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M(?ﬂrl,q,i«llllll ﬂM’“ YiTVa




“a.

Q) \( T 7T (upward)

VA T
1' VQ_=V1+‘F

ha

when loading  Js upward dohge un  shear fora
=4F (Va-V4=F) af T (s upwxd.

Wy W F L (downword)

VA + )
ﬂ Vo = Va-F

Ya=N& 15 TF
i

wohery loacurxg us dawnward d’)anaz Jn sheosr =-F
@b LE Mo clockwise '

[‘ﬁé\“z Mz = M4+ Mo
M4 M

M)_"M#l - HO L ;
when mMoement us clockuwse |, char\%e N asant

TS eq,uol v 4 -ve Mo

(@) \-f ‘Mo cmm%ﬁrc\ockbo(sem

/» ﬁ MQ,:MJ“M?)
M) %) M2,

Ma-My =-Ma
Mp

whery Moryrrent Js Couundes Cloclkuorse chan.a,a_
an mMmemaent = - HQ,
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oxcerglse Y

A Mg

| We
\h\ \L \Vl\‘%f v (ill

A Aj 1 B
%ld—woL_z-O AU:LUQL.
mﬁ« < Wo- L XL/L = 0O

Ma = = Wo L
e
V“P
wm.'\
A
- oL

i




b

T Afj = tol Va = Well
A 2
(AT Mg+ Yol L =0
Ma = - WDe '1._2-
©
\//\ _dl = "UJCX‘)
waL-\u dx
y aM .V
‘o P X dx
..[‘U/Z:...
Example .
%0 KN et
QKN ‘ Mp N
| L
1 g b{b
® N
4 X M o T‘e"j SiE B *\Daf\bu—}c
8 ?S&dﬁp 4
Bul= €r3=0 [. % >
Y >
By = 5 kN = Ns
(—\\
Mg + 3x4 + 2 x4 =0 -
Mr = —ll KNm
= - B == D KN £ '
Vg Y according to -

Stl%n Ctmvﬁwh'crv\).
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My

B

=

SONANNOINNN

I <
LS =

Mz
)
Va
wlx) =0
ST D
2 oy¥ = 0
ax
Y
Mz,
BMD
N
v
X
Ma V4 =V9_""v '
\ A -0
_L Ax
Va,
™ 3
Lyx
M,
?
/‘\A\d "‘-‘QP
Ma IR Pxgil = 8

Ma == 3PL,

= il
e PRSI NESE L - AR

Ma = -3PL.
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=d P 2| | B =— 28]

=3PL
example
ATA% A Mo e
= L,‘ k /JJB =
AB“
V2
By
|
: 7
|
- No_ : —M
;L’F 1 QIE
fjt\
| ERERREL
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:’ Chop+er b Contiugdo oo 6,3
03,05 | Bending dedormmation o4 a Strajoht  Memlogy

1 ‘oP (ommpressive
Stre &S newtral
Surfa e
Betore (6=0)
Gte,(g-rma’cim stlore Aru nNo Srain,

4N SLoYV

Nr——t .

bere detorwatio

A
AN RNANY

K -4
TR
P
\’n/
i
|
N \\\\\!\\\'\
e
F g

Strain  distnbut o,

} ‘-—_O:max K
o) R \ /\cﬁl
L Ty \EE _ NA ?‘:& T
. :1 _ k-/ ]ocajled oYv
T ; Ne Utrals
Stress dt&“rnbuﬂm Cro £s Blone ,

SECH o
M () :fﬂ'd“t
A

M L) :L y- o) dA ®

0 - SHe€esS d¥ - Hfovce Jue 4o g 6 dA area
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G[MX = ‘__O: 1
G J
- T O’max-g}
&
M(x) = Yy Smax -y d A
A c
M(x) = GOmax S fjldA
C A
b ]
| L’_E -momend ot m+e,r‘h6b)
Mix)= Omax T v 40 ~statc
M) = Cnex = =0 | < Flexture —f@rmwlok,.
=3 c g Ty
| %enamﬁ — (—
_AssumpHaon

#1. Plane Section remains plane
32, Lewﬁ’rh 04 lon%imouna\ axl's  remains
mchéhgec/.
[ # 5. Plone sectioru remains perpenciiculde fo the
16Y18i+ud1'na\ ax(& | ’
#4. |n pbre distorsion of section s néq Legyebl

0 = - & = DAL
_Mi%l max 5

E perpendicular cistance frem neutral axis

¢+ neYmel  shess  at g ~dustance

T . moment o4 (nterHoo absut the reutral
axLS.

M: resultant  unernal  mement.



A9
J d¥
N Ea L - %q
ZFax!/=0
0 =] dF = jA & da
D= + & hax Y A
TG A
# 0 =0
Cén’m'od=§
Ur d A 1T
R lmammn . §=0
| da
Meutral axis = centrold

example & = Stress distnbution & gaven pind M

'@J M - Omax = - o M= Q0 MPq
i ¢ Y

M= 0max. T
=

moment o+ (nerka

4
q= */,thg =4,L/2><é>o xeogmm = aegxroqm”

Wi
C= 60mm
M = Jo *x 8bix fb4mm+
0 mm
20 M Pcu
(b) fro—‘—\,__, ey

1. . N A rTW A

& Tg—jz.
718 =

M =Fqg4t Foh

= 2,85 KN
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o =g

0
—

Areo X Emax )

]

2/6 X600 vwm

%ﬂzgz
example 8

I

=

@)
gl e~

@ O max ~ _H__L:Lil ‘jmam uu) 6 max = Mmax Ymax

X )
moxtmwm  stress  of Maximudm Stress
censidaed  emwss section ot e loeam

where BM s M(x)

x f;uenj Coss - Sechion MBS (Y% 6wy maximum -

i : 3
]lsom 1= .l:lixasoxaqo-ax‘jlx
— = —— NA 3 7 ik
Ilso m 445%@:@2 = 30452‘:%»:10] v
Gy L] Crrax = 22,6 xip~ x4306%16
=R 201 2x10 ©
_Cmax=  \2,F MPo_
=% )2 MPa
*-
5
| —— )
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eample 4
(»U(-rh-’ FLbS_ I‘d‘ ‘jl Ai
Q’mgx " i__%_ 3 NA
& TTY 3% <159
Cp— T
To +ind NA: i i i
AS this (s hot Symmesn C
H= i 2“! A Cerder (S not +he centrsicl
Z A
= UsAd Y, Ay XL
A
Y4= 20 A4 = box30
5 @ L
11 ——=%d,
3,_:(60+5/2) Az =(ox5) | BN . 3}’-
&>\ @_‘\
g = 19,92 mm cr 0,01592mMm
1= (I—1 *A—[d{z\ &l 1 4 7Y *Azd;)
i 4
1= o;—f(gqxfoa’m J
Omax =4O KX 0,04908 = 4,65 MPa
oLy X165
5 UL\SH mmMetn C EDehdivg
» ©: angle witn Prnslple
F\L\ [ Z OxXl g
oM

& = +ve when it Is ttom
T 2 axis *’O‘FSQK(S

1 4‘ | Mz = Mcos&

Mg = Msin& = | My -1gné




[oQ

Recutont norma) stress

2
A~ 2 :
atress due &resS e to M& \S
to Mz (s lensile in B9sitve 2

compress Ve dn

+-ve ‘3 clire chion

Onentaticn,  ©4 NA

z}\:j
N
As no npermal Stress
b ack & on e nautral oxig
4
z g = 0
b s Y H}?i—;o
14 =< g

+an ¢ = judis! tan B OYien*Q*HOY\/ o4 the rLQM—HQ\
Y axl s.
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#(0\3

SRR [

In \% '{L{'mehe 'fOTW\bUQ.

+ehslle.

hotpdion 0f neutral axis csincide w(the Hie
centned  of (wSSsecton.

"M M

& ( -1 ol N, MA
|

Z & \
A
Sess at Fm'n-\ P =
emeQ

Find 08, Gc, 0D,6e ot €ach Cornerg,
nena i o cf- NA

.A‘ﬂ M.: la KMW‘\ ( IU'E,Y\)
0,4,0,2)C. bein] 04 B (-0 6,2) ok
Shma 5i Mz = M cos®

{
S - « [lQ- o8 = (3/12)
z _ O.’a‘lm ‘
(Q*J'&"}D f MB = [M sInG
-t 1,-0
" D i;-) = ...\a Cu/s) = —OilkaW
3
T o= -Meg . Myz
5 - I3

Moment  of lnutia -
; . -3 el {
T F 442><O,q><0ml m = 0,66 X(C IY\F




JoM

=3 | ¥
Ty- 4, x0@x0 4t M= 4,063 X0° m |
3
Ce= -(F,2x0°)x0,a 4 —[9bxI0") (-0,4)
0 2667 X (5 S M, 06% . xI6%
Oz = 2,25 MPa, (feil)
Oc =35 HPG.,
Cp = "‘Li,q5 MF;ab
¢ & 198 PP
onentaH ore tanh . = 17 +an€
+onol =4, 66F kld?g (“L‘/g) L _‘:p—”r,qo L check
0,266 F XI0
\QP‘
AY
g CCheck]
A
M
-

b, Cemposite  Beams

Beams Contructed OF two or mere oU ferent matenals
ore tefered o as (omposite beamg,

The +nsgomasion factar (n) ds o vatc of fhe m od Wl
of —Hhe digerent Matenals ot make up the beam.

Sjid j . T

N
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Steel
‘ d 64/-&{'(—8‘
2200 6, ood
Behd(mg Stress ocustmbutagrv
52 LDOOC‘; = E(.Q z @
J4, steel = *Es Modiulus
69_ WOOd EU-) \'\Q-hof

- Stess  distnbution  ws not Unear lexture
formula cannot e applied. Theretrre we frapsfam
the cipss section to a same madten'al (one matal

BETaF . B2 F  —I8)

Ag
O—(,U ':.QQE = E& E, - @
A
S tw
(Sl | [ | T e i
- Z//////] AT Ew Aw

€<

2 7
L Stee] = W/’g{{/d/%/ Aw = Es As
wood tw
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example (41) [
150 mmw R Op = 2
b wood A50mm | Ge= 2
a{vexv M= 2 KNm
Sieal [QOmm
¢ h cannot Chahaa due to

(e need +o Hind stress at
mﬂ'\' Bé. B)

b % 4 = 15 ; -
50 = (150% 1_0) x(‘:}%o 5 e
mm ‘ | |

mm
L IQOMW\;

Asteel = Aw X _£w
€s

b= th\m_
E———H 5l
_M— = _g e %&&
T o G Transtermed Sect{on
el G
I = q,%'&‘&xlo l’hm+
3 -3
| 0a’=-My o - 2x/0 X {A%0- 36,38)x10
1 A t D RX [0"6
6@ = -ag,b MRy |
Jc = ¥y Ty M PeL
J
v, wood
=
w —
Srea b
—4.
< 9
Y Transformed. ! Rea L
6[3: __&Al &B}




(6%

Chapter 4 - Trgnsverse shear

Tgp&s o+ Shear Sress ¢

‘
#*#4,. /" sSvanng ¢ hQ
. 9
A :
@(_'@ ’nmnrg o4}
Small gep
2, z Bhear swess
T@:? olue 4o torsian
M X C= ch,.@
o Il : 2 (CﬂTTHI’Lu.QdaQa)
Me M 1V
» T

Shear axrea,
L
| Cunifrmly  di'stnbuted
V- ghearfive . His ‘;—mr»ula dS GKJ
caaimnes
' 4
AN mmmE
dx
—_—
Yl Ea 2 =4
p- il l
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Ve Oq = (M*\'dM]&}L |
% =
Cchm‘deﬁng e  Wpper nglrﬁ secH oy and O‘-PFLH“\‘QB
auilibnurn  Guaton Ly s sechion
cartid

Y ZTE =0
—>I dA—-f O‘dAg

+ (T xckxt)=0 r

j\A" %g dA —fa’ WJr;MIngf\

C ey =D
——J _@Mdp‘ + T4dw =0
Tada iy cla

R R (A
clz I{-J‘A'Bc
\“’\’—J )
YV
T :LJ 4 dA
T A7
e W’
QL= w'A
e =—\IL‘€L Sheax - Lermul

lQ \(j(I‘UL want 4o Hrd the Shear Shess < ot

/

Wight gy from the hewtral Axi's
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Aﬂ

@)8 NA
Slep 1

Meke an dmaginarg cut ot hel’3h+ y "oy
NA Caloro A8 Linel |

STep 2.

T R e T i

§[e_-p__f ’ ’3IA[ 'fc:_, R

AME SHdA =g A J lﬁ NP,
A

STep 4

V- (ndeymal  shear .Farca across e crssseckHen

(Ca*iv&fldv Homm  Shear fovce dia@ra.m) —@—NA
Slep 5

d .
I,;;A ch mement ot area o0+ the Lntre (rossec-
v abo the neufral ax('s

Slep b
L = VQ,
i), -
Note (£) QR £ 4t are hew
ga) 3 r Cmmpumen-ta}—& PerenJE

< @ of Sheas

]

B
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4.8
example 4

Petermineg He disthbut gy ©f He sheor stress
over e clss section  Of the beam Shown in

Fégme.

—t ) -t:b
il ' ) Q:. gJAJ S“'CF’@
s g Al NA
lr\/ i o I
~
7 i ’QC
PlleT || M2,
1 Jr_\lj \/H & NA
A = b(_h/l—.lj)
REaetE e
2 (5
1 2- 2
Q= (b 4y) xb(B-y) = (-4 &
Sep@
V=V
Slep 6
2
I= 4 bh
Sﬂfp@
TR cV3E-9) L evy )
3
S f’iloh bh3
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\~ parab olu ¢ Shape

i
)

. - | VA Cradks un he neldral
j g %’P AxLS
—_— il .
€0 7 = V
ow -
LF 9 =k
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/0% Bmd(f’ng Jnduced shear stess
T = MO
L+
2R
V= %0 KN
[ t&o mm
I 0D mmMm
N A
I 10D mym
$ 20 m e
5 300\(7-3”)_‘?
Sepd !
RS mman L 18
o 2 [ ‘;] I(loo—g) s i g gdf‘i boem
1 l y _-..Ej | A an oL .
t=15 mm
ERUNE ’ IR Bt i
| e 94 4t Y, A oy (IDOS)_giv(&oomom)
s
¢ | = Y| LIBO = U+100
2 2,
2 |F
92, = 110 mm
A1 = (100-9) B mm
A = 20X 300 mm
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V= 80X N

3 3
1= 1Ty Bx3p00 ax(T_ xaooxgo)
2 s

: 4
+ (200 x 20 Hp L 1= 1,554 %186 imm
U E NG 4118 («foo"—&lﬁ T
Tt 2
2 . 2
T= %0 xI0 [-(‘IOO ” )ié TSOOK’;OX{‘!O‘]
4506 X 10 | XIS 1
- a S ‘6
T = [_f;z ( oo~y + (&, x5 )] 3,428 x5
e )

when J = () T = 25,19 MBa..
when Y = <00 - = A, MNP
] 419! M P~
——J ------ g wils a)i Q&/bMpq
__.—_._.________‘__ /_‘_&S}qu"g;\
A /o MPa
\ o< u & 40
i d t= 200 mm
‘ ~ {7 120y
C,,J’
JEE Eygmagen
sl 14
Q@ A S - = 130
“* § Tyt Moy - g

A= (a0 91 x360

TF N - so.xuf’w- (1&01—1)
¥ b =
1,556 *|D® X 300

Y=100 T= 41354 MWa, y=R0 7 =0
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example, (3)
' 150 mm
/]: 30 mm step 4
\r(«bo—uoj 3 umagirarny cut
N A
120 mm
A
0 A\i 30 mm -{;=39m/m
1t &= gh
g A= 3D X150
NA Th
VA : ;
Wik Yo Al hI
J ! )@ *“d«]
Z Al 1@ A .
= JqALT, A 5\ Toda
.8 At A T L ImA
g = lao U 4= [450 + 30\ = 165
g "=USo—lao) +30 Y, = 4_59__? M m
2 8
- 45mm A4 = 30 X150
Ao =
O = 20 xISOXYS MWLs 2 50 X'f5|0
vV
@S

Tmax ~7 Vmax

T= ( T4+ Aqdd) Ll
4= 65 —120 =
dﬂ. =

|
.D'"-""""'/'"J

lRO— F5, Ayz>bx <150

3
¥ 9% (M) Vmax = |9 SKN
|

-A,5
2T j'1\2.0'(27_

Ay = 30 X150
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I= &;q' leb—%mmq

- _LQ-.. = qg/:{'SHI‘D&
T

( max

::h.?) Shear Haw  In  build =Up memherg

/ ) M+dr\: 1]
( u N

M+dM dx

A =i

2 <§ OS5 =
_-_Q'é,i’- X 0+ 1

a &__—.
\?_, Lt O ln = (_M ‘I'd}’l’\l&,{
T & v [ . )

clx VA

ApPlying  eguation  of equlibriuim,

| —lar 0adAt+ [ ,01dA + Tdaxt =0

J dHy dA = 7 +dx

-

'cW 1 J HdA L—Lw-i
Y =shear {-[JLO
Sheox A lswo
Shear Aovce  Per anst LQ_Y\%'HN o+ He glua O\I«nj
the  beam.

G\.QJUJV\QH’-

A = (IDSS €Ct anal  ared o4

V:L_Qz =9, the fegment .

Ja Yda =a
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/

A - Cls  orea 04 the  segment st IS
cennected +  the béam  at tie ]qnc‘ftue
wheat shear Aow Js 1o be calcubted

g’ - distance  from tHe NA 1o +he Centrid
of A’
oxample (4)
N RS0 yvy ]
4~ ] ]D mm
B
d4 C__{ 0mm
T HE |5 VA
™ A
vV
V=g
(42%,3 50KN 006 fo o
¥ N
-_’!Dm(;;'\ N < 0 m
12 S mm
Shear +levo
9 = va Y = 8s0 kKN
T Tl e
T= (e ned neutral axi's distance .
® ~ |
1@ puae
A NA
Ig 'i G
'&3 o - W
Tk Z O AL - WA+ YA +2 Oy Ag

zM Aqthaths



M+

&
——

2
A4 = (250X% 10) = mMm ]

( 2. Ul ¥ FRG: & )’hm_@l‘J
Azr = (I6X1Q5) mm ¥

IA& = {BOOKIO_) rhml

| T= (T4t Add )+ (Ta Aad ;s Jtr iz +Asds) »2

di= 205- 1496478 AL=Box o
dh= 205-19p8 Al = |6x]AS
da = 19,8 = 150 Azl SO0 XTD

I 1= 3?;599‘!0‘0 .

45185 @ Lo o

196, €
NA

B = (250 x0) (. 305- 196,8) = Q%6800 hm

0, ~ _viQ 24209085 [ Nmare
I B9l = 2L30:205

44 Shear Flow 0 Thin wall membes

hear 4love an is

s \1/ LS b '
& =X p | Lt durechiony (g,
Hange 13V HITTT g
* 7 % N A
Lw, dl ‘(2;

@) i *+hn
FhcK + : o
Thickness <<< (,mmpared ‘o othwuxr dumens]ong
( hei g'h{ Fé wr'c(-fﬁ)
We wune <hear How instead 0+ Shear strem.

q2-va
/T
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4.03

Chaoter 9 *  Shess fransfarmation

Stress  transformation
(stress at a Fc‘ih‘f).

anfildcs

X Cma@ﬂbﬂj cur

Ctﬂ_\&ideﬁﬂg Hhin pte :

¢+
p>:
5y
P sx
N
44 83
(0.0) X
10y

t <4  other dimen sions
2D plne gress problam

15y
i __J_ng/

FE’E__) Ox.
/‘—>/Plar\ax

LR

eement for QD pbne
Shress  roblem
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} same % Z'xﬂ

Z/xy
6"‘[_& _ - H there s no
r boci(ﬂ ~farce.

Ox # Ox'
Ty ¥ fo@/

H— we Know 10t o'\gj ,ch_& J Obje.ch'v&
Find T2, O'g', Ziy’

example (4)
T SO MPa | Ox = — %0 MPq
_ ' 0'3 = 50 MR
% 80 MR _(zac((j = —25 MPa,
A B0 MR
J Ty
J
BOME
Y A O’x)

Oy’  COnsidonng  eq uilbbrium
of Hus element
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_AA sING.
9
AA
(0 & 20 AA “grea 3

ZF = 0l - 8% - (50 & sin2D) % cos 66 - (25BAsn3S
cos 30" + (€0 &R cos 38) cos 30 — (25 24 cos®,
(08 6060 = 0O

Ox' = -3%,% NPa

\<1 27 T 3955"4}’(1' (50 -5A Sin 30 )'SinkO -(QS?K
sin2') sin 30, + (§0 44 (os30 ) sin 34
+ (25 4K cos 30) sin 66" =0

Cxry = —6&k,g MPa

APPl{jt'na equatiorv ot

€q wli \onum \(1

JLL = _L{': '5 MP&

25,9 MPa

68,8 MPa




21

N Cereral eq of bhne - stregs trans

G= cosunter clockwise

r

Bl |= _Qx_lig_g. + O:Ligl’-j_ Cosa € +_C'-"";3 Sina &

Ty = Q"x_;gy) SN at + Txy 0836

L 13
JH) = szo*!, _ Q%_@ cosW - Zxdéfnﬂs

Z

!

1Yy Y
\/7’ Ox A Lig Oe 0y Txy us
\ @ Known Wwe can wie (s

N |

o2 AA \ fs«mu(a ck'recﬂﬂj

co&% '
M N
txy Y Gy~ 8A - 5iné
AA TOsO
Z)Zﬂ A A 'Siﬂ@"

Mmp\_e__til
A 50 MPur
L . Ox. = —-80 MPa

& i JL'—‘ 50 WP, 'Z.)'x,a = = AS MPe,
©=- 30

T Tt oMb

O’ljz ek ¥ 85 Mpa—
sy = -4.15 MPa

_C,ag_(d -~ -~ &% M P
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—

AB  Principal  stiess and  Maximum In Plane
__Stress

At a pant, there are winfinite  Number of

Ox 0y . Tay’
sut of Hose —T ‘there 'S 0’;(_’ ma ximuwm | Principal
0 Mmininum ;erf Fi:iSMP
NG - +<M) 'C"ad@' m.aximum
2 : ©$8 * Ty Sinab®
O’ = £C8)

daa | L0 maximum € minimww = | < —{—GunO\
ae

dgx _ (Cu- _
A6 = () R ena0) t2ay(2cosa8) = 0
(0x-0y) -sin. &6 = Cay 2 cos &

SinAC =
OSAE LO')L—(SH)/L

| tan 2 0= Ty
(Jk" 0:9)/2

p has & Vollen,
Bﬂ subshhﬁn\g Oe N eguatiéry we can fihd
panciple valeo  for theic strennen,

OC4,2 = O + / 2 | I3
NRT —\/(ffx"o').rz%
=5 5N

04 - maximum nermal  &+ress
G — Mminimwn NSrmal  S+7ess.
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Z,;L‘S* s - (_@,__—l%ﬂ{) N3G t Zxy (0S6

oy sulosttuting Bp Ly’ = O
Oxample [3)
&  AAMPa
U(j = 9490 MPa
20 MPa. 'bx.& = b OMPa
O":.’L
Tan Q@p = Z/Z-U . 60

C gj\/; (-20-40) 4,

’}Cm/ 3—9[9: _"‘IOOI .
20p = dan (-1.09) = -4%,49 or
‘1801’("44140')

Pp = “93,?. ofr bb,3

C4ja. = _z_g = /Jx_ T_h(;
= (RN E St o
T I 1= + 60
Shar /ET) i
04 = 416 MPa (maxr,'mum)

0, = — 46,4 Mma O’m'ﬂl}')um)
Ustng Cp. = —23—‘}'
1t Pind e phre un whith

5-'(,/ ¢ach normal — stresses acts
= o4 \pa. O« = -Hod MR

7/
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Maximum In- plane,  shear Stress

Cx’:d’ o "QZ&T‘Q}) Sin 268 + Z”‘fj Cos AF
Ty = {0

Tor nmaxmum

dt bl L ‘—kQE, -@) Dcosd - axa-a'sinae:o
de 2

~ (6% ”O'S)fc'b&&@

'Z/:\cb'o?&fm&&

Fm’ maxermum  Shear £Hess & =Cs

| n bs = “(Q'g,—-o‘g][& - €s has Qvalass
e

85 SUbstituting Bs  un +he Z;ty eguatian..

| ' 2 2"
lcmax An plane = ﬂg&;:%) + Zlfj
when T rex O‘Q,Ug = &_—2%@

n plont
K. Tmax in p
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(a)

(b)

example (4)
- Guverv
| Cx =0
1 65 =0
C'x_ﬁ = =l
o
_ ES 2 1
Crox (0 plone. = (ﬁ%@) T ’Cx_& = 17,
o) = _ 0
tan d6p = 7;'ruu MR IARETT
(6x-0y)/a
26p = Han'(o0) = A0 e A501(-90)-0
. gp= H4S
6412:—1-"’01‘7}- = 1 C
v
04 = U ga1= T7.
To Hind +He pbne (rv
which each. norms| streo
act Ox = —L
4 45"
A4 Mohy's  Qrcle - plane Stress
Jx, 0y -(/xﬁj Know w
o Oy Xy unknowns (Vangole)



A2p

N 03

Graphical tepresentation  of Shress ot o pont

- (Ca2ay) 4 (Cx20Y) Cosab t Tug sinad

&'f—o-;% - 0 C05a29+ Txy Sinaé )

(o (o] = |( 2= g sinas] @
ECXB{]: E(%iﬁ') s + Z'xtj 606&91 @;

@ 2
o - (M)] Ty = [+ ] + [2¥]

2 > SO - LY‘_—)
(3_ = Q), . 8 = K ' Rl = Benstant

( €quatiory of a circle ) i

Sy MMATLL,

LQ we Know Sx,Gg;ij
y Ao R ij t'ijl -Stade  of Shess at C{J.Pcinf

* 042, OB Prinuple gtsses

Ly Z)M&X L P\SV\Q. Bs . C)—Mﬁ .

équPht'm( reprc_senmﬁow O+ SthesS al o Paytt

Cx Ox
5 ()
_c}l\\j T/x"Hl

Knswn, wnknaomw

' / = . + 8 P
[Ux - (O‘g-tlcrg)] tlxy = (O'xz-‘c”) +Zay

. <-

(G‘{*cf F Zxlal | R
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C= (QCax oy
' s ¥ l‘ 2;\
R} :.J_“’( - 6. )(l —‘t Z,a:\ﬁ
I 2. s
R ' Radiun C : coordinate of the centex
M ohr's drcle.
(C;O)
/ N
7 6x (&)
&
i’
Z',xi(ﬂ/\.i/ ¥ This cirde (s called Mohr's drcle
() ¥ This ciccle represent all intinie

numser o} stress ak Pl

L oxample
M P,
| 3P 0 x = & MPa
63 = 4 MPa
l\—) 12 MPo 'Cxa = 3 MRy,
step 4- Find the  cerver ot the cicle.

RAER 1238 = 3/MPA,
I ERECE 73

sep2 - Lgdablish G, axis (pasitive fight)® Z owas
(postive down wgrds.

Sepd-  plot the Centerot drde um‘nfj posH-e.
éﬁe')r\, corwentt! 6, for Gx , QY z,x:j
Seed -~  plot pant A (ox,Tay) CR,3)




(X8

SepS-  cConneck C& A (CA Une)
? CA (s the
R=CA =/ ou-0u)’ 4 2oy .
\/( 9‘5_ )'b A, rodiws o the
cliccle
S¥p 6 - As RS Known , slketch, the drdhe.
-4
G S8\ o0 | 26e= ddn [ 3
(o} ‘QgP 7107 P ‘1)
& 8P= ]&]q?)o
A LR, 3)

( Cesunder clockwise )

R =34 = 5

0'1,2, - panuplal  stresses,  meximum N6rma)  Siress
‘ | minum  nervell hress)

Vv

61 = (618)= [ MPa
Oq = -9 = 3 MPa

Noke : 4, ( Mon’s circle onentadm)
> O'riema-h'ah ol Stress @(QM{’_M“.

Cmax (h plahe = 5MPa
2 Os = -lar\"( “/5) Gs = Qb,56 (clockunse)
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01= §42-6 =249

0= bt3.9a=I4,35
p =2
tan Hp = _6

12-b

26 = tan (4) =4
Il '
(ecun¥rclockwise )
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5

N 40 MPev
A oM P Ox = =20 MPa,

‘ ,0‘3 = 90 MR
- 20 MPo, O"ng = b0OMPa

c> (oxsoy (o) = (w201, 0] = (83/0)

Rejerance 35420
A= (-20,60)
Radiup ﬁo t85 = 1.4 MFa i
/_ C@so) \° Ve
| P
H 26 ¢ 7T
QQOJ%O) :
b /4 i
[

tan Jbs = 55/(00
0 '
s = A4,3°  ( Cunter clockusise)

L0135




[ 3]

| MEw,
T U‘?(_:-SHPQJ
G:j = 2 MPq,
ébv 8 Mk, ‘(,,(j= - 6MPc
—tv o HbPu
' K \JV 1, 7 '
09 7(‘3 4 Gx = 7
Cy = 2
T
300 Z'X& = 2

— — —

Cfr\rkér L,m.» (I?_%J_; 10) =@r0)
A ‘(‘%;-lo)

—a P T S

2 =1 |
Radivor  [(stay v = Hee
»= San B Y 2696
(To)" i
W T AT < o T A S <
r.f | \ -\ N\
1 £l o \
|'jl ( -Jl'-..m'} !
B % T ez
: ‘ : _f" / d
o // e
O.X‘/T.:?:g:_‘- T — -
) o O_X.}_' "[thb“'(&s Q%DL-].J“ZJ
ay =~ Q4+, bb asaa M
= 1R,aMPq, Ol = - 8,20 MPo
Ty 114,66 v 89,04

- D 1ilolbMPa,
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/

‘

O x
da
CLHom)
—N 04
—
%
@) Draw Wonr’s  circle teor

X=Z plane

[
‘ —_ﬁ01

N
r

/f‘*~

8—% Plenre.

< T

702,
o

@4

A5 Aosolute  maximum  Shear  Shtescs CZanb&)
Z
G4

T ( O--{-iﬂ'gﬂ
- A

Tmax m:pbnqrﬁ

(3) Draw Monhr's Circle Aoy

i

Tmax | N
pbne X-2,
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Note,

We. can drawy A Mohr's civdens v one
(oordivade system. (Gmbine, 3 mohrs Cir ches)

LO ‘0) A (]

Smy < G[n'}‘ 4 Ghﬂ'l"
A Gmax

- e = s o=

e can draw Moht's clrcle,

T;absrn&ka(ﬁmacjimﬁk
2. ;

¥ = ., B ng (__EDEX ~+ Oppivy
[ 2 y

O / CmMax
61‘“ Cabsma X = bQ~O =|b}

v’




24/0>  (hapler 4038  Stranrv  Transfermatiory

Fa s

oy A0 - B Eg L TR

< °| &L 4.2 Cp
6k, OY S LAY st ¥ max in PN Bs
/ / ) 7 - E.a.::}
_C_ha_ﬁ_ * O th & '&-Z@ * Yabs max

01,2  Op prndple siresses
TUmax (nplane €58 GMS
Cabs Max

{0 Phne - straln,

ko = O‘n‘g)inal &n@ﬂv.

o

ESEER

I A L
AMnear Strainy = € = _éé__
Iny 3D - E'x. '88 ,85_‘. ,a’xajéf\g-z,é”%x

But, \EW plafa  Stral v

D
E/Z = S/Ld,‘g =0 e O B

Ej‘dk
Ox = V7
0_53 0
f;‘ Cae Cay = 0O
oo vy | AL=Edx
dx

Ex'dx Nmmg \ Stradn, - GLt'rEC:H‘GW T p
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57 Oy }j
T ] ]—T_“-' ia de ;--'-”-;7
d&I (%9)

__;2 I ’(—Uﬂxg /2d)

— v S — -

'
i
'
i
I

rx Ca=0 2
dgx=0
6-5:_'\/ 03:0
_Ca'xa-*-o —C;La-‘-‘\/

Nermal strairwv v Sheay Straury Zf'ar_:j

(d-dal'k'ef_.ﬁ'(ﬂ’“ E\Lj
l_( the element 1S mb\'ecﬂ-ed to Ox, 6—&,7223
 therv dettrmed  Sha pe 2

A
Fa S l:}
5 4\6.9 — o ——
Eqde] | L]
]
i 4 |
= Lo t
T T I
¥ xy =Y X
= ;:j Ene X

I we know E&x, &y, ij

Exz (Q;_E}) + (,f;x{fg) CosA©
+ %Yy sin 96

o

58’= Qz,;:é;p_ Eg;'f,g CosaE

0 = counter cloc K wise

1 _a;&_j sin A&
27 14 LD

‘ v = _( Eg;ﬁg)slnaé +3:;>_X‘” C6S L&

2
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txample
Ex = 500 x(O
88 = =360 XISB

A
X'X.L'j = 200 (xIID
F [~ A p]

. | &
(Erxy) + (B a) oo ¢ gy i
- ( 800 -3oo> XIb + L'OO.__*BOO)KIBG‘ os (-e0)

2

= X
-6 ' o -k
+  Q00x16 Sh(-60) = Q13 x06
oy .

=

/

Ly Eax

]

gy = (500~ 200 mé“’-( 500+ 300 Jaib” cos E607)
2 o I8

T - (QQC_))XIEE’ él'n(—(aoj = — [X,4 XID_G
g\ -

x«.’U’ = 343 xI0

:Pn'nfﬁple Strauns

maximum nermad) Stralin )
NN W .

b x Eal = £08) . Xy =0

) .
d Ex’ = O  Aor maximum
d & Sr mMmimmlnn

 —

an 20p = _ Xaxy
iL"Eq ]

By subkstituting O (n equation €%

bl e

L T La TEy j‘_\/(i_t_‘_a\g.f —r(ci&g)"“
r T -

s
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Cxample  (2)
£ = -850 X5
ey = 00 X /(3:
53(_3 = §6 X 10D

Find prindple  srairv E1,2 2
Orignratioyy 6Bp - 2

Y Adan, 36p = _Sxy = 30
Ex-€y  (-350-200)
Op = -4, 44~ & 35,9
oty 2 e
Claja * 1 [ 550;- o’)oojyfo L \/(_25;221903 _1_(35(1)
APERC YRS RN YEE —BSSXI(_D-{?

B 4ind  which ot these values ot Strauns
doforms e element U the > direcHony
use  eq €x and  Op= -414

P E S REE YT
4 7 . Max v pbne Shear
’ / Shrairv
a3~
: a s 3”1:’3' = £

BB A
cl &

&P?Ai[‘ic?"““/\ T e maximum.
\
| d’f ‘ | \fﬁ:—\—’ Ao 20 F ~—(£3__-jg‘
By SuosHutng 96 thy b”_.a% & Ixy /
=L x
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Example.(3)
Cuiverv Cr = -350 K{B(o Find
63 = Ro0 X 15_2 ¥'max (n plang
¥ay = 30XI0 Be - onemtatioyy
torn | DO&EF |- (7‘350~QOO>;¢165
&0

&s = 40,97 e 20,4

Jtnax (v plane. - 55(9%!5{:

- /
o -y AX
g'x,ﬂ = 556 x10 f
| cd s il
ang = “‘?‘5}({0
V'.)(.

Fmax (nplone
2

Mohr/é crcle  — Plahe  @raun
Cax’ = (.Ez;%) + kg;x;ﬁg) CosA6 Y 1%_3 sSIN26
161)_ (ﬁlii—y‘)]z b {(& g;ég) cos L6 _t‘b:?fb\ sina@‘]f@
L%g)"’“: [(_ ( éz___fg?: >.5'mae r Xxy cos&@j]1~®
£quatiory 1+ 2
[E=" = (Sl )]t (2] = (Sago)s (2

€4 uatory o4 a Circle

BT & %)Ls - cenver (C,0)

R Cld,{'u_}) =R
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+#4, Sigrv conventioyy ol oxis
€ axis — Positive o the rght

_3: axrs- PO&H‘\'\)E ctmjwwards
2

#2. Nl | AL § Qu

2 R«e—{frﬂhc,& pen ,, (6')&; %}_} \iim)
# 3. (enttr oy +“Yhe circle (¢ 0O) _=( & zcgj-hr gy ,O)
# 4 Radiuno of +the circle =CA

# 5 €4 and €. are prindpe strairv (at BRAC

Ho. B impnraas € s angle o
Thisg 1$ | |
3
- olled Monrs —max  nermal shoyy
CH‘CEW P‘a QC‘ (.(;O_) \LB E'{
T @ l f 'a E&,J =
B A ( E)‘(-J .X_QQ.
L7 S e CrvE l)'
la e ) 6 ‘J CCXD‘"C[LV?CL{“& y
pla 2), Cavg of s pans €
by - Y N
Eample (4)

. —6
Acven Ex = A0 x10 | F‘_‘j = —15D0 XD
quh = IQOX[(—)“‘O

Reterenae 7 = (52,%> - (»?50x15(j GOXIZ)E))
—b

Cerder [ =\(/B) = L&?L}% ) 0) (|- 230=1Dyx 10", 0)

Radiws -‘/E:Ozﬁ-(&SO—g?JL = (5o x1d",0)

.'.‘.-V 20?[??7!0




T E(ipY
Ea
X
/> & & T
E1= 120§,81850)x10 = 2,5%,8 XIp
-6 -6
Er = (Wg8-50) x10~ = =154axio
Han, 216p = _ 00 L Gp RIS E;SQ (eunter clockeise
250-5D
\
3 ya ‘
\a\g Y
TN
l(\' i |
\ o9 it
o) Gp i
/6‘1- VX

- 10,4 Aosolute . mox imum Sheayr  Shrain

o0

K/;L N

_ L‘cfabs max = Emax~ Emin \ 60439 |
Fomax + Zmin
2

—
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.Summary
~J

stuln  at a pant  for o givev & onematier

o

- wl 68/’ %13_

- Prncdple  straing €4 ,&2

- Msx n phhre Shear Strairy
strain  {max in planc

~ Abseut  Max  Sabs max.

Lexample_ ()

-6
Olven . Ex = —H00X 10
s
63 = [ [P0 KD
—b
KK& = 150 X 10
t maximum v plane  Shear stralry
fmax (n Plane = 2
Smax (n plne = E max — & mninv
2 N X-y Plane Xy plane

hets oraw  Mehr's circle
Cever | Exxgy, 0)4¢,0) = (-0 x(6°,0)
Reqerence. & ( Coel , Xﬁfl) =(— oo xid-, :{-SXJBEQ

RacMuny CA
" 2 Bk
= /?5 + (400-100)
= 2304 Xt
,._‘T[ (oo -tog b €
® &
\
A |
d’max Lv p\arw,
= 8
8/,
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Xmax in plone; = B0A x{0°

2

| =3
Svox (v pline= _GI& X0

Xabsmax = ¥Ywex 1IN Plane

v R ER
1338'2‘-:27_')(

Fln draw the shainy  domerty
thure are 3

-" ~
o NN
~ \

N Pn‘,nu'pua strains
But N Mg

os Probleyn priniad pler
XA \n 2 ~directoy
A :
- Emax = R064 XI0 s zen (Zz70)
Eint |2 0
~ ko
Emin | T | T9409, %0
-+ » —VG
Jabs max
o A
7
Yabs max = E&Emax — Emin
2 A

—-b
¥Yabs max = (lg X 10
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10.b Materal - Poperty Cwnmhﬁ'c;:

Objective ; 4o 4nd €% g rebtionship.
L f dhe matenal ot a paint (s gub]e_d&j-l—c;,

a stote of trdaxial «resSs oy,0y,02
C""{jt Zg% G 20

":/’ . I’g’
’ % %%
Ty

These stresses Can e reladed 1©  s+raing

k- 3 HOOKE/S la\r ( g = EE 12/ T &X)

* Passions veka( vV = —Epy
& bng
¥ Printiple o4t Super po sthdrv

keYs considor ‘m\fj 2~ Mrection

Caned.  when  Ox  uJs appled, elemont
dongaen [(n x- directiory.

T~ Hook’s buw Ex/= Ox A

(Ae 2 When dtj S q[).'pu‘ecl
{_fgﬁa 6hqir} !vaLL'f‘D 8y
L_i.. = Ex = ”V%@, @

YV = — (a%ral strain = B
long (tudinal strodn 2y




IHy

wherv oy Cx, Cz
Exi= 0a - Voy . Vox
IANEEE JEEEN:
r— |
Cx * % ( o~ U ( 53“" 6‘?-))
S R 1y
E )
€y = 4 ( Oy -V (ox+0z)
E%:%EG%—VCUx-rGBH
flooKs lw  Hor gheas  Stress & straln
=14 =
Xx(j % ”C/acﬁ ?fa?: z Lg?_-
Yzl F % Czix

*  Rel tion between fhstic moduls (B) Shear
modids (07) & Potssens rato

o= £

2 (1+py)
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E-Xamp le ()

The  copper bar 18 &u,\o“kedﬁd © a uniform
\oac\ing cx\mg s edga& as shown n ﬁa ¥ o =300mr
b= 50mm and £ = 20mm  bketore the load (s
apphed | find s new Uahaﬂv sooidthy andl Hhicknes<
afler oppucationy  of the load. € = 120 GPo

V= O;?)“L
2 .
/ | ,[b
{ ;
= t2 20 mm
Ox = 800 M¥w 0z =0
53 - "'500 MPO\_
Zz'}(..((j =0
Gx = %(_ (O'X‘V COB +0‘a))
el 111, [soo- [0,24) (-500 +o)} =0,00&08
12.0 X Ib
C& = - 0,00043
= |+ — g & | L
Ez : (Ex@o v ( 5*@)} 0,000385
Ny Lﬂne)‘)"n/‘

a Ha + Ex Q)
= 200 A+ 0,00808) = 202, & mm

New widthv
b' = bt £yl =50 (4-0,00648)= U Gpmm




90(1*62) = 26 (A~ 0,00085)
= (2,9 8mpn

£
(l

10,7 _Thewwres — of Faliue

Objective 4o understand  how Afalure ol ocudke

Revy sy - S bntoxial (ID)
For duckle mmexenal Tor bate matenal
U‘T ' O'—Au..
Cud [ ~
. £ E.
Not 4o yiela ' = 0L Gy not +o
i {rac%ur& o]} \g gult
lcoadfng

_Tor Riaxial (2D)

For duchle ma¥na | |
@ Maximumn  shear gress Theony (g 68’)

Tressa.  ield (,ri-\-tﬁc’h)Qm mises  gield crtenen)
To amid -l we |

/A

Cabsmax < _%9 | I 64> %Y

- u

0 max ~Gmin é_ Oy
i >N

Txg
For R ‘53 Wi axial Hensile HegH
o2l £ Gy |

3

!0."*1* 62) <& 0_3



Ca. 4

P

14
o 0'“'
¥ pant P (s inside, no

-0y talure. .
max. ol storsiory  evergy & distorsion enevgy at

2 2 = e ldin
04 ""0:10'2.*0'9.=0"5 J 9

A

~ P maenal ol fadl
AN LT PO

@)\\\ v—¥ o4

_Brlle matena)

maximum  0erma | stress Fheory
lod] & Oulr

62] 4 Gu+

axample &)

i O’Badd = 360 MPa,

Find ;, wheather the shett  will | due o
TS load{nﬂ [/ .

x  Materal -7 steel = ductle | o402
¥ flow  wil & Aail (faliure crtena)

* In  which pant Co’mﬁ'z)

F=1BKN  Tegue = 3,25 KNiem
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oxtal  stress g o oxiol  frce i
Ox =%

Oo= A5 KN = - 04 kN 2 =41 MPo,
m(s)" .

Shear stress clug to ‘Gv%w. : Z)ud = :l_C.]_

Ty = 2425% 0,005 R

1655 X1t =/ 165;5 M
% (0,005)4 m B3 ! Pt

<A
~ 1 !

| ‘% /
Y '{ 7Zm v
T X

QD 1+

Tvpr = (LR \/(Gx—cgj"+€x§
7

o F[H95%] [ 9
gi1= 95,6 MPa

M) Moximurn  shear stress cha \6y- 021 <0y
\G“l“‘ﬁ‘y_\ , \,q%fb‘“(_“lﬁbrb\\, 4 -3)822 MPO.J

Oy = 30 MR
Shear AHaliure C‘)-]— He ma%m‘ql will O CCUre.
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Mox Aistertiorv J\"(\eovg
T 2 2

04 ~0102 t62 < 0y
244.5 & 260 Crot  fadl)

No -;_LtP\DCSY\
NO exierpa) o



