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In·th~~~ea~n,of: 'n.bbe'd·tlo,or bl.llld1ngs· t~ere:rir~ .. mani:met,h~c1s and: 
" ."' . ~ " '. ~"'~ .' ,~i.,-"' •. ' .~ 

"'niani,approaches 'to the p,~b:l.em:. This ,:~~e~is' haf3'b~e,n :interid~dto' ex~~nd,:, 
.'~. : 

transmitted by ribs to the beams to which they are perpendicular. The ribs 
, •. " , ·f', • it ' 

, .are one.'way only, and ·.there'are no beams between the co1umnst parallel to 
.' ": .• " r • _. . .' ," . :" _ . '.' 

'theribs,\'/hioh cO'nstitutes a homogeneous ,one way slab., The ~d moments 
" '". ' " " . -'.. 

~of the,ribs,a:re:t~~itted as tors1ona).. 'moments to thebea.n:ts am·,then 

,to theoolUiIuls~~o desigri suohastruoture t~ resist aide sway due to 
; " .. ',. "" .;. . "'..... 

'. 

horiZontal'forc-es, one ~Ustdete~1ne theef:fect1ve length of the· slab, \'lhich' 
." . ~J ... 

makes a ':frame withtheoolumns. Theto;sion~~ moments in thebeamamust' 
• • • " C +, • • 

also be . determined .. ' These tvo pro blems,are 'a~iysed elastioally., 
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Thelengthoi" the beam i.tl, ,(1) and it'is fixed ~pported 

'on A and ,13'. 

? 

.. ". ~. " 

,.: .. :, 
,', 

1'n "f... = .~ixed endmoment'of the slab •. 

". . '.' -~-

M- =Torsionalmomentresulteg~on the beam due to m • , ~ x 

,Then, 

1Yt )<, cl. X 

J,t,,' " lX' ' ('.I;. K. ),', =r:mx a. e o. 

',(M~) 
''''::'''0 

= (M~) 
)(::.0 

0' 

.' ~'.;.; ......... 
" 

,cpo = The rotation of the slab which is hingesupported,.tothebeam, 

cp, = Under C mx=ltm ,) urdt load, the rotation of the slab 

which is. hinged to the. beam.· " 
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'- ... '. ~{j;{.,tC,.~ .. =The~.t6~ional rotati6~'iOf.1ihe·~~~m·~nder:.tor~i~rt··:;;. 
. l<-
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'Keeping in ~ind that, the. ;..otation·ofthebeamand the slab 
.' .' , ..',', < " 

. the general formula is obtained' .. 

=0 

-of..: 

, 
a .1inearfwiction of (. x ) ·.the above equation isdifferantiatedtw10e .. 

• .; "'0" 

/1 
. '.'Yn'f.,'-

·.a· secorid.order differentialequa~ionis obtained' 

'2-
£.. m;(. =0 
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c,o(;>IF;=' Cfo + ,c,cPr ~.t, E*+ Cz. CfJl s)n't; Ex 

X .. = . 0 . 
'. " 

X = 1 '(/Jo~:rjJ~~~s hEf + C:J. ('Ii f<~ h E 1-=9 
'~. 

. . 

~os hif j?: -/ 
. ,SrHhit·' 

SpeCial ~ oondition: .' 

There is symmetry around ( 0 )i3.Xis 
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110ment of Inertia of the Slab: - ~ - - - - - - - - - - - - -

u 
,q = Lo,oo)(. 0, so~' 2;:( (,DO ~{.50 

];.25 
~3'7S 

';I () == 5.'00 ><. 0.25 + 3. Oox (.2.5 

_5_.0_0_ = o. 62 5 J".,. 
~=. ·S.'oo 

3' 2' _'3' '. 2. '3 

:r - (.4X.1.5 '.' --." -5 = _,_ >< 10".2. ~2)(. 10 l( 6.37:5 - ._. __ +A)(.I.S ,,-0.62S + . ...=..,,2. xl, 
,.1 2. . ~ '. 12. 12 . 

. . z.' 

+ 2><2.)((.5 )<.O.b£S) . .' A! = 2.SA3·cl,..... ..... 

Torsional Resistance of the beam: --- .. ------------

'3t-

-,G. 

3 5 
0',6-'( 0.23 (l /'3' 0.23 ' 52'0.23 .. _ O. <:> ___ .• + 6.0 . 

• . <:;. 
'3 0,%<; '. o#,o 

~'V~ ',\,; ~~\ -"'J..£I . y'-/.~ 
\" A 
....J-t::.=, 0.00 165' 'kA.. 
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in this: way end moments at di~erent"pointsare obtained. We can draw the . end 

moment of the: slab with respec.t .,to the slab axis: 
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'I. 

" 
2.0 
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I 
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I , 
. .0 1.0 
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so the shaded part under .the diagram. gives the 
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J,o!-1omentof Inertia o:f'the slab, for, (1m) Width, or moment ofinerti.B. of 

Tbeanionthe:edg~ s¢n'(~~) 

Jo ,Ju = Moment, of inertia of the edgeoolumns' (dIn 4 ) 

" 3 ,,' '4 
Jt,-;: ~ I Torsioni'aotor for the edge beam (dm) 

1.2 ,0' 3 ( i+ f) , (be width of the beam andd=-depth of the beam) , 

k ~ .. V (2!~,) e .. dimensionless oOefficient in b;yperbolio,funotions 

1:: Span length ill (x) dire ot ion (m) , 

s :: length in. (y) direotion (m) 

ho,'hU ::' Heig}:lt of the edgeoolumn (m) 

q :: Load ~.n the edge slabs (tim) 

.' '~. ..' ,-

moy:: The fixed end mQment of the slab along the edge beam, at- at\Y point (y.) (t~:).c~~~", 

'. m -:: The :f1xed end moment of the slab at oolumn ~eotionaty=s~(.tm) os ' 

m 
n 

. ,thO . 
::. The end moment of the slab atn support, found by assuming supports 

to be fraeto rotate and as a oontinuous beam. 

m:: The real end moment of the slab ,at (n)th support; and at, <y) ordinate,(tm) ny 

M 'J . oa 
MO,b, = The fixed end moment of the T beam (a,b,o) on the edge beam. (tm) . 
H'" 

00 

'M~ The fixed end moment of the T beam Ca,b,o,) at(~)thsupport' found. by 
~. 

M' assuming the supports to be free to rotate and as a continuous beam (tm). nb I 

'''' c. 
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t' 

o£ ,the drop ~el is';e9uo~ tQ~ (~2.s) ~'Figlil;e' I.: The maximum elld, and center moment 

'0£ the slab ocCur~Ulidet.the' :tOad~irigshown' inPigura 11)'.-
. '.' . ',' . ' .. ... 

~ 
',' . 

~.>~., ......•.. ~ 
~.',~' .. 

, 'to ')1.-{o, ' 

Cc:.) 
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Figure ',1 

:2a)Equationfor the slab end moments. 
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.. In the, .first "solution t~, Sl~b::j,s:,so~ve·de.sa:;c~nt1nu()llsi:oeam:w:l.th 

SUPP9rt,f3 f'raeto rbtate, :,mOTIl~n1;'s.ma..y.,he' f'oUnd . using' any. ~ethod, co~f'icienta, 

are' known, 'too •. 

The seoond solution deals with the >edge slab, 'and is dealt more vigo~usly. 

2b) ,The distribution of torsional and slab end moments. 

The angle of rotation of' the ~lab,at the (y)Of'the edge beam 

~, I + _Qe3 .. dJ = VIt\ ~ IV. .. 

'1' 'D'd 3 e J + I d G c...J' 2 A E :r 

and taking (ml )f'rom the first equation 
" , y 

rf) =, S VlI\ D'" + ' Y\I\. I +' '!. e 3 ' 
't' D • 6EJ 2AE."J 

(1 a.) , 

S = (.2 -tIl) I 
6 E:r " 

Three sepere.teoonditiona may help in solving the di:f':f'erent1a1 equation of' ' 

mo~entdistribution. 

1) The angle of'tWist of the edge peam is equal to the tangent of' the s.lab, 

atthSt point. 

err) Torsional moment 
f 

is the anglo of-wist f'orldm~f' the edge baamand_D = Itdm. 

2) The di:f':f'eranoe in torsional moments of" the edge beam is equal ,t:o (m ) 
oy 

the end moment of' the slab. ' 

, ! 

, 
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" , from this" "d'D 

a~ 
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" The ,dU:ferentialof the :second equa.:ti,~~~" .' 
.. . .. :.T~ '. ' 

cj2l{J(nz:-S" 
d'i 2. 

3 )Difi erent ia tillg (I~ ) ,twice 

d
2

cP .. =- C ol:Z:~";("JZ) 

" .' 

", . 

d ~'2. . 0d~'2. ':'.' 

,taking (eqDIV)1ritoconsideraticin,ec,i. III and, V. result in . 

d t. f'\{ ~ _ k'2. Ylt1
o

' = 0 C'SZI ) 
dOL, . d 

, , 
The solution o:f this is m . = Acoshky + B sinh"ky'( VIr) 'IThere A and Bare .. oy 

constants_ 

,From accepted symmetry 

c('}'Vto,,\ =0 

c.l"lr 

so B= 0 ( Fig. 2 ) 

:for '1 = s = m os 

Torsional moment is obtained by integrating (eq- III ) 

Do 
o 
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D,I··~······ ...•.•• < 
2 ec t]!ootCOfidit:L9.n for the ,equilibrium of the moment is· 

O<-+CP . 5 =. 0 (~) 

where 0(. = rotation of the support 

CP5 = rotation of the slab 
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.: <., '~. :::<, 
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" 
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/ '. 

2Cl ) Distribution' of the eruimoments are .,according to the follow ing equation 

(i) 

Torsional Boment , " 

0", __ ~ oS; .... '" k:g' (-~). 
<I I<. c.. .. r.k k.s 

Both of these are maXimum near the ooltwnns (Fig.2) 

The! torsional moment at .theedge beams' is 

0 5 ~. /'Vto~'h k k~ . (4) 
.\<; .' 

Edge oolumns are. subje~ed t.O a moment of ( 2 D:' ) 
s 

. then 

oZ= 2 D~h ... 
(\ + c..) 0<:''': E"T ..... , 

values for different column oombinations is shown 'in (Fig.3 ) . 
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".:, ' 
• \ - .~ :':'.- .'. : ~-'"i •.. 

~"¥-"~." ;...<~ /:- // ~ ~ " " ,Fi~.'3" 
',,, ,', ,(d)\' "","";::(G) 

r'-:-'-----'--'--'--..,.," ,-,.,' ,r:;, r,,' ',7" :',,: "" " ' '" 'I>' '';' = . A " 

~ ': i~ • -, 

:c 
",:1, '.J<----',f ----'--"'/I 

, ", L\. '. , c;;r- La. . ~, 0 . 0 -~ -~. ,.." 

' •. j"-,--- :e '-"'-:----,1'* " ' . 
~---..,..-.,.__-'-ii:-

0'- -=,.1 

CGL) '(6), 

(c) value~ are, the result of the 'changes on column conditions 
--'" -:>0 ' k '4 c= do (s) 
0(",- ~L<. -C' 

'for one floo r :frame s c is equal« to zero. 

(2c..) ~otation of the slab 
~ - - - - - - - -. 

The rotation of t~e tangent of the slab at , y = s 

(c.) 

(2c~) In passing :frcim( b) and (0) to (£1) and mUltiplying by, b E. -:r 
~ ~ 

V= coefficient of fixity is o,btained 

iiS:' is known SO it is on the right of the equation. 

'fo2",y=O end moment of the slab is maxiliIUlll, so the span rnomentis miriimum. ' 

calculationS must be made' for Y= 0 and y = s • 

Edge columns support a moment of 

M ~ = 2- D5 
, ' 

(8) 

3) Edge beam s:ndvarious T, beams\'lith edge columns.,' 

'The mathod, of calculation is the same, instead of continuous edge support, 

'moment curve, a moment curve 8hap~d by single moments and broken at the 

'T beam axis, is,formede'A1J:Tbeame l'1itve equalJ and symmetrically loaded. 

.-:". 

;' . .' 

, , 
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'3a) cas'e ot an',:Lntermediate',beam:': ' ".: 

o 

'VI ., .. 

'- , 

o 
o ''\ 

Conditions at the section ~here (T) beams ')llcet the edge 'beam 

:for (a ) beam "pi- +' cfa...· =0 

for (.b ) beam 0.. + "\.9-' + ceb =,0 

1. . . 
The angle of rotation of the column 

The angle o:ftorsion 

(~1oQ.+,Mot,) k" 
(t +L) o(;..E-"S ... 

of th~ edge beam 

1..9-. = _7_ 

The rotation of the ( a}-beam at the support 

f. M ' (;;. - >5.) R '+"M 12. L £to. e. 3. 
.:t =' 00.. . 10. --. .,-
. . ~a:r '. bE'J 2.AE''J 

The rotation of the ( b )'. beam at. the support 
~' .. ' 

.". ,... .. , 

CPt.=' Mob (2 -'~.)e +' {'-1 1 b . .t 
. . ~£T . '£T 

: .. ':!.-. 

These rotations are multiplied by6EJ to t:ind fi.."City 
1 . , coef.ficients. 

b v = ____ _ 'T --U +(.)0<. .... 

J .s 
.-u-:=t .J I) 

-e. ~ 

~ (9) 
e.. 

(lo) 

" .' 

These va1.ues are. substitited into equilibrium equations to find moments .... , 

. equilibrium equations for\a ) and (b ) 

) . '. M' 't ... R.1.- M (2+v+~1 M ...... +v ob=--~ - I,?-

= - Cll) 

I> . 
k 

, 
i 

I 
I 
I 
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~:and :HY~ . as moments ~:f co:p.ti!l1ioUs· beam are kno ... in :frQm . the :first ,calcu:la·tlons: 

The t-loment (H, ) i"sthc ,l1\oment Whi.Cll 'causestorsion~lmoment, on the edge . beam. ob " 

Torsional moment = Mo!. == 0' 
2. 

Distribution occurs as shown in fig. 4 

Edge columns takeH , s , '. = H., + 'Me.. oa' Ob, 

whioh is distributed bet''''sen upper and 'lower columns. 

,. 3b) CUse of twointernediate .bea.m(Fig_ 5), .... lith conditions as (3a) 

o A. 

6 

1>. 

b 

. =- 9-

.0 1 

The rotation of the edge column 

0<- = [Mo,,- + 2 Mod k~ 
(It-c..) :z:.. EJu. 

The torsional rotation of the edge beam 

1..9-=~ MObS 
. G eJ't. 

The rotation of the tangent oithe intermediate beam is like case (3a). 

(2 + V - 251) MoD>.. + :Lv Mob = 
-:: . 
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... ' .... .' .;:,/'.' 
" ..... 

" . :, 

. '; . . PAGE' ~i 6: .. ' 
-", > ' 

: . ~ 
, ,' .. 

. . ~ . 
. : ' .: ' " -. - , : ... ".. . ~ ., ".' 

v M~ .. .+ ( 2 . + 2 v+ 2,k": 'i!. Y·M~.-.: .. ;;':te"~·r.",;('A) 
,"; . 

: (/5)" 

; .. 

Homent on the e'dge beam 

M::, = M~ ~ + i Mob '~b) 
. ).;..; .. 

. 30) case· of three. inte~mediate beam ( Figure 6 ) 

o. -= 

o· 

The rotation o:f the.ed~& ,oolumnt .. ' 
0<- = [Mot.\. + 2 Mol.+H.<.-) k ... 

. (l+'-) 0( .... e T",,' 

a\.. 

\f) 

b, 

I/) 

<-

.Vl 

b 

V) 

0.. 

e 

T 

-

. The.torsional rotation of-the edge beam at the intersection of ( b ) 

(2. Mob +- Mo.:} S 

£J-b . 

The, torsional rotation· ot the edge' beam' at the intersection of. ( c) 

19--0<- = ~ (Mob vM",Js 
. b .... t:."Jt:. 

The rotation of thetangerrt of .the'; slab' is like' in. (3a ), to this rotation 

for beam (c) with same value is used,'then oonditi.onsare 

c><. + cpO<. =.0 

oZ+tfl.-b+ 42b=O 

.. 

'. 

.. ; 

! 

J 
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>-

~". " subst;itUtinii,:thes~v~).~es; ,into,,~q~~tion·i' 
. . " " ,:' ' ... '. 

:" .. ;'. 

(2·+·V ~''ll)' Mot... ···~_2.J 'Mob' +.vMo~ . 
,".', ", 

'/ 

v Mo~:+(~>t-2·:~-t'2~~~·~l,.) J'1l)h,' f:c.V+ M). Mo~·· ~.~ 
-.)..... ",', 

4. 

Solutions of these equations' giv:efixed end moments of 'the bea.m. 

TorsionaJ,. moment· bet~ieen (D.-b) Db-::: Mo\,'+ MOG-

::L 

(b-c) D~ = Moe.. (I~) 
2 

End columns~ake M ::1-1
80
'+21" H so, ob . 00 

. (2. 0 ) 

3d) Case of four intermediate beams (p'igure 7) 

.Ob 

'IJ 
"-

V) 

G-

I/) 

b 

V) 

~ 

e. 
o· 

Rotation of the edge colUmn 

o<:=.(Mo~+ 2 Mob t 2. Mac.) ~ ... 
(I -+- <-) 0<...... E.-S~ 

The angle of torsiona.l~· rotation at (b)' 

. 1.9'~ ~_.\.d . (Mob t- Mo...) S-
. ""6' £,-;S ~ 

. :, The. angle ofto~sio'nal rotation' a:t (oJ 

(,.f'lob+ :L M "' ... )s, 

t:= :s- t:. '.' 

i • 

er 8) 

ri.1 ·b 

• i 

-{ q ' ... 
. ,(~,~ , " 

. , :.' 

'.' 
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·.G~ .. :,J-~,) M.:,,~2~·±"b.;~·~.v'Mi~ .~ .. ;~ •••.. ~:,lt~,,~~r·· ..... . .', 
V:r1~O:-+(2+2v:+~ 2-d:... i-,"):Mo'c; :i-.:(2.vTl'~) M,,-~ ;";:~~~··M,!.· _ :(~'I)' 

.' ',~.': . .'.:: .. ,., .. J .... :.: ... : .. '.; -• .- .. ' '. '.;.:'., .. _.; '-: ',.4 . j . ~ ";.' 

Jl>lk~. :f:.C2. v ·.+-2~)M:~~: ~"J' i.+.2 v'+X~~''(,J M~ ~ .~.-.:.~ ~M ,t:, 
. -"',: ". <:c' ",' ;', '.' , ', .. ', ." .. '" : _.;.- . . . _ . :. . .... . A: .. ' 

'. 

'-'.. . -...... ,:. ' .. , ,:< ........ '.<. :.... . 
, :,T<?rSional.\U(Jment: betWeen l:)eams:' fa} and (b) . 

. . ,... .' - ·:··~b;··M~b:~' }h1'.~G.. " .' (:22) 

'l'ors1onai moment bet~een be~fu's(b), and-. (0) ,,,. 
.: ."' ~ 

,'. : 

-0,-=-_= Mp.~c)..3) 

If there are more than ::four intermMiatebeams, the way as· explamed ,in 

part (2) should befollowed'~ 

4.'-.,... Bxamples: - ... -"- _. 
·4· a ) _Edge be?-m.and, slab-(B. 300}. 

~ . . . . " .' 

There are many eqti~l'spans"in>xQireCtion~Length~ (y}'direction is 

taken as (1 meter) 

" Slab": d= o.A -c/'M. . 
(fo: {, A JlM 

. Edge' beam-: 

': .," . 

Edge. columns: 

'. 

f~ o· s.~(~· 
.:) -= 2 .. 3 ellA

A 

. ' \ ~ . 

i :-0. ~ i:/::' 
._~= A·5~ 

:k~.i:: 0 ·52 >'- .3:0 ~ .. ,. S- b 

. , .. ' 



" :. i.;;:.;? \:::' 

~ '.:.- \:;~~';;:'.;; .;' ,:. ,,' ! H g:$J 5' :.:':. . . .'.; :, 
, .... ROBERT":.COLLEGE·.GRAOUATE ·ScHooL < " 
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,"-,' .. '-, , . .'~.,(.; -.: ... ~ .~-', 

J- ~ .-
-: ' ~ .. 

, .. 

-.' :-
=:S.>:' ;t~f(1.56: ... :'0.92: ..... : ~~O~1l1'~56': ;~;<,~,~~~,~: 

. :~_~_.: ""'h~': "~~"'.'~!-; .. : - .... -~~.:,.:~~-:' .. - ",,,""'- ... ~., ',> • 

. ' : .. " .<', .', .... : ...... > .• '., " 

';' :,:" The -CQefficient 'offixity,' .. ,.. "," 
.. ~ v~; '. ~::,.,:~;,~~.:: .~·o. ·c.l··(~-\~~) .;.... 

. ~ .' , 

'·~~';·(~l~;'2::.i~ .... ,~;,;~: .+,::~ o.2~.1h~·::S .o:~;~ .~C~ (:A:') {~{.~) 
m .,c = 1.16 tm .. ·· . os. ' .' .' . ~ <,":-. 

'. . ~ 
;.;.. . 

:;0.267 (-i.l~I":1.41 ;=·.:"l~lo .tm " (e~~lr 
. .,~ .." . . 

.. ~; 
~ . " . 
j • " 

'<-, ...... ,. 

[}~'-;::i' 1,1£ 0.9.2 = ;2,0 S 
. (:5·5'2. 

torsional moment 

· M .c:: s 2 x 2.05 . = 4 aO"tia' c.(:eq.s) 

,.Torsional' moment near·. the column 
. ~ .. 

Yr: .::= (;.00 ... O~25 i = 2 .• 75 m 

• , ':~, < .>, ~',,- , ,.'~\~";:~i'""> , .. ~:. ~ ~".-
· K,<.::;,': 9-52 x 21t1;~='t-l.43 .,' s1Dh 1.43 = '1.97 

"G::f!::" ' ... '., '.... / ~,:: J •• " '..,. ••• " 

.. .()~ ...... 1.1(,: 
6.-52' 

fo'iy= 0 

,'. 
:.' 

1·16 ~ - - O .. 4b .t'~'. (e't~.~r 
,2,48 • 

< ... ' 

.,'Yltt t ~= . o . .2.{.l ( :-'0 . .4 6Y:~ (.4 I.·=:~ :l·2, ~ . .{. '-:. (~t·/) 

slab;. -

..... "... 

d. =, O. '6.'JlM~ . (o?~L,o 'J"",' d~:;::z .,lp',J~ .: ...•. ~=;. 6:2.:J~4. 
," J;:. ..~. , ··,t.··. ,.,_. 

.. ,";-

'edgebeam:. "b ..... 2,,·1~" 
.;,:.' .. " :":';" .=,;:':",', ,:~ .. 

,'.,. • i.:.' •• ," • , •. __ :: ••. ' 

;~()iumn: . SBmit as ·~Ple i .. ~ ~' : 
_ '-'4.',.;~" \':'i"'~"~ ~ ~ .'_ ~<:;~:::~:. ~ ... ': : .:"" -: !C-<:'~:"'; 

.' :{ . 

,./ 
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.r:'u .... '·.,~:::P.1~~t;,~·'t1··i''-~ .. ·~ .:;'(.:5 ~~ I·A.I '';'':>-c' 
': ... ~ .~ ":", ""; 

" .,,' ..:,: ~., 

. 'o:j- 6Z:?i, o. Z·t·· 
, ..... " ..... : '. ' 

" • 'to 

~>'.' • 

". 

"'~ . 

_ 5, A 8 . ...(.;;.; .. 

. 'l'lome~t"equi1ibriUinequation: ,.' 

, .2; A5Moe. 4, (..50 ('-1 0 10'+ 0', 15 Koc.. 

D·15-M .. A. +$..5 gMo<' + /. ~.~ Moe. -=' ,,-.5. 4 tb 
.:~":. 

Me ... =: - 1'1). 4';" ..... 

;From'. eq~:l 
' .. 

.::-

- Q. :2 67 c- I; l?-)'- 2.,:\ I 

0.26 '1 f..~ .o.:6 2J'-2'. ("l 

7-; .< c>. 6 z - o. :; '1 =-

-,.-.. ""':."~:'. 

, :'" 

= -I. {;, 5 ~~. 

2 .. 0 

~- . 
,; 

" ., . 

. , 

'-.: 

• ".'; "'# • 
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. ·.Gei1el"ai.AsSUni:ptio~-: :::'. . . 

-'~},~i~b~"~~~' i-ig~'(~b "oa~riding"~~,p~~eri~ic~ia;:1~'J~cii~~;ti .b~~m~ and are' . 
. ' . 

'~th~ilt: 'tie~d1ngin . pa~liel·di~ction •..... 
,.,'; . 

:.negieoted.. . . .' . .' ~:. -

' .. :'::.:~): ~~e ~eams'a~;"slab~on~~itUtes a: £mog~~eouss·ection.Torsion :from 
... 

.> 

J 

··4);Edgeb.eama :a.l"~ ·aS~e.«(to· be. only ~er .. t07"sionai e:f:fe~ta. 
':,' .... 

~5) Torsional rig:1di~ of the slab is' ne~ieoted~ 
',' 

Definitions: . 

= .Z,loduius of.E1a~t:iCi~Y (t/m2)' 

. G = .. '. ~···E.Sh~8.rmO~~us.it;mQ)· 
.2(1 +u) 

.' ':'.. .... .. :...., ...•. c" ..... : ..... c.·.· . '. 4' 
.J:: Moment of ·1nem.tiao:!tpe slab'for1m·W1.dth.(ec1ge ·slab)·(m 1m} 

._. .f '. :. ' '. _ ' • _ , 

:t=Le,ngth of the edge·sial) em) 
. .:' ,,- "... ,-.'-" 

Jt= TOrS10nal:~~~ini6r~~ciie~~u~ (~4)' 
; .. for rectangular . sections:· 

;1 ::=. length;of:t'he edge beam· (m) 
,y.: " ............ ' •. : . ': . ' ...... . 

y ':d: ·va.r1a~le:d.istanoe (m):' ... . 

. ' '1.,:: Y/1·.: var.1a.blewithoUt'units. ' ... ' .. y. 

D 
-~ " ' 

".' . 

·"l!!:;,,~~~io~t1Xed~ ~o~~to~*J.,~~~,on; 'suPP<>rt ,.~(m~l '.' 
:< :nr:~':End ~~erit ~f :~~~::'~~b :~~~':~~ "~e~t' ~oa~s',: C~~id~~ th~ . Slippo~' 

··· .. :m .. · >.,torotate:free:ly,(mt!m)t,.. :.' -. '.' .. ' ': '" 
_0 :'., '.: ". \ i . ..... . '. . '" '.' . .,". '.' . :,: 

'.:j 
....... 

··r· .. ' 
... ., j.' 

'" 

.~. 

:': 



, 
, ' 

t' 

; .­
f 

I' 

;~ , 

,'~~}fe.ik~~~~i~t,~~,~l~i~\~~~'~(~*;).,· .. ·.·•.. '. 
.i~ :"'~ '~s:" ~ : end ~omen~ of .the: sla~', ,~t, s~ppo~ s' ~('::"'-~!~;S: _ ' 

~'." :', . ,:3' ~. - ,>.'~:'::- _ ._. .~ ',.: -.~ -. ,:~ .... , : .... ~.,~ ... ~.:. 

. ,,~ :~.·~~t1oh' of t~e"f~ed ~nd ~oni~~~s.'~~ :~h~' a'lab at,:.suPPo~ ,~ ('rot/m)~ . '. a .' .' ";' ; " " , ' ' ,. ,.... ,. , .- " .' , 

, ;. ~ 

" 
~., " 

'.: .. " 

The a:ngl~ of rotation of the slab around A axis ' 

6S '¥c.= Momentcoeficie~ts (lilithoutunit) 

- .: .' 

, Dj!>-I~;b<{~; o~ '0{ ~. ~ ~L&:oe,4~, .. ~_ 

~~(~--~~~------~~. 
fl' 8 

'Sup~orta A~B'.C .·etc. are considered to be simple' f3upports. The relation 

>betweE:~torBional moment D'\.. ,and tbeendmoment()f the slab (m~ )at poirit, 

~. "are, dj.scussedbelow. ' 

For 'the stiffness of .the slablni width is 'taken, using Kani diefinit1ori: 

K .:-.3", T 
~; . 2.;', • (Z.+~5) .e.. 

,Col ) 

)( G"" - 'o.'S a~(eq~2) reduces to . . .,.~.;,.. '. 

,For fixed support 

'K~3 ' , :r .... ' T 
'-T("2~o;S)e.., =~ 

':For, simple:~pport .. ¥(!,d,. .. ~' '.-ceq.,i) beeomes 
, .". 3'J.3:-:t ' 

'> K=: __ :-_. --:::, __ ._ 
" · " ,~.2.e.:" A "It... 

,- ,," 

(eq.l)a~'·{eq;"2)f. ,.;..: 1 •. 1'1-\' 
"', .: ' " ' 't.. AE:K :', :,~, 

:~' " 

'> 

" '", 

is found 

. " "",. 

"" 



""'. 

",' 

,. ':'>':,'.";(:;'p~~~;j'~; ', • 
. ' ~ , 

...... , 

..... 

. " 

·.or .' 

. deW' Q . 

. . '\. .. ,:;::;' ,1 D ..... " 
al1..· GJ~. 

~b) The'deriVativeo:f;,to~sionalmoment D'l. is equal to the edBe moment ()I{~) :"':', 

of the slab. 

I = 'YY1. '1.. """--.. ~1 
or 

(5) 

tising 

'for concrete 

, ,and Ceq .3) ,.becomes 

: d1.~~ _~ -z,.,l"Vt li\l~ 0 " ,. (7-), ',' 
, ct"\.1.. , , 

sOli1t10n~f (7) 'does, not ,depetid on (,\'. and x ) 

'solution ~ives 

,I A £,K q>~ = ,'\11\.0\. :=c.,co!.k" "t t-C2.S;itt~ 'f.. 'I'\.' (8) " : 

'. 
re:ferr~ to eq.3, 4, and ~ ! 

. e ' 
" [ O'\.,;~ C, 

. ~, 
, " .~, . 

l " I 

sfuk ~'~' + Co 2. cos.k ,\ "\: ], 

." 

;;' :~ ,,; 
.\ ' , . ,~., /. ' > 

'2) . Calc~lations~orthe . COeif:i.Ci~ntsf~ a Ozu;l , ·~~·e~ beam:'SUb'je~ted' toD 
'.' .,,: ,'.'-~"~-~'7,., ",' - .:>'.\ ,:,;~:>' ,;'. -.': :,- ,;: ~."-' -.. ,~.,' "\ .... .', .... ~. 

e~e ...... ltorsi~naJ. mo~nt at Su~portBI:~)as. Sho.,nat~e3 . " ' ' ',' "" 
, ,~, ~ L ~ ~ " " • 

, " ' ' , ii1:'iil < 
F 
I. 

is found. 

:' .; 

I 
, I 



.' ; 

"".'.' - , ...... "., 

- ' •. '.-' . ~.', ;;. 'j., , 

. THEsis.':,: 
. ' ... ' "R'O~ER~"COtlEGEGRADUAiE':sbiOOl" 

.,::'., SEBEK .ISTANBU~ ..... 
.. , ~'~: ~, ': '-! .: , ~ ,'_. : _y". 

. . ' - ". 

'. I. 

. :: . -' .. ;,' -. 
:"'. 

Dst..--'-:·.-.....:,-.. -'--~:....,:-' .~~~--, 
• _. - .' ~.:~., -p 

. ',:(F;:~ ,';y.: 
, ""'1-' .' '::!. 

r "\':='e '.' ,,-
. 1 

- -. - -' - -.- - - - ~ - '-

Under this 10ad1n6 there is symmetry with respect to axis .. = 0, 

so must ~lso have symmetry with respect to axis =0. ant1symmetrlc 

part C2 1il equation B must equal to zero, so from boundarycond1tion 

And as a special'cOndit10~~ 

'} A t: K {(\\', . == A E t~'c(Jj _ 
....... . ':'\=T 
: ~' 

~ ",_ +A~~ Ai:;. 
1, . J:12 

together with equation .10, 
.'. .' . ' ", .' .. 

-". : . -

"·b·==.,l<~'t :J.:' 
.'. ·A(1.~\, 

'k~=bk: 

"', '. 

" 

(ll) .,' 

92 ) 

. , 

= ~~ 

• 

Ds AI:;.. 
e~/2. ~k"/.i· 

. ,. 
is found. 

.,r " 

~.: : 
•. ' ~! " " ~ 

, .'" .' . :.t" :: ~ 
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T'iSltibcan ~"th~~ht .;~~i~,vit~~th (i,) '.4Dr~¥C~'~~~+:;", " ;, .,' .. , 
'.1 •• '.: :..' 

:~ , 

co.s~ 1\4\ 
GDsk~j2. 

, '" 

at the middle of' the ,slab yilt 0 

• j -' . 

-'. "", 

",:' 

(J 5,)'" '. 

Torsional moment-on the edge beam:1s foulld using: 

, (l~) 

D' "D'~"",' 11 = _ s. 
,"\. , , 0, 

-' .. 

-". ';"~" 

, . 
3) Fix,ed end moment on. the, edge beamduet~ load (q)'onthe '~lab: (Slab moment 

is Considered~ ,tooona1St of}he 'followings) " 

a) m'" moments' ()n- A,B,and,C axis (Fig. 6) ,wllioh are oonsideredto be 

, s1mple~ppOrted.'i 
'., . ~ / .,: " . .' 

'b)i,\ moments (~l.!!'7arui8) d~~~~<4~l1 jJ.illi;fu:.,dt~ edge b .... al<>ng 

,(s) a!Ci~. Intfds·oDmpie-tefuity'(p!>.,:1;he~tati~nof the edg~beam 
.'~. . " ,,'., . ,[ ."', _:. / ,-:.~.":' '" :,: '," , '. .:. . .. ':.~ . 

-.. _ .... 

,. >: 

".,;.v 
, , 

-. ", 

.... ' . 
. .'-
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1 
,q 

Wl~' = 

~';~ > "'t ": 
,; ... '.'.: 

1 
S Co 

'(' ~(e ~ + rt1. B~ 
A' , 

I:fth~re'1s a moment ( 

Torsional moment .at'(s )a'xis·: 

(:1-3)' 

··(;i ..... Y: ::~ 

," 

.: 

~) . 

,,' 
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Notations: 

'1' = Lenithoftheperpend:i.cularbeam •. 

L = l.engthof~he ,ribbed floor~ 

of. 
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.:,;. ... 

,I, ' 

'J" 

,-- "", . 

Os ',= Axis,. which passes through the, center ofg:ra.vity. Qi:~1i.e,$erpei1d~ar 

beam',midd1e of ,the beam as it,S starting:,poiht. 
~ ,', . 

";." :.: ,""'-. 

,-. .-

-- ' 

:3,7,' ',',' 
. , --: "- .'~ 

", '. 

, ,,' 

, , 

.-" , 

.. ': ,) 

.; :' 

. i 

cp ,= Angle .ofrotation. of 'th.e perpeDdicUla~ bet:lmBt"c~n~~e:¥irig;clo~kWise-," . 
. , 

,i . rotation:8.a (t) . .-

I "= Mom~t of in~rt;ia: of the slab for 1 m. l~nght. 
, " ' , ), .,' 

. : . 
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GJ--e ::: Rigidity oftheperpemicular beam.' 
. , ' " . ' . ~-
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, . ~- . ' . 

Torsional; Rigidi.ties of the end seotions: 
- .1' .. ', 

, " 
, , 

, , 

At the supports, oithe ribs, bending moments Of~e' 'is created. 
- - . . 

This moment' is" obtained by the superposition of the twoeffecta. 

1) Fixed end moment M , . 0 when the, rotation oithe support is' zero' (abaol-ute 

fixati~n) • 

'M scp .c:.. =--
3 

Which is the moment ,induced bya rotation of ,magnitude 'CP 

of the support. \o/here (s) is the stiffness of the 1 m. ,wide slab~, 
// 
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solution of this: 
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'Here (Rl ) is the stiffness yalU6 of the, interior slab for Tm.,.andMo "i~' 

, ,the, fiXed end moment of the slab~ith, exterior end 'fixed ~nd Rl as ,t~ 
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. = For the 'd~erent 'end·cO'nd1t10nS~ 
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RI<.~ 3.S6I~ =Con1;inuous'ribbed floor •.. ' 
.\.-. 

Ik.= Moment ofinert1a of the beam' on excess '~f the rib width.' 

R k. = Thes~:i.:f:fness of .thebeam on excess of ribs~ . 

Id) Tors1ona~ Beam' With ~nequai Span Length: 

For this case Relaxationmetho'd is used. First torSional beam is 

locked to rotate around (S) axis'- Int1rl.s situation (diagram i) is used ' 

to findtors10nal moments at the end o:f the torsional beam, taking t . =0. 

One, by one the 'joirits areunlocked.Unlockuigofthe joint means the application 
, ." . 

of the moments in opposite sense to moments which causes the jo~ts to be 

locked •. This applied moment also equals' to the opposite o:f.the sum of the 

moments' caused by torsional beam in various stages, considering the equi-
'. , . 

librium' of.thejoint arouhd, the. 5 axis. 

In this case unlocking the joint means tl1e summation of the 

moments onthejoint~hen the. other joints are locked, and moments caused 

I· 
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.' Co~umn bending momentsr .... 
~-"-~----e.t'!------- ' .. '," 

It is equal to;the summation'~f~the moments caused ,by ,releasing 

the joint to whiCh it belongs •.. 

Torsional beam and torsional }\oment: ' 
-------~-~----.--------

It is the summation of the momentsca.use.d 'by external forces ' .•. 

when its two ends are':restrained against'rotation around -(5) axis, and 

moments caused .~y releasing . the' adj~cent jOints.' 

. Torsional moment is obtained: by theequUibrium equation depending 

on column and rib:momentse 

Ribbed Floor end moments: 

It is the summation of bending moments caused by external forces 

when the ends of the beam are rastrainedaga.inst rotation around (s)ana ..... 
and bending moment created by releasing toWo'adju~ent joints. For this .•. 
• superposition is used. The end moment in one of .the ribs is found' by the . 

:Eqo 10 depending 'on the torsional moment created at th~ end of the beam 

when one of the joints is loclted and the other is free. 

" 

. ,,; 
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I' 

...•...•.. M:",,1'm~' ...... , . .;;:.~~=-: .. :~.:B~.: '---"'~~~--,:-.,:..... 
;.', .'.::...... /~:, 

. -." .~ . : ... ~', ~ 
''';' .' 

.. ' 
~. t . " ~ 

• I~"t~:'·d~~~.~l~,:· is:,' ob~airied."l?j.a~~1.~.~ntri:~e;,~!lIll~rit, t,o, .. the,·' fixe~: :".' 
-. I.' 

.. -.. 

ieild.mome~t·()f·tba .ftiedend.~.beam.\::In·ciise·of'veft1ca11oadsthese two;.ooments 
•. : .~~. , .• '" _ .• ' i' • ~.:- ' •• " ' ,.\:. ~"" .... :. -

,'arefu ~:PP9Sit~ ;Sigri,;:;O tha:{_the;~··e.re :~bijt~cted~';For determiriin8COlUmn' 
. :. ~ '.,.' ".' "' '".~' .' , ;.,. '. .... . . ,.. . -. ~. . . .' ~ 

,; 

.,' 'moments K ooeffioient is.' f~und>£r~~ ,~,iagxe:m "1.' Column' mo!U~nt. of Mk is. 'distributed, 
~ ",' . . :. ~ ,~ 

to'the rib's ,using dia~2. To these Illoments ca~tUeve~ moments are ,added, 

to ,find finaJ. supportsinomentsofthe i-ib~r~. 
", ,"-- -.' " . .' 

, II) calculations' tor the HoriZontal Forocs: 

IIa) For ca.lculationsofthe side swa.y, instead of a system connecting 
. ','.. ' .. 

the columns,·a fictitious bea~ is used. Iti this,.,ay the system is solved' 

by classical.ineansand moments on the fictitious beam are found. Afterwards 
. . 

the ,moments for'·the various parts are found in the'tlay shown belo",~ 

M = fixed end moment of the ribbed floor on (9) section., 
a 

M ~ .. 54' 
d 'I'Lt-t: ;""'. Sd) --cr;- 't' 

M~ =G, St A!L . . a5 . 
Differentiated with respect to S 

G Jt. c(2"tV=- sr() 
d57. . 'f 

/f) 0(,5 6 _0<.5 
'f'=11 e +. e 

S 0<. • ..,. __ _ 

is obtained •. 

.: ' .. -

; '" 
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,,'~) 'F~m :s~et~ for s'!;: '~:, ·:'ty(~' ~~':d~ <~'o,.; 
_. '. "', ',,', '__ . ' ': , ~: ,-. '_ " , a.. ~ ,', , " " 

. . ;," .": . " ~ -, • ... L, . . " .•• " .•. ~ 

hr';f~~ s;;, ,~ ""'. M:~~2Mt' ", . '" ' 
:.,c..;. _, . 

' .. '~' 

, 0< • e/:z.· _ _ ()(. • ~/z. ) 
-7' G 'Yt 0£. I !-l ( e .:.:; e . 

, qJ =-M f c.~ ;;2 P s(f 
A.8 G"T-e ~ k # 

M 

;J .::.k 2 f1 b/-e 
sk,B 

(r J J 

.... ,. 

.;.. . ...• ' .. 

Here M~;VIA shows the end nio~entin,case of equai distribution of em moment 

between the ribs_, And, 
'''Z.. 

fl7.= 2- EI ~ 
2. r;; J-t' L.. 

Diagram 2 gives '. k = Ms depending on )3 
Ms ........ 

here JJ is differerit from Bl 

Moment' of 1nEU-tia of the fiotitious beam: 

in equation (11) for s==R.!2.' 

. , 

I 
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, 
;. 

"('f:i~J;;*;'Hf~,~(\);?=,:".,< , 
, :.P~f:·>~rt1,',;· ~ :,A 

" ...... l.,.~~~.>; ~.:\:, "';~' .:. - .':-

," '.'llb)~ da~ ~f~he.~. ri~, ~~;~~C}c~'''i''~; · 
" ~ - ----~ .. --------... -...-..---

J .)0 ,". ~': .:. ..... ~, .. : •• .' •• ~.~: ' -:~. 'l-';":'-' :". .. 'r';::.... ',.; 
"". :.. ','-.:- ' ....... ,- " 

, ·'~,,~itlgs1i~s~~7. t.~~#.,'~s"~.~~~~;t~~~:~~).s, '.,' 
,' .. ' . -, 

:' ~.'. -
' ..... 

. .. ' . 

~ .. ' 

.' I:' +- .... f· -t: +L.:,B 
1<. .... ,. /3 . . :''', , 

for s· = lj.2, 

Thesti:ffness of the torsional beam is 
{; EJ ;,. :t.k B 

--R.- . 
L ". . -,g', 

(Synunetrlcalrotation case) 

lIe) ContinuOus Ribbed Floor: . 
----~-~~~~ 

calculations are the samewith,~rt (Ib)~' Th~ distribution factor 
. . . . . . 

for intermediatetorsionaJ. beams is 
':z' .'2. . "L 

$::: EJ. + P/2' 

~ = Left 

':sa = Right 
Are the B faotors for the s~ns. 

. IId) !~~!onaJ. B!..am with Un:s~~_~~_Lengt.E: 

, here 

Relaxation m~thod ,is used as explained' .inpart (I) 

III )calculations 'for torsional carryover and Distribution Fa~tors -'for an Edge' Beam • 

. Let us c~n'sider.~ beam with '( j) edge fiXed,' and apply Mi torsional 

moment at· (i) . 

M' 1. Rt. ~~. = torsional distribution factor., 
lfJ'" 

2. )). __ ,M.j = torsional carryover factor. 
'. M.i. 

:3 = fixed end moment of theribbed,fioor. 

i , . 



. ',," 
..... 

. ," 
. B~aq'·:~~ndit1ons:;<:)~·.·::':.·::, 

-. .'., 

. 
:~)'~-::~. 0,,·' " . '" '/fj \:,"'(i-

'i'" . ~ ':,. , ".-

2}S' =;1 ,'. 
<.' 

'.,' 

A.:: :.. ,'.e; ~' ('1-<. . c· 

~. G :J-e (e o<.e. + e. -0< e ) 

,sh?..8,s/€ 
c~ ,;),/6, 

M ' 1-.1" c h n £,. ~/:R 
,t: ~ I ' ~ -:-~..;...,:,.L.~.:.::...:.-~...;. 

, cLt2 2. 
is 'like explained tnpart '( I) 

for s .=1 

." :,' 

G':r-t: .:;z.B,/l 
and torSiOnaldiBtribu·h6n faotor is 

R, t':':';;;~ -= G Jt'2.&, 
. '~"""'R. < +l.t ~,€, 

for s = 0 

oarryover·factor is Mt -

.:';" .. ~ -' 

s.1.\.~s-l-:,.j. .... .J.e 01.. 
1£ CPis distrlbutedinto equation 12, the ,ribbed floor support. moments 

are found 

sk 2. 4. sit 
c k~,8, 

I 
I 

I 
I 
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3.;20 

,,0 ' 
'~( 'lit 

" ':' 

, ~ ',' 

3':>/30 

3,20 If 

'30 ,10 '3 .. J,lO ... 
~';I' ,'rr 

." " 

o 
II'J 
\j) 

,,' ~ I' 

,I', 
t 
T 

Moment of Inertia of' slab 

I= I 
D.40 

3 
A )<3 

12 
'= 

Sum ' ot 1;he' :~olUuin s~~fne~ses' at the, support 
:3 

'6>'-3)<..'3' 
12.,~ 3'.5' 

=- 1 A.O~ 

Torsional rigidity of the beams: 
, ". <" ' ... 

3 

'~3= O.(A. 

Example 2 

(Loads are horizontal) 

3.50 

I ,. A. 0 

same system ot example ,1 is analysed for the horiZontal loads. 
2.;, 

" L ~ ,, __ B_. _~_~ ... _.3.=-' _2_0_ = 
3' 1\,.40 6.50 

. ·End'moment·of the rib across the' colwnns 

:2. .20 

#=2..,lc:' 

I', 

I 
I 

col ...... K'; 

• ";30/30 
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, .j;. '> -

"'0·.500 M' ~':o. o:"6,Z"~r . , 
~ ,6~_. .; ,,:~ .... ,,:~ .. ,~-.;' /' .r 

. ~' ... : ,it:~·'i:i-t ~B=.;~:&;o",~·3.~~o"jD>g(l3 '., r:~:>80.·' J~d' " 
'c , . , ... " g.,:..... , .. , :'. :', c.,. ',-:;', '::l'. J G, ' .. = . ," 

. . ", 1 iictitiou~ior side sway .ca1~ulations< 
, , ' 

.• :=. fl' 

Ribs are only one-span. Torsiollal beams are symmetrical and two-span. 

'Upper and lower support oonditionsare syrilmetrlcal. Load on the slab 

is O.55t/H2 and torsional ,beams have additional 0.500 tim ,vall load. 

: 2- ?c.~L'b .)t' .3.20 '~o. b 8> 
.IA .')c. 6.50 

-:IA,OO ", :frOm eXample 1.,' 
t:= __ 2-

/3,2. =l 9.60 
, .3' :;"~II.AO· 

3·20 

b.S O 
"" ,1.55 

M~= 
• 

K =0.4.t 
_2. 

3 . .20 x. 6,5°,<. 0, A 1- i 
1:7-

Bending moment for one support, 

5';0' i '= :2. b Si 

Ribbed floor average support moment 

.~I~ I; 2 A 

Ms, ...... '= _ 5;0 ~ . ~ 0, 662 1.. '+ __ 
Fixed end moment for each'rib:fromcbart 2. 

'J.. ::i=-~.;o." 16:2 j. ~1.A,bS' -0. t;3'TP g..t. ~ 
Fixed end moment forther1bwhicihis at the center of the to~sionalbeam.. 
. . . : . .' . . 

0.520 

. :, 
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.-' .. ' ~ 

.. ~ 

Torsional moment at "support 'of the ,torsional, beam: 
'M" , ,: ("5"0 0 " o.~ 7)" " :'. " ' '" , 6' "s '0

0 ~,'t.,:= ,.~ ~ ~"i, ,=:2., ( J..L. 

If the ribs were. considered to ?e siinp1.e supported, the relative' mistakes 

of thelliome'nts at;.the span would be : 

For coluInnsection, % 85" 

, For center section , ~35 

According,to example 1.~: 

~ LA. 00 
,E 

The di:fferance of side torsional beams from ribs' 25/3,0' 
·t 
I 

,The difierance'of oenter torsional ,beams from ribs 20/30 
",,' " " , " i 
In thiBcaae .the sti:f£nesses are; ; 

" 

. ' _3' .,1, 

,2..5 "..z.s)! 3=('1 3 \;" 
1~~b·5o ';' 

..-:.:3 :\ 
'R ~;. 2. e- ~,2, 0 x 3 _]. i 9 ':~ 

I~"<':~, So' 
!. , ! 

, i. Torsional Rigidities; ;, 

~~= 

Torsional carryover ~ctor : 
, 

;for the side ,beam, 

forthe oenter .. beam 

2}(.. I· 2.4 '=- :3 " 84 £. 
o.58b 

,;M. =\ j. i .. 11 ~ o. I 4, c, 
c.k2.f?~ =- l:i6'~~;:I2.\ 

.. , , .I;; , '.; \ 

The summation of the s1iifi'nesses ,}, " 
,r - . 

'At the edge: Z R ,~.( 3.~-'t +l.~~+ (.a.o 0 ) E '_t'g. '5'1- 6', 
, ' 

. Att~e oenter: 

For sohematio 

';f.ri.:: (3.
1

84 -\-~.18A+ IA;OO +('3~)~=.2-I·()r,E 
. '" : \' ,', , ' 

represantaJion look at' figure, lOa. 

':'!\ 

.;.-.. ,:': 

·1 
.. ,~ .'/ 

'f,. 

, ! 
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~ .. 

'. or-, 

.' ' ... : .. ' .... :~.:: ,'. :'.. ,". ·~·1:·····., ·::·s.:<.~:· ~.'.<;; .. '<: ')" .. :~ .... "':'.':: ,. 
, 'j, If: 1 'tni c (total., mometltl fiXed :end .moment··acts: fi.t_ the side oeams which are 
' , .. ,:"",,'i.' •. ~,:~/,."';1.'. ,'.~ •. :,~~.,~." ~~~:" .~.>. ~<.,' ',,~' .'~;.>..:;.' .' ..... :., .. ~ 

.. >,~,.; , ~.; , ' .. ,. ,~~"<".', ",;~, ':,-:".'.'};:'. - ...... 

'_ fiXed.at one edge: \.'. '. ,,: f~. '.,~. 
.. . , ,~ 

"-.' ',' .. . ': .~ .. ~ '. , 

"':" . , j - .... ::,,' ~ 

',:, 

. '.~ :'e/~'M~ ~.<Q .. io;~::/:~ =. o· ' .. !'1":;' ;',0 . 

".; .. i "',' " 
'. " 

<Moments due to 

M ': . D. ;0.' (3.:20/;)' .. ~2..' '0'" <""5":0' . '2.11 .. "'.--.:." 
. 5 =- . ro (;;I .12.... ')C.-. ~ .' = "t:: ~ 

'At the'centerM 5 ~.::z.. ~ :;.: II =A.2:2 .J.. .... 

From wall load 

Bending moments at the edge.supports . '= ,1.4,43 ,tm 

. Bending mome~t at the middle supports ";·1.890 tm 
, ' .. '}, 

. . 

To find ri~s support moments considering 30cm. as ave;'p.~e support, width,' 

.:for the ribs: 
'/.. = _ 2 (2.~11 )" I.Ll6.S + ( I + (). 0 45) D .1'0 IC. 0.2, 0 )C Z. - /.3 8. A : - 3. 8:.& c-l ... 

. '1-=- .!..:Jl' I.A 6 S + o·.rB 5 )C. (J. i ~~" o. 2 (, . . e. '. _ . 1.3'3s-'~I.~' ~ ... 

At the rib which is at the center: 

X-::: - 2. 2.ft. 0 .. ro.s + o.:2.0A (I.OAS 
·8· ..' 

Torsional moments attheedg8beam~:' 

At thedge'support: 

'At the center support: 

-:1'1(,,0 il. A 40 

~o.'.!G,.t1 '\-0.003 

fO,DO I, + I.A-d 1-

-(. 355 

t/' 

- t.e. \0. - 1·1,0 
-c. 080 +o;~&.:, '. 

_ (.8~o t-o.DrC, 

-/ .. 38..1' 

c .' B 

-/.4Ao -2.l\O 

,...,.~.002>. _D.lbb 

'-:-{, . .4 A ~. Ir-D·lss 

-2.110 . - (.8(0 

Ai--. '-{.OOO __ o·.oBo 

~ .... 0.(32 -(.6go 
-0.0"6. __ 
t t>. 0'01- .. 

~t.A8't . 

Fi~.IO'" .. ~ ,' . 

.:. o. ().4 S 

!J'< . 

:.. 0>i.6 .d .f .... 

o.?>Sl o.1IA~.o6o 
().o~() 'f);'1~ ~ "':0.\(.(;. <).i"..,. 

[);~h i b .... l-: 0lA. 

f"'L .t.~." 1. &\. +' 
. (,q), 

. . 

0.304 

. OI.,..jva ... J.;olA. 

'. . +c..<..¥;' ~ o.T 

(8} 

. ",1 

. ~~~~~~~~'-' ~~~~~~~~~~~~~~~~~~~~~--~~~~~ 
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Part '!I'-Calculations of the Rib ,Systems 
==c::=":":-=":--=== ~--

1. Introduction! 
, ," 

.,- " . ', .. , 

Beams which ,support the .rib h.aveto~sional ~i8id1t1es, because, of·, 

that these beams· a:re .. subje'cte~ totorsionaJ. ~orilents, > B.ndcolilmn,s to bending 

momenta, as a reSult ·of·these moments 8uppor.tmoUlents:of the ,ribs am:e,' 

reduced' considerably. In the parter) only. sid,e torSional"beams and ribs 

were considered because of its 1mportance~InthiS part, . the,' application. ' 

'of fomulaes developed in part (I) for ;ll'termed1ate beams areana.ly~ed. 

In' this 'way rib ~es are>analysedw1th aHa.rdy Cross like calculation 
- - .,' . '~ .',. . '. . 

to some accuxe.cy. ' -At : the , end ,~f.the artic1~, anitmerical , example' is • gieven, 

. to compare .the results thus :obtained,tean accu~te solution; also an 

eXample is givetl using niethods developed,inpart (I):to; side' ~wayanalysis 
. , . " -'.' ' , '. .. 

In·this article'like part (I), , ribs are· considered to'beihf1llitly olos,e' 
. . ' • ,,: ", .' .' '. . ! '. . ' .' .". " .. ' 

,'. a~the effect. of hOrizontalbending,dueto the :tact that the center of: 
~Vity arutthe 'center;efrotat;?n: ofth.e beam'do not, cross,;' ·is not 

. ' 

, ,ellmsidered. 

: '.' 

.. ~, .. 
'-.' ~ , . ~ , . 

,J 



" . 

, . .:. . . ,".-':. >- ,'. 

" ~ . 

. '. Here the ~ystemsWhiah~~'en:couirterbd.usuai1y>in'Pra'ctic.e, "With' 
. . ~ , ' '. - . '. . ".' . , .' ". 

,','-

di#erentrlb:operti,ngs, ~lld -equaled "span :torsionalbeam~ with' inf~te : .... 
. . . . 

length .·e.reco~idered. The ye;1;i~)~oe4~ ,actingotl th,e ribs are conaide;ed··· ,: i 

to be uniform .alongv~rti,~aldU:etitions to the ribs, 'so: inthis'dire,ction"' 
< • _.' ~ 

all spans are same v;tth '~Oh other. To analyse one of them' ,is e~ought •. 

The case of th~ torsional. beam with differentsi>aniB analysed 'in part (I).·' 
• ~ • < ..... - f ,,' ... • .- • 

In practice ribs are made. 'wide at the oo~umn section and reWorced. 

In this article the section which isthe.difforencs'ofthe wide' beam to 

ordiriBr.rirlb is' called the ril> excess beam • In figure 4 the rib excess' beam 

is shown byhatchedl:lnes. To make 'th'e calculati(,ns~imple, the. rib,·and. 

cClumnmomeil"tsturning:the torsional· beam . from left to' r1ght are taken. 

as positive like the ai1'dy CrossMethod~The.effeotPf wall loads on 
.' - . .-..". .' - '" 

rib excess beam and the effeCt of the uniform loads on the ribs .are 

considered separately.,' 

2)1. The· effect of 'loads on the 'rib: 

The results as shown on'different steps below are .supei-posed to' find ..... . 

the final,answer. 

a) . Torsional beams are restrained to rotate around their axis_ 

'In this caseendmoments··~f· the ribs are fou~ easily, becuasetherlbs ar~ 

. like fixed supportedbeams.UIlitwidth end moments'Moare cons1deredto be' 

positive on left ~itpi>()rtatldto' be negative on right -support, for-loads . 

. actingdownwa~~ 
", >.-'; 

.. , " 

. :';' 
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i 
f 

. ,~r: :.i 

"::; :~ ';; '~~.,:t:~~._.[: ~ " . 

• ;,{,~\·.':/:JHE~·I:$',·""'J::,,, ':; ;' 
,", ':ROBERT' COll£GEGRADUA1E :SCiiOOL')" '. 

:' '/' .~; ,', ,:, ~E~E~ :1~T~~~U:l.~;c;';,;::',~:,'" ' 

. . .•. .~ )': 0;.., :';ft~'.~~i~~~~b~)nS~left free, to ~~~~' arou~i:s ..;us,' . , . 

··;~~:~t:;t:::,;~~is:~ltd::::ei, ::::~::::~::l:~I':.; 
" .: .. .... , :. _." 

T) -
. " ~ . 

'here 

2) ,k= ",' 
-.J', IS 

.. , , 0 + -{-o.. .... k~, . 
,){, ' '. and, 13 are, defined as 

, ,On edge torsional 'beam ::: (3). , 

EI '= Unit width bend~rlg~dity of the ribbed,floor. ' 
. , 

, R = The sum .~f the stiffnesses of the upper at'ld. lower columns,' and of the, 

rib excess beani. (Other end of the columns ~e co~aideredto be 'half 

f1xed, aDd the, rib excess.beamasfully fixed on both ends. ) 

L = ~enghth of the ribbed noor,.·' 
. : - . . 

. ~' .. 

1 = Length: of,tlle.toraional beams. ' (, Iftli~rearerib excess beams' then 

1,= le,Dgthof the, torslo:nal beam - widthofthe~ib excess bea~.) ,', 

G l-c = Toraional,l'igidity,of the torsional beam. 

For<intermediate t,o,'rsio,nribeam :' 0(:2. __ ,. 2. '+, B~ right p 1>, ft/~ " "f 

" '6 -- }/ef.1- t-''o''.: right., 

, To. ~ke ,the' ~a.loulati()nssimpler" ooeffioientkversus '~ ,ana. B' w~s giVen' 

in : pal-t , (:[ r 
Moment ~r, :found in this~ay, is distributed ·.among upper ~ lower' columns, . 
, '",," s,"·.·, "~ ,,"'~," ' '",' '; 

"andle::et.:lind'nght r1b ,excess beams, '\I(ith ':respect.to the1:t',stWnesses;', 'j 

','for the~hbedflo,or end inom~nt.s iri.:this oase are : 

(4), , 

," 

'"" ",' 'Thi~';momerit '1s:diVided"bfl'~e9111ett'and 'righ1;,ribbed~oors with 

"'r~~p~~:ft~i~ll2'~tio~Laterrib~xce~s:Ui~me~t~;,a~'.z:i~bed'flooh end'mo~e~ts: ,', 
. . '... . . '. .' ... ',' . '" ' ,','. ". . '. . - .~' .F.· .: 

"are~i~d'~~rin bal:f.'tO:,firuf. ~djuCe~t end;'~omenta~ \\lhUe' r~~easi~ 
:., ~ . 

":" 
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.' .~; 

, . -; " " ,.;~' 

'. so the coefficient (k) fouDd from -(eq.2) is not eXacti. hQWb~~::tM:s: 
' .. = ',;' ' .. ' .... '.. .,:~~ •..... ::~~:;.::: .• ,.> .. :: " 

"differanceis of second ',order magrlitudearlditdoes n~t'· ~fi'ect to.<thereault. 
. . .-, , . '"".' 

'. '. " . 

"conS idera.biy.. TorS~onalbeam.s are released till the~stem is in~quilibrlutn, •. 

To :findtha ~al res~lt8 vaiu~s 'l)ne~very step is.sumined.:Beca:llSeoftil~ 

. uniqueness of. the problem, the systematic solution wlrl,ohoonvergesrap.1dly, ' .. ' 
.~', ':' . , . 

is's~own in ('ex. 4.i)Columnendm6ments found ill· thi~'Wa1 are the 
; '.' " :'" .. ', "" ,'., " . . ~ 

~deaire,dreal' moments on t~ ribs and' ontoraional beams., One must follow the ' 
, ~:. '. 

steps'· a i:(e xpiained 'belo.w:-

' .. The stunmationof the end moments ofth,e .. ribbedslab 'ontwo~ sides 

of the torsional· beam is .equal to the summation of the applied-.mOTnEmt on 
" .,.' '.' <-, 

torsional b~bY-_ribs.~ The~tio of this sum~ed'mom~ntto number of;r:tbs .. 

for 'o~e_ sp8.n, is muitipliedby: 

'k\ <~i31 ~oi,~ 2£( ~/~ 
. .' "1. ··...~iL-ik Il( .. ' 

,To 'obtaitlthe applied··T!l()men.ts ~ls .) by eaohribto tOrsionaib~,the.Ohart 

. givinti k:t d~pend~onB1Was given.~n part (i):' ,,:." 
~ ,. ," , ' : '. ' c 

-. ", ", .' .', " 

"The motrient:ap~lied to' thep.bs by torsionalbe~ tpehis -l1s • ·~he ribs 

~an,beanaJ.ise'dby any. ~ethodlikeHa~' Cross' ,:si,~ce'the '. moinentsact~ 

on supports: (.-M:)· 'atld~ 'ext.erna).loa.ds are known·(Fig. 3). ' . s .. . .... - c· ". '.' . . . 

..... n', ...... ~.,,~: ";'.:~ 
.'\' H ,.!,,:/,ill/llll\( !ILl! I (!Il ~I II ,q"d!', '£1 ! IJl{ \\ 1I1 1{1[_c; 

.' . - . ',- ,""'. ' , " ~ , 

.:., 

, '". ~ . :;'; 

:T~rsion~l'~()~~~s.~~,t~;sio~ai ;,b~am~ a~·f~:~Si'ly· sinCe'. column'andri~ 
." .,!, ,.'-' ".'--' ".~'_-_--" J.~ '~~"."~".~, "': ••••• " 

, .,...; ... , , ' - I ' ,'; :,~' • 

. '~xoe~s beam end:mo~enta;· .. ~na ~1s', mom~~ts .a~" '~wn~" -
- • \ i. ~ • . ~ • , , • 

,,' . 
. ' 

- '. ~ , 

• 
I 

• •• 



, 
~: 

t' 
I: 

<' " 

;:'-.. " . 

,:.;:;:/::,:.,,;~}:;:; ',', : ' • ",,:,, '. ,;::'.::,:," ... j,; ':;'.,,: :~'~:~:'t::'G~~<, ~ 

,;>:, .,:,' ~~~rtf,~~:I~ ~/\_,.:;;.(y::".;:'::';~:~:~;:;::: :,~::,;:>{~~:~;~~\~>: -',,,:'>' 
ROBE~T.COlLEGEGRADUATE.sCHOOL; .. >:,,', ',0 ': 

,',a.E'B~K.:iSj~'~UL'!>,':':" ,. ",.", .• ~,:.:.~" 

·2~2~.·The,~fiect~.oith~·1~ad 00 rio ~io:~~~ ·be~l~t·:" . 

"" :iQi'~~t~,~#~~ibeS~.~~:'~j;~.d'~~_(,\1.~i;}s,~oi~;~ ;,/ ,' . 
• :c', ex~ctli~. Only iri' ste~ .(a)' ~he' rlbbed"~xc~ss, b~r~u/f1Xed' end m.o~e'rrt~' " 'due, to' ' ... , ': " 

,'2;,;,,1' ···("'Tthei~~~ ~nit,',;,;a~;', st~p ,ib)f~l' '. " . 

" 

" 'y-t-'Is': -t~","k(Sf .' '.,' , . ' 
.... 'fL '.,' cioef1c1ent 1(: 

.' 

'·Onffettre r,:the curve fori{ = 0 gives the value for' .. ~ <l .... (·~r 
. IS, 

'thi~ vaJ..u.ecanbe;~bstit\lted intoeq. 2 ". to get ,the coeficient {K). 
, ' . 

. ' 

" 

: !~ . 

. ' ' .. ,' 
:/ -.. " 

'., ," 

.,: : 
\. 

'.' .\.'::' 
>,,:' 

I 



':: . 

'. 

'" 

. ~ " 

';:', 

, :';' 

,'1:=.1'.40 ,:,".b.40·~4~oq·ni'. ': l~qU~ls4'.Oom. a.nd,t~'stif:fness:~:f the 
. '.' '.' . . .. ..'. ."<.' .. , '.' " "< -

Fo,," ·(4.B)'. 

'Po V" (Be), 

' .. ,". 

A' .' ,,"'. ,". '. B' ".,:, '. <. c. 
WN/fIII(/(//fll«10(//cL '. Ifl! ///////////1/1///1 W/I//I////I 

, '/j/I/I!/I/I/////i///',f7I///II////////,0rYI////l///~1 
· . .<fS ,. ',. , .... 50 ' . .. " '. ': .. , Ao', --: "." ' . 

• 2 0 :. ,~ :.' .50/33'-,,,2.'5.. !5oli~ " .• 20':. : 

//Ih~ II;/; !/I//YI/~?///;;//I/////I: "'0/1///////[,' 
r/I/I //1///1/17//1 •• " ,1/;/////////11· 

rn '. .., 'f{) , 

. ~ .. ;;:;:;~*~~ IWI//!//f,I/////i/1 ~IW/(I////{ 
Q . V!II/lij////////J-o I 'l'///(///h I 

~ .•.. , .... \9' ~-:+:~~t:;.-;:;:;~ f1j////)/.///f///III,'ll'VI/II/I//!11 

,"'I bO' -' 30 80 33;" "66" J 0 

-' ./ -' 

'117////1/////////111 'W////;III/I !7////I,'YI/////1' //;;;1 ' 

10/// I l/f//I/////I"rll'llllll//;('IIIh,1 ,', F7///110+ . 
"' ~ •. .s0/?>'3. _ ,: 5~/:;S ' _ 

, fl///{//// ///////1 ,IIW///////////pl:, . 'fr/!/////r;r '., 
, , "V////II////////'0JI'/j////17//~)/l7~I'"~r/17//7//~,. '.'.' 

,.,'(" -L,. 6oo,~1. ,' ..... :.:.' ... L.",:"'.<fo~ ',.';f~:: ",200':"":-: 
; " [.'. l 

'.' . 
',/ 



t, 

! 
I 
! , 
i 
~ -
l 

'. '" ... ' ' .. ' ~', . 

.,: 'Aaxis=' 

'.: " 

, ~'~I 
~, . 

"h='3,So,~ 

, ' '. ~ , 

>, " 

• •. f.· .• 
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. ,' .. 

."~. . ... ' 

...... 

(:s.'s 

. C axis = 

3 
2.$;< KO 

12'" 

. ' , "J'-'(_ .. , 
3·50 

::, ot:<.- +; (fl.< 2.0/40 .' . 

:z. b~ '0 A dlN-d I~ .. '. 

" 

then R, by d~fini tion, 'is the~um of the sti.ffnessee found above ' 

(AaJd.a) Q. =(:Z?<IS·'~)+l· 9'3.== ,38_31 , 

" , (B, a~s)' 

(C aXis) 

Q.: -= (~~ .2;,b. O "':) of t 98 +/L 98 = 12. 05 

Q =',' (2 ?<l 0.61) +(L 98 

Torsionalrigiditiee of A and" C . axis , sectio~beiilgtOO/33 
'3 

}{::: o. 217 ~:,'t. X:'3~3 ,=.I'i~.T~ Ji.,..,d 

forB axle, section' , 8 0 /.33 

= 1°.:;2. 

;r-, 

,they can be obtained frOm 'Beton~alenda.r1961" page:191. 

Moment 'of inert~:-~f' the ribbed fl~~r foru~it:widt~~~ '(1m.) 
--~ ---~--~---~~,-----------
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ROBERT COLLEGE GRADUATE SCHOOL 
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Distributi.on factors for A axis: 

Upper and lower columns = 

r 

PAGE 6 ( . 

Rib eY.cess beam = ><- o. 4 A =_ D· a 9 

Ribs = 

. . 

Distribution Factors for B axis: 

. upper and lower columns = 

AB rib excess beam = 

Be rib excess beam = 

Ribs = 

for (AB)ribs ::' 

for (Be) ri~s= 

Distribution factors for e axis: 

Upper and lower columns = 

Rib excess beam = 

. Ribs = 

V' N -= - ( l - k) = _ ( \ - O. Ad ) -= cO· $ ~ 

r oS = . " _ D.:z.. (; 
.'. 

"'-·--~';.r'.'" ;;. 

f/·S8 ' )( o· '3 b = _ <!). (!) c;, 
:;'2.,,$ 

r N ~ - ( f ~ e. 3 b) _, - D· ~ L.f 

-:::; - D.6 .4 

- o. :s 8, 
A +b 

;Z )(. {o· C; Z K O. 3. oS c _ o. Z I 
33.32. 

I I . 9 8 )(. (). 3 3 

33.31-
= _ o. ('Z. 

. V'M'"" ~ ( \.-' 0.33,) =- - D· 6 r 
In table 1. the distribution factors are. on the first row. Fixed end moments 

are on the second row, ,and by sequance Ate,B, - A,C,E, - A,e,B, . axis are 

released to obtainequilibrifun' condition. ' 

I, 



A ""-.)(..i·s 

..... '" :s ~ .: .,. : !l _ 

" 1. ..., 
.. 1 .1 ~ci1 .Jcil 
,," 1 -4 

c. . .-' - ~.Jlc::t ci't 
0 .... ..., r:::./. 

;S 

't 
-l).3S - •. 0'3 -O.S' 

+to·So 

~'f& -0.'::>7- - 6.oS ---r-D.z.; lloA8 

-C>.,"" -o;IS _0. ~" 

+0.03 -\-0.:1.0 
_o.oe, -0.01.... -"ol:!' 

-4 . .4(; .0·86 +5.:&.& _',.i_ 

.< 
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Bt;.-~I~ 

:l ~ '" 
~ \ " ~ 1 .. ! ~ ~ '! .. '( 

-D to ~:tO " 3 1 ~: J ~J 
~Q: ~~ ~ ",..J) Q: -ll.51 t!i .;;J(!l 

C!/. 
Q.. 0 

~ :. 'J 

-0.2{, _ 0.0.d -0. 2~ -0.0' -D.Se. 

_(0.8" t-4.~ ... 
_ .3..02, _o . .&~ .0.L':! - I. {'2 -.(-1.·~1 +f>.A' +1.57 t-~."e. fAS~ -"7 

-0.'&& _0.06 -o.IS .o.BA 

+0. A·o +<!l." , +0·"'1 +0.0 ~ +11·59 
.O.dr., .0.0 I -0.0.1. -00\'2-

+0.0' t-0.o J +0.05 +f>.ol +0.11 e. 
-10.93 -o.IIA ~S.A3 ,,11.'3.1. q.'1.2.. 

C. Dc...~ i j , 

~ 1-'" " ~ l ~. ~ 
VI qj 
~ ,J dLl ~~~ .• c1 

-l).1) cl c::I. .... 0 . . 
~ 'J f)l 

-0·'1 -o.IZ -0.2/ 

-A.cpo 

- 3..ZA -0. 58 -I.ll I 

+~.I' To.34 
-1.'& _D.30 -0.51. 

¥>.'!.o + o ... .d 

_0.2.~ -".0.4 -0. 0 1 

-lA~ -o.SA -t.6<> 

For this table end moments of the oolumns A,B,and C respeotively: 

PAGE 62 

~ ... 
') 

"'~ 
-9 :..,: .. 
~ ~ 

.;1 
\.J 

-
+~.b; 

-
+j.{;3 

..<:1·,46 ,= -.7-.:23.f. ...... 
:z. 

·t. b 0 ..0. . I 
- -:----- '<;:Z _ Oe C) 0 '\--

::L 

ihe stiffnesses of the upper and lower oolumns for particular column are same, 

so mem~ts found from table (1) are divided into (2). 

The sum of the rib . moments ont-JO sides of the torsional beam are: 

at A = D+ .$·34 = +-.s.:$..d 4 ..... 

at B -(0.9 ::. +-tt..'2. -= - 3· f t t-:: 

at C = -1· 4 9 +'3.~3 .... +- 2. {-4 +---
There are B ribs in one span SO we divide these moments into B, the results are: 

at. A. = 5.'3..d o. {,b 8; ~ .... + 
b 

at ·n = - 3·=11 :=:. 0.4.6 .d. .(.--
8 

at C = .:1.IA +- D. 26!!:J -I ..... 
6 
~. 

, 
I 
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In calculation only tho center rib 'Nl ). and the rib across the columns are 

considered, so l<Is moments applied to torSional beams by ribs a~ found by 

multiplying (kl) fa\rtor obtained from figure 2 by the moments found aboVe. 

f-l o-.,(i s 

~!e -=- 0 

M ~ = D. C, 68. Y- D.71 = (). 5 ( .. L .... 

~/ e :; D. Sole, -::: (. $0 

Ms = _ o. (. b 8 Yo (. S 0 = -,(. cro .J.-

g c:<-f. i S g(= {. ~ C; 

}.( I ceCA +v e vib !:,j e ~ 0 ~;~ D· 6 5 

M.s ;: _0. A 6.d. XD. 6 S = - O. 3-0 ~ ..... 

~ t -= (.1-8, 

r-l~"" - o. At,..d. )C 1. J B -= - 0. b3 4~ 

4+. C ~is ~ t ~ {. S I], 

1'-[, Leu. .f. ve V i b 

/"1 s -= o. 2 /, 8> 1(. (). 6 8 = o. (8 ~ ~ 

~ flJ.!AALt r.le<.. j ... ,'()IA. ~I e = D·.5o (( (-= 1'1-.2-

In this case support moments acting at A,B, and C for canter rib are -0.51 tm, 

+ 0.30 tm and -. 0.18 tm respectively_ For oolumn sections these moments are 
. . 

- 1.00 tm,+ 0.83 tnt and - 0.·46 tm. (Figure ~ ). In these two ribs end moments 

due to Mand uniform loads are determined by Hardy Cross method (Table 2). s . , 

110ments acting on the parallel 'beam are found by adding rib exoess beam 

moment (Table I) to column seotion rib end moment (Table 2 ). 

, I 

! 
I 

! 
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t- C , I Z. - r. $0 

A ) + 1.00 0.88 :: + 0.12 

B left ) - 1.86 - 0.04 :: - 1.50 

Bright ) + 0.32 + 0.63= + 0.95 

Cleft ) - 0.74 - 0.54 = - 1.28 

C right + 1.20 

:"-1.2 8 \1- r.1.0 

PAGE 6L1 

Torsional moments, at the section where torsional beams cut parallel 

beams, are f'ound by adding half of the total column moments t,o half of the 

moments on parallel beam. 

A axis :: 1'1.(:- =- I (-A . .d~ -\- o. J2.) -=+2·(1-1.---z: 

B axis :: 1'1 t: : -1. ( .3. 4 ~ -I. $ot-O.~S) -::r - J. -4 4- ~~ z. 

C axis = M t-=:' _ .1.., (_ \. G 0 - I. 2. 8 + 1.20) -= -f o. r!!> 4 ../-z.. 

A B c 
M:>\M~l;\.+-~ a,+i"'-~ 

OIA. f-~{' s .... ,p,)ll'k-Ms 
-0.$\ I -\-0. -z.,o - 19.1 8:> 

o i S./ I" ib ... J.: ou -f.ru...(.c,,~ -- - (!) • ..:10 -0.'-0 - .-
n><.eJ e!lt&t ('1 o .... t> ... -h - - Z.t!) 2 +D.'3o _. .Jo(. ~o 

o ! £. {. ",i t, '" .!.: " k -\-o·S! -\-4).1.. S -0. SI -1.0'1. 

-+ o. 4 ~ + D.6 '5 

Re.~ ... I.f- -to. S \ -1.2.4 +1.0 A... -1.02- +- 1·1.0 

. N I CeVl.-!-v- ~ Y",i b 
I&\. b Ie. :z.' 

G C-

MD~e""'+$ P.:c.:!-/ .... ,.. 

Du. .f-L..e !) .... r f'ov h -H\ 
-\.00 +- o. &'5 o:- o· A b 

o i~ I-v l bu. ~'O4 -'-0. Ae> -0. ~o - -
F'i't:.e.:;(et.<.4 I« Ol.',lf. ... k -l.o'Z- +o.go +1·2..0 

Di:, t .. , b ..... -h· 0"1. T t·.!Jo + D.!5o -D. 37-
+0. o~ , .j. (). \ 0 

-D·tA 

k. C!.~ .... l t +\'00 -\.A.~ +,0.6:' -0.+..:1 -4- 1:2.0 

I 
I 
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4.2 ) The effeCt of the wall load on the rib excess beam: 

Loads acting is shown ill figure :) ~ 

Fixed end moments due to the loads shown are 

(AB ) ::: 

(BC ) ::: 

Overhanging part 

7-

..L --,<.(.00 ..... 6.00 
(2. 

~ 

_1- 'oLD. SO -.<.. A.DO 
\7... 

"2-

Mo -::, ~,.. 0.$0,(.2:;;; = L~o 4.~ 

K values as found by using (2') 

~ ::: 0.64 

Distributing factors considering K values as in part (4.1) 

A aXis I""~ == -0 . .$ ~ vl<:, _I!). (4 y" to..( ~ -o.·s 3 "" 

B aXis v.::. ", _0.4. t, 1'"84 ::::: -(). 07- Y'8,.\:~·-o.l( V' 5/~!" = K 

C axis v~ == - (). 3b V't<.-::;-D.2/ r l'L .. -0. A3 

-c./A. 

In table :; the distribution factors are on tho first 1'OW, the :fixed 

Y'lk 

end moments are on the second row. Axis ,·lith A,C,B - and A,e,'S, sequences 

are relea.sed. 

PAGE ~5· 
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A o.."-i~ 

'" '" '" 'I. ~ 
., 

~ .! 
v i "'~ 

~ .. ~ <1- ~<fJ 

" .,<0 
J.s \ .. ~ -!I ..p c:t 

CII 3 <...J V 
~<l 

~J ~ 

. -o.S~ -O./A -0.33 

+3.0 0 

-I. $ '3 -o.&t. -0. qC} 

" .' +o.J{ f€J.n 
' ..... ,.,\,.'.-,. 

-D.Il- -0.05 -0 .. 11 

-l·7C. .-I-2.6A -o.B& 

Column end moments: 

A ) = _0.88 

B) + ~ = + 0."78 . 'Z. T 

C ) o. ~I = _ o. I (, 
::z. 
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\~~ 

B ""- '" i So 

.... 
~ '" '" :; .. ~ ~ 

'" ----
.J 1.,-... ~ .~ 

~ ~ 
-!I <>1 " <I~ oJ ". ,-.. 

'- Q: ~ ~S ~ So. :1 
.. '01-- .JI v 

Cl.!-...J " "'- \I " ~ ,. c1 
..!l Q.. 1 0 .s><:Q cl o 

JI v '- ct. 0 '-l 
~ ::>-1 ~ 

-o.IA -o.or -o.A~ -Cl.lI -o'·2l. 

-.3.,,'-' J, 0.,'1 

l-o. S " -0.1.1 . -0.0A. -o·~t 

+0. A;1 -\-0.-Z1 {-I. A S +0.35 +0.6~ 

. _o.ob -6.D 1 -0.05" -o.ll 

+o.o'?, -\-0.0:2- ;"0.11 -!-o.o~ +o.oS 

_o'''~ -1..9'3 :...,;51 -I-o.I3S ~.s(, 

c "'- X' ; !> 

.01' 

'" .... 
~i :So .,. 

VI .~ ~ 
..Q--- ~<:s"" 

\ So i V ~ ,~ • ~ 1:9 Qo ,,~ 
c:l ...... ..,..5J...; 

Q.. :l 0 
Q.ClV 

>. ":l.J 

-0. A3 -.0·:1.1 -f/. 3~ 

-O.6t . 

-o.IA -o.al -D.\t. 

1*0. '34 +0,18 

_0.1'2. -0.11 -0.1<3 

-0.02- _0, {,} -0.31 

The sum of the rib moments on two sides of the torsional beam. 

At A 

At B 

At C 

0.88 tm 

0.09 + 0.56 = + 0.47 tm 

0.02tm 

Dividing these ~oments into the number of ribs in one span: 

. ~tA -0.110 tm 

At B +0.059 tm 

At C '!"O.002 tm 

PAGE r; (; , 

---V\ 
... \ .. .. 
" J ~ J <s " ,,-
.9'" :; 
- .j 
~ <C 

" ...., 

-
t\'co 

{-t.oo 

For M (Homents applied by the ribs to torsional beam) above moments are 
s 

multiplied by ~ taken from figure 2. 

I 
j 

I 
I 
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Nl center rib M = -0.11 x 0.77 = - 0.08 . $ 

Column strip rib 

B axis 

M = -0.11 x 1~50 = - 0.16 . s 

NI · center rib: Ms = 0.059 x 0.65 = 0.01 

Column strip rib = H = 0.059 x 1.78 = 0.10 s 

C axis 

Nlcenter r:l;.b . M s = - 0.002 x 0.68 = 

Column sti:ip rib H = - 0.002 x 1.72 = 0 
s 

o 

. . 

PAGE 6 t 

The end moments due to these moments applied at the supports flre found using 

Hardy Cross methOd. (Table 4 ). 

A , B c 
MOl«etA.{-s <:>. <-+1 .... ' 
0", +-t..~ s .... p pDV +S -J.{s 

-t D. l) 8 -O.D..1 ---- 0 

0,' S./. .. cl.L< f-i <9", {a.~t.Vf -- -O.AO -0.60 - -
F j J( e d. t!. fA. d. C''Io .... e <dl 0 0 0 0 0 

Oi~~,,"(bl.A~;oL1. 
- 0.08 -O.oA 0 0 

{<p.03 +O.igS 

Qe S tA. I -I- -t!).oe. _ o. 0 I f. o. 0 ~ 0 0 

4 B c 
Mo .... eL-{ {s '" d'iCA~ 

°IA {ok!' ~ .. ppovh -Hs 
+O·l{" -0.10 ~ 0 

Di!> +-v (bu..J.t'OL< - -O.AO ":"0.60 - -
F.i'/..eal2.L<d ... o ...... 'd·~ 0 0 0 0 

Di S +V'( b ... Ji ok 
-O.lG. . , 

._ O. rD~ 0 

t-0.07- + o. (\ 
-. 0 

R.e:.u.\t- -D,(& _<!l.O I -(. <!l. l I 0 0 
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Moments acting i.n the parallel b,eam a~e found by adding the moments of the 

rib excess beam (table ~) and c'olumn strip rib (table 4). 

-+.2.46 - 'b. 00 

The torsional moments at the section, where tors~naJ. beams cut into' 

paze.llel beams are' found by adding half of column moments to half of the, 

parallel beam moments as found above, changing the signs: 

Me -;;: - ~ (- (.7- b +:z. LJ 8) =- _ o. '3 b 4-:'" 

('1 -!:: .. - ± ( + (, S r -, 3· 00 1- I. 0 ,) = t- 0, (E!J {.. '- ., 

/'1 ~ 0 - i (- o. ~ I - 0, '7 -f.. /. <D') -= - o· D" -{. .... 

4.3-) Exact Solution: 

To check the results found at (4.1) arid (4 .2) B~e system is solvt)d by 

usi.ng slope-deflection methOd _ The rot6:tion of the ,ribs on tors~onal beams 

PAGE' 6 {3 

are taken as the unknowns. Because of the symmetry,;:the number of the unknowns 

is reduced to. fifteen- On figure 6, the valUes found by slbpe-de:flection 

formulaes are written in pare.nthesis beside the values found in (4.1) and (4 -2). 

Center Rib 

Parallel beam 
"'-Ii' it., e.-y Le:o!> 10 ea 1M ). 

M ... ..,,::l.lfo 
(t.I'5 ) 
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The torsional Moments on torsional beam: 

A axis = Mt = +1 ... 81 ( + 1.86) 

B axis =Mt = -1.26 ( ~ 1.36) 

C axis = Ht = +0.83 ( + 0.89)· 

The column moments: 

A axis = M =.-3.11 (-3.12) . s 

B axis = 11 = +2.50 (+2.50) . s . 

C axis = M., = -0 •. 95 (-0.90) . ~ 

. . 

By the ins~ection of figure 6 two results arever.1 close to each other • 

. 4.4-) calculations for the Effect of the Horizontal Loads: 

PAGE 6 '3 

(Figure 7) shows the dimensions and mB:gni tudes of the forces acting on the 

system. The slab on each floor is the same with ribbed floor as e~lained 

in (4) Here only the effects on the III floor are calculated. 

Coefficient B from equation 7 and 7t 

A axis B2 = 2.49 

2 
B axis B = 4.12 

. 2 . 
C axis B = 3.73 

B = 1.58 

B = 2.03 

B = 1.93 

tanh B 
B valUes are taken from figure 1 • 

A axis 

B axis n 

C axis II = 0.50 

The value of If is found using equation 6 : 

A.axis I.£- = I o. ~ 2.. )< A >l. O. So + II. :3 {3 = ":3 1· "6 I 

I.4- :3 "1. '31 _ ~. '2 2.. 
L ~ b -

B axis I -l- ;. 10. 5 Z !~ A. x: D . .4 8 + 1\.9 8 = 32. '3 S 

$ . .4. 9 &. ::z. 4 
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C axis I-f :: J o. :12 1<.4 -t. <> • .s 0 +- ll. 9 8 = 3 :3 . 8 Z 

O. "{.4. ,. 6.0<J .& .0'::> 

.£~ ~.oS cJ...:'/ ... 
k. s . .a z -3.05 

J .. ~4 ~ !-,,1,,1 Zoos 

l.A 8 
"> 

.J.3A i· 4 4 .3.0.$ 

s:.~ s 11.& " .&.34: 
.. 

." ." 

m77r 177m T77n? 

Column moments are found (ref 3 ) as: 

A axis upper O.07tm Lower 1~72 tID 

B axis upper 1.89 tm Lower 3.38 tm 

C axis upper O~96 tm 
. 
tower 1.57 tm 

Homents on the fiotitious beam are: 

t-'7 f.I e. = - .;z. S 9 -/. ...... 1'1 (3 II = - 2. 3. (};, i '-

,...1 13 <- -= - 2.. 8> ~ +~ t'-1 (. tb = - 2 . .s 3 ~ ..,.. 

r 

Fiotitious.beam moments Bre distributed between rib excess beam and ribs 

with respeot to Ik andI..f. -\..ct B values. These distributed moments are 

listed at table 5. 

, , 

PA'GE 7- 0 
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e,c::c..e5!) !C..ibloec( 
I~ ea "",' 

R, ~~ t- 1, ef + 

- o. 8> '3 0 

-1.0 b -I· SI 

0 - (. b 3 

End moments for one rib at A axis 

B axis 

C axis 

.-_:' '-:;:. ... r. ~ 

c:l.+ .. l l l..r _\.63. "" ':"0. ~L. ~ 1...:­
b 

_ ~3 ~ _ D. '2- 0 4 -1.~ 
B . 

Fio()v 

~ i~ L. t 

- \·7 (, 

-1.83 

0 

These end moments are to be multi~lied by (~) taken from figure 2 

A axis (B = 1.50 ) 

1'1 , eeL{ *- v <!.v i b b 

CoIULA-tk ~!v;f vc'6 &/e':.~·so k''''('12 --7- _0.3& +-
B axis (B = 0.203) 

$/ e. ': 0 --~ cd· Rr!H - D. 10 

C axis ( B = 1.93) 
N Isle".o k \ -=: 0. s; 1 -"'" _ D. 12. t~ 

ccS>1. slf.~o.So k\~ 2,o( ~_D.A( {~ 

PAGE 1l 

Moments on the parallel beams are found by adding rib excess beam moments 

(table 5) to column strip rib moments. 

/I- Go' 

-\.:2.\ _1. '31 
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The torsional moments on the section 'II here torsional beB.nlS cut parallel 
. " 

beams 1i3:round by addingha.l:r of the column moments to half of t.he parallel 

- . 
bear moments, with·changi.>Ig signa-

A axis :: 

B aXis :: 

C axis = 

M <: = - -.k ( o· 8 r ;- {. 7 2 - l· 2/ J -::: - o· 6 9 -/...-

f'1 .{. = ~ ~ (I. {3 <3 + 3.:S 8 - (. z 7' - 1· :s 4-) . = _ 1.:2 3 ~ ..... 

I 
-2: ({).~b 4-\.$7-1.31) =-0.61 -{.. ...... 

PAGE 72.. 
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An example will be solved using different methods- Among these methods on1.y 
.-

Mr. Qak1roglu considers the case of the tie beam across.the columns, SO our 

example will be without a tie beam. The dimensions of the example will be 

imaginery. 

1 2 
11////(///// //////// // //'(//1 t/'///// 

0
40 

'1/ 1/1///// ~ ,I $~"D~lW/';/I////4'l///ffil AbJ~ 
\A '/ III///~ /1/////' Io/I/ij/////I,I/////~ 1

0 ~ 
'~ ~ f!i!///////;/////#'01 

o 0 ~-,--' .,--___ ~-~ 

- ~ f1<////(/,i///;~~l;I',;/'~1 
100 

I;:Y//I///~/m////ffi'l Iw~ 
o j//;1, ij///:Q //////~ 0 11,'l'///~//////~</~///1 0 ~ 

, '////// //// /////// /1////////-(///////////'31 p///// 

~( Y AI" 

u U u-f·: 
:Lo 80 ;1.0 80 20 
~ '" l' ,r k ,b '1 " 

Colu~k~ei~k+ k::; .:3,.60Ylo-1 

E = :L.()O XIO~ -b/w..'Z. 
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A = ri>.00~D.5 -t .2.00"- .2..00,=·. S.OO -t- A.()o = 3.00 d ..... ?· 

-1.25 = o. 805 dIM. 
3 '2 3 "2-

I = _,_ ')(. 1 0 ,< 2.. So + I D ,.. Z. 5 ( I· 2 5 0 _ o. 80S) _ 2:. .A x. Z + t b ( J. (; 9 - 1.00) 
1'2. 12. 

Fo yo. 6 rib to 

J t = ,,3 cl (I _ D. b 3 _6_ + D. D .s 2. b
S 

_ ... ) 
:3 & d S 

/1«(.ovJilA.~ t-t!> +ke Co/..<cvete E~1i.- l-+a.Uclbook / i.J. t'Sbe+{eV" -I-o-t{,sc: 

1,+~ c.<-bove ,fOl>'\M.'v..{o. "if -I-&e 11'0.../-;0 "f -t-Le loLA.~ side.. (do) +0 slovt- 61de. 

lb) l.s~ ... ec'+e", ()rI' e'6lA.tA.{ +01.6 ,r.k>: 

-3 

3 t = 1.0 ,,-.0.3 ( I-D. b :. ~ + 0·0 ..s 2 
3 1·0 

3 A 
I c.. = ..L >' A "A =2/· 3S dv-.. 

12. 

2.1.35 
3.00 

Ie. !":. _ ·2B.':jZ0 = 3.7-2 o{v-...4 J"W'-
8.00· . 

D i So ~". ; b lA ~ 0';. F tAc.. +() v S 

..... 
M ~ = r~ )C.. o· A ,c..lJ[:Oo. ><. 6: DO = 1'1.· 80 ~""" 

2 S. 6 Of "'-

_5 
1.0 

),= , A 
')(A 

0.1'30 ,.l~U· 

'I 
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,vt 
7////// /'/ 

0 D.I3.~ J o:(~O 0. r;z 2. 2 0.172 0·(12 
::, o. (-:;z 2-.. 

- 3.g . .<10 +l2.&0 -12.&0 *2 S.' 0 -ZS. ~o + (2. B 0 

+ 3..4 B +A.E!>S -t .z .4 ?:. 

- I. ~ I _ t.6.3 -2.' 3 - 1. ~ I 

+D.17 -{. 4>.2 S 4- 0, \ 3 + \.12 ·t2.4!1 + 2 . .:13 

- D. (?, _o.2.S _~.:2 S 

~O. 0 2 +0.0 Z. -I~.I-z. ~ 2 3. '.34 
".; ~- -". 

~ 3 .. :1.73 +/b . ...<18:> 

-. 

CelA. -leV' Vt-<;o\.<.te ..... +- o.t ~pa.K Co} a......J..U) ~l..<.~[JeAi/.<..l +le. s(c...~ CM 

St, ~ f (e " '1 v.., i'" f ~ 1.. +e~ '. 
. ..... 

M :==. ~!C. A. & 0 x 8, (TO = 3 &. A 0 .{ '-

, ...... 

..... 3B>.Ao~'" 

..... 6. 040 ~-I ... 

o 'If 11/1111111111" 

cfj) , 
~-3.~B 
~ - ~ ,1..- ':' O. A 0 6 
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fw £,,~ f w '-" l. ~ e/~ pC. ",~~:S"l,: &"" t{J~ 
W us!.. E eh )1,t ",,= - tP, 0<-

0 0 \.600 (.328' 0.1- 5 1·7(. 

0.5 o. \ 3 (.0085 (. 32.1 b ~. 7' <> 2. S iJ 

I . 0 0.2' l·o~4 /·3216" o.?-7-6 J.&6 
I 

t· 5 o. 3. ~ 1.0 .f 1 (.328,b I!J. 80,8 Z. Cj 1-

2.0 0.52 J. J3.83 ( . .3 2 lb.' 6.8tl 3.1£ 

. 
:l.S 0.65 /.2188 t. 3 2~' D.~lS· 3.31 

3. 0 0·19 (.3z.t:5t. /.328 b t. 000 3. ~ B 

To> = J.... -= .2.{. 3 5 c1 "'" .a 

. /1 /1 /J 
J(///////// //////177 (" (cc/' 777' (ot/// // 

012 

't- . 

1M, _ -CO.101lJ<-D.L1 +D.O 53<6 )(.D.4) &.(,')0 =-.4.II-!- ...... 

!DV' ~k -f!.oo...).iv..1 ~ '[u~vJ!A.. o...boV'e. . ~ke ( ... .I('~e.. 'i, -:>. o.l6 l-

i' '::> .J-~ "\otA.\:\ y... e",- f- i WJ.v..L. e. c) f) "'- fLeJ t1 V'e~ 0<.. . (. .• J-<~ I J...... ~ CA.J.. ,c,;. 

o..vr/iec\. .CA-+ .9!AfP0V' {CO) 'tOV e\(j..~! Sfb.IA.S. 
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2. 

• \/ - LI.9S ().:z. 62-=v (2- o.26i)S.oo 1'1..q,} -:::: 

k5 = 0,:L 6 2. -,<... :?o.oo -.,,:. D.::; 5 b 

"2-

O. b S + 2. _ 0.2- 61 ),: ..;.. D· 8 ~ 8.00 + A . ( ( 
~2'~ A 

Yv1.o~ =- - Ll.18+ .... 

\'1.{t~ = - 0.2.61- (~..d.18)+(-4.11) ~- -2.994,-

D.26i 

M 5 == 2 x 10·38 = 2. 0 . t b i ~ 

d V' =' ( 3. 00. - o· 2-0) = :z.. 80 

k ~V' -;:: . 0.2- 62 ~ 2.60 =' o.::;3LJ.. 

5"IA.~D.::;~4 <= c. 80 

t 

'Y\.\. 10 

o· 262 

0.80 . =- 9. b O +-. 
1.~3. 

co~"" () == 

= .., .4: I 8 0- = - '3. 1 S + ....... 
. (.3.'3 

::::. ~ o. 2. (, 1 l - ~.I s) - LI... 1\ =: 

Co l~ k.. J..\. '\.(A':t> ~e 11\.+ ,', 
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d = D. ADO t/w-. ... 

E olj e ~ eo. iN. f, I =: P ~ ...===- (,. 00 1M 

'it- '" - D. 2 67-

A 0/ Ao 

d- + 'i, "" 1'13 Z. 

_A A j, 1< := 
_ 3 ..1.5$ ~ lOr- 3'5 . \ 0- ~nn 3 --=:::..:....::..--_ = 0 . .::> 7-.. yv, "'" 

2. \.-13,2 ~ 8.00 

e( I + ~) o. S35 

772.9~ 
- \.6(3 

+0..1.1. L. >/2.. -=- +o.~l o.8L1 _ t). 8 \ b 
r-/2. D.E>A 

b= -'-")l... 6.'00)<.. o. 81b =.2.,AS·"'-'1 1-. . 

k -d - A ~ 
. R. = 2. 4 5 ~ o. S 3 5 '" 1 0 .. = ,. '3 [ .)i... \ 0 M 

_.d. _4.. 
2.}(. /. ~1 7<.: \0 = 2..,1::,2 x. 10 

_4.11) =_s.oZ~Vo-I...,., 

_A 

. t. = _2_~~7_·...:..1.:...1 ..:..x,--=-Io _____ = o. 8 4 5 
A· _A 

2"'1.1\)(\0- +2.b 2 )(\0 

~s = _0.84$ 'I- 5.02. = - A.2..d .f.'-/ ..... 
I . . / M 0 = _A.. Z A = - :So (j 9 +t.- ...... 

Cl)~ ~ D.8A.. . 

. D::. =- :Z. A. S\. 4.2 4 = 10. A. 0 i-..,..... 
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M Ii', c;. A k:: wo ~ I (,l' ~ "~oJ '" +i 0 k 

E d. ~ eb e 0.. \'\'\: ~ 11 -= e'h. = 6.00 lA-\ 

So I c.. b :. ~ = f k. ~ 8.00 1M. 

2,. 

Mo
l

:= D.8 ~ "" b.OD _ ;2. $, bO +t.-
l2 

\2.80 +'- . . 

. A xA.g 5 

2.~ 2A.~o 

b.OO = 0.30. 

(,) 0...>, is 

'((= <9. b 0'1 

0'2.. 
DI = \. S 8> t, 

81""" 1,2.. c,. 

k= , 
lS +- 3, 

, +o.lAtdsl ' 

&.00 . 

2.00 

0'1- 5 

k _ 0.6 A 5 

k. = 0.480 

'. 

R.ib<f> (l-k) -=-'> 0.355 

Co I u. ..... IA.. ... '_..",.. <9" 6 0 0 'R.i b~ -'"7 0.:2. () 0 
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o 2.0 I 0 2. 0 

-25.60 + 12..80 -12.80 +2.5..60 
- 4.5$ - \. '2. 8 - 2. 5(, - z. S(, 

. + '3.1'''' + ~·t3 + I· 8(" -\- I.A\ 
_ o.~3 - I!>.~~ - o.~S - c.l, 5 

;'0. I A +- o. I A -1&·\ '::. 1-2~·8o 

-2b,' I +\ S. 0 ~ 

C",:. i ';, -2 {,. t. I +- t ~. () 6 4 [1·5$ + .... 
0-..'<' i-:, -14.($ +.23..<50=+ .9.~5.j.,-

D; vi cAi IA.~ 1- l e ~ e v 0.. [IA ~ 1lA. ~ ~ u ItA. b~;" (> t 

(0) 0...><. i 5 

(I) 0--><. i ~ 

(2.) 

If. .:fL1 

G 

\\.55 
b 

g.65 
b 

-t- 2.'3£ .t ...... 

\. '3 3 ~t-
" 

. :, ~ 

= t- (; b I' {l.,.. 

. -~ .. '" 

C 20 3 020 

-25.60 + 12. 80 

- 1.2.& 

+ Z.B2 +2.82. 

T~ lMowelA+ (\'1.{S) ca.IA.Hd lo~ vibs O!A.+L. +ovSiolAc...! Ioeo.. k1 / 
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As it h;:l.s been seen :from the solutions of the eXample, all the 
. tTl: 

methods give ~roximatelythe same result; so the amount of the calculation 

required to get .the solution is the important factor • The first and 

Mr. Qakl.roglu's methods are the most laborous. 

Hr. QaklXoglu's differential equation: 

=0 

without , values are the same with the first equati!bn in the first 

method. The solution of the all differential equations are the same. 

The solution involves ~perbolic functions. 

The torsional moment foulm L~ the example is considerably large. 

PAGE 81 

Usual practice ignores torsional momenta on the edge beams~ on ribbed floor 

buildings with large spans usually the torsional moment governs the dimensio ns 

of the edge beam. 

For side S\o/ay calculations, Mr QakJ.roglu gives the value of the' 

fictitious beam to be considered in the analysis. Hr. Erich Schmid also 

gives tlw value of b which is multiplied by (K) of the slab. 
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