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Material Nonlinear Analysis of the RC Shells
Considering Tension Stiffening Effects
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Abstract

In this study, material nonlinear finite element program is developed to analyze reinforced conc-
rete shell of arbitrary geometry considering tension stiffening effects. This study is capable of tracing
the load-deformation response and crack propagation, as well as determining the internal concrete
and steel stresses through the elastic, inelastic and ultimate ranges in one continuous computer
analysis. The cracked shear retention factor is introduced to estimate the effective shear modulus
including aggregate interlock and dowel action. The concrete is assumed to be brittle in tension
and elasto-plastic in compression. The Drucker-Prager yield criterion and the associated flow rule
are adopted to govern the plastic behavior of the concrete. The reinforcing bars are considered
as a steel layer of equivalent thickness. A layered isoparametric flat finite element considering
the coupling effect between the in-plane and the bending action was developed. Mindlin plate theory
taking account of transverse shear deformation was used. An incremental tangential stiffness method
is used to obtain a numerical solution. Numerical examples about reinforced concrete shell are
presented. Validity of this method is studied by comparing with the experimential results of Hedgren
and the numerical analysis of Lin.

..................................................................................................................

Fo

X

. =R EaslE w1 Alole] A A &3E et el
%?—auf-. de ety Yt JupdE Fas Zzadg S
’é%‘r Ao A, viEby W e Welolae] Hity ExelEe] §¥e

gAgE EHE 5 grk FAQEH H2o hEAE-S FoEhs
-?16104 Fade e AgsAARE 2Ystarl S Es Qg ME #HA
Ttastgeh #ag el A% Drucker-Prager 87183 4%88%
ahsich. "t Von Mises @5 7o vHstgl o Frbe] SAH /}X]\:

F2)8) 8L glatodi= FR UL WHEE Agsdh FRCAE A A S
ren®] 2% Axe} Line] sy} vlarsheich

Hedg—

* Q3 - -‘?—’J[Hﬁlﬁﬂ o#LHQ B
PR R R PR R =) i =R S R EAC

134 HO5W-1993F 11 1 — 99—



1. M E

AAH oFe dol2Me 4o v]|atEA FH g
upe} BFg wpig el Hel2 HEH I, o]d
W3k JEE s s AARYe] wWe ¢
&8 ASolvt 13 Aot HTele HHE S
fFaasyel wdg gdAse ¥ dolo ¥4E
74z Ao &lA s shEakA =Hdch ad a2
FAYE ATRES Huef B3 dEof 1 A
b vlebd ool A SaAAFHE ks A
o] 417 gkobr] o}Aw A¥dolEtE o] 8% AE
Ao AbgEt izl A3le) AgsE A
7Au|7t ghosieh o) dEe] Al vt fEa
2wdel 2dol Hash Lok
P ERdME B23MES B doEase
CEREEEL LT e EEE L E RS
4 o] ﬂ%‘r*‘ﬁﬂ S, do] FA el EagjEe]
#9944, B 32§48 FAstEck Min-
dlmﬁ% ol FEE FIALHE HEHW
AR wejy atole] JaAEANE A#FY]
9jste] PQhol HAHSHILE ZHT 8HY 2%
2SS 8 4B ARSI T ¥ e TR
e ol aatel BY HHe A& wWel Ho
ge NAARNEE mYste A5tk

v B =RoAE Al L:r?v]_‘]L 4 ol} A {L.:LL]}:
o o] AP o F T2 JIFFHAEANE
a#37] Yt 37k e g AAlste] Bl
stgon], FAdEH o Gges e
E fFEAAGASE B8] $iste] dddHe] d
G4 AALE 2ystdet. 2adEs dFdME

Aoz FHelMe wador JPEsgT 22

dE AdAFE Drucker—l’rager RIS
FgaEyie way Aoz rHAsIYoh AL
Von Mises f‘J'i"- }{v‘ =4 /M,?S}O:{th 27}1e) %

AE 7= i e s 2dg3iyoh SRS
Astody= FES \3 2L e AHEIAT T

A HE AAste] B AT HEAE Hedgrend) 43
A#e} Ling - A]Bﬂ ]r H|J1’6}°1f3r

2. MEH8A

21 &2

e 4 gL £PoR BAlg Frle) HT
%‘Q—E U]Xls}ﬁ” Ao Av)eh AT HEo g
T nedkA @skoh
éELQ] SH-HEE JTHe AFA 7)|E9
W Ao Q1T o] ELU3A 19 1)
o o] B —-dHader ARG ¥ =
oM "2e FEHEI) o,0]3, o, ©o]Fdle
ABPHAS EspE 7Hl A8A3 87 3Klinear
strain hardening) &2 138 1)t #o] 54
#3lgco) Arol 883k ol Hu & Schnobrich®
= #HMASF Esp=001Es2 714332 Hinton &
Owen®& Esp=0.1Es® 7}%sle ZFEFA o
25 FAZY 9 d B =Rdde F
7S B HEsle] vlasty ot e Aol
Hohg Jgo] glojA] g @l JEI|EE&
Von Mises 71%& ol8atgch

m‘l

22 23g|E

dgtreon Fagee e 27HA] FH
AGH kFer vE F Utk dBHIAe FE
ol 3“45101*1 FavEert o] FHe Hzhy
SR IAFEE %o Bd el 4TI
B oA vf%M Yt FAYE Q47 BE
A FEE o] wele Zolt FAYEY
Mg Aol o] Hie ddel B e EadEe
U, 25, FAe) 27 R 2agE
Wi F, AxFS Toll 9FS Lerng, FEY
WA-e s d&str|d sl oyt

B =AM FAYEY IAFETES o] 8T

—i> o;'& dn

STRESS
STRESS

)
2

. S oyk--
! [1En
v

STRATN

STRAIN

(a) (b}

28| 1. ldealized stress-strain curve for steel

KE L ABRATE



STRESS

[ L Sy —

' .
Tension , Compression

L3 L4, Ed  gTRAIN

& 2. idealized uniaxial stress-strain relation for
concrete

B gy 9(Smeared crack model) S A 3IHA T
FAYE o] 250G HolE I ¢FIY

ol ol5 P9F 9 izt HHo] v s
el Ao Z7gdo) WAk Hdor wds)
stk w§ doEadE g AF v EAHF ol
ZAYES QG AwiHEg FR2E 3H“°ﬂ
et v Augrvhes Adxsdg a2dle &
azE FH-HIEAAE 2%‘%}2—%}‘5}]01]*37:
G- ARG AMEIE I 2808 e el M
e E2agee Qg el AT EHEES WE
’é‘-r- AR P EaTE Tejsle] ol How o]y}
sled 1 AME v WEHT-

T #agEe Ao dsiMe wdo] TA
3 F AR Foe ugdsg sl
HAH§ R A 5=(shear retention factor)E =38t

Hand et al® BIZaER B @e 53
e s 2 ghol 02— 1.08] HHolA of=
& dalolx #o) Jo] gla& ¥ h Bédard
et AP TR@IAE X2)EH FREATEMR
A Bl ghol 0.10-050 WAL @ FHA ke
a9ich Hu et al®e #oEaz s dofa pe
s 0252 =3tk

i

B =RdiE Z23gEe QAR aHY A
Bzt ¥ BHolojx fof ék 047 eHsted 7
At

2.3 gE=n

L mRo A gEze AL gloAe I
F&Age] ¥ HLEE Von Mises FEZTE
29391, 38 EX Drucker-Prager #8713 S

HI3E H5% - 1993F 111

o] &3} th. Drucker-Prager 7]1%-& Von Mises 7|
ol Aot gHe] g EAF g bt
v ZagEe] §EASE HY v ¥UsA g9
g 7] mpiel A sk

2.3.1 Von Mises ¥ H®

#2122 wlxel H28wW 3K Second invariant of
deviatoric stress tensor) J,7} o AlRlo] w@
sy o] v, gEENAE g1 o] Qo
2]

ek,

F=\/3 J"-0y=0 (1)

v 73‘4
Flo)=

2z P '
oy~ 0102+ 0, 0Oy (2)

2.3.2 Drucker-Prager &&8271¢

Drucker-Prager 3% %712 Von Mises 7|30l

Brdeds nele Aow thedt 2ok
F=al,+]J}*~k=0 (3)
o714 a2t ke W(+)9 el L& A1}

el Hwgolth £ o] 71%& Mohr-Coulomb

g3un #AS AL 5 g W AF Fo) Mohr-

Coulomb o] &1 BAHG AZHI WY w2

ast k= vgi @k

2 sing
R ] 4
B - sing) @
_ 6
_ C cos¢ )
v V3 [ - smq)]

A7 o AHE
ol

o wRelazel R ok WY

wiol M= Kupfer”7 488 232E 9%
GETE {9 U4EAZAE 'E Chen®o] A}
ofefe} #& g AMgEte] TAYES HAH()H
WEetazHe) g Sk

fl

f(
" P 6
sing= PN (6)

—101-—-



) n

c=-

tan )
f'—ft ang

#39

o
o2
lo
fru
=S

tlo

Drucker-Prager & 7]%&

sty e g
Flo)=a(o,+02)++v/6- — 616, + 65 —oy (8)

ZazEe BYE 2azer} RS Fo 94AH
5 B Aow Aoty AL WwEgE U
EhiE ohSa vk

Fle)=afe;+ &)+ e —eigsTe —e,=0 9

A71M gz FAES 1F 4F FIUFE
3. ¥LY &t

HIAZAZE +25e EaEd #do) ST
g do]l o] AoiA wj$ B} #E-& A
"ot Z3 eV S AR 228 o 7E
Al ddo| #HrZold walr ojd tAos W
At AA g3 dhgo] Hitel 93l olE
HEE VtEAY ddEAYL 7F Alele] EHE
= obHE SEHE A9 o] ol qlth o]HE
AT ZAE Apole] BAY ufolth o]
e F3alEe Q474 & Htension stiffening

effect)8}i el o)9} Ze -31/\}01] o8 T
M9 ek 3 00X 1AL Bl
A B 00] ohrk 12\% RS

Ao wel Fadee] FIAAY Fd WYt
A g 7] o)tk ol Frtgel njet Bt g
o] FAHL FAYE ol daHE A%
He A gdasht A FANTARENA
A4 F7hetAl otk olelgtd 1 g4d figh &
AYE ¥ -wdg Mo *1]&(unloading)¥——‘?«£
2 29 33 Zo] ved 4 gtk
AR N “/}X "J‘ﬁ% Abg-Bke] hERd
< 3 > 2adE $Y-PE F
Ao gl g ﬂs}:ﬂx% ApgEHE Aolt)
FH & Hite] 43 aA s A3k
Aolth® B =RoME Axte] wdg AHgshych
Scanlon®& 744 aNgE &3y ¢skdd
gpHo 7 Aelx Bolol A LYW

r

—102—

s}{ess

/ stress—strain curve

strain

ag) 3. Stress-Strain curve for concrete in ten-

sion

2
-
I
|
[
|
Tid
1

0 b e e g e
i
—_—t
! !
I o
[
1
T

! 60 strain

28l 4. Gradual unloading for cracked concrete

9] Ade AHESte] HuadE—-iYdE FHL @
A7 AAE s A9d "Hi%s’é o X3k
th Vebo & Ghali’®+ QA4 A3 E8Aled

€ ZaEY AsKSoftening)B4E& nadte
stz Sge old AP FoEh: &
-3 E WA JertA] mdg 7R L Axs)
ct. Gilbert & Warner™'+ AIFIAE 9B
oA B EL AT HAERE AT FHE
aA st AMgEETh ® LinMe ohahAe] §9
—~HEE %g AHRIAC

B ERAE R3] @4 2adE
o] WA 002 =A% ”ﬁﬁ'w% T+
AsmAg w2t Ha Adges oldse agi
#g nstEch 19 4o0A BE R
3 0] AFAEE FoAMH 2RIEE ddol
A7 0] A7 v HE 93t ARRHh
AAEH 0,2 ZAash) WP Ho| ZUIBBE §6,0]

._.

ro,
0¥
X
oX,
m‘

L ET X Foped



strain
.

By¥geor nyEch 54 H ol tigl = o,
7} BREgHe] Hil 1 z

OI%EJE}. aEng BREgsee o ol Al
Asjol ),

foo={o}=o

AN o'F ZHE AWAGA oA AL
ot FARANE BEHe] Qojzl HA WFE)
BE dAge

¥R QYA EtE wE) A
4 0e) AtE EHFSAL ARIH Hep
HEAMAS 7Y 5% 2ol S

—

(10)

219 5ol i vhsh o] TYPE Ak 4744
A%E e WS S F #dol WA

1
2AE 4ol 002 Hojriga & lojn.
TYPE B+ QA7 AME neddt HAow
HES 15 TS A H¥ES

T or nagd Aok

TYPE Cx ¢l Aa#E s Ao 249l
AN A0 e teslsld mdas Aotk 284 B
dofi= /33 v 1/63 24-g Alg-3lo] H) 38
A 1/38 wdHth e e AR A9 ¢
s #4) € & ﬂ%iiﬂr?} el cemE R
oA 1738 wdle Abesidul

4. Aol HIMY FHRL HA{02

A Eaiude) MAY B glo) BagE
o Az TANAL $AYHY WYE Aol

BI13E HF59% 1993 F 11 4

&P, sl FREL AStelE B
i ojw shEgEeld REasel 7t Fel P4
él zo| £AlolMe] SeHE ARHE U
AL AT ok AARe)

L Ao NE FEY HUBHEEE ol 8t
yoamas 4 PEEe AR FERAL 85
Wlo] we slel suadEe Adsgd o

HEe BFe fElel FRoZ Ure Aowy

)

7t 3bE SEo) oisted Hyug AR A A
o] ojul &3HA olfollA TrEE uh7lx] WHEo
s EY 7 BFESE diste og dAEe] &
3 Fldt,
(1 A shESEo 3 whEe o EAshe
FRE A ojfsla HHEY FES 94V 9
o] pREL sdste] A sEFEd dstde
}JH ﬁ o] glv AEwy AAET ARg-Fch
2 wAl o] AAE) MEE F
& HGM AAEYHEAE 73k
(3) ZE3 7139 waolMe =83 Wl Wy
He ﬂxﬂ%k—% A Akt
@) S8 HAje
AHe-d zﬁ,ﬂ:fé g o) g3te] 7+ 24 i WA F
8o Mg Ak
(5) 7t Z9 SHo} HYE
H7laol wiEte) HEsle By 8— ALt
A S wel FHAANEE 5P
(m }*“19@ YL E B3 E

2 tﬂ?lﬁ]—oq ?‘) o]l Zo| 15

o

Foll gt

rEE JERE Y48t

O

@ #9% wEAE 2IV F 2RYRY W
F¥ol Sashen wasEA Es)
FahAu AR HOEEE 2 g 6%
FRe 95l (1) WAlm Jba we} wakshy dE
X A7,

® Mg TARAEE YHeE ARHYER
% Q7] 95l BRY AR thsld M Hh,

uoadrige] A9Ads Eobr] flste] Hedg-

—103—



Free edge  Support diaphragm G
I T —— g, —

L
Ir"""““ _,_,,,,v‘,__T_,.,____L,~ - RTE——— ¥ B . w
! ,L ! @ |G G2 | s o
i e g - u o
1}
i ' !
? } | A ¥
P H o
e S R 1 1 > p &
| | ; 78 B RCOR N (I I \E I
t
] ]
) ) §
! : £.E.Mesh -
S A Alle| @ | m g
L La
—
{a) plan "
' sv\m ‘.\y <§> (\-9) (‘3‘ 9: &
[ o 1l 1
l 12| THICKENED
- REGION
[ /. ]
3 / : o
~ /
PALABOLA CONCRETE e 2005 |22
1 S DIAPHRAGM BAR 12.57 -
i R ass
: R STEEL
K steeL L) s
‘ e ROLLERS L o PLATES
J i v FLOOR
"
s 15 20 20
»

(b) section A-A (c) section B-B
(a) 4X4 mesh
3l 6. Model Dimension

renPo] A|YY EaE 45 4RdL o () o 2 . =5
A8tk Hedgren 49 X4 29 634 #o] + ® 5

A7F 1.27 cmolxt 4 9] Aol vlFele FH A a ¢
127cm 7ol FAE WA o) AL T ® R
Hol e oz HTelye Ay 2uE @ (] =

g 72AT FHE ARUTE W2s] Yol O :(

27420 Aok,
S7H ” (b) Layered system

AAZHA dstediz, FRY HFARRe 9
F&ol AT FUYF FUY GRoE AL FE E=21X 10 /m’

E=2.03X10" t/m?

1
AAE F de AYE AAsYt ® 49 7 6= 3,073 t/m?

Pole 28 HANAT S AIHTHA 490 t/mt
£ A3l d Bdold e o &3 wiolT R & 0.=0.15
2eg Yu oz F7|E wule HHe AHESt 0, = 42,630 t/m?
k. H/=0

© e d2siEe e d EEXT H/=203x10°
gHolae FAsE o) BHolmz, U9 T, oo
4 R AAZAEE veBRAd, Adel e o 61348 U/
Fg ereAA 2 7P st A9 1/4] dishe @ 0=46.46°
4)e] gstasgdoz BFHAANCLE 1. A9 F (c) Material properties
A 5% 15cmz 7PAs T, HEL dAe 3 gl 7. Finite element mesh

—104— PN SN 1 (e



2y d FrHESNR galelal A3ty

iAol A3 AMBEAHLE ¥ 79 U= uie}
@t} Hedgren®] H¥ellA do| HAE2 00366
kg/em?olt}y, B AP M= Fialkow'7t AArst
EHEHE S 43 A N Pale] HEsle] AR
gk Lin'he 18 79 1/44€ (16X16)9) 4
7ty FRERAE AMEES] M oy 2
AgEc] 2% Von Mises 7|88 Algstgch

AN ARE Jehs dde dAsEd g
Agekee] vE AHde FAS FE ol&st
Aok 19 8~11¥ 108 EFEASF Fol wWe H)
TR AtEgolse] FAEAE vebd A
olm, 2% 11~113 132 4ol Hur] i
2 AWM E veho] Hedgren™e] A¥zAs 2
Lin(11.16.17)_g| 3“ },1 E _"1'.9,]_ )Iﬂa‘ ]—4 0] q.

g 83 iy 118 ZH "l Feigeh )R-
A #A-& Hedgren AyZdzel 19 5004 7MHE
TYPE A, @34 wdel TYPE B, 234 24l
TYPE C& H|3gt Rojck 4 A3 TYPE B 20|
AEA ) Boh 2438E ¢ F Aok

13 99} 719 12+ Hedgren A8 da 9 Ling
ARl ¥ ApelMel AFFAARE FAT
TYPE A%} vlmdlh ot} B 3o Ayt 49
Ao o EEEE d 2 olfy 449 MdF
237 Ed Drucker-Prager #271%% 343 o
Folg} Haent

Ry — N
! : ;
“ I 1 I
Edge : :
2.5 4 i ; !
) c I mas i
! S t
i |
7~ | 4 1 i
o204 R R R R
et 1 | t
Q 1 |
g 1 i
- 1 !
= 15 1 1 '
1 i '
ks : ! '
3 140,_ - N UVt S -
1 | ]
! ageao Hedgren
: -o‘cooTYP
o5/ H asuse TYPE
: | ssses TYPE C
1 1 !
1 1 !
1 i i
0.0 } + +
0.0 10.0 20.0 30.0 40.0

Normal Deflection (mm)
3@l 8. Load-Deflection curves at edge(TYPE A, B,
C)

134 H5%-1993% 11 A

3.0

Edge

Load Factor (F)

o
O
0
o
0
=
-0
s
L)
]
@
=]

v gguop Lin

¢ esees This study

! (YYPE 4)

X ;

0.0 10.0 20.0 30.0 40.0
Normal Deflection (mm)

33 9. Load-Deflection curves at edge(TYPE A)

Load Factor (F)

SN g

I

| aoeoo Hédgren
0.5 4 !

I

|

|

aooopp Lip
ssue» This study
(:I'YPE B)
1 i
0.0 + t
0.0 10.0 20.0 30.0 40.0

Normal Deflection (mm)

3@ 10. Load-Deflection curves at edge{TYPE B)

19 108} 19 132 Hedgren 4323 2 Ling]
ANA AAAAY A5 ddyM 2de n2F
TYPE B¢} wjmd ZHolth. A= TYPE AMUI:
TYPE Be] 497} @A) o 7l7hg AAE Adg
7 Ak

dEgHor HIFAYE YoM EH8ES <
ARAAENE s ol dags ¢+ AUk

©2F7} S e AIEIYE Ao A3

—105—-



4.5

l ] 1 1
i [ ! '
4.0 : : Crown : e mc :Crown
1 l v
\] (
3.5 1 : ? ’é j
i ; 1
X \
o 3.0 4 s A oo Lmmm e R
5 I & 1 :
g 2.5 - X N , .
2 | g ' t
B 2.0 : & ! !
o—ol | -8 i !
] i '
1.5 4 f- - oo oo e 3 L «,rP mmm e oo
20900 Hédgren | :
1.0 . co000o Hedgren
! eseve TYP% g 'Soono Li(;"p g
' adsaa E C resees This study
0.5 | m 0.5 | (TYPE )
{ | I i
0.0 ; ; 0.0 5 ,f
0.0 5.0 10.0 15.0 0.0 5.0 10.0 15.G
Normal Deflection (mm) Normal Deflection (mm)
3% 11. Load-Deflection curves at crown(TYPE A, 2@ 13. Load-Deflection curves at crown(TYPE B)
B, C)
HEXE 1 As vAP A Sysgn
HHEAQ HFE sdes @4, A4 2 2oy
4.5 : , Aol H2a Era2EY YL B8 33—
40 - | 5 1 Crown A SHd FIURE 2HT 5 YA
1 o L 2 E=gold Aty sdubge dzsane
3.5 do) AuAENN) Fsn Bee PEde
[ & 7 AR AL Ay ojAksE Elgete @
A T Tt % gldek
i
L~ 2.5 : 2. & =2ANE ATEIIE 49 FAwEe
[=] -
g ! ZHARES] #d ¥ AN, & HIo Eg 2AY
S 20 | FALE FRWPULS olgsie] 2t Arel Pu
_§ N ! 1&g ZABEZE Drucker-Prager 27|12 ¢
! AMR-3EaL, M 23S Von Mises FE7]528 ALgd
1.0 4 o000 0 qugren A% dutger % Qg £YSA Von Mises
Qaooon - - . - -
o5 eeeee Th?is study FEITE H43 AL 24¥ARd ¥ 24§
. ) (TYPE 4) gNARE d¢ & YUk
0.0 X X 3. FFEE QFATde] A uw AR
. h T H
0.0 5.0 10.0 15.0 A d72E 399 S A 4 v
Normal Deflection (mm) A AE 4 F AL, AAE 3749 FMug

Fold Zazire] i g gl dANR AR ET

¥ 12. Load-Deflection curves at crown(TYPE A) GANY W s Fe ANE QS 2 Qoo

~106— LIS T



#134%& 5% - 19934 11 5

222 #

. Timoshenko, S.P. and Woinowsky-Krieger, S.,

Theory of plates and shells, 2nd. ed., McGraw-Hill,
1959, pp. 429-568.

. Hu, H.T. and Schnobrich, W.C., “Nonlinear Finite

Element Analysis of Reinforced Concrete Plates
and Shells Under Monotonic Loading”, Compu-
ters & Structures, Vol. 38, No. 516, 1991, pp, 637-
651.

. Owen, D.R.J. and Hinston, E., Finite elements in

plasticity, Pineridge Press, Swansea, 1980, pp.
157-373.

. Hand, F.R,, Pecknold, D.A., and Schnobrich, W.C,,

“Nonlinear Layered Analysis of RC Plates and
Shells”, Journal of the Structural division, ASCE,
Vol. 99, No. ST7, 1973, pp. 1491-1505.

. Bédard, C. and Kotsovos, M.D., “Fracture Proce-

sses of Concrete for NLFEA Methods”, Journal
of Structural Engineering. ASCE, Vol. 112, No.
3. 1986, pp. 573-587.

. Chen, W.F,, Plasticity tn Reinforced Concrete, Mc-

Graw-Hill Book Co., New York, 1981, pp. 1-
474,

. Kupfer, HB. and Gerstle, K.H., “Behavior of Co-

ncrete under Biaxial Stresses”, Journal of the
Engineering  Mechanics  Division, Proceedings,
ASCE, Vol. 9-9, No. EM4, Proc. Paper 9917, 1973,
Pp. 852-866.

. Nilson, AH. et al, “State-of-the-Art Report on Fi-

nite Element Analysis of Reinforced Concrete”,
American Soctety of Civil Engineering, 1982, pp.
1-145.

. Scanlon, A., “Time Dependent Deflection of Reinfo-

rced Concvete Slabs”, ph. D. Dissertation, Dept.
of Civil Engineering, Univ. of Alberta, Edmonton,
1971.

10.

11.

12.

13.

14.

15.

16.

17.

18.

~107-

Gilbert, R.I. and Warner, R.F., “Tension Stiffening
in Reinforced Concrete Slabs”, Journal of The St-
ructural Division, ASCE, Vol. 104, No. ST12, 1978,
pp. 1885-1900.
Lin, C.S., “Nonlinear Analysis of Reinforced Con-
crete Slabs and Shells”, Ph. D. Dissertation, Divi-
sion of Structural Engineering and Structural
Mechanics, University of California, Berkeley,
UC-SESM 73-7, 1973.
AAY, 2, dFS, “ForEag e vy
32 FEA wdo] @3 A, YSES 8
=2, A8, A3%, 1988, pp. 11-19.
Hedgren, AW. and Billington, D.P., “Mortar Mo-
del Test on a Cylindrical Shell of Varying Curva-
ture and Thickness”, ACI Journal, Proceedings,
Vol. 64, No. 2, 1967, pp. 73-83.
Fialkow, M.N., “Desigen and Capacity Evaluation
of Reinforced Concrete Shell Membranes™, Jour-
nal of the American Concrete Institute, Vol. 8278,
1985, pp. 844-850.
Wanchoo, MXK., and May, G.W., “Cracking Analy-
sis of Reinforced Concrete Plates”, Journal of the
Structural Division, ASCE, Vol. 101, No. ST1,
1975. pp. 201-214.
Lin, CS. and Scordelis, A.C., “Finite Element
Study of a Reinforced Concrete Cylindrical Shell
Through Elastic, Cracking and Ultimate Ranges”,
ACI Journal, Vol. 72, No. 11, 1975, pp. 628-633.
Lin, C.S. and Scordelis, A.C., “Nonlinear Analysis
of RC Shells of General Form”, Journal of the
Structural Division, ASCE, Vo). 101, No. ST3,
1975, pp. 523-538.
Vebo, A. and Ghali, A., “Moment Curvature Rela-
tion of Reinforced Concrete Slabs”, Journal of St-
ructural Division, ASES, Vol. 103, No. ST3, 1977,
pp. 515-531.

(8% 1 1993. 8. &)



