A Study on the Evaluation of Design Moments of R/C
Slab by the Finite Element Method
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Abstract

Evaluation of accurate design moments in two directions is a primary .concern in de-
signing R/C Slab. For this purpose, the use of finite element method utilizing isopara-
metric plate elemernt is propo‘sajed.

An example of the simply supported slab shows that the results agree well wth th-
ose from elastic plate theory throughout the span.

The finite element solutions are algo compared with those from equivalent frame
method in a flat plate example. It is indicated that the distribution of total moment
through the width of design strip using the ACI coefficients is unreasonable. In contr-
ary to this, for the same strip model, the finite element method gives accurate mome-
nts in two directions.

The proposed method can be applied to any geometric configuration of the slab sys-
tem, thus the approach is considered to be much advantageous and improved one comp-
ared with existing methods.

E &

geadE SALE gitey] dAAE $4 A% 2H@ @it RAESF AA=olok &
%, ol g A8 & WRAAE SN THERE A1 HRERES Adsgo

A REA A FERolA o ERE ol 8% WE WK BMRES ¥l ne A% A o]
44 ¢ A%E 9gth

w3 flat plate ol A Fehs Hikel Srdkos TS A% I HEd AH vzdE
sgeh B8 SAMAgolA FRAEE AHBY RRE A4 BIEe Big Ant 23
& Aoz AAGAG. whd 2E MR AN HREFEOZE fdn e AA
A% 2 HAEAES T8 4 A3k

ANE Hge A8 Aaqd R A0Ed Mgl E 48T & gloly Fae Hgwd
94 fee AR BHAEIE ¢ 4 AL

* TR - WMEACBDE THAE Bs

M4 I 19884E 9 — -



LM B

Brease ¢ AagL JYzAs ]
5}“}21 ’ﬂﬁlzﬂ% “*éﬁh: H“Wl' Wﬁ:&i&
%ELLJE. BRETHBW FAH ﬂﬁ'- ek
3 PEgEsie] 2344 dEd AgAAE
3 24 #atgk(direct design method)o] v} 71
o o} #:(equivalent frame method)& &8«
Bt ez Qe AAolet o] HEEd HA
Aol 718134 #EEHe dstds FeEiglel A
4d F 2 = B AH3E AT T Y2
v 71Ee WXz B A AV FHRe §
97 gubd e wme fdlnd F AFEA A
e o] Hkd ALol A ErbE stw AA
o] HEEe]l A43 Ivsr 2 e AF

4% AN S oA =G Mol A
A vhREd 9 we At U8 g
o) ¥2AA Dok,

A7t g8 REHe Sz PR FRE
ik Bl vig W] Ye BlEAANE B
FaE S LB AFEE A9 HEEE2
I QE 2 oRFY I FRERES o &
3 A4 BitEH e %wﬁ}% AH =
2o el g, AT ¢A HkA
He HBsta %Fﬂ%i## o] Ag Adg o
23 8 Fi HEWol A gl

ZAE-g o] 88 ey @ik FaAxeR
A AR 25H BEENEY A 2o o
E @me AT o] FofAek da, A At
$89 ZFo] Fasd, AA oA il
<l 1o HAESIA AL B ¢9¢ =8
AAE Tt 74 o] 4o B(serviceability)
£ AFatoor g}, At} AR g =
AL arle] 7R st K =EolAds A
FEol B 2HlE A I3l WP
BEHRE o] &% #F e Frwkes
ozl fEe vlw Az A gl

2. ARERZEE 0|88 stilE ZHE AM
2.1 Sl FHRERS] M=

e e FH R EE FRERLOZT

37 AdAe 428 PRERE Yoz

AF7A BE RRERAA HREES Yo
2o e FREE AdH Qe & i
A A% A =zgad CFEP(compact fi-
nite element program)efA & o}y 72-g o
frol A @pEa=le a8 TS Bt A
T SEN PREROPE A=985

1) BHE PHRERE BERY MiEF5Ho] of
vz o & A5 tAde] e7HE ERH
of AHEE Aelnz A3z AdEwA HA
EE ol HFEelof dtt. o)A A EHES
A% EHRc flat plate 7359 zlo] mA A
o AR H e @R W E WA B(red-
uced integration rule)g A 83984 spuri-
ous zero oz Tyt WAEA G LHE
Folx 1g F e AHE /Y 4+ A

2) °] R+ Mindlin® Higol 2A4AE F
Aol mHHPem2 #WPE £t oz
EFHEddE 443 ¢ v 53 EFER
g vt sl J)%o] QA FE34
Ab4d 4 Urh wEA Fd J1 5 AGE
At 4 ARz pddt dARLE JF AA
a2 RAF FAL FAE M BERE B
3 fers F%59 fdnd 9g B4 i
(stiffening effect)®& 243 z:ad 4 9o},
o] o1 %= drop pannel ¢]*} column capital
& E8g

3) F£IHE ¢dB @iHdNE 2HE 2=}
obvet AtEo] A AFE WS Fo38 Ag
%9 dhvteldl A4 Kirchoff #ige] &7

& P ERANA T AdgH o] Ao £4 ﬁﬁ
7@*’1‘*"4 34 vlEgez AAslo] Aol

& IR A £ o, S Zl%i%%
W A Brstr 23 v Egon AR
Foll vzt A A Adde ARG F 9
th oA Edlee A% A 2L A4 g
Heoll 3t HAE Heko] g At

4) FNY ALY = AR FHERE
o gBPedE FAFY il At es u
of TAAA & gy, A S, BE
g o] ggoes A Az AAd srhe
e Z4¢ ¢ o, bty F@ue A

i,

PR SN 3 FiiE S



4 e FadA A ndg ¥+ 3
= Aol gtk AAE 43 fdudAe 4}
78 g BeA M, Mol 43se M, M
£ Ay 7T 5 3o Felz wAq Hpst HA
FHiael 24 @He AAE £ A doh

5) zAd HERE ALYy Aoz
S AR BEBES JA4Y 5 U ERE
E44¢ A% 4 Uch

2.2 RHE A

i 2adE ¢que A4dE 859 w5
of wet BAEM A& 2Hstn o #BitE
7] o]Hele 2 B HHE ¢4 g v
A BEHE 9T #dAld A BRAFM FRY
AAE ALE F grb WAL A3 B
£ 38 AN PRI EHEE o] §TozHy
o} AR Fkor FE o] ¥A4d 43
oA AL 2o ALALE AFE A
g gz zrod age i$ 4940
99 FEez $rd F=PEe g 7ol
EAE T U

(K)=[Ks)+(K,] (n

A7 A (Kylv FRA=PEe 3oz o

g Bfola of g o] 3 A

(k=[] (Sl 1aear @
J=1wejrej=3N

i=1 : ]
(8s]= Z { [Sbju (3
= 3N ' J
3N%3N
9714 N zesa dE ERS AAFoln
wj axf 05’]
/0 0 0]
P DyBiBi | —Daaifs|
(=] ¢ i +1Dsaia: :0«':131‘ €Y
{ —Da“iﬂi‘ Dlam ‘
O | —Deaipii +Dofibi)
Ix3

(1)414 (K,)E R 2929 igdez
Rielz 4% & Huew BEASET

WMo ol 19884 9

wj 0z Oy
aeit B .31 ;’—ﬁ;glu aidi ]
[Sl]fj"_DA *‘*ﬂjgb; : 0 (5)
ajdi i
3x8

A (@), GINA wjy 05,0 AR AR
z,y 1 3 Aol z ¢ AR ¥R
Dy, D3y Dsy D= Y zﬁ*ﬁ% 7(1"‘3 %&fi"q
22 Ee/12(1—v*), vD;, E#*/24(1+v), Et/
2.4Q1+meld, a; R Biw B 2rh

) dx dy \'( 8y
“ |5 o "a“r]
o | |ow o | oo | @
V) \UTep oy on ,J
g AlAe AAmrE 38 B ZdE
E 78 & g2 ol g #o] AR 2o
o Fx ),
(M, | | Dwiu—Dibilei
| My |=2| Diasbsi—D1fifsi J (7
(«. My )\ Di(Bibyi—aifs)

2.3 Chax|x| Sele H

29 13 g Aol geAAE Ady ¢
HEE FlE Eo U2 ) o] €dBE F
B E g=210psfE 2z gich. BRERM
& dAE o] g3ted 1/4% 80 z g A
o] 4x4 ¥ 2x2 BHFMor T449 i
§ A4 wse 2 BEE 8 AF ERE A
g 28 1eAE 4x4i@e] A#Bus 9
5 AdE BdFa gk 24 2v HME
WA AL AEGRe ohl RUEM)E
BHREO} T4 =A%z YEd AT e oA
#e] W% AT AxE 3o Fx Ut €9
BEgAdAly HARAES} st BRE

vl A 2x2 EEME +3.3%, 4x4 BR
M-S +0.6%2 25 Fx glol 2x2EEHRe]
A Qe AstE B@EE 9% AHAzE A% w
28 FAHz £ F Ak o] F B9 8AHE
#E ALY A AR BHE QFd FE
FEY FAL T AAA 449 BEFEAE
7} MR sle] et o 4t



Simply supgbrted (5.5)

38} 1. Quarter model of simply supported square plate.

.00 Timoshenko

4%4 network

-5.00.4

M, moment (fr-k/fr)

-10.00. T

X-discance(ft)

a8l 2. M, moment along the center line
(y=15ft. for 4% 4 netwark).
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(b) Elevarion

All columns==16x16 in No spandrel beams
J.'=3 ksi for slab
J.=5 ksi for colurn
Fo=060 ksi for steel
Partition wejght==20 psf
Live load==40psf
18] 8. Design example for flat plate without
beam.
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(a) Finite element mesh of half strip.

{b) Undeformed and deformed shape of strip model.

18! 4, Finite element strip model of flat plate
example.
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&) 5. M, contour {fi-k/ft) of strip model for
factored dead load plus full factored live
load over entire floor.



2g| 6. M, contour (ft-k/ft) of strip model for
factored dead load plus full factored live
load over entire floor.
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4 s middle L_Cohmn___l 4 middle
1 strip ;  Column strip | strip
"15.4 Ty P | BIMRL SIS S S M
IANGE ¢ FT L b
Graph Source Column strip Middle strip Total  design strip
(ft-kips) {(fr-kips) (fr-kips)
1 CFEP -35.68 -2.3% -38.07
2 * PCA Note -36.90 0,00 +36.90
3,4 ADO3S +36.%0 -D.50 -37.10

*
Column strip moments are adjusted at column due to unbalanced

128 7. Negative moment at exterior column face
(line a-f in =¥ 4(a)).
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Graph Source Column strip Middle strip Total design strip
(Ft-kips) (Ft-kips) (fr-kips)
1 CFEP 28.77 25.32 564,09
2 PCA Noce 29.90 1980 49 .80
3 ADUDSS 20,60 15.70 49,30

gl 8. Poisitive moment at middle of end span
(Ine b-g in =Y 5(a)).
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1 CFEP -50,38 -20.70 -71.08
2 PCA Note -56.90 -18.%0 -15.80
3 ADOSS -56.00 -18.70 - 7470

18] 9. Negative moment at interior column face
of end span(line ¢-h in 2§ 4(a)).
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1 CFEP 24.27 21.20 45.47
2 PCA Note 22.50 15.00 37.50
3 ADOSS 21.90 14.60 36,50

18] 10. Positive moment at middle of interior span
(line e-j in 2% 4(a)).
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# 1. Governing positive moments from 3 loading conditions (Refer =13 4(a)k

Point } Load case

M, ft-k/ft)

My(tk/fD)

(5) DL+ Checkerboard 1 3.04 1.57 (govern)
b (8) DL+Checkerboard 2 2.51 0.82
(7) DL~+Full LL 3.45 {govern) 1.48
(5) DL+Checkerboard 1 1.40 2,32
¢ (6) DL+Checkerboard 2 1.83 2,40
(7) DL+Fall LL 1.69 (govern) 2.93 (govern)
(5) DL+Checkerboard 1 2.09 0.66
e (6) DL-+Checkerboard 2 2.62 1. 39 (govern)

(?) DL+Full LL

2.92 {(govern)

1.27

4.00 6,00 & .00

*
Posivive sign corresponds to convex upwards flexure (negative
moment fn besn cowwention).

J8) 11, M, contour(ft-k/ft)for factored dead load
plus factored live 'load- of checlterboard
~ type 1.
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