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Fig. 2.7 This machine is used to test tensile test specimens, such as those J
shown in this chapter. Fig. 2.8 Test specimen with tensile load.
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Fig. 2.11 Stress-strain diagram for a typical
brittle material.
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Fig. 2.16 Stress-strain diagrams for
iron and different grades of steel.
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 Fatigue properties are shown on
S-N diagrams.
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30 kips

30 kips
. D
S

30 kips

. D
T

15 kips

Ly =Ly =12in. L3 =16in.

A=A, =09in® A;=03in?

Beer ¢ Johnston ¢ DeWolf

P, =60x10%1b
P, = —15x10°Ib

P; =30x10°Ib

i AEf ELA A A

1 {(60><103)12+ (—15><105"}12+ (30><103)16}

29x108| 0.9 0.9 03

S=Y AL _ 1(P1|—1+P2|—2+P3L3j

— 75.9x10 3in.

5 =759x10"3in.



contents.ppt

Beer e

Johnston ¢ DeWolf

2-2 Jls

‘I 0.4m |
0.2 m

455 4, CD 4 AB s als L BDE o s
o] J..a...a o5
AB—E=70Gpa, A=500 mm?
CD—E=200Gpa , A=600 mm?

olas YL Sless |, B,DE bl K s
W S ML‘?LA W OQ‘Q



contents.ppt

Beer ¢ Johnston ¢ DeWolf

2-2 Jla

SOLUTION:
Free body: Bar BDE

30 kN

Mg =0
0=—(30kN x0.6m)+ Fep x0.2m
Fcp =+90KN tension

SMp =0
0=—(30kNx0.4m)—Fagx0.2m

Fag =—60KkN compression

Displacement of 5.
PL
AE

- 60x10°N0.3m)
"~ (500x10° mZX7ox109 Pa)

F'y5=60KN ¢
B —_—

M| A =500mm?
E =70 GPa

— _514x10 %m
Sg =0.514mm T

75 = 60 kN

Displacement of D
= 90 kN 5 PL

l:('I) = —
D —_—

AE

(90x10°N0.4m)
"~ [600x10°8 m212oox109 Pa

1 A=600mm?
E = 200 GPa

=300x10"°m

Frp = 90 kN

Sp =0.300mm <

2-14
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o = 0.514 mm

G
A

op = 0.300 mm
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(200 mm —x)

E
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| Op

|
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200 mm

<— 400 mm —»l

Displacement of D:

BB’ BH
DD’ HD

0.514mm _ (200mm)-x
0.300mm X

X=73.7mm

EE' HE
DD’ HD

g _ (400+73.7)mm
0.300mm  73.7mm

op =1.928mm

Sg =1.928mm
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SOLUTION:

P =0 P,=P;=600x10°N P4 =900x10°N

A = Ay =400x10°m?  Ag = A, = 250x10 °m?
L =Ly =Lg=Ly4=0150m

_ 9
5, —y AL _1125x10
i AE; E

A =400x107°m? A, = 250x10°m?
Ll = L2 =0.300m

RL, __(1.95><1o3)RB
i AE; E

OR =2
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d 3
5:1.125E><10 _(1.95><éo ke .

Rg =577x10°N =577kN

| 300 kN

| 600 kN

> F, =0=Rpy—300kN —600kN +577kN
Ra =323kN

R = 323kN
Rg =577kN



contents.ppt

Beer ¢ Johnston ¢ DeWolf

2-4 Jls

A = 250 mm?2

C

A = 400 mm? —

4.5MM oo¥55 Lo ale azsliz g9, 358 ojlu jo %
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(E=200Gpa) .,
A

_

A f
150 mm

|

300 kN 3 150 mm
,C'_

AvA
4

300 kN D 1- !
2

150 mm

GO0 kN K-—e-- f‘
600 kN Il 150 mm

4.5 mm

B I

P=0 P,=P;=600x10°N P, =900x10°N
A = Ay =400x10°m?  Ag = A, = 25010 °m?
=Ly =Lg=L,4 =0.150m
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A =400x107°m? A, = 250x10 °m?
Ll = L2 =0.300m

5o v AL _ (1.95><103)RB
o = __
i AE E

o= 3;_ + 5;1 = 435 X ].(]_:-JI 1m

1.125 < 10° 1.95 x 10MR
5 = ﬂ—( 3}524.53{10_311]
200 x 10° 200 X 10°

R; = 1154 X 10°N = 115.4 kN

+13F,=0: R, — 300kN — 600 kN + Ry = 0
R, = 900 kN — Rz = 900 kN — 115.4kN = 785 kN =
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A = aluminum

B = brass

L =350 mm
Aluminum collar d, = 40 mm

Brass core db =95 mm

L
A, = I{dﬁ — d})

= 765.8 mm?
E,=72GPa E,=100GPa Aj = Ea%
= 490.9 mm°
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(6 =0.1% of L = 0.350 mm)

B PL
E,A, + Ey Ay

0

o
or P = {Eaﬁa + EhAb}(E)

E,A, + Ey A, = (72 GPa)(765.8 mm?)
+(100 GPa)(490.9 mm?)
= 55.135 MN + 49.090 MN
= 104.23 MN

0.350 mm)

P = (10423 MN
( }( 350 mm

= 1042 kN <—
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o,=80MPa o, =120 MPa

___ Ph P —(EA +EA Cm)
Ta T F A+ EA, ¢ (FataT BANE

80 MPa

= 1158k
?cha) HOE KR

P, = (104.23 MN}(

PEL-_. ap
Ph = {EﬂAa + EbAh] p—

0T B A+ E,A, E,
120 MPa

= 125.
lOOGPﬂ) 125 TkN

Py = (104.23 MN}(

Aluminum governs. P, = 116 kN
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~ Tch 272 X 18
 EA 30 x 109 x 0.0272

Sc = 0.006 in

_ Tp2h 340 x2x 18

_ — 0.015 i
DTTEA 30 x 106 x 0.0272 n

B

§g 0.015
— —
66 50

— 85 = 0.0198 in

R C J_.,[j S 9 Qo”\ Cawdo }‘ =

¢

%c T 4. T 0.0272

= 10000 psi = 10 ksi

o deloe ;D S 25 9 D LS g9, ®

oS

Ty = 1.25T, > Tp = 1.25 X 272 = 340 Ib

Tp

O¢

T4, 0.0272

= 12500 psi = 12.5 ksi
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d,=2.25in, dy=175in, d,=1.25in

E. = 18000 ksi, Ey, = 16000 ksi, E. = 30000 ksi

/_li 0k Copper tube ,Brass tube

iT
Ab = E(dg — d‘g) — 118 iﬁz Steel core

A= %(d? —dj) = 1.57 in?

T
A, = E(dg) = 1.23 in?
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P.(1+ 0.51 + 0.77) = 9 > P, = 3.95K

Os =

A
Ac

Py _395_
A, 123

= 2.02K - o, = 1.71Ksi
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oy VOy v, 5g/a = &,d = (+0.533x10 %in/in. |9in.)
E E E
o

_10><106psi

Ey =+

Sg/a =+4.8x10"°in.

[(12ksi)—0—%(20ksi)}

Sc/p = &,d = [+1.600x1073in jin.J9in.)

~ 10.533x10 3in./in. Sc/p =+144x107%in,

gy ——YOx Ty _ YO 8 = &yt = (-1.067x10"3in in.[0.75in.)
E E E

o — —0.800x10 3in.
— _1.067x10 3in/in. % 8 I

voy YOy e
E E
= +1.600x10%in in. e =gy +6y +&, =1.067x107%in%/in’

(92:_

AV =eV =1.067x10>(15x15x0.75)in>

AV = +0.187in°
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OPLE) (b S g (g s adal, Sleslawl @

X

ryy = Gy = (90x10°psi 0.020rad) = 1800psi
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259]

P = r,, A= (1800psi )8in.)2.5in.) = 36x10%Ib

Txy

P =36.0kips
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<«—225 mm 300 mm

A lSO mm C \75mm g
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e A, =-d? =502 =1962.5mm?
4 4

e A, =-d% =752 = 4415.6mm?
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6TB — (X(Ll + Lz)(AT) = 100 X 10_6 X 525 X 30 = 1.575mm

RgL; RgL, 225 300
Srp = =R
RB ™ EA, * EA, B(

60 x 103 X 1962.5 T 60 X 103 x 4415.6
Rz = 517.5KN

Rg  517.5KN
A, 1962.5mm

OMax = = 263.7 MPa

Rl

6c = a(Ly)(AT) — EA,

- &, = —0.314 mm
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2 2EqAg
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N 750
2% 30x10°x0.012

— 12 x 1075(AT) 01+ 0 = 03
AT = 189°F
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