


· mechanicssSte

- Stress/strain

-loads -> normal load

-> shear load

- Bending moment6
Torque (Torsion(

If ~2

& (X(r)

moment rxF L*to bending

z rxf = 0
->Me ②

> E
= engineering stain

EX = In (1 + E) elastic strain

critical section : has on it*
Exte = Ex the maximum load . (chress

#

#x=xbe

principal stresses :-

max. generated stresses

~
max

= G
, [manSmin = On

Mz = x fe

#



* structural design : for the structure (building
,

5) to not be a failure.
-

= j-918
↓ material selection + percentage.

* mechanical engineering designs to design mechanical systems ,
and to not be

↳ the one we are intersted in . a failed system

: mechanical eng. design &-

Ed D Power transmission. jis, Jes power ig

in a car the moror vocules - torque -> mechanical system

to trans the power to the -

d. eformation in material .
f -

tensile load ' ↑
-

59, is 3;
1

: L

cross-section 9 %-

I
-

F -> volume has to be constant

compressive load: - ↓

↳ ↑
N

F



6

Stress 6= - Yielding
~

Plastic
region

·
,
i

rainzE /

/ &
· X E -h E

Hooks' law &
6. = Ext) PlashStir in

=

E :. young's module -
-

- ---

Plastic de Germahim
-

* if severe chage of the shope of the

materialoccurs -> it losses function
!
& we want to stor this

* strengths magnitude of shes of

with if accurs

- Yield strength :
a level of stress at with

Yieldingacus : (Plache deformation begins

* types of loads (that produces Stress

Static loads Yielding
① tensile

constant with time

② compressive two
stulesstatice

③ shear I
time varying

(fluchtnaling load) -

load Njiis

faligue failure ( &
material

-we are intreshed in the Yield Might

fore slid shough - Plasma deformation,

↓

the ons inhable

A-2e Zeilding= failme.

are mean



F

&
6

= G= ngh tension

== Pa =

Round length ↑
F

&
~

Dont use M
2

= psi =less

-↓

mm2 ↳
upsi

10 = Mp
&

3
Velo = 10

compression

Mega = 106

T
E =

=
tensiont > Lg)Lo-altwett re => Ge the

compression - Lo7Lg -> DL.

-ve -> -Ne = 62-Ve.

in tension stress is positive
in compression sties is negative.

* Factor of Safety (fOs) ratio between field strenght of material

I maxopplied tree

two types - O deterministic ② probalistic

# Deterministic (n) :-

D = Yield

strength , Yield factor of safety
a

max stress

-
1 (no failure -> syst -> no failure (fielding)

n 3> 6

3 , (tailwes -> Sys e
failure.

↳
n = 1

Syon range : 1 . 2 ty
this is stronger

↓
ex n = 1 . 1 +po failure n =

2. 5 - no failwe



pe:
110 rem

-
D = zomm (for cross section

Sx = 480Mpa

find factor of Sally (n)

#
ove max J=on

350.

n===Sure (survival

& probalbilistic (stochastic) factor of safety :
-

Sy s continuous radom var.

- - continuous random var.

- both are normally distributed

P(Sy(6) Survival (Reliabilitywe
&

Just two

probability P(G)Sy) failure

P(failure) + P(survival) = 100 %

My =-- = .. mean

X

reliability in Mm = Ms - MG

My=..g = ---

P (survival) - Vm = V + Vo

normal distr &is = P(Sy)6) F
variance

-V = 5

= Np((y)6) = PL = + &
m = Sy - 6

P(Syse) = P(m)o) survival P(m> ) - reliability of survival

P(m() failure . Hu

Z



example:

Ms = 553 Mpa ,s =

42.7
Mpa 8 = 48 . 9

Mo = 4731pa ,j = 23 . 8 Mpa ,Dn==
I

8o

②a) m = Sy - 6

Mm = 553 - 473 = 00Mpa Z Jags2

· : M+ 23.
82 =

49 mp p-229

b) reliability P(m >)

C) calculations) Standardization foll

2MPM
- 1

& P(z * - 1 .) 1558

- -!
S 2
8 16

arey 7 -> M =0 +
z+ /

0
. 93-4

standard distribution os ↑ (2) ... ) -> area to the right

↓ + P(z Y = 164) P(z: (4) = P(221. 64

= 1
- p(z. 4) - 64)

P(z>) = 0 - 95

R = 0 . 95



Chapter38-

+ve
-ve

① normal force Chension
, compression

xalforce . (normal on the cross section

" rectangle cross section

· f/ < normal on C . S
&

·
Y

① decide the Coordnite aris (draw it M

7X
.

z4

- the second home to balance it

is the reaction from the wall.

EFBD

R -> Ex
.

--

⑤ shear Gorze two equal forces

in oppisite directions

Es

--------f
6. - material 11150

idialy speaking

>



of themFam e
of

sin
o" ↓

normal

" force effect with a degree on

- normal on S. S - normal
c

-

- paralled to 2. 5 - Shar

Ey

/
I set ↑
/ Ry

/ Ry = fo = shear force
W

I - reactions are always one couple

force a so

* shear forceE transaction motion

* Moment bending= > rotational motion

M = Fd [N- m]
3 -

~095-%

"F
&is

rotational lar t
- Ry

C . w C . C .
W

-ve .
+ve

the moment is rotating aroundon axis so -
-

· axis346
① sense of rotation

②mont e
Right hand rule



ip=x n --d
--

r is measured from the

point we want to calculate M in i

Totheforce.

highes - the force has moment everywhere

po unless on the line of action- -

Ry

anofami - a

line of action

↓ que in

" being reaction S rightandI A
moment

+ e !

-M
when the moment is around an axis with is Parallel to C

H
Bendingmoment

-
me moment aroundon axis with is normal on c.

Torisionalmomeuas



* Types of forces :

10914

① normal force (P) ③ bending moment (M)

"fore normal on moment dowa

C . S

Clongitudaldansee axis paralle to C

-

② shear force (V) & Torque
IT)

& moment around an axis
Force parallel ·

3j normal to C
.
)

to C. S

around the longitudinal axis

* Types of stresses :

⑦ normal stress ② shear stress
S

from normal force from shear force

6 = normal T= EnerA

Hooks' Law :

6 = EE

Guarant6 : normal stres

E : normal strain

E : modules of electisly fegidity

* normal force IP7* normal stress =A

* shear force 4 Shear force I =
A

* bending momech(M) normal stess

* Tourge /T- Shear stress (displacement



* Chapter 3-98- uniformly distributed stress

-
normal 6

6=
t 3 shear [=

-example:- e paralle 1) determine the normal

y normal
stress caused by Ex = Soon

C- S

goom In

↳ soon 2) determine the avarge
- Z Gmm" e 8 mm

shear stress caused by

! 2

& Fy = 900N

① 6

=500x = 10.4 Mpa

② he asked for avarge shear
, why AVARGE

↓
we will know under this

t = 900
= 13 .

75 MPa

8x153x6x153

in normal stress :

!pe"ep - in equilibrium

P * ->It has to be in equilibriem

any point on the
-

internal so when we cat it

C . S has the ins uniformally We have internal force.
same stress (6)

distributed.

·



Inearstress
~ IT sear stresses dont be uniformally

distributed, not all points have the same

(E)
,

there is a point with reaxt :
a

avg[=
but in one specific point there's another rule.

5 .
2 % Shear forcea bending moment: -

- internal loadings- if a beam has external load then

the material from inside will have a loading to resist the

external load.

Ex: -

looN

cut d

Ao si · B

↑ ⑭
soon d soot

· Me interne loading

g V internalhear force

3↑ equilibriem
M internal bending moment

Soon
↓ vary from point to point
equilibriem -> Et = 0

,
[M =

t
when we cut we always take the left segment

Stress is hom the internal load , not theexternal



* shearI moment diagram G always for internal
VIN) or loading NOTexternal.M M(N()

internal load.

-
X

-

distance
from left end

of
the beam

3. 28-how to make shearforce & bending moment diagrams.

① V= ② Me-M, =Sud

-

signconvenien :eve
( -1 ↳

V . ↑ +ve ↓ - va

example :
450

do the shear force & bending moment diagram.

↓ 20mm

~sma tomm eA ' A

① FBD
4900 =, diagram - diagram

soon to ,soo

shear force diagram

a
.

Tr get

28 = 0
, [M= o

RB" +R= 450 -

↓ [M, = 0

R,

"
= 1500 - 4500(300) + RB" Mso)

=

-RY =
300N



umsosome

S

↑-> T300oN
X

15001

us X < 300

↓v

fur
[F = 0 bending moment G

-

↑-
v= 1500

-i'dE X

1500 M = 0 rotation

M = - X
-min = M = 0

& Dock wish.

positive
mix - M= -1500x300 d

shear &

3001x(450 2, 500 W
G c - -

- ve

-
-M d

↑ 300mm
1 f should

1500-

I Soo
X- 300mm

% X

v = 4500 - 1500 = 3000 I -
M =4500(30 % - 3000(X -300

- 3000- distance
from

Mine x = 300 = -4500(300) -

o

Leftside.
max- x= 450z -4500(300) -300030)

= Ma -m,= Vax

it ↓ x= 300- max M =

slope we a under

↑ 450000

yo one -

-

I
DM = 300/950 % = 450, 000 Sioo

iso
2009 d

Myso-M300n
A M = 150/3000 = 490, 000

negative area 99

negative

② shear disn moment diagram
① FDD

---d



ex : draw shear & moment diagrams 8-

bending
man stresstress

malsis).

6 Kin inks max moment
↓↓

1/1/I-max shear
B force
(ii)

Abem' :,2m

36x10312x10
O FBD

Im t zm te zm

R* +R = 18x18 ↑ y
R RBY

EMRA" = o

3
- 6x10(2) - 12x10 x Y + RB (6) = 0

3
- 12x18 - 48x10 + PB16) = 0

3
=Ri

x1 12x10 => Ra = 8x,

2d 2 dz

A

↑
i

↑
B

3x18
8x163 3

V
M

16x18

② 2x24 +
① oX[2

-I Natal&
v = 8x183 d

8x18 E .
W

M =
- 8x18(x) Go pative V = 8x8 - 6x10 = 2x10 positive

-min = o

M =
- Gx10(2) - 2x8(x- 2)

max = - 16x10
(x = 2) min = - 12x103

(gx = y (max = - 12x18
=

2x10(2)

=- 16x20

③ 44x16
- poolxdunter Make

8x163 2

Ve 18x18 - 8x18 = 10 m T
u e 20-X um

16-
- Mz-Mo = 8000(2) =18000

=

My-Ma = 2 (2000) =
4000

Ii'

:2710,000

-

= 20000

in negative
- 10 , 000 - sid :, 59118d



3 . 10 normal stress for beams in bending

- bendings
Bent beam

(-ve)

compression - normal
-

20)
TSe-& m

strecking Stension
(tencile Stress)- normal (6)
-

+ve

tensile stres (tre)
-

L 25=
compressive

tensile5Gail ↳we dont was this

*

swee any + + 0 . )
deformation

>

headdi /U,121 i

] compression&Momenh
# railis

is on 1,0,
56,pil

↓ load - stress
,

so

I need to find the section where It the previous lesson

it max F & max o

6= flexure formula
bending& stress 2

distance from-.nd
* C :distance from nutral axis -

perpendicular reso a ve
-

-

# I: moment of inertia

-
-



How to know where the N.
A is ??

for straight beams :B N-A = C .----------
eit·

it
-

-we want the max value for bending morel -> max o

-

4500NExample8- ↓ M
A

I #down 450000
A

[ critical
A

-B section
300mm

150mm

we solved this question : -

Zomm
· D -

↓ I
3

zomnt Yomum

3. 00 o m Y50 mu

X

Tim
max Me A Point

max 6 - A point
2 450000 N. m
&

· for rectangulars
F= (b)(4)3

- at point a: b3N
.t13791

h : 4535
,

81

- = 450, 000 X 10
=

42 .
19 Mpa

(T2) (20) (40)
"

- at point b :

6

= =

450000 x2 = 04 . 38 MPa

(*) (20) (40)
3

Positive because tension

(with the tail of moment)



-
at point c :

=45000 s -0 Mpa
al

points

d

-
at point di

-000 (20) = 84 : 38 so↓ (20) (U 0)3

&bu
=848 bsion

- the bending moment stress ->

at C - A & Nit =
--

critical point
↑but on the barriers of the critical section is the

and ins

- we have to not forget the sign of compression & tension

① find critical cross-section (diagrams

& hid the critical points (on the barriers

⑤ C.A&NA- I & ⑤ flexwe formula



composite area.

75e
Y- axi)

top flange & Al I
① comm

M

web -
"

Az

mm

11%%----si ·
-

150

!
- -

it 20mm
S

> X-aXiS I woud the y-dimension ↑ beam

&

j=t =* z = 160(204) + 75(20xS

A ,
+ Az 2 x (20x150)

j= 117. Sm

② F= +z (b)(h)3

J1 =+ (150)(20 = 100000 am

F2 = (20)(130) = 5625 , 000 mm

*parallel axis theorems

Perpendicular

moment ofIe +Ad distance between two ax is

-
about C. A 4

about (C
. A),

area,
(A) & (A),

72 . 5

F = 100, 000 + (20(150) (160 - 117 .
5)

2

Y
= 5518750 mm

42 . 5

=
z

= 5625000 + 20(18%) (117. 5 - 75)2

= 11042 750 mmY

I=
I

,
+E2 = 16562 goo mm



Pointz ->
find the max tensile stress+A

[20
⑳

- # 1600

.......... ------=x
max compressive stresa

-

to M = 1600

150 I 9
-

+

max . E -5

i= 117 - 5
max Lensile stress

Point S

Point &

&
distance from N. A

I = 16562, 500 mmy

max tensile stress : but Compressive i

& point max distance & 1.

9

from NA
tersile

met = 11 . 35 Mpa

I for rectangle :

max comp stres !

S2 -h
-2 =

(1600x703) (170 - 117 . 5)

7) SE [20 for circular : in appendix
max comp 6= 5 .

07 D table A-18

it's
-

max stress (tensile or compressive

on the barrier

max comp
G

M
stress on N .

AK.=ersT -

-----
i
max tersile 6

Inertia + -
centroid

=S



example- top Clare Y

-

1-x ·

Izo
-

-> ----
⑬F

Hange table 5
, =]

) X

91=
-

j = A, + 5+z + 53A)
table g?

& -

-

50,d s/
Segne 8 55,

1 A , +2 ++3 ratulator.

-

↑

-

Segment y A 5 A ↓ d -d

I
E

I 100
120(20) =2000

240x163 480x203 38. 33 3526053 3606053

2 55 20(70) = 1400
77x103 571.

67x183 6 . 67 62284 633984

↓ 16x103 53 . 35x183 51 . 67
427166293249923 10 20(86 = 1608

SA= 54005YA= 333x18 I [I=8565029

mm
S

F = I +Ad
Y
-

=
-

-----------

↑ not

C

Supper flange & bollom flange

are not equal

if upper is- centroid.

is closer to

upper ↑large .



example.

-> exactly in middle because upper Clenge-bottom flenge.

I =I
,
-In -Is

or the rule I, "
in the appendix

for the symmbric IbeamBut Just symmetric flanges

the not symmetric we have to do it

second methods the previous way

5= i (500 (400 - 2[+2 (140)(3607
18=

E = 511360, 000 mm
d

bending (,
2



#twoplace bending:

Y
↓max compression -=1 principle of superposition---- ---

o

# +

↑

E 3
Mz

I
↑

T two stresses beam 2
,
0 ht I

-

F- - -- -- N - A one from each moment

&

E " +
i 58% principle Jg

+
-

+
a Moment- go stress 0

, 45%
E

+ + + + - -
·max tension

positive-
tension CV , 9

↓
N . A

↑
have max resesion &Hu see

from each shess negative -> compression

- In rectangular C.
S the

critical points are always in

the corners

beam Seiji so jet,se

Y 20mm
(B) max compression- ↓

----- --- ⑨
-> 30mm we wat max tension & max comp stress :o

# +

- ↑

-
I

↑

TMz ① max tension o :- (A)
-

F- - - +- -- N - A
&

E " +

My
= 180 O

+
-

+ (30)(2054
E

+ + + + - -
·max tension(A) = 90 MPa--

↓
NA

My = 180 N. m = 250xx

Mz = 250 N. m ! (30)3

Ex = 83 . 33 MPa

-
c is distance from the axis maxtension 8= 98 + 83 . 33 = 173 . 33

that the moment is rotating around. max compa = - 173 . 33

-when the Iy -> base(b) high (h) -axis & 2igd
↑



J

* 180x18
example : D =20mm ! N- mm

I=
↓

N-A
I

250418 Nimm !
momer 412's -

,
------27-

-my =(180]) N . m
I

&

-

M = (+ 250") N. m
I

↑

--- des igio d I

So -
the circle : has infinite

-

number of C .A

Mres = (1805 + 25012) Nom -the only rule is

that it has do

/Fres =No+ 2502--308.1 -
m go through the

center

a
max distance

.....
Na·

& -

·...

&

-
300.I Nim

: 45 !
↑

& -
&

~

&

-
Amax perpendicular pointh

the nurral an is to
and the value

the resultat momentis This
rotates around .

->

= 351
. = 1

-

-
a

S superposition

%
-

-y

%8---
S

S S

-
S

- i



3 .128- Torsion
--

T =I
torison formula ·

P

T : internal fourge

P : radial distance
6=berdia

8. : polar moment of inertia de

&

Inertia

AT

table

* moment of Inertia for circular

S="=

---= Ta=x40
= 37 :Mpa

+==20
=

49 . 74mp

Polar Moment of Inertia -I at A is bigger

is diffrent from solid the diffrence distance

↳ c rollor and it's maximum is at the border

5x10 N . m = Somm -T for the same C . S is

the same (equality

[man : Imax = Fr



D = 40 mm
--

-------

Imax in segments AB & BLO

300 N . m

TT tAB 100 N . m " 200N -
m

B L

·
T

S
second sech

section b Wake He :

- when we aut

AB we always take
T=300 N . m

the left

sogetintera Mos
[maxap = 23. 07

BC

it did + Ema = 15.

2005
. m

-
we will take the internal torsion

because thats what is in the rule

- When designing I have to take

the
max [ in all the bodyttph



-28from the pho : -

Fraxisoi0
~

man S

so
.

from t

Sesa

it 5 :n (5)

So AB

↓ T = 300x18 Nomn

60
↑At= t

S

D = 29 .
42 mm

so, &

59
.

Sompa tmax is ve j = gi,old
So this D is the minum it can be

to the nearestrum : J1758

D = 29 . 42 : H

-
we have standard sizes -

so if we don't have the standard

Prefered Sizes 8 20

TABle &
+ 28 - nearest

mm

because 29
.
42

is the &
min



Continue on Torsion

-> support
* determine the angle of twish

tr = 3x10
°

N . mm -↑ = 3x18N - m .

ofA with respect to B

id

internal
& S

& =
2= 26 Cpa

ri= 30mm

internal load is the same here.- ro = 40mm

because no external dif Di = 60 mm

Do = 80mm

⑦
A/B=

0 . 0370 rad

*G:- is given degr JJgjusd

with Quer

a = 26x169 pa radunis- > degrees

-
* Hollow circular cross sect :-

J=- degree - rad

X
=-

if trie

↳
Mpa

forA o %9
with respect Los

length 5
, 5 %9?

#As



support
-- -T

TBL

--

Y

G= 75aPr

Some
↑ & F-> not the

+X Z

&
·
& Baron

. m 2x10NimT AB

M
T= 1 x Num

here the internal load is diffrent in each section

so we will part the O for the two sech

wit IT' between

B,
T= 103 N . m

OAk =
A/p

+ OB around + X-axis

so the sign is tre

=ala mo
) -

3

T= =2410

around - X- ax , )

So negcli

F40(106) * (2 (0 .+x

* more the angle
of twish

sign is the same as

0 = -0 . 00838 rad To (direction (
->

Al
X 186

-

T

= -6 .
488 So the direction of

the angle is automatal

angle of twist should be Want

REALLY Small

Likeless the so

in this example itsnegative

because its (W



3.118 Shear stresses for beam in bending:

v [shear force

t ↓ causes bending# &Stren

Transverse Shear

shear stress (t)=
formula

V : Shear force

I : second moment of area Jy"da

b : base (perpindic to the axis wichits about

Q : first momentof area Syda
v central

-forA
neet an

&

---
--------

jj
- N . A

for all of the

C . S b
S

Q = Se da

-
first step !

Q =
Aq

O decide critical C

② ·



first shep 8 decide critical cross secie

by shear force diagram
hereB V = 3000

critical s ·a
-

10m

To Ge part of solution

-- NA

Qu = i A ⑫20me

3
(18220) x 15 = 3000 mm

So Q =+ Al

Ta
=0en = 4

.
22 -

And I is the moment

of inertia

for the whole cross

AB = #xj section

= 0 ↑
- so the shear stress

[B = 0 ot the owner surface

is ZERO

Que 20x20x10 = 4000
-

And MAXIMUM at

[30s 6.
the N.A

* the transverse shear force

Ap because the A

inbigger



For rectangular 8-

-m
Y = 0

= ema

Y= -
In

t= 0

=
--

=I

Y,
= 0 Y: e

owher surface
of the

N .
A

bending & Torsion -> max on outer surface

↳ zere
on NA

[max=

[max=



Summary=

① Axial load : : %101 -

(uniformly distributed) applied stres

sheard principle she

- tension positive applications

-compression -> negative

② bending moment :

- normal stres

rotation about paralle axis of the -

6: , : perpiadicular distance from NA

① bending momet

Emax - when a is max diagram
&

- -91 = >

so Gmax is on owner surface.- critical point , critical stress element(

6 = 0 on the N .
A

- we do the diagram to find the critical Cs then
head -> Compression

tail -> tension I for :

① rectangle
· ② Circle
I

&

-= 1 6h3
* two place bendings- T !
-> rectangle => superposition

I

-> circle-> resultant bending
moment

③ Torque -> shear stress

moment about the normal axis

ta0 +ourque
J for :

EI "
① Circular ② Hollow circular:

= D =-D)

- max + outer surface !
32

T = 0 -> on the N.A
I

Doi outer

Di : inner
I orders where (19 11 I



- angle of twist :

-> thefourge sign => R.
U . R

-
rad-deg

-> in radians isis **

degerad

*

① Transverse shear : O ShearCore first inone

Ja

E= -for all cross sections
,

for rectangler 2. 5:

T= C-
, a = A'j

[max = E
[max on N.

A at N-A

T
= o or owher surface

E = o

on the owter
- table 3-2 Page 11) surface



Mx = 20045 = 1000bin

T= 1000 Ib .
in -

Cross 1
Sech

---
& Mz = 200x0 = 1600/bin

bending moment-
↓

Axial bending

Merk
↑

Shear

Ma = 1000bln
V= - 2001b

in A
1

7 D = In
9

1600/bisn ~ T= 1000· o. Sin Ibiim

·-
max o from

-==)soi
bend:

Moment is on

· wher surface

& max [ourge
at point: is

on owher surface

6 = 16 . 3kps ; also so

t = 5
.
09KPs ; max point in

owher sup

&
+ Nimm2 Mpa o owner fe

to
San

- - Iblim = psi

-another washo clot Marins
= (48 + 05-54) in

M2
1000 + 1600

F =
- 2005



- we finished part

Par ② e

-stress elemen

- stres transformation

↑ rinciple stresse /maxhear stress /principle angles

-
mohr's sirerte

=
failure theories

- stress contrastrain

Stress element 8-

is
aGood to represen the stresses of a specific point

- it stressesi59 is

in questions :

at critical point: -2 : i , 9151

0 = .... Mpa
t =.. -

Mpr

↑
X

E

S Lu
2

-
2&

->-
L XY

its parallel to surface

- T- Pace
- Txy

&tz1 on XY *

2
fase

↑ f2 - Ex( 90)

L
-·

zx
L&

Z
&

has no size

* , by , 62
T - two &.

-

subs.---- Txy
surface & Y

- a stress component normal direction



-
the box is part of a beam in equibilites

S this stress element should be in

equibliem

1785 We 1
, i I

tzx = [xz diffrent direction

[xy = [yx Ge

t
yz

= [23

9 component, -↓

Eindepends ⑪
62



Stress transformation 8
imaginery cut

eX8-

-
if werotate the stress element -

↑ t
by an angle "" we'll get A F & F If

I
new stress state that is differt -> 6

from the original one I -* -> pe
internal

6fj
Force

that will make

t + t stress Stress6= here its normal

transformation

&

F i If
=-5

p
- -
-
--

p = p ,0 resultat force

↑Ex %T V= Psin
into two compet

2

-x Exs
/

6

==
· ↓ + & =

-

Lay inte = =sinotax

original new

what do we have to del,

Y given the original stress state
,

find
3 n

the stresses of the new eleme
&

*
#

X

&
S X

Ex=+y cos20 + Exy sin

2

#
#

Faye Sinzoe Tey Costa



&
cu

F
--
-

-

- =
-38

6
& (tve)inion

&

↳ fres in

0 =
-30

compression

-=
- 80 Mpa Gy = + Sompa [xy = - 25Mpa

trolves
robate

but TyxazsMpa C. C . w

= CoS+y sin ↳ ( -ve) rotale
ce

o
stves C . d .y

Exe =-+ Since + Tvy cos70

↳ +ve C . W

E=50
+ -0-30 + cos-60 + 72 Sin -o

==25 .8 Mpa comp

Ex'y = -50 +Sin - 60 + (S) (0S(60) = -68

·

Gy=
50

+
o

+ cos(20) + -25 file n y

6 Exi
- 4 - 15 Compressiv toi

X &.

30
3 X

XI

· & between X & X = 0

& between x & 3 = 0 + 90



principlestresses -

-> the magnitude of & Exy depend on the angle

of incilation """ 1*Exy -> function"

① principle angley when a cearlin oriontation&↑, principle stresses 6 ,
I - max

max min

* tanzp=

z

&: max* 4 , 82= +2x
min

* max shear stress "O ,

"

(max in-place shear stress

- It j5 $
,

= 00 .

* t 20

=

* Emax =N+x

in-plane
shea

shess



Rules to work with principle stress :

① no shear stresses act on
the principle place
-

maxo all

② there is an any normal on the planes of max
. in-place shear stress

T

⑤ An element subjected to max shear stress will be 450 from

the element that is subjected to the principle stresses
*

-> the difference between Op , 9 = 45

Op -$ = 45

example8-

Ex = - 20Mpa , Gy = 90Mpa Exy = 60Mpa

* 8 , 8= + () + Txy

9
, x =25+j + G

2

ta20p=
9

, 62 = 35587 .4
- [max

% = 116 .4 Mpa+ - =

= 46 . 4 MPG ·- 20-98

28p = tai (+)
20p =

- 47. 49

XOp =
- 23 .

20

G , is 150 36
.

410a
- -5 - 2

- shear stree, &!

-h I becauset on principle place

-x- Gu

(
x =

-

yy +-by cos2p +

2

ap = d 1551849
=xesincop Y %-

↑

& & 1531
Gyv =E

-x- = G



&
x =-

+ 40 +
-%90( - 47 - 49 + 60xsin( = 47 . 49)

* =
- 46 . 4 Mpa So 82 = Ex

dero 2 E Fij Op is is

max inplace shear sher;

① s
Y

[= + Es = 81 .7

6.. 62 t,2017a

6
.. %= It

& = Op + 45

Ps =
- 23 .

7 + 4) =2 . 38 "
Gary= max indian

= 35 Mpa sheartes

place



mohr's circle :

-relationship between 0 and t (in a circle equation

-> normal circle"

(x- d) +(y -b= ru ⑳ center (a ,b)

② radius er

x+2
= 12 (i2a= 0

, b= %

But in mohr's Circles-

#- Gorg Eig =R
① center (1) = Garg , 0)

② radius- R
=T

-> how do draw the Monis circles-

T critical S,

↓ -

t

[max

Pla

a
#

↳ C -
> 6

we pul j
-

&
, and Exa -to this curre is the

diameter
Circle 95d

--

e
Vi/is

-
- dement

stress state on the same- jds

254
:

the extreme on the right +

/ S - leh +

principle,
mainde



Ex ,Eman&

(Exitxe) 9impor

......... C(targ , 0

129p &

·

(6y, [ xx) ·
*

① Sy 0
,

=
--

(x= 11x8 =
- 88mpa 2 = --

Gy = 24Mpa max I &
---

Txy = Yompa"
① L
·

· -
or

tan 20p

=
circle op in didier , ja,s

-! 9k



step shaft

S rotating) - 24 g
-

/

204
.

%

rotating

concentration
-Stress R8 , Kay

RE ,
Rts Key

de3" dy,
3" F

to pul the key ⑪AIS11040CD HR we have Key

so

fatigue 3)-- Sahigue Jo
,

analysis

·E shaft 31 ! 5.

* the most important & is given- you can

& hist step -8 pick the material

Bending moment

max diagram
↓

Mmax(j)

& -tij
↓

bending moment diagram Fe
.

&
.
155919!

&

Grsid19 table 7-18
-

&

& we use it if we

have the information

* no need to do an analysis End-mill--- to get Rt
, Lets

about the axial we just Leyseat s, from the table

went bending moment & torsion

the critical point

is either Reyseal or shoulder



* very important note8- I have to restudy the subject, that were in

the midterm.

- the subjects :

D Kt
, RES

2) bending moment diagram = critical points

3) O
, Thehow to get them

4) reactions3- 500 important
and alon more I dont remember

but study all of them.

-

[GeildingMyaccordingais
↳ & 3Ve

#
j



- --

Ch7 steps- Taz =Tr

-- --

-

1 UTS
, Sy

2- Se , Se

- Dunknowne 3 - R2
, 48 ,Esin so

2) reactions

160
↓Go sheard moment

Y - fatigue failure criteria
RB

-X I
↓ diagram S-check yielding it

n T - D = 150 mm

R , neccesire
-

n =2
,
d?? according to d

-
with criteria you're choosing

d =Somm:21s
find n = ??

-> load analysis :

① unknowns -> T =

⑳ reactions ->
/M =o

, 25= 0)

Tolution:

[T= 0

-340 Num of Fcostoxzexio = 0

↓

mm=is

F = 4827N
.Ja

- - zx -x = E
EM = 0

-
,
B

am2=

- 4824 Cos20 x100 + RB2 x 250 = 0

- 2x -X zXX

R3 = -1813 . 2 N

= 1013 . &



Y2

= - 4824Xsin20 x100 - FBX250 = 0EMc
y .

X
-

3" - *

- Z

Of
xx

=
-2

-

Y -- 2

RB =660 ~

= 660t
Z

2

28 = 0 4824 2020 + 1813 . 2 = Ra = 0

Ra = 6346
.34

-

T
Y

[F = 0
- 1824 sin zo

+ Rc - 660 = -

Rc" = 2310 N

shear-bending diagm :

I-tree body

~plane
Xy

66ON
E

sin2
↓ ↓ ↓

3 - W Are)

Tox +
p , ↑

2310 D

N * fres

-

*so

560x250
= 165 vor

A

(
S

I
I

I
I

I : V - linear

↓ -
↓

i T-

of a -n
=,

500 N
.
m

m-
j

[ -linem

sm = Swdx
in x-y plane

4 &rea



FBP in X-2 plane
I ↓

- O --o
2 ↓

Sharp Cillih

I

+d = 0 .02

->

· t

↓ E= 0 . 02280

- m -

Scree
1813. 2

N [co) 20

↓ ↓
=

4821N-x 20510

-

US33 ~

A B [ D

↑
6346 . 3N

.
013

.

2

- 1813.

2x250 = 453350
I

A s "
1533

-
~

-> resultat-> shathI x -2 max
M

,

2453300 N- m

I =analesis

x-e Maxnce 165 .

mu

(Nt)
=pm+ 493 .

33

Mc =
482 . 4 N . m

-
shaft design

M

L tim

Mat(c) = 482 . 4 Num M
4

&

& T340 ~ .

n
0 Tati M = 482-4N -meI

load Crutaling) -
-

- - - - &Completly revere
analysis

I

-I Ma = 482 -YN -m -Mm = o

Tm = 340 , Ta=



is 5g

-* shaft design
-

1 - UTS = 380 Mpa

Sy = 5420 Mpa

2- Se = 280 Mpa

Ra=
0- 81

Se = 192 .
9 Mor Kb = 0 .89= 0 . 2

95 =
0

. 75

3- 7

Ifs --
1 . 375 V = 1

3ts =
1 .

S d = 50

q=-- KEIKrs -A-15

D = r+d 2 S)

4- ASME elliphu

1004 =25


