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Abstract

In this paper, a methodology, which is able to predict the thermal stresses accurately yet efficiently, is presented for beam
structures via Saint-Venant's principle. In general, higher-order beam theories have been known to be effective for the prediction of
thermal stresses. In contrast to this, we propose the method to predict the thermal stresses of beam structures by post-processing
the classical beam theory via Saint-Venant’s principle. The approach includes an out-of-plane warping displacement to account for
the through-the-thickness thermal deformation. With this, one can accurately recover the thermal stresses as compared to the
elasticity solutions. In fact, they are identical for the beams made of isotropic materials. The effect of out-of-plane warping is also

investigated, it turns out that the effect is negligible in mechanical stress analysis but not in thermal stress analysis.
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Fig. 2 Geometry of simply-supported beam under
uniform pressure
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Table 1 Dimensions and material properties of Beam

T,(T) E a 1 h
100x274.15 10% 9x107° 10 1

B dAo digt 1 Hel2o] e XSt} 2ol
de 4 Sk

~ Fo n? R?
011 __7[]10"11(22 5)4’ Tl 11(2’ 702)] (328_)
~ Fo s R
013 TTUJH(ZS TZ)
ey (l T h—4) (32b)
g “ru{3F 0% T 240
2 4
533 —%TOM (z4—%z2+%)
_ B <4>( s By b )
120 T\ = 5 % + IGZ (32¢)
WA Ao A% sl A8t At o
P Avkgn +438S Fig 59 Fig 69 22
TABIATE T Fateol7] Wil A3l ofgk e
% Age 09 wvd U S % FeHe
00 ohde & & Atk WA o] Aol AAHTAY
oo 9 d&T & PARE E Aol Altg # o
el 28 B olge] A olgdle] waslsh Ak
05— - - T )
——Present \

0.4 o Elasticity

0.3+
0.2}
0.1+

ok

Thickness

0.1}
0.2
-0.3+
0.4}

Fig. 5 Transverse shear stress distribution under 7;
thermal loading

[=]
(A

& HM29#M M35(2016.6) 233



}

O
yal

3}
k=]

2]

©
T

H(Kim et al.,
T

Aol Al

%

£} 2 H o] 2o
o] Ao o)L

2
q
Hd

S
~

7

1

9]

al
Aoz 317

T}
e_:]1
<)

7t

[o=eR
2 o
=
T

aL,

o
2

tt27 Fig. 8dllA] HEo]
1

2~
nn

1

.
=

[e]

p

WA Azhe

3]

A
2011)° W AL+

00]7] w&el A

AN

02 01

05 -04 -03
%33
Fig. 6 Transverse normal stress distribution under 7;
thermal loading

Present
-0.6

° Elasticity

05
0.4
0.3}
0.2+
02
03
-0.4
037

ol

o
\_QO

el A

A

bach gas 2

S

]

o =
< g9l

g

Tl oF =] o B mr
TR - B T o o
ﬂﬂ%ﬂﬂn%ﬂ_}
T H oW 5 ° B g
i%yﬂn@% i
of o ﬂﬁoTuﬁwurL
o oo AR o K
MW@.;%&%W
S nxno_a_ﬂoauﬁ
EW G- T N min s ] °
AF o R o X or
ﬂﬂ_sﬁﬂ.ﬂmdmﬂ Eumﬂ.%
To,_ﬂm. ﬁO,OI ~o
R A s
ﬂmﬂmm?ﬂﬂodaﬁﬁ
\.mﬂ ‘.ﬂ_. = OT o_a y o#o Eo
o R T WO g o0
T olo ﬂoo_lwroo#e
il < o ° o Ho o1
sgaddy 0
E oo W e T T
" o ™ AP B T oF A
R OO N oF B RO fen

—Present
¢ Elasticity

0.5
0.4

=]

G
s o

- — o ™ =

7
SSBUNDIY L

i<t

(3

StaL §4

S

0.4

Present
o Elasticity

02

%13
Fig. 7 Transverse shear stress distribution under 7

0.2
thermal loading

04

© i
o2 I
D_ o o o

0.5

TR oM R op
wwﬂo@”.ﬂ_wﬂ
o#oMWEWAT
o#ﬂwé
NIy
ﬂu‘:o_aﬂﬁwn
oo oox B
A
gﬁﬂﬂi e
A o X ol
ﬂuwﬁﬂowmaﬁ
_\oo_oﬁ‘_Coﬁo
oF B ajo
-7
pw 2y =
e
BN ke x
7E%Lw_,mﬂi
A‘*‘A}LOEO# .
ﬁo7ih_1,wuﬂl
R B
=% XN oE W
o B KOS
i_qﬂi‘_;ofﬂ
%M.gei
™oEm W R o
™ T W W

0.015 0.02

0.005 0.01

20,015 0.01 -0.005

0r
0.1+
-0.2
0.3+
0.4+
50z

SSBUNOILL

References
Barber, J.R. (1991) Elasticity 2 Edition, Kluwer

(2016.6)

=)

H29H A3

0
%33
Fig. 8 Transverse normal stress distribution under 7;
=

thermal loading
Xl



Academic Publishers, New York.

Cho, M. (1994) Review on Higher Order Laminated
Composite Plate Modelings, J. KSME, 34(7), pp.517
~526.

Dym, C.L., Shames, I.H. (1982) Solid Mechanics :
A Variational Approach, McGraw-Hill, New York.

Fung, Y.C. (1965) Foundations of Solid Mechanics.,
Prentice-Hall, INC., New Jersey.

Han, J.W., Kim, J.-S., Cho, M. (2012) Efficient
Thermal Stress Analysis of Laminated Composite
Plates using Enhanced First-order Shear Deforma-
tion Theory, J. Comput. Struct. Eng. Inst. Korea,
25(6), pp.505~512.

Kim, J.-S. (2012) Application of Saint-Venant's
Principle to Anisotropic Beams, Trans. Korean Soc.
Mech. Eng. A, 36(4), pp.451~455.

Kim, J.-S., Cho, M. (2007) An Accurate and Efficient

BT - BE

Analysis of Composite Plates Based on Enhanced
First-order Shear Deformation Theory, J. Comput.
Struct. Eng. Inst. Korea, 19(4), pp.407~418.

Kim, J.-S., Cho, M. (2011) A Novel Methodology of
Improving Stress Prediction via Saint-Venant's
Principle, J. Comput. Struct. Eng. Inst. Korea,
24(2), pp.149~156.

Kim, J.-S., Han, J.W., Cho, M. (2011) On the
Modification of a Classical Higher-order Shear
Deformation Theory to Improve the Stress Prediction
of Laminated Composite Plates, J. Comput. Struct.
Eng. Inst. Korea, 24(3), pp.249~257.

Kim, J.-S., Wang, K.W. (2011) On the asymptotic
boundary conditions of an anisotropic beam via
virtual work principle, 48(16-17), pp. 2422~2431.

Timoshenko, S.P., Goodier, J.N. (1951) Theory of
Elasticity, McGraw-Hill, New York.

AR A, W 39y, VA 2 €89 A

Aol Fa% BAR rolAn gon, ol wel £
2 oo fgetin deA AAW, ARE Bob AWA
§, Aol Aol Mawd hee A meles] W
| FAGGoA u TR AL YA 42T 5
FAAANES B WA vugoes 1 JHEE 33

ShEMATAEEE =228 H29W XM35(2016.6) 235

it



