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Thermal stress

Changes in temperature produce expansion or contraction of materials and Free expansion
result in thermal strains and thermal stress.
c="9 e
Ly Ly ,‘Fth
At room temperature After temperature increased a bar is
expanded
0y, = thermal strain
. th 84 =L aAT
L = length of bar (m)

Heat L . .om
o = coefficient of thermal expansion or contraction(—°C)
m

AT = change in the temperature (°C)
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In case rigid support:

O, =7
i O = 0y,
OF
PL
() ﬁ — =L aAT
Lo S AE
P E aAT
1 =L
. 6., = E a AT
Heat
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In case rigid support:
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Q/ Fixed-Fixed bar was 20°C at room temperature,
Determine the stress when the bar is heated to
100°C ?

Sol: S
® o
LD ‘Sth
6, = EaAT

o = E (T, —Ty)
o = (200x10°)(11.7x107°)(100 — 20)

0., =187.2 Mpa (—Compression)

(a)

Lo

E., =200 Gpa
a., =11.7 um/m°C
A, = 200 mm?
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Q/ Fixed-Fixed bar was 20°C at room temperature,
Determine the stress when the bar is initially stretched by
a force at 10 KN ,then heated to 100°C ?

Sol:
6,, = EaAT

o = Ea(T, —Ty)
o = (200x10°)(11.7x107%)(100 — 20)
0,, = 187.2 Mpa (—Compression)

P 10x103

A 200x10-6
Oinitiat = 50 Mpa (+Tension)

Oinitial —

or =—187.2+ 50
or = —137.2 Mpa (—

NN N
I~
)

<

E., =200 Gpa
a,=11.7 ym/m°C
A,, = 200 mm?
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Q/The composite bar shown in figure below is firmly attached to
unyielding supports. An axial load P= 200 kN is applied at 20°C,
Find the stress in each materials at 60°C ?

Steel

E =200 Gpa
A = 1200 mm*
ase = 11.7 pm/m°C

Aluminum

Steel

Aluminum

E=70Gpa
A =900 mm?*
g = 23 pm/m°C

P=200 kN
—>

200 mm

300 mm
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AT =60 — 20 = 40°C

Steel

E =200 Gpa - T (01 )ai

A =1200 mm?
ag; = 11.7 pm/m°C

Aluminum -“ A’ St
E =70 Gpa i |

A =900 mm? N

@ = 23 pm/m°C (87) st

Al = Agy
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(61)a e Aluminum Steel
E =200 Gpa
Al ey R A = 1200 mm? P=200 kN
age = 11.7 pm/m°C
Aluminum
- E =70 Gpa
' ' A =900 mm?
R+ELE_> St @y = 23 pm/m°C . 200mm __ 300 mm
(8r)st
5tﬂta£ = 5st + 6&! ’ AT = 60— 20 = 40°C
0= 55t + 5&!
0=007r)se— OF)st + (O1)at = (OF)ai
R=16.8 kN

Or)st T (O1)ar = Op)a + (5F)st
PL

((I L ﬂT)st + ((I L ﬂT)a! — ( )a! (A_)st
1073 R(200) (R+200x10%)(300)] |
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Steel Aluminum Steel

E =200 Gpa
A= 1200 mm? P=200 kN

R=16.8 kN @, = 11.7 pm/m°C

Aluminum

E =70 Gpa
A =900 mm?
Tt = 23 ”m/moc . 200 mm_ = 300 mm

Calculate the stress by:

P (51"):;1'
9= Al e R
16.8x10% / N
O, = ( 2) = 18.7 Mpa | e
900 mm R+200 | St
6o

_ (16.8+200)x10° ( N ) 181 M
Ost = 1200 mm?2/) pda
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Steel

E =200 Gpa
A = 1200 mm?
a., = 11.7 pm/me°C

Aluminum

Steel

Aluminum
E =70 Gpa
A = 900 mm?*

a, = 23 pm/me°C

200 mm

P=200 kN

300 mm

Al

LDTJRI

St

(‘SIT)H

. Scanned with !
i & CamScanner’|


https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download

(‘ST)RI

Al

St

i Scanned with |
i & CamScanner’|


https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download

Q/ At 20°C, a rigid slab having a mass of 55 Mg is placed upon two bronze rods and
one steel rod as shown in figure below. At what temperature will the stress in the
steel rod be Zero ?

_ 0 Steel
Jst - E =200 Gpa
A = 6000 mm?

a = 11.7 pm/m°C
Bronze g g g E
E =83 Gpa = = A o
A = 6000 mm? ~
gy = 19 pm/m°C
=
£
P -
Ly
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Steel
E =200 Gpa
A = 6000 mm?>

e, =11.7 “m/mec
Bronze ﬁ s g .
E =83 Gpa g g d% g
A = 6000 mm?> n
ag, = 19 pm/m°C
&
£
o
Ly

_ (55x10%)(9.81)
Br — 2

= 270kN
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(6r)s, Gse=11.7 pm/meC

Bronze

E =83 Gpa

A = 6000 mm?>
g, = 19 pum/m°C

Bronze

P, = 270kN

Ap, = Ag; (86)st $|'l
s =0
P=0,4=0 ’
AT E :
( F)St— AE . @ o
‘ST — 6.1:'
) — (6 =0
( T}B*r ( F}E'r 6tnml =0

(01)st — (OF)s: =0

(01r)er — (8F)r = (87)st — (OF)s:

= (a L AT)g,

270x103(0.25)
6000x10-5(83x10°)

(L AT)5, — (%)BT

(19x1079)(0.25)AT — (

Steel

[ Steel
A = 6000 mm? A

Bronze

250mm

AT =109 °C
T, =T,+AT =20 + 109

T, = 129 °C

) = (11.7x107%)(0.3)AT

50mm
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Steel

E =200 Gpa

A = 6000 mm?

a., = 11.7 pm/m°C

Bronze

E =83 Gpa

A = 6000 mm?*
ag, = 19 pm/m°C

Bronze

Steel
Bronze
250 mm
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Q/

A steel rod is stretched between two rigid walls and carries a tensile load of 5000 N at
20°C. If the allowable stress is not to exceed 130 MPa at -20°C, what is the minimum

diameter of the rod? Assume o« = 11.7 ym/(m-°C) and E = 200 GPa.

6 =01+ s

ol PL

= ak(AT) + AF

P
o =aE(AT) + —
(AT) %

130 = (11.7 x 107)(200 000)(40) + 220

A= m =137.36 mm?
364
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H.W/

A rigid block having a mass 5 Mg i1s supported by three rods symmetrically

placed, as shown in the figure. Determine the stress in each rod after a
temperature rise of 40 °C. Use £,=200 GPa, o,=11.7 pm/m-°C, .4,=500 mm~,
Ey=83 GPa, a,=18. 9 um/m-°C, and 4,=900 mm?-.

| | i |
|
=
&
— m —
I=0.5m ﬁ ﬁ I=0.5m
oo o
[I=lm
W= 5000=x9.81
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Q/ An aluminum bar having a cross-sectional area of 0.5 in® carries the axial loads applied

at the positions shown in Fig. P-209. Compute the total change in length of the bar if E

= 10 x 10° psi. Assume the bar is suitably braced to prevent lateral buckling.

6000 b P

2 = 1000 Ib

P, = 6000 1b tension

P, = 1000 Ib compression
P; = 4000 Ib tension

= PL

o-_

AE

S3=5,-5:+ 5

5 6000(3x12)  1000(5x12) _ 4000(4x12) S
05(10x10°) 035(10x10") 0.5(10 x10") | - anned it

CamScanner"g
S = 0.0696 in (lengthening) '
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