MPa, 0z =-30 MPa
(c)  Tmax=20 MPa

50 MPa

(%1 CamScanner
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Mohr's Stress Circle
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