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Fig. 2.11 Stress-strain diagram for a typical
brittle material.
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Quenched, tempered
alloy steel (A709)
A::t;ength, low-alloy

steel (A992)

Rupture

Carbon steel (A36)

Pure iron

- -

€

o=Ee¢
E = Youngs Modulus or
Modulus of Elasticity
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or =alAT )L Op =——

= thermal expansion coef.

5=5T +5p =0

a(AT )L+ — PL =0
AE

P=—AEa(AT

0'=E:—E05 AT
A
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i — 6 -
e T30 kips E =29x10 psI
e il D=1.07in. d=0.618in.

!= ~ [—16 in—

A=Ay =09in° p,—_15x10%Ib
s =16in. P; =30x10%1b
Ag =0.3in?

S=Y RLi _ 1[P1|—1+P2|—2+P3|—3j

"AE ELA A A

1 {(60x103)12 . (-15x103h2 . (30x103)16}

~o9x108| 09 0.9 0.3

30 kips
&) 75 kips 45 kips =759 X10_3in.
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~

+ BDE: The rigid bar

+ AB.aluminum (E = 70 GPa) & 500 mm?
+ CD: steel (E = 200 GPa) & 600 mm?

+ Determine the deflection of B, D and E.

2.Mg =0
30 kN 0=—(30kNx0.6m)+Fcpx0.2m

Fcp = +90KN tension

‘{ } 'l >Mp =0
= > 0.4 m

0.2 m 0=—(30kN x0.4m)—Fag x0.2m

Fag =—60KN compressim
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o = 0.514 mm

F',z = 60 KN <___ B’ dp = 0.300 mm
A é‘ —& :; E
°AE B B T
, 'l A =500 mm? 3
03m || 2=700Pa _ (—60><10 NXO.Sm) D e o
(50010 m? |70 10° Pa) Lo B
B Y (200 mm —x) =
2 el = 514x10%m il
i =T T Lk ]
BB' _BH
DD’ HD
F.pp = 90 kN 0.514 mm _ (200 mm)-x
S — PL 0.300 mm X
.
AE X=73.7mm
3
. [ (90><10 Nko.4m) ’
04 E=200GPa  (§00x10® m?|200x10° Pa) EE _HE
300x107° bp" HD
SEE se  (400+73.7)mm
0.300mm 73.7mm
Frpn =90 kN
op =1.928mm
WWW.AEGHBALI.BLOG.IR 2 - -
> Jros - bos Caglts
9  EGHBALI.D@GMAIL.COM ©9 I8 9



Ulio

A
-8
A =250 mm<__|

300 kN T it 300 kN

150 mm 600 kN |

@ennine the reactions at A and y -

PR=0 P,=P;=600x10°N P, =900x10°N P =P, = Rg
-6 2 6 2
A=A, =400x1079m?  Ag = A, = 250x105m?| | A =400x10 Ay = 25010~

L=l =L3=L4=0.150m L =L, =0.300m
P _1.125x10° 50 =3 AL _ (1.95><103)RB
L R — -
| AiE E i AE; E
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5=5L+5R =0

1125x10° [1.95x10° Ry
E E

o =0

[ Rg =577x103N =577 kN
> F, =0=Rp—300 kN —600kN +577 kN
1 | 600kN
R, = 323kN
R, = 323kN
Rg =577 kN
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:olodl Glp iz utd *

e=1- [(1+ gx)(1+ &, Xl+ g, )J:l— [1+ ExtéE, +52J
1-2v

(O'X+O'y+O'Z)

bl (Soiliwlg o
31-2v) p

E K

=g, te, e, =

= bulk modulus

O<vy<i

2
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+ G=90ksi

+ the upper plate moves through 0.04 in.
+

+

Determine the average shearing strain

Determine the force exerted on the plate.

J

yxy = 0.020rad

0.04in.

Py =T8Ty = 21n.

Iy = Gryy = (90x103psi 0.020 rad) = 1800 psi

P = 7,y A= (1800 psi }8in.}(2.5in.) = 36 x10°Ib
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+ d=9in,t=3/4in, E=10x106 psi, v = 1/3\
+ oXx=12ksi, 6z = 20 ksi
+ Determine the change in:

= the length of diameter AB & CD.

= the thickness & volume of the plate. /

Sayn = &,d =(0.533x10in./in.|Qin.) = 4.8x10%in
1

[(12 si)-0- (20 ksi)}

" 10x10%psi Sepo = &,d = (L.600x1072in.fin.f9in.) = 14.4x10%in
=+0.533x10""in fin. 5, = &,t =(~1.067x107in./in.)0.75in.)= —0.8x10~%in
g —_Vox Oy _Vvoy 3 3. 3
Y E E E e =&y +&y+&, =1.067x10""in"/in
~1.067x103in.fin. 3 3
AV =gV =1.067x10"°(15x15x0.75)in
g = _Yox Yoy oy
z E E E O 8 = 3
= +1.600 x102in./in. AV =+0.1871n
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| 3.4
sdy | T 3.2
P’ P 3.0
~glmmerf D s 533 L
- - N
=41 : j 2.6
2%y | - ~
| <. ~
K 2.2 o L
::;. 2.0 o
pr 1.8
Slp— 1.6
j'77/. “m 14
_—b—L\ o L2
]'00 0.1 0.2 0.3 0.4 0.5 0.6 0.7
r/d
(a) Flat bars with holes
K — I max
Oave
WWW.AEGHBALI.BLOG.IR 2 - =
20 FGHBALLD@GMAIL.COM ©93 Jud - | allos Craglis



3.4 i
3.2 \ \ \ S .P
3.0
T NN T
P’ ) ;
e ] E d _L 26 \< B
‘_J____(‘__J_ 2'4 1.2
K 22 % LA
2.0 \ X \\2 =
S~
——k e - -~ 1.1 \:E:Z:\\\
E I 1.6 ~A [ —t— ] —
A A e anass=aaas
1.4 bl
L s

1.0
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30
r/d

(b) Flat bars with fillets
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Ulio

g pr . p + Both 10 mm thick, 40 and 60 mm wide
: —> + r=8mm, allowable stress of 165 MPa.
_ + Determine the largest axial load P D
M
. \V \\ \\\ Did =2
28 \\1\\\\ v D_60mm_, . r_8mm _ ..
26 /] ,13 d 40mm d 40mm
< K =1.82
K jz \ N \< \\ =1.
2.0 \ \:\:\\
j: NYR \\::\::EE
=0 = e = Tmax J199MPR_ g4 70
12 K 1.82
0 0.02 0.04 0.06 0.08 0.10 0.12 0. ]:/((]).16 0.18 0.20 0.22 0.24 0.26 0.28 0.30
3
P=Ac,, =(40mm)10mm)(90.7 MPa) = 36.3x10°N
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