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i Slab

111 Introduction:
Slab is a structural YNEMbEr ofF which cne

dimenSion is very smatl as compared to obher buo

armensions and primarilly subjected ke hending .

-2 classiFication of Slab.:
A) Based on Shape:
], Recbongular

2. Crreular
3. '!_rfangulqr

& Any other Shape.

B> Based an Bendfns’ behaviour,
. One—wo\y slab.

2. Two- way slab.

C) Baceal on T_ypf oF Consbruckian -
1. Slab/solid Slab.
2. Flat slab.

3. Slab with opening.
4. Waffled Slab.
D> Based an THP‘? af mﬂdfﬂg.'
1. Subjected to point load (Bridge slab)
2 Subjected to UDL

In this chapter, analysis and design of solid rectangal,

one -way and kuvo way slab subjecled o ud# are 9oing fo.
be discussed.



A2
1.3 Bendl'ng Bebhaviour ot >lab:
Basé’d on do ml'ﬂ@,ﬁ‘o\gy direckion of bending. slabs

are classifred as oneway Or buo-way.

11.3.1 One -Way Slab:
If bending in one-diretron s very significant
than other ofthe gonal direction then slab s
classifled as one-wvuay.

Ay Rectangular slab supported frorn opposite edges
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B> Rectangular slab supported fFrom al four edges
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Lonaey effective spap

aspect rabto =
Shorter effective Spen

Ly

-
Lx <

(]

* Note: o

Aspect ratio /s valid only for rectangular slab
suppoited from all four sidés.

11.3.2 Two -way Slab | |
If bpnd;ng 15 Campqra,bfff’ ' bwo- Orf‘hasvof)a_f directio
then such slabs are called as i*wO»wq_y slabs
A rectangular slab s classified as hvc..waef besed on
FOHowng trwo - cond i Hens.
1) Aspect Ratio:

2 Suppo rh'ng Condr‘l:l’or)

I't aspect ratic €2 and réckangular slap s supportef
From all 4-s1des. then only rectangular slabs are classfed
as Fwo‘-\z-uay-
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114 Flat slab:

It (s o rslab thaot dr'rf’d‘ly rests an columns. Seme-
times drop panel ama or column capital are also wsed
le prevent punching fardlure its behaviour 's as
bwo- way slab and thickness i5 (n varicdly Wigher than
Hy ckness of slab 'h beam-slap system.

Flat slab

i[i ‘l /’r /_1

4
L!d = FlatSiab «—H'QTQP
- Celumn T ____,Fd_-}}rzfnel
%jColumn capitad
—Column

11.4 1 Reasons to Provide Flat Slab!
- For better asthetic.
« For better jhgh} dispersion.
« For eage In providing Ac ducts, Fire Fighting

ducks, electric ducks ete

« For Jesser SfD?’}j Hf‘r"\ght

* Note -
Flate slabs Qv€ un-eConemical and can be

orovided for medium 3PANI only beoayse defecHen

excecds 1n Larger Spans



11.49.2 Codal Provisions:
s Minimuam Fhickness 125mMmMm

e Critical farlure 'S puncha‘ng shear forlu re/ two way
shear failure.

* Cribical section for punching shear is at a distance
d ~
= From face of c‘o)umn/dmp pane] /column capited.

11.6 Coda) Provisions of Salid Slab!

11.5) Neminal Cover:
Minimum 20mm which an be vedaced to 15mm for

midd exposure and bar dig 12mraor less,
[1.5.2 Reinforcement ;
= Dig P_
> 3
- Mipimum reinforcementt

® 0.15%, of gross area foer ™Mild steel

= 0.12%, of gross area for HYSD
X Note —

-This minimum value S for both Orl‘hCJSOr’)c:EQ

direcltions

- This is provided to take care of shrinkage ¢ temp.
effect -
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- Maximauno Spacing of main oars should nol be more
Hhan 3d or 300nmmm whichever I’'s Less

- Moximuns spacing af SFCOﬂdag/df'sbeuH‘m reinfercement
should not be mare than 5d or 300mmm whichever Is less
( before amrnendment 4,this value of 450mm)
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- Main bars are always provided in bo trom mast Fayfr

11.5.3 Deflectien Conliol.
Jf y—edﬂr}gad’m j\}w/uvc\zmvy;ﬁwgvfl?\g 's supportcd From a!i
a-sicdes with Sshorter spon dplo 35m and andr'rlg
upko 3 kN/mz then Leff yatie should be less than

D
values 9liven helow.
Supporting cendition Fe 450 Fe 415
« Contihuouws s 5.8% 40= 32
* Note -
g e : Fe 45
-F“;br—ﬁ<as Lot . o0
& Ty Left 5 Oy thf

35 28
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- from above miw’ﬂ“fvn, IE1s clear thab depth r€quiremyey.
".'0 SCLHSFH df’F’GC[’fOﬂ Crrtf’r{b‘a IS ™Mmcyre p@f HYS‘D &‘H.‘Q'n
mild steel it means HYSED produces more deflection th an

mild steel
1F rectangular slab 1s supported from all 4-sides

then shorter span s always used n BM calculation

and in above calculation,

11.5. 4 Bendfry Moment and Shear Force Coefficients:
Continuous beams and slabs are very common i'n
a shructure and fot ofF cadculation /s requrred o
el posikive and negative design BM. To simplify
bhis, I5456¢ provides a table of 8M and SF
coe FEicrents. These coeffcients can be used 1 f-
Follcwfﬂg conditions are sabisFred,
1. Must be uniformly loaded.

2. Difterence between ,?cmgcnr and shorter span
should Not be more than 157, 0f longer span,

3. Spans should be 3 or more.

)
1
e nr o .
—Nexl to Eng S ) o
20 Upporl/ [ :
Penuitt / /%IHIPHOF
' mat e Suppo;r(- /‘]{; Support

%End Support ! l
s d "
BM Coefficient:

| @

Fireo Loﬁ;d T - -y
[ /19- /10 * /1Q —-1/12

Nen Fired Load
(] "'1/10 "1/Ct +1)12 _1!9
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SF : Coefficient '

F!Ixed X 0‘ 6 O. 55

tocd G4

Non [ xed a.6 0.6
0.45 0.6 0.6

Lood

g - 3 L’:L
L= W = L
BM, = + b Welert g WnE fF

S IR
8M. - _ 1L welep - L Wne bew
8- Tye q

BFp = 055 hp Lclear + 0.6 Wrr Lelea,

"

11.6 Design of One-way Slab
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One way Slab fs designed by cong Fder:“rig a skri'p oFf
uni't width,

Stept: Assume suitable value of o’ for preliminary design

derg ,
o Ki X, kK3 kg (value)

Ky = depends on span

Ko= {nzc ( COrrespoﬂdr'nj to Qf’ﬁf‘raﬂ_\j
provided 9%, of tensyon R/p

Kg=1
3 (Sr‘hgly RIE)
inf (9(" c!anaujar)
Calculate D bj assuming suilable value of eMeclive
Ske. . Cover.
P2: calculate Effective span.
Step 3:

Calculate DL and degign BM. Use BM co-efficient
For coptinucus slab.

Step 4 Calculate 9 required fer bolanced section,
= BMuz Qbd?
= d:'??
where, b-100060mm
d ea)wiated here should be less Fhan d’ assumed

in Stepl otherwise d suitably higher than calculates
heye and repeat Step 2 to Step 4.

'y | tharyn d reagy;
Steps : Since, d orovided s greater | ;: requi red
in Stkep4 so SecHon 1S unger ¥CiNiereeg

_ osfabd [, |12 2687
Ast = f; 11 j' eV
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Step6: As¢ calculated above should not be lessthan Asi,min

Stept: Provide diskrbution reinforcement

Step8: Rernforcernent detail ing.

A+1; F\;L - ﬁ‘l
o (’f Ast 2+
r:gf_) e ) S e
| -3 ‘: ]: ‘
' o{L 0. 15:_ 0I5L 'o.-isL' 015 LL
lir T + T + l Z r : ‘L‘I 1
F/ 1 Ast Ast : A; ff ’ At
-~ 2 ‘ A— :
l/:/"//} l| I " ‘2 V// ¢
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Step (: Depth
Lep

< Ki K, Kaky (value)

4 2x)103 :
H.eX10° | 20426
) < () theEsy iy ey ( )

—_-____-_‘_"--——
A> 14 608 mrm

Assuming d= 150 mm

R _0 o 0

j e _/ {ir -}:C}E‘C!r cover
2omm
(mild exposur€)

D= 4 + allowance Fok + clear cover

R)F
=950 4% 186 + 20
cassvmed) ¢ mild exposure)

D= 180mm

?EQQ.Z IS 456 doesn't F)J’OVI'dP LCDH ,@Foﬂ? all {:ype_g OFSU}DPO]’HI!?
Co-ﬁdl't-;‘or)s_ COnS;'dE‘r:’nj SIFY)p{j Suppoy,‘ﬁd Qyy d F%@Q—LEJJ;_

Stmilar
YUPPOYHng condition Tor the pyesent case
Lepp = Minimum *Letd = 44615 =4.95m
- 2 L
.%"'L5+P{L = %44_*_(:‘3_9__4,2;7)
Legr = 415 m
// s _/"/
gkfps-./,/, e = //j/jif/,,gpp Self Ne(ghé: o 18X1x1x25
; AT L
Y ‘ = 45kN/m?z
o5 {7z L s 4 i
_ S
180 J/ FF.=0.065x22 = .95 kN/m"
| - s Fixed Load = 593 kN/m*
r——eﬁm———-f/ '

LL = 6kN|m?



=32
Factored Fixed load = 1.5x (4+1.93) = 8 89 kN )m=

- FPactored Non-Fixed load = 1-5x6 = 9 kN)m*

4 > 2
BMy = +|-|Q—, WP LeHL o ;-16- WNE LCPF

= L . 1515 + L ¥ g x 418
= L % 8.89x@13) + g
BMJ = 2826 kNm (5@331’03)

BM, = -—[W 3 - 1w Ll
M o5 Ve ket g WnE ey

=- 1 x 889x(4.15) = L xgx (4157
G g

=-32.53 kNm
BMy = 32.53 kNm (Hoggr'nﬂ)
Steps: é)’requrr@d for balanced section.
BMg = Mugim
BMJ: 0138 Fe bd
32--53}‘(|O€: 0138 x20 x 10QOX dZ

d=-108.56 mm < ts5omm (0k)

Steps: Ast r&gul'red
= -+
A i O-SF(k‘bd [ J 4.5 BMQ J
sre = = |V VT T had
Ty
— O'SX20X1000X ISG[ j’} 4{5 X ‘28.‘26)(_!_0{% j
— - — 1 — - ———

415 20x1000y 156

¥ y
Ast = 566.-46 mm

’ Simila 'fi:j

AL = €61.48mm°
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M A"st,mfn: o012 hbD
=012 xl x TOCO x )86
160
Ast ,minz 216mm?*

Difference between Asp and Agp & mobwcly signiticant
So provid :’n‘g Asp For both,
Ast = 661 .48 mm?

qusummg P=10mm

5 ; - [00 0O
pacing = m,

[felo R @,

st/ 7y ¢

4 . o= 813

’PTOvlﬁdl'nS fOCrlJ & (00
Step 7: Distnbution Steel
Ast ,min= 0124 bD = o1g6mmt
ﬂssum;’ng ¢ =8mm

{00 O
No. ofF bgs -

Spa C"”S -

ﬁ 1000
A-Sf.‘; mrr)/ﬁ/4 ¢"Z‘

foeie

— . =05 Tmm
'2_?16{ fT/4x§

prow’dfnj 8¢@ 200 mmM cfc
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Step 8. Detar s ng:
0@ 200 ¢/¢ -r—-w—q‘—L 'O]L

— _..__%__ — ___Q
16@ too ¢ /¢

10@ 2060 ¢l¢

= 3 & 5

//,/-' | 10@1005/(: ) I
] 10@200es A
I- ,,-/r-r." ;/f|‘ //2
P S S i &
/ Lefr =LA 15m ‘
0:15L 0 |5L l 0-I5L 0.\5L

. /e
[}
LN S
: 200 MM
; X " clc
! Tﬁoa;mm
| I
| g
|
e e —
_ I
y_ |
|
R | :
— :
| T




11.7F 'TWCJ-VUay Slab*

11.9.19 ﬂﬂa.ljm'és '

pe— S g i

Im

( Ran kine - Grashoff)

Wy + Wy = W '“@

For equcu deMHection of bobh strips

5wl _ 5 wyly
384~ Er 59 " p3

Wy L_.j = Wy L; -== (1)

fromc) and (1)

EX

w Lo
Wat T o

L +L§‘

T a4 %

Similarly,
;}5 W= W

14 r#

For shorter Span

Wiy me; N (CﬂT‘“l L%
z 3 +rt) &

11-15
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4 2
% 1347 i

T N——

My = Bewly

For Longe’r span

™M :L'\‘SJ‘J_E:EL

J- s
e V\) —L l’j ;-2
(1% r“) 3 T b

* Note. g

- Por aspect rabo 2., Mz s Atimes bhigher than M

so slab rs consrdered as an€-weay Par TE

- Ao is always b,l‘gh@r [han Ky SO reinforcemenk
: oV i ' - &g
lei’)’E’S‘poV)d p'ng to mg 1S pmv;ded (e bOH‘OI’h ¢

VN ey ey

}Clye r o

o Falgs of e and @y for rect'anguiarﬂ.;l’mp_lj
5UPPOY['€'0J stab: Fyom all 4-sides with COfnfzr"j
alicwed o LifE, are GiveDn 'r, Table 27 of I5 45¢
(.PQSC’ 91)

- For restrained siab (corners are not allowed to LPr'FUJ
Ay and &y were ™mod fied &Y Mareys.amna these
values were gIven ‘\vy Table 26 oF I3 456 (19 8.

Correckions werce Qpp?!ﬁd For }oY?VG’nS‘"Oﬂ af ”H‘f'i?!
of coerners and torsicnal eftech. However ay and |
®y given (n Table 26 of I5456 (2000) are based)
on Yield line theory (Not en Marcus correchen )

1
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11. 7 .2 'Tﬂpfs Gf Twc;-wcitj Slab

Rectangutar 2-way glab
Supported from all sides

|

Re strained Not - Restrained ,
(C@rnc*rs are nol allowed Corners are cdlows ed
to 41 Ft) to Xikt)

q- types .zfl_q:fz;_;lz_,//

-

Vi

A P G e

* Reslrained Slab’
1 Inlevior Panel
2. One short edge discontinuous
3:One (tong e‘dge disconlinuous
4. Two adjugent edgﬂ drisconh’ntz@u_;
5 Two -short edjoc’_r discontmuoys
§ Two long edyfs discon tihuous

1 Thiee Cdges discontinuous (One tong edge nbinuous)
8 Three cdges discontrnuous (oneshert edge conlinuous)

9. Al 4-edgey drscontinuous
//xr//%/////////f
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7 S4| 5.5 ¢ 4
7 | | 7 /

/ ? .7 Ac ™ S Sg
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4 53 S![ 53!5 Z - FITTTII
/ . Z S s i i A 7 Eaaad
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/) | | . rEET,
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|1A‘-1.3{ Reinforcerment thqih‘a}j- 11-18

sl ;/\[ A\
— Ay
| p

InteriCr
Pane)

+ - .

- Oul of all design mMmaments (M2, M2, My EMy )
Mz is always maximum.

- Slab is divided into rridd le strip ¢ €d3€ str'p -

Reiplovcerment calculated oerrf’&‘lpondirzg i*c do:es'ﬁn‘ BM'
(Mat, My, M,5'+cmd My s prowded in raddle Strip only-

Edge sknp s pmvi’c}é vorkh nominal reinfercement.

L‘\J L‘J
Y psssrrs st B PILLL A LLLLLLLLLLL LT ,_,1,\
i, S AT N HED {
"Tg . Bdge StTIP_ | E N R
! N N : i : ™ 1 ;
: M iddle Skrip N La Q: ‘ R *
9 \\\ } ! \ ]
L ST A e e S _'\‘ :;\.r ! { E‘:\
Loz Edge strip . R >I f | J:
T IS PP T T ITTTS PETET T IR LT L7
—lyR Iy e by

2 4 &

- IF slapis restrained from £ fH ng o corners them
torsion rern forcement 1s provided to prevent crackfnj
dye to hp_sph value of Forsion afdisconbinuaus ed_j&s‘-.
ar At Ltwo qa{jqcenf discenlintacus r?dst’& 7 5%, €F max™

:.x) is provided in

positive rernferccimend (075 Ast
h directions

two layers for @ distance ¢ 2 Lx 'n bol
by At one dlscantinuous nge, 507 of above valye,
A _
(0-375 Ast,x)
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X SAgE s X

%
C T5As¢ o ' +
‘%—u—u’_ﬂ_o) # _F_u_,ef_os-FSASt)x

C-‘-?SA;J )0 75 Asty —LL—o = {

iy =

T T T e e E e e = —_— . —— - —

11.8 Shear Stress in Slab:

Maximum Shear stress

L
(Sl it IS LA PEA LRI LS LS .
. 7 2\ O_ﬂorg fc:mf)er side
N X & Q\
N ’ i
a4 o \ 2 i Load on skrip
P e | A T 3 \ =
Rl ) L o ] -
1m L Yo oo ot M B ResysHn re
l é _‘5—-—_--_?._/_: *ll T ™ R \j q Q
D # { . e B
N p | ™, =2 X
Ny # e : : " P = W ( 2 1)
b o et L Y & = )
CPTIT Z T T2 E T 0 1xd
b Id
. = WeB
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Mazimum shear __Load on S_hﬂp
Skress aleng = Resysly nﬁ Qrcq
Shorter sid€

why “ [@- ® 1]
rs on e _?,.
| x &
- wubB
2

\'TE;Q_'?H_T‘_"“ (i ==

. Lead en Hfaﬂgu_ﬁaf portien
Bvg. shear skess . ——— _

Total res';"sl-i‘rzg area ajoﬂj
Sheyter s)cle

B
g MU l:lz:XBz‘ *';—J

el

aicmg sherterside

Mazximum Shear siress s adways hrg}q-er Fhan avg

shear stress. Since, slab is desi'gned Fer rmaeimum shear

Sy 0. eONERCHNG Wl ( grealer than avg-sheqr
3d

|

ftress WuB) as design shear skress for slab.
ad

e ——————

kNote: \ -
CyilHcal seckH on for sheagr tP Slab . |
9" from face of support if Support provies comp.

to Ehe end of slob.

s akQ ais Fahee
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11.9 Yreld Lipe ThCOry :

It 's an entastic method of Qﬂa’y\??ﬁ' by which
ul'ttmate load ca-r.ry]-nﬁ capa C:Ebe of slah 1s calculated

* Formation of Plasti ¢ Har)9e in Concrete Slob:
Plastic hinge inthe slab is in the ferm oFf line hi nge
CO”"—’S“pond:’ng ke widest crack pattérn. Thi's is also termeq
as Yield 2i/ne.

Nield Line o s s B A
s |
L '3 ' Widest crack
ne
Hl‘ﬂ?(’
~,
H'_n.ég

e Guidelines o Drvaw Yield Line!
- It must be stralght fine.

- It terminases at slap boundaries ar intersecks
cther yield fines

- Yield eipe acts as axss of rotabron
= Egeh segment of slab should actas rigid body
afler formation of jl'e?d Lipe.
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.---Chaple 11 Ends Here.. -.



