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Axisymmetric and Beam-Like Bending
Deformations in Thin Elastic Circular Cylindrical Shells
Due to Thermal Loads

Shuji ENDO

Abstract

The problems of axisymmetric and beam-like bending deformations in a thin cir-
cular cylindrical shell due to thermal loads are analyzed utilizing the Flugge, the Naghdi,
the Koiter-Sanders, the Novozhilov and the Love-Reissner theories for the case where
the both edges of the shell are simply supported. The first approximate expressions
based on Kirchhoff-Love’s hypothesis are obtained in closed form for the displacements,
stress resultants and stress couples. It is then shown that the various theories provide
the same results within engineering accuracy except when the shell is extremely long.
Also, for the case when the temperature rise is uniform in the axial direction, the ex-
tremum values of stress resultants and couples occurring in the edge-zones are calculated.
From the calculations, it is shown that, except for a very short shell, the extrema are
independent of the length of the cylindrical shell.
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M= 2k2(— 2t (Foo+ ¥, cos ) +(—1) g 77 tan /DL ( (g L B cos8)sin(tan™ (a/b))
—(Ggo+GpycosB)cos(tan'(a/b)) })

M= 2 k2(— 2 (¥Fpo+ ¥y cos0)+(—1 ) ve—{rnttan &/} ((p LB o) sin(tan!(a/5))
—(Gop+Goy cosB)cos ( tan~ (2/8)) } ) | »

if Fo(] +G00+(F01 +G()1 )COSﬁ
b FOO—GOQ+(F01‘-G01)C050

[0,1,2,~u (e/b>0)
T =
1,2, 3 . (a¢/b<0)

J

(125)
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|
E%QLZE%QL:]—;%{TH+Hmﬂ(£0}

M,=My =1 (—1)*ak ¢ lrrrtan /D (R~ Gy )cos (tan ' (b/a) )
+(Fyy +Gg )sin(tan ' (b/a)) ) sinb
(EE Yy, Vi &AEFE)D

. v (126)
a_Fm
{ 0, 1,2, . (b/a>0)
a—
1, 2,3, . (b/a<0)

7Zl, RUIB)ON,,BLUM, 15, ThINBELZOMNBLRDIEIL, ZhokD{ [ ROS
VIR, Y] DSBEICAECBORETEBCHMNE L ANE, ChEABER LT,

R (123) ~ Q26) P EXRDERMEON S, T78bL, WAMIC—FLUEBELRICHLT, (MBREH/NT
ROHBOXHBEAPOROBNTOVLEWIBICE LA D EBLIUE—A v P — 6, R (5) KR
ENAEH9KK, Gh, D/REIUGAY/24RTEE TSN T S — ORI, 02 —FIRTL, (i
MARIC, BE 7 A2 kDBETNERBICHLT—RMICES 5,

BOREN"ANICEC "REFMOREAEARBTEE8B642E 25 &R (123) ~ (126) IMIRT
Lol Lan 3,

13M|_1_(4r—1)z

l 4k!

1 N3 (127)
N;:‘( l—vz)[— T {@p—(2—v )Py cosb }+(—1)7 —‘2‘8-“'_”'“(1700-%1701 cosﬂ)j

el r=1,2 3, .

‘yNIZ‘ 14(27—1)7[

¢ 2k!

(1) (1+v)
. €

]\};1‘2:[\/’;1:i IR ST L (128)

(BB, Yuy,, Iy LFy LORRSOLEE, RESOLEALLS)

cou, r=1,2 3,

Yl gy (47+1)7 )

¢ l 4kl
Mr:('—' 1 ),V/’2—kze~“'+”k,‘(Foo+F0‘ COSe)

b (129)
My=(—1) 2 vkie WV (F +F, cosf)
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Iy“lzl |yM21|_

Z / ki
M, =My =+ (—1)"4ke™ Fy sinf
(BESE Yyy,, Iuy ERAFS)
7=0,1,2

T

8. %EAEH

AR TRHOMERICNT 251E 3 TORTE
RORGKNMBE~OERATRT L ET S, BHO
febil, BESHHR (116) TEZ LN HIE T
D> 1BV TEEBOBEARA L THREAR
HBEIEILT B,

Wi, R3ICRTEDCHBENES—&L—ER
3

al ™ = aTO (131)
T, AZTIDOBEB TN
aTy
aT+:C1TD+—2'—( 1+cosf) (132)

THEZON I BBEBRAFHOEERBUMELE X

X3 HEgmoRESHO—

L (130)

b, CIK, EBTIRELATELEORKERZ
2%bd, 37, BESH I LEOBBERGH L
el iR (116) DO LI UV AEDIUL I,
THbL, E¥ Py, Cn, YoBLUYERDLD
INES & (1> QAN
@oo:aTo+aTﬂ', Do zwoozq’m:%}"
(133)

LichioT, BESBRERTSZ 505,
T3
aT(ﬁ,()zaTowLE;—l( 14cos8)(14<)

(134)

3, ROREL " HMMICHEC " REFAORE

AR AMBTx2HAE, X AQ16) IKBWLTY =

0THsh6, AAUBB) THEINIEHDIL

Vo BI UV aBEB LRI HBEEARITED
WKRD L DICKkT B,

aTy
aT(ﬂ):aTo+4—(l+cost9) (135)

I, ERT, BLUT/218, 40846, £h <%
NAFNBEBEE(ILEH2REBESIURBARE
Ex&kbd, R U351k, XAM) KBTI =0
(MABOhRE ) EB T EE-TEON IR
N RN A AN

HEILER Lo al, LU aT) OffiiZ, £hEh
KRDOEBHTHS, ‘

aT,= 0.0022, aT,= 0.0044

Rai, CoBMicHLT, XRO34) hoBohsb
REFICRESBEAEAEZER LUICBE (¥VX0)
OHEORATBRE DR FMEAEZERT, 12X
(35) 6B ONIBEBAEARALILBE (V=
0) DRAFMBEEALEZBBRTRY, ik, HOX
KBWTH, CO2oOEADHBERRARNT S
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