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Th1s thes1s presents a 1ower bound segment method foz

the deslgn of 1nforced concrete flat slabs vThe'”‘“

7.1nvest1gat1on focused on the deve]opment of the methodo]ogy

Y

. 1s 1nc1uded and the resutts summar1zed

a app]1cab1l1ty to regu]ar and 1rregu1ar slab prob]ems The?d

X rectangular segments bounded by 11nes of zero shear For'f

‘*and recommendat1ons for the use of the procedure to. a1d the

X

destgner 1n productng safe and serv1peable s]ab des1gns lA’rT"

br1ef look at prev1ous lower bound de51gn methods for s]ab\}l‘

N

The procedure cons1sts of d1v1d1ng the s]ab 1nto_3

v

var1ous supporb cond1t1ons boundary moments are app]ted/to ;f’?”

i

,sat1sfy equ1l1br1um and moment compat1b1l1ty between .

s

fe;}e\ast1c f1n1te e]ement analys1s were used to eva]uate the

v

segments For each segment type so]ut1ons obtatned from anr
'1nterna1 d1str1but1on of moments correspond1ng to d1fferent”“n
‘;boundary moment conf1guratwons Three des1gn examples are

' presented to 1ntroduce the method and to show 1ts

"resu1t1ng moment f1e1ds are compared to elast1c solut1ons
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1. Introdudt ion

1. 1 Purpose and Scope

The Segment Des1gn Method 1s a lower bound procedure |
which is presented as a- hand calculat1on method su1table for
'rout1ne des1gn off1ce use,‘for des1gp1ng two way, re1nforced

concrete slabs subJected to un1form load. The method

o lnvolves d1v1d1ng the slab 1nto a number of su1table

Trectangular segments, each be1ng 1ndependently supported
‘ae1the} by a wall or column For«each segment a d1str1but1on E
gfof edge moments 1s found wh1ch sat1sf1es equ1l1br1um T
7vrequ1rements The des1gner then assembles the segments_
'iensurlng compatab1l1ty of moments at the boundar1es of g
adJacent elements by adJustlng, 1f necessary, the |
"niequ1l1br1um edge moments Re1nforc1ng steel 1s selected to
'7res1st these moments to complete the des1gn .

¢

The methodology is: not 1ntended to g1ve an exact or

if”unnque solut1on but to prov1de a moment f1eld whwch

f:sattsfles equ1l1br1um and’ results in‘a re1nforcement pattern o

"that prov1des adequate serv1ceab1l1ty The main advantages

'"T'to a des1gn method Of th]s type are f1rstly, the des1gn

moment f1eld is found solely from equ1l1br1um,‘result1ng in
Tvery s1mple'moment-express1ons and secondly, 1t ts a lower
'-Tbound procedure and so the des1gn 1s always ‘on the safe -

= Es1de, strength w1se



e
The thesis ltself'is subdivided inta four ma1n parts'

'The f1rst part 1s 1n the form of an intro uct1on to lower

'gbound methods for slab design. Both the upper . and lower .
bound theorems are g1ven for comparat1ve pdrposes A short
hlstory of the development of lower bound methods 1s _

,preseb{ed start1ng w1th the worK by N1cholsland the use of
this in\developing- the D1rect Des1gn Method Thws is

k‘.followed 4y a br1ef explanat1on of HtlTerborg s str1p method

'and f1nall a. short dlSCU5510n on the segment methods

1developed by Q1llerborg and W1es1nger

A

The second. sect;on of the paper deals w1th the des1gn
methodology The procedure for carrngg out the des1gn is, ;'n;;

‘ presen{ed f1rst in po1nt form and then followed by a :

) deta1led explanat1on of each step complete w1th gu1del1nes
Hand recommendat1ons for, the-des1gner The method is v'f

' Mvstreaml1ned for- s1mpl1c1ty and the des1gn equat1ons are |

’stra1ghtforward and easy to- apply

The th1rd part deals wit “the 1nd1v1dual segments,‘

fthe1r propert1es and . characterlst1cs The select1on of these.
o segments or elements‘was 1nfluenced by the types of problemsl'
a des1gner Would generally expect to enCounter on. a regular
basls To handle the case of flat slabs supported on columns \
‘a corner supported segment was developed Th1s type of ' .'X

r'segment 1s rectangular 1n shape and supported at one corner
‘%v..only For slabs supported en walls two segments were

developed ‘one ‘an edge supported segment and ‘the other an

- adJacent edge supported segment A deta1led d1scuss1on of

c



the sthree segments is inc]uded in chapter. 3.

' F1na11y, the 1ast sect1on, chapters 4 and 5 1nc1ude a
des1gn examples which 111ustrate the method of des1gn and |
the use of the recommendat1ons and gu1de11nes given ‘
prev1ously Chapter 4 dealerJth the des1gn of flat plate

&'structures supported on]y on columns and chapter 5 1ncludes

|

a des1gn example 1nvolv1ng both cgmﬁmn and wall supports
1.2 Historical Background

1.2:1 P]ast101ty Theorems‘.

-
e .

AT p]ast1c methods of des1gn or ana]ys1s fall 1nto one
of two catagor1es, e1ther ‘based. on. a 1ower bound or upper
- bound theorem These two theorems, as they app]y to
re1nforced concrete slabs, have been stated by H1]1erborg( )“

s

"~ and are: g1ven below.‘

. Lower—bound theorém' If thereuis a 1oad OIifor Whichu
it s poss1b1e to f1nd a moment f1e1d which fu1f11ls'
all equ111br1um cond1t1ons and the moment at no
fpo1ntv1s higher than the yield moment thenvOI- a’”

1ower bound Nalue of the carry1ng capac1ty The slab

can certa1nly carry the 1oad OI

Ah:UPéﬁflbound'theorem:"lﬁ,.for a,smatlivirtualp.

‘inerement of'deformation; the internal energy; " B

]
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absorbed by the slab on. the assumptlon that the
moment at every po1nt where the curvature 1s changed
equals the y1eld moment'and this energy is found to .
equal the worK performed by the load Qu for the same
1ncrement of deformatlon, then Ou is an upa bound
value of the carrying capacity. Loads great?t than‘

Qu are certatnly high enough to cause moment fa1lure

of the slab,

A. lower bound typeyprogedure underestimates the
~;collapse load\ thus belngvalways'on thevsafe side ’whereasf
©an upper bound procedure overest1mates the collapse load. An
essent1al requ1rement for hav1ng a lower bound solut1on 1s\
| _that at no po1nt in the slab are the yteld moments exceeded
This requ1res that the moment f1eld at all points be
‘ evaluated to ensure that such is the case It also provldes )
'enough 1nformat1on to deta1l all retnforcement requ1rements’

4 wh1le,an-upper bound solution only_ldent1fles moments at

discrete locations.

1. 2 2 Development of Lower Bound Des1gn Methods
| Through thé early 1900’s the design of flat slabs was
. based on load tests and past performance In 1914 ‘z" :
~ ;N1chols( l attempted to rat1onal1ze the bas1s beh1nd the
'select1on of moments for slabs supported on columns by

f'show1ng that the total moment in a panel could be determ1ned
- N\ , .

AN
LN
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\x%signifiCantly-lower static design moment'which persisted for

from the equations of equilibrium' He’considered a'typioat‘

‘1nter1or pane] of a slab cons1st1ng of an infinite array of
1

'equal square paneks supported on c1rcu1ar co]umns

By def1n1ng a segment bounded by the pane] center11nes
the column center]1nes and - the column per1phery Nichols.
der1ved‘an expre551on for the total‘moment about a column:
centerline act1ng on that segment us1ng the assumpt1on that

the’ total shear at the cotumn face was un1formly

~distributed. A simplified vers1on of h1s,formu]a‘is'given“!

beldbw, where M .represents the total moment in-a panel.and W
the total load. The othervvariables are as defined by Fig.

M’ =0. 125We(1-2c/32) (1)

Nichols’ attenpt atvestablishing the total moments on a
.pane],was’not we11 received. There were seyeral designens'at.
the‘tinevwhouhad built sTabs uith 1ess total moment and who
could argue that the1r structures were qu1te adequate As a
;result of these arguements when an express1on for the paner |
.moment first- appeared in the ACI Building Code in. 1921 the

'format was the same‘as that proposed-by N1cho]s_but the

coefficient was reduced to 0.09. This resulted in a

half a century. S1nce 1971 the code express1on reflects more.

close]y N1cho] s or1g1na1 equ111br1um equat1on R

&



-1t is to be no ed that although Nichols conceived of

the idea of dividing a\panel section 1nto.segments and

‘ obtajning the total requ1 ed panel moment, he did not

indicate the distribution of\this moment e1ther a]ong the
segment boundar1es or inside the~ egment Therefore his
,analys1s cannot be taken as a complete des1gn method even -
»for the typ1ca1 interior panel cons1dered

,However,as1nce for ‘the special case considered by
:Nicnols, the shear.along_the’panellboundaries is in fact
zero, the moments aeting_along these boundaries will be
vmax1mums The ‘total moment in either direction o?'n be
‘,assigned arbitrahilyvbetween thefparallelhboundaries andvthe
‘mresulting moment.pattern will always satisfy the'loweh‘bound
"requ1rement that no moments inside the pane] w111 exceed\the
boundary moments This. a]]ows for the se]ect1on of.

're1nforc1ng based on boundary moments alone and in

i

-‘add1t1on. the term1nat1on of re1nforcement 1ns1de the pane]
- may be found from equ111br1um ‘ ",~, ”

4 | Based on thls br1nc1p]e an equ1]1br1um method Known as"
the D1rect Des1gn Method was 1ntroduced in North Amer1ca
with thevadoptlon of the_1971 ACI code(3). This method, is
'intended for usevin thekdesign?of"slab sYstems, with or
withouthbeamsi having fairly hegular-Tayouts:and adted on
.only‘by'unifonmly distributed}'uehtieal loads. These |
1imitat{ons were'conSidered neCeSSary?so that~the Specitied‘wf
~critical sect1on wou]d close]y resemb]e a segment bounded by/

' :jzero shear. 11nes and that the rules ngen for assigning .
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i) determination of the total factored static moment
for the pane] '
ii). sp11tt1ng of this total factored static moment to
negat1ve and pos1t1ve des1gn moments located at the .
: edges of the cr1t1ca1 sect1on, ie. face of the
'; columns and m1dspan respect1ve1y » '
iit) distribution of the\negat1ve and pos1t1ve des1gn

moments a]ong the cr1t1ca1 section to the co]umn ,

. o -and m1dd1e str1ps and\ to, the beams, if any
o The recommendat1ons used t sp11t the stat1c moment
1nto negat1ve and p051t1ve compo ents and then d1str1bute
these into column ‘and m1dd1e str1 moments are. based on
,extens1ve test results and are 1nte ed to approx1mate anf
‘elastlc d1str1but1on This: helps m1n1mt e any prob]ems due:
-to excess1ve crack1ng\or deflect1on |

| Slnce ‘the D1rect Design MetHbd is based n the

satlsfact1on of equ111bk1um and the use of cr1t1 l'sections 4

\Rapprox1mat1ng 11nes of ze\o shear, it can be though of as’
gap" oaching a lower bound solution. ’ | |

The flrst pract1ca1 loWer bound design me thod waS'
~‘3developed in Sweden by Arn1e Hi]]erborg(1) and is Known as
geca‘the strip methodkof,destgn.'ln this methodythe slab i's

reduced to one-way strips spanning in.each direction,-Each

=
.

Vo strip is considered to act independently much as .a -
\ e T o |



continuous beam, carrying an appropriate portion of'the
total applied load. The basis for this approach can be‘seen’
by negtecting'the twisting,moment term in the plete
-equilibrium eduation be]ow(4).‘The resulting expression can

be uncoupled into two beam equations.

amx ‘- am/ 3m | . °

. 2 LY - (1.2)

\ .
The load is carr1ed by these strwps in e1tWer of the .

pr1nc1pa] d1rect1ons and the resu1t1ng,'res1st1ng moments
catcu]ated as for beams. Th1s,procedure ys va11d only for

those support cond{tions'fon which' the effects of twisting:

">vmoments.can be neglected or accounted for 1ndependent1y.

This dccurspWhen each design.strtp has.sufficient supports.
“to be cons1dered as a stable beam For S]ébs suppor ted. on
columns, for exampﬂe,.th1s is not the case and modifications
are requ1red | ” | - Vl

o TQ account for concentratedgloads and for pointh'
supports in a slab which could otherwise be solved usirig the
simple strip- method, Hi]]erbohg introduced tjﬁ concept of e.t!

load d1spers1on element which converted the po1nt 1oad to a

",vpatch ]oad d1str1buted un1form]y over an: ass1gned area.

2
This d1str1buted load was then combined with any other

d1str1buted 1oads and moments computed using the s1mp1e
) i

mstr1p method To sat1sfy 1ower bound theorém requ1rements he
developed an approx1mate moment f1e1d for the d1spers1on T
‘element 1oaded w1th the patch load acttng 1n the oppos1te

‘d1rect1on to the po1nt 1oad or support Th1s moment- f1e1d

; \
\ . .
\\\ | . e

\
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was §uperimposed'onto those moments obtained from the strip
method to give a complete lower bound solution.

The concept of using a load disgfrsion element works
well for panels supporting one or two point'loads of Known
magnitUde. For panels With point supports the method becomes
unworkable in practice in that a small variation in the
assumed hagnitude 6f the support reaﬁtion can lead to large
variations in resuitiﬁg moment fields. A trial énd error
procedure to obtain reasonable moment fields is quite
tedious.

ATo overcome this situation Hillerborg(1) intfoduced the
concép} éf elements b&ﬁnded\by liﬁes of zero shear. This
procedure was naﬁed the Advanced Strip Method by
Crawford(S)L

Hillerborg introduced three types of elements with the

H
i

presentatioh of his advanced sttrip method.
a. Type I: reciangular segment supported’ajong one
edge; transfers load in one direction only

b.. Type II: triangular segment- supported along two

edges, transferring load in one ion

c. Type 1II: load dispersion or corner suppor ted

e}emenf sferring load in two perpendicular

recfionsr | |

rectangular, simply supported slab with a cénter column is .
shéwﬁ in Fig. 1.2 to illustrate fﬁe'divisioh*into'elements,

| The basis_behind'thé adVancedfstriplmethod was‘to

vsatisfy'eQJj1ibrigm-in‘each of the elements and‘theh



"ensurwng compatab1l1ty of moments across common element
;boundar1es, p1ece the segments together to g1ve a coﬁplete'V

_'moment f1eld for the slab H1llerborg also presented sdme ,

: fpract1cal gu1del1nes to be used in d1str1but1ng these - '

’“moments wh1ch would perm1t s1mple steel layouts and also
ﬂ~ensure adequate serv1ceab1lwty » "_ -
" The maJor drawback to both the s1mple strtp and

’:;iadvanoed str1p methods 1s that they are. unsuitable for flat':

"fplate construct1on even w1th regular layouts Recogntz1ng

‘};fth1s fact H1lledborg publ1shed a booK 1n 1974 in Swedlsh

'l“Hl(translated to En9l1sh 1n 1975)( lljln Wthh he presented f'17i~

v“fbh1s strtp methods 1n deta1l but also 1ntroduced a iﬁ ;

tyffrat1onal1zed des1gn procedure for regular column supported e
: \

‘flat SlabS‘ The method d1v1des the slab 1nto a number of

f} 5essent1ally Type III segments Standard1zed preset moment"

e ftelds are appl1ed to th 1nd1v1dual elements to obta1n a "
| T

'[3:complete moment f1eld solut1on for the slab These element M;‘u

'w"fmoment f1elds are des1gned so that | |
vﬁ~5nf | the 1nd1v1dual element 1s 1n equ1l1br1um ‘ |
t };,; equ1l1br1um is” ma1nta1ned between adJacent elements
'”aleit-a un1form pos1t1ve moment can be super1mposed on’ the'ls
'ielement‘»fli : S y "' o o ‘:
vﬂfffnuthe edge moments are not exceeded anywhere w1th1n‘
'Vthe fleld ensur1ng a lower bound solut1on

: [wfj H1llerborg s rat1onal1zed des1gn procedure was not

appl1ed to flat plates w1th 1rregular column pos1t1ons and

';; no recommendat1ons were g1ven for treating these types Of t !



"pF3b1ems In essence th1s nat1ona11zed element procedure is

.‘-qu1te s1m11ar to the DDM d1ffer1ng on]y 1n certa1n deta1ts’:fb‘

’.vof d1str1but1ng moments For the regular s]abs for wh1ch 1t'tf,

'lds app11cab1e there 1s 11tt1e advantage in us1ng th1s

e approach over the D1rect Des1gn Method

'v'»A1though not much used outs1de Sweden, there 1s a "

7}cons1derab1e amount of d1scuss1on and app11cat1on of
F'H111erborg s work in the 11terature(5)(7)(8)

| One other p]ast1c des1gn approach wh1ch shou]d be ‘r_
'*l_fment1oned here is. W1es1nger s(9) segment equ1l1br1um method,z‘br

*g-]oped for flat plates w1th very 1rregu]ar column

"7t'tayouts It 1s based on assum1ng as 11nes of zero shear the’fﬂ =

*f11nes Jo1n1ng the cotumn centers, the 11nes form1ng the

‘rr1ght b1sectors of these 11nes and the 11nes Jo1n1ng the

'columns to the41ntersect1on of the blsectors The result 1sf i

.2 ser1es of r1ght angled tr1ang1es supported at one of the ﬁtft'.

'Qacute ang]es by a co]umn Segment moments are obtawned by

w1

,~_summ1ng moments about orthogona] ax1s pass1ng through the,tﬁ o

twsupported corner and para]]e] to the perpend1cu1ar edges of,pVht'

:zthe tr1ang]e

The total segment moments are proport1oned between

| 7fdnegat1ve and pos1t1ve moments A un1form bottom mat is:

f’fp]aced over the ent1re slab to}res1st the pos1t1ve momentsvte
';'and the negat1ve moments, from a11 segments meet1ng at a
1 support are reso]ved 1nto two conven1ent orthogpna]

= d1rect1ons and an 1solated top mat prov1ded to res1st them :



Un11Ke H11]erborg, W1es1nger d1d not attempt to furn1sh

-

; as lower bound

The Segment Des1gn Method presented 1n th1s paper 15 th=
'”]not a new concept but a cont1nuat1on of the work rev1ewed 1nfﬁ

hth1s sect1on The purpose is’ to develop a pract1ca1 d . |
'ﬁ_prOCedure for the des1gn of flat s]abs on both regu]ar and
.tf71rregu1ar column 1ayouts H111erborg s theory beh1nd the _

'corner and edge supported elements 1s borrowed from heav11y’_'

“hiiand the 1dea of a 1ogica1 progress1on of’steps lead1ng to a. -

L

| a comp]ete moment f1e]d Slel h1s solut1on cannot be cons1dered yt

ffd\str1but1on of moments over the slab 1s 1n fact an adopt1on,}fﬁ'

fztof the ph1]osophy used 1n the Dlrect Des1gn Method o

; P L ! . el S a0 T :, /[ <o
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2. The Segment Design Methodifor Reinforced Concrete Slabs
2.1 Ihtroductioh'to‘the Segment Design Method TSDM)
| The Segment Des1gn Method (or SDM) was developed to
:;prov1de the des1gn eng1neer a means of produc1ng safe and
‘Teconom1ca] slab systems under pract1ca1 des1gn off1ce
" conditions.. It 1s be1ng offerred as a poss1b1e a]ternat1ve
dto the present code procedures, be1ng s1mp1er than the
’_Equ1vaTent Frame Method and more versat11e than the D1rect,
Des1gn Method The SDM 1s a procedure whereby the ent1re
.;sTab is d1v1ded 1nto a number of rectangu]ar segments :
vl.bounded by T1nes of zero shear Moments are’ caTcuTated aTong
dthe boundar1es so that equ111br1um 1s obta1ned for each :

-;1nd1v1duaT segment and. theré 1s compatab1]1ty of moments

_across the boundary T1nes of adJacent segments The totaT'

e~ffslab des1gn ar1ses from the comb1n1ng together of the

: j;predeterm1ned moment f1e1ds from the 1nd1v1dua1 segments to S

*]:jg1ve a tota] moment pattern for the s]ab system

f'i The bas1c assumpt1on for produc1ng serv1ceab1e Tower
hk:bound slab deSIQns is that if a s1mp11f1éd moment f1e1d .can fa;
T‘tbe produced for each segment wh1ch 1s Tower bound and aTsoA-

’f.has a d1str1but1on s1m1Tar to an eTast1c moment f1er r_

vr“;the same segment then not onTy~w1TT equTT1br1um be

at1sf1ed but servtceab111ty shoqu be ensured as weTT
| Economy of des1gn 1s ach1eved by uswng very s1mp1e yT

-2re1nforcement,1ayouts The steeT used to res:st pos1t1ve



- aTong the edges oppos1te the support The area

o

amoments is selected to prov1de a uniform bottom mat
throughout the slab. wh1ch has a }ower ]1m1t,controlled-by
‘the requ1rements of shr1nkage and'temperature reinforcementf\\
ngo'reSTSt the negative momentS'top mats‘are:placed overvthe-
Tcolumns and are isolated to these areas. Th1s type of
| d1str1but1on has been recommended by Wwes1nger(9) and
H1TTerborg(1) and ‘has proven effect1ve 1n tests by Card1nas o
and Kaar(10) : L o L ]
There are three types of segments assoc1ated with the
'Segment Des1gn Method wh1ch are similar to, but used quite |
'd1fferentTy from, the three eTements used by H1TTerborg 1n"h

~the advanced str1p method . These are glven below w1th their

'sappropr1ate-forerunner from the advanced trip methodug)ven
~in brackets. . L f-t _" \ e . :¢
| - Corner Supported Segment (Type 1 I eTement)‘
'V'-h fEdge Supported/EegmentuLType 1 el ment) |
- Adjaeent Edge Supported Segment (2 Type II
.eTements)/ _
The f1rst and most commonTy used of the.segments is the
corner supported segment shown 1n Fig. 2 1. e_segment is_
‘;hbounded by zero shear lines w1th a un1form posvt1ve ‘moment
of negatjve |
fﬁ moment is controTTed by the values of a and €. » f_h |
| 'F1gs 2 2a - and 2 2b are the edge supported and adJacent;*t
'dedge supported segments, respect1ve]y The notat1on used formy
' *these is- s1m1Tar to that for the corner supported seg ent

and needs no further expTanat1on

l
L
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Sect1on 2 2 lays out the methodology of the Segment

Deslgn Method in step form so that there is a concise .

d1rect1on to the des1gn The remalnder of the chapter deals

with the spec1f1cs in the development and reason1ng behind

"each-of,the 1nd1v1dual steps.

2.2 Methodologyitor-SegmentqDesigngProeedure.

h 2.2. 1 The Des1gn Method

ot

The steps in the deswgn process are as follows

| 1 )

i)

'fsegments)

iii)

Jgivl

elect a tr1al th1cKness for the slab

choose trial pos1t1ons of segment boundary l1nes or

N

lines of zerogshear, (thus def1n1ng‘necessary

T

calculate the total stat1c segment moments in each

"segment

spl1t the total segment moment 1nto components of

',negat1ve and pos1t1ve moments, using the

’ ~requ1rements of m1n1mum,gos1t1ve steel and the

vi)

recomnended ¥ values as guides. - -

distribute the edge moments in accordance with'the

rprov1s1ons outl1ned in sect1on 2 2.4, mod1fy

. moments by repeatlng steps iv) and v) if necessary.
;evaluate the tr1al slab th1ckness on the bas1s of
1“the shear moment 1nteract1on at. the supports |

,'cv11) select the re1nforc1ng steel for the top mats and

2
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detai.l the 1ayout and cutoff po1nts of the bars
Ontly steps ii) to v) are un1que to the SDM as the other
steps are common to all slab design procedures As a result4
only these four steps W111 be d1scussed 1n deta11 in the

thesis. '_ - o Ty

2.2.2 Positibntngdof Segment Boundary'Ltnes '(.
| In order to have max1mum moment at the edges of the
'des1gn segment, the segment boundarles mus t be 11nes of zero
shear 1t is assumed ‘that these shear lines are stra1ght
lines, form1ng rectangu]ar segments and that the segments'
cover the ent1re s]ab |
To aid the des1gner 1n pos1t1on1ng these 11nes certa1n

bas1c ru]es are preSented which w111 ‘generally result in a
"~ good firsg approx1mat1on "For irregular slabs final
p051t1on1ng of the segment boundary 11nes may requ1re a
trial and error procedure in order to obtain a
'sat1sfactorary moment f1e]d | o

'fF1rst boundary l1nes should - be selected to co1nc1de
with any ax1s of - symmetry since these by def1n1t1on are
11nes of ;ero shear. From th1s 1t fo]]ows that for regular,
contianUS’panets; WJth ‘equal spans in both d1rect)ons, the
boundany or‘zerotshear.lines wi]l.occur at the'panet midspan
and column center11nes Even when the pane]s are not equa]
'}1n span, th1s pos1t1on1ng of the boundary 11nes 1s |
: recommendedi s1noe_1t_can be shown that a lower bound

»;Solution may be obtained for_any4reasonab1evaSSUmed position



\ \ ' ) \\\\. ) l

of the zero shear lines. ( S

\\\glf the co}Umns are idealized as point supports the
segment\boundartesxpass through'the column. -If the columns
have s1gntf1cant dimensions it is Known that the total panel
moments w11{ bevreduced somewhat due to. the reduced

effect1ve span. The D1rect'Des1gn Metho; accounts for thts
-by tak1ng the cr1t1cal sect1on for negat1ve moment at the
face of the equ1va1ent ‘rectangular” support. 1t is suggested
that. the same procedure be used here, that the'segment
support edge in each d1rect1on be taken as passing through
the face of the equ1va1ent rectangular support Th1s‘resu1ts
in sl1ght1y different segments in each.d1rect]on as.shown in
Figs.v2.3a and Z.Bb,vbut in each case'the_totallioad between .
| supportS'inva gtven'directton is accounted‘for N
atv' " For panels that are not cont1nuous in a given ."
»direct1ony’1e exterlor panels, the posxt1on of the zero
shear line in the pos1t1ve moment region will not
necessar11y be’ at m1dspan An 1n1t1a1 approx1mat1on to thevd
.,pos1t1on of this line may be obtained by assuming the slab
to parallel the behav1oun~of a cont1nuous-beam..For slabs -
with very;fiexible co]umnsiand no beams theiﬁine'ofdzero
*vshear wou]d approach 3/8 of ‘the panel length from the edge.
Th1s value w111 increase to 1/2 the 1ength for a very st1ff
system of exter1or edge support |
To eva]uate the: above approx1mat1on a series of slab

conf1gurat1ons were analyzed us1ng the f1n1te e1ement

program Hybslab(11) with vary1ng rat1os of exterior to

/
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interipr oolumn‘stiffnessesl These analyses provided elastic
moment fields for the.slab from which-the”points-of maximum .
positive moment could be found. A pTan'view-of.the slab =

— ¢

geometry used in the analyses is shown :in Fig. 2.4.

To determine the effect of the ratio of exterior column .-

to 1nteriorxoolumn,stiffnesses,’K[ on the position of the
' zerofshear'line in an exterior-panel 'ané]yses werevoarrted'J
out on slabs with K values vary1ng from 0.1 to 1. 25. Figs.
2.5, and 2 6 are contour plots of the x-moments from the
‘analyses for K equa] to 0 5 and 1, 0 respect1ve1y. As;shown

the p051t1on of the zero ‘shear line moves'very'littie over,a'

re]attvely w1de range of K, be1ng at O 42 of the span 1ength,w

_ for K equal to 0.5 and at 0 45 of the 1ength for K equa] to
.1,5.-Other values of_K were found to}gtve bas1caJ1y_the ‘same
| resutts;-Basedlon theSenresults it tstrecommended that the
fraction‘of the panel given'to the eXtertor‘segments be
taken within tne'range of 0.42 to 0.45 tor most cases. 7A1so
' tndicateddby Figs. 2.5. and 2. 6 is- the val1d1ty of assum1ng
—the zero shear 11ne as @ stra1ght 11ne T

| For slabs w1th wa]]s where edge supported or adJacent
kedge supported segments are requnred the follow1ng pos1t1ons
of zero shear lines are recommended For'an exteriorhedgemt
supported segment the line of zero. shear w111 fall w1th1n |
;‘dthe range of 0. 40 to 0.50 of the paneT 1ength. In general a

value of 0,50 can be assumed with reasonab]e}accuracy for

. fully supported'edges.ﬁ



, vbthrough the face of the support in each of the x and :'T;e.c

+

1Forbe1ements used as adjacent edge supported Segments
’t'the_lines of zero,shear'are/dependent on the‘segments h
adjacent to that etement'(see‘Fig.'3.15),'especja11y in the'
case of irregutar slabs No genera1 recommedations can be:
made and frequently a trial and-error. procedure is requ1red.
k When select1ng the position of zero shear the des1gner
'shou1d remember that pos1t1ve moments across adJacent
,segment boundar1es mus t be'cont1nuous | |
‘ It is suggested that once the pos1t1ons of the boundary
r11nes are se]ected they be -shown on a scaled plan draw1ng of
N the s]ab This can also be‘used for the ca]cu]at1ons,'and
:.S1mp11f1es cons1derab1y the evatuat1on of the des1gn

~
“

2.2.3 Ca1cu1ation of Segment Moments o ~
For each corner supported segment the total-. stat1c

moment. Mo 1s determ1ned by summ1ng moments about an ax1s

\
~.

~

‘“y d1rect1ons The ca]culat1on of these moments in the X and
Y- d1rect1ons respect1ve1y, are 1ndependent of - each other |
therefore it is possible to use one set of segments for |
,“moments in one d1rectton and another set o ‘segments for

" momefts in the'oppos1te d1rect1on The argument here is

| based on: the fact that there is no one un1q e so]ut1on If a
set of segments is chosen there ex1sts ‘a 1ower bound ,“
-solut1on for moments, in say the x-d1rect1on for those'

' part1cu]ar segments K d1fferent set of segments 1n the same.

slab also prov1des a lower bound soﬂut1on for the moment

I
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-fields in that dihectton. A, similar reasoning applies to
moments’in the y-direotion hence one may seleot moments in
one direction from the first set of segments and‘the moment s
in the oppOsite djrection<from the second setfot segments
wtthout vio]ating slab equilibrium and stillthave a lower
bound solution for the entire slab.. This will be illustrated

with the calculat1ons 1n Examp]e II

For the corner supported segment shown in F1g 2.1, ‘the

tota] segment moments 1n the X and y d1rect1ons respect1ve1y

. / . .
are;’ o _ o

%,=172qs*25y ‘ o S (2.1)

M°y=1/2qsy?s;..v R (2.2)"

The edge supported‘segment’in Fig. 2.2a, havtng a
| react1on onTy along the y- axis has the load carr1ed by L
moments in. the x- d1rect1on only Summ1ng moments about the

i support resu1ts inia total segment moment of: »
i \ .

y
l ‘ R o :

A similar equation could be written-with the subscripts

| reveksed‘if'the support was“a10ng.the\x-axis: '

| Note that a]though no stated segment moment 'is computed
dtn the“dtrect1on para]le] to the support, a 11near

distribution of moments in this direction may exist due to

o

|V|°;Z'=*|/-2qs,,(25y | | o (2.3)
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moments applied along the edges perpendicular to the support
from adjacent segments; | o

Due to the static indeterminancy of the adjacent.edge
suppor ted segmen} it is not‘possible to write moment
equilibrium equations about the supported edges wifhout
:intfoducing certain assumptions. Originally it was decided
fo a§sumeié shear djstribution along the adjacent supported
edges. In préctice‘this pfoved to bg qute uselgss, It was
vfbund, simi{ar]y to Hi]lerbdrg's 1oad]dis§ersion element,

. that a very small‘chanéejin the shear distribution along an
edge may cause a very drastic change %n moments. No
recommendations fdr de;ign‘could be given using this
approach. | _

A second appro%ch to the problem, and the one finally
settled on, Qas to.assume a- line of zero shear eXtendingh
from-thé supp@nted corner across on, the diégona} to the
‘opposite corner as shown %n Fig. 2.2.'This enabled the
segment;to be broken into triangu]ar‘regions, ngt unlike thé
Type 11 eTeménts used in the advanced strip me}hod, each
carrying.fhe.lbadvto their resbective/edge support. The‘
resu]tihg éxpnessions for'thévstatic moment on the

triangular_regighs are given by equatidns 2:4 and 2.5.

PR .

Mo =1/6qsy 25y o (2.4)

/

Mo =1/6qsy ?s A (2.5)
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Wh11e the above equatwons are s1m1Tar to those wr1tten for
fH1TTerborg s Type II e]ements the use of the moments 1n the

’T‘SDM is qu1te dtfferent 1n that they appTy to the ent1re

'ntrectangular segment and a compTete moment f1e1d 1no1ud1ng i;-v

-b-p03s1b1e tw1st1ng moments 1s evaluatéd

_.._,. .
Q ? '

‘:TT2 2 4 SeTect1on and D1str1but1on of Pos1t1ve and Negat1ve “;N"

L;Moments

Slie

_ The totaT stat1c segment moments must be aTTocated to
Abfthe para11e1 boundar1es as pos1t1ve and negat1ve moments AS}{[
_w1TT be shown 1n chapter 3 any practtcaT d1str1but1on T .»‘
‘._ebetween postt1ve and negat1ve moments, for any segment W{tjagf
':oresult 1n a Tower bound moment f1e1d Zttef_maxtmum.momenfs7'
GgYoccur at the edges) }_ﬂfd;[%htiift zhfidb?“'i 'A{ghl ‘d‘
| As a starttng p01nt.an 1n1t1aJ un1form pos1t1ve moment
'";f1eJd 1s seTecﬁéd for the ent1re sTab wh1ch woqu =

:fcorrespond to the moment capac1ty of the shr1nkage and

"«temperature re1nforcement In the case of heavy Toad1ng th1s

o

"»»:,can be 1ncreased The negat1ve moments are caTcuTated for]f 5

’ each segment from equatton 2.6

~'T;;";4M;:Mo;mi;}”f"ff"fdﬁf 2

The parameter m def1ned as the rat1o of negat1ve M' n'.

-

E to pos1t1ve edge moments, M+ 1n a: g1ven dlrect1on may be
’ff used as a bas1s for determ1n1ng the su1tab111ty of the |

o .}:.. /‘— e e
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vy:ﬁ?s1t1ve and negat1ve components calculated E "wfl‘.;ﬁ'
The recommended values of i - are based on: meet1ng
e

serv1ceab1l1ty requ1rements in: that they are selected $O aS‘ .

;to approx1mate the results from an elast1c moment f1eld

",’wh1ch w1ll generally prov1de adequate serv1ceab1l1ty :Thej

results from the analyt1cal analyses done on the slab 1n

F1g’ 2. 4 were used to calculate m values for two segments 1nt

' ':nan exter1or panel for d1fferent relat1ve st1ffnesses between

‘:hﬂexter1or and 1nter1or columns The results are’ Dlotted r~m

ligraphlﬁal1y in F1g 2 7. ‘As expected the rat1o w decreases’:

*_pw1th a. decreas1ng rat1o of extertor to 1nter1or column

":st1ffness for both the exter1or and f1rst 1nter1or.segments S
E 1

For the USual case when the k rat1o 1s between O 75
‘tj{and 1. O the exter1or m rat1o is- w1th1n the range of 0 40 “ ”

H,Zand 0 45 For the same . range of K the results show m for an ’

'f71nter1or segment to be approx1mately equal to 1. 5 Allow1ng'.,

=»foor some amount of moment red1str1but1on 1t 1s recommended

'Ethat w be w1th1n the range of 1] 35 and 2 O for 1nte@£pr
f;segments These values are recommended for serv1ceab1l1ty
hcr1ter1a only It should be noted that any dev1at1on from Q[no

"the gu1del1nes W1ll not 1n any way affect the val1d1ty of a'

”";lthe appl1cat1on of the lower bound theorem to the . segments

W1th the pos1t1ve and negat1ve moments known and ;T

'?ft1nd1cated on a plan view of the slab 1t 1s ‘now up to the

‘;fdes1gner to dec1de 1f there 1s an adequate set of moments to

‘*f;proceed Of the th1ngs that can be checked at th1s po1nt the

des1gner should ensure that there 1s cont1nu1ty of moments '_.

EETIE
K 4
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afmoments between adJacent segments that there is not too n'{
| large an unbalance at any of the support edges. and that the'~”
Tﬂ values fall w1th1n the recommended ranges g1ven above
| If the’ w values calculated fall outs1de the suggested
MTTgm1del1nes the de51gner has two opt1ons open to h1m F1rst_fﬁ:h
"w1f w 1s too smalT he can 1ncrease the negat1ve segment
gmoments to obta1n a des1red m 1n wh1ch case the pos1t1ve |
.:moment steel is not cons1dered fully effect1ve on the bas1s ﬁ‘f

"F'of strength or if w 1s too large the des1gner cah e1ther,l

'“ffreduce the negat1ve support moments or 1ncrease\the amount

-_tjsegment moments

‘7gof bottom steel to ’bump up the pos1t1ve moment In no caseﬁi
fft1s the bottom re1nforcement spec1f1ed to be less than the ,,‘f
5:frequ1rements for shr1nKage and temperature steel |
| . A second optlon, 1f 1t 1s felt that ad3ust1ng the m
| values w1ll not g1ve ‘a sattsfactorary moment f1eld 1s to
f:7emove the segment boundary l1nes thus chang1ng the total
S A SR S
The d1str1but1on of negat1ve moments 1s dependent o
Tfthe type of segment be1ng cons1dered The support manentsvrt-f%

:*ffor the corner supported segment are d1str1buted un1forml§%‘t;5

Tover asx and esy The values of a. and € should be such so aspi‘

7fto prevent a flexural punch1ng fa1lure fé%m form1ng at the
‘fflcolumns Recommended values to prevent th1s type of fa1lure
bigare g1ven in chapter 3 » | R |

Negat1ve moments on an edge supported segment are to be*"‘*‘f--'E

:stf'un1formly d1str1buted across the support span result1ng 1n a

u~3,un1form bottom mat of steel For the case where the support L



ﬁbedge 1s sxmpfy supported no top mat 1s necessary
The adJacent edge supported segment 1s a spec1a1 case
'!where top steel 1s requ1red whether or not the support

\
cond1t1ons are f1xed or: s1mp1y supported in that w1th the

‘!T‘ss1mply supported case there are s1gn1f1cant tw1st1ng moments

f1n the support reg1on wh1ch must be accounted for Th1s w111

rbe exp]alned further in. chapter 3 | _ 7

. To ass1st 1n the select1on and spac1ng of re1nforc1ng,d:d’

e_to res1st the des1gn moments Tables A 1 and A 2 in Appendlx'

A g1ve moment capac1t1es for var1ous bar spac1ngs and slab
dth1cKnesses for numbers 10 M and 15 M bars respect1ve]y

iWhen ca]culat1ng the cutoff po1nts,for the top mats '

n_'s1mpl1f1ed moment f1elds such as shown in F1g 3 8 may be’n

" used, as a gu1de to determ1ne where the steel 1s no longer@l_]-

| dfrequ1red to res1st the negat1ve‘moments.¥r
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' FIGURE 2.4 Slab Configuration Used for Analytical Tests
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FIGURE 2.5 Position of Assumed Zero Shear Line for k=0.5
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'FIGURE 2.6.Position of Assumed Zero Shear Line for k=1.0
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3. The Properties of Segments'

‘ 3{1‘Segment Deveiopment »

The main ‘elements in the Segment De51gn Method(SDM) are
the segments used to d1v1de the slab 1nto 1nd1v1dual
components. The procedure used to obta1n cont1nuous moments
along the boundar1es of these segments and still sat1sfy the -
~tota1 equ111br1um requ1rements has been descr1bed in chapter‘
2. To ensure that lower boundarequnrements are satisfied and
to provide guidance for CUrtaiJing‘reintorcement,'it'is
necessary to know what the internal moment’ftelds for each
segment Wil] be 'Knowtnghthe nature of, this distribution of.
.1nterna1 moments w111 also facilitate reasonable boundary
moment,d1str1but1ons part1cu1ar1y for 1rregular spac1ng of
| supportjng columns and walls.
| For these reasons. the'interna1~moments.for'each‘segmént
‘type, for d1fferent boundary moment d1str1but1ons are
’exam1ned in deta11 by obtaining so]ut1ons us1ng the f1n1te
element program Hybslab(11) By compar1ng the e]ast1c ‘moment
vftelds for d1fferent boundary moment dtstr1but1ons w1th1n a
segment some insight can be obta1ned 1nto the proper
se]ect1on of these boundary moments sO that a safe and
serv1ceab1e des1gn can ‘be achieved.

The chapter is d1v1ded 1nto three sect1ons, each
ndevoted to a parttcu]ar segment Beg1nn1ng with the corner -

‘jsupported segment each is presented 1nd1v1dua11y wﬁth a

.35




20

" detailed eXplanation'of itstparticutar properties and
characteristics. The edge supported and adjacent edge
supported segments fo]low respect1ve1y ‘The results from the
,ana]ys1s of each segment for particular boundary momen t
‘distributions applied to it, can be used to der1ve
s1mp11f1ed moment fields which can be used in design (see

F1g 3. 8)

32 The Corner/Supported Segment

The corner supported segment used in the Segment Design
Method is an»adaptat1on of H111erborgfs(6)( 5) Type nr
_element. The segment'is'reCtangularvjn.shapeband'supported'
,esSentia]ly at one corner onty Exceptbalong the column
.faces (see Fig. 2 3) - the . four edges of the segment are
bounded - by assumed l1nes of zero shear The d1str1but1on_of’
boundary moments chosen for the segment correspond to those

S

shown -in Fig 2;1. N

xv‘Since for a corner supported segment'the.negative
“moment is concentrated near the support it would’ seem
log1cal then to have'Mx act on]y over a’ 1ength of esy and‘
Mtycact'over ASy . The segment and resulting distribution of
~ moments is as shoun’in'Fig; 3.1. This isvconsistent wtth»the

decision to provtde iso]ated.top mats providing negative
‘moment res1stance

To provide some gu1dance in setect1ng a and e values a

series of e]ast1c ana]yses were_carrted out on a corner
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suppobted segment with an aspect ratio’equal to one, ¥ equal
. to 1.5 and varying o .and €. The resulting moment tields were
examined and comparisons made of the positions of the zero
moment. 1ines. It has been found that although sOme TeeWay'is
possib]e, the best results in terms of approx1mat1ng an
elastic solution for a comp]ete slab is that the negative
momentS'be distributed with o« and ¢ within the range of 0.45
to 0.6, | |

A]though theorettcally‘these va]ues may vary from 0 to
1.0 1t is recogn1zed that failure at the column may occur
from the deve]opment of a y1etd fan Q%ﬁend1ng out 1atera11y

bfrom the support ‘hence, it is furtheﬁ4iecommended that «

and ¢ not be taken 1ess than 0. 45~ d** ’}representat1ve‘

segment 1ength in 1nter1or segments anﬁhnot less than O 5
‘for the exterior segments.,H1gher va]ues of « and « wou]d
not be overly conservattve. In- cases where two cornen..
f'supported segments havingxhtgh1y differentﬁareas share a -
common. edge:boundary 1tjmay be necessary to distribute the‘
negat1ve moments in the sma]ler segment based on. a - 1arge a”
or € to 'maintain cont1nu1ty across the support edge: In this
case a and ¢ take on va]ues based on the larger segment.
Wength .
" Elastic moment f1e]ds weﬁe also found for corner |

| supported segments w1th vary1ng aspect rat1os In al] cases
a, e and were he]d constant The segments tested had a
1ong span of 3 0 m and were acted upon by a un1form design ’

\'h

'load of 12.O,KN/m2 A compar1son was made of the 1ocat1on of

J L1



‘thzero moment for segments wwth aspect rat1os vary1ng from 0 5
l»“to 2 0 The results of th1s test 1nd1cate that the bas1c

dlstr1but1on of munents qs fndependent of the aspect rat1o

ﬂfﬂaTh1s 1s seen for aspect rat1o\{o: 0.5 and 2 0 for the corner
R A N i

supported segment shown 1n F1g \i

52 where the contour 11nes

ifg7represent the X~ dtrectlon moments 1n kN m/m 1ff 35fff:ﬂJf&"

The pos1t10n of the po1nt of 1nf1ect1on 1s affected by

bﬁ’gtfe‘u val‘eghowever P]ots of the zero moment ltne for the

%jafnorma] r‘ahgellex'tr‘emes of ﬂ between 0 5 and 2 O are shown 1n:'*

Aga1n'the contours.

}d1stance as 1t 1s for w ;‘ a] to 2 0

moment be taKen between O 4 and

:ﬂ”vtfthe posttton of ze”

“ﬁ”;o ;5 of ‘the" segment 1ength11n a]l cases v't?f:fo;:ﬂf:éﬂﬂ

"ﬁ_foi'efer‘”e the complete d1str1but1on of moments

‘t

"th1n a segment an elasttc analys1s was carr1ed out on an

iexample segment subJected to a un1form 1oad of 12 0 KN/m2

bt JW1th a and € equal to O 5 the aspect rat1o equa] to 1‘;h;i?t

xﬁ,fﬂ equal to 1 5 The segment length was 3,05m‘ The ;fff5t»

””nx d1rect1on moments resu]ttng from th1s anaTy51s are jﬁuyﬁ*

w"f;e]ast1c moment f1e1d for a corner supported“segment shown

o r e
S 0

5p“find1cated by a typ1ca1 three d1mens1ona1 prof11e of the gﬁ;‘fiif

7e;1n F1g 3 4 F1g 3 5 1s a_contour map of the X moments on ;piff'



"

’l the segment where the contours represent moments in. KN m/m

li;ocolumn laYOUtSFf

- A s1mﬁlar d1str1but1on holds for the - y- d1rect1on moments
- t From the prof1le map 1t can be seen that nowhere 1ns1deff'
sf:;the segment are the edge moments ex eeded Th1s supports thé)ﬁf
'viflower bound theory and allows the des1gner to base hts__‘

s ;:des1gn on. the edge momedts alone, Know1ng that strength w1se}‘3>7

e

,7s4the des1gn ?s on the safe s1de The contour plot further S
}:f;substant1ates the results of F1gs 3 2 and 3. 3 that the'ﬂlf
?lffzero moment l1he is between 0. 4 and 0.45 of the span in the_lztgf

wgdrrect1on that moments are be1ng cons1dered

H1llerborg(6) “in develop1ng h1s rat1onal1zed load

"“fjd1spers1on element made 1t clear that the moments along an i
ﬁf’fedge should be of the same s1gn However 1n us1ng the

lfiw'Segment Des1gn Method for the deswgn of slabs w1th 1rregularl;ha3

1t has been found that 1n certa1n cases

ftffelast1c model and the results show that the lower boundness'fﬁ'

e

- fof the segment 1s not affected so long as ‘a su1tablevfl

:fﬂfd1stance 1s g1ven for the trans1t1on from negat1ve to

1t‘ve moment‘along the SUppOPt length It 1s suggested

;1mum trans1txon Qf 0. 20 of the edge’length be

‘i{f)prov1ded for th1s purpose F1g 3. 6 shows the d1str1but1onf”"”

'"fof edge moments for a 3 OX3 0 m square segment tested W1th a

"”and € equal to O 45 unde: a un1form de51gn load of 12 O ,hfdv

‘:foN/mz FLg 3 7 Shows the prof1le of: moments for such an:”"

47115edge dlstr1but1on Tnd1cat1ng that the edge moments are StT]]

R

N
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In deyelop1ng a s1mplwf1ed ver51on of the moment f1eld

flower bound.’

“for the corner supported segment the elast1c momen t f1elds
f‘were used as a means of determ1ntng the l1nes of 1nflectton 5
—and by approx1mat1ng the elast1c moments the segment w1ll
' generally sat1sfy all serv1ceab1l1ty requ1rements Based on

hF1gs 3 4 and 3 5 a more s:mpl1f1ed moment f1eld for a .

R general segment w1th w in- the order of 1 5 and 2 0, is

s;,presented in F1g 3. 8 Th1s s1mpl1f1ed moment f1eld can be

fused to calculate the theoretlcal cutoff pownts for the

‘;hmre1nforc1ng The steel embedment lengths as’ spec1f1ed {hr«\

”:Vs1mpl1f1ed moment f1elds espec1ally w1th 1rregular support ,\;e

'fslab result1ng 1n a complete des1gn moment fweld for the L
L = _ s . v o RRY R
e slab

.clause 10 of CSA A23 3(12) must be added to these lengths to

' obtatn the actual cutotf pownts The advantage to us1ng the

'O\'

X’flayouts, 1s that 1f one had a fam1ly of such plots for

d1fferent u values they could be overla1n on a plan of the'f;'y-"

~
o

W1th the bachround 1nformatwon galned from the test

.)vanalyses the corner supported segment when used w1th the

O

~;to strength requ1rements-m

]serv1ceab1l1ty

_,recommended d1str1butwon of edge moments 1s saWe w1th regard

°d w1ll prov1de adequatej R

SRS

! .
R
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3 3 The Edge Supported Segment - | o
The ‘edge supported segment 1s'supported a]ong one edge
w1th the other three s1des bounded by assumed 11nes of zero:
"‘shear The 1oad 1s carr1ed to the supported edge in the
perpend1cu1ar d1rect1on w1th no 1oad assumed transferred

para]le] to the support Moments are;summed about -the

supported edge to obta1n the segmﬁ- sﬁatib”momentt;To,:
ma1nta1n cont1nu1ty between seg‘ A ﬁ,,“dntform pOSttiveg ”{f
| moment is. su%frposed on the edge‘ posité:the‘sgbpghtgvfhehusj:;
negat1ve moment is: un1form1y d1str buted a]ong the support |
t_edge and the sum of the tota] negattve and pos1t1ve moments
maKe up the stattc moment For a s1mp1y supported edge

‘ftotal moment 1s carr1ed by the pos1t1ve moment

xﬁ»edges adJacent to the support to sat1sfy cont1nu1ty of any
3moments from adJacent segments ‘ | |

- A ser1es of elast1c ana]yses done on a- typ1ca1 segment

5funder un1form load 1nd1cate 11tt]e or no effect in thej,gi

vfd1str1button of moments under vary1ng degrees of o

A 11near d1str1butlon of moments is assumed between the";d'

7frectangu1ar1ty F1gs 3. 9a and 3. 9b 1nd1cate the pos1t1on of v:?i

'fthe 11ne of zero moment for aspect rat1os of 0- 5 and 2. O
‘frespect1ve1y It has been found that _1n e1ther the 1ong or.
"ﬁ’vshort d1rect1on, the pattern of moments resembles that of

JhT-F1g 3 10 where the po1nt of 1nf1ectton var1es between 0. 375ed‘



n‘and O 50° of the span Tength The e1ast1c moment d1str1but10n |
‘.for a typ1ca] edge supported segment of 3 0 m span, under a
un1form load of 12.0 KN/m?2 and with R/ equal to 1.5, is.

‘t111ustrated by a contour map 1n F1g 3. From F1g 3 10 it

:.,1s ev1dent that the. moments anywhere w1th1n the segment are _i\~

' f3 4 The Adjacent Edge Supported Segment

eas11y calcu]ated

\-

L.

~

' The adJacent edge supported segment was developed to

‘enable the des1gner to be able to calcu]ate the moments in

t__an area bordered by two wa]ls perpend1cu1ar to each other

'ﬂckFor slabs cont1nuous]y supported a]ong the edges w1th wa]]s,li?yf

Qj,for examp]e water reservo1rs, 1t 1s a conven1ent way to SRR

‘v;handte the corner areas “As w111 be demonstrated 1t can al o’a;r.

;7g.or along sTab edges w1th dwscont1nuous supports

"are dtstr1buted untformly a]ong the edges oppos1te the ~

vbe used in comb1nat1on w1th the. corner and/or edge support vv,‘~7

fv’#segments to f1nd moments e1ther around 1nter10r par@ﬁttons \lgij

o l As WTth the other segments the totaT moment 1s sp11t

_~1nto p051t1ve and negat1ve components The pos1t1ve moments’dt“

:support edges (1e on the ha]f of the segment not accounted o

ffffor 1n the equ1T1br1um equattons) Thts 1s 111ustrated tnl f

o - Fig. 3. 12 for a typ1cal segment along w1th the negat1ve
ﬂ'moment d1str1but1on ATthough th1s d1str1but1on is adequate_
';For f1xed support edges 1t w1TT not prov1de for the common,bl"““

”dcase of a slab 51mp1y supported on a wa]T Equ111br1um of
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the segment 1mp]1es that 1f the negative moments along the g

fsupport edges are- equa] to zero there are s1gn1f1cant1y h1gh

‘ tw1st1ng moments present wh1ch have X and y- components a]ong h

| _the support edges For a s1mp1e support cond1t1on,.based on
"elast1c moment fwelds for adJacent edge supported segments
pw1th aspect rat1os of 1. 0 1t has been found that a top mat :.
of- stee] must be prov1ded paral]e] to the support edges, to
tfres1st negat1ve moments in’ the order of 30% of Mo, 'Ihe'_
dlstr1but1on of these moments 1s such that a: and € and Ml &
- /Ma and M1 = /Mg are equal to O 5. Th1s is shown for a
':-typ1cal square. segment 1n F1g 3. 13.. L : i -
These d1str1but1ons have been ana]yt1ca11y tested underQ
*]1m1ted var1ab1e cond1t1ons so have some 11m1tat1ons glaced
.'upon them F1rst of all the e]ast1c ana]yses were performed
'for a segment w1th an aspect rat1o of 1 O therefore 1t 1s.‘.
recommended that caut1on be used when app1y1ng th1s segment
'mto the SDM for other va]ues For a segment w1th adJacent
? edges f1xed the ana]yses 1nd1cated that for w va]ues 1ower
:?than O 7 the presence of tw1st1ng moments 1n ‘the” support

"reg1on became a factor Un]esd a- top mat 1s p1aced at the ;

hcorner reg1on a m1n1mum m of 0 75 is suggested for des1gn

o purposes

Under the ]1m1tat10ns 1mposed on the segment twon5

sﬂtyp1ca1 moment f1e1ds were found one for adJacent f1xed

'edges and the other for s1mp1y supported adJacent edges Theth

. fbasts for these moment f1e1ds was elast1c so]ut1ons found

ffor typ1ca1 adJacent edge segmentssZB OXB O m square under ;rvf*
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a“uniForm Toad ot:12v0 KN/m2 The x?moment contour p]ots are“
shown 1n F1gs°,3 14a and 3.14b with the former correspnd1ng
to the f1xed case ‘and the 1atter the swmply supported case
In se]ect1ng re1nforc1ng for the adJacent edge

_supported segment there are two cases to. cons1der F1rst for"

"~f1xed edge supports a un1form top mat 1s recommended along

‘the full length of the support edges Secondly, for s1mp1y e

f‘supported edges 1t is recommended that two th1rds of the -

":msteel be concentrated over ha]f the segment length from the :

v°supported corner._w1th the rema1n1ng th1rd placed along the
- edge 1engths beyond the ha]f way po1nt Thls is cons1stent
~‘4'w1th the edge moment dwstr1but1on shown in. F1g 3 13. For'h
“both support cases the pos1t1ve steel ts~un1form1y' | |
h.dtstr1buted throughout the segment . é; bl'.'f:ftd‘” d\f"u
. For the slab shown in F1g 3. 15 “where’ the supported

"'edges of the segment are d1scont1nuous,.add1t1ona1 negat1ve

."moment resﬁst1ng steel is requ1red a]ong the span edges to

;reswst the support moments from adJacent segments The 1ower ;'

:"pport1on of the s]ab in F1g 3. 15 has been rough]y d1v1ded f

'~1nto segments w1th two corner supported segments, next to

o

‘ hthe adJacent edge supported elements, shownjcross hatched

At

: From sect1on 3 2 1t 1s Known that M' from the cross hatched -

-ft“segments is to be d1str1buted over,gs Th1sknesultsv1n a_,f
:.negat1ve moment over ‘part of the span edge ! the adjacent”

edgepsupported segment To rewnforce for this 3menttit'is

s jsuggested that the moments act1ng on the adJacent edge 1.'”

'5tsegment be res1sted accord1ng to the gu1de11nes g1ven above
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'.;gand that additienalAtep steel be provided to Tesﬁstht‘sanm
”distributed‘oVer €S where € is equal to 0 4, A 51m11ar '
procedure is fo\lowed for interior part1t1ons and the same
recommendat1ons hold for y d1rect1on moments | '
. The case of a- segment w1th adJacent edges of d1fferent

‘support cond1t1ons was . not 1nvest1gated and the use of surch

-.a segment is not recommended w1thout further study.
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to 0.5

,,,,,

to 2.0

FIGURE 3.2 Pos1t1on of Zero Moment L1ne in Corner . SUpported

ot

Segments with D1fferent Aspect Rat1os
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FIGURE 3.3 Position of Zero Momgnf Line in Corner Subported

' Segments with\Diffgtgni v Values
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FIGURE»314 Profi]e_of'Moments‘ih the X-Direction for Corner

'.Supported~Segment
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FIGURE 3.5 Contour Map of X-l‘-irat‘.tio_n Hesoents (N =m/ ) e
o Corner Supported Seginent
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'  FIGURE 3 12 D1str1but1on of Pos1t1ve and Negat1ve Moments

for AdJacent Edge Supported Segment
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4. Design of Flat Plate Structures

4.1 Introduction

The segment designtmethod was developed for easy
application 1n the des1gn of general flat slab problems "To .
demonstrate th1s for flat plate: structures two design ‘
examples are presented 1n this chapter. The f1rst examplezts
“'a regular column supported slab s1m1]ar to the analytical
dslab used in chapter 2, but w1th the po1nt supports replaced 5
by actual co]umns ‘This examp]e is intended to 1ntroduce the
'des1gn procedure and fam11ar1ze the reader w1th some of the
dec1s1ons wh1ch have to be n made " The second example 1s a
deswgn of an 1rregu]ar flat p]ate w1th a random column
flayout to demonstrate the scope. of the procedure Both ofv

the des1gns ;are carried out using the step form of the

procedure g1ven 1n chapter 2 w1th a short d1scuss1on

o e]aborat1ng‘on the Optlons avaw]able within each step

~Intentional errors in select1on of certain values were
'1ntroduced o that the ease w1th wh1ch correct1ons or
mod1f1cat1ons of the design can be made may be 111ustrated

' The mater1a1 propert1es are the same for ‘each examp]e
and are 1tsted be]ow along w1th the unfactored live load and

column d1mens1ons

_concrete compressive strength , L 30" MPa

 steel yield strength L 400 MPa
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uniform design load L 3.4 KN/m2

column sizes .. 400 x 400 mm

4.2 Example I - Regu]ar F]at Ptate S1ab

A plan view of the slab under cons1derat1on is shown in
Fig. 4.1. The- geometry was chosen to have double symmetry in
order to reduce the amount of necessary ca]culat1ons
4.2.1 Select1on of Trial Slab Thtckness |

Step one in the design procedure is to select a tr1a1
estimate of the slab th1ckness Based on the requ1rements in
chapter 7 of CSA- A23 3(12) the minimum slab thickness’ for
slabs w1thout beams, for a typtcal.panet, is found from

- equation 4.1. o v RS

he[en(800+Fy/1.5)1/36000 . (4.1)

Forrthe exterior'panelltn'fig. 4;1fa[minimum thtckness
‘of 183 mm is;calculated‘based on a clear span 1ength of 5600
'mm and a slab’ depth 1ncrease of 10% to account for the
’d1scont1nuous edge Based on this an 1n1t1a1 va]ue of 190 mm"
‘was chosen resu]t1ng in a factored des1gn load of 12.0
kN/m2 | _ | J |

Pre11m1nary shear checks carried out on the s]ab v

indicate that the trial thickness of 190 mmAjs adequate to
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8 . :
prevent punching or beam shear fai]urF.

4.2.2 Selection of Segment Boundary Lines
Because of the double symmetry in this problem, only
one guarter'of the_s]ab musf be considered. The boundaries
- of this quarter'sect{on also form segment beundaries. since
11nes of symmetry correspond to lines of zero shear. -/
. The 1nter1or segment boundary 11nes are selected w1th
ihe’a1d of the_recOmmendat1ons of sect1on.2.2.2. For the
exteriorvpane]s,.in each direction, it is reCommended_tnatV
the zero‘sheef iinefbe,localea at 0.45 of the span length.
This results in segment lengths of;%.gd m and 3.30 mJ,With'-w
~tnevformer\corresbonding to the outsidegsegment‘and the
‘]atter the first interior one. The segmentsvin'the interior‘

3 panels are bounded'%y lines of symmetry, as prev1ously

~,L\ment1oned and have 1engths of 3.0 m,

The d1v1s1on of the slab quarter 1nto the 1nd1v1dua1
'segments,'1n the-x-d1rect1on, 1s shown 1n plan in F1g 4 2a
._F1g 4.2b 111ustrates the segment dimensions in the
y*d1rect10n.:Note‘that When calculating tota] segment
moments, the c]eaf span is to be used_in the'direction under
consideretion andvthe“center—fo—eenter span in the

transverse direction.



4.2.3 Calculation of Total Segment‘Moments'

‘The total segment moments in the x-direction.for each
- of the segments, is found from:equation 2.1 where sy, is the
cJear'soan in_the x-directioh and sy is the "full segment

length in the y-direction.
i \

0y =172qsy 2sy (2.1),

These moments'are given in brackets for the-individUal
segments in Fig. 4.2. Because of the symmetry 1nvo]ved the
y- d1rect1on moments are equa] in magnitude and will be not
'd1scussed 1n‘th1s examp]e. '

For an office design situation it is recommended.that a
record of all the moment‘ba]cu]ations be Kept onnlarge p]an
draw}ngs of the slab. This maKes it easier for the des1gner

" 'to keep track of his ca]culatlons and compare moment fields

.as we]l as‘fac111tat1ng the ease in which corrections may be»

made. This procedure is demonstrated in-this example.

4.2.4 Splitting of Segment.MomentSAinto Negative and
Pos1t1ve Components |

The 1n1t1a1 spl1tt1ng of segment moments 1nto negat1ve

4 ':and pos1t1ve components is based on choos1ng a un1form

.pos1t1ve moment f1e1d correspond1ngtto the capacity of
shr1nkage and temperature re1nforcement and on selected U v
'factors If the pos1t1ve and negat1ve moments are selected
ibased on U values a]one depend1ng on the value of v chosen

fthe des1gner may or may not come. up w1th a su1tab1e

-

k
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dtstr1but1on of moments. A poor 8ho1ce of w maz lead to
O

\:"qmoment unba]ances at the supports which are too large to be

carried by the columns or' non-compatable moments at adJacent‘
=$egment boundaries. @

In this example an initial distribution of the static
moment- will be made by chooSiné Values of v to demonstrate
-the problems w1th this approach and show the ease with wh1ch
corrections can be made. The second tr1al is based on the
reco;mended procedure of starting w1th a uniform pos1t1ve
moment intensity. The 1n1t1a] va]Ues of g se]ected which

are reasonab]exbutjnotwgood choices, are as follows: -

N *
ER,

type'of‘segment }fﬁi., B o EC e )

po%

exterforyiu.f ..... [ ..0.80
first interj

other interi

Note that the w value of 0. 8 chosen for the exter1or
.segments 1s 1Trger than that recommended in chapter 2

W1th the chosen w values the pos1t1ve and negat1ve

moments_for eaohisegment'areyfound using equat1ons 4.2 and

2.8,

M =Mo, /1+d) S (4.2)
: .: . - o B . é . ) » B
These moments are shown in Fig. 4.3 where the negative

T



-v-t// . ’ : B : :
- v.h‘“_

?t{"ﬁnnents; M'; are shown'on the support boundary 11nes and the:'
/'L pos1t1ve moments M*’ shown on the _span boundary l1nes All
t;%moments are eXpressed 1n un1ts of KN m -

There are two maJor po1nts to note about the moments -
S shown 1n F1g 4 3 F1rst1y,»1t 1s ev1dent that there 1s no
L cont1nu1ty of moments along.the pos1t1ve moment.boundary g
“j) 11ne 1n the exter1or pane] Th1s v1olates the f1rst ru]e of‘

1ower bound theorem wh1ch requ1res that equ111br1um must be_

"4f sat1sf1ed at a]] po1nts. The second po1nt of 1nterest 1s

30 S DR

that there 1s a h1gh percentage of moment 1n the exter1or"
~',‘v', /

Spa” 91Vé2 to the outs1de co]umns Un]ess the exter1or‘&?
columns are to be extremely stﬂff for reasons other than.°«f"‘a
i;s?support1ng the slab 1t is not econom16a1 Or)deS1Pab]e to' -

bave such h1gh munents It 1s ev1dent that a sma]ler value 1'¢§f
U e
of w should have been chosen fon the extérTOr segments

v For the second tr1a1 a untform pbs1t1ve moment o
selected wh1ch must be at 1eas* as. great as that requ1red

. b
f_ for shr1nkage and temperature requ1rements' In CSA A23 3 12)

!

th1s 1s g1ven as

B g

L BT I *:"As:px”bx’h‘/-v BT EE I
5'._“ SRR T r' ' * . - r'

“ﬂ@h where p 0 0018 for fy24OOMPa and O 0020 for fy<4OOMPa
For thls exampte, w1th\h equa] to 190 mm the requ1red

m1n1mum steel area 15 342 mmz/m requ1n1ng 10 M bars at 292

»

mm Although the 11ve loadwng is not 1arge a pos1t1Ve moment

_—

somewhat greater than the m1n1mum is $/1ected say 10 M bhg!,

\Vd at 250 mm givlng a moment capac1ty of 22 B KN: m/m S
G T e e Cof ~?wft91*' -
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Us1ng the 22 6 KN m/m as the pos1t1ve des1gn moment the
negat1ve moments for each segmeht were calcu]ated from |
N equat1on 2 6 and are shown 1n F1g 4, 4 by the second row of
o‘numbers along each SUpport 11ne To better, U]ustrate the"
note keep1ng part of the procedure the pos1t1ve and
'f negat1ve moments from the 1n1t1a1 “trial are also shown 1n ;‘*'
Car the f1rst row of numbers L _““ | | v S
g _' To ensure that those‘moments w111 prov1de a. serv1ceab1ebw
s]ab the w va]ues were checKed for each row of segments tn~
the exter1or,panel &he sma]ler segments had w values of 0 66
and the larger segments w equal to 1 55 The segments 1n thelu
- 1nter1or paneT had b equal to 1. 08 : : y %: S
' Based on the recommended va]ues of w in F1g 2 7 and

chapter 2 some changes were deemed necessary ln the

| exterTor panel the pos1t1ve moment was 1ncreased to’ 25 3

KN m/m wh1ch lowemed w fwnthe’squ1ew’;ater1or segmepts to‘a
more econom1ca] value of O 48 In tﬁe 1nter1or pane] 1t was-
found that m was too low If the pos1t1ve moment 1s not
decreased the negat1ve moment 1n each 1nter1or segment must
be 1ncreased In the examp]e w was 1ncreased to 1. 60 These

tfvﬁffhges are shown 1n F1g 4 4 by fhe th1rd row of numbers

:t4 2 5 D1str1but10n of Edge Moments and Comparlson w1th an

'j,E1ast1c Moment F1e1d h'_ e | L
| In F1g 4 4 two d1st1nct 11nes of pos1t1ve moment are ,t{i”

“**lxev1dent S1nce these moments are to be d1str1buted un1form1y ﬂ“ﬂf

‘,iithrough.the segments two pos1t|ve moment f1e1ds resu]t one



‘4ifor the e ter1or pane]s and a second one for the 1nter1or
'fpanegs The respect1ve magh1tudes of these moments are 25 3
KN- m/m for the exter1or pane]s and 22. 6 KN m/m- for the i o g

1nter1or“ianeTs Re1nforcement for these moments w111 be' |

fhpTaced ina un1form mat extend1ng throughout the slab

The negattve de51gn moments per un1t w1dth of s]ab are

ﬁ”‘vfound by by d1str1but1ng the %upport moments in F1g 4. 4

”Ai}untformly across csy, where for thxs example €. equals/O 5

hfﬁThe vaTue of O 5 was se]ected from F1g 3 8 but it qu not

“Tfnbe overf& conservatqve to d1str1bute the negat1ve moments

'ff£w1th € equaT to 0 .55 -or O ;60 It 1s a des1gn dec1s1on whlch

v{71s Teft up to the des1gner’ The un1t moment res1s@ance at
vthe support of a segme 't may be found from equat1on 4, 3

tsfhwhere n\x”represents the moment res1stance in KN m/m _‘f ’.fhfﬁmff
UL iy My Ly ( 4.3)
Sy g i I
' ‘jéggsflrlil,t;’y., | | L i
| The des1gn moments are shown on a pTan of the slab as
v"1TTustrated by F1g 4, 5 The numbers on tOp of the arrowed
g'11nes represent the des1gn moments 1n KN m/m and the average‘.
Tﬁelast1c moments,;shown in. square<brackets The number beTow ;,?
J,the T1nes 1nd1cates the d1stance esy,,1n meters, over wh1ch

'”i.the des1gn moments are to be dtstrtbuted The elasttc th'

“moments were obta1ned from an eTast1c solut1on of the sTab _“

Compar1ng the two sets of moments g1ven 1n th 4 5 1t

(

-7can be seen that the totaT support and totaT span moments_,*?
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from the Segment Method are w1th1n 10% of those from awvf)

vﬂf elast1c solut1on

The d1str1but1on of moments 1s also qu1te s1m11ar, the

':1 on]y d1fference be)ng that the Segment Method has no'

g negat1ve moments in the m1dd1e str1p as def1ned 1n"'

CSA A23 3(12) For regular slabs CSA A23 3(12) def1nes
co]umn and m1dd1e str1p reg1ons wh1ch are cont1nuous across f
the slab Both pos1t1Ve and negat1ve moments are dtstr1butedft
1atera11y across these str1ps based on certa1n gu1de11nes
In the Segment Des1gn Method a un1form d1str1but1on of

p051t1ve moment is uset% acrossr-ﬁsach segment and across the :

ent1re slab 1f poss1b1e The' nw

to top mats deflned by lengths BF segments supported by the _Sl

1n the SDM compar }roughly to the 1ntersect1on of two co]umn'ﬁ'j

str1ps as def1ned by reference 12

FOP 1rregu]ar s]abs the code def1n1tlons of str1ps havet;"'“

no mean1ng and the prev1ous gu1de11nes for d1str1but1ng

moments do not apply In the Segment Des1gn Method the ; PR

‘freg1ons over whlch the moments are d1str1buted do not depend -

on: column and mtddle str1p def1n1t1ons and are deflned for

| any: co]umn 1ayoutt,_"‘

The des1gn moment d1str1but1on calcutated from the SDM";t gb

hav1ng met the requ1rements of a 1ower bound solut1on -and’

ﬂ approx1mat1ng an elast1c so]utton may be con51dered as a

\,l

moment f1e1d wh1ch w111 prov1de a safe and serv1ceab1e slab ?-“-':

‘Sve moments are restrtctedvf;m

;1e’not used“vhowever the tdp mats y[if»
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4 2 6 Se]ect1on of Rexnforcement,,
‘ The selection of re1nforc1ng steel for the stab 1sf
Imd‘stra1ghtforward and ‘with the a1d of the tab]es in Append1x-
'_A very simple.. The ‘minimum steel requ1rements in the j
1nter1or pane] have already been found and a bottom mat of'
yNo; 10 M bars at 250 ‘mm centers prov1ded For the pos1t1vet
/kmoment in the exter1or panel of 25 3 KN- m/m a bar. spac1ng,:

.assum1ng No 10 M bars, of 200 mm was selected from Table' ’

M""‘ '''''' \ e

1In, detef _jnggthe stee] requ1rements for the top mats

neach column ‘1ne is cons1dered‘1n turn For the exter1or =

-column ]1ne a moment res1stance'of&24 4 kN m/m must be
s, ‘Q

t;prov1ded Th1s 1s accomp]1shed w1th the use of_Ng&

Tfﬁ*&at 200 o centers The resultlng)res1stance 1s 27'9 KN- m/mf-:n

L o
;Slab moments at the 1nter10r cohumns are s1gn1f1cant1y

‘ﬁ;§gh1gher, therefore Tab]e A 2 w111 be used For a . moment of

-t64 7" KN- m/m No 15 M bars are prov1ded ‘spaced at 150 mm. f,”

‘bhﬂfg1v1ng a capac1ty of 65 O kN m/m The re1nforc1ng layout for o

w‘the s]ab 1s shown in p]an 1n th 4 6.
| In deta111ng the steel 1ayouts, the f1rst th1ng 1ooked

at was. the 1nf1ect1on po1nts for the negat1ve moment WJth

";j'reference to F1g 3 8 15vseen that for a corner

"ttsupported segment w1th € equa] to 0 5 the p01nt of ta_¢3~

t't 1nflect1on occurs at 0 4 of the segment 1ength from the f_j’ |

':column It should also be noted that the max1mum moment may ;’

I 1

»'7‘be reduced to a half at. 0. 20 of the segment length A]]liv

‘fother deta111ng requ1rements are in: accordance wmth the

410 M barszw_



B 4 2 7 Evaluat1on of Shear Moment Interact1on‘:

AR

appropr1ate clauses in CSA A23 3(12) fncluding-the

calculat1on of the embedment length for the steel wh1ch must

o

be - added on to the theoret1cal cutoff po1nts 1n F1g 3.8.
For the pos1t1ve steel the development lengths were’
| calculated w1th regards to clause fl 6 B of the concretel

L

'code(12) AT bars perpend1cular to a. dlSCOﬂtanOUS edge-’n'

must be adequately anchored At the 1nter1or columns 5@4 of:

. ' - .

. AP e #.mu :
'1fnflectr fpo1nt taken at (O 4OS+Rd), The embedment length
hfor the top steel is in acc®rdance w1th clause 10 4 3. of the

;fcode(12l Steel deta1ls are’ shown in F1g 4 9,

f;r a, typlcal

:'column and m1ddle span sect1on

For comparatlve purposes Table 4 1 glves the m1n1mum

u’: !"

-'~lengths of\re1nforcement, us1ng the preset moment fleld and
Q .

,the recommend3t1on§2§n the code fTable 11 1)(12)
. ‘ b D ST

~
L

o Any moments act1ng at the;golumn faces must be checked
'to ensure that the column can take.the unbalance Slnce 1t
1s not a pr1nc1pal part%@f th1s thes1s no calculat1ons are
shown The shear momggt 1nteract1on at the columns may be Jf:

l*fchecked us1ng the requ1rements 1n chapter 11 of
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o

. 4.3 Examgle 11‘—‘IrregularUFTat'P1ate Slab

4 3. 1 Introduct1on .
Example II was spec1f1cally se]ected as a des1gn

prob]em outs1de of the requ1rements of the code It is too

w1rregu1ar for e1ther the D1rect Des1gn Method or Equ1va]ent
‘Frame Method and would be t1me consum1ng and cost]y to
"prov1de an e]asttc solution in. pract1ce It is 1ntended to

show the versat111ty of the Segment Des1gn Method whenv

| app11ed to f]at slab structures A p]an v1ew of the s]ab

'hsystem under\con51derat1on 1s shown in F1g 4 8

) R AE‘ ‘ .. T o
- As 1n Examp]e 1, the f1rst step in the procedung is to-

:, determ1ne a tr1al th1cKness for the slab S1nce there are no

'fclear cut areas from wh1ch to se]ect a. value of the clear f

'was measured and the 1argest of these was taKen as the *

Espan an approx1mat1on was found by cons1der¢ng quadr11ater§%§

S o0

l reg1ons of the slab bounded by Four coluwns The d1stance'

,between each of the columns in a part1cu1ar quadr11atera1

governlng span F1g 4 9 shows two such areas, the f1rst

be1ng an outs1de quadr1latera1 bounded by . the ﬁour co1umns

‘in the top left sect1on of the slab and the second an 1ns1de

quadr11atera1 bounded by - the 1nnermost COIUmns Tak1ng the

_ govern1ng center to center span as 6 3 m and reduc1ng 1t by o

-the column d1mens1on resu]ts in an. 1n1t1a1 slab depth “from

ffequat1on 4. 1, of 175" mm. Th1s has been 1ncreased by 10%

‘,.‘) .

\ "‘}‘ N

e

éecause of the d1scont1nuous edge,, esu]t1ng 1n a s1ab

th1ckness of 195 mm S1nce th1s 1s c]ose to the 190 mm used  ”.
_ , .“ ?;' e ; "ﬂ'-~*.~y . ,

R VU
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| | a
’ in‘Example'I the Gni form factored load of 12;0,KN/m2-wt11’
remain as the des1gn load. . |
Shear checKs are to be‘carr1ed out as requ1red by the
v @?code(12) based on assumed tr1butary areas of the co]umns

4. 3 2 Se1ect1on of Segment Boundary L1nes : ‘%ﬁ'

' ;5“‘ , Because of the symmetry about the Xx-axis of the s]ab ‘

. ,(

only the top half}of the slab w11] be con51dered The X= ax1s

1tse]f w11j1form one boundary 11ne for the 1ower segments

When attempt1ng to divide a slab: w1th an 1rregu1ar

column layout the des1gner must re]y more on h1s jUdQEmentL?'f

1n pos1t1on1ng the zero shear 11nes th@n when dea11ng with a
slab: w1th regular column 11nes Here, because of the'uneyen
spac1ng, the appl1cat1on.ofdthe suggested gu1de11nes, (such
as exter1or segments take up 0.4 to 0.5 of the pane] length 7
etc. ) ~1s not as obv1ous It w;11 atso be shown that a set
‘{ of segments whtch resudt in a sattsfact Y moment f1e1d in

i@pe d1rect1on may not g1ve good resu]ts i the opposite

d1rect1onu»Th1s s1tuatton requ1res two sets of segments to” B
~Jicomp1ete the so]ut1on,vone correspondtng to moments in theu
7x d1rect1on and the second correspondtng to moments in: the'
Ly d1rect1on Several trlats may be requ1red before a ‘
‘sat1sfactory set of segments 1s found Fig. 4 10 111ustrates E
_ one poss1b}e d1v1s1on of the slab 1nto segments Because oﬁ-V‘
bathe complex1ty of the slab gt was eas1er to show the segment

boundar1es through the columns, however, whenrca]cu]at1ng

¥3‘segment moments the clear span is used 1n the d1rectxon
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under consideration and the full spaniin the transverse
directtén;'Note also that'the segmentsmafe numbered on the
support boundaries and are Sh0wn circled. This will make it
eas1er to follow the steps of ‘the des1gn wh1ch are d1scussedv
in the next sect1ons

'For segment boundary Tines parallel to the y-axis,
exterior segments were givénidimensiens of<0 45-and O.Svof

' 'the pane1 length for slab areas in the top left andrbottom

1 ~ right sect1ons of F1g 4 10 respect1ve]y Th1s increase

, from the prev1ous examp]e for exter1or segments was’ selected
) wagth )

””because of the proport1onate 1ncrease in tributary area of

. i;those reglons The boundary 11nes
f i

parallel to the y- ax1s -in the 1nter1or reg1on were .selected

A

the exterior: co]umns

bésedvon segment dlmens1onsAof ha]f the column-spac1ng.
S1m11ar reason1ng'was used in determ1n1ng the

'p051t10n1ng of the boundary 11nes para]]e] to the x-axis.
e > |
4.4 Determinatijon of X~Directjonébe§ign_Moments._. o

¥

14 4 1 Calcu1at1on of - Tota] Segment MomentsA

¥

The stat1c moments for each segment were calculated

'1using'equatlon 3J1$and are shown in Fig. 4.10.
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4.4.2'Sp1itting of Segmént Moments into'Negattve and
Pos1t1ve Components | .
© Using shr1nKage and temperature retnforcement as a
start1ng po1nt for the pos1t1ve moment res1stance, for a
slab’ th1ckn@ss of 195 mm, equation 4.4 g1ves a minimum
requ1red‘stee1 area of 351 mm2 per - meter Th1s resu]ts in a
Luniform bottom mat of No. 10 vaars spaced at 290 mm each
way and a posttivelmoment'field in the X and;y?directions of
20.1 KN-m as found from Table A.1. Wi th this capacity and
equat1on 4. 3 the negat1ve moments in each segment car be
'calcu]ated These are shown 1n Fig. 4.11.
Start1ng w1th the first pane] of 1ength 5.0 m at the

left side of the slab 1/ values were calcu]ated for all .
"segments The segments numbered 2 ‘and 3 in the first panel

<have zero pos1t1ve moment on the boundary since these

o segments are cant11evered The negat1ve moments are equal tofv‘

| Mo, and cannot ‘be changed The other exter1or segments had

very lTow values of V. Most of. the 1nter1or segments had v

- vg&ues between 1.0 and 1.2. - Some segments, such as 10,18 and

h 19, ‘had pos1t1ve moments exceed1ng the tota] stat1c segment‘
moménts | o L g '
| R1ght away. 1t 1s'seen ;;at a poor cho1ce of segment
boundaries has been made A second set of segments is shown H'
in'Fig.'4.t2fwtth the correspondnng moments,rMP g1ven in
Vbrackets Ustng the‘same positive moment reinforctng‘(ie{
" capac1ty 20 1 kN m/m) the negat1ve and pos1t1ve moments are

.ca1cu]ated and are’ shown in the f1rst row of numbers on the‘
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span and support boundaries respect1vely
The ma jor changes to the previous set of segments was

made in the ‘upper. right portion of the slab Here portions

, - of segments 13 and 21 were replaced by 1ncrea51ng the size

of segment 15. Th1s reduced the large column moments 1n ‘the
lower segments and reduced the support moment in segments-21
and 22 considerably. Other changes included increasing,the_
“ segment'area in segments 3 and- 6 andcincreasing the lengthm

- of segment 1 so as to ra1se thelr respect1ve v values

Check1ng u<values for the ﬁéw segments it 1s found that

' some modifications are stTlJ necessary The two top

"segments, segments 1 and 4.have\w\values of 0.25 and 0.94 .

respectively. To obtain more satisfactorary moments'
. P . N ‘ f . . ) 4] ‘
‘values are increased to 0.42° and 1.45 resulting in ne e

i,
T

v moments'of\QO.B kN-m-and. 62.4 Kﬁ—m for the&§Xterior and
1nter1or segment The.same-proCedure'is'carried out for
segments 20-23. ' vv

At the center 1nter1or column the four segments, 8,9,13
and 14 have have equal negat1ve moments except for’ segment'
14 By assum1ng that none of thevpos1t1ve moment on that
: segment will be- used for strength purposes the negat1ve
momen t can_be,wncreased.to 38.9 KN_m, Other 1nter1or column
B  _moments areiadjusted to provide_negative moments’resulting

:1n / values of"l 50'"w
| One other segment of note is the large rectangular

segmemt in the top right portion of the slab. (segment 15)

Because of 1ts pos1t1on and s1ze it has two oppos1te moments‘
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alonglthe support edge, a negative moment of 88.3 Kij and -a
positive moment of 40.2 KN-m. To maintain equilibribm of
this etement the negative momen t wi]] have to be increased
to 139.5 KN- m. Th1s increases the ﬂ value to 1. 65 which
brings )t.w1th1n the recommended range of values. A]]
changes to the moments are sho@n in Fig. 4.12 with the
tnttial positiVe.and negative moments crOssed out. .

It should be mentioned that although most of ‘the
negat1ve segment moments were adJusted based on a ﬂ of
around 1.50 this does not imply that it is a unique or best
solution. The range of,va]ues are between 1.35 and 2.0 and
* the setection,of‘arparticu]ar yalbe'for b.is left edttrely _
to the designer’s judgement . . - - i
4. 4 3 D1str1but1on of Edge Moments g - - “\

The d1str1buted moments in the x- d1rect1on are those 1n -
;th. 4.13L.along w1th,the moments from an ‘elastic so]utnonv
in square brackets A]] posittve’moments atong'segment‘egges”f
_-are, untformly d1str1buted and carr1ed through the 1nd1v1dua1
segments The negat1ve ‘moment per un1t width, for eachve
'segment; may be found from equatjon 4.3. In cases where
ad jacent. momentston the'same side of a support differ by
’;more than 10% it is suggeste that the moment to be resisted.
be taken as. the larger of. the two. If the d1fference is lessv/

than 10% moment red1str1but1on W111 a]low ‘the des1gner to

se ‘the average moment act1ng at the co]umn face prov1ded ‘»,:

'Athersum of_the pos1t1ve and negat1ve moments;tn_the segments

/
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. ‘
, 18 gneater than or equal to the static segment moments The
max1mum allowable moment - red1sir1bpt1on of 10% is an
arbitrary criterion and consistent with recommendationS»in‘
chapter 11 of CSA-A23.3(12).
» »The negative.moments in the x-direction-are distributed
for the most part with e equal to 0.5. A notable exception
to this ts at the top column supporting segments 12 and 15.
Lookinngirst at segment 15, ¢ must be at least equal to
0.45 of the segment length. Since there is also a pos1t1vexf
moment a]ong the. support edge 8 minimum d1stance of 0.2. s 1s
/1eft for the trans1t1on of negat1ve to pos1t1ve moment Th]S

has tHe effect of reducing the effect1ve pos1t1ve moment in

segment 13 from 40 2 'KN-m to 31 0 KN- m. To ma1nta1n

equ1]1br1um the correspond1ng negat1ve moment will have to
Q- .

- be 1ncreased to 65. 7 KN-m.

. In segment- 12 so as. to ensure oontinuityaaéross
‘ adJacent support boundary,vﬁts negatiye moment {5]
"d1str1buted with € equal to 0. 86 In all other cases ¢ is
‘equa] to 0.5. D Ce _b o

Compar1ng the e]ast1c and SDM moment fields shown in
_F1g 4.13 it is ev1dent that the SDM resu]ts 1n a suitable
b~d1str1but1on of moments The negat1ve support moments are in

rgasonable agreement w1th the SDM 1n most cases, gtv1ng

*;““mbments 1n the order of 0 9 to 1. 40 of the elast1c moments

ght corner of the s]ab The 1arge negatxve moment of 73 8
' A
KN m/m»at the first 1nter1or co]umn 1s due to the 1arge size
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H : i

: ; T
b e “

'of the correspondtng segment A dtfferent poswt1on1ng of
fboundary lines in thts area cou]d be»tr1ed to. reduce th1s‘i‘
moment if it 1s fe]t necessary |

p“ : The elast1c pos1t;ve moments shown are much lower than
those of the, Segment Method due to the fact that the design
‘pos1t1ve moments in the SDM_taKe into account the minimum
steel forvshrinkage andftemoeratdre,and'not°a1t‘of'this
capacity iSHUSed:for strength pruposes. '

¥
L

"_4,5 Determtnatjon.of\Y-DirectionJDesign_Moments
A , t - _ ,;>
4.5.1 Ca]cu1at1on of” Tota] Segment Moments
:The 1n1t1a1 cho1ce of segment boun ar1es for moments A
the y direction is the same as the 1n1t]a1 cho1ce for the

x-direction given in Fig. 4 10 The stat1c moments for each

&segment are found from equat1on 2.2 and are given 1n F1g

-

4, 5 2 Sp11tt1ng'of Segment Moments—1nto Negat1ve gnd ' ‘f S

. // : "
Pos1t1ve\Components . ﬁ‘ h_ : . / »

, /
Start1ng wwth the un1form/pos1t1ve moment éﬁ*iﬁf*t”'

KN- m/m based on m1n1mum rexnforcement requ1r ments, the
«,icorrespond1ng support moments are calcu]ated/from equat1oﬁ
']‘2 6 and shown Jin Eeg 4 15, LT | |

In exam1n1ng the y d1rect1on moments from F1g 4, 15H
I { .
there seems to be only one maJor prob]em drea. Th1s‘occurs



Tfjxn the‘oop port1on of the slab along segments 12 13 15 20
and 21 ‘

These segments tend to havé»]arge s values

resu1t1ng 1n Targe pos1t1ve segment moments,gand hence low

g T TR 80

) nega/1ve segment moments S1nce th1s ma1n1y affects Just the)ff -

;ext r1or segments along that area 1t was dec1ded not to “;u

g ’aT‘er the segment boundar1es but to arov1de negat1ve moments}’zh

"1ng exter1or m vaTues of O 45 and 1nter1or yalues of

Note that the two top segmentsl segments 1 and 4 w

,Lg’values in the order of O 76 Be1ng exter1or segments it

E_,

i

fe]t that the p051t1ve moment could be 1ncreased on the spanflﬁpfﬂ"

boundar1es By add1ng one more bar every meter to the bottom» :

75; mat 1n th1s reg1on the pos1t1ve moment capac1ty 1s 1ncreased S

f{ tO 25 0 KN m/m Th1s decreases the w va]ue of the segments

The mod1f1cat1ons made to the pos1t1ve and negat1ve

u\\ i : . . . : . BN

\\'moments are shown 1n F1g 4 13 underneath the crossed out

LN
SN

1n1t1aT moments ' ?b;:' "oﬁ"ﬁ e SRR 7:?'51'!

AP

E 4 5 3 D1str1but1on of. Edge Moments | | |
. The d1str1but1on of mometts 1n the y d1rectton 1s
‘f carr1ed out Tn the same fash1on as those 1n the x- d1rect1on
(see sectxon 4 4 3) The d1str1buted moments are shown/along/
f W1th the elast1c moments 1n F1g 4 16 Aga1n there 1s
| reasonabty c]ose agreement of the negat1ve moments between
the SDM and eTast1c so]ut1ons The h1gh pos1t1ve moments

Z

‘resu1t1ng from the SDM procedure 1nd1cate that because of



the nght 1oad the shr1nKage and tenperature reduihementﬁo E

B v ’

govenn the cagac1tyl/i the pos1t1ve stee° h¢3h A e
| Another approach to des1gn1ng a s]ab of thjé fype is td._‘

Suse- s1mpl1f1ed segment moment f1e1ds such as shown 1 F1g
I ﬁ o s
“3 8. W1th a fam11y of such f1gures,rfor d1fferent ﬂ va1ues a

o

f des1gner‘wou1d\s1mply overlay a numher of these moment

= f1e1ds on a: plan of the s]ab The“resuﬂtTng contours wou]d _QT‘Q"

g1ve ‘a- comp]ete moment f:\To\for the ent1re slab
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{'f‘PosiffOnfin;S]abﬁ': Preset Moment F1e1d ~§;' . :.Code¥"~~f’-u
T(Figo a7 i

\

. Top bars at exter-7 f fif5.50%;@ 0.14
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. FIGURE 4,1 PTan View - Example 1
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. 5,{besign of Flat Slabs Supported on Walls and Columns

Lxag
o

| 5. 1 Introductlon to Des1gn Example III
| ‘To be able to handle the case of a slab suppor ted by
walls or walls and columns two segments were. developed ‘the.f
'edge supported and adJacent edge supported segme ts Exampie
111 1s 1ntended to demonstrate the use of these zwo elements,v
b‘and how they can‘be used’ 1n comb1nat1on w1th the corner ;';vt'
’supported segment in determ1n1ng a lower bound moment f1eld 3
for a slab supported on walls and columns |

B

The slab under cons1derat1on is shown in plan in th
5.1, A1l columns are 460X400 mm2 and the. wall th1cknesses
}gare 400 mm The slab is bu1lt 1ntegrally w1th all walls, |
*except for the L shaped exter1or wall wh1ch represents a C‘Q

',s1mple support In determ1n1ng the slab thtckness a |
govern1ng clear span of ‘5.6 m was . used and based on
CSA- A23 3(12) an 1n1t1al trial th1ckness of 435 mm was ;_

) selected result1ng in a un1form des1gn load of 12. 0 KN/m2

.

“

",]js 2 Selectlon of Segment Boundary L1nes

T*vashear l1nes are assumed to occur . at 0. 42 of the~pane]

- The segment boundary or zero shear l1nes are placed

: 'for the most part, accord1ng to those assumpt1ons dealt w1th
"_1n chapter 2 Fxrstly, for columns along an: edge the zero .
Foa
-g;ﬂength Secondly, for edge type segments along the out51de 1

zinoundar1es the ltnes are moved out to 0 5 of the panel

ég; |
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%

length. F1nale, ‘the zero shear T1nes between 1nter1or

o supports are assumed/Tocated at the panel center]1ne The :

‘d1v1s1on of the sTab 1nto segments is shown in Fig. 5. 2
There are two maJor th1ngs to note about the segments

in F1g 5 2. F1rst of a]l the edge supported and adJacent

. -edge supported segments -share. their supports with corner

.supported segments. Care must be taKen to des1gn for aTT

,moments in these areas, and also to ensure cont1nu1ty across

common‘b0undaries /Secondly, ndte~that the corner'waTT‘1n

: the Tower rlght corner of the slab has unequal Teg Tengths:

Since the aspect rat1o of an adJacent edge supported\segment‘

is f1xed at 1 0 th1s 51tuat1on may be handled by us1ng an,

adJacent edge segment and an edge supported segment

‘s1de -by- s1de

5.3 CaTcuTat1on of TotaT Stat1c Segment Moments
The totaT stat1c moments in ‘the two principal
d1rect1ons are calcuTated for each 1nd1v1dua1 segment uswng
quat1ons 2 1 through 2 5 The segment moments are shown for'
the X and y d1rect1ons respeCt1veTy in F1gs 5.3 and 5 4
In each case there are edge supported segments w1th no
'vstat1c seément moments g1ven Th1s w111 appTy to segments
| where the supported edge is paralTeT to the d1rect1on of .
_,moments be1ng cons1dered s1nce equ111br1um requ1res no’ ]oad

~to be transferred by moments paralTe] to the support

| .
N ' N
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5.4 Splitting of Segment Moments.into‘Positive and Negative‘a
Components | | . . "f\j

" The initial spl1tt1ng of the total segment moments 1s K
'dependent on the moment capac1ty of the m1n1mum bottom steel

requ1rements in reference 12.. Select1ng a bar spac1ng of .250

‘ g'mm and 10 M bars for the bottom mat a m1n1mum pos1t1ve

‘ moment capacwty is calculated of 23.3 KN-m/m. Th1s moment iS'v
not necessar1ly the minimum strength requ1rement but meets |
the m1n1mum capac1ty prov1ded by shrtnkage and temperature"
v‘steel From equat1on 2 6. the correspond1ng negat1ve moments'
are calculated and shown by the f1rst numbers along the 4
support edge in F1gs 5.5 and 5r6 for the x and y d1rect1on .
moments respect1vely | _ ‘
| | The select1on of appropr1ate u values for corner
4supported segments has already been d1scussed in the two
examples of chapter 4, In this example w for exte#1or corner

Hsupported'segments is taKen as 0.42.andfl.65 fon interior '

segments

: The calculated b values for edge su orted segments B
follow the same gu1del1nes ‘as for the corner elements
| Look1ng first at the X- d1rect1on moments in F1g 5 5, it is
seen that the v for the wall segment on the left 51de of the
vslab is 0.95. To produce a more- economlcal spl1t of pos1t1ve
and negatwve moments th1s is reduced to 0.5- by 1ncreas1ng
':the pos1t1ve moment to’ 30 0 KN- m/m. Th1s can be accompl1shed
‘lby decreas1ng the bottom steel spac1ng ‘to 160" mm 1n the

'panel bounded by support l1nes C and D and 1 and 2 (see F1g
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5.1). %he.other exterior edge segment isfsimply suppor ted O
there is no negative moment to develop. To maintain \ ‘
equ111br1um of the segmept the minimum pos1t1ve moment |
capacity must be 1ncreased to 5273 KN-m/m. The interior edgefr
'supported segment w1th support paral]el to the y axis, has ,\
v1ts negative moment adjusted to g1Ve a u va]ue of 1. 60. )
In the y-direction there are two edge supported
4segments in the top pane] To maintain the minimum postt1ve
momenf/between them ‘the span boundar1es are sh1fted upwards
;;/1n ]1ne w1th the span boundary to thelteft This has the -
effect of decreasing the negative moment in the exter1or
.segment and jnoreasing the negative}moment in the interior -
- segment. :The same boundary change was apptted to the}four
,cornenysupported segments bounded by support 11nes A and B
and 4. and 5 (th 5.1) as. shown by the dashed 11ne in F1g
5.6. ‘ . o '
T o - L Loy ,
For the slab there'are two adjaCent edge supported |
segments to consider, the eXter;org simply supported segment1‘
v-and the f1xed supported tnterﬁor segment. For the exterior-
one the pos1t1ve span moment must be. equal to the tota] B

vystat1c segment moment Thts requ1res an increase in the span’

boundary moment of 22 3 KN m. In add1t1on"30% of the tota]

- segment moment must be provided along the wal] to prevent

any adverse effects due to tw1st1ng moments at the supports
The f1xed supported adJacent segment has a very Tow ¥ va]ue
of 0. 24. To res1st any tw1st1ng moments which may devetoped<’

the support moment is 1ncreased so m is equat to 1 35 he
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; same holds trug for the y—direction momgnts in these
segments }/ ‘ “ | |

AV changes to the pos1t1ve and negative’ mOments in .
;both directions are g1ven in F1gs 5.5 and 5:6, below the

BN

initial. crossed out moments

'5 5 DIstr1but1on of Edge Moments a10ng Segment Boundar1es
Hav1ng a falrly regu]ar 1ayout the d1str1but1on of edge
moments is stra1ghtforward and‘follows the recommendations.
in chapter 3. o ’ | “ |
| When the negat1ve edge moments from corner supported
_ segments, next to adJacent edge segments, extend: across the
span boundary of . the adJacent e]ement it has been found that
the moment 1s concentrated ‘at the wall edge¥ The se]ected
values of @ or € for d1str1but1ng this moment are taKen o
'equal to 0.2 of the adJacent edge segment span length The‘
top mat used to res1st the moments in this reg1on 1s
-cons1dered separate and extra to the other steel placed :
,w1th1n the segment boundar1es For the case where the
-negat1ve moment does not extend across. the adJacent segment
boundar1es the usual va]ues of a and € apply. ‘
The negat1ve moments in an edge supported segment are‘

distributed un1formly¢across the support edge result1ng in a

-'un1form top mat (see F1g 2.2a). For s1mp1y supported edge

segments no top mat is necessary



distributed according to Fig. 2.2b with M,’, /M, and My
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-

"~ The negative moments in adjacent edge segments arqf 4

/Mg

-€

equel~to 2.0. Where'the support edge:'is simbty‘supported

‘the extra negattve moment due to twisting 1s distributed

Vv

w1th the M- rat1os 1nverted (see Fig. 3. 12)

The distribution of edge moments is shown in Figs. 5.7

-.and 5.8 for the x apd y d1rectton moments respect)vely The

number above the ltne represents the moment in KN-m/m and
the number below the 11ne is the d1stance over wh1ch the

moment is to be d1str1buted
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FIGURE 5.1 Plan View - Example 111
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. 6. Summary and Conclusions’
s - @
g e )
o o v
6. 1 Summary .
The purpose of th1s thes1s was to develbp a lower bound

des1gn procedure for retnforced concrete flat slabs that is

o both swmple in approach and easy to apply In the Segment

°Des1gn Method a slab is d1V1ded 1nto a number of rectangular

7segments, each segment bounded by l1nes of zero shear
Boundary moments are ass1gned to each segment to sat1sfy
“iequ1l1br1um and moment cont1nu1ty at the boundar1es The

| lsegments together prov1de a- complete moment f1eld for the
' Jrslab . ' | | |
| Three\types\of segments, a corner supported segment an
ﬂaedge supported segment and ‘an adJacent edge supported

[y

‘segment were developed for use' These three segments allow‘ aﬁ
)f‘the des1gner to handle reg6~ar or . 1rregularaslabs, supported'
7;on columns,gor columns and walls Each segment type was
' analysed us1ng an elast1c f1n1te element program From theselhh
'ftanalyses,’s1mpl1f1ed moment flelds were developed wh1ch
~furesulted in sat1sfactary boundary moment d1str1but1ons and
':F_a1ded in select1ng theoret1cal cutoff po1nts for the
’fare1nforc1ng A | G S | o
The ph1losophy beh1nd the des1gn method has developed'nf

.)from mod1f1catlons and extens1ons to ex1st1ng equ1l1br1um :
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A
S

L]' 6.2 ConcTus1ons

\

The Segment De51gn Method is a viable procedure for the
des1gn of regu]ar and 1rregu1ar..re1nforced concrete fTat
,slabs The steps in the methodology are stra1ghtforward
wtthout ted1ous caTcuTat1ons and mod1flcat1ons to the des1gn4
moments, if necessary, 1nvolve T1tt1e effort By us1ng a .
"moment dwstr1but1on which gives un1form pos1t1ve moments

3 over the slab and concentrated negat1ve moments over the - )
Asupports the requ1red re1nforc1ng Tayout is Kept s1mp1e The'
‘”'results are Tower bound thereby always prov1d1ng a slab on

nthe safe side.

The SDM has the further advantage that the des1gner has .

jthe opt1on of obta1n1ng several re1nforc1ngglayouts and

| 'select1ng the best one. as hus flnal des1gn
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Appendix A

De31gn A1ds for Selection of Re1nforc1ng Stee]

- The two tables presented in th1s append1x are to serve
as a guide in select1ong re1nforcement for both the top and
bottom mats Moment capac1t1es are given, for constant
mater1a] propert1es and bar size, for var1ous slab |

th1cknesses'and ‘bar spacings.

The'oonstants used in each of the tables are gtyen" v
be Tow. | - |
‘Strength of ooncrete...;..;;, ........... t..;.(.30 MPa
Yieldvstrengthgof'reinforcement..th.;};..;,..400 MPa S

,tableA}1'theslthe_moment”caoectties.for.10 M,bers.and :
.TaETe A 2'gives tnem'for'15 M bans.eThe slab thicknessesd
vary from 100 to 220 mm. 1 i
Equat1on A 1 1s used to calculate the moment capac1t1esj

and is based on bar areas of 100 mm?2 for No 10 M bars and
200 mm2 for No. 15 M bars | | .
'Mg;é’A;xfy[:d-(Asxfy/ﬂo'o#'c)a ST A1
A , :

By enter1ng the appropr1ate tab]e depend1ng on which- s1ze
bars are used w1th the des1red spac1ng and slab th1ckness.
‘the des1gner can\f1nd the correspondwng moment capac1ty

+
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Linear interpolation is to used for inbetween values.
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Table A.1 Moment Capacities (KN-m/m) of 10 M Bars at Various

Bar

Space

50 |

.75

- 100
125

175

. 200
225
- 250
275

300

r 340

360
380

400

- 420

"Spacings and Slab Thicknesses with 20 mm Cover

Slab Thickness 'h
\
100 125 ° 150 170 180 190 200 210 220
39.1 57.1 75.1 89.5 96.7 103.8 111.1 118.3 125.5
28.6 45.4 52.6 62.2 67.0 71.8 76.6 81.4 86.2
22,4 31.4 40.4 47.6 51.2 54.8 58.4 62.0 65.6
18,4 25.6 32.8 38.5 41.4 44.3 47.2 50.0 52.9
f5.5 23.9 27.5 32.3 34.7 37.1 39.5 '41.9 44.3
13.5 20.7 23.8 27.9 20.9 32.0 34.0 36.1 38.2
11.9 16.4 20.9 24.5 26.3 28.1 29.9 31.7 33.5
7 1467 18.6° 21.8 23.4 25.0 26.6 28.2 29.8
13.2 16.8 19.7 21.1 22.6 24.0 25.5 26.9
"% 15!3 18.0 19.3 20.6 21.3 23.2 24.5
14.1 16.5 17.7 18.9 20.1 21.3 22.5
14.6 15.6 16.7 17.8 18.8 19.8
| 4.8 15.8 16.8 17.8 1B.8
N 5.0 15.9 16.9 17.8
5.1 16.0 16.9
ST 4513 16.1
i T 4B a
i ~ "2/
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Table A.2 Moment Capacities (KN-m/m) of 15 M Bars at Various

Spacings and Slab Thicknesses with 20 mm Cover

Bar—|~ Slab Thickness h (mm)
Space
mm . "
100 125 - 150 170 / 180 190 200 210 220
50 | 47.0 83.0 119.0 147.8 162.2 276.6 191.0 205.4 219.8
75 | 41.4 65.4 89.4 108.6 118.2 127.8 137.4 147.0 156.6
100 | 34.8 52.8 70.8 85.2 92.4 '99.6 106.8 114.0 121.2
195 | 296 44.0 58.4 70.0 75.7 81.5 87.2 93.0 98.8
150 | 25.7 "37.7 49.7 59.3 64.1 68.9 73.7 78.5 83.3
175 | 22’6 32.9 43.2 51.4 55.5 59.7 63.8 .67.9 72.0
200 | 20.2 29.2 38.2 45.4 49.0 52 6 56.2 59.8 63.4
. 225 / 56.2 34.2 40.6 43.8 47.0 50.2 53.4 56.6
250 | 23.8 31.0 36.8 39.7 42.5 45.4 48.3 51.2
275 | 28.4 33.6 36.2 38.8 41.4 44.1 46.7
1300 26.1 30.9 33.3 35.7 38.1 40.5 42.9
340 . 27'34 29.5 131.6 33.8 35.9 38.0
360 o 27.9 29.9 31.9 33.9 35.9
1380 28.4 30.3 32.2 34.1
400 28.6 30.6 32.4
420 278 30.9 .
440 . 23.5



