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Studies on Elastoplastic Thermal Stresses in Rectangular
Plates with Uniaxial Temperature Variation (Ist Report)

By Isamu Tuzi, Member*
Summary

The problems of elastoplastic thermal stresses in rectangular plates are studied for the case of
one-dimensional temperature distribution. The theory is based on the assumption of elastoplastic
material obeying a -strain—hardening temperature-dependent von Mises yield condition and associated
flow rule. The other mechanical and thermal properties of the material are assumed to be tempera-
ture independent and the Bauschinger effect is neglected.- This is an extension of the usual theory
for an elastic perfectly plastic material.

At first the theory used is outlined in general form. Then the basic equations are derived for
determining transient and residual thermal étressés, taking account of external forces and moments.
applied at the both ends of the plate. Generally, the problem can be solved by the method of
successive approximations using a step-by-step procedure in time. - '

An application of the theory is made for a symmetrically  heated plate under thermal cycling’
without external forces. For simplicity and clarity, a rectangular shaped distribution of temperature is
assumed- and the yield locus is considered to be linear function of temperature and equivalent
plastic strain. Under these assumptions, the analysis is exceedingly simplified and the solution can
be obtained easily. In the particular example considered here, it is shown that for an elastic
perfectly plastic material residual stresses and apparent strains after any number of same cycles
are unchanged though it is possible for equivalent plastic strain accumulation to occur, but for a
strain-hardening material those are gradually changed with increasing number of same cycles:

until elastic shakedown state is reached or an ultimate strain is reached at which time failure
occurs.
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Fig.1 Rectangular Plate Sﬁbjected‘ to
Uniaxial Temperature Variation
and External Loads.
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TS f, KIS AEEOELY M L ThE, totdi=t CBFAThbOELZ TR TRDHZENTE Bo
O RWT, BEROOGINECHEERRYBL ALy, <0 k3B EK (59) ROFEIETIE
INTNWBZ LDREZEIDIT L,

(A) BLEEALLSSE

Table 1 ZFEBLAH DT, FIRD 4 DOBROBRRKBC BT HES IO RDILFERTH D, sk
e, e BN 2 T, BOROOFEBR BT AN, BOBLT 58RI Fig.8 0Zx { s—e FHEET

Table 1 Calculated Results for Nonhardening Material. (m=0)

Dimensionless eati 3
Number Temperature: 7 | Region Heating Process Cooling Process
c cles Strain : e 3 Elastic At Max. Elastic l After
¥ Stress: s Limit Temperature Limit Cooling
T @ 1.1111 6.4380 5.4202 0
©)] —0.8889 —6.3489 —5.5347
e —0.2500
1 ® 0.2222 0.0891 —0.1145
(O] ~0. 8889 —0.3562 0. 4580 1. 0000
S 5
o) 0.2222 0.0891 —0.1145 —0.2500
T [©) 2.2222 6.4380 5.4202 0
@ —-2.0278 -6.3489 —5.5347
e —0. 2500
2 O] 0.1944 0.0891 —0.1145
@ —0.7778 —0.3562 0. 4580 1.0000
s
@ 0.1944 0.0891 —0.1145 —0.2500

EbTZENTED, Tbb, HROOET, EX
Mo 0ABCD B oTEkL, & oM ORI T~
THEHBRN Th D, FREROOLTR LI, 0ABCD
LERL, ERHEMREBRLSZ b D, TEW
HEEOIE T H L OB X HBROTIID A, FEOTIX
D ETELINb, 0¥ IOREN DSV
s —QEF L 7 AXRETH L, BHEO Fig.3 0 E
3 €6 HCEHESHERBCEL, T XOREBIIRIOR

FA4 I ADBED 25 ThH b, ¥l DL EDHERK@

ERITBEHEER, Ko B gTEzbid, £L

TR, BHOEYA 270 e A—0%ksy

=

& 1l e, meAHEEeRy (D, D) tEbIh
- '  BRELB, Tihobb, BLRESTIE, R

Fig.3 Stress and Strain History during Thermal OBHEER I OBREE ﬁbiﬁﬂ?‘"‘i‘/f 7 pEFEERD
Cycling for Nonhardening Material. BLTHED Zlvo ChIZE 2 TELZTCHBHET
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BAMECEL T 28T, RAToBEERRENARECERRCHAREO R n LIREY, —B/(1-8)
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(B) B{bxEELLBA
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Table 2 Calculated Results for Linear Hardening Material (m=0.0137)

’ Dimensionless i i
Nug,fber Temperature : = Reei Heating Process Cooling Process
Cyeles Strain:e gron Elastic At Max. Elastic l After
Stress: s Limit Temperature Limit Cooling
T ® 1.1111 6. 4380 5.3242 0
® —0.8889 ~6.3416 ~5.4506 |
e —0.2859
1 ® 0.2222 0. 0963 —0.1264
) —0. 8889 —0. 3853 - 0.5057 : 1.1436
S
® 0.2222 0.0963 —0.1264 —0.2859
T ) 2.5015 6.4380 5.1747 0
® —2.2871 —6.3307 '—5.3201
e —-0.3160
2 ©)] 0.2144 0.1073 —0.1454
® —0.8575 -0.4292 0.5814 1.2641
s
® 0.2144 0.1073 —0.1453 —0. 3160
T ©) 2.7290 6.4380 5.0269 0
© ~2.4992 —6.3202 ~5.1913
e —0. 3448
3 ® 0. 2298 0.1178 —0.1644
® —0.9191 —0.4711 0. 6577 1.3791
S -
® 0.2298 0.1178 —0.1644 —0.3448

(D1, Dy"), (Dy, DY), (Dg, Dy’) oo 12K EH £ 27 %5
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BRBCRIT B e Bbh b, 2D X5 hBITS u
BB OIBACIRAORD & C, By 7 A
ABOBME & STBEAERERINBER, W« [
BOBEHEANERLO DT LEL 57 biT, L :
BHCEBEINATHLAS, - ' Fig.4 Stress and Strain History during Thermal
(C) shakedown state i "Cycling for Linear Hardening Material
BIEDOEEN D, B 1 7 ARERECH LT
r, 194 7 AT s BB O MR TR ot}
DL, RBICREE 25 55 IoRBICES & 2 23 gl N
BEND, BLED LS IWRRAERET B biE, & #TR cooume_,|
ML DR LB 1 211k % shakedown state ¢ ~——LINEAR HARDENING
---- NONHARDENING
55, ol N " Ml
WENIR, ZOIX3TRBCELI D LTS NUMBER OF CYCLES
s ﬁ=ﬁ>§)ﬁt%?ﬁ;ﬁsﬁ5%§~b‘-4 7L TR S L RRRIER Fig.5 Appareut- Résiduai Strains after each
FLEE Bl h b, ép=0, ey=const., &;=const. - number of Same Thermal Cycles.
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B
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