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7?l%many approaches to the problem‘ This thesis h&s b

",makes a frame with the oolumns. The torsional moments in the beams must

- }also be determined These two problems are analysed elastlcally.: B V

TETRODUCTION -

In the design of ribbed floor buildlngs ‘hereware manyfmethods‘and

'n intended o' exnound

bﬂfjthe theory and several design methods of one—way ribbed floor Loads are
‘f,transmltted by ribs to the beams to Whlch they are perpendlcular. Lhe rmbs f,,‘

’f»are one way only, and there are no beams betWeen the columns, parallel to

’5-f’the:ribs, which constitutes a homogeneous ons way slab. The end mOments.
‘-of the ribs are transmitted as torsional moments to the beams and then ":
"~to tbe columns mo deslgn such 8 structure to resist s:de sway due to

717>horizontal forces, one must determine the effectxve length of the slab whlch :

»;jéAgE;j:Lﬁfgjv"ﬁ”




The length of the beam is (1) &nd it is fixed supported '~ ..
onAEm B .. ¢ R T

T R NS R IR
Fixed end moment of 'I;he sla‘o. TR ey

m <

o MK

|l

Torsional moment resulted on the beam due to m ; ey

dP’(;g: mads
(Mx) /ﬂ'n a/x( /- ) o

" (P» = The Totation of the slab ypicnfié_hiﬁgé‘sgpp¢i¢¢é§ng¢h¢fﬁe§m;,AV
- under normel load., ..

P = Un;iei' : (yi ‘m'xi" é,l _'tm ) unit 1oad,the _-xﬁtafb:iqn_}-_of the sleb

"~ﬂ,5wh1ch is hinged to the beam. ,f'_ ';, Qﬂ;éw,;;ﬁj-»'*"'"

e ( ¢/’ /“) 'rhe fmal rota.t:.on of the plate under the nomal load, and i

”ir plate as fixed supported to the beam.31 ’°‘* =

T (Seetion g=c )




"vmust be equal at every point.,

. -Kee‘ping_s.n zi:’_i’:id'that thaf}bfa'jpiqg?éf “the beam &nd the elab.

gz%o() + g%lwq

“‘the general fbrmula is obtained'ziiffva o
S /,x,A7"

‘;,By assuming that (¢’) is not a function of ( x ) and (42) is only -

‘ ,a\lipear~function of,( x_)a;he.gbove‘equatiqn is:diffe:antiatad~tw;oe57’

o e

. ETE‘ |

AN‘a second order differential equation is obtained

S .777?;—' £, =0
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Jtosxi0frxo028ix 10785102 .

&y o ‘b.‘7s.8x 10”* = 2}7 v
4 T Tezeixim

&p§l1 Ew .

,c‘oshi £

cosh g €f2

_cosh € w .

o000

384

1.949.
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[ 384
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S in this way end moment., at d:.fferent points are obtained- We can. draw
moment of ‘the slab with respect to tbe slab axls. =

iV

My, d w

o~,.
BT S

- |_'1',,(°o‘_' S

A

s 4

AN A

5 maximum torsional moment applied to ‘the beam-~-(

50 :Ehe shaded part under the diagrem

f /1’/5 jn.m [ {— ’Y) q@,

the .end

gives the
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B Young's modulug of elastlclty ( t/dmz)

| cf»‘i
J

1= Span length in (x) direction (m)'_.

BB
i

'A5RE; E Shear modulus (for Poisson‘s ratio e 6 ) ;135§:;°'4'
_14: e

J = Moment Of Inertia °f the Slab for (lm) wldth; or. moment of 1nertﬁa of R

A j:T beam on the edge span (dm )

"*l{oJo, Ju = Moment of 1nertia of the edge columns (dm )

o Jt‘EﬁbIds. 1 orsion factor for the edge bean (dm )
SR T o‘-3(v[':§..‘—&§') (b.. width of the besm and d-—:depth of the beam)

| o : — o |
V kf;,M[(zer — - J :_dimensionless”coeffibient in hyperbolic functions’

*31.

‘s = length in (y) direotion (m)
’ :ho,hu Helght of the edge column (m) i

q ='Load on the edge slabs (t/m)

no

The fixed end moment of the slab along the edge baam at any point (y) (th)

The flxed end moment of the T beam. (a,b,c,) at (n) : support found by |
assnming the supports to ba free to rotate and as a continuous beam (tm)

-

i

o The fixed end moment of the. slab at column sectlon at y-s (»tm) o
‘ﬁ; é The end moment of the slab at ‘n gupport, found by assuming supports
i - 16 be free to rotate and as a continuous beam.
Tmn—y = The real end moment of f-‘?"? slapigt_(n) supporc ‘and at. (y) ordinate,(tm)
| oa‘» B s ) vl 1 L : A'__, , - L . o
M, 0= The fixed end 'mon’xénﬁlof'the”’T be_jam”.(a,b,cv)i on the edge bean. (tm)
Moc , , o . ,




1 ) Edge beams, edge columns and slabs-'

i Like flat slabs, the slab makes a frame with the columns- The length

°f thﬁ dI‘OP panel iS equol to ¢ 23) anure I. The maximum end and center moment

: ~_’iof the slab occurs under the ]:oadmg shown in F:Lgure 15 K

S

(e

Figure 1

2 23) ,Equafion'fdr ‘the slab e'nd;mome:nts-v',__
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'5~§25Momen$ (m‘

) -»:.at that point._ LR '. < _v.; ’_

'“‘ifijBy choosing thls equationimnterior support moments are already kiviﬁed by two-.a;;f

H€is constant along (y) &xis wh;le m yand mny are variables- f 1; " 

In the flrst solu‘t;ion the slab 13 solved as a’ continuous beam with

f,‘supports free to rotata, moments may be found usi:ng sy, method, coeficients

’“ﬁ‘f are known, too.

" The seoond solution deals with the edge slab, and is dealt more vigorously.’

~”3v2b) The- dlstrlbutlon of tor31ona1 and slab end. moments.

' ,The angle of rotation of the slab at the (y)- of the edge ‘beam |

S 1 - R R ‘193 (1)
' gﬂ o M”‘% 35—:3’ m"& CET tZaer (I)
and taking ( my ) £rom the first equation ! ‘
gﬂ ‘Sm°3 T ™ 623 +f 24E3 S (Ia) .
S~; (z - X )I' : o
v ’—7§E?F‘f

Three seperate condltions may help in solving the differenxial equatlon of

‘mOment dlotrlbutlon.‘

- 1) The- angle of 'twist of ‘the edge beam is equal t0 the tangent of the slab

[)Jp r!% d q9 + f3<? d~} ci q?

VTdrsiénél‘mpmentk}'V ~ u[):; . X ;ELgl- ; v: (JI)

£ dy

- =_!. 15 the angle of twist for ldm of the edge beem and D = ltdm.

“2) The dlfferance in torsional moments of the edge beam is equal to (m )

 the end momen’c ‘of the slab.

0aRdomndy

omee o




d D ; Jléﬂ ?';
dy.. 'f- CdgE v

- 3) leferenta.atmg (Ia) twice v

iz\acp- ‘ ==-S 2 O(?‘.: vv\iok‘n’ T

' .taklng (eq.IV)into eonsidexatian, eq. 111 and v result in~
Ay P

2

taking  <* o

| °.°!Fs,

_dimay _’k‘vi}n;;; s (Il:)

constants.

From accepted syﬁimétry
dMes _ 4

_ | cdy T  ’ —#”‘k:o
ﬁ‘-,AsoB (Fig. 2) I R

for 2] m o= m : and A = _L7tos
LY ooy T Tes R S

' Torsional moment ;s_ob‘tainea~'by'intég;atiryg. (eqo IIT )

:____ mo cosk l( os 'S'n&[ﬂ (: T
: Sf c_oslﬂ |<5 ‘3 . k Coskks

The solution of this is ihoy‘f A cosh ky +B s:.nh ky ( vn) where A and B ere
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1 where éé = rotationhof thﬁ-support'w. ‘ o

; 20 ) Distribut:.on of the end moments are accord:.ng to the follow:.ng equation

B R Tor31onal Homent

Both ofthese are maximum near the coimmns F(Fig‘,-é)v

i"rha torsional moment at the edge beams is

Bdge columns are . sub;}edted 'ho a moment of ( 2 D )

.c),mhs canditmqn for the equlllbrium of the moment 1s

- C*~—¥ QQS ’?’ o 4 (aj ’Aﬁ

o

1

i}

9 .

rotation of the}slab“

M : Losl‘\k ’ Lz.) '
sn” e im0

Dg;{ Wy siuh kg (3).%
e aosk ks S

Ds-——'YVt i‘ﬁl"_}f—l » (4)

v'."the’nf.

2Dy W = - 245k kg ha (k)
(+e) Zm E T QR FT ke ETL T
values for different column oombinations is shawn in (Fig 3 )




o { c) ,valuég, are. the I_‘esﬁlt of ‘thetcha'ngés'bn éoiumn ‘c"onditlions k

C.-_—_- <o —So ku - (S)
L Se ke T
for one floor frarne ¢ is equal-to zero.

(Zc ) Rot&t:.on of the sla‘o

The rota.tion of. thé tangénﬁ vof '&he sié;b_at . y= S

gé_x)e A + ﬂ€3 (C)

'663' S "‘ 353‘- g 245?3‘
(90 ) In passn.ng from (o) and (c) to (a) and multiply:.r% by & E{T .

V= _;5: . \2"‘ R - cdefi’i_cient ‘o:f:“ f:';xify 1s o,btainedf

s (i ks 2 o) - AW @)
| L\+¢)o< e T A
Ef' is lmown so 1t is on "th'e ‘rigl'ﬂ.:- of m‘ Ae'quat:i;ovr;; o
: .i'for.‘. 0 end moment of the 8lab-is max:umm, so the span moment :Lc' minimum. '
- :Calcul&tion..; must be nade’ for y. —""o.‘ &nd y ‘ o
. ':udge columns support a moment of - ‘
3) Edge 5eam and varlous T beams with edge columns.g.
The method of calculatn.on io the same, 1n.,tead of contmuouu edge support
no'nent curves a moment curve shaped by sinule moments and broken at the

T beam ax:s.s, is formed. All T beams nave equal J and symmetrlcally 1oaded-
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38) : Case of&n m’cermedlatebeam .

S —
- E

TSR

2
PR : ST ol A
N COndl'blODS at the secm on uhere (T) beams meet '!;he edge beam

‘g mu’nuﬂu

fOr( 3- ) beam R OL + (Pa, =0

fo;r.,(.;b,) beem o j+ vt«c?,c; —0o"

| i

mhe angle of rotatwOn of the column ' j
Ll {(Moa s ML) Lu;_;_“

o | L - (L+e) ZoETS

o _The angle of torsion of the edge ‘beam

S e 1}  7 M s

t - A : '6%'b.),c_ |

1 The rotatlon of the (a ¥ beam at the support

SRR R 904_{\/(,,&() ¥)€+ P’l.q g Ta 0% 7
R 1 o » ‘éEf‘, | éET _ZAE:Y.,

The rotation of the ( b ) beam at the support

?l = F7,5 l;é__}ﬁ)___% Fﬂ b £ ﬂ&

: CET . 2453‘ :
These rotatlons are mult:.plied by 6BJ ’co fmd f:u:lty coeff:.clents.
AR v ::._:§_;;_; ;££§~,J£:a' - -(5}'
[REE R G+, o ¢ .

R S KR

3—*_-. K '

. equil:.brlum equatn.ons i’or ( a ) and ( b))
(2+V+ X)Ma& +V Mob‘—_—; qle o M(a
_ Ae e‘ ‘i‘*‘ _ L
o T ( )

vax-l—(Z{—V {-—AA.“‘X)

These values are substltlted into equillbrium equa’clons to f:Lnd moments
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e 1S |

Ml and ﬂig.ias moments of CQDiihﬁpﬁégheamﬁétetknbﬁn:frumftﬁetfirstVcalcuiétlbhs;
. The ¥

oment (¥ ) 5 the moment WhiCh fci.i\ise.s::~.17:6_’:t's_idr‘1&i;m’omez‘1t on ‘the edge beam.

Mas o e

Torsional moment

Distribution dﬁcurs’as_éﬁown in fig. 4.
D 0 P .-f_'_ M
Ldge colgmpg take ES Ioa f’Mgb,

which is distributed 'bet',-le_en" upper and lower columns.
. 3b.) Case of two intermedifte beam (Fig. 5;)’, with conditions as (3a)

D

To' ’ T‘l -
‘The rotation of the edge column o L
SR &(___-(M;;A—ZM“) ' l‘“_‘j

: CUwe) Z E 3w
The tors:.on:al rotanon of ‘che edge beam ‘

"(9‘__:__[A Mobs
6 ET7.

The rotation of the téngent of the intermedinte bedm is like case (3a)

, (2. + V~Xl>‘r/{?/&-+ v »Mo‘b)f_-_-." ._.q-f_"_.g__ -




'° MfTorsiona1 moment An- the suace between beams ( a ) and ( b R

D - r4°5 _ (15)

LN

vfMoment oq the edga beam

Ms Moa-\- ZMoQ ‘_ Q‘é)

'pc) Case of three interaedl te bean ( Flgure 6 )

,"‘\ Lo

., o J,agP
?...; . L AB,JV) . :
:::: i -
0. |= e
- =1 9e i
= RIE
= )
= L
- 'IQ,;A. ¢ f

The rotatlan of the edge oalumﬁt

(MOR-{‘ZMOB—{-Maf_) @« -
Q)L ET

,The torsional rotatlon of the edge ‘beam at the intersectlon of ( b )

’i}k‘_’ ) oo (Z.Mob ‘*‘Ma:.") 5

i

The torsional rotation of the edge besm &t the intersection of (¢ ) =

o oa Lt srtads

The rotatlon of the tangent of “the" slab 18 like in’ (3a), to thls rotation

; for beam (c) with same value is used, then condltlons are

9<+(10a=.

0‘<+’La’h+‘-éb—
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| wmng»cn whes mqﬁl

Ao

v Moa +(2.{— Zv —t Z,;_‘;-X ) [\105 1—- (v+M) Mo‘_ ,_:_,____

vl‘/oa+- sz {'ZM)MD':: +(?_+V4f214 X )

oolutlons of - these equatlons give flxed end moments af- the beam-.

G e»)

. morsional mo-'xent between (d-b) (_)b _ ""1.,4; & M"‘

(b-c) . DG: —L\ji&— L\S)

=M MM

‘::,nd coluznns e Le Ms oa ¥ Fop Moo

| ‘:“'Cz_ol)b |
(r1gure 7)

' 3a) Case of four intermediate. beams

N, T ew

o
Nl &

HH .l uni P

A B
e

9
o
JP I S B

- _4 Rotat:.on of the edge column

(Moq-!-ZMob + ZMN—) ('iu |
(I'(‘L) o(“ E—SU. i

The angle of tors:.ona.l rotatlon at (b)

.;,\A

(Moh {-Mo;__) S |

_19;;

E-'Se_h’

= The angle of torsional rotatxon at (c)

15%_

th,l,

\A’ LMn, +1Mu)s |




 1 :'f"f',,,:’,(Torsional moment between‘beam (a) and (:b).v

S B M wuaiy¢
*.,',’tTorsional moment between beams (b) and (c)
v | = Mof—

3'g;f;

(22)

(z 3)

Dnd .éoit;‘zith' M = + 2(}4 :

e

' If. there are more than four mtermédiate beams, the way as explamed m.

»part (2) should be followed.i _:«u

4 ‘,xaxnples. : 3
e Edge beam and slab (B 300)

'taken as (1 meter)
PR d = [ A Jw  =-,.‘
' :‘Edge be - L
T L, = 1. 5 JM

~"L

‘=' Oﬁ'e/m

'A'—OS‘&/\M. 1

  :81ab ” e
:Y 23 A.Mr:" ‘ §=;‘3'.‘o s

“Qa; 35Jm .fj' hﬂsAM

"Edge columns~ 5 ° JM:_A A 2. 2 Jw. »,;-_;.11 3*‘ . A AM
g cohbiﬁationfisalikéain?fig@re:a-; ;c;gt-r,;z -4

T

£L L 1_3 z S

_7

NG ozepas

z 3L :.—_ 052_ |<_____ o 52 , * 30_____|5 ¢ -

(4.3

There aa:‘e many equal spans in X directlon. Length in (y) directlon is.': L




D 5}.. l L é\ o. 8; T‘ ,Z 5 5 (e,% 4) torsional moment

My e _’;2*#;2-05 o (“"*‘8)

¥'4 ”=§( 3.00 = 0.25 ) —, .75 m S St

12ree: 3'7}'052 +2
U+1)A "052

052

Torsional moment near the column

5 sinh 1.43 o1 ’97

—0: Aé —‘-u« : Ceg )

4b) Equal spans in x. airection, and three intermediate beams in y direction

asinfiguresg .

s -"— 1 35 {‘/u. { A So\.. .




R Homent equil:.br:hnn equation

L

2 A& Mo.+zSo Mos+075 I\’(“‘

075 Mo&—{-sssﬂo‘- +’33 Moc

I.D 75 Mo& +36é ‘\405 {-A &AMocc—S 46
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Jtz Torsional

15 y” variable distance (m)

) Edge be&ms and slab constitutes a homogeneous sect:.on. Torsion ﬁ*om

combined forces is negtected. :

. 4) Edge beams are assumed to be only under torsional ei’fecta. j.:
| '-"5) Torsional rigidity of the slab i.s neglacted.
- _;Définitions':'*_‘ D
Modulus of Elastici‘by (t/mz)
G. ";-’.5 i E Shear modulus (t/ ca

2(1+u$

E

J = Moment o:t‘ inewtia of the slab :f.’or 1 m vidth (edge slab) (m4/m)ff"‘; S

e fi;l = Length of ‘che edge slab (m)

.for rectangular sections

S 1y-: len.gth o:f the. edge beam (m) ,'3 A

L ons y/l variable wi‘bhmrb uni:bs‘

D Torsional moment on ths edge beam on the po:.nt n (mt)

_ Torsioual moment on’ the edge beam’ on the s support (mt)

reional fized end moment on the edge beam on support s (ms) | -




: :""‘}The rotation of ‘the slab a.round A &Xls '

--',-‘":, end moment of th'_,.slab at the m:.ddle oi‘ the span

The dngle of rotation of the slab around A axis

b MOment.'i,chf_idie‘r'-lts (mithout unit)

Vet

=¥ M

{,‘ | I{HHHIH(‘. el (Fiab T),

o e
' 7 "- | ‘V ':A.- L D v"%‘

o ; Support:s A.B .C. etc. are considered to be s:.mple supports¢ The relatzon ; '
r;.batveen torsional moment D'L and the end moment of the slab (m ) at pOint

VL ¥ are discussed below. SRR

W't; ; (o Y‘?’) { . (‘5

cET } S
i "For the stiffness Oi’ the slab lm width is taken, using Kani dlefmltion-
NIz @ e

For f:.xed support ye ,;_ o0. S and (eq.g) reduces to

L
. -

‘ K’ 2 Lz 05)&

:‘ ‘-}:’For simple support Xe o eq-z) becomes

.
»Q
(

2- "2.& A i
9”1

Pl
-

From (eq.l) and (eq.2)

T:L W : D,s"rahq ;OV\ :)j( 'leLLo.uneJ.




co -Z_(A")

f'b) The derivat:we o:E torsional moment DrL is equal to the edge moment (my\)
ﬂwummm ” "  ] ¢” | i
‘ Lo dDu

*dg_’.”'k"”r s

or -

| p \,__.__

for conerete - M _ /e

/\_ 3055{),

:::and (eq.j) becomes FOTE
iy B ! z ) V

dmuk__y\”-m —o. (-7)

solut:.on Of (7) 5093 not depend on (r\ and x )

'..",80111131011 gives R A

AEKL@,L

{—Cl COSL‘)\VL ‘t'Cz. SIM.L\‘)\V\ (6) S

*freferring to eq.3s 4, and 6 '“, 375 - «7,.gfﬁ I R R
/‘4 DV\ [C| s’“‘L‘,,)\b\ + C'L cogl/\ )\QL] } R = \




—y
~

'.m‘-}-.: ST
7A

R A QU e SRR NP AL N 11 ~ %

t—‘x -(»cr V\ql +DV5{qu(
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Under this loading thare is symmetry with respect to axis j ‘.‘,-= Oy

: so - must also have symmetry with respect to axis e
pdrt 02 in equation B must equal to zero, 80 from boundary condition :
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‘::which gives the variation of end moment of the slab alnng ;\
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;: at the middle of the slab W4o'— 7“5 %é ;T

”Torsional moment ‘on. the edge beam is found u51ng

§ - siwh Ay ;.(see r‘a s) (lﬁ)

4 s«uh )\/2 |
| ) Fixed end moment on the edge beam due to load (q) ‘on the slab- (Slab mc;ment
. is consideredf to consist of the followinga ) ' ‘ |

. . a) n moments on A,B,and c axis (Fig. 5) which are cﬂnslderéd Ato‘ be :
simple supported. SR e

R ‘A« A('.b_) ‘§‘4 2 - e B .. - N R . L EE _
~ in,\ moments (Fig- 7 &nd 8 ) due to slab be:mg ﬁxed to edge beam a]ong

‘.u.,

(s) axis. In 'bhis oomplete ﬁ.xity (95 the rotatlon of the edge beam - ,‘

around (s) axis 18 zero.
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Length of ’che perpendicular beam-.._g"; o

, Tsength of the ribbed floor. L ’

pe
1

~‘_-:'_Oé._, fi._ Ax:.s, wh:v.ch passes 'through the center of gzavity of the perpendicular

beam, middle Of the beam 8-8 its starting poin‘b. -

‘?%S[%'i's
o " ,

Angle of rotation of the perpendicular beams. consideringfclwk"ise

S rotation ae (t)

-

= Moment of inertia of the slab for 1 m. 1enght. [ S

m
n

"z Rigidity of the perpemilcular beam

'ifTereiéeei‘R#eiditiesfof fhe'ene~seétianeg,v“-*~

S At the supports of the ribs, bending moments of M is created._ o

' "‘This moment is obtan.ned by the superposition of the two effects-~ ‘

1) Pixed end moment M o’ when the rotatiOn of the supp0rt :ls zZero (absolute V'
fixa'bion) o | | " |

2) A S‘Q ' hich is the moment j.nduced by a rotation. of - magnltude 7

v of the support. Where (5) is the stiffness of} the 1 m. wide slgb.j
- For T = cousk. £=-_6ET  AM-.2ETQ . ‘:LP: AML

L

Summation of the bend:.ng stiffness of the upper and lower columns- 1
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4) s Cp;ﬁ- eo('g—% 6’_6 C A4
~ Boundary conditiioris '

~ for -S‘:=;o‘_ from symmetry Mezo

. jmaking derivative with reapeot to (S)

Gjt ds* ="M°+ 30

dsfg‘. 2o c;s ST T Ee

ds®= |
Solutioﬁ‘of‘this: :
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A_Moment in the oolumns

6) Moz e £ B /z el
e ST T ey 1 sh 2, L

If 'qguatiOn (5) is’ solved .for M and substituted into equat:.on (6)

.5 forii.m'. width' Lo :

o !"\'s;‘—‘ s GL”‘B.S/Q

S N E Telg,
 taking average value . J:‘_s_', Maw
R Tl it

7)'4';:;_;(\’(&: = M‘s,m‘//g«v—c—lf‘———g-i/—e- . is obtained
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A‘.’Here (R ) is. the stiffness value of the interior slab for 1 m., and M is ' 

fjthe ﬁ.xed end momen‘b of the slab with exterior end fixed ana al ag ths

' »‘fstiffness value for :mt;erior. -
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:}:f{of the beam and column et&ffnesees to find the desired moments. Rib moments

Y 511?33K»_VJZEiliifé:—'Singae;gpan,sym@etrica1tgibﬁeaiflear;fi1~~‘

and upper columns Sk

";;M fbund in this way must be 'roplrtioned between excess”stiffness j;g;ﬁ_j

L nare found BS in Ia by uSi-ng (Diag‘am 2)

{iR-ﬁ’— For the different'end,conditions.diﬁ»g,""'J’"

=
. Ry~ 23EIx = continuous ribbed floor. -

I = Moment of inertia of the beam on excess-of the rib widthe

Ry = The:sﬁiffneSS;Of the"beam on_excess‘qf,ribe{; o

fjid)dTorsione;vBéaﬁiWith;Unéquai Span Length:

| ' For this case Eelaxatloo method is used. Flrst tor51ona1 beam ;s
‘dlocked to- rotate around (s) &XISo In this szxuation (diagxam 1) is used |
l'to flnd toreional moments at the ‘end of the torsional beam, taking X —o. ‘
_eOne by one the joints are unlocked- Unlocking ofthe Joint means the applic&tion 'i.
ot the moments in opposite sense to moments which causes the- Joints to be“
llocked- Thls applied moment also equals to the opposmte of the sum of the
,moments caused by torslonal beam in varlous stages, con31der1ng the equi—.d

' 1ibrium of the 3oint around the s Emie..!

In this case unlooking the joint means the summatlon of the

o moments on the 301nt when the other Joints are 1ocked, and moments caused '




Golumn be‘ndingl inoﬁxénté‘

It is equal to the summation of the moments caused by releasing

s the. ;}oint to which it belongs.

Torsional,beamvand‘torsional‘Momenti~
It is- the summation of the moments caused by external forces
_ when its two ends are: restra:.ned against rotatlon around (s) axis, and
".moments caused by xeleaeing the adjucent Joints- f’ N
Torsional moment is obtalned by the equillbrium equatlon depending

"on column and rib momentao'j .

'Ribbed Floor end moments.

‘It 18 the summatlon of bendzng moments caused by external forces
‘?’when the ende of the beam are restrained agalnst rotation around (s) axis
‘1;iand bending moment created by releasing towo adjucent joints- For this
:lfsuperpositiou is used. The end moment in one of the ribs is found by the
iiqu 10 depending on the torsional moment created at the end of the beam

when one of the 3oints 1s 1ocked and the other is free.




| ,‘ié_-‘)'(:;‘;gazpt‘:!,levéizizﬁibszjﬁ

- ;fIn this case M' is obtained‘by \dding-cantilever4moment to thevfixed

: ﬁrgendLmoment'Of tha fixed end beam. In caae of'vertlc&I 1oads these two moments'

;are in oppOSlte sign;»so that they are{substracted ;;“

’,if;moments K coefficient is found fromiDiag:am I. 001umn moment of M is distributed

| iito the ribs using diagram 2. To these moments cantilevel moments are- added

HV:to find final support moments of the ribs-f“‘f 

*n) calculations for the ‘Horizontal Forces'

IIa) For calculations of the side sway, instead of a system connecting
the columns, a flctltlous beam is used. In thls way the system is sdlved
by classical means and moments on the fictitlous beam are found. Afterwards
{.fthe moments for ﬁhe varlous parts are founﬁ in the way shown below.,;

'1”35 = fixed end,momént df,the“ribbed flobifon‘(é) seétion;,>

My 54

Cdme _ep
= S .
o Me=67,dY
ST ds

Differentiated with respect to S -

dMe
ds .

‘— s¢ ¢ is obtained.




' here B is different from B
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Here P’L,M shows the end moment in case of equal distribution of end moment ‘

between the r.i.bs. And, ; : d |

"v/Q,z—- ‘3 et 0%

o o 2 E7 LR

’ Diagram 2 gives .. NMs_

L]

’H‘dépend‘ ing onp :
' Moméritfbf inertia of the fietitious beam: - 1 1 =TI Ah B
in »equa‘t'iohr-(ll)' 'fdr, L &= E/,_ M _;(p R B
R | GT{: 4 ,(_L G E I{:
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: 2A- A_

"'f‘for 8 =1,12

,'The stiffness of the tors:.onal beam is = éfj - ¥4 -—ié——@

‘2%:_7:,2# T (Symmejfc;ficalgrgtation cage )

1Ic) continudué ' Ribbe’d.”m«:o'z?: |

Calculations are the same w:.th part (Ib) The distribution factor Co

'for in‘cermediate torsional beams is E ,8,_ + ,8 -, hare |
_Bn:left S S AT

s : Are the B factors for the spans-

Bg. = R:Lght R .

- IId) Tora:l.onal Beam wi'hh U,,equal sgan Length'

Relaxation method is used as explained in part (I)

- III)Calculations for torsional Carryover and Distribution Factors for an Edge Beam.‘

| Let us consider a ‘bean with ( j) edge ﬁxed, and apply Mi tora:.onal S
moment at- (1) S | AR '. e
1 . '

A B

)

o - torsional gistribution factor. = ¢
S ER
M.

Bl

b

W, fixed end ‘Vm.’om’eht‘t.)fi the’.i'ibbed»,ﬂvoo;-.: e *
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M_‘t' '2 I‘T‘ C"‘ 2 8, s/@ i ms - C,ﬂ g | AGTt - -
is like explained in part (x) L

for 5. ‘1 (p (p M 4L z 8 .
‘ U L G—St 2 81/@
and torsional d:.stribution :Eactor is
o Rt :.. G j-t. 2 g
o C()«; oL +L««z/@

fors o~

MM
e " : chz)g‘

’ :carryo‘;rer-‘ fé-'t:tor is' i = Mt SRR NN ‘
o : : 1 Mi chzg,
' suLs-L Juded \ ' :
if cp s d-isteibﬁed into equation 12, the ribbed floor support moments ‘

= 67 4L _CT (AL Q- Be )
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:Torsional rigidlty o:f the beams

"‘/6 Y\s—- 4

.'from chart 2.. ,

‘ Co(d'#ks

2

320 Y 3,20 |,  SR L 3.-‘5-°’ b 3.So -

=
e
5
b
N

‘Monent of Inei't-id pf L sléb'l‘

I= 1 e 435,;_:_‘;_’1,:' 3. 606 Jdu“
: _',o.z_t‘o_ 2 E 5 v

: ;Sum of tha wolumn stiﬁ’nesaes at the support

5 "Z‘?‘O 60¥[ 6;&3)&3 __;_[A.,OO'_ ]

N

'3

- ‘Exa.mplé5~2, P

(Loads are horiz ontal)

: "same system of example 1 is analysed for the homontal loads-~

/gi¢%¢ ,1 3 60 * 3‘20 =4 6»5 . | ,@= Z.;

'&,
3 A 40 : 650

- f‘End moment of the rib across the oolumns

220 XL ozzem

-‘:'j?t‘_‘v, 614 v«23x 3 =1l do du?
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I fictitmus for side' sway calculatiOns. Suin 3 - :

"Exam ple

S —oleIk-——-—— 310 ———-,uzollrr-——— 3. to. ———onSL—

R:.bs are only one-span Torsional beams are symmetrical and two-span- _

Upper and 1ower support oonditions ‘are symmetrieal Load on the slab :

is 0.55 t/b!z and torsional beams have additional 0-300 t/m wall load. i

¥. 2T L 7‘; '77\1;‘5 X226 _ o 6d
N ,;g \~ el leéSD S

R rA oo from example 1. R _
e s 3,2"““_4.6‘50? > Tl BT Te . 3‘
k~"From chart 1. ) "K' =0 47 ' i
Z.Y
M BEERR aourg - Sizey b
,Bending moment for one support
~SE):D

.1‘12653

':Ribbed floor average support moment

Ms ““':=," : S:O ﬁ_ =—' O. 662- ﬂ_ 'Lw

Fixed end moment for each rib from chart. 2.. _ |
, o X‘,—'__—_—oéé2ﬁ_x|465 _039014\«’,,‘,,‘ ’ |
L Fixed end moment for the rib which is at the center of the torsional beam.

%——‘5- o. 662 g_ xo 7&:5 =- o. 520 3_ 4“-
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" In th:Ls case the s’cii’fnesses are'

B ’vTora:.onal carryover factor

Tl

L Torsional moment at support of the torsional beam° '

P’le:(53°j¢' °‘57)_i’j 16533

i R

IE Ii’ the rihs were oonsidered to be s:i.mgle supported, the relative mistakes S

' o:f the moments 8t ’cne span would be' :

For column section /o 85

For center sect:.on /o 35 )

. According to example 1..

I= 3. 6o dut /w L =‘:t’#;o_c%f:;"ﬁ*.’J’;.;:A*';_.A;a-.é'_;{"

e

,'The differance of side torsional buams frcm ribs 25/ 30

‘The dlfferance of center ‘corsional beams fro'n ribs 20/30

]2‘4; 2Ex2.0%3 "y 29 F _for the center bedm . . -
llvaé So»»: TR o C R R :

‘Torsional Riglditiee., R A

T +aze, = 3% Tosee T 0%t 5

. ..‘_;__‘_ﬂ_~
s et

' The summatlon 6f the stiffnes%:es ;'~ :

~_,"Attheedge ZQ (384+(;z3+(.4 oa}E: 16 S;Zl:

5 ""M:‘v:'At the center. ZK* (3 34-"3’8‘4* t4. °°+( 33)5 ’Z{ 07 E

S48

“For schematic mpresantat::.on look at f:.gure lOa. S
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B Bendmg moments at the edge supports

- LAE the rib which is 8% the center: e . R P
X= -z 2lloges 4o 204((045‘+°735)0 40:?7;¢A264:#s‘g3,-
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* e ST

Part II Calculations oi’ the Rib Systems

S 1. "Ibg.troductio_n: |

Beams wh:.ch support the rib have torsional ng:.dities, bacause of

'_that these heams are subjected to tors:.onal moments, and columns to bendlng
- .momentey as a result of these moments eupport moments of the r:.bs am
o ':'reduced considerably.ln the part (I) only side torsional beams and ribs
| 'were considered because of its importance. In this part, the applicat:.on
.Qo:f fomulaes developed in part (I) for intermediate beams are analysed. 7
' .'. In: this way r:.b ﬁ-ames are analysed with a I{ardy CrOss llke calculation :
| - »to some accuracy. At the end of the artiole a uumerical example is gieven
= “,to compare the results thus obtamed to an accuxate solution, also an R
‘example is given using methods developed :I.n part (I) for side sway amlysie
In this a.x-tiele 1ike part (I) y ribs are considered to be infinitly close '
‘:'-yand the ei’i’ect of hor:zontal bending due to the fact that the center of

'grav:.ty and the center of rotation of the beam do not cross , is not
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Here the systems which are encounteréd nsually in praotice; wlth f, i

"ﬁfdifferent b 0pen1ngs, and equaled span tor51onal beams with infinite

V‘flength are considered. The vertical'loads acting on the ribs are oonsidered ’;Q:L; E

.r“,t° be uniform 81°n8 Vertical directzons to the ribs. so in thls direction

‘€vall spans are same with eaoh other. To analyse one of them is enought.»a,i R 
B ,The case of the torsional beam with dlfferent span ia analysea in part (I)
| _In praetice ribs are made wide at ths eolumn sectioa and relnforoed. -gf.ils
‘In thls article the sectlon which is ths differance of the wzde oeam to ,
'vordinary rib 1s called the rib excess beam. In figure 4 the rib excess beam sf f
‘ is shcwn by hatched llnes. To make the calculations simple, the,rib and ffl
 ;001nmn moments turning the torslonal beam from 1eft to right are taken |
's‘as positive like ths Hardy Cross Method. The effect of wall loads on"
' :rib excess beam and the effect of the nnlform loads on the ribs are
s-considered seperately | o ‘ |

'a-;2) 1. The effect of 1oads on “the rib:

Ths results as shown on differenx steps below are superposed to find};;.
the final answer.:s {‘“ | [y
o a) Torsional beams are restrained to rotate around their axis..__f'E“

In this case end moments of the ribs are fbund easily, becuase the ribs are

"7sf11ke fixed supported beams. Unit width end moments Mo are considered to be o

;v”ffpositive on left support and to be negative on righx support, for. loads if._7k'

‘i g;acting downward.”~7-” CELA




S G B are. defined as

“on edge ‘t;orsional beam = X—_-__A__E__I__.,!i SR &L &L _.Q-- (3)

‘v,-EI’f Unit width bendlng rigidlty of the nbbed floor. R
R = The sum of the stn.ffnesses of the upper and 1ower columns, and of tbe o

- rib excess beam. (Other end cf the columns are ccmsldered to be half o

| fixed, and the rib excesa beam ae fully f:.xed on both ende.)""b

S Ty Lengh'bh oi’ the ribbed ﬂoor. L

._(

Length cf the tors:.onal beams- ( If there are rn.b excess beame then f

: u:]

- 1}.
| length of the torsional beam - width of the rib excess beam.)
@ Jt = Torsional rlgldity of the tors:wnal beam.~ ‘

F “ : + /g nght

For :mtermediate tors:.onal heam t ,8 2
X&AA k. X nght

' To make ’Ghe calcula'bions simpler, coeff:.cient k versus X and B was given f o

; 'Moment n, i’ound in this way is distributed am‘mg “PPer ang 1°"°r °°1“m“s’
and 1eft and righ‘t rib excess beams, with respect to their stiffne ses,« -',;
'{”’e'for the ribbed ﬂoor end moments 14 this oase are s L

( 1 €f+ M. eau—) ‘é (l— I< éd) |

This"mo'ent is divided b'twee"'left and right ribbed ﬂoors with

: f?f“;'respe : vza.ter r:.bnexces" momente and ribbed ﬂoor end moments} e B

~~-.are; carried over‘.»in‘half to :Eind adjucent end moments. while releasing




~d:.fferance is of second order magnitude and it does not eﬁ’ect 6‘" ne:réédit" }

g | "ffconsiderably. Torsional beams are released till the system 1s mequzlibrium.":‘; R 5

‘ 'l‘o find tha real results values onuevery stap 13 summed Because of the

‘uniqueneas of the problem; the systamatic solution Whi.oh converges l'aPid]-Y’

vls ShOWn in ( BX- ~1) Column end moments fmmd m this way are the o

; 5des:.red 1'3"1 moments On the rlbs and on torsional beams. One must follow the e oY

."l:_-?'b’“.,,Steps es: eXpla:med belw., %

The smnmat:.on o:f:‘ the end moments of the rib‘oed slab on two sides
RS "of the tors:.onal beam is equal to the summation of the appl:.ed moment on.
' ".f't;orsional beam by r:c.bs. The rat:.o of th:.s summed moment to mmber of r:Lbs

f'for one sp&n, is multiplied by:

‘ ‘: k\_,_/g( ) (,03[4 2/31 5/'[
. ::'.To obtain *bhe applied moments ﬁn ) bJ— each rib to toraional beam, the chart

‘;"giving k1 depend:mg on Bl was given in part (I)
!'..The moment applled to the ribs by torsional beam then is - M ." The ri’bs' E
l ;-'can be analysed by any method like Hard.y Cross, since the moments acting o
o .:’""On supporf:s (—M ) and external loads are kuown (Fig.}) A

'mu( uu

 ‘Toraiona mome




" coeficient k: | .

On figure 1 the curve for X K gn.ves the value :for

this v&lue can be substltuted into eq. 2 to get the ooeficient (K)

3 ) Horizontal Ioads'

S -same; method ;,a'g"ex;;m;in’e’af in part (I) is folloved.




) S‘ . .:’ Fo V (Igc)

:v”dgof the rib excess beam is 0.50 -0

- 1 = 4.40 - 0040 = 4-00 mo

o r1b excess beam is

Q“’? )

b%¢004ﬁ%mv”/n¢J

“l

l
A

p

.40 m. So according to definition ;iif: A

2 1 equals 4:00 mo and the stlffness of the

7/33 p/u./w
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: C ax:.s: L‘ ?‘T'3l»5'°i@ o Sec—r(—«w la/do

£ (B axis) Q

o for B axis, sect:.on 0/33

. B*axis._: ‘if. Ll 3 50 w 5e<. J—« ot 1 5/5‘:7

Q 2. 5 25280 U L aaded)
7 ( 1z ) vs.soc,?’ ?,6’ o4 detfe

’.k“bhen R, by definlt:.on, is the ‘sun of the stiffnesses found above

(A axig) (Zx lS 1‘3) +;Z 98 3& 37

,j “

(z_,c 1404)+?93 +{( 96 772 oS

-ix\v'_

(C axis) fZ (2>< le. 57) + (( 86 - 33 32. S

*3 .

Torsional rig:.dities of A and C axis. section belng6°/33
‘ | 34: o 21;2 X6 x 23 = Aé 73 Ju«

‘J} Lo 244 x an 33 r‘;,; 7;_ A.M

.

i’k The valuas 0.21? and 0 246 depend on the ratlon of the s:uies of the section

- ;'ﬁ% -‘{'they can be obtained fro:n Beton Kalendar 1951, page 191. o

‘ ':‘;Z"- l{oment of Inertia of the nbbed floor for unxt wid h (lm.). PENERT IS L RE

-—--—-- -—--——

_‘°’<33 loﬁz o?w/m
BRI .32 3 . ' ’
32 3 rvow aLoseY'
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.320 t‘m :Ls assumed 1:0 act at the B

M"wiu(— '7 » ) =
For catr!:a.level when an uni:fom load of 0

‘end O'.f the ribs. ,‘ M.L, 5. 300 _z__f_o_ x A oo +o 32 xt 60 xA oc— 3 63 »(-u-;,i:n‘:‘
1. .90 is the distanee fmm the center of the 0.320 t/m léad ‘l:O 'bhe m:i.d section Df P
" Xand Bt values using eq- 3 3nd 3'

,i] ~xis ’;» X_ P 10, az ‘ ,4_“:_ L

v Bais fY 4 (10.82" do0 , 4 TAIRTAPETS
ol ?205 = éoo : ?2 oS AO'O .
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" Distribution factors for A axis:

, Uppéi' and lover columns = = — =R, l o Zx1SA3 o aa. _0.35
: : - R S 38.37 T
' R'Iib excess beam = Y,(:% Q""‘k =~——————~7'33 ~0.44 = ~009 |
; L 2 3&,37 . S
Ribs = V== (l-k)= _(1~0.42)=-0.5¢

Distribution Factors for B axis:

- upper and lower coluang = gy = — M «6.36 = ,_‘o.zbéfs

= ?2 .68 e
AB rib excess beam = L :;'69 x0-36 = —o0.0 A4
: - ; lA.0 S
BC rib excess beam = Ve = - 7T x ©:36 = -o‘éé
for (AB)ribs = = "N = -~064_2 . _o.2("
for (BC) ribs= v = 064 & - _0.38& : |
: A4 6 . ‘ - ‘ o ) 7
Distribution factors for C axisg: - | U ‘ : [
| lums = o - - 221067 . 533 o0z |
1 = s = . el 7
Upper and lower columns | | Taszz ; : » 1! I
, _ ‘ | |
Y - 1{.98 x 0-33 . _—o.12 |

Rib excess beam = K = 22 37
‘Ribs = . V- —(1-033) —_o0.67
" In tsble 1. the distribution factors are on the first row. Pixed end moments

are on the second rbw, and by sequince AyCyBy = A,C;B, - AyCyB, axis are

rfoleased to obtain equilibrium conditions’ . . g o
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Table I

A OANS Béxxia C ouxis
b Y A - " bY
3 ‘\‘, 2 3 al D . " 'X v '
TR EFR Y TR R Ry o 13 Tive| S
x;ii» "d) -9 &@33&\3}«5\)3\) RN :g\‘x%}\sf-‘

Pl RS g - . 9 D -9l%s 3|+
ot Sl ag < & Lo TS 32D 5@ P alyv 3 3
&7 T o = N al _ Y -9 2 el
s V¥ , VR NN PYRREE RS B
d : E
=035 |~e.03 1056 ~0.2¢ |~0.04 |~0.26 |-0.06|-0.38 -0.62 |-0(Z |~0.21 | —

+10:80|. ~0.80 ‘ +4.80 ~4.80 +3.63

.3.781-0987|- 605 —» |- 302|-0.48| = [-0.29|-162]| &4— |-2.24|-058]-Lal] ,
. 10-23 (1. 48 £2.37|40.46142.37 |£2.68144.331 o [12.16 [10.34 |
~®0.60|~0:l5|~0.9¢ : ~6.48]-0.08 -0.15 |-0.84] ~1.68 |~0.30]|~0.5L : i ’ ;

~}40.03 |to.20 4+0. Ao |4+0.046 [+0.41 | 40.09|¢0.59 | 40.%0|+0.04 - v ; »,‘
-c.0&1-0.02]~0,13 v ~0.86 |-6.0]|" 0.0z |-b.12 © lee23 |< 004|007 . ‘ ;
~4.46|-0.88|+5:34] i t0.061t0.0]) 4005 jro.0] [Hs.08| - ~749 |-0.54 6o |43.63

1707 |-~10.83)c6.04 |+3.43 |0.32 f;,zz : :

For this table end moments of the columns A,B, and C respectively:

A.46 . ' 3.4 k o » 1.éo . e
— 2 fe . _z2.23 fu. SeA42 3z e -t L 6.80 =
‘Z ! + Z ? : 2 -

fhe stiffnesses of the upper and lower bcovlumns for particular column are same,
8o mements found from table (1) are divided into (2).
Thé sum of the fib‘moments on two si&es of the torsional beé.m are:

i

‘at A 04+ 8534 = +S.34 1
at B = ~l0.33 {-7.;2 = - 3720 - [

There are B ribs _;m’ one span 36 we divide these .mo;‘nents into B, the results ars:

at. A = s.34 - +k0- 616 A ~L-(

at B  -%F _ o.a6da {
at C = _2.!4___,,‘_0».26&;(“,
‘ & ) :
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~ In calculation only the center rib (d ) and the rib across the columns are
cons:.dered, 30 M moments applied to tor«ional beams by rlbs are found b,/

multiplying (kl)' faetor obtained £rom i’igurag by the moments found above.

Ae A s g(;’;.za
R | Ni cewdve wit $/e=o v1<}=‘o.77
’NS; 0. 668xo0FL =0.51 tu
Coltrun e Jron %/é=50.60. ktﬁi.SO
Ms = _ 0. 66 &‘ “l.So = —gl 0o 4w |
Ae B cpis @}a{.;é | | |
| N cendve Vil eltee L .ses
Me= 0. 464 x0.65 =- 5.-30 {o
Columu oo Liou sle-oso bi=t78
Mo -0 4¢4 « 178 = —0. &3 Ao -
4?{ C aris fv@, =158
NB (.e,ui.ve vib  s/p-o k- o,@,a\',
Mg = o.zsag 0.65 = 0. 18 du :

Columun  mec Liou s/g'= o - So (C"""";L,Z‘

Mg-0.2¢0 x (72 = 6. 46 .

In this cé.se ‘support moments acting &t A,B3, and C for center rib are -0e51 tm,

+ 0.30 tm 2nd - 0 18 tm respectively. For column sections these moments are

- 1.00 tm, + 0.83 tm and - 0446 tme. (Figure 8 ). In these two ribs end moments

due to MS and wniforn 16ads ere determined by Hardy Cross pethod (Table 2).
Moments acting on vthe paré.llel»:ﬁeam -are ’:f.’o'uud by adding r_ib aicess beanm

moment {Table I) to column section rib end moment (Table 2 ).
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et

ro.1z ~I.So +o.'ﬁ“s‘

—1.28 | +1.20.

A ) +1.00 0.88 = + 0,12
B lé_ft ) = 1.86 - 0.04 = - 1.50
B right ) + 0432 4 0.63 = + 0.95

Cleft)-0.4-0.54 -.-128

c right + 1“

Torsn.onazl moments, at the section where torsmnal beams cut parallel

M
nt

beam.,, are found by add:.ng half of the total column moments to half of the

moments on parallel bean.

A axis = Me c_;-é (=4.4¢ '*_0'_11'2) _=+2_7(?45
B axis = Me= L (243 -1S040.9S) 2l aa]n
¢ axis = Mes - L (~l6e_(281020) = 1084 Ju
. A B C
‘M'awtu'{"s acting ,_051 +°_.%‘0.  _;vai_'& .
ou +-le suppords-M; _
Disdvibutiou "NLMS _— ~0.40 ,'—O~6g — ——-
Fiked eriet Momeuwth - -2.02 ‘4.9_30 —_— +(. 20
Distdvibu fiow +to0.31 | —» | +o.15 ~0.5| -lox
' L +0.43 | 10.65
Resul$ 4o0. S -1L34 +lo A o2 +1.2p
N Ceutve vib - '
o Table 2
Column sivip rib - '
Mb\:‘&et&,‘('ﬁ KetFing —l.fo’o Lo 8% _ AO-‘AG
) ow -H;ue Suyf’ov{'s-?‘(s . : i ' . A.
 Diskuibu Hou —_ ~0. 40 —‘-D.é,o — —
Fixedewd wmomeuls o ~%2.02 *o-90. - tiZo
‘. : . N . +{.90 . . +D.SO _D:vS? "07A .
Distribuifioy _ ‘ eo. 00 0.0 - - i |
Resalt - +{o0 -L4AcC +0.6% —o0.%4 tlZo
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In table 3 the distribution _factors are on the f:i.rsti'ow, t'h'e' fixed
. end mom’ents are on the second row. Axis with A4CyB ~ and A,C,B, yseguences-

are released.

.

X
1D

ROBERT COLLEGE GRADUATE SCHOOL A'PAGE
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4.2 ) The effect of the wall lgad On'tﬁe rib ekcéss beam:
Loads acting is shown in figure 5.
‘ “./'V{v.00+/‘q ) N : ‘-/‘/9-5,,‘4-/;«4‘ o
‘IZ////////////////]/Zf/‘}‘(// 7 /;/' 7 rr/‘ Lol R S A Al i §
e ¥ -+«
/‘4' L G-00 | 3 4d.00 . 200
. Fixéd end moments dus to the loads shown are :
()= M, = (‘—2 % (.00 6.00 = Z.06
(Bc): Mo = T‘;‘_.vu_o-SIOKA-OO :0'6?,4"‘
Overhanging part - Mo = L, 0.50 « Zoo = Loo 4
K values as found by using (2') -
Distributing factors considering K values as in part (4.1)
Aa}d.s . rs;“p.ss ‘ 3 V(<=;~.O-b(4 'fN=*°-;53
B axis ’V-_\, =~ —o. %é Vga = —0-0F rﬂfa*‘”o'” Yeu, = —0 14 'rg"uﬂ To_‘.zzv
c axis " Ve = _036 Vie = —6.2] r&c —-O A3

oo
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N

Column end moments:
A ) — "'TT.é _o.éé
Sz

B ) + \-S7 — +_o.;Z5

z

L

C) SIS R S I A

The sum of the rib moments on two sideé‘df the torsional beam, R

At A - 0.88 tm

AtB—0.09+O.56=+047tm

C At C - 0.02tm

Div1d1ng these moments into the number of ribs in one span:

At A -0.110 tm
At B +0.059 tm
At ¢ -0.002 tm

vy -
_'Amms B“\L\S C—a-x:ﬁ
i
0w ‘: € vl N i “ —~
Voilt i ag oo s il (s | Yo (Y 5liyd
€508 a2 N ER 1 R D B ey 2ol ilyisl
TP RN NI IR EIEEE IRRY Sl eyl saes s
183912 ¥ e il 1 X P P E S T T
- o - - - .
%J \ " g-\l Py . g 'g.z < :
~0.831~0.14[-0.33 ~o:l4 ~0.0F {-0, Al}~0.l\ |-0.22 o 43|02 ;0.’54 . -
+3.00 ~Zes| . hocp| 0&3l oo
-1.59 |—0.42|-093 | —» |-0.S0{-0.1{ |~0.04 |~0.07 ~o.l4 —0.07| o1
- to.ll 46,71 «— [40.44|40.22 |41 A5 [+0.35]40.69 o.34l408
~6.F|-0.05]|-b6.1{| —> |-0.056 ~b.62 ~8.05 5. L] g 0,21 _o.11 .;o.l‘j
76 |+2.64]-0.86 +0.03110.02 |40.1Z |+0.03 [t0.05 c0.02. -o.g; ~6.3(|41.00].
009 {-2.99 :G-IJS] +0.85 {o.54]|

For M (Moments applled by the ‘ribs to torslonal beam) ahove moments~are

,multiplied by kl takenff:om figure 2.

. ;T’&L

e
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A axis

Nl center rib 4 =
: ' S -

Column strip rib -Ms

B axis

Nl- center rib ' M
. . 8

Column strip rib
- C axis

Nl center rib - M =
. s

N

«0.11 X 0.77 = - 0.08

= =0.11 % 1,50 = = 0.16

00059 X Oo65 = Q.04

M_ = 04059 X 1.78 = G410

0

- O'QOZ x . 0.68

0

Column stkip rib M= = 0,002 x 1.72
The end moments due to these moments applied at the supports ere found using

Hardy Cross method. ('J.‘abl:e 4 ).

:Tabf'c A o N ‘ ceu+ve rib
: A B
Momewn ts acting
: 0.6 — o.
ou Lhe suppovts Mg +0 8 °-04
O,lISJ-v'(LuL[au -{ar.“-v( —_— -0.40 -7-0-60 _
Eirxed eud Moweuwls. .0 o o (=
Distvibution —o0.08 - —O'O.A e
C ) 4 0.073 4+ 008
Resuwl+ —0. 08 ~“o.01 to.08 o
CColuwu gdvip vib
A 3
4 Mowmeuts actiu ’ )
- : 3 fo.14 -o.l0
ou +he supports M ‘
Oistvibution — —0. Ao ~0.60 —
Fixed eud wok ewts - o o
s hvibw ki —0.6 — | —9 & o
O(? V'(L“, ow R co.07Z {.o.(l
Result 4 —o.0 to. t] o
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Moments acting 1n the parallel beam are found by adding the moments of the

rib excess beam (table 3) and column strip rib ('bable 4).

A : B 3 ‘ . <
+2.45 -3.00 {+lio6 . —eéd |4l oo

The torsional moments &% the section, whera torsional beams cut. into .
parellel beams are found by adding half of column: mcments +0 half of the-

‘parallel beam moments 8s found above, changing the s1gns.

Aésis Mt,:,"’i(-('?6*2'4’8):»"036 Ao
6 axrs {\"4;;- - Jz_ ( +(_.S7-.3.‘001~(.06) =4 0. D -L\... s ,1’-‘}- 2
C_axisf I\,‘{E;‘f'%:‘ (‘-—0-3I —-0-67—;1.@)':— O--'olb ‘(*y-

4.3-) Bxact Solution:

To check the results found at (4 1) anﬂ (4 2) same system is solved by
using slope-deflectn.on method. The rotatlon of the ribs on torsmnal beams
are taken as the unlmowns. Because of the. symmetry,'the number of the unkaoowns

- is reduced td fiﬁ;een- On flgure 6, the values found by slbpe-deflectlon -

formulaes are written in paranthesis beside the values found in (4 -1) and (4.2).

Center Rib o _tza .
' (Lsal ~u o8 LoSB\ ~-.20
~6.43 =\-03)
- Al lmmml\ |
A ll(mm!' B =
S ’ My 2 116 '
Parallel beam L o .Q.z_s)

rib enfiess b eaw ).
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,Tha'tbrsional’Momehts.bn tofsional beam:

A axis = Mt = +1.81 ( + 1.86)
B axis = Mt = «1.26 ( - 1.36)
C axis = Mt = +0.83

( + 0.89) -
" The column moments:

s = '3011 (—3012) . ‘ .

(+2.50)

A axis = M

B axis = M_ = +2.50

S

C axis = M_ = -0.95 (-0.90)

5

By the inspection of figure 6 two results are very close to each other.

444-) Caloulations for the Bffect of the Horizontel Loads:

(Figure 7) shows the dimensions and magnitudes of the forces 2cting on the
system. The slab on each floor is the same with ribbed floor &g explained

in (4) Here only the effects on the ILI floor &re calculated.

Coefficient B from equation T &nd 7'

A axis B2 = 2.49 B = 1.58

B axis B = 4.12 B = 2.0
e axis B =3.713 B = 1.93

EE%L‘—gvalues are taken from figure 1.‘.'

vA‘axis ‘tagh B _ 0.58
"B axig " = 0448

Caxis , = =0.50

» Ths;value‘of'If is found using equation 6 :
Aaxis - Tp = 16.3Z x Ao S0 €196 =373

A :37 3l _¢z2
o [ =
B axis - 3 2. as

I\a_lo Sinzo 46—1—(\58

'E.‘ 32.95;. & 2 4

v cc# /g##— f1:f = S.,4.g o
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Caxis : I¢=10.92x4 vo.50 +1[.95 = 3'3.8‘zv

Ly _ 8.4%¢
S S ' ,
P 6.00 . 4.00 2.0 . . __
_"o._’?‘t - ' . A2 jc
L zesdedt/, S 4z 3.08 , v
-4& pura A
e . ) ) . \;;
4.34 ‘ faa .05 "
/.48 ' ucs A F,% ?
Q.
\ ) ’ . v
4.34 o 744 3es "
jus *x
o
£4s . 2-86 : 4.34 o
: . . T Al
Q
.
Y
beccid [ — S ey i

Column moments are found (ref 3 ) as:

A axis upper 0.07 tm ~ Lower 1.72 tm
B axis upper 1.89 tm - Lover 3.38 tm
C axis upper 0.96 tm Tower 1.57 tm

Moments on the fictitious beam are:

Magg =-2.59 { Mep = ~2.38 4
Pl{éc—_— —2,&3 -I-w‘ Meag = -2.53 |~
Fictitlous beam moments are distm.buted between rib axce.,s beam and ribs

with respect to Ik and IZ 4‘%\‘3 values. These dlstributed moments are

listed at table 5e




 THESIS

ROBERT COLLEGE GRADUATE SCHOOL - B PAGE - ;Z (
. BEBEK, ISTANBUL S : -
- Rib excess . CRibbed Floowv
13 eaw v N : )
Ledt ] Riglr | Let+ | Rigls
A anis : o | -o.&3 1 1 o =V Ze
B oavis 0.7 | —1.ee | —Lsy —1. &3
C ocis : ~0.3¢_ o RS , —('- 63 o
" End moments for one rib at A.axis - —%ﬁ - _‘o.rzz_o A~ &

Baxis  af left ~ L5310 (89 o
_ & -
at vight — 183 _ e 229 4=

C axis —-.L&é;,'._._o.zoét s

These end moments are to be multiplied by (kl) taken from figurerz
A axis (B = 1.50 )

. [\ll CC"(‘LVC— V’(‘)l) S/e-;o k\': Oéé‘ —Tm —0(S+w

’ : Co[uu«u sviwip vib  s/pso 50 k‘=. (-72 _9 _o.38 b |
B axis (B = 0.203)
M( L,euu-(s/“e vib - S_/C:q ,C(-: 0.5 4 —_—— od—ge{f —o.l0 wf-lL{--o.(Z

~Col. »il s/l-0.50 ‘.l{\—.: Zito at {cr(+ ._4).40(';...: w‘%[\+ —0.46 -

C axis ( B = 1.93) ‘ . :
‘N( _ ‘6/690 k\: 0-_577——» —o. 2 Lu—
Col.  s/€=0.S0 ki a 200 —= —0. 41 4o

- lmdments on fhe parallél beans are found bj*adding rib excess beam moments
(table 5) to column strip rib moments .

. s -
121 127 |[-uS4 —u3p
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The torsional moments on the section where tor31onal begns cut parallel

, beams is faund by adding half of the column moments to half of the parallel

beam moments, with changlnc signs. -

:‘.' . )‘

A 'é.x;_ils‘

BiaXis

C axis

i

M%

M

t

_ﬁ(o.&;+L;z_Lipfg_.oéﬂim

1
2

~L (03¢ wis7.131)

:—O‘-G(

(1. &3 +‘3.31_a_(.27_1.54)v= - 123 {«

o
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‘ Comparison Between tna Methods :

An example will be solved usmg different methods. Among these methods onlJ
“Mre (}aklrogu considers the case of the tie beam across the columns, 80 our

example will be without & tie beam. The dimens:.ous of the example will be

imeginery.
o 7 2 |
st s i S st ) (AL AL LIV 274 DN ¢/ 97 P2
il f__o]bﬁ/////////é (A e 751000 ] e (700
W (A e el 772,
A 127 7 s iz ) & 07
|| T Az 2 iz & 02
N ’/////7/3"/‘%& A P A el
A AR A
110 7 o iz i Az
R SR A7 A e V-F//////////. LA vz

v
: .
.00 A & .00 m

Ts : [.046( ou."\LL.Q S[aL

; 20 ‘ |
L_I o l__l ’ U 3_: 0. 400 1.-/;,«." . p:o._zwa t/wz
Zo 2o - 20 B ’ ‘ : ' - .
—F éo *%&0 4[, A Colugu lAel%L"é Ll; 200w

E = Z.o0o ® 10 4:/\“’-

’ é
= 0.75 x 10 thu*
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M ouce w+ of 'i‘m’er,’{_’_a; o—\[ —(-Le S’alb

s /;l c(_ov J(ua 4—0 +Le Couc :/e1(e EM-%( I“Lauo(‘:oo !< ’ "L 'S Jje ‘Her ‘{—o wse

1 U>> s %”CO*CV‘ ov C%ua fo ;(.é , éo‘:

A= r,é- 00 x0.S +  2.00 )4 1.0‘,01,__'_ '_sv.o'o + d.00 = 3.09 dw?
!jxll =-S-DO.\<O;5 x5 + 4.00 xl.S0 = .25+ 6 00 —=‘.77.25 b
4 = 725 _—_'= 6. 805 du
, 300 3 3 2
' I—_-.._xlo,:25+ lo»azS(IZSo_oéoS)_T_quZ +lé(169-—loo)
' (o n _

I = 4.8s5 Pe /M

For 6 r_iL's 485 x6 = 23 Fo dul fepau

Tovsioual E>es}s~l-a¢;ce b‘( —#Le Rean

sy
ds—"'f)

o : 3 ‘
‘3‘{__'=‘ L3 (1—063_3.4—0051

-H,.q éove ,‘[owmua ,(7[ »pLL.e ;/a.-e/—-o‘ ‘/‘ f)LLe_ [ou% Sla[e (d.) o séow{- slo/e,

LS

_ _lexo3 | —0.63 232 ‘+ L0S2 °3 )':_;o.o'o 293 3w
PR B = A T
Coluu«us
v\» 3 : ’ A
I¢_=_L;<A,<_A_'——_-’Zl-35 dws
2. )
K. - 2135 _ 201 dud /o
) .00 Co .
K. _ 2870 _ 393 o(.M |
== . & oo’ 7 /W
D(S{‘rléﬂ&—l—.ou ra.:_-t—ov‘s
- Axis , Co(qw\us ._,'é-'33\8 o SIQL ___.5. - 1.334%4-#"70-(90 right
2-Ax<is nColu.wu-"s‘ m .32 & Slabs —> 0. 172

Fixed Eud Moweuw fs°
M D -y A B i'-’ M = 3‘8"40‘1"“
q=15 0.4 x Boo x 600 = 12‘_ o {. _ i(o-.)

Mq- 25 604w
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Loao(iu.lk cowcli fiows Loé(ivvc g, Toz/ﬁue_ at +le elqe bea i
Ll L Ly LLLy Al
V777707770 7777 A foreererarraresriZ 7077 T T
kO FSE ' : .
e
-
o 0133 | 0.(80 0172 2 0.172 01722 0. (Z2
K —= - R -
—38. 40|+ 12.&0" ~12.8014+2%.¢0 ~-2%.60l4+12.80 1
+2.48|+ 4.865 +2.43) . '
' - 1.3 -2.63[-2.¢3 U R I
to. 17|+ o.25 ton13 |+ .22 42.45142.43
~ 0. 13 ~0.15|~0.25
$0.02 [ 1+8.02 -13.12|+23.34
=34.73| +16.- 48 o '
|
as

. Ceu lcv'k W.vd'mew,k' ot 594“‘:_C¢>) MAQ) wu.s:’oqe/tiu.ca ‘+,Le 5_(4.4:

Sincple sepported

M

M= én 4.&0 x B o = 3,&.4-0 4w

—

S ‘;v ' ‘ /‘/‘ 34.73{@ ’
v o ~ »/ 38_45{,.,. ({ § &Oll«/‘«
- -7 6-40 l-—-/... {“ :

T

EIA‘-Qo-:; :‘-3",( 6AO ﬁ&(/ﬂ-vé,(s,aoﬁ&m - 3.43

m
u
@

- é xl.oo ¢ & o0 4+ J(;,co.'o&)c& = - 2-5¢

B, 3.65" e = o0 4o 4 € =0.069

L2
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‘w fu | ielcw |eokoet T o
o o | l.oso 13286 0.75 | 2.7¢
5.5 0.13 | (0085 | (3286 | 0 FGe | 2.86
‘(;-o 0.26 o34 | [.2286 o;lyé.. 2.66
N sv .29 log% | (328¢| 0.808 | 2.97

2.0 | 6.52 | 17383 (3268¢| o817 | 315

2.5 | ©.65 | 1.2(08] 1.326¢| o.3t5 | 3.37

- 3-.0 0. 79 .32.8¢ (.32”84 -(,000\ 268

A=93.19 o ;i’;zi[2.}'6{‘3.66%Z'(z.&or2784,+2.37+3.(5 fS.’S‘?)-}v
S e ’—LLe Vw(u‘:«q ,M«'o;@ewf-s ave
My = 2813 = 1638 b

MV FVAu]'b So‘[bkl‘ie'm. 7

SIAL .%-: ©. 4 ov (*/z.~ p:vo. 4‘(/0 {~/1»~ ‘Svﬁ 4 .95 &‘—-;-4/\«’_ é:’ &. 00w
Edge beam Ton 7289 dus
EO'Q:'»)C M{D\WMS -]—'b —_ T‘,\_ -:,2(35 G(HA ‘ (;L_.—_A c.:l L.——go-o”

o1 "/‘; et

—t
Ar////////[/// ///1/ R AN AN _1;/////

[« . 1 2

2

W = - (007 iro.dtoo0S36xo4) Boo = 4.i b |
‘Cocjui. R 00536 can be /ou;a(_ = Betou Ka leweler
» /ow tla &adm«) slowu nbove . Aé;w,-'>a Y¥.= 0267

te e o went nduced o Hle Jav e wbe | de doad i
opplied P p-%,yporf(qj,?zo; equal SPM?; | -
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Il i SRR, -1

X;ﬂoux,v”

ko= 43 aes
(2‘ X‘) “{ I (Z— 0-2.67)’3._0_0 72.99

._,‘o,ZéZ

= O. 2.62.,;300 ;;o.;&é

\\

s —]—:314_ ‘;-).766 ,_—_o‘.és ’ (.aSLo.;éécé.éS
l&“ o 4.95 R.00 = 0.09 : :
L 2135 8.0 '

il

|

ke
e

: m%( »(2(0.09 '9-65 +2 _ 0.267),; _ 0.6%-5_.00 L A0
' Q+)a 0262 .4

Mos‘?‘-""j‘l"é;""";"
W, = - o; '“z-.e;/’.(_‘ A..18’>>§‘+(—’Av\.u)‘k:f-‘z.sﬁ_flw '
Dy = 4. e 0.65 ;161354%; fzévg.-aw('wo\mw o (o) cris
0.267 : _ .
at ,ovge’_.sp‘aﬁ'

Moo 24 19.3'8 - 26.76 4“‘; Col-(«im»x w;zgulemt
Tevsiounal wo_Wem+ nesr +Le Colglula:

“ap__.' '( 2. oo\'f—‘ .0‘..2_‘0) -_- 2. éo :

k '3‘, : o 7_6*2.'7{ 2.’50‘,,—. 0-73 A
»sm\‘o;zszt - o. &o |

' 9.2.62.' 11-33

. . : . | . )
S B - MRS O - S G
M R 1-33 :

Y‘Ma' = ,.o 2‘67 ( fs.ls), ,_;4,‘1\’ = - ??.1—71 J.M
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Slab qeosetfr peodostfur  Tea8S dilh bl Boosm
Edye beam o ly, 2 Goom  bfdaioefas To. 7299
Yoa—0.267 | |
C’oluw;s” dojso T =235 dud o 300w K= 2.1 At /o,
.;L+¥.=1.73z | S

. '_d ‘__d N
Koo 2 4882100 _ 45535 <107 " vl ' .
Z 1722 x 8e0. : .

A= g.o'oy &(! +¥) o535 = .68
- ‘ - F2.93 |

‘#5 = taule Mz ___‘_,_iﬂ_‘ik__o'_e_é__ >—.= 0.816
' : %/2 _ 0.64

-

-12*76.00‘7( 0- &b = 2.45 wi’
. ; ;4‘ -4 3
Ko=2.45%x0535 x107™% = [-130%x107 m*
— ,' 4 ~d4 3'

*
My = - 4.1 4ufu
Wam - (22280 _4n) o soziefu

7232 A . T

e 2 xZ. 1l x\0 —~- o0.845

R . ey~
2¢x 3N x10"? + 2.62x107"

Mg = —0. B4S xs.02 ';,. - A.24 .[.‘,,,/M

Yo =— 424 V303t
Cosb\o.&d. . : ‘
.Ds:Q.AS’x 4.2 4 = [o0. 4o +u

C‘?luwgu wow et Zo. o fin.
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Eo‘se“éeam: -@1‘4-_: ,e.;si: ‘6./00;1@" | j't=_’0-00v73. »)V;Ab
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1= =

Moa = \2&0 -1-\~\ .

(O) a.%/ <

X:{ AEI ) 2 ‘=._ ,TAx.A".SS' >6.oo‘ —,_-_-030
2 x 24.9%0 8_'»-09' ' ‘

C -4 .._.3~
. - = A.ﬂSX\-.O 6-00 _ O.,7-93
e Jo & oZs 60073 8.00

B,;Q.aé" - ke -_-_-}é.éA'é,
() axis | o
| X; 0.»16'0 ' ‘ -
:E.Z\. sec
Bi-t2¢
Lk 1

B S
- daul B,

D: 64?2@@—‘;?01,( ‘pac.j‘»ev‘s _

(o) AKLES »Cbluu«ks — .ot.64:’5'» ‘ Ribs (l—k) - ©0.355%
(l) AKTS ivCo luvans' o 0600 Ribs ’ —> ©-2o00.

T 4.95x10° "




THESIS

Roasnf COLLEGE GRADUATE SCHOOL e

PAGE . 8O
BEBEK , ISTANBUL

Cozss - ' 0.20le.20 620 2 0.20 ‘ 6,20 30.20

+2S5.60 . ~23.60[+12.80 . ~12.80 {+25. 60 . ~2S.6ol4+12.80
— '9,]0. v ‘_4.55 ~-1.2686 ‘ ~2.861-2.56 v ~ {.z&] . e
+ &6 43.730% 3.73 + L &6+ LAY +2.82|+2.82
=066~ ~0331 623 - _o4s|_06S

toe.07 - teldl+otd  yas|i23.680

— .03 . :

_ «26,6[ +1%. 06

N F-F 4 .

: "T‘;l«e SUlm 0-! the rib eud wiowewds

(o) axis 41774 Foe

-(l) axis —26.61 +“t§.oé = = (l.S5 4

(\2—) ki —F{A.(S.+23.&o;+ 3.’.45 J’“‘;

| D;y;d}u% '\L_L\e'.xe \A/_a[ul&.‘\j )u-Lor numée; o"{‘. yi»és v?u o@te S pav:
(&) axis 724 | | |

6v
(.l) ouxis H-ZS _ 193 4
2 H i 865 = *+ (6“1
(> =% SR — .

T(A_O_ womeu-{- (mA co.u.sed Q)‘.A vibs ou +L_Q —LovStolAa{ éeaw,,

CO(AS(&[QV‘IM} ‘9“("& cebnlew aud ca(uum eiu,psz,

(D) oxis %l= .89 kl = CoSL o = 0.990p ‘/aw cew fer

alv’td.ol‘a used

k (l = (°$L 0.83 = 1.420 ‘{ov' (.oluluh blr"P
o Gulosd f |
Y = +2.96x06.986 = Z.94 tu
s cewter o ' ’ : o

S olumn

- 4+ 2.9( a,'Aza.ﬁ A.Z 1. +w"
() c‘mzsi' B .26 ko c‘eu}';e""" - o 62
ey columin = iz

W g cew tew = .‘1'.‘3350.62._.—— | (.Zo’i(fv:,..v.:-

2.26 fui

i}

M wluy«w: 1.93 xl\.l7—"




- THESIS

ROBERT COLLEGE 'GRADUATE SCHOOL
‘“’BEBEK lSTANBUL

PAGE

&

C 0 N C L UsION

As it Was been seen from the solutions of the example, 211 the
methods‘give¢%§§§bximately»the same result; so the amount bf the calculation
' required to get the solution is the important factor. The first and

Mr. Qakirdgluié methods are the most laboroﬁs-

Mr. Qéklroglu's differential.eQuation:

2

I\’I/<+( M. gs‘p)ds—LM A

- without E%gl y values are tﬁé same with the first eqﬁatibn in the first
methng‘Thé solution of {he all differential equations are the same;
' Tha-éolution invblves hyperbqlic‘functiong;.
. . A} ‘.'.‘ : . |
The tors;onal moment found in the example ig conglderably large.
Usual practice 1gnores torsional moments on the ‘edge beams, on r*bbed floor
buildings with large. spans usually the tor31onal moment governs the dimensions

of the edge_beam.

For éide swaY'calculations.4Mr Gakiroglu givés the value of the
fictitious beam to be considered in the analysis. Mr. Erich Schmid 2lso

~ gives the value of b which is multiplied by (E) of the slab.
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Referances

- e M s e m s W W W en

.Adnan Qakzroglu - Uberd1e and torsions stelfe Randtroger anf 11egende

Ripgendeche - Der Banlngenleur 1958 HB'

‘Adnan Cakiroglu ~ Konsol momentlerinmn ‘plaga ve kenar klrlse daaltllmasl -

T.T.Y Derg131 1963 8.3
Muto - ' A : , ‘ - S

Gakaroflu et Ozmen - Caleul des partiques 3 éfanger’SOumis & des charges

norizontales, Technique des Prewanx Sept. Oct. 1961.

Adman Gakiroplu - Statik sistemelerin hesap metodlari.

Von Dipl.-Ing Erich Schmid Der Bauingenieur 1964 ﬁT s P 270§

Von Bauing Franz Halbritter - Beton und Stahlbetonbeu 1958 HIO, p. 267.
Kani - Istanbul Teknik ﬁniyersitesi‘Yéyinlarlndan'
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