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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[I. The cross-section is_{g; from the
edges where the load is applied.
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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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#— 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, )
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&

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°

ﬂ‘-E-Jﬂx!sm_ ol




% L' _f):o

'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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STRESS AND STRAIN-AXIAL LOADING

Prepared by : Dr Mahmoud Rababah
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stress for which failure will
never occur.
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C 02 mi =
ZMI-H —» Fo =90 kN (Tension) 1 B
ZM;'U — F,y = =60 kN (compression) ?‘21! [ £
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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
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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 &,

¥l 0w Re e







2/4/2013

| .*ﬁb\\.kk\ﬁ‘—&v*
e —
V&;ﬂ_ 40 =12 % o6

'*E}-‘a:c:-—-:)
el

laﬁ %020?3/5 {&37%.)

*Y-‘b-.g_::r_ =%;-3§_— =\\‘c\6-\7ﬁ:




|

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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R, = 577 kN
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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

C'Z,\ o ('56—2':).@-5 .""' . e ir el




Example :

E, =73.1GPa

E, =200 GPa
a, =12x107*/°¢c

i @, =23x10%/°C

T, =20 °C
T N i
(* ﬂ“&‘\ﬁﬂ‘ J ) b
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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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1 Example:
g =125 MPa
E=75GPa
v=0.733
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o, =85 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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