MECHANICS OF MATERIALS

CHAPTER ONE |
INTRQDUCTION
CONCEPT OF STRESS

Prepared by . Dr. Mahmoud Rababah L

O Objective of the mechanics of materials is
to analyse and design a given structure
~involving determination of | stress and
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Example: given width w= 150 mm. Find the average shear stress

along sections a-gand b-b.

Example: Findd and ¢ in order to
support the 20kN, given

O =60 MPa

Ty =35 MPa
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Example:
d =6 mm
P=9 kN
Find

(U1, inpins

@;r in the shadow planes (tear out)
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[[Fae = 3 P Re. |

#— 100 mm

I . 100 mm ' 17




F, 50
P =;5-=-—;,“’-'=159 MPa

Q=N o=
EH_ St iala ai n " Oge =167 MPa

F ~40x10’
ﬂ‘,:—*-!.:________:_ Nﬂhtﬁﬂﬂlmisnum
Ay 30x50x]07 207 Min on the joints A4 and B as the
| rod is under compression, )
e ——
&

Shearing stress (Pin A)

A

A=2r" = 2(12.5%10°)? = 491 %10 m?
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A=nr' =xg(125%107) =491%10% m?
P = Fy. = 50 kN

Te =§-=102 MPa

Shearing stress (Pin B)

‘;'F,u- 20 kN

Bearing stress at point A

I- on the rod
P 40x10°
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'éuu"a"p(ﬂ. (EDC Is rigid)
Given:

lw=9mm {f,. =6 mm each

d;=9mm d.=6mm :

Find ; ;._4-."
|- shearing stress at pin A. ;
2- shearing stress at pin C. [ 11

4 - shearing stress at 5.
5~ bearing stress in the link at C.

3= the normal stress at link ABC. | sk
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Factor of safety =F.S =

Allowable stress
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Example: Determine the required diameter of
I the bolts if the failure shear stress IS Ty = =350 MPa.

# use a factor of safety FS = 2.5.
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END OF CHAPTER ONE
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S @ -\ . Yy d

STRESS AND STRAIN-AXIAL LOADING

Prepared by : Dr Mahmoud Rababah
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C 02 mi =
ZMI-H —» Fo =90 kN (Tension) 1 B
ZM;'U — F,y = =60 kN (compression) ?‘21! [ £

I =k ..r: NE

" my

F s FanLis —60x10’ x0.3

ALE, S00x10*x70x10°
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AcpEcp  600x107 x200x10




PR A

Example:

d,- =20 mm
E,. =200 GPa
dgp =40 mm
E,, =70 GPa
find &,

Solution ;
FACLAI‘;' ~60x10"x0.3

Op = =
Ak e .‘Ex (0_02)1 %x200x10’
=-286x10" m
53 = FIDLM o ~30x1 DJ x0.3

AgpEyy %1{0_04]: x 70x10’

==102x10" m

0r =0.102 mm +0.184 mm(m)=0.225 mm
600 mm

g
15
58



Example:

A, =400 mm’
E =70 GPa
dy =10 mm
E,. =200 GPa
| Find &
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Example:

=200 GPa
A =100 mm*
find &,
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Q0 Number of unknowns are more than

B\ ;-1\_ ), Jj-.i- ﬁ{":‘-‘*rﬂr (O We use the compatibility conditions

s O X Ao Q..S;

number of equilibrium equations.
to solve the problem.
Com patibility condition
Oyp =0
F.tL.-H'.' = F!&l =0 {2)
AE AE
From Eq. 1 and Eq. 2, we get

Fl=[-5-]P and F,z[i]l’
L L

Example:

Find P, and P,

Solution ;

h+P-P=0 (1)

6, =0,

_fli;;,: B (2)

AL, AE,

then we get

P = JLP
AE + AE,

P: =J£I_P
AE, + 4E,
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Example:
E =200 GPa
Find R,

Solution :
526, +6, = 4.5x10™

1.125x10°
EJ. - = =5.63 mm

1
g l.?.‘i;lﬂ R,
R, =1154 kN
R, =900 KN-R, = 785 kN
Note: if 8, <4.5x10" then
R, =900 kN
R,=0
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Example:
Fi'nd RAI Rc ll'l.d H: gi\"m
3 = Ay =50 mm*

A-p =30 mm’

@ 2 -—-:all made of steel
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d, =20 mm

E, =200 GPa
E ,=25GPa
Find o, and o,
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Problem: (ACDF is rigid).

Given E = 100 GPa, find:

|- the forces acting on members HCand DE,
2- the deflection at point A
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Example: Y’ A = 250 e A = 400 mm*

£ =70 GPa B

Ty=20°C RP\ B o R‘ﬂ
T,=80 °C

a=21x10"/°C

KV ha) =0 = %T-k Sag =0
UYL D,

A
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Example :

E, =73.1GPa

E, =200 GPa
a, =12x107*/°¢c

i @, =23x10%/°C

T, =20 °C
T N i
(* ﬂ“&‘\ﬁﬂ‘ J ) b

| %‘E*‘ I :S}a.*&m

| - St
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§1~, =-\6.9 ¥ K
CaL = .29 KV

Example :

note:
I i (5,) +(8.), <6
F=0, g =0
‘I’ . ]
(Jl]r +[J-Jp+(5i'lr +[‘i}r-‘




1 Example:
=20 °C
T,=50 °C
only for brass
a, =12x10%/°C
a, =18.8%x107%/°C

Solution :

Y M, =0

0.75R, -03R, =0
R,=04R,

5, =045, -n.u%-tfd!-u 474x10”"R,

AC ™=

oy = (ﬁn )r "'(Jp )r
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g =125 MPa
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Example:

G= 600 MPa

The upper plate is rigid and moved 0.8 mm
Determine:

1- The average shearing ctrain

2- The force P
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Example: Given
g, =300 MPa

FmdFﬂ

(% ;;*_,q:-l'ib\

Wi X 1"- \C‘!\Q{'—' g
(T-:_._._..'..‘F.Z ? ?_-ﬁ%:} = 212

\Ox\o w\owe

) li“-‘:"‘)_—-é-_:-_,_ = s
( A Y L EC
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END OF CHAPTER TWO
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CHAPTER THREE
TORSION

Frepared by . Dr. Mahmoud Rababah
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The shearing strain varies linearly
with the distance from the axis of

the shaft

11.'1_':_'3___12_,-:-3&) -1—3 "#__;“""'
Hook’s law is applied
Thus, lincar variation in shearing
strain leads to linear variation in
shearing stress. C3(9R\ SN P
N SN (( Blmd |
b= G}" b8 ' “b},_,aﬂ& W\

T ax = G}f’m L;q:’ S\ SRR k:’"(:”\'

but L Beeall=\ S\ g
Ve,

el (8
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but

J=[p'd4 (polar moment of inertia)

“ (Tarsion formula)

— e

POLAR MOMENT OF INERTIA e
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b = -4
Cf’*—‘“f“*'@ (doc ) =90 mm\>C, =0.045 m
—
C'ﬂf- | (dp ]_-IZﬂmm-—l-C,-ﬂ,ﬂﬁm

shafis A B and CD are solids of diameter d 5 %
Find:_ -
1-r__ and r__‘in :MBET\
2- diameter d fﬂr_r_,,_-ﬁj MPa

20x10%006 _ _g67MPa  2-r, =65 MPa=—
o E((u_nﬁ]‘-[u.ﬁdﬂ')

d =778 mm
-5.1- =647 MPa

- -
*@@6M“(W )




Find
|- T for mlcxmdiﬂlth" maoximum shear stress in sleeve CD

du-sgﬁmmu]ddcnl-tzm
Dﬂ:mhmﬂtmﬂunummlmhbmhm
rﬂ-TJ.CI=IT)lm 29 MPa
&
To T _, 7, =2900Nm o Sh

T Fep " !“ -& ¥ ﬁMHml -1113 VP i.
2o’ |

Solution :




Example :
T=100 N.m

D}’-’?’"‘W‘“" shearing stress In the three shafls,
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Tand ¢ are positive when right hand thumb

is outward of the iurfacﬁ -
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At i‘&(ﬂbﬂh—?&ﬂ&“ TS (2.00()3 B0\

[‘baz = —0.2\2 (Fool) #:
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ANGLE OF TWIST FOR VARIABLE CROSS-SECTION
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#.1”" 12x 23

=
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_f 2000 s
‘] —dx
* —(0.03)" x75x10"

" | n

d =~5344x10" rad
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Example :

d = 20 mm

G =80 GPa
T,z =+43 N.m

¥osind ®pR72%




Example:

AB s steel

G__ =71GPa
(r, }__r = 80 MPa
CD is Brass

G, _ =3GPa
(r.), =350 MPa
Find T__ and ¢,

*QT:_ _“\)&‘ | ‘h_—_ \»

%E.;'*\E}[ :T

-
Jf Qﬁ = ) ‘1"?""_‘9_32:}____ & \.m"a“:}.‘, o.1 -
m&‘*%-(m‘ﬁ“ B E (00w (oot e ) .
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Example:

d . =60 mm

d gy, =80 mm

T, =2 kN.m, T, =4 kNm
G=75GPa

Find

4, md ¢

2S5e\tiow Ba %

x Q= qfw*q
dﬁﬁ 1-‘*.."1! 6:-' *"k e

E._ O AY <
22 (F—'— "'u:')-iq ‘Jt\'

gl d{"g,

Q

d‘,-p‘: C.25\5o 1036 4D B\—é@

T

+*\g _ Tp
A

—~ e

E——
d%, PR TS WA
L?C* wls y? w 5% \n
@,-O-Cbk‘ﬂ W\ Vet

¥ 133
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3.6 STATICALLY
- INDETERMINATE SHAFTS

-D T=T,-T, =0 (1)

one equation and two unknowns

the compatibility condition is

o

JG JG
From Eqs. | and 2

T,-[i'f]T and T,n[fft}r

e N

=0

Example:
d= 20 mm

Find T, and Ty 3 Thoyy Ten > Tae 227
SN SRy

- E)‘ =0 -
-‘QJ(_RP.*‘ Soo= ?Q‘::

Q:*Tp. - Boe &ij%@

*Pp =0

ép.t) * (bm. g (bcﬂ.:

-

93Ty 4\ s('r,.+'soa).- wﬁt’“
T& =9 1’5_4 —

-----



Example:
Tube of steel and core of brass

T =250 N.m .
G, =80 GPa, G = 36 GPl.(QH-" T ) St 2

o Sl o Bon n'k
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) B e -._._

v o
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40 mm

A =0.035%0.057 = 0,002 m’

T 175MPa

=

=292 MPa

END OF CHAPTER THREE
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MECHANICS OF MATERIALS

CHAPTER FOUR
PURE BENDING

Prepared by . Dr Mahmoud Rababah

— —— —

42 SYMMETRIC MEMBER IN PURE BENDING

g.i L‘ﬁ »
I %'(M’){Mj‘.‘. tp.gh’ﬁ,mﬂ

ST l—‘“ﬂ@-ﬂ‘nw-%
e y

o

——




O Line AB will be transformed g
circular arc centered at C.

!
U Any cross-section Perpendicular i

to the axis of the member A
remalns plane. :

Q Line AB decreased in length ;" \
and line A’B’ increase in length; ' ..
causing compression on the ,": ‘\.
upper surface and tension on the / |
lower surface.

QU There should be a surface in
between where no lénsion or

compression occurs; this called A
the neutral surface

e cenbvoidd o s i 7

.9 .i' = L : o 24 A& P
TR 1 ~ 1 __
N < el 4 :. b o St

e = - el I I e
o _ - ] i Ir'l I . ]




From hook's law: linear

variation of normal strain leads
to linear variation in normal
stress

o=-(2)o.

c
D F, =0
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in general

T —
I ubh +(bh)

ik AL
( e oyl N A

Example: Draw the
stress  distribution over
the cross-section.

Y -.-.?_1‘ + X, "l . 1%0mm
I - 2 (—&(n '{_";x'h szt*(D.ESlﬁ. J'; II':‘.: : _i,
T 150 mm
(L (osty(eifa2ew), &

3 S W W




*&“—" UL

-._..%r‘.q:‘-‘

__’tﬁ'a =0

Y XVEY) t“”’**g“"’

(tt\unuiﬁ\)-—(\ﬁbﬁuﬂg'fﬂ-n}“v S e W i

3B = (loccxd. S) + (Belocs) -—| Lh oS K"‘Jl

A 2.8 23wloog)— \wea —Tooo =

W -

6"‘ JJ}

l.-...ln[

|A=2.T&Kn |

Yo

SURRERIIRT 35 iy — qf!"bi)(”‘rﬂth ) “f';j"ﬁ) _@_;‘

EJ-I"'I‘-D L‘fgllﬂl)

112 MPa
_EL‘}':;‘:]'ZI'“L*&LH-
.t els =2L5kNm
\ £.2€ N -
r....}'l P

-
;.:‘ Ir"r

.
—-lﬂ i

1.7 MPa

ﬁ*_ﬂ'_
2. lmw:)-t(‘ \6¢

i 5)__ (zq%‘: KH“"

H&l}-“ s

Example: Find maximum tensile
and compressive stresses.

Solution :

5 --l-‘iumam' +90x20%(12)" mm*

1, -Tli-u 30 (40) +30x 40 (18)" mm*
I=l+1] =868x%10" m*

() = 3:10’ x&%xlﬂ"‘

8x10~

=131.3 MPa

o
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4.6 BENDING OF MEMBERS MADE Vv - l
o - OF SEVERAL

Use a method called transformed section method.




E:amplt ﬂndmg_lf_ﬂ_'.{.'!l

-IOOGPa
-#V\"'

S -—iE =200 GPa Emnn

“6 - ((Txloc 2% U Example: Find the maximum tensile and
Hveasy W= | compressive stress in both steel and | and wood
- . i |'.1:.1' ' ‘\i"
i':i‘)v'n‘:h: Lo00 )“"11 M =50 kN.m e ,-f?—m
;;ﬁ ' E, =12.5 GPa e '1:\1 “‘"f't' 1.3
, =200 GPa if:‘\ s, 0
'!‘rc'at.ul ?
T Mt
\2 ">

#”\*2"'-'-'*\&' -520-:.“ i- 3-_*:_
¥ DOz 2cu\0=2Ne 0

-------------
g — M 2\l .

g_“‘ i

=
5 o



ba':l: : .-

. (1 |
3%,-4" SeMo weon 16y
AR\ES ale?




e ———

Example: pf= 175 kN.m
E =25 GPa
E, =200 GPa

Solution:
A =dxr’ =1.9635%x107 m’
apply the equation _,_' mm
-%—bx'+m1,;-nﬁ_d-ﬂ l""'mm

x=178 mm

I--;-bh‘+n4,{d-:]’

"“%Hujn(u.na)’ +81.9635 107 % (0.48~0.178) =46x10" m'"

g =nx

M(d-x) o 175%10° = (0.48-0.178) =91.9 MPa (T )
I $6x107"

M- X 175x10° x0.178
= 6.77 MP2 (Compression)
g 46x10° (

Problem:

M = |[kN.m
E,= 100GPa
E= 200 Gpa
Find h
|- The maximum stress in brass.
2 Thﬂ maximum stress an steel

RS
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MECHANICS OF MATERIALS

. CHAPTER FIVE
ANALYSIS AND DESIGN OF BEAMS
FOR BENDING

Prepared by : Dr Mahmoud Rababah
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Upward is positive

Shear
| [f the internal shear rotates the segmen
cw, the shear is then positive, :

c‘.

|  Moment

If the mtemal moment causes

compression on the top surface

(holding the water), the moment is then
e




F

-?ivisnmﬁ“ Slope V is constant
Vispositive | then, slope M is then, M is linear

| then.slope M is  { negative Fr

i pasitive M. =T !

M

Example: Draw the shear and moment diagram.
w




V is positive then, slope M is
then, slope M is  negativ

M oositive Moy, = .""_L_'E

8

Example: Draw the shear and the
moment diagram. W

42013



W is negative ' -
Then, slope V IS negative,
Slope wis negative
Then, V is concave down

X V is positive _ I
mﬂﬂl:TbPeMEpmmm
Slope V is negative

* Then, M is concave downp




A( e ————

V is positive —9.25 | _ oy
then, slope M is positive
slope V is zero, M is linea

M (KN-m)

Example: Draw the shear and the
moment diagram.







e (o

gxample: |
Draw the shear and

W
w==7%
II
\’=J“’(I)d’: _E“u*’fl
w, L
V|=R, = ¢g= -
yul) 6
) |
X w. L
M:fv(x)dr=—-auﬂ+—g—x+ci

2"!2[113
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Example: '
Draw the shear and the moment diagram.

5 kN/m

L/4

I_LM G L4 +Li4 4 ]

i [ i
IS positive, Y is e reRvng '
| i !
‘ i | )
| ! I
] - ' -
V done wis l s nq:twu?l 5 :
positive, V js ! | slope wis |
LH}I!'II.:E'H: UFI l r .s:.
)
1
| Slope wis fegative, V is 4 : X
! concave dowwn i i
' ' i )
: ‘ | i
A | | | :

I
V s Positive, M
slope V is Philnrt. '
iy CoOncave LP

M |







MECHANICS OF MATERIALS
CHAPTER SIX

SHEARING STRESSES IN BEAMS AND
THIN-WALLED MEMBERS

Prepared by : Dr Mahmoud Rababah
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».'
=
-:l

- — e —

\
\
%
‘\I“
{ R
+=
g e e

I mm |Al
Q hhmﬂlr:l'y

/ the second moment O inertia.
¢ the thickness at the considered distance




Example:
¥V =4 kN
hec =50 mm

p,u=%c" =4.909x10™ m* 50 mm

wO=y-4 (E)(”;) =83.33x10" m’

3r

E—&?Q kPa

\E}ﬂ

It

Example:
Find the shear stress distribution

TR

— '-;l_-""*".'ﬁ{iﬁ-ﬁi'%t L) *‘L
o4 " _;‘ 5 A .-.1"_1-_

1 s _ o III‘II: _Ei;."
—




(";""f""z”"f"-*"_ e TN
(\ A\ J_'.'l-"e": ,i: e m(\h eﬂr\) J\\E-—

L\; J-' s ':J':T 1‘_4_,]:3 (\{‘1-1 L\ A5 -:.'t, 42w
*O = Bows' __ -
1=\356 Y\O TECY o
T= .0\
Q=6.6%\g " N
T,‘_' - o"_ﬁ _rrgt--t\usﬁé 6ﬁ‘-'ﬁ—\r
T \S5646" 08
= 2.6 M, _;& g = 1.13 MPa
L P ) ) Tp = 22.6 MPa
et Qo *—"‘_ <) %
R Jrc- 52
Q= QD;JT(-J\ = Gils *\&*Q:Hu.ﬂ&-mE m; e
i 1?{‘&\‘“ 113 MPa '
‘{_ = 0 O\S " 'T i
. a »x\o x F.235
e MR Yok K S8 A
T By sy “ALSSECaln ! DO\S \ ?'\J
Example T l
¥V= 100 KN oYL~ *.."
_Emd}hc Ehﬂﬂfﬂffiwlnlfl. '_‘E‘ﬂ e e e s R l\JP\
[:(';;Sl‘\-—j( = e, ¢ 'I
| € = (Zcr2o god) Lo ZEondont o)

L(?-*.--“-i}.' :;3-‘!. ( ?E‘f-’"" ?u)
LC_ -\oG ""'"""jj

-_— I '-'-T.‘-\-_I_‘ '\-‘1—. 2,
1T = LG’

" I = \ ":31 \n
-L uwﬁlm

-.ng_ \m‘un
ﬂ'ﬁft n«ﬁ

Bl
it

|h |'I

-':'TJ



Example:
V=50 kN

Find rat poi'r}(d,_',__
%0 = So KW

%C < \ OB o,
‘%I: —I e X Z

-
REREE IS (I ili E"“ﬂ“ﬁ 200 mm
T

LE= Latag s’ )

*QZ (ST.'ALUJ‘: )Sd-k\ ;1 *(Bu -.\Cmij)u l\{;cﬁ = - (?fJ
LQ: 61‘3—‘—'{- g T |

=

= e
Q L5 L *.f-:é"‘:l"'**-“‘*
ﬂ“'_-"‘.l‘-l-'; ‘L} -

3 5 }"-:C;_:)\-\CJ}: ('fﬁ.i:'}‘:;; =S -"fCJ3..Fh;:] #

xy
OF BEAMS e ——
For rectangular beams
-2
AT
Q=47 =be-P) (el @mpy o c=dh
» 3'«'(] y’J z
¥ gy e
=3h
 § -11 $ %
. .2
AP\ lp)

Note: the maximum shear s 50% more than L‘-,
the average shear Calculated before.




A

_—
=

Flanges

Web

For the previous example, apply

S 80x10° | =3 kz%.\%:-—l.‘é*
-u*LTHAm#U.ZxO.DIS {26'6? st -x;?m%a

N | ' —
L\

. Q;-_J,-.l
(close to the one obtained from the shear formula)




Il. shear formula is only valid at sections intersecting the
boundary of the members at angle 90° ~7, 9 C Q._?é

SRR

e

05\‘*::.: 5;4'3‘-&‘-#—-\

—
—— _— i

O For circular cross-sections. the shesr
formula is only valid at the newtral ax
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-
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L

|—» €= (6os12o228) (6 o4 2000l (foniZon'S)

7 6oe \2e)+ (bontes)

g




150 mm

- 2

- I.’f'r‘.
-, - M @ _...--""
3 T/

/)\

_-‘*..

/..-r
-~
=
—‘-f

Example:
He 200N 150 mm
s=0.15m \(’
| 'J"fjan"v Y G o
%i‘*\“—(kﬁ A, ‘- *ﬁ mm
MNP A N ) .
-?‘C = Q:":.rf-' ¥ \SC *_.2,:’*\0*1)‘*'_\ !
(0 \Sex < t\;m)'ﬁm
L(So %59\ 0"
LC. R \
(oY) - B —f:,_‘
‘ﬂ:—:&(\z (o) se) + Q;;.,\xf {2&)): \.2S :A-.—:L
KR =(60 w50 2185 zss’) [ TFSwe T |

- =

¥» Ox% \ LI el T _ C oD _
AS

\12(3 !_Il{.'_'r{"

<

Xﬁ.ﬁ LONGITUDINAL SHEAR ON A BEAM ELEMENT
OF ARBITRARY SHAPE

SAz3ag | #







MECHANICS OF MATERIALS

CHAPTER SEVEN
TRANSFORMATIONS OF STRESS AND
STRAIN

It Prepared by - Dr Mahmoud Rababah

7.1 INTRODUCTION
a Fﬂhmmmﬁrinmym
a Iti:mmwlhulﬂumadmdm

General loading condition is:



£fa/2013

A special case of stress is the plane stress where only
9,,0, and t,_ components are existed.

Examples of plane stress are:

Recall section 1.11




7.2 TRANSFORMATION OF PLANE STRESS




F.=20: T, +
Z A AA a,(Mmﬂ]aln&-r,,(Mmﬂ)mﬂ
=, (A4sin8)cosf + Ty (A4sin0)sing =
Fey =@, =0, )8in0cosO+r, (cos? O - sin

‘ 0 (@)
In same manner, o', is obtained ns

o, =08 @+, cos’ - 2r, sinflcosd (3)
y

U" (&A COs ﬂ]

TW{M cos 0)

Tyy (AA sin @

a, (AA xin A)

TRANSFORMATION EQUATIONS SUMMARY

o,=0,c08 0+0, sin’ @ + 2r_ sinfcosd (1)

o,=0, sin’ @ +0, cos’ @-2r,, sinfcosé 2)

.. =0 -n',)sin&:usﬂ+r,(m’0-nin’9) (3)
'y x




Example: Find the stress on a
surface making an angle 30° as

}hﬂg_f ﬁm:: as ;d_}
— | Vﬁ“ S-Sy
;= p ¥

Sx= . \sﬁ#

—» ____ME '5'-1— 4 oD -'T %
C?!r*' *"‘E;,..'t%ﬂ —ﬂc_.f w_,a.....(zs .
E‘a: "?C_s% f}q \#
—" 'rialj—((‘;i:ﬂﬁ D= E - Mar—:’ﬂl.g‘
’r‘;.,_a_ - - (ﬁgﬁi -~ k\z-h) X (.- % (_D‘;\'z.b)
T =6%. A Moa | =
FIINCIFA <F ES

(MAXIMUM SHEARING STRESS)
A

O The maximum stresses can be
obtained by finding the angle where

¥ ] =@ The stresses are called principal stresses and
- denoted as o, and o,, where ¢, > o,







Y —aﬂ‘\'P\ \\ Pa
g Sea-R %
¥ 00 0
[—)k - <_Z.?ﬂ _—%_j) . -:MQP” "':f?c e b
=D Bp=-23.3Y° \56 g \%(@Pff-lt}

X b:._:‘ -2o-40
l—kéo

#é




Example:Find the principal
stresses and the maximum
shear stress for the rod
shown.

Solution :
T:c
apply r =_J’_' toget r

assume r =50 MPa
———g AL

8&. = +45°




Example: Find the maximum
normal stress for the member

shown aside
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-

g, v0,

- +—2—Lm32&+r sin20 4\.,._,_4\ C\ﬁ, -+ 5: -

g +0 ﬂ'-ﬂ'

o,.— '2 L= 5 ~c0s260 +r_, 5in20 (1 w\i&.am

Ty = —%ﬁsinzﬂﬂb r, c0s2é Qq 625 ),T‘K.BB

square both equations and sum them, T; will get 0‘)\.’«» \{b\ O\L\J‘E
T o R

let
".a,;rl

' 1
@ t|‘ :‘:;—#L) +(I".r
then, * will be rewritten as

(0,-0..) +(r.,) =R (Equation of u circle) -




(&4 z‘*“b

Example: Draw the mohr's
circle for the shown element.

Solution : it O MPR
Q{:ﬁ‘ =—\2 Mpa
- - . .‘ﬁ,}.:b\ }\E)\LE':’\‘“"’ ‘A
Sp =J[—ﬂ;—;laL] +(r__,)1 = 8.49 MPa @G& - '22./4;:
&7 =0 e SRS
ok
' -}:!‘ ___qa_\‘cl}aeq \ . @1’:_7';6_:: Sﬁpn
= 4....&‘}5":"}% n\b\)\\m%—\
% @) Ve, con oo~ Q-é, ,0) -+ (Sony 1 O)
He QL"‘““\*Q\?-) & Jr(e')-é’)
( S 7%

E‘L _‘?“t i

“t@(a*'},*‘?_\‘ ":;) (2"“'6)'__ =§.49

(&, %2.(.':‘1‘-:‘; -
(-12,6)
e[S

I@a_ =.ﬂ_+ft.-—-ﬁ MPa

X

F
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* if you rotate the element cow by | = If you rotate cw by 22.5 deg.
225 deg. you will get the you will get the maximum
principal stresses. shear stress.

23

30 MPa

Example: Draw the mohr's
circle for the shown element.

45 MPa
-
Solation :
e Oy =222 =31.5 MPa 50 MPa

AR= J[E;LT +(r,) =s0s6MPa 3k & =S Joa- -
*63 M e,

*‘7; & e Se )ﬂ?'\'“* |



2 o " = . f ——
L . .t .-I - | - ‘vl ot | (] '.:1 il . : ; - . == T‘lu-l. L B
. i i S gk TR P
el BLAREE . hain e Y
. : i

L e : will o»

. _l:-i.l'.h".—hﬂlHl‘F‘ 4 _F"; 'a- .r. . 4 i [
! - 214 il - I I ATy

R PRl LR SN LS

1 r i H l'-‘
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MECHANICS OF MATERIALS

CHAPTER EIGHT
PRINCIPAL STRESSES UNDER A
GIVEN LOADING

Prepared by © Dr. Manmoud Rababah :

- ——— —

84 STRESSES UNDER COMBINED LOADINGS

- We first determine the
internal forces affecting the
element.

Fy

2- since the element is on the
surface; the problem is plane p
stress problem.

3. find the state of stress on the P



U In general, the internal

forces result in:

*  Two shear forces.

* Two bending moments.

*  One torsion moment.
*  One axial loading.

Twoshear forces are :
V. and V, result in

T !=i-g' f1=lrl-Q—
il It = It

Twomoments are:
M, and M, result in

The axial force P results in
P

O, =—

A
The torsion T results in




Example : Find normal and shear stresses at point C

—-r ,—um_.’c

mmm A
125 mm

- 1-Find the FBD




2- Take section at point
V=2193kN

M=21.93x1.5=32.89 kN.m

16.45 kN
N =16.45 kN

Find the Stresses resulted from the forces

ﬂ-u-r

—
=

A
_M:.c 3289x10’x0.125

1.32 MPa (compression)

. =63.16 MPa

S

12
+0,., =64.5 MPa

0.05x(0.25)°

{T{' =a__

r

{t

r-—l.ﬁm
o

21,93 kN

M

N

Example :

Find the state of stress at point B

I kN

g R




% o e e ——— —H—

Example :
cylinder radius (r = 20 mm) L

Find
f}J
(a) the no 1 and sh (“mgg stresses at points H and K .

(b) the principal axes and principal stresses at SV T t,_ﬂ) .
(c) the maximum shearing stress at K.
)

Solution :
F,==I5kN, F, =18 kN b = 60 mm
%7, =18x10’ % 0,05 = 900 N.m
I*h{_ =15x10" x0.05 = 750 N.n
#*

a = 30 mm

M, =1810"x0.06 = 1080 N.in

L
|
{ Point H 3Comaf © 2 (W)
FLAUM,]» -1510" 1080x0.02
J,I-A f =!r{'ﬂﬂ.”l-g : ) i
AULLE: I(ﬂ.ﬂl’j i=a
=~=11.9 MPa ~171.9 MPu = -183.8 MPa
. .
r b’ 00x002 . G
' 4 2 (0.02) 10y
(Fuinl K,] )"ﬁ i Hk&(\) - S | 1 \E_')
| Eglr -15"'01 ?Sﬁxﬂﬂz i '
i |

.|.
A ) 18 kN

S R

==11.9 MPa +119.3 MPa = 107.4 MPa
<l r _18x10'x533x10*  900x0.02

o B (002" x0.0f 2(0.02)"
=19.1 MPa ~71.6 MPa = ~52.5 MPa |
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.

glﬂlm"‘ hﬂ:ﬂ, fq=-52.5
1
ﬂl'l"ﬂ' ﬂ',"ﬂ'z 2
fu"TliJ[ 2 ]+fn,

d’,=l”'s MPa, o, =-21.4 MPa

1
o _"_'_‘Ez.] +r_ ' =75.1 MPa

2




Example:

Find the equation y = A(x), such that
no tension will oceur for the column.
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m: Find
mbl’,mc of stresses at points A and K.
stresses and their orientations. | ,

]l Ll
: lhg pl“inﬂlpnt H
' ghear stresses and their orientations. (i

3. the maximum
4. mohr’s circles for both Hand K.
. Y A




—

Problem: Find

|, the state of stresses at
points & band ¢.

2. the principal stresses and
their orientations. 2 kN

3. the maximum shear stresses
and their orientations.

4. draw mohr's circles

LA
:
i

all walls' thicknesse

{ =10 mm

END CHAPTER 8




