45

OB S I ST B I P AT O BE ) & B IC o T

il

1. #

vy~ MEEICR W, BELSE, BEEH
HDHWEELICE § o s EoRBEoREE hicE
HBIGEEHE TR TEY, LICREKRR
DO NERET LI e85, Tk 3 REREC
ko TETBEIIEBRENOKRE I I ZBEL1 R
i, ZOBREDOWHAZ b TIcERRTRC X - T#
WTBCENTEDL, LT, ARLTREGTOHE
ICRET %o

X AR EDary sy - FTuey s BEbS
G RATETHN T %, LOFTLRLERNIHE
LT, EEORCESNICBEO RSB —REIRELR
A0, FOTENEBC L - THEIRTHWBEEI
EFABUGIEI OIS Cric Lico BHRETS 5B
HWOBRZAE L DA E U, BREY LRy
L OIGR « ik, BHERNR 0 R B A OB
BOREEHRLT, Wb S HEE bRD.

Ok 3 IR T CICERNC S KB b b 572
ERBLNICERTH DD, £OWTRH )RR
Tt Dd LB BHITh Do —THRR IR
RicowWTid, Bix ORI BIERE A 5 hic
T hHizdk, BERT TR, BERNRSHEREZfIR
e, DL LY o T RIE, By &
P& OB - T, BEEROER S L 5HEDOAR
noF, FHERNNRELE R 5 5548 Poisson [
DREIPVEIL > TLBARCIB I AT S, L Liah
b, #EmS S L ORI ADNS XD =AY
TR AW TN L C0inds » T DT, etk
BRIt X » T2k 5 BEOYRICETHIEIRELRD
5L Ebic, TCICERE LicEHEE L BRI ET -
oo AWILTE, F& UOBHBEEROBRLYEY, R
B8 OnEEafrRTc it - T, SHEOKME
XT HEGSIIREE L WEEABE LI Lic,

2. SREERERIC & SIS IR

FER TR EFHE, —BRRERLE D A AN
12 OWHERIC & o THIR XL CT0 B oD ICFEE T 55
NERDBCEThHB, 3, WHREUVHIEKTHL L E
BELTCHRDE, TOEEOGITRBRERMCHY X
MWL 5 ThB, DL EFDBIERD B,

*IER I AR IEBLATHEE

# st w*

FEICHEFE Uic i BT 2R % OaEEICE
Thbo '
B35 X ek O BUS T c O kR R A
Lizo B—1 Wiz—UEEHEEHR O EBBEY IR Lizs
s & Epoxy fiflg & offim AD %249 60°C kT
BEL, B#ESTHER (15~20°C) ¥ CREZ T,
B—1 Bk Ui

B C 59
Epoxy resin A
Bonded

y4

2h

D|
30 8 21=50 30

110
Steel

Note : 2h=4L~gl

HOHEB L OEEFELEAT 5. coBdk, B—1
RU7z kil GEEOB I LB OH) DRI o7 REEH
SHOBENCH T HEHRLFET L —HOERTT R
Bledicld, 2FD L ThEI V. ¥F, BL Al
DRENVHDICONWT, BEEBRERECRHAL THAT
bo LD, ERZOEEEHI-> T A #/HXLL,
ZOEFRBRIBWCHEATE I V. HECRTEA
FERICoOWTH, FARERAECY > CZHOEBYRT
THTEMTEBDOTHERCERTHS,

Epoxy #ifig L M OHER R—1 KFRT. MEOR
R ES ¢ ORIcIE 50X 1075 °C Pl EDER B L DT,
BEEE % 5 )5 LHE ORI ) REVOFLDE
TS, S OBEEERIT Epoxy BiED 70 f%2#E
%555, EpoxyBRIc B LT, S BIETES &
RETHC LR TE B, B HEBEENbIITERD,
BoheBhHrHEOELEHE X2 50K B E R
Fringe value 35 X BRI & S ICBRIC KT SE
FHWIIE LW 2R, TTRRIORYY CRLLES
DTh%5o

F-1 8 8 0o ¥ H

Coeff. of thermal| Young’s Mod-| Fringe val-
expansion, °C™! | ulus, kg/cm? | ue, kg/cm

Materials

28.4% 10%* 10.7*
2100% 103 —

62.3x10™%
10.7x107¢

Epoxy resin
Steel

* Measured at 17°C

BHEARROWER2EZL 5L 5id, 27— b
HERE L TROWES, WRYTHSHEEPRE 5 R
EEE2DE, PHEY LWEY & OMEREK E ©



45 TAESHmXE

89 5 (1H.38.1)

WD R o Ve O 2L o THRR L g
Tob v BHERESE ¥ UWE (Epoxy #ilgo 1/20
~20 f&, T7cdb 1.5X10°~600 X 10° kg/cm? ) ¢
bHY, BIERMAE Epoxy L A Hino T3
LD BE MBI ERE  RH LI 220 fedT, T
T, HHEY AR & PSR- ORI CL 586
REL, oFD L3 L CEREITRo T,

E—2 FE—sidicEs U osE

(a) Temperature change

y
B

/ o\

2h

(b) Loading condition

3. BRF>L el TENSE—BIOERICLD
AT RO E

KWL R U HEER ®#F7 v vy Vv 230 F—K
NOFHIC S &SN TEF LI ELHET S v, T OFM
TRRIIFI ORI EBRE L O EEL &L, &
TR, BTG OBMEBEOZ LS T 5,

H—3 R\, Hf ABCD 3 AD B\
BhOPRCER L, *OEXdRENIOTELLD
RTPEL, FHEEIRECS S LD ET 5, EER
DHZINBRE T(x, N G ER LI T%, COLED
EEHR OB HZRD B IE, 7 AD wR\»Ci] b

C
o/ T Temp. rise To
®
A 8] |D X

4 i

aETg

®

LAy

®

INERRE S L OIS & e Db bS]

H—2 (a) ERT Lok, A—HEoRED L@
#AD KhWTHERR L CkY, BEEQOZA—K
BELER T, #5072 & X0GH2RD 5edicid,
B—2 (R L5, Ak 2 Srao—ikE
WHE « ET, Iz cER21TR5. £H23T5H&, B
BHEOQIOWTIE, DL FOIEHRRDBETHY,
BHEA@ITOW T, ORI BIEHC—RE75]
RIS ¢ BT, M2 izd O HOBHERT. DX
Hinc b, #tEESE 4 Epoxy Big Y, B—2
) CRT X5 RERREIC X - CBR O 2 RITEHE
%%%ﬁtioto
L LA REBRERE < Ic Smith® kX Lévy® 8
BAL, ISHXHC—BZR LT 5, IFECIEERE
ZDEMRABEOER LTI, JHARKD & Epoxy #
BOWH—EM L OBRB BT 2B kAT B LCE
ER&2fTlno Tnb, Oberti % Bonfioli® 23HWr Xk »
, B+ ¥a2#HT, €2 E3ALTOTRAE
LB L5, coBSRARETS 5,

UTeRTEEORRICH W BT ELYRT L,
BEHEAOEX 21 13 40~60mm OHFTEHLY (B—1
ZH0, BEOEIR—UREEEDOEBRICE LT 5.9
mm, —ZIHHEEEOEBRICE L TR 10.2mm Th 5,
BONISDEEFEEEITRE C T 5250THD,
Epoxy #ifg D Poisson H; v 1% 0.37 Th B, HEKD
CIGETIDERE, TEb Db D, OX¥ORY
CUIcds 5 b D35, ~HnBE LR T, TEbL,
BIRISHEIEE 35, BRI B—2 1cRT X 5l
W iz L, ChicEA: Wiz yicRs, <
ROFBEL LT, BELOEXL 21 LEDB, L
TEEL b b = ACHT 5 (MAEDEF) i
i (ZAROEE) FTOEM (BX) %2k THb
o

; %0, =0y = — & ET[(L =) reeeeeemremenones (1)
[~ &, i AD KB TERINEERIC,
FHETIRWE :

#p,=a ET/(1—v) (xz=x1 &&7)
¥py=a ET/(1-v) (=0 K IO 2L KT
/7 A

8 (¢ ET 8 (¢« ET
=7 55) Y= "7;(‘“‘1_,,) J

ERA Lic & EDIE Tz Ay ud L v,
H—3 SERo~tks mBE

y
B }
2h

A lo D
Gl l w177

R () OWEIK X SERROBIREBEEHTOK,

ISTIBEL oz, W,

q)(x,y)=¢(x,y)+%f,,(x)gn(y) ............ (3
MHB X - TEHEERLIND DD LT 5, BRI
TRIC L TRDBN S,

0, =0yy+ 2, ¥o,=0,,+2, *r,,=—D,y--(4)
e, HHBEECH Ue TRFIEBT 2L L, »
0, (z,=a ET|/(1-v) ThHb,

T, ¢ X0 AD DS BT 2 BEAEH LR TS
Lo sL, N B AUOEKDER
FnCELD =Fr (FL) =0, verereerreeenneninenne (Ba)

In@ I =gn' (2 H) =0 covvvemeririnarininenns Gb) ~

IR Ui hidinbinv, X (Ga) #HHE X T7dic
Jn % Horvay'” ' i/ ortho-normal self-equili-

brating polynomial %\, guldHF ¥yl TR

:‘15”%/]‘@}?\.@; D y&i‘?‘%o



—IIBHESh e =AEE D EARKOBG T L RE I oWT 41

F (2 OHENMZ bhic s &, BRI Z DR
HBF Ve ZRNWVF— I3,

d (%t .
H=—ﬁﬁf_l_{*a,+*ay—2 v¥a,*a,

+ 2 +v)¥r ., dady
1

— dJ. [*o %0 +%1, *u] o da
-1

—dﬁhfl(*X*u_F*Y*v)dxdy ......... (6>
LI, w,v idZhEh 2,y FTROEMNBEITH %,
KFrvel mANF-BNOBEBCL &, I 0O
BRI BAELIEFR OB IRTERbL RV, 2T
TR (6) OEALGHERC L - CEbLL, BESELHE
T 5L, OFORENELND,
| RZICEORACERVEERY
+ IV (@) + 22 (2) " ()
+n2fn(x)gn""’(y)}g'fi(x)dx=0 ------ 7

[ By a0+ 2420103 (2,0) + L2220
+ ZF A O+ @40 S @) gn' O)

+w1(:c)}%'f,~(x)dx=0 .................. (8a)
J | (895(@,0) 22,00+ (L= 2(,0)
+ ZF @O~ 3o @00 O)
.................. 8h)

+wz($)}4§'fi(x)dx=0
(G=2,3,-+wr )
W, FEOX v Y B B2 EDL L, w, 8 X
O w, 133 AD OENCETAHTH B, R(DE Eu-
ler OBAHERNTEHY, RE XEREREERNTS
b0 TNBLORILFNT, frn FEZERBEH CHS C
LEREZ, o, (s i) 1a b e (R, Fid,
3t DEFIE =i DL FLBERTUNIWOTER
TrE,
Z ORI OFDOL RIS,
gV =2 "y Fu'd9n" (D) +(Fa”s F”D9n( )

- —f (448Ca ) + (L—v)48Ca 30} Fo (@ dex
.............................. (9
000 = @D o'y Fa)gn’ (O

1
=] B @0+ @y .0
+ 1 =)2,(x,0) +w, (@} fu(x)dz oo (10a)
GO+ fls F0O)

% ="J1_1{¢”(x,0)—u¢”(x,0)

—

+(1=9)8(2,0) 1w, ()} ful@) dz -+ (10b)
(m=2,3, 2 78)

REL, (s fi) 2| fulfide wkbdy
DET 5,

R 1T 9.(y) BT 5 HEAE D 4 WM RSN
Thb, tORFEY Gu(y) KkoTEbTE, —BF
ROFORICHESELTLENTE %,

gu(y) =e""1nY(A, cos By y+ B, sin b, y)
+e*1?(C,, cos By y+ Dy sin B, y)
+G”(y) .................................... (11)
A (10) 3 AD R HHFEFEEZRTEDOTHD,
ZRBEDOHREA G EHWTHR AD s $NBHR
Ay, By, Cp BIU Dy ZERFET B EHTE B,

I AD ERWIEEIR WA ¥k, R 6) A
TWOE2ELEIE, bR @) BLUK (10) &
O w, & w, BEET 5. —F, I AD icis\ Ok
fRicERE L Tws 2R, FEE w, Br P w, % @
(0n 251 WEoTEbLTCENTEAHN, EEE
HERTHETE D, 22T, ZOBESHF HRAD %
i, 7 AD Eo 9 EO R R\ T SRy
MEIBDHZ LK Lz, BUEFE L fn BIL ga
st UCERA Lic R, W AD KW CEEIRT
WEHERIZ ST, MEES L WA LT 4
HTh5, N BLUOX 10 rIELNREDOT
5500, BEHEChH - TR COBE DT A
TAHICE Ediz,

4. —DhELCEESHicL ZOmMRE

9, MARED FCZARKO—Tr b cHEE X
NTNT, TORDEDTOZN—EERE LR Lice &
DIGIIRE B B e T %,

(1) E i

B, SEBLLDCCESIEOMN Y B—4 KRL
TR Lo ISR E1TF e o e RO 2 RT L BH—5

R—4 —AFREZEEEGR (B/1=1/2) OFHEHRR

Stress
trajectories

TIER
60, ogm Qﬁ\\%\f
- /7] R
DEBHYTHD, L@.@EWW@E:&%@&VC{NA

T, R LT (v B AN
HOTHY, ERELEHEE &2 HERU TRk,

Isoclinics

Isochromatics

oy
A\ 30°2~°°

MERCELOZyE#ETHD, [EELAFHEENR
HLEonTHb 35, TUT hI=1/2 DL &TRE y=

0.97 X b BRI CRBERIGH BN, Rl
NEOVREWEETE, HFCD ks e nWwTi]
RGBT D, EEOHFR (RE) i3 oy DA
ML NI TeBic Uledi o TN L, BEZICBT %
HICEDL o Yy ED o 1%, EELHE CHEMED R
CRNTE, Al DINSWEFRIT E K& WERG 2R
LT\n5b, EEACRT D o DAL, Al Wb



43 AR S LE H89 S (B.38.1

B—§ —ameEEEmBROGKEE
Y

o E
nA=1/2

Stresses (@ £T,)

I

{\Botd line : Experiment |
\Fine Line : Calculation~ >\ | '\
it PR\

h/i=1/a’ .
/[ €
{
| T \‘\ N\
i P NN
- o . ~ N
T I
0 77|p X
— N
\
\
\l
\
\
© y
ni=ife ] _
i N
. \,
— [ '/:?ﬂ:_‘\_‘_ Il
0 NG, ] x

T, BEAE—ET —aET, T\,

oy QEED BT HEFERE L, BAOHD i
WTREWERBIGHOEREZRLTCNT, HNEICEANT
GBI IEZHE T T 5, AD O & R\ T
oy, OFBBELDLOR, COTRBITS o OBTIH
HE LG hE b IR b ErbMRD C & Th b,
AL N ELTe B3 8, EDOFHEHINETHE L
, REOBIERBASMSLAD, HHEMZ CD
BT, 0y OEBEELSBEENS KU fedis TFE
REVS DR L, BIRBHCET 5,

BT R D 12y 13, B—8 TRLZ BAR=
AN HEERLTWT, AL NEesTh,
TP T3CTE R L Usd, Al BRdb
DTN TIRDE 12y B U B LW T S, 2O
BOD txy OTHREIE, FHED 10D e Aleck™ QEFE
CREND LA, BHICEWCIE &b o Thxk
v, B D RO OACERTAEMERT. B

Fred~ie k ke, BEDC G D6 o 2BRE 2

R DUNE T o TRWERIC 72 515 EWd 5,

Bt BER=AFIE
y
C
<
<]
A D X
2l
(2) =skR

H—2 R Licxdfiziors, B—6 wRT X5
NEAZARR (Exdzyiil35%) LoWTERP
Tl ofco B—2 tRnWT, ZEU=/AK L LS &9
DL, 0 NI NEFIC h REBDTAEFLIRLDT,
BRI =0 RBE L Lic i, 0<45° DL FKc
RETER, 0=245° O & 1t 2ETWZABRE o izo
FgErc &b, B—86 ks nTh, A/I>1.25 0k &
ek, AlI<1.25 0L EREAZABEHRCHS. Lk

B—1 —aRSEE=SA=fmIR (0=45°
DHFEMEEE

Isochromatics

Stress
trajectories

Isoclinics

ik, TOX37FEOECHI»HLT, AR LT
BTl R, B—1 1k =45 pEN=MAFR
TEBRRERRLIZAD TS 5o

ZENZ AR OAMEY BT A ETRER K—8
WRTEBD ThS, BRMDLOCES D OFtE
R, CORIIRER -5 IR LEERO L O
LB LTS, IHHRBEL TR, MHoE
XONPKRELI MDD T LT, BRI T AL NEL
7B Z LICxGd %o Lichisa T, BEIICRWTI,
0 MAREL oo Th 02 RIBEALEELLEWS, 0, B
LI tey BT 5. BA D KBTI, § BREL
T2 % LISHNEMPEMTIRT, 6>60° KT D
CRNTUETERZAE LR, ¢ RCOBEErAEL
D LISERIENE IR SR, AUkl - TRF
WISIMO X IR b T dicin b,

H—8 KR EAZABE OIS IRESY R Uiz, BHHT
ORI HE AR B L, BENTLOISHGEEROMLD D
I, BERLOISITE ST A HEA 0 2 b o e ZEW =
FEAD b DI, BRI LT, EELOmMA SR L f
DoEfHeRnTh, KA TRIERRK, A D =%



—IIP R SN ZAEE DO EAREOSS 1 & R Ic 2w T 49

H—8 —aFLEETEHEI=ARAROS KR

@ ,
9=30° i 1
|‘\ Stresses (aET,)
l 0.5 0] 0.5
| SRR S ——

|

®

AEATEHOIEITREBICEL L Tw5, BT, o
R Uik 37T, T FROLOS %M L
TEL T VWb TEHL, 5L, SEMcHE~s2, |
SHL ORISR ST AR BT 5 4 O & 0ER
W EAKRE W, BEEDCIG 36700 £ 712
FREEHD L O, HEEXRSD=AFEO L0
IR LT e e B

9. —0AHEERE S hicd & ORS FIREE

FZHBO—UNEP OBBEACESE IR Ch 5 L &
W, 2000 OBMEER O ETEBRCE - T, A
—OWEEEBIRIIC L o THHETREN R B, B—
2 R\, BERORIEY (EEED) 2ER S5\
ERTTHY, KM HEE®) 2BEE X[ UHECS
o THEERA L Z 2 DIBIE ERFWIEEICONWT, BE
HOZP—IRELEE % 5 e & & ORYS STRRE %2
25

H—9 —aReEEEAZARAROKEIREE

(O]
A =1 T
//
A
f
NI
i
;: Stresses (@ET,)
105 0 05 10 Tx
ot 1 J — oy
i
y B
) 4
n/l=151 §
% R
I -—-<>~~___‘/
/
- - -y )
Al 7~ \\ D
N/ T
- |
| |
i
I
|

DX HEDE FIE, TTCRBREZCE LD,
ZGEIBD B MM DEIIE 5 e & & DISITREEHHH B
PRI X b CTh b, Lichis T, ZOMEr
WX, e b L) S BER AR 75 B OIS Gk S2as
fTlehbit Ok, BuSHME & L <y EFkdok
v¥, Smith®, &# K% Ob®, Zanger & Brahtz'®, Zien-
kiewicz', JI|IA LY, Schleeh'® 7 X OWFEH S B3, BE
Bolk, BEOTE, HEOMEEROERLIICE
THGF BHBCOWTRP DO ERE Vv, AHICLL, HiE
HEER & A~ BT A E A DI TREBORE R L,
BUEICR LicBIREE OBA OIS RIS & T 5,

(1) & £ &

A& A eZb LA X » T, BUMECCEg
MR R S h, ThAS0aB—REE FR
ST EEROBS IRERRTE B—10 ok 57
RIS, CORKR UREERY wiv b
1k hfl=o0, v=0 THENb, EBEMSEE—H LT
WS ICHEBTABRENRD D,

I ADre BWTEE Sh2EE& (B85 & H#d5
&, 0 AD ZHDIEE AL TRTO MBEWT, E
—10 OTHDPNI VG E s T B, T AD Kt 5
0 DERREOHIH SENZ V. HE—D FiME, A
H722 DR D b4 LEh MBI \WTHbh S
FIERIGH Tl o T, BEOHRLLAKEWEHE - T
Woe Fie, M ETHIOHEOET S ERAL O
BOHNE D KV, 2L 3 BEmEHE-EC LR
DONDHCETHD, BEOTE M B -7l &0



50 LA SR XE HE (RB.88.1D

H—10 —2RMEREERROEIKE
@ n/=1/2

y

13 /i

h ’ K

1 Stresses (€ T,)
]l‘ 05 0 05

- ,\ '//’

‘.—_’-—?’—_._..——/\1 — =

Bold line: Exp. >
Fine line:Calc.

L ORETF R D L, Bl PN ELTeh L o D38
W5 ENRGEEBOL ELERDETL- T, £0
EHORIELL LT 5,

(2) ZaFi

A4 = AR O—L IR I N2 & OB TIREE
Z B—11 it s, B9 & B—11 & Hh#eds
L, —~IFEACEEINZE & LEMERAEOL X LD
BHREBOZER, EEROEELEERETLS, WK
AR L ISR & OBBRICDOWTIE, B/H L T BEEE
O hbb T, TR & 5 InEALELT
LD EELTEV, B—10 & B—11 s+ hud,
BiRE B ORI X DI HELORTICOW TS, FiffiT
RARIZBHR OB T 5 T & bbb,

6. KACEEEREIARE

B—5 1 B—10 TRUZ LA, FHEHEEHEER
HENE D L —BAERLTW5S, X HEAAIDIC S
T ABISTIAENRRRRE V. HEEOHBCHITHOD
KENDOIE, EREHOTDO3EHEFIT4EHETUL,M
HALEro et 5D ThHD, B8 K\ T
A D wRids o KERPHIW—EBRbh 500
Ed, CHICRERLBENI V. 70, CORRRGER
HThD, BB TREBAS S B 513 L
MFBbDOTHY, —J5, DT DR DK
BRERECE 2 b5 SO THER V. ERERHZELS

H—11 —DHEMEEEASATAROGLHRE
@ Y
hi=t———
\\ \\\ .
\Stresses («€,T,)

*;lo.s 0 05

®

1
h/l=2 / T
/ \ ) \
A\
N %
| /
J A —
T /""_“‘_"‘}w—/\‘ﬁ—
A - X
7 N

DBARK I VIENERDICSEDTH S0

WEFTRULEEE L ORI X » T, TR EhOEIC
KT BT DR B CIL o DT, PRI
ary Y — MEEMOBACERTREHE LT, oF
@, koD IR R OB X - T, B
REBIC XD L 5 BZEyBRbN B rERT LT 5,
TOEEIE, ERELHBEEIDIRD LA TWD
o, MAOEERRT LT %,

(1) —¥REEES T cEZ2OBI0KRE

arvry - B TR, BEET,. ZEZ0ER
k- CllEE >3 d &, HWHEEY DT 57edc|
WBISHPED, LR OTLhOREYRD &0
B, COLAEBEYEL DL, BeER Lk
FiebitwEE R L TR E 5, EHYS—RlE L 5
U5y, FoRROWAALrrLLT, 0
Fh=a T (<0 LTHudE, chETCORPELWHAT
X5, £5THL, HRPOITE A LEEKCH - TH]
BISHRETS L in b,

BIRIS IR KREL B L EL HBBEDOH DD, ik
EfHECsT5 or, A D O HRETS 0y Th
Bo FRHSMC, AL 2N WL EIE, HESLESR
WEIC B\ CHEEE & ARE O RS IOF RIS D
N5, EE BC TR LWEEZB)CRELS Y 510 %
TEMB D, COENPDOTbNOFEELIT LD
LT5e, HE (B—2 28 Bl 55 REDOET
BT UER b 7oV e Db ASEATE T ICHETT
ULiswidicik, i EO kst B5EGH 0. O
EEXNEZFTHZERELDNDTESH D, ObIUR



—IDAIR S e S AT B O TR BT & FIREEIC o\ C 51

SATETIACHEITE 5 © & o ERMEAHET AERE L
T, LELEZO XD B OREINE b bIFD
hde

BERENC BT 58 AMIIGTT 2y IRRICIT S B &K
Fllpnledic, TOMNBETAEVIERERIEZE S
oo Tnde Lichlo THRFMB CRESEOMN G
BRI A E W NETR Ty DINEL, ULing oy (&
WIS ThH %, H AD B\WT2 22 ) — RANTH#k
PNTHWB & Fie, BETORESME Y AEECHET5
oD DERE LT, ORI 2y OYEHESEED
CRBGFD 0y OREIRE Y BTFNRELVWTES S,

B O, BEE - EMOBMENE, H5VWRHED
SHEOEREW L » T, Rk~ #S4EHT 501
DRBILIG IR 38 LIS OENS 2D & 5 BB %
205nEWIEEHLMCLE S,

(2) WHRHOE

UTFEsWTik, BREEELORABERE FIC
7, BB LT, B LT20lREEOT S
LT 5o Ik, BEAZLEYORMAR L ERO LR e
Dlx £ THbT, Tibb,

K= E, oo az)
B OTIED AISL1 DL FICDONWT, THHRIER
FICHERELTHwL L E, Bhk e toBFErY B—12 ©
Rlice CONICRTAIMBEROEFDEB Y TH S,

1 11
demg[Lxa0dz 2= [ sy, 00dz18)

e L, BHREER v=0, FEBEX v=0.37 ThHb, —
BECIE, v 2P VIR E L HENRAEL B b DT

5%,
H—12 FERERFOBERRCEITD £ &
BhEDRER
(Afl=o00, v=0)
-20
l\o * Experiment
2 @l
G o2
< \
2 \ [
: R
0 ————sCSL
S S
|~
0 2 4 6 8 10

© OEFINCONT, ¢, OB DB TEH BN,

Ty BV EDRT S of ODBDIIWH LS L,
B, oy 13 r=4.5 BB LT BEHOBERETF 5,
BETIUE, ZHE U BERIC  B~CEBA IR k)
G, —BhBEEETYEC TS, ADIB\WTEE
WSIIHE T, WE,

RABRICHKTE, R @b\b@ﬁ?@‘%igf&éo BE—12
CLhiE, R Ok Zanger & Brahtz 3357 Liz5%

R=1/(140.4K) woereecreemrmnmnieenieninins (15)
ZHHTED L bh b,
OF¥K, BENSHIEEAR AI>1 Ty, hic

BELTWDER GG CIRCHBCEWE $2E L
Bo Tihibb, B—13 KRWT hfl=w EinozBn
HROBHEN, y=0 K\ WT—RRIBELRAY 5
BETHD, COBAI, v=0 &Lzt XOHEMEY
H—13 FEHEOEEICHES LI BRI
y

2h

®©

l l

LN Y
H—14 EEOERE EOERFICETS v &

BSHE DR
(hfl=00, v=0)

i
A
\

\\\
Pt Fx |

\

\

\ Tay
P e I

S e

£
=)

Stress (¢E,To)

i

(=]

=2

"5 (x1,0
o ; 4 3 8 )

H—14 wiRds COBEOBIE B—12 LH#kT%
&, IEHDOEEINE L (o BHFIMN) £ s § I BIGHE
BAWBLS L, D ERTS 0, i3 £=1 KW
TRHBREL S, U, B BRTEEBIERITR
3, BB —BIHEL T A D @B\ TBIRISINE
Uit\o £=1 O ECIZ, 6, OEMZ0.5¢ET, T
52500, HEETW FANEL o Tnb,
COBACE, EROKE XDVLERAKIC BRTH
D INXWOT, BEREELD ST HHELPEL s
Bo Tebk 2 r=1l OLEIOWEE L HBITHE, HE
AR LT 0.7, AROERCELC0.5TH
Do FEHROEBND S0 HIEE LR (15) KHLl L
FTeRTE B—14 2R LT 2 ¥ o BB H
Bo
R=1/(1A4£0T) veeeeeemmemeniniineiiiiiee e (16)

F (15), (16) REEKOEIER CRWEACEA LT
BREVEER L bt BEERZOMY Oz
WHEDOFELIRZL, 0:=0z LIREL TWHDT, &
(16) IiEWh D &lno TnB,

(3) BREBUICTEORE

BER L H O HEZE LIS & ORI K12 & R—



52 tA¥ S Hm Iy E WIS (B.38.D

K15 BHEEE FOEMIRICE TS Yr LIEHEORAEER

(K:O, )):0,3)
S~a a
=10 S o (0,2h)
= S~ a
¢ w0 " i TR0
2 ~ T
= /
N D E——
— T - | ey
Lea ]
0 10 20 30 40
L/h

14 Lr BT hEro—MEr 5N TED, Th
LOEAKE, BEOBR - JHE* —F L LTwikD
T, DI HERG ORI IEOE L LicE Ao
W, BHEBORRAYRT T LIET 5.

Bl s L @i, Hh &i571E DR
BRLZON B—18 Thb, FHEMEE v=0.3 LIE
LictEDhDT 5505, B2 it bRTUSIH
W BANE LT o Tnh, G (X FIRENENTE I B
LRI ERT. Tiabb

- 1 2h
‘71=”‘271J0 0:(0,5)dy

G RGO L it LCH& % &, Carlson & Reading
WpRDdIEEDLED UA>2 ERWTAEL, JIEKED
BEMED 35 L% Bidlov OFHEMAE L Ao Twbo
WERIC LT §h>10 BERRAUE, Gy, A E ekl
Boy et —a ET, Wb DEBZ HBENRD Do
o¥e, BEERNAUEORWIRCERL T A E
oW, £=1, v=0 O L & O I/h &5/ OBR
BEEBEC Y - CRTE H—18 0 X5 1Kinb, 2OR
BREZ T oy 21y 7 M B#HWTW A BELED
nsd0ThHs, @18 OFPALLIbRDE, —RIC
H—16 BEEOCEFEFOEHRRCEITS Uk &

5 & OB%
(£=1, v=0)
-0.5
2 o —
g s S )
R ——— e
I3 R (. AU RN R —
¢} 2 4 [ 8
I/
BI2BEOBIER, ThT, A D &R 360&
N,

Fasnck, EfileEgEkarsy -~ 7
oy 2 ERITHRT D ENE V. COBE OE: B—-11
CRT LD THIC L - CEb T T Eicd 5, BEERNE
BUNDETHEL E, BREOEHE L BRT o, Tay
BECRITE ALENRRL, A A BLU D IR
BRI D B s & L A FICR Lico

H—11 o#EESEIAT H558C>WT, BHt
i BC b b | RIS & Al LOBFRY, 0 2

17 B8 LB EOBEEF
L

E M

=4
le— o~

|

2\ )Q’

parameter & ULTHi & B—18 0 L 5 1cinbo LDV
X 7B LBAAEAZSARIC R SOT, COBAKE
A D BRI B5EMMEER Lz, 050 0L ¥k, b
ECRT 2 H A4 M ASi X b T il
Th5, B0 hjl D2 FERNTH, 0 BKEFVEE
HHEEOEX 201 8 R&EL kY, o M A bR
TWCELERE 2A" RNEL DD T, LEHOEKEIR
BNt 5, COBKIGHEE, b LA M ohiErbd
HE, Bl R I (BT8R 2 AwsE,
E—18 (@ LB EOBED FRERKIEN
-20

stress (@ETy)

L

(=]
]
D/v" o
-
AN
% |
Sy |

0 0.5 10 15

/L
SRR S A [l HIELIHICHEET 2 C L3 TE %o

1. % B

avs Y=k FaDTay s BERREC LELE
B 5D OFEANLEGG (—RE, RFEEL
Ik BEEGT RERPLMCT Blodic, HitkE
Bra il D & & AICELEEEL BB Lice ZOBAD
ZEEROFDEB VT B, BERZAE ¥/IEET
30, TDO—THIINEHOYMRICHEERE LT\ T, BEAR
DI~ LI RELEZE U, FHEGIPRE S 55k
LT Lo ZOBIEOREREBDRRBGEN b
WEECET A EE SRR TR T,

@ WEDOEID 0.45 L LT, HEEmERE
Xl nwEE LTI .

@ EBEHSTECE X, B ORI R E WIS
Mk 50T, BENCREETARCTE, CORT
HEN B TEROE e L L, MFEOBES 6 (R—2 2R
2R 60° LB B &, 13 & A LISHIERPBRLIZ V.
HERHD S T B 1E E T DEAOBIRET S (B—12%



—IHMIER XN AW S R NE IR 0BG & ERE IR 2W T 53

Yot B—14 210D,

@ HEHEECITD 0y 8L tay FEEEDE XAV
XD W Do BEHADPHDOWERE LI B & &R
BEOWLE LB op BEITHH, WikEE LTS
BEEFEBE AL BETHUE, EBLHIGE
D& BITBEEDOTR - TERP R - THIRERIR S
AMERETH 5B,

@ BEROTEHECENRTIE, B Rino ThEs
EPREOISIAIZE A EEHLBIRV, UL, ERED
MR T, FOEBOTIC L » CUSHRTEIR S,

(® Poisson k& {ind &, —RIC—KIGETIH
TSI %o

® ®BikER EoFEEREEAOR S & LERROKTTE
CERT B—18 WRaNTW5b, EBEI EATHE,
FEOEXRIG NS (H—-18 2R,

@ PEBEAERE EOBKRD ST A WEERRAS)T
TREND T EHREDD i, HERK L UEO &
e, B A6 Ko THEEEZRD 5 & LTs
b0 TIBHORIBEROE I VEBFEIL 5TZ2NiE
EMNELBN LRI WD EnTE S, L,
Poisson HW/NIWE FWCHEHATE AL TH D,

FRRENELNTIE @ EHERT . (R A7) 2R
It Carlson & Reading OEEE L b AF <, Bitlovop
FAUCERL LTz,

s E XM

1) Mori, C.: Analysis of Thermal Stresses in Rect-
angular Plates Restrained at an Edge, Proc. 9th
Japan Nat. Congr. for Appl. Mech. (1959), p. 61,
1960.

2) Mori, C.: Approximate Solution of Thermal Stres-
ses in Rectangular Plates Fixed at an Edge, 31-KT
R4, Vol. 11, No. 8, (Report No. 85), 1961.

3) Mori, C. and Kobayashi, S.: Approximate Solution
of Thermal Stresses in Rectangular Plates Rest-

rained at an Edge, FRTHIZEHS, Vol. 12, No.
9 (Report No. 99), 1962.

D
5)

6)

D

8)
9

10)

1D

12)

13)

14)

15)

16)

17)

OB BUSTIOREEERR I BT 2R, A%
LI, B 66 5, p. 21, 1960.
Smith, H.G.: Photo-Elastic Determination of
Shrinkage Stresses, Trans. ASCE, Vol. 101, p.
927, 1936.
Lévy, G.: Etude photoélasticimétrique, dans le
contrefort d’un barrage, des contraintes produites
par l'opposition de lencastrement de la base a
I’effet du retrait, Second Congress on Large Dams,
C. 12 (Vol. 5), p. 3, 1936.
BE e ER-EER E-UAE— BERFA0H LY
R AR T o AR, B J) 8 B 75 FURTER,
Vol. 5, No. 3/4, p. 23, 1955.
WK = v ¥ 7isigsto WG B+ o5
TS, LA ARNE, #6615, p. 29, 1959.
Oberti, G. and Bonfioli, B. : Research on the Stres-
ses of Arch Dam Rings, Second Congress on Large
Dams, C. 20 (Vol. 5), p. 17, 1936.
Horvay, G.: The End Problem of Rectangular Strip,
Jour. Applied Mechanics, Vol. 20, p. 87, 1953.
Horvay, G. and Born, J.S.: Tables of Self-Equili-
brating Functions, Jour. Mathematics and Physics,
Vol. 33, p. 360, 1954.
Aleck, B.].: Thermal Stresses in a Rectangular
Plate Clamped Along an Edge, Trans. ASME,
Vol. 71, p. A-118, 1949.
Zanger, C.N. and Brahtz, J.H.A. : Thermal Stresses
in Concrete Blocks Subjected to Foundation Re-
straint, U.S. Bureau of Reclamation Tech. Memo-
randum, No. 600, 1940.
Zienkiewicz, O.C. : The Computation of Shrinkage
and Thermal Stresses in Massive Structures, Proc.
Institution of Civil Engineers, Part I, Vol. 4, p.
88, 1955.
Schleeh, W. : Die Zwingspannungen in einseitig
festgehaltenen Wandscheiben, Beton-und Stahlbet-
onbau, Bd. 57, S. 64, 1962.
Copeland, R.E. : Shrinkage and Temperature Stres-
ses in Masonry, Jour. ACI, Vol. 28, p. 769, 1957.
Biélov, A.V.: Détermination des contraintes ther-
miques dans les massifs en beton, compte tenu de
la plasticité de celuj-ci, Cinquiém Congrés des
grands Barrages, C. 38 (Vol. 4, p. 1367), 1955.
(ERSSR : 1962.5.10)




54

THERMAL STRESSES AND THE FACTOR OF RESTRAINT IN TRIANGULAR
AND QUADRILATERAL PLATES RESTRAINED AT AN EDGE

By Dr. Eng., Chuji Mori, C.E. Member

We must not disregard the stresses which are
developed in concrete structures by the volume
changes due to temperature change, moisture
change and so on. We find sometimes severe
cracking in concrete structures such as dams
and walls. If only the magnitude of volume
change in structures is known, no matter what-
ever the cause of the volume change may be,
we can analyse the stresses developed in them.
Therefore, we consider the stress condition due
to temperature change or the thermal stress
problem.

The thermal
walls and blocks constructed on foundation are
very complex and vary with the surrounding
conditions. In this paper, we investigate one of
the most foundamental problems. We assume
that a uniform temperature change takes place
in concrete walls bonded to the foundation at
their base and the foundation temperature re-
mains unchanged. The walls, the restrained
bodies, are assumed as triangular or quadri-
lateral plates. The principal items discussed
here are the features of the stress condition
and factor of foundation restraint, which are
affected by shape, dimension and elastic pro-
perties of the walls and foundation.

stress conditions in concrete

The thermal stresses and factor of restraint
mentioned above have been studied by some in-
vestigators, but more detail and extensive in-
vestigations are desirable. Some time ago the
author also obtained an approximate solution
of the thermal stresses in rectangular walls re-
strained at an edge, and discussed the relations
between the stress conditions and various factors
such as shape of the wall, type of temperature
change, difference of the elastic constants of the
wall and foundation.

He has desired to verify experimentally the
previously calculated results and moreover to
obtain the stress conditions in triangular walls
as seen in the cross section of gravity dams.

Therefore, he carried out some photoelastic ex-
periments. The thermal stresses in the walls
bonded to rigid foundation were obtained from
the Epoxy models, which were bonded to a steel
plate and to which the specified temperature
change was applied. But in other cases a boun-
dary pressure was applied to the models instead
of the temperature change. Not only experi-
mental results, but also some of the calculated
values are shown in this paper.

Main features of the thermal stress conditions
and the factor of restraint are as follows:

1) Foundation restraint does not reach to the
part of a wall over a distance of 0.45%x 21 from
the base. When there occurs a uniform temper-
ature drop in a wall, considerably large hori-
zontal tensile stress is produced at the lower
part of the wall, but compressive stress, on the
contrary, appears in the upper part.

2) If the foundation is very hard, that is, &
is very small, remarkably severe stress concen-
tration is produced at the end of the base of a
wall. Considering the case of a temperature
drop, there is great danger that the wall is
separated at this location from the foundation.
If the inclination 6 (refer to Fig. 2) of the side
surface is larger than about 60°, the stress con-
centration disappears. The vertical stress at the
end of the base decreases with the increase in
&, and for a considerably large & no tensile
stress is produced at this location, even if there
occurs a uniform temperature drop in a wall.

3) o, and rt,, (refer to Fig. 2) at the base
decrease with the decrease in the height of
walls. However, if the walls are constructed on
the yielding foundation, o, at the base increases.
with the decrease in their heights, and then it
varies little with the height, if the walls are
bonded to the rigid foundation. Denoting the
factor of foundation restraint by the average of
o, at the base, it scarecely varies with the shape
of walls.
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4) The stress conditions at the inner portion
of the base are mainly determined by A/, the
ratio of the height and the base length of a
wall (refer to Figs. 1, 2, 6 and 17), scarecely
depends on the its shape. On the other hand,
the stress conditions near the end of the base
are greatly influenced by the shape at this lo-
cation, for example, by the inclination 8 of the
side surface (refer to Fig. 2).

5) The relation between the stress at the
middle point E of the upper surface of the
rectangular walls bonded on the rigid founda-
tion and I/h is shown in Fig. 15. For the case
where the base of the wall is inclined (refer to
Fig. 17), the stress at that location is also
shown in Fig. 18. For the inclined foundation
the normal stress at the point E of the wall is
greater than the one for the horizontal founda-
tion.

6) It is confirmed that the factor of restraint
R for the wall with a considerably large height
constructed on the semi-infinite foundation is
given by

R=1/(1+0.4%)
In general, the less Poisson’s ratio of the ma-
terial is, the greater primary stress is produced.
Hence, the less Poisson’s ratio is, the greater
the factor of restraint. The above expression is
valid only for the material of which Poisson’s

ratio is not so large.

7) In the case where the foundation is the
semi-infinite strip with the same width as the
one of the rectangular wall, the factor of re-
straint is given by

R=1/(L+£°7)

Large restraint to a wall is given by massive
foundation. In the case £=1, for example, R=
0.7 for semi-infinite foundation and R=0.5 for
the foundation of semi-infinite strip. When the
wall is considerably high large height, the above
two expressions for the factor of restraint are
to be used in spite of the shape and dimension
of the wall.

8) The average horizontal stress 3, (refer to
Eq. (17)) at the middle vertical section of a
wall is shown in Figs. 15 and 16. This average
stress as well as the stress at the point E, is
one of the guides which represent the danger

to vertical cracking.
Notations
T, : Uniform temperature rise of a wall
E: Young’s modulus
v: Poisson’s ratio
& : Coeflicient of thermal expansion of a wall
£ EJE,
Suffixes 1 and 2 are reffered to the wall and foun-
dation, respectively.
[Recieved (by the Society) May 10, 1962]
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