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ABSTRACT

BALLA KEITA.

» ok ‘ . ’
ANALYSIS OF A ROUND CORNER OF A FLAT PLATE

O

Flat-Plate floors ‘are a variation of flat-slab
conétruction in wﬁich neither drop panels nor column capi-

tals are used,. ' ‘

4

Here, the analysis and the‘design of a flat-plate
corner without a support are presented, In addition to the
gelected method and design, other approaches to'thé'problem/~"

are illustrated in order to justify the choice..
. ‘ \.

The purpose of this report-is ts present d;ffereht

» ‘b
alternatives for the design of a round cormer of a flat

[N

plate. S T

T The maim concern is the deflection problem., During

. 'tﬂe.d;qign, three dﬁgigﬁQalternativeu vere considered, and f

.a fourth ‘one is presented_here,

S
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NOTATION

2 ) -

‘at;eg section, in %

cross;sectional area of on; leg of a stirrup.

deptﬂ of equivalent rectangular stress block 1n.

f (1 ;0 S9q)/12 000
AY
wldth of compression face of member, in.

»

diameter of column capital, in.

¢

Z

discance.from exxz;ﬁk compression fibre, 1p.

modulus of eldﬁticigy of Tontrete, psi. ‘

mnodulus of elaeticity of. lteéi, pai.

coe‘fficienc 21,15 - C/L

-

coat per square ft. 1n dollars

flexural coeffiqient, bd /12 000

AY

compressive strength of concrete, psi
) - . .

modulus of rupture of concrete
) - L i//’
&

3

. Yield strength of reinforcing ste

modulus of,elastiéi%y in shear'

overall thicknesa of slab, in.

-

0"1‘ . 6 ¥

'.gconp noment of inertia, ft

’

moment of inertia of cracked section,

effec:iva nogenﬁ-of 1ner713, f;‘,

.polar sécond moment of'area

oquivaleut toraional second mome?sfs a?r.a

\ ot

v

effnctive length fuctor for conprclaion member

‘A_ flegurad cqcfficient, pai..;ﬁu/t|

‘span, ft.




sp&n, ft,

working flexural Moment, ft=k.

' \‘

:gs/Ec, ratio of steel modulus of elasticity to

' design torsional moment

'total static positive ;nd negative Qbmenéq, ft-k. - N .
: , L 4 .

‘dtackin%)momeht, fe-k. \ ' ~

ult;maﬁe flexural moment, ft-k.. “ §\<

.daqd load moment, ft-k; r ' b

live lpaa moment, ft-k. ‘ ' .

bending moment 6f a cyrved Jbeam, £e-k. o L

torasional moment of a cﬁrveq beam, ft-k.

]

concrete modulus of elastidlty

. . £~ . .
reaction, kips. ’ . ' - :
radius of curvature, ft. ' \

shear or torsion reinforcement spaclng

@ ) ! - ' .. 5 ',,1
nominal permissable torsion stress -

~ nominal total design shear stress

%bminal total design .torsion stress
B . . . ‘ . . , )
total uniform panel lo:d, 1lbs. ' N

shorter side of a crosgs-section
shorter dimension of a closed rectangular stirrup

longer side of ‘a cross-section - N

longer dimenaion of d,rectangular cloaed stirrup
-/ :

a.coefficient vhich ia a function of yllx : ’, .

uniform 1oad, lbelft.

v ' . .

deflection, in. I ‘ Loy

3l
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_CHAPTER 1 =~ -

v - " INTRODUCTION P
) i o R 4 ) " ]

. . .
| . - . . t v

" The strué;ufe,analyzed here is part of an office
building under construction betweén Prince ArtBur and Park

Avenuesg in Montreal, All floors of this building are

’

designed a&,fiat. non-prestressed plates,
. N . . . o
. ' The general layout is such that it satisfies the

architectural feapnrea. As a result, . .the columns nelar the
round dorners are‘staggered; . 1% ‘the corners were square:
i (90® angle), it would be practieal-and easier ‘to have a
¢ ‘ ' .

L ,colunmn at each cnrner. The walls being made in glass, a:e

1

arehiéectu;ally pleasing and require a tound'éornex without

i . . N . . »
C,ﬁ'lumns . s ' ’ ‘q '
v . .

¥
.

s " . . It should be nnteq"thatiwhef is architecturally

<

desirable ie‘not always stfucfnfally practical and ecopomi-

cel. The prime_res oneibility of the engineer ie to

minimize the costs and to inc¢rease the. efficiency of a-

! )

@ structure. The choice of the dea{kn alternative No. 1, aq

deacribed here, justifies thie prime reaponnibflity.
- . ' "/ . s T

-

The columns are qteggete?‘on one side of eac

h -

corner. This reduces thg‘span of the round cantilever. If

the/golumns were' staggered on, both sidas of the corner, one

o wo‘id be less ccncerned with the prbélen of defle tion.
# e v A : . B

)




Lt e,

' But this layout is not possible because it would affect, -

the. architectural module and the set-up of the wiqdows at

R °

"
each floor.

kf?\\a . 9ur main concern in design of this structure has’

® !

been to c&ntrol the deflecﬁgon. 'The floors are supporting

nbn-strqcturhl elemente«wﬁich are likely to be damaged 1if
, y \

]

"deflectibﬂs would be above acéeptable.

L)

* ' X . . ' ’ Y .
oo For better efficiency of- the structure, it was

Loty

deéided.to have a drop aroundlfhe column closer to the

corner. The length of the drbp 1s in the direction of

T

* the column strip having a cantilever at each end. Conse-

qdhnciy, the cantilever bécomes an elastic subport.

* The purpose of this report 18 to analyze the prob-

lem wiéh diffeﬁ;ﬁt approﬁches and compare thﬁ advantages
B N

" 'and disadvantages of each approach. The comparison is

¢

nummdrized\in the conclusion.

/ s
. -

x! . . N

« B . .,
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. 'CHAPTER 2

k ‘ L « | , ‘

2 , ' . FLAT SLABS AND RELATED STRUCTURAL ELEMENTS .
- ‘ . ‘ ‘ ‘l‘b'i‘,“ﬁ.

A flat slab 1is a concrete glab po'réinggréed¢in

two (or more) directions as ‘to bring its«load directly to y
o stporting coLumns, generally without the help of any
beams gr girJérq. Beams are used where the slab is inter-
‘rupted,- as around stair walls, and at the diqconcinuous
‘ edges,.of the slab. ’The'va:iatione'of the flat slﬁ%lforq
kb' are:" ‘

. - (1) waffle slab - |
' (11) flat plate (no dgrp, no capital) - see Fig.l (p,4)

(t11) flat sladb with capital or droﬁ panel

© Two~way slabs eupported oﬁ all sides by wide
gshallow beams also 1nvolve gsome flat slabd &ctﬂon. Flat .

, o slabs, being thin nembers, are not economical in terns of /

“consumption of ateel bdt they are economical in ternms.
prrnwork. Since forqurk ggpreaents, in many cases,'
) . : C ‘
half the cost of the reinforced. conerete, the economy of

the formwbrk often means oveiall economy. For heavy live

4

D loads, that ia, over 100 pst, flat slabs-have long been

»

recognized as the most economical onstruction, .

H

2.1 'Tnﬁ STATICS OF A PLAT SLAB

-

+

L: . © » In 1914, J.R. N;chols6 through tipearch work pioyod'

.ﬂl
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Snsaidit

" which follow the column capital, or column 1f there is no

e

negative moments &qual to , . ‘ : . : - .

Ll 2cC ; '
M ==-8-¥'4L(1 -:-5'L) | ; . (1)/

W= total uniform panel‘load.,.

% L= ppan. ; o | n.

C =" dYameter of' column cgpitali . .-

L., «

Thia conclusion has been derived from an analysis of a

half panel, considering the interior panel as a free-body ;

shown in Fig. 9 (p.6), surrounded with similar panelé‘éll

. , 1 . y
loaded with a unit 1oad w . The straight boundaries of *
the slab are all iines of symmetry, indicating that they are

¢
free from shear and torsion.. Rencébail the shear and tor-

v

sion must be carried around the curved corner sections - 25
) :

capital. Likewise, if the slab 1is subdivided along the

middle of the,panel, this line is a, line of zero shear
Ny ot tf .

4

and torsion. Thus the free bodiea 1b, 1c aye subject to a

downward load wl acting at the centroid of the loaded I

.

area, an equal upwnrd shear’ wi: acting en the gurve&‘qudd-

rants, the total positive moﬁent Kl acting anthe middle

section ab', and the total negative moment M, acting

-

about the y—ax;s on aec;ion cdef . &Qhéghaqgumes the bend-

ing momeqt around tﬁe'cdlymn gapitg},gs uniformly distribﬁt;

4 ' ' . ' . [ d
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ed, whiqgh geaneythat.no,torh;onal moménta"ex@stuthere;
' oo ‘ : @ ~
Moments also exist about the x-axis on efa and deb ,

13

-~ - but these do not enter into XMY = 0 , The equation for
' A

et the ®ral shear- force canpbe now descvibed as :‘ '
ﬂ S ‘ w, & w(r?/2 - 1cl/e) . )
\/\\\ . T / . )
T 1 ' (L2 - mc?re)w)2 ] : -
\ ’ - . , . ¢ -
where: i )
o w? L |
. - . -5 = load on one half panel. — .
. . e s w2 T
' AT . : -
: wﬁ . e ’
i load subtracted because of the column
1 B _ L ,f e capitals, . o ,
] | ‘ C = diaemeter of column capital. : f -
, . -
) L = span, a .
: oL 1 v = unit load. t o _' o
= . The moment of the load w  about axis y-y 1is: ’
; ’ . - “ ’ o o 4
| Q < ow? L xcde 2w we? 0
. . 2 4 8 " 3r 8 ., 12 . .
g . ) Ty ) - - . . . e e e s
- o | L
% ' If the upward shear’ wl is considered uniformly distributed ‘
'f ‘ around the quadrants cd - and ef , the fesultant acts at '
f . 3 4 s . ce * i N . ‘." R ,'
§ a distance . C/r from the y-axia. Equilibrium of moments ' . .

. \ v

about the y-axis then gives: - S -



o . ' a v

For C/L = 0.1 'the approximate method gives results about %&;‘u
. I , 0. 52 lowver than the exadt value, £or c/L = 0. 2 the appro-
o ximate ‘method givea reaulca about 0, sz higher than the exact

value. ' ’
. , , N o
k]

This static solution tells nothing about how thie

<

totaf moment 18 distributedlbétw;en positive and nagative

A

moments or how either varies along the slab width. The

solution also neglects possible toreional moments aroumd °

the column capfital which will act if the tangential bending
' moments are no >Qniiorm1y distributed

%/
L ~

For practical=design purpoacs, a flat ulab ia divid-

ed into two, stripa in uucﬂfdirect%on, each strip boins cqual
I
. ' to”bneéhnlf panel in wi&:h, as ahoqn in Figura 1. Withia

'theae strips, the averago momcnts are used for denisn rnth-‘

»
er than maximum momanta. ~ The coluun strip carries the

B -

hquiat-moucncl. aqd»in dcqign. conggo;a':hnfthickne.u pf'



c/ ', I ~
l' ) a:. .. . “ ’ )
8lab for moment. The middle strip carries smaller moments,

which—céll for. less steel.,
e Y ! o €
The Code” sets up two methods for computing these

deéign,momentss The first metlod is to establish the total

negative and tdtalpgsitivemoments 1§ each direcgion fron

elastic fthmé analysis and then to separaté‘chese'iﬁco
' ’ . . ¥
. : ¥ .
moments. on the column and middle strips on the basis of

bercentages set out in the Code. The second method, limit--

B

ed to regular slah langts wich a; least three con:Lpuous
panels, tabulates directly the empitiégl momcnt coefficienta

v . \s
to be used for each design moment, "L . )

*
~

Sa . '\,
N V
- The Code3 providgs that flat slabs may also be

designed b& ﬁltimatg strenétﬁ méthod but requires two igdi- :

\

tional conditions to be met:

2

~~"% (1) a minimdm slab tH{qkness‘of 13" in’TaWIé 7

Y .

. . of Article 9. 4 *
Ll X . N v
1r(ii) the total design moment Ho Tust also be o
, : . 1nc:eased from -0, 09 to- 0 10 to give!? '
- ’ a8 . - i : LR _ \ s .
. ’ ~ L, . ) . L - .
oo , - _ 4 4 i _ 2C .2 T
, W , HO = 0'.10 WLE'-(]. 3 L ) . (2) i ‘
3 ‘. a o oot ‘, .
- i vt L, . . > ,
. ,\' vh’ere - F = 1,:‘1.’ 5' T - clL . .t , ‘ 3 ,
* A\ £ . » . . ‘ ‘ N o, . - “ . J‘ - :‘ [ . v
’ but is not less tham 1,0. °~ . R 5 B v O
5 ~ [l . ‘\ " N « . . L ’ .“_ ) o :“‘;/ -
S . . 'The slab band-has the same -depth as the other parts &
Ay v , . . Q'




- .-

8
’

~

. .8 .
of the flat plate. Therefore, its action undexr any sus~

tained service load ia intimately related to that of the

surrounding part of the slab.: For that reason, the mini-

mun thickness required for a nqn;prestreseed two-vay con-

- - @ T .
struction should be at least?

[ v - - - M SO S g = —_ -

zn(goo + 0.0b5£y) L. -

36,000 . | s

. ’ 1' R l,
In the case we will here analyze we have:

] . v
.

20 x 12(800 + 0.005 x 50,000)"
h = — -
. 36,000 .

'Y

252 x
h’-'-. 2 =7"
6,000

” i

- But the.niniuqm required depth of the slaﬁ*ﬁénd cong;dered

-~

as 8 beam should be

s

. h .h Ozgia - 21. 6;; 12 =“13". )..,t-ﬂ 7&!!

.% "
3 Landilr 3

‘Since the bﬁamﬁdep@h is less fyﬁn the'minid&ﬁ,f;he defléc-
tion  must be honpnggd'aﬁa'édmpared with the petniaiﬁble'

vhlue./f,f—" ‘ - S

- b
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CHAPTER 3

. METRODS OF ANALYSIS'OF FLAT SLABS ' .

Befére'1973, a}l flat slab str?ctures were deéigﬂ~
ed in accbrdgtpé with a”recqgnized elaﬁtic aﬁalysis sﬁbject:
. T -to ﬁhe 1imitations éf‘SfctionsiZLOZ and 2103 of the Build—;,l-fi
ing Code, ACI-318-63. Aiso, before 1973, the empirical - - .
deiign.method given in secgipn 2104 or ACI-318-63 Gas used ‘

. * e .
for the design of flat slabs conforming with the limitations
[ . ™
. 1 .

given therein.

Since the apparition of the new Building Code, ' -

)

ACI-~318~71, most consultiné engineerssswitched go using the

—ultimate—strength-design method and calculation of moments
- 5 S
z\

with: Direct design method or Equivalént frame metlod. - a v

R For a less regular iﬁyout or for slabs not satis-
fyiﬁg article 2104 ‘of ACI-318-63, where the empirical nethod.
cannot be\hsed, the‘tptai moments will not be reduced to
uo"nnd‘the difﬁerénce;'vill_be.considerably éreater. ;n

< ‘ such cases frame analysis procedure must be used: ’ : . o

>

. ﬁecausg of restrictions aaaocia:ed_wifh the empiric-
; . . alﬂncthod,‘éhe fra@e aﬁalyslq procéﬁgﬁe may be deait;blg PR
i even for rﬁgular layouts, The fol{owing iimitat;onsfaée
e o ;pplied hhgn design istﬁ&aed on the enp;ricalfmethod:
o - 1. Minimum Bf'phtea'cpntidhous‘panels in edch direc~

‘

tidn;"



. e e m [, PR B . e —— = -

"
~F o

o P : . ' : Ty .
2.. Length of panel not to exceed 1.33 times the width,

3. Successive spaﬁs not to differ by‘ﬂore thaﬁ 20%

. of “the longer span.

. 4
'3 . . -

ﬂ' R 4. Columns not to be offset more than 10Z of' the S

perpendicular span. ‘ . .o .

4
.

5. Minimum column size and ‘munimum colunmn moment.

. N ’ ! " . '

" Now it cqn be ‘seen that the Code allows the designer

who uses an elascicianq;ysis more flexibility because he is*®

o

assumed to be more competent and more capable of establishing

-

l his éwn étandatds.

! I | ” ‘ ' ) ’ . ‘ . ’ ! . ) f
The, Code describeg two practical design qgthods: the"

~Direct D throd

’ e . ‘
: .
: g :
- ™ . o
. ' it

‘3.1 DIREGT DESIGN METHOD | 5
The direct design methad c?naista f a set of rules

.

for thélgtoportioning of slab and beéu sections to resist

fl&xurgl*ctresshs; The rules have been duvelqped‘to satisfy K

\
> N,

' . N ' . ' ) \

th 1 ’ : i uuir—'

. »
A }

uethod conparaa with the empirical me thdd for the flat slnb- -

included in p:ecetding editiona of the ACI Code (Aucrican

'

onents eiuultaneéualy. Hethodologically, the direqt deaign ¢ ’

COncreta Inatitute). Bowever, the range of applicability o
1the nathod has been much extended 1n relation to the anpiri-.

031 l‘thOd. ' : :ﬂ‘. ' ! : a.’ ..’ “4..5.
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«

. " - The direct design method ‘involves thiee fundamental
. steps, as follows: ' ) o !
1 1 -
' . e e
oLy

"o, ) , N ~ ’ .
’ s 1 " B ) ©
1. Determination of the total design moment (Section.

-

3

1

13.3.4 of ACI-318-71). .

L)
4 N At -
4

v 2 Diatribution of the total deaign moment to design

sections for negative and pdsitive moments (Saction~1%f3.3go£#\ﬂm“

¢
.
’

ACI 318-71). . ; )
' -3.. Distribution of the negative and positive: design

- ’ . AN
2 : moments to the column and middle strips and to the beams, 1if . )
. . .

any (Section 13.3.4 of ACI-318-71).

©

+ +3,1,1 Limitations of Ehe direct désign method . - )

" R
. ) . L] - . . -
. . v
-
.

g . o ) ’ .
. . Thgre shall be a minimum of three continuous spans

_ /( in each direction. o : : : ' |
) ) , o 2. The .panels shall be rectangular, Vitﬁ the ratio |

L} | . .
.o of tht~19nger to ‘shorter spans within a panel not greater
N ,, . , . , , , . - ' 4
than .2.0 . - | ~ - S '
o * 3. The successlve span lengtﬁs in each direction shall .
. . ' },".

ffer by more than one-thifd of the lpggér span.

102

of :h@

k. dblumns maj be offset & maxiﬁui\of

©

: : gpan, in direction of offaet from eithpr sxis between canter

1ines of successive columus. ' ‘:%jff; ¢ '\\h , R

o . 5 The 11ve load ahall Lot e:haad thrde tinés the f
A . L : . 3 R B TN

dead 1oad. . ‘,7,“ T ‘,:' .




-+ p— e

‘\ '

> ' i .

6. If a panel dis supported-by~béame on all sides,

]

the'relqtive”stiffuesé of the beams in the two petpendiguléi

directions

\‘\“/ \' ! 7

¢:) shall not be less than 0.2 nor greater than 5.0%

-~

cs' 8
~21= length of span in the direction moments are

being determined. © —__

)

122== span transverse to 21 .

il :

@, = ¢ in the'directiqn of Rl .

Ecb'; modulus of elasticity of concrete for beam.

*

Eca" modulus of elasticity'of concrete for slab.

Ib,= momeh; of inertia about centroidal axis of

o

gross section of a beam ' , e

- ’

I, = moment of 1ﬁerii§ about centroidal axis of

gfoss section of slab.

;
;
4
i
3
%
i

@, = a in the direction of g, . —
. 3.2 EQUIVALENT FRAME METHOD ' R 4

.

‘.“

]

i . [N

Thc‘eqﬁivalcnt frams nethqd:involves the repfesenta-

| tion of tha‘tﬁgeardtnenpfbnll~llabujil;qﬁ by a series of

o8,

A}




e

g

two~dimensional M rames which are then analyzed for loads,

Y

either vertical or horizontal, act4ng in the plane of tﬁe

frame. The moments so determined at the critical design

Al

sections of the fiame are distributed ‘to the slab sectigns'

in accordance with Section 13.3.,3 of the ACI-318-~71 Building

Code. . L : ‘ S -

- Y
” i

The equivalent frame method is. comparable to the
Yelastic a#alysis" for slabs of the previous ACI Codes.

[}

3.2.1 Assumptions’

o . I

'l

.

F“'s&pportingumémbers shall be proportion&? forlqhe moments and

% X , .
In design by the equivalent frame method the follow-
- }ﬁg—aeeamp:4ana_shall_ﬁa_n&aﬂ;gni_ﬂlliigcc1on of slabs and

?ﬁﬁeara thus obtained, N

-

W The structure shall be considered to be made up of s
equiveient’ffames'on column lines ‘taken longitudinalIy and
cf&nsversaly through the building. Each frame consists of

‘a row of equivalené columns or supports and slab-beam strips,

v - t S
N The moment of inertia of the olab-h&aglfi*éuiuln.ac
, . ) ) .'\. . ' 4 .: . . X \‘ cn o N
- oo - PO SN
" ' N . Lo 'ﬁg%ﬁ~¢ ot .FQ : ’~\>\\r
' B " . . . ':’- ‘(::; N N . v . - 5] - N .
« 1‘{~ . o “ Ty B i
.o | S Vi ; .
L. e .

‘5oun3ed laterally by the center line of the panel on each

side.

" . P, -

s ¢

-
’
“*

~

+ Each such frame pay be analysed in its entd ;7y, or.
for verégcél loading. | ‘ '

.




o ) ‘
; . /

any cross-section outside of the jodnt or column cﬁpital

may be based on the cross-sectional area of the concrete,
'ﬁw . . ) s . o ¢ N

9 , . The equivalent column shall be assumed to consist

* o .

o " 'of the actual columns above and below the slab-beam plus an
/ . attached torsioqgl.meﬁﬁir transverse to the direction in
-7 L4 ~
8 .. . I . o _ T o
‘ which moments are.being determined. ) ’

v

-

Negative design moment and the distribution of panel
. 'moments shall be taken as stated in articles 13.4.2 and’ , S

13,4.3 of ACI-318-71. S ' ’
¢

' The spacing of the‘bars at cr#tical'sections shali . -

]
v o

© not exaeed two times the slab thickness. R

) ‘e
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CHAPTER 4 ‘- ) A
. .~ ANALYSIS AND DESIGN OF FLAT PLATES AND

L : FLAT SLABS BY COMPUTER - IBM 1130
. . - ‘ .)

( The program provides analysis and desigﬁ‘cafibili—

%

- -.—ties for flat plafgé, flat slabs, waffle slabs,; and contin-
uous cdncreté frames. The program is written in FQRTiAﬁ IVh‘

1gnguagelﬁor the. IBM 1130 computer. The present vgtsioh.of
. o ‘
. . the program has been up-dated to conforg to the provisions

. . . »

of the 1971 ACI-318 Buildinmg Code.

e
- f [
’

Program limitations .and assumptions: .

/

(1) - meximuﬁ nunber of ‘spans = 12 (with or without

’

!

. cantilevers at each end) ‘ o ,

(i1) - columnsg égn be réctangulaf or circularL

P

¥ N , - . E
(111) - all Efmbers' depths are the samée except for
B i e : .. - .
drop panel areas . . ' . oo Y
! Tog <

L

o . R .
(iv) ~ the program can consider the slab widths to vary
4 i ’ . 4

4

[P ———

linearly from column to columh ‘' R
, ~ B o " U - ® /- ’ )

: . 1 , ) —
(v) ~ uniformly distridbuted dead ox - live loads can act

. ' T R .
. over the entire span fpd'one partial 1ivm,;ogd and
2 . one'pargial dead ;oid gver part of the span only -
. ' 0{ ‘ ‘ '

(vi) - material.ptopartiéazate.:hg saia thtoudhopt‘thc'

LIRS

v ) ; entire structure except for Young's modulus E

N L '/ N " - . . ’
. : . ‘ R T S ) : .




(vii) - the .columns are considered fixed at their far ends

for,the vertical load analysis

[

The prpgram utilizes the equivalent-frame'merhbd of
analysis and désign in accordance with Section 13.4 of ‘the '
1971 ACIJBIB Buiiding Code, In this method, the ptructure
ié{conside;gd éiviéed into  a geriés of bents, each consisting

of | a row of columns supporting slab strips.

X -
t

¢
The input information comnsists of geometry of the
' S

structure, loading conditions, material properties, deéign

method Specificationb and lateral load moments or lateral

.
»

loads, if the combination of vertical and lateral 1load is

required, = ° o ’ ’ ' .

data sequence, and completeness. -

Input forms designed for data entries are kepr to a

ninimum. "‘The input data can bé’spécified so that data

-,

cogmmon to several adjacent members need to be apecified only

once; the program arrangea the data in proper arrays inter-~

nally. It checks basic errors related to deck arrangements,

)

For either a column and flat slabﬂscructure'or‘a

column and bean frape,yrhe prograp fo}lows'rn;(pprgpriate
sequence pf operations.to compl? with the pertinent degign
criter#n of tﬁe Code ACI-318-71. (ACI scanda'{or: American
Concrete Institptg.), Logical branches are prpvided;to'

. ' o . ¢

accpﬁodgta 1ightwelght orﬁnornal-weight concrste., Anpth%r-

. f/‘ ) s ’: oot




P o

4

L .

" branch in the progrgm allows either éﬁé alternate design

method of ACI-318;71, §ection'8.10 (Working stress design

metﬁfd) or‘the ultimate strength design ﬁethod. . X -

v

" -

Numerical integration 18 used to calculate carryover -

factors, stiffness factors, and fixed-end momen;s. The set

, &
of sets of simultaneous equations for each bent o{gﬁha stuc~-

ture are solved by the elimination method.

Two aspects of ‘shear in flat slab membars, namely

punphinglsheaxwand moment-transfer shear, are é;eated toget-

4]

¥
her under the heading "Shear Stresses" (see the appendix "B"),

It is assumed that~b9th‘types of shear act on the same criti-

cal section. The ¢ritical section, as defined in Section

11,10.2 of the 1971\ACI -318 Building Code *T§~I“ptffphe¥¢l*

verticaluaufface through the 'slab, 1ocated at conatant dis~-

¢

.tance of d/2 beyond‘the support faces, ' . A

'

Where drdp panels are defined, a second periphery
of punching shear is takern as the vertical surface through .o
i?e slab, located at d/2 beyond the drop panel facea.

'S ' Ty

1

*_*”“F‘*“ihttr“dne—te~nomon;_nnanai_ml §£E££23:§£_}3 2 o,
S S S

of the COde1 is used, The.unbalanced moment at an interior

joint is the algebraic difference betéern the end mongntA\ S .
- s ) ! -
of the two continuous members; whereas at aﬁ(;x;erippnjolnt
it is the menber end homent.
. I - + 2

’ - ’ N N .' . - .D

‘o 1f wind'kpads or wind load moments are epecified, the

¢ a'_ ) . ’ B e . . .' ‘ : - . )
v LI CL ,\» . ,Q . L L ‘

PR S

%

3




noments or shears at the‘sectioﬁ due to &gad, live and wind
loads are combimed in accordance with Section 9.3 and 8.10.5 .
of the Codel. Thus, 1if the ultimate gstrength method has been
aﬁecified, the combinations of loading increased Py facfor-;f .
safety ér§ considered as follows:

1) 1.4D + 1.7L

—
~

2) 0.75(1.4D + 1.7L + 1.7W) " ’ R
3)\(‘0.9n+ 1.3 . - , \ : |

- )

If the working stress method has been épecified, the
« . {
combinations considered are: | . . ’ :
t'l .

’ ) ’ ) .
\ ' ! .
7 D + -'- Yo

3
£

2) 0.75(D + L + W) C ; : o

. '3) 0.75(D + W) : o o |

where: D = dead loads - ' “u.' . p

L = live loads

: '. We vind loads © . - . .

p— , .

~

"~ 4,1 DESIGN PROCEDURES

.
B

4.1.1 Design 'alternative no,ﬁl E: o

' i ) ) Q N
f 4 1

As in any usual procedure, the slab was subdivided -

?
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-

into coluhn and middle stQAps, The .width of .the column
$
) strip and the middle sFrip are equal‘to one half the dis-

tance between two columns. Therefore, the outside column £

.strip is equal Eo-onq quarte® of the distance between two

/e

o
- s

columnsg. a v

t

. Vv \
In order to - satisfﬁ”:he architectural features, the
_general 1ayout ip such that the columns at*the rounﬂ cor- '

‘iers are staggered. For simplicity of-the design and for

I3
4

greater- safety; a drop was placed around the column clos- . Co p
: & ’ P ' ’ b " '
est to the .corner., Therefore, it is mot'necessary 'to inves-

:
.

tigate ihe'yield-lipe thedry for the failure' pattern. In
fact, thencantilever\gt the end of the column strQ§§on axis

. . v ow . L
(2) in Drawing No. 1, is considered as an elastic support-of
. @ N .
the last _span of column strip omn axis Vx'. It should be

-

'
noted that ‘the cantilever 1is actually a column drop.

.
. * hd
. i . .

e . . - . c
After -an Qnalysis by computer (with PCA program),

- >

o

a furcher'adalyﬁis was necessary to determine the reinfore-

.ing steel required: fox maximum deflection limitation of the %«

b

cantilever (see computef output). This involved the cpmpd-. /;T—“\\-

tation of tbe cracking nouent Hcf' ,and the moment of i_-
inercia of theQ?racked ~gection. " _ : o

s . ") . . AP . ' - .y
- . . . ’ ~ . 3 N
4.1.1.1 Additional steel due to captiievé% deflection

: Lo ” o N\
e cee L e .
(1) Data R L -

fm e L2

. . : : I e

dR W T,




I = RN U

. fv = 4 ksl
(L : c
"f = 50 ksi
y
C 7 B = 547,000 k/ft’ | B |
~ ‘ 2 E N )
.. A8’= 4.4 in® (computer output)
< . '
' : n SESIEC'= 8.‘0 . ' < ' 4 .
: Cantilever Beam = 11.42' X 0,625' .

. . A =10,074 in (computer output)y

{ )

Lob= 137", d=6.75" ., <
e Poa .
(1i) Free-body diagram: ' (See ¥ig.2, p.23)
The free edge of the: cantilever béihg‘round, it is
agsumed that the average cantilever length ‘is 8 -0".. . ‘
M ' . l ’ , . .‘.‘ ¢ ' ’ .‘ N , .' . N ) . .
. ! : X 2 . - \ , ) . . . RN
. Moo AR . “) - :
. . R - ', " ‘ - . \ v . S '
o 11.62 0'6233' ' ’4~ oo
” - % s . ! o
‘ ’I‘ = ' 12 : ‘- o. 232 ft , . ‘\‘ s ’ . . ¢ -4
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’

1,623 b ook gk
S B Q822 4 45.206.75 - 1,627
1 ‘ I\ {‘ .| . -« ‘ N

~

194.15 + 926.35 + 1120,50 in"
Co ™
4
1., = 0.054 fr

. - N\ . %
' . o ’ " .
4,1.1.2 Minimum required depth (ACILI Art.9.5)

v %‘ '

I ‘=
Ter

. _
9.6" > T&v

Since the ninimum-required deﬁth "is greater than

the actual depth considered, t = Zi" ,, ah investigation o_fq.

, . . N
'aflection was done by computer. The following. deflections

. | R e
vwere obtained: e " Q\ .

J

ADL. = 0,024 :ln.,

ALL' = 0,026 1in.

. :

« 2% 0.024 + 0.026 = 0.074 in.

5 l ‘ \ }\

. These results are_ from the compﬁte’r;oﬁtput in A'p‘pend;x' 5'3".

by

\ ‘ / . R .
. ‘ h v . 1 ¢ '
, .

- - n

R . ' . , . . - -
"4.1.1.3 Maximun *allawgble deflection (ACI Art.9.5.2.4

Nl
-~ M ————
. N .

+ i max. allow. A= 'gg




m N ™ ' . o :
' L .~ max, allow. A = 0.20 > A= 0.074 in. S
B " . o £ .
. Cracking moment, M _ ’ . ‘ ..
cr | : ‘ v e
’ ' - frIg" v T ' '
- Hcr = Y . ' (?) -
. t L~ . . -
*, ) , ’ ‘ ) " ,ﬂ,. , ! ) 3
K fr = 7.5 Vfé = 474 psi . : (8) . . T
3 W | . ] , . L= '
‘v‘ ‘\“ ' ’ . o . e 4 . ‘ ~ ‘.
o _ 0.474 x4810.75 _ .. v
L Mer = ~ 3.75x.12 =30.67 fek |
‘ L . B
' \-»\" ’ ' ®

qbéfe:" fr = mgdulus of rupture oﬁiqoncrete, psirj v .

x

)

.

. : - ! : :
'18 = moment of ifertia of gro¥®g concrete section : »
- - <« . )
- - . . 1 . ,
‘ . « about the centroidal axis neglécting the.-rein- .
’ ‘ forcement. T . . .
. . . Q A - ?
,&;, Yt =.distanceg from centroidal axis of grogh'éectihn
) , . ~_ to extreme fiber iu tension. ,
. R f; = specified compressive strength of concrete, psi. .
"o b e - Co o -
bt S ' . . . c
: 4.1.1.4 Moment in terms of deflection ‘ ' o

0.074 in, = 0]0061'.!¢

-




. ' . ) - .
- "M =, 0.0244 2% .
v L .
- T W) with I = 0.232 £¢% “ * . -
™ £ R . :
- N v’ ’ PR /l'
. A "'
M o 0150244 x 54;,006 x“0.232 b8.4 Fr-k . ,
}1 8 : s . f i
e , ‘ ‘\ . b EPS .
Additional re,action‘on é¢olumn:
’ ) ) . | "‘, . ) .
AR = 58—8'—’&= 6.05 K ' o .. .
1.' } T s 4 " . ' [
. ) M, = 48,4 - S203X 151 .5 35 ge_yp - :
: 1 : . 3 ‘ b ] .
. M, = 1.55x45.35% 70.3 fe-k
‘ ‘ § \ NP ) 4 L L
(11) with "I _ = 0.054 ft ‘ : . '
K M. = 050244 x 547,000 x 0.054 _ 11 56 geli
2 P 2
1} - . 8 . * Al : .
. ‘Hl. > H'z » therefore consider ‘61:’1} the doment
' ’ \ .8 ’ h * ’
"with I _ . - et C o .
Y - . . _ R :
- . | B L e
‘ (111) Additional steel due to M = 70.3 fe-k .- - .
) . ~ ‘ o < . - ,‘ b SO M _._ - e W ) e e .
2y ' . ) o . :
. e o 137x6,75° - o oo T -
I B = S rgeo— = 0.520 ,,
. L7043 g
e v ' . Ty



. 70.3 2
Ae = 3764 6.75 2.86 in~"

7#6 to be ddded to T3

-

(See Reinforcing Schedule No. 4) o : '

Several factors make deflections particularly sig~-
nificant and their eiact'prediction is very difficult in
) 4 .

-

reinforced concreté‘constructipn. Shrinkgge, creep and

I4

* loading are interrelated and any one cannot be said to 93 A
'lndependént of the other twos. For these reasons, #5Q@12" was

added at the bottom of the drop. _ ‘ : f
¢ : S , .

The reinforcing steel for éesigd No..1l is shown .on
A .~

' p dtaﬁing No. 1; and on reinforcing schedules 1 to 4.. For the

purpose of this paper it was not necessary to show the cen-

f " T, tral core layéut (shear walls and elevétots), nor all rein-
. ' * : . é
- forcing steel. Only the corner reinforcement is shown.
\"‘, N . . ‘, J
}f : - 4.1.2 IDeeiggralfernative No. 2 _
- 19 e . . , , R .
/'/ } : * ' ‘ . .
//////. ' ' In alternative No. 2, a slab band between the two .

ErE

columns closest to the, round corner of the nlaﬁ'ib considered. -,

/
, K ~ ‘ . .
The depth of the slab band is the same as that of the slab :

73" . (See Fig. 3, p.28).

} : c e e .

‘Becausé~of'the removal of-the‘steel forn of the flif‘
plate the alab band c;nnot be deepd% tpan 7}” bnt it can be ) . |

widet. .Alternative No. 2, consisto of" two yarto: g" ~“f ,,_'.ﬂ

e i SR MIMINES LI P DA
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' °
(1) ~ desdgn of the overhanging part of the slab Lo

(11) - deisgn of the slab band as'a beam

‘ . o T /
. ' ’ “ ' ’ '
4,1.2.1  Design of cantilever glab

* ’ i i ’ ‘ - '
(1) - Loading: ° ‘ ' .
. Lk o . . 2
[ 74" slab - = 1 , 944/t : v
5 partitions = o ° 20
F bl [ 9y
ceiling (mech., electr., and et
LI ) vgntilatipn) = 10 f
N : ‘ !
6
i DL¢ & 124 X 1 4 = R
\ 173.6#/ft
, - ' \ . ~ LL. = 50x1.7= 85#/£e? | -
Wall on the slab edge = 500 x 1.4 = 700#/£t ] |
v . The average cantilever length = 7.5'
' : " .(i1) Minimum required deépth . ', . s
v ' o 'l ° 7.5)( -1.2' - " " .
i 2 t = 10 = 12~ = 9" ‘> 7* -
é‘ ‘ - . R . -
?‘ ! ' 'iv . . t ’b . - '
% . . . ' Therefore the .deflection shall be computed.
;::' S e - ' - . l, ' [ _‘ ‘ * o '“‘, = . ”""_u"
¢ 0 e 173.6 4 85 + P20 - as2#/eed -
;;; "l_w ;”ﬁ-g# Thd maximum deflcction ‘A, at the £ree'¢nd of 3
3 L

ctntiltvsr beam with unifornly diltributcd 1oad. ,w in klf: Hf
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o B o
: is given by the formula: max A = 5T
© h : - ' .‘ ~

v’

E, = 547,000 k/x% = 3796.61 k/1n®

h+4
- [0 3 ( .
12x6.75 4

. I = -—--'-I-z—-———* = 397.6 in ' = 0.9148 ft

4 1

’

(7.5 x 12)*

’ n
8%X3798.61%307.6 0.0171

" "max A =
. ul = __________’__7.5)(12 = " ‘ ‘
| max. allow. 4 - "L'l.ao %80 0.188 o
max A = 0,0171" < max.‘a*llow; 'A

3
S

Therefore the 74" cantilever is adequate.

T R o
Hu = 0'.,25863('—3—'—; 7.27 £t~k ‘ )

0.,700x.7,5 = 5.25

o ' Q.' M= 12.52 ft-k/ft wide

° . 2 ‘ ‘ . "
12 x6.75- -
= “iz,000 =906 2

.

. . " ‘ ‘ I - f‘ .
T By =Gose < S L |

a = 3'57 .
. ’ w ' . T ' ' L ' - - i '
gd- .o ) ) ] A 4 » , . > R v , -‘ '_

. oo e 2452 0 0 .2 ot o
© Ay = 3ETxe. st R e

. 3 v 4 ‘ \ . , #5 g 7" Lt o « .
N \ . AP . N
‘ ” A + o ' “y B M s
L I ’ o Lo R }.. . Yo C L. N v .t . ’
. n . - Y ‘ , ot v r .o ‘
. [ LR { “ v
Pl i | ! ‘. - Lo * . . P N N [ »
. : - 3 L) : ‘ ! < \‘\
x“"*T"-r.‘ I . . (/ LR P
f P e e e S U . .
. ; PN KON - . S Uy
. v e L
¢ . A L B o PR ) r——
L s A > i . - s '
O Y . . P ’ ] ' .
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Dead Load of slab band - 84x17.5

.

Dimensions of the slab band = '84"x73" . '

o
'

3
/

After 1nvestigation. it was found that for the 1

{/h;ed qverall depth of 7&" the most adequate width of t:h}«
slab band would be 84". ) N .

(111) The area of the overhanging slab: - T

22
. 7 (o.33x21.08) - 33 -

)
H

= 217,756 - 17.785 = 200 £t -

(iv) Loads on the slab band

T wall = -3—92 = 66.67 p/ee?

-

74" slab . = 94
, r . ]

Partitions = 20 .

Ceiling = 10

.
- -
)
.

’
i

. DL. =190.67 x1.4 = 267 #/£t?
| .+ 1L = 50 #eefx1.7.= 8 . .
Co - ST i b
! :{"/ .o 352 'lft . . . . '
) | ‘ .; | ” N
145~ X+150x1.4 = 0.9188 k/ft

~——
y
—— N ST S - e '
' - e e o

R St .asix g Mo T T T

N > A = 3.249 . .

S e WA . 0:2586%19033 g eee o

ol T Ty . 5.834 kfge L o0

[




~

Slab band span-= 21.67'
. - 3

Clear span = -20'-0"
5.834 x 202
8

29§.7o’£c-k

2 A
84 x 6.75°
12,000 0.319

R

291.70
0.319

= 914
3
3.06

291,70 2

-3906¥6-Z5 = 14,12 in

#9 @ 6"

The slab band has the ‘same depth as the other part:a

of the flat ‘plate. Theretore, its: action under any austain-

ed 'servicefloa'd is intimately related to tﬁit of the surroun-

ding -part of the f;gt platg‘.' Por that reniqn. the mininmun
. -+ , N . - s , ,'
thickgeps required for a non-prestressed two~way construction

shoul'cgf be checked .

nn.gsoo + 0.00S'fy)

h =

36,000.

‘.




. , 33 N :
. ' b : PN
N |
(v) Minimum required depth of the slab band. as, 2 beam ’
‘ ¢ - 8 THL.67 %12 ., T
hmin To20 20 13% > ¢ °
¥ , - : .
: _ - a \ Tos
: , ° Since the beam depth is less.than the mipimupm o
- required thickness, deflection must be computed. | k, D )
. 1 l/ q I *
et / . . 3
‘YT‘ 4.1.2.2,.Déterminin&3the effective moment of ineritia \ | .
. B M > * ‘ . 1 . 0 >
The formula uspd is given by ACI-313—71, Article 9.5..
- ' ' 1 = (iq, M )31 + [1 - (Mi /M )3]1\ (9)
. . - e er’ a g cr'a ?r. ‘
- \) ~ . -‘ L |
. o N } ‘ ' e '\ -
where Ie = effective moment of in¥rtia ‘;\
' © ' ' ‘ . ‘ ) \
. " B =
“cr = éracking moment
o ' M, = dead load moment , ' ' g
E | \
- IB = moment of inertia of gross area :
"I;r = moment of inertia of cracked section | ‘1
. . . v . ‘(
. ' M_ = maxinum moment in member at stage for which
o ' - deflection is being computed.
- SN . e Co -
i ‘ PR - 3. PO : '
> bh 84 x7.5° L4 S
. v Ig AI 12 lz = 2953 in ) ' ' .
™ o 3 - Lot 2 . o 7 ‘
L= b(RA)I/3 + wA (d-kd)" " PRI
E o o , T !
' t "‘ - * (.r » * %
N . » _ , . . ) e N "“ ‘g \\.. ‘
. :“(U <= & "i r -:,:' ,J‘" .



54 in‘

d.= 6,75 in
¢

———y

-8.x 15 "84 x 6,75
kd = AXL3 (S 42 22X2e

N

1.429(3.233 = 1) = 3.19

84(3.19)3 /3 + 8x15(6,75 = 3,19)°
: ' ;

909 + 1,521 = 2430 In*

modulus of rupture of concrete

Ve

distance from centroidal axis of gross section,
neglecting the reinforcement, to éxtreme fiber

in tensiéﬁU

~ y ’

4

. cracking moment S
- e e e
= moment of inertia of groas.section -

“ -




R W Ha ¥

IR

R

“"E:I\eri{x‘;. = T ' " T - " : "{u‘ ‘ .‘“'J;A “;‘?3)'3#:.‘:"5“ :“ ' . o i
3 s»'t" * 4 . ’ *
v ’::'.1 -~ - (s . .- - ' '
é . ) 35-, . . .
ﬁl‘ « ‘ ) A R
i . ’ : o i ! .
a1 g = 7&51/4"0"00 = %74.3°psd
- . b o e “ . . -
. N ' : \
. © 474.7%x 2953 K -
H.cr == WE 373.5 4in-k 31.13 ft~k.
B " 4,50 x 20° e o - -
/ - MD = — 3 = 225 ft=k (2700 in-k) R
- LS . 4’
o N | .‘:’.3 X 202 ‘ ‘ '
e 223 = 66.5 ft-k (798 in-k) :
. , , N |
v i . , - )

:‘i | . a) dead load . < ‘ \ . ‘ ’ -

o’
-
.

.

: “*.5:*": . ) b ciead load plt'x's live 'load ‘ ‘ 2
C b S . ' ‘

Lmsal ‘ M__/M = 31.13/291.5 = 0.10

1 ;A ] cr' a 0 ‘

e
4

! Id
3 .

s

*(u)l‘?Couputé the effective moment of inertia:

29
3.5
Ce
s
oy
=5
T ey

f’:o"“:'

L4

* a) dead load T 1 ‘

, \ < . ‘ ' i ) - . N ' .
Gt 1 = (0:138)% x 2053 + [1-(0.138)712430 °

TR I 7.7674 0.997x 2430 = 2431.4 ‘in®

oy - S A L e :
¥, .

'b). dead load plus live load .’

’

} ) P o ’ . .

by .’}))' : = L K , 3 L 3
AYH ST\ DY Sy » AN -
LIy e I_ = (.107)7 x 2953 + [1-~ (.107)°A2430
RENEY AN IR . . B b ,
:‘r\ o ?&:& ':}‘:"‘ ' - ’ ' T e
Jf.if.}’a’.j‘,}‘-\‘ﬁ%.r‘-f'\" & c ’ . & ¢ . ‘ . N
0k 1 ' . I, = @.62 + 2427 = 2430.62 in o
) ‘ ' e . ' ! [ ° .
: . ‘ SRS : v cr o :
“’ > o - a '* v . ’ v - (C ’ ‘' ‘ ‘ ‘
? . ol ) o o
A v . v . ' , t W - e M r
a . - . P » A « N
s g . e C e “,U' T . '
RN . < el T .
PR ] s o . e R \ .
1«‘1,"1&‘,"-,“} e X . o o N v ~ ’ [
PRI d ' vl ) .
i les, N : . g ; .
li‘e-“.,.j:;“i' ;‘1 . " e " K “u ;1 T € : e .
5t B YA
4
y (A2 T¢ ? VPN T L e Rl ki 2o,



- N ’

i . ) , . .
g ta
‘ ~r

2 t \ %?ii) :COmpute‘defléctione for a simple span beam:

‘
- -

/ o A = SLz/ﬁlaagI : (11)

' ~
’ .t -

5. . . A =5 x(21.p7'x12)2M/(48:<3798.6); : :

! . ,
A = 338104M/182332.81 = 1.85M/I , -

- :-‘tye immediate live load deflection L

‘

N 4

AL = 1.85x798/2430.62 = 0.607 in .-

ot : . ' .t
- the immediate dead load deflection ,

. B, = 1.85x2700/2431l4 = 2.054 im

- the long~-term deflection '

By = 2x2.056 + 0.607 = 4.72 in

20 ..

(iv) The deflection limits (ACI Art.9.5.2.4)

+ v
\ ' ,

] v
.

L/180 = 1.43 in
fo

L/360 = 0.72 in- ‘.

o

& b ' N .

% pjuse =oshia . . 4

<t . . ¢ " . . N - -

A : - Y.the slab band is Qo; good for any,qf‘the deflictipn

a

N Y ) )
o  limits, Therefore, this alternative could not be, applied in

inyﬁtgicu-atahée; f ' : .




- K] . ) -

: '4.1.3 Design alternative No. 3 ' ) .

[}
o

« 3

: It .

. ~The difference.between design alternatives 2 and 3
is that in ‘al_ternmive No. 3, the slab band depth satisfiesl’/'
. the minimﬁm- réqdiremenc for the deflection. Tli'erefote,— thé{
k slab band depth 'will have to be.':greater than ti\_at of the

flat g‘iate (see Pig. 3, p.28). - | . "

h o= _g_ = 21.6'7 X12 =

n ,
. Puga. 20 T 20 . B« :
_ . . ‘ . ,
‘ - t = 22" '
S i “ae b = 36" >
, \ N
' A (1) Loads: ‘

'

. ' ' : " "
Dead load of the .slab band = _ 36" x 22

x 0,150 x1.4 = 1,16 k/ft

. 144
' b - o ‘ : overixadg';ng slab = L%——?f-g—’;-g-g-g- = 3.25 k/ft )
] o o . flat pla)te = ,___2‘______-259 319'33 ‘™ 1,67 k)ft
W= 6.08 k/ft - oL
’ “ L * . . , N .
‘ o 6.08x20% ' , -
. , Moo= 22Dl w304 fE-k | : :
S ' B s : S R
AT T W 36x20,5% o Lo
. o b 13,000 ~ = 1-2 . o
: o o 304 . L '
: g e T o M eay = 3,00 n
' R ’..i,‘éi’g max K = 978 ’

‘
4 o '.. Lol
4 ’ . . " N M . ' . f
: . PR T . L
K A
.



‘ oM, = R ba® = .978x 36x14.5
i . u " . e
v My = 617 ft-k > M* = 304 ft-k o,
w © T —e
A = 304/3.60%20.5 = 4.11 in®
w use 5#8 L "y
, . ’ . ' , s ,\.'
B 5T (44) Compute deflection: o
.{:/.:' . 0 s .
o 5, ‘ ¥ e e T
, . A = swL ) 34‘
L] “ 38431 ’ . ‘ (12)‘
.. B = 6,08 k/fg = 0.31 k/in - C .
" N b (21,67 x12)% = 4.573 x 160 .
T \'.. ‘ ’ ’ 2 ; 2 ) ) ’ ‘
: y , E = 547,000 k/ft° = 3798,6 k/im .-
" ’ ) ’ N
. r 3 ¢ . .
: : 36 x 29 & X
1 ———-i-i--—— = 3;,944 in .
A . 5%0.51%4.573 % 10° . L T '
. , ‘ : 384 %x3798.6x 319 ) :
. , 9 - I o
i A = 11.66x10 o¢ 0.25 , . !

‘ .
2/12

4.659%x 10

<

' (111) The deflection limites:

I

L/180
L/360
L/480

L

1.43 1o >.A
= 0,72 4n > A
= 0.54 tn > &

B




39

.

i

In this case, the slab band is good for flat roofs

! ‘ . and floors nét'aupporting or attached to nonstructural
/ ' . '

alementsllikely to be damaged by large deflections. In that

respect, the deflection limits L/180 and ﬂ/360 are satisfied.

-

* The windows and especially the wall of the round’
corner are made of glass which in our caah, is a nongtruc-~

tural element and therefore likely to be damaged by.any

" '~ considerable deflection. Although the wall and the windors'

- v do not rest directly on the slab Band, the deflection limit

-~

L/480 has to be aat}sfied. In fact, L/480 > 4.
' ' {

W
Design Beinforcement| Additional{Cost of |Deflections
Alternative | | + | -concrete |Formwork | - )
' ” L
P 1 | 2.34 1vs/e? |22.32 cu-ya|$1.50/£¢2] 0.074 in
s ‘ 1N . 9 . &
‘ 2 5.052 1bs/ft 0 cu~yd $1.25/f¢ 4,72 in
3 3.887 1bs/fe? | 2.91 cu-ya|$1.50/£¢2| 0.25 1n
)
Table 5 = S
Reinforcement per uhit'grg; N .,
' ,-'J‘ ' -
—~ ' .
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CHAPTER 5

CIRCULARLY CURVED HORIZONTAL ‘BEAMS o -
wxrn SYMMETRICAL UNIFORM LOADS7
/

s o

. . . L
Instead of using the column drop.as a cantilever

s

beam, we qpu%d use a circularly curved beam at every round
‘corner as shown in Fig. 4. The circularly curved beam shall
- be extended beyond the closest célumns to the round ‘corner T,
to the next columns as shown in Fig. 4. The circular beam’
starts at point A and ends at'poinf B. ¢, is a balf-énélé._
The point C is the midspan'of the curved beam. ¢ indicaées'\\\
'the ,position of a concentrated load with respect to the
cqnf;r‘ioint C. (Fig. . 1is 0;\9 41). . -

‘o
I3

5.1 CONCENTRATED LOAD P AT ANY POSITION

\

.The actual loading of the Btructute.cbnsd-£a~ofjtwo

uniform loads: . .
N T e

‘ v H

a) ‘the precaat concretelpanels - 500 lbulft. K

¢

.. b) the slab reaction (Dead and Live load) ‘= 677 1bs/ft. A'

Ce . p ‘ R :
In order to demonstrate the use of’a concenttated load on a

curvad bean. one can subdiy&i?fgge bean into lmall dc;l-n:i
'each of which will corraepond to a 15~degree or zo-dasroq K
1nterva1. Then, tha resultant of Eht unifor- load on QQCh

z\:ogmant is placcd at the niipoint of thc acznant.' tiguto g
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v . . »
. . -~

showg the forces acting on a section of a curved beam. In

\

Figure 5, the circular horizontal beam, is supjec; to a

©

vertical load P at point K. Xl ,x and X, are the bending’

3
moment, torsional moment and shearing forgp, respg:fiqglxl;(z;

at the midpoint. (Fig. 5 is on p.43).

.

The cjrcuiarly curved horizontal'beam with fixed

ends is statically indeterminate to the third degree. That

is. at any section in such a beam there exist three unkpowns‘

(a8, shown in Fig. 5) which must be determined “for the polution
. ! - ? ’ ’ 7

of the forde system. A convenient set of such unknowns

éonsiatalof flexural and torsional m;ménts, M andﬁﬁf, and ’

£
a shear force, Q, ‘ ‘ ' \

.

5.2 ANALYSIS WITH UNIFORM LOADS

At the midsection B of such a beam (see Fig; 6,p.44), we

have, by symmetry, only the statically indetarminate flexural -

v

" moment X of unkoown magnitude. If we divide moment X into
‘two moments xt (torsional) and Xg (flexut;i), iqting in .
'pltnea”rhnpgctivalylparallel to and perpendicular to any

,siction S at an ingle.¢ from the midpoint, we may write for

these moments: =~ =~ . ‘ . : o
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I

3
‘- The total fléxural moment Mf acting at any section

'

v, v 'S will then be t'ﬁe flexural component of the midpoiﬂi: moment

"X less the flexural moment Mf,g
4

' distributed from the midpoi@: B to section § :

due to the uniform load g

- ’

\ B . . « ’ R /, .
M;‘c.-= cospX - M. - (15)
. " ) | ~ o i ’
‘'The total distributed load from midpoint B to ‘aection
- . 8 1is : : ‘ e T
: : I ,
e The flexural momént produced by this load may be

computed by considering it-to be: concentrated -at the centroid

-

of the arc BC. Referring to Fig. 7 (p.46) for.ﬁotgtion;

o

o 8 = 2rsin¢—;-, ' (17)

. b = ré . (18)
‘ .

y = ra/b = 'Zr/qps:l.n(b%- . k ' (1:9)

]

A= ysin¢%‘= | zrlﬁ;sinz% = r/¢(L - cosd)  (20) '

' ' Hfg = Qn = qrz (1~ cosd) ‘ C . ('2‘1)
‘ ' ) . ) + " ' Coa
‘,‘ o ,,' + Prom Equations 15 aqd 21, (o ‘f’
o : M, - i-.o:msx-qrg(l- cosd) .. o 22y 2
H o | oy : , , N
i ° -S:I.nilarly’,‘ ‘H:,‘ the total t:ora':lo‘a; moment acting at -
S » section S, may be 'e'onput):cd to be: ::‘,:;, : ;"-‘ R - 7

or e L TR S
- . .
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singX -‘Mtq = sin¢gX - qr2(¢-ein¢) o @3)
where M;g 1s the torsional moment due to uniform load q .
' -~

Castigliano's théorem7'may be stated .as the distribu-

’

tion of forces in a loaded system is such.that the work done

in the system by the appiied loads is°a, minimum. The work
) done7 by the flexural moment.f;omxthe midspan to the end ofl

- B o o PR
‘the beam 1is : ot '

_ N

$ -

© m?

T rdé
o

5
‘

. . ( R . ) .
The work dong7 by the torsional moment -in tﬁé,sane,interval

. - N £
Y - - > .o,

is @ '

where: ' J' = egquivalent torsional secpﬁd.ﬁdment of area of a
. I+ ‘ .

.
- ’

rectangular section computed by St;'VEnant'alfornglaez .

o T
3
-

07 R ¢S

. ‘ 3 0N L e
5k—i%§25h- (polar secomd . - (27) -
o ‘ . moment of "area) . oo
. . & ‘g,‘ _«"v, .

~

. .wgﬁdplui‘og.clasticify'1ﬁ shear.
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48 -
a » i ' o
. L SR . ;
- ’, ¥ . "~ ' o .
P o jmc‘:.dulus .of elasticity in tension and, ' »
’ . P > . compression. i o~

[ . N "‘. 12
/ .1 = moment of inertia of beam' cross-section., o

~ . . ) S ‘ . S8 ;
a * ,Setting up an expression for the minimum work by ,‘
di'ffferenti,ating ‘these expressions with respect to the‘: unknown
o v T - ‘ ' " :
qiidsgan fle’xura'l moment X ., and setting.the sum equal to
.zero, we obtain : ¢ ° . . . '
" ‘ ) ) '.v . . «l’" e N ‘ '
* ) ‘\‘ ¢ ‘\ a»' ’ " ¢ . ’ " P . - h ‘ -" ’
1o ¢ L9, ‘ 'O‘Ht YoM, L
) EFT *ax X rd¢ + o7 X g% X xrd¢ = 0, (28) ’
’ ‘ 0 . o 0 N ' *
-, c g, > e ' :; :v.: o . . ‘ ‘; e .
. { Uging Equationg 22 and 23,. and performing the indic~
\' ‘ " ) - " ) ) 2N ~ > : ' . ,‘ .'
ated differentiations, we obtain : 6 . . Do
. o . ' ) PR . . ’ I !
~ v AN . i
\ ;¢ao . _,.__ﬁ\\i - . ,
S 5 ST : ! ) . .
. ‘EI |~ {Xcos¢ - qrz,(l- cosd)] cosdrddp + oo LT .
< e o R ©oT _
\ c o -’r[ﬁo“.", : N
‘ s . & 2 . . s,
r o -63-,L . {#sing - qr°(¢ - sin¢)lsin¢rdp = 0 - (29)
, N ‘ .l‘-o 0’ . ) , ‘o, . —' s R i : ~ ‘ N

4
o

“ lcb‘,:..r 'Dcfinihg]- the rafio M as W = EI/GJ" and"t:iking: o -
¢ T € - ‘

E/G 'eciuagl to 2,35, we obtain " U = 0.65(1 v, b.zlﬁz) . ‘_V‘alt},ﬂ.ﬂ' of (

Q . . . « co
lt};is ratig,ar_e" ca]:culated~ ﬁr various section ratios %in Table
- . . ( N ) ., . - . , . s ' o . Y
‘(9.49): s e o P
I3 N . q " N ‘., . LY
< l . - . ' \ . W
Performing .the integrations of Equation 29, simplify- . .*
. v .,a‘ . N . ' ‘ ‘. ) ® o ..
« = . - . . . ° Iy
. o > ' 6o . - . :
K R ‘., ‘ : L -
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‘ing, and mdking usé of the above gefined;,ratio

. H , we obtain:

g
- . . x - qr (sin COB -1 (,30)
? 26(1 + u) + sin2¢(1 'u) : :
. - S L
N If we take ¢, = 0° = 32& » Equation 30 reduces. to o .
Lo o ‘ .
¢ 2 ’ ‘ 2 I 4 ¢
X = qr (4/m - 1) = 0.2749r (31)

Bl

L3

I'ot' equal to 90°, X 4is therefore independent ‘of "o
h R ,

For convenience, designate the bracketed- term of

. . -

PR B ‘ Hf = q;’z [cosdp (N +1) = 1]

Ht = qrz [sindp(N + 1) ~ ¢]
~—— . " " ) ¢ , ’

5.2.1 Example

Conisider : 2, = 90°,

'
4

PR u= 130 *

- I‘l’on Table 2 (p. 52) X = O osz&ﬁr 2

_“__“LQQA - R /

Equation 30 as N . Values of N for three values of |

bg = 45° = 0.7852 radians |

~

-and various half-angles ¢ are calculated7 in Table 2§\h(p.52).'

\
Using expression N, Eqs. 22 and 23 can be simplified to:

(32)

(33)

'L‘hc ‘moments é)‘rnblc 3, p 53) at :h cnd*, by :quu::lonn

#




51 .

, »
1 J . N
‘M, < 0,0924qr2x0.7071 - qr2(1-0.7071) = 0.227qr?
> ’ ) 2 = 2 , 2
M, = 0.0926qr%x0.7671 - qr’(0.7852 - 0.7071) = -0.0128qx

.

|

“ . By Equations 32 and 33 these moments are :

M, = qr2[\0.7071(o.9924f1) - 1] = -0.2276qr>

: M, = -qr’[0.7071(0.0924 +1) - 0.7852) = -0.0128qz

Now, we can compute the moment becauqe for a givgn structufal

k2

problem ﬁe know the loading q &nd radfius of the horizontal

curved beaﬁ. Finally, in our case, the angle inxerngctadlby |
the pioposeq“horigontal.curved beam would be 2¢0 = 90" or

¢0!? 45°.. The center of the curve is at a distarice r = 10.17'.

-

o

This is self-exﬁlanatory on Fig.. 4, Now, we can use the
regults of the af&ve examplé sipce.tha angle '¢0 is ‘the aane,- y
and the cross-section allows us'(a- b= 24", see Fig. 4) to use

Table 2 (p.52) for u.= 1.3, : L o I
) 2 bh
uf = 0,2276qr" ) :

i

M, = -0..0128qt2 T B LT

where: M_ = flqiura; moment at the ends,
o ‘ ‘ ) ' “.

. M. = torsional moment at the ends.

“q-= uniform load = 1177 1bsfft. ~ - . -

r = radius of curvature (from .0 ' to the cehtgr of

1

the bean - ase Fig, Ay w1Ot—2u RN
N R S R
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!"‘ Re3.25

*

15

0.01l6

0.01i6

0.0)i6 -

0.02

0.02

0.02

25

0.0308

0.0308

. 0.03

30

0.044

0.0432

- 0.042

35

0.0584

p.0572"

0.D552.

40

0.0748

0.0724

0.07"

45

0 0924

¢.0868

0.08352

‘50.

.

0.1064

" 0.102

55

Doz

0.125¢C

o'lz

0.1512

0.1448

0.1388

65

0.172

0.1652

o 0.1588

70

.

Q.1828

0.1860

.0.18

75

0.2136

0.2072

" 0,202 4;?

-80..

0.2344

0.2292

0.2248:

-85

0.2544

0.2510

0.2484 -

. 80

0.2735

.
DR IV NN RNV

TABLE. 2°

" values of M

.

'lt--o $rresaid ’

1

0.2735

,

&

.X,

0.2735 > -
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S < L

'Fron 'ribln'rl for %8 1w orvb-n ,’ulo u-'13.' By

4

The dead weight of the beam shall be included in the uniforn

% .

./Aoads'q (see Fig. 4, p.41, for the beam eection)

2%{%22 x' 150 = 1927 1bs/ft.

.
Al

q = 1177 +

2

M_ = 0,2276 x1927 x10.17" = 45,362.4 ft-1bs.

£
M, = =0.0128 x 1927 x10.17% = 2551.14 ft-lbs.

The angles for the inflection points may. be detﬁrnin-'

ed by equat&ngﬂzquations Bi and 33 to zero. Thaﬁ‘the nhgla

2

.for the 1nf1¢ctid§ point of flexural moment becomes :

1‘(\'; f
%) (34)

¢ = arc cos

—~
o

. b * |
By expanding?'the sine functidh in serieas form, the angle for

PN

the inflection point of torsional moment is cpproxiﬁdtc;y_:

i
X 6N E {?%23 w . ' Y
%, in radians = &% "l | (35)
o . : . L #

!

using Table 3 (puSS), ye gct thc follovins angloc for :hn

inflection poiutl , - 5

8) for ¢, = 45°, U= 1.3 ,.and M =0

¢ = 22%48" —~

., - ' -, . “'x

Thcrdforc, on: nccb side of nidpoint C on Fix. 8a (p 55) an’ anglax

‘f&! 22 48' will locate the 1u£1-ction potnts B ;nd D fot tlc:uwtl-
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moment: - ' : . , C
0 ® 4= 1.3, and M, =0 .

- b) for’ ¢0 = 45

‘

’ o= s0%8 . -

-

An angle of 40" 48' on each side of C' on Fig. B8b will locate.

thé .{nflection points B', and D' for the torsional moment.
' ,' - But it should be noted that the toruional'moment,' Ht at mid-

span goes to zero without reversal of sign (see Fig. 8b,ép.55).

. ' In order to have all pertinent values together, the

computed moments are given in Table 4. For the computation
¢ . -

3

FLEXURE - - . TORSION

uta .an #to ut- & Hti
t : . . i . A _a,_ ‘ A, i
45.36 ft-k | 18.42 'fe-k || 2.55 £t~k U: 0 ‘5.1 ft-k
70.31 ft-k | 28.55 ft-k 3.95 £t~k 0 7.91 £t~k

Inflaction ¢ = 22°48° ¢ = .40°48" ~
points from enéh side of : . " from cacﬁ'lido of thl’
: the midpoint. midpoint including the
. S . - wmidpoint. ' S B '

» S . "+ TABLE &
' Flexural and Torsional Moments

¢




.

of these values, one has two altermatives:

a) uaehTable; 1,2, and 3 for the values of u, N,

and M respectively.’

‘

'b) use the equations mentioned in the ﬁreceedina

[

For ali practical purpdhcs. the use of the tables is

~+~—more convenient for a practicing engineer

The first values in the Table 4 are working mo ents,\

and the' ultimate moments are shown. on the second line.

~—

In order to extend the analysié to -beams DA,(i:; BA,(p;&l).

& check should be made if the proposed section for the curved
beﬁﬁ,is adeéuate enough for the flexural nnd‘térsional moments,
and for the combined shear and'tbrsion stregses. If the
sedtion 18 good for the forces-mentioned thate would be no‘
need to extand the curved beam to the next column as ahSVn
'on Pig. 4 (p.41). The ex;ensiqp of the curved beam would

decrease the torsion effect noticeably.

-

When designing the flat slab, the curved beam shall
enter 1nto,thq computer input n; a apandr&l beqp. |

In short, the use 61':5: curved beam would be more
[ f

doquatc Ethan tho uea of the colunn drop panel as a cantiltver.'




panel nhall be congidered for atructural purposes. This §

s

statement makes design alternative No\ 1 less desirable.-
5

5.2.2 Chedk of the section for tlie maximum ultimate moment

in the'Table 4 (p,56) - | '

Y

Assumed data :

— .ﬂi; - 4000 péi - specified compreisive strength of

. . A . Cconcrete. :
T o — ) |
) ‘lr . fy = 50,000 psi -‘specified yield strength of steel.
. - ' | \ . ) ’ +
.Prom Table 4, max Mu = 70,31 ft-k - X
12.000 12.600 M ¢ : )
:vhc:c& F = a flexural coefficient.

b= vid:h of the conprluston fnce.

. , of tension reinforcement,

LY ~,

= 69 <mini K, =175

K =

T 1.013

-

whcﬂc; ku = strength coefficient of resistance,
k/// uu”F ultimate flexural momant.

The ratio of nonprestxessed tnnnioiﬁtcintorc‘icni

¢

- d = diltanca fro- -xtreno co-ptqsaion fibcr to centroid,




pc =r’ Aa[bd

-

.

where ka area of tensibﬁ teinfofcémeut.

s
-

The minimum ratio p ='20,0/£y

o . e - 200 ' S
4 I : min p = 55 Gop— = 0-0040 : o .

- . 4
a > '

and tﬁiulminiuum ratio corresponds to ‘Ku = 175 . . ) .

; .
¢ .
L Al .

g ‘ ‘ The actual K - 69 < mfn K -’175 , therefore, the

I
,section is .adequate and could be reduced if desired.
-

7
»

5.3 COMBINED TORSION AND SHEAR

! e A .
& - ' -

5.3.1 Discussion - ' . ‘ - o ;
. , . ; - o ‘ . Y
R ‘ Design provisions for torsion are analogous to.those .

for shear. First, the nominal uitimafe‘toraiondl stress, .

- 0o

. ‘ Veua * gctieg.on thc member cnossrsection is ?atermfied. ‘Sec~

ond, a nominal torsional stress that may - ‘be carried by the

, N ' @
oncrgte, V:E" is computed, :aking inito account any ahear s

tress acting concurrently on the section._ If Veu . is greater

N than v£c .'torsion rcinforcanent may be provid%d in :he\' o
. member to earry the diffotencc, ox the st:e of the member | ‘ i

. If torsion rcinforca-’ - |

‘.'

;ﬁl S '1n?realcd to nakn vtp less thlh vtc

ment 1s used, ic nuet connilt of boeh cloocd atitrups und ﬁ“,, ' ,;
_’. . }
1

. longitudinal bars. - .. . .jﬂf“ D '::H;,;'ﬂa' o e




. .
’ ’
A ’
0 \ . N
. |,
"
g R
N N
ot o .
3 Q .
;

~scction plus the outotnhdlﬁg fllngci.

times thc flanaa chicknccul.

. by the concrete when a bean {is .ubjcctod

[P

* . The Code requires that honp:esttesseq/members be
N . j

designed for torsion oniy when thi;%torsion produces a nominal

torsion s;tess, v This 1s abouc

, greater than 1.5 /f;‘.

tu

°

‘25 percent of the pure_toréioﬁal qérength-of'a member without

reinforcement. ' Lt

4 N ’ ’
. . . e
. I S

The nominal ultimate torsional stress is computed

from : . o ) B ) :.
, v " m »3Tu ' ' 0
! tu 3 A )
. S ¢$Ix"y , .
, _ “b
where ‘Tu,s design torsional moment ) o
- - . Co
¢ = capacity reduction factor

0.83 - ~

shorter aside of'eto.o-.octiow

For most T. and L-i.ctioni, the component rectaagles

will be the web extending thréugﬁ the 6vi§a11.¢cpeh of the
, N ‘
However, the out.tand-'

ing flange vidth shall not bc takon equal to lotc thcn three

,.

* e :'v{ s

ll

Ihe ‘°"1°“§£F"" vhieh nay b. nnuun.d ;o be. carrt.d

to copbtnod to::ton.

and shear 1is givcn_bml i'

-}




. ¢ ol
A
R S , 2.4 JET )
o , Q y
.. N o v = >
v“ ‘) an Y tc -
: . ' . ) 2
o > ' /l-l- (l.2vu"/vtu)

.. .
°
v 5 . - «
. . {
° . g , 4
“ .
- o A @ N

where v, = mnominal permissable térsion stiess o

féo = 3pecif%9d compressive.sxrgngﬁh of concrete

= - o

L - ’ « )
.S . .
Ve nominal total design ghear stress
o N .
° o » o " . Ca
o Veu = nominal total design torsion stress’

. ’
v » ' D

@

. To ensure that §1e1d1n§ will occd}. the amount of

reinforcemént is 1im1£ed indirectly, by an upper liuit on the

-]

o , -

o

design torsion and ahear-atresses given by> o Y
’ ‘ 0 ) O
. 12 /€7 oSS
. ‘ = - : C o .
o — 2 © -
o § :[I + Cl.Zvqutu) ’ ’
. // . . ‘ . +
. K} N 1 ° © oz . .
This relationship™ limits v, to ;9 /fl vhepn Veu + 18 zero
and to 12 if: when v 1s zero. ' N

Closed stirrups are required to" carry the{diffarancd

tu . te

. between v and v__ . It is mote economical to use the

- .same type of closed stirrups for both';oraiop‘zﬁd'iheur'

' ruqugreuentu}

'1

s S0
s AY " . -~ . [l
\

thn the design tortion cxcctdl that which can be.

c:tried by the concrutn. cloled -tirtupa lhlll bc provided as
| \ ,

Q@
S

AR
1
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4o 3a xlylf . L e o

. 4 @
‘ ' N ) !
s -

« * * - v

, s .

p e - . .
. where’ Aé‘a area of one leg of closed stitqup resiatiqg
z

o

1a?,

- ‘ torsion witﬁin a diatancg 8

t + P
v . 3 ~
s R . - . ' “

N, éj=.ahb;t-cr,totafon_reinforcement gpdcing,

atﬂﬂ a coefficiené'

t

.
B

-

vhicH is a function of

?1”‘1

g 'xl‘-‘shorter center~to-center diﬁensiqn of a cloaed

A\

.

t .
rectangular stirrup . » .o . )

Yy = iongetdcgnter-to-cent%r’dimensibn of a. .

' /rectangular stirrup. . "
L)Y

. : npecif yield at:engqh of nonpreleteaued

v ’ f] N ! ki ‘ . )

S reinforcementu ! g o (:;

- M ’
¥ .

“r “r

oy 4 . In ;ho,Ztru;s analogy", the main £le§utal reinforce—
] , .

ment of ‘a bsau serves as the tension chord.of a c;usw_gg vhich

';“*the diagoqnla are" pi?&éded by the goncretc posts 1in cbnpreaaion
lA . L., ¢ K
‘§nd web reinforcanent linkl 1n tension. Whgn toraion” 13 pr.u-
f . -~

4
tent, 111 sides of ;hc pcnber must hdve‘h cenaien chozxd,

B
» t

.

' . @ .
bccaule the torsion can cauee d4agonal ‘&acking on any faco'/

Tpe aﬂbunt of longitudinal*reinforccnanc rcquired is givep s
, ‘ ik : ‘:

(bY't S Lo ' . . ‘ ’

A : o Co Ny \f , :,

3

-
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The crosg=section of our actual curved b7am 1s shown

. . . ' . N ° §
, in Fig, 10 (p¢43). . R :
A 4 & .
v 5.3.2 Computation af the aétual g?rsion and shear
’ ' Agsumed 4&:&3:‘ ' ) ‘ ' '
81 . (' ‘.4_ 2 ’ ‘}
oo f(': = 4000 1bs/iq l
. . R T ’2 o 1
< T £ = 50,000 1lbs/in gy ]
e, - e Ty T : ,
k C e B < . . - ‘
» ‘ o ' ¢ = 0.85 (capacity reduction| factor) oA »
. M tL ' - , ) 1 .
T g = 1.5 YEV =_1.5 /%000 = 95 psi. - )
' T tu . [ 4 ) P
From Table by M = T = 3.95 % 4 ft-k,
i . - f) .
', Lo ute is the maximud,toxsional moment at;the end of the curved’
a L deam. ' . | P ' Ly
i . . @ . : ' .( .
D « ‘ - ’ AN . )
» # prom Fig, 10, L . ﬁ ,
j A o . . , S ’ - ’ .
. . P . Coh .
: : Ex?y w242 %24 + 7.5%x 22,5 = 15,100 13 |
- - vgu-..”a Ve 3 x4 %12,000 = 11 22 pai; o S g
‘. - . ' “!iy . K 6.5; %X 159100 oo C o : . . }
= 1 . - . ' . . ) l-:.’_ ‘v ¢
. vtu,.\11.zg psil <95 p'ii' ; - o . .
.' n' | . . .J’;N‘ ‘ ‘. l L . q 0‘ ( . ' " | . '. o
C \ Th.tdfogencorlionfuuthnbt'bc considered,) Prom- Fig. 4 (p.4l), . ’
S "thcfto;al shear at the’'end of thé, curved/ beam 1.?& :, L 'Ggg« |
N . - -z ! : ‘ ' . ) - ’ ,;
* J. - ; N : 1
’ A ) .. ¢ . ' 1\“' . . &
. ) v . ' '; R B PRI . ., .
. A Sy e qrd, B L )
SR : - g | . P

Cabr

B T P14



64 . :
whére "q "= uniform 'loads on the curved beam o
r = radius of the curve - ' 4
. o
. ¢y = half angle 457y
TV, = 1824.4 x 10,17 x (45 % 0.0175) = 14,611 1bs. - _ - L
} ':1." . ) , ‘ . - h ' -
. wd o m 24" - 2" = 22" /7 ’ X Ayes .
. Cpmi)u\t:/e,- the ultimate shear ltj’dlg' E O X " ¢
‘ o K C -y " ot , ’ ', . ) s o
:} oL \!,"' ‘v,u-'-. 8 - . ‘ i ‘. ,‘
| \ . ¢bd S ‘: ‘ v,
. ' . » v < i , 3 '
vhere évu - nax:l.nun total shear at the ‘face of th?\gport
‘\.1 s . “w ‘G i t '. . .
v N b = width of compression.face of member’ T
3 = distance frol'com{:re-‘-ikonl filqer to ce‘n't;roidbo.f'
« 4 ° ‘ . . . . -
. KIS !
] tension reinforcement’ L . o
- i .\ ‘ . . -, ' . . .'
'; ) . .. ¢ = capscity rqﬁuctio‘n\factor =.0.85 @
e - 14,611 C < g JFT |
R ) . y v‘i - m 32.6 P.} <\2 Vie . .AOQK:V Lo _
I . .‘ ,} “ ‘ "’ N N - ‘,x(' : ’ g ; N
N e e . L
, o sincn tho tornion rainfo:ccncnt u‘, not requirad ind
‘. h U 1 - . -
o zhc lccunn il adu:uu:a wcl.thout wcb reinﬁorcen.nt, t:he aosun‘.d
- R ’
hun c-ction could bc rcducad if &cqired. Nevcrthhleu. & ’
;
-‘m:tnuu horizoncal web rcinfurconcnt lhould be providcd. :' f
,_ '6912", and a nininun vertical lritrup rliuforccnant ot lﬁQll“ A
N . ‘, A . ') . &" ' Q'A » o
. -}, ‘The. llittupc uhalL be-cl ud. R P Ce
: . .: i ) L { . . I . \'.f . . :‘ e‘( ) . ,ow ‘ \.gl"r.‘,-; ": , . "J :
2 :4 \Y ‘t.:, :. ,\.‘ * 0 .

T L AL AV ¥ i VLA ST S T AN T k-




% . 'Since’ the curved beam is adequate for the flexural )
, o 4 .
J [ @ . «
. ‘and torsional moments, as well as, for the shear .and torsion- -
L al stresses, one can say that it is not essential to extend
. : the curved beam as shown on Fig. 4. For a large torsional- ..
¢ *» ’ \ ' L3
o moment, the extension of the curved beam would be desirable,
o F 3 .
, 4 A / A
. . and .the Use of the grid program would be essential. -r
\’ ‘l .
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.  CHAPTER 6

CONCLUSIONS

6.1 .DESIGN ALTERNATIVE NO.A;
My choice was dééign'alternativb No. 1. The dggp
around Any coiumn was not desirable jortnn easy removal of
the steel formwork of the flat plate. But in design alter~-
native No. 1, the steel formwork can be lowered to 1its maxi-
mum of 2,.5" and r@moved in the direction pnralle; to thel .

“ : 5 e

diredﬁiou of the length of the drop.
. ‘ I' l ,\%, ‘ 2'
The reinforcing steel per area {s 2,34 lbs/ft",

This qnaﬁtity includes the'add;:ional sjeal dge-ﬁﬁ the de-~

flection of the cantilever used as an elastic dupport of

4.

" the last—span of the parpend;cultn,holunn”vtrip; It should.

' L~
be notcd that this steel quantity i- 2,16 tincl.sncllcr than

' thac of design altetnntive No. 2, and 1. 66 tides snnllcr

than that of dclign alcernntivc No. 3.
4

—

:‘Althoughlit is not possible to make nccuratd'prcd1e4
tionu ‘about deflettions,- one of the main reasons dc-ign No. 1
vas chosen vas that the cantilevur dikloction is 0. 07b in,
which is much lclu that caiculatcd by using tho ‘other’ tvo

dalign altnrnncivcs. In fact. thu dcflcction is the’ luin
*

}




*

~

supporting nonstructural elements which are likely to be

damaged F%(any congi@efable deflections.

¥

‘ Design No. 1 has some disadvantages, In fact,

there is an additional concrete quantity of 22, 32 cu. yds.
Ch,

per corner or 178,56 cu.yds.. per floor. This extra concrete
: ’”

quantity is dué to the'drop around the columns at the round
corners., Also; in ahdicion.to the extra concrete quantity,

there is an additional reaction of 6.05 K per column (only
the columns having a drop at the round cdrners). This -
\/' ! "l?_'i‘ ’ w
A . §

reaction incrgaaea the load on the footing by an amount
of 181.§ K. Of course, it also increases the steel, or the

. . ' ‘ ‘ #
s}ze of the colu?nf ! e

The cost of the formwork is $1.50 per square foot.

o It should be noted that the cost varies often.
[4

In appendix Q‘for'the computer input and outfut, one

.can see that the cantilever beam is in reality. a8 column .
drop, and in fact, it was enterqd into the computer as ‘a i

e
'

drop. This is wrong, and the drop should not be treatad as

a beam. On the other hand, 1f the drbp‘ilc::c;ptcd as s ;
cantilever beam, it shopld ‘be extended to . t next. column. ~
/ .

' / It is clearly stated in./article 13.1.1é (ACI~318-71) ,
that no portiop of a columg capital or drop shall be consid- - ‘

ered for structural purposes.
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~3

"Although thig design slternative was selected, I

would personnally recommend the use of a cuxrved beam as

; L
shown on Fig. 4 (p.4l1). Furthermore, I would recommend a
S

finite element anglysis or tﬁe.use of 8 grid program. l

[
2y
o (o

-

™ The use of the finite element; ané a.grid computer
p%ogram wouid be pgcessary if thé‘cantilever sl#b was of &
'considerablg'sig§i Also, a betfcr solution would be to have
a column at the round cormers. This colu ﬂlw;lllhave a
lround shape."in reality this column could serve as a wall
depending on the size. Such a éol;mn is/ shown in'Fig. 11
(p,43). U;ing thisltype of'célumn at the corn?r_there

would be no need for a special analyeis and there would not

be any problem as far as the deflection|is concerned,

6.2 DESIGN ALTERNATIVE NO, 2

deflection of the slad band:‘

b
d

'i (1) - immediate live'lo;d dcflecciop

1

- : A
(11) - immediateé dend loa
B

Ay = 2.054 1n,

!

i BT el S o B S 4

%

(iif)'“.—'long~tern deflection
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<

B , A = 4.72 in, N

(4¥) - the Codel deflection limit: L/4BO

'

. L —~—
max A= 0,54 in, < all actual deflections

. ® Also, design No. 2 has ‘a larger reinforcement
. . , A

| ' quantity pér area: 5.052 lbs/ftz. : , , ,
’ ) ' R Kj

This alternative could have two advantages:

. “ ' ‘
(1) - there 18 no drop around the columns at the

round corners. Tﬁe;efore, there is no addit- - '

ionaly@bncrete quantity,

3

S

' .
X A (14) <~ the cost of,the‘formwork_is $1.25 per sq.ft.,

i
-+ - t
o '\ ~

_ 6.3 DESIGN ALTERNATIVE NO. 3 S P
) , )

yot

'
b

-
'
'

This ulterhitivcvhci one main disadvaniigi which

would be the use of standard formwork instead of the steel

. .- . , , |
" formwork commonly used in construction of the fi{t plate

t ecponomical

floors. Flat slabs are thih ncnbersé théy.afe n

1£ one considers the ltaclﬂ but thgy’;re economical in their

“, * 4

ﬁofuwork. ,gihca_fprnwork rlétiledca'over half the cost of

reinforced concrete, the iconomy ;f thé'foriwo?k’9{:en.ﬁcnnu~_

‘ ., v .
o ,an overall economy.. ' N o | .
RS - ' - S ' e - o o d

& . The &gtlcctiqﬁ'pt the paau;it.b.zs in. I@ eatisfies

1 i N




the Code deflec‘t:l:o‘n limit of L/480, But the deflection of
‘.Idesign No. 1'i§ 0.074 in,, ,which is 3.39 times less than™ ”

that~of design No. 3, Again, it should be noted that the o

main concern is the deflection. For ch;c reﬁson, altetnaiive

No. 3 was %gjected.

] + , . . N ! ' -~ ,
T : : f Design No. 3 has other disadvantages. .
Dot ! . ! ) )
! (1) - its reinforcement quantity per area is:
3t887'1bslft2'which i3 1.66 times that .
. ' "f of design'No. 1.
(11) - 1t has an additional conerete quantity (due
‘ Do ! \ to beam) of 23.28 cu.yds. per flooi§¥? .
: H ) . ‘ -
. '. K : T. o ' - - .
; (iiil - the cost of the formwork is $1.50 per sq.ft.
' ;,‘ . , \\{ , - ‘ . : ) ) .
, % Without the bé‘m, the cost could be $0.25
! 1 . . .
; ‘ | S -
P ‘i less per sq.ft - ' ’ A
f ’ . R "j",ng ,\}\\ z t TI . | ¢
; . ' \ )
¢ i n H ‘)w ‘ ’ -
, A
' N .7 ' ) _
t .') , , :
»" i ) ' ‘ v
L . . : ',‘; . 'gf e ‘ |
o' ’ ,’ NER . N ’ '1/,. 1 T ’“
i = ¥ \’;.é‘m I’." X ’.‘. :" L \“ . ,.-H ‘.' * %I‘.\ ‘
b N ¥ ‘*v;.. . ’ " ) _.f » e "l .?‘ . : , r’l'\l
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