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Thermal Stresses near the Edge in a Clad

Hyung-Nam Kim*, Sung-Nam Choi* and Ki-Sang Jang*
*Nuclear Power Lavoratory, KEPRI, Korea Electric Power Corporation, Taejon 305-380, Korea

Abstract

Based on the principle of complementary energy. an analytical method is developed which focused on
the end effects for determining thermal stress distributions in the clad beam. This method gives the
stress distributions which completely satisfy the stress-free boundary condition at the edge. Numerical
result shows that shear stress and peeling stress at the interface between the substrate and clad are
significant near the edge and become negligible in the interior region. Even though the relative location
where the maximum or minimum stresses take place moves to interior as the length of the beam
becomes smaller, the absolute location from the free end and the value of these stresses are the same

in spite of the variation of the length of beam.
(Received November 30, 1999)
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Fig. 1 Material properties of each layer and
coordinate system

kA (k= 1,2) 3 02 B8 PP Ber

ol & ¢ 3t}
ac* atTk
+ - =0 )]
ax ay »
atTk, 20"
- + =0 &)
ax ay

KBEHPEEE £184% F19. 20006 2A°

zk FA A=e 7] 74]131 A eyt 435t
e 7Hgstel 4 (6). (7). (8)S HE W4
(4), (5))ell st thaxt 2& M= ¥Y 83
e e

20" otk
+

2 =0 9
ax ay
att a0}
+ =0 (10)
ax ay
2} Aol daiA 2R A §o] 070 H7] 9
g 21 oS3 2
oE 4T,
oi(xl y) = =5 (11)
#4(+l, y) =0 (12)

AeHel 99} ofgf FRo] 9F oM THfAlE ol
g Aol H7] A% 242 dEF ol & F
ATt

E, AT
olx, 1) = 22 f (13)
1-v,
22x, 1) =0 (14)
aE 4T,
Olx, -1) = (15)
1-v
2Lx, -t) =0 (16)

Az te Fo] Fohn Ak AARANY 3 BYol
o% zde the 2t

" ~ oaE 4T,
ol(x, 0) = 0(x, 0) + ——
1
oE, 4T, (17)
S 1- v,
Ti(x, 0) = T2(x, 0) (18)

105



106

BEE-HAAG-BNAE

ZtEo A71e x-5 WEe ¥ & a3 2ol 7H3

n+l1

ol y) = Zomx)( ) (19)

A7, ik =1, 2% gz Aud gaael Ho)
%0l 2 0k, (W (nt]) A9 BB} He G4l
. 7t 29 A4Bx= £)olNe AAZAA (11))
3 4 (19)228 03} 2& 4o =t

oE 4T,
oi(£Dh) = T (20)
ok () =0(m=1, 2, 3,-, n) 20
21 (199 A2 (2 (9), (10) 3iA &+ &

oA mA Y &5 ok, ()% Th(x y) 2 Ol y)e &
A7y FAAH, T4y A (12)0 QsiA F71H
9l AAZHol B&3 o] AT},

do¥,
T |, = 00m=1,2 3 n) (22)
AR R WA 2 F HA Fo £13H
(o), A-gE (1)l QD}L 3 Fy2AH A7),
(18))& AAZA(Y (20), (21), (22))& °] &3t
A& gAY ”]7‘]‘3-1‘(0 oy, 0%
207 AR E o) SHEXE U7 M Fajof dhe
021 &40l = (n, +ny) 7ol

4. Of| LA X

By WA AARAE ol &steq T YA
(auxiliary stress field)e] #9317t =7 A=
oS3 2 7]eletA Az #3F 4 E PE ok
L=

aZSI; 2%k Py
y 2 2 23)

ay* ax’ axay

Jlererd Agzde A4 dee 2de e 9

& g8 Z7AolW complementary NUX ol A

@ weyel ey $HHoR WENY + Ut
Prmmple of complementary energye Thaa 20°]
Aol "ot E4 9 144~r9} glo] Agste 45 ®H
A B 2AL VI LE 28 FolA 718

106

27'4% 38 EAlA complementary energy= ot
<3 2o

v=['[ k_lﬁ{(a Y+ (G1)

(24)
- 2v,0*% G’y‘ + 2(1 + v X( ?‘;y)z}dydx

A& A& A (principle of stationary

complementary energy)S 2 &3l9H 6:}"1: 0, (x)

m=0,1,2,-,n) o (x) (m,=0,1,2,--, (n-2)E

2 grE e E}—*} Ze d¥ AvE U

dojzet,

(L] {o} = {a} (25)

o714, [L1& square symmetric FEZ o] &
L(ns=1, 2,3, (n)e thesl B8 s
Ay dikatel

a a
Lr: - Ars?d;-’-Br:E +Cr:
A, B, Coe 4 (26)8 y-FR sl A&
3la MRS Hele FF A AFHe *V“C’]‘:]r
(column matrix {a}2] BEX o] FHolA AHHE).
Column matrix {0} & A& &3 2}

(26)

{U} = [0:)’ 0119 " n -39 ny 2] (27)

AAZA (A (22), (23), 24N)3 A 4 (27)
o Fol Aug AL Z G g ela)A
AE 7 & doH, 2 21)A Ad nk = 1,2)F
Addsitat= He 22 Byes 88 72 + 3ls

(]

< 3HE F A, BAzAI g él (25)9 <
& FAR RS 31 o8 A (6), (7), (8)
of stz A9 gHEEI} —T’-aﬁxh:}

5. x|

FoIH AHR e FAE Helvl Astel A
wolA AAZAE BEA Yk Yin'Ool A} B
ERq Y AN Yl % AR A 1)
e 7104 8B 7 2ol T 2 AAH A4
A& Table 13} 2}, ue] o] 2 50.8mm, 39

Journal of KWS, Vol. 18, No. 1, February, 2000




2e9 Afuel 989 B4

107

FAE ANED ERZE 25 2 54mme) 1 2% W3}
AT e BE Zd ddtd 240C7 A5de Aoz
Bkt 7} &9 Eolrt Holof vlaiA Fx 2= W3}
7t SA 9] ) obd 4 (19)9 9 $8E 74
29| AAN B AFFFE IHAEM, k =
1,2)E 12 Ad) 383 &3t ghg 3¢ & glon
B Ao Afoleng 3, nE 1 B 328 AH3
ALt Ao A A8 o

Table 1 Material properties of each layer

Material E (GPa) v al /¢)
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Layer 2 324.7 0.293 4.9%10°
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Fig. 2 Axial stress distributions in the layer 1
along the interface compared with the result
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Table 2 Material properties of each layer

Material E(GPa) v a(/t)
Steel 200 0.28 11.0x10°
Ti 110 0.34 8.82x10°
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Fig. 6 Axial stress distributions in the layer 1
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