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Two way slab

slab must be continuously supported on all four edges
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d

Wa _ 2yt = 16 2
= @ =16 @)

solve eq 1) and eq 2) we get
16
W, =—W=094W
17
1
W, =—W=0.06W
> 17
b

[f — > 2.0 Design as one way slab
‘a

[f2 < 2.0 Design as two way slab

1a
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Two way solid slab design

Method 3

coefficient method (ACI code 1963 elastic)
Design middle strip design for M; and M,

Design column strip design for % (M1 + %) = ng

As we find (As) and (S) for middle strip—

2
AScolumn strip — 3 Asmlddle strip

3

Scolumn strip — E Smiddle Sstrip

Aspect ratio |./1,=(1.0-0.5)
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|(a)discontinuous slab or (b)supporting have small torsional resistance

.ﬂ;!ﬂé___ | slab s 1o
7/ Brick B o
| wall e il
(a) (b)
2 (c) slab is continuous a cross support (d) fixed .
slab | ,‘
T < I— J’— R (:1 H-‘ﬁ'”
Support support | 4

(c) )
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Table 8.3 cnel'ﬁcienlsll"ﬂr negative moment in slabs
Ma-=(Ca -)*W*La
Mb-=(Cb-)*W*Lb

Where W=total l.l.l'l:irﬂ.'l'm live lead plus live load

e oen ey e e e o P e
1.00 | Ca 045 | 050 | .075 | .071 033 .061 |
e 045 | .076 | .050 071 |.061 | .033 |
0.95 |Ca- | 050 055 |.079 | .075 038 | .065 |
gigi 041 [.072 | .045 067 | .056 | .029 |
0.90 Ca- .055 | 060 | .080 | .079 043 | .068
i e 037 | .070 | .040 062 | .052 | .025
0.85 [Ca- 060 | |.066 | .082 | .083 | 049 | .072
1.031 | .065 | .034 | 057 |.046 | .021
065 |.071/.083.086  |.055].075

027 | .061 |.029 | 051 .041 .017

069 1076 | 085 | .088 061 | .078

.022 1.056 | .024 044 | 036 | .014

074 .081 | .086 | .091 068 | .081

b 1,017 | .050 |.019 038 .029 | .011

0.65 |Ca | 077 085 | .087 | .093 074 | .083
o i 014 |.043 |.015 031 .024 |.008

0.60 | Ca- 081 .089 | .088 | .095 080 | .085
EEE'- 010 |.035 .011 | 024 .018 | .006
0.55 Ca- 084 092 | .089 | .096 085 | .086
5 Che 007 | .028 |.008 | 019 |.014 | .005
050 G| [.086 094 |.090 | :097 089 | .088
L€ | 006 |.022 |.006 | 014 |.010 |.003

Concrete Design-Two way solid slab



Table 8.4 coefficients for dead load positive moment in slabs
Ma+.dL=(Ca +.dL)*Wd*La"
Ma-+.dL=(Cb+.dL)*Wd*Lb"

Where Wd =total uniform daed lead

1.00 0361018 | 018 | 027 | 027 |.033 027 |.020 | .023
036 1.018].0271.027|.018 |.027|.033 | .023 | .020-

0.95 040 | 020 |.021 ].0301.028 | .036].031 |.022 |.024
chil onas | 0161035 | 024 | 615 | .024 | 0L 021 | Ol

0900 |Cadl | .045.022.025|.0331.029|.039].035 |.025 | .026
Chedl- 1029 ] 014 | .024-].022 |-.013 | 0210285019 OLS

0.85 |Cadl | 050 .024 |.029 | .036|.031 |.042 |.040 | .029 | .028
Cbdl | 026 |.012].022|.019]|.011 |.017].025].017 |.013

0.80 [Cadl | 056 .026.034 |.039|.032|.045|.045|.032 {.029
Cbdl |.023 |.011.0201.016|.009 |.015 {7022 |.015 |.010

0.75 |Cadl |.061.028|.040 |.043|.0331.048 [.051 |.036|.031
Cbdl | .019.009].0181.013].007 |.012 |.020 |.013 |.007

0.70 |Cadl [ .068|.030|.046 |.046 |.035|.051|.058 |.040 | .033
Cbdl | 016].007|.016|.011].005|.009|.017 [.011 |.006

0.65 |Cadl | 074 ].032].054|.050.036 |.054 |.065 |.044 | .034
Cb.dl | 013 ].006|.014 |.009 |.004 |.007 |.014 |.009 | .005

0.60 | Cadl |.081 |.034 |.062 |.053 |.037 |.056 |.073 |.048 | 036
Cbdl | 010 ].004 |.011 |.007 |.003'].06 |.012].007 |.004

055 |Cadl | 088 1.035].071[.0561.038 |.058.081 |.052 |.037
Cb.dl | 008 ].003 |.009 |.005 |.002 |.004 |.009 | .005 | .003

0.50 |Cadl [.0951.037|.080 |.059 |.039 |.061 |.089 |.056 | .038
Cbdl | 006 ..002].007 | .004 | .001 | .003 |.007 |.004 |.002
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Table 8.5 coefficients for live lead positive moment in slabs

Ma+.1L=(Ca +LL)*WL*La2
Mb~+.LL=(Cb+LL)*WL*Lb?

Where WL =total uniform live lead

036 | .
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A5 |

M3
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030 |.028

040 |.
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00
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016
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062 .
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D13

014
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S0 [

011 1.009

081

071

067 |.

068 | .
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010 |.

Dl

009 |.
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009 | 007
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080
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Table 8.3 Negative moment (total load)

Ma = C; W, 12

My = Cy W,I2

W, =12xWy+ 1.6 W,
d, = t—25mm

dy = dg — 10 mm

Table 8.4 positive moment (for dead load)

M;_ = C3 WuDng

apl,

Mf; — CgDLWuDthZ)

Concrete Design-Two way solid slab
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Table 8.5 positive moment (for live load)

M =Ch Wy 2

dLL

Mg — CbLLWuLLl%
Total positive moment

Total M} = C

aplL,

WU.DL12 + C;LLWU.Lng
Total Ml-l)_ — CbDLWuDLllZ) + CbLLWU.LLllz)
Total M7 = (C3,, Wypr, + C3,, W )13

TOtal Mg — (CbDLWUDL + CbLLWULL ) l%)

Concrete Design-Two way solid slab
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Table 8.6 (Ratio of load in |, , I, direction)

To find

W, — to check shear

W, and load transferred to beam.

Concrete Design-Two way solid slab
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Example :fc' =30 MPa, fy=400MPa,W,,=5 kN/m*, all supports are
R.C beams .Design floor slab.

- : 4.5 . 0.0
Solution " 5
[ < i '
Perimeter r'“PaneIZ '_"_J,S Panell
t =
180 4 = £
_(8.8+7.5)*2 Z_§—167 %_117<2
o 180 L7 ~Two way
[ il
= (0.181 > use t Panel2 Panell
= 190 mm - =
4 i 5
5 |
L 1 }

Concrete Design-Two way solid slab 14



Dead load

Slab weight = 0.19 * 24.5 = 4.66

kN
tiling with moetar = 0.04 * 24.5 = 0.98E
_ kN
plastring = 0.48E
kN
YD.L =6.12 —

kN
Wy=12+Wy+1.6W =12%612+16+5=1534—

d, =t—25=165mm
dy=d, — 10 = 155mm

Concrete Design-Two way solid slab 15
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M~ chort = C_W,1.* = 0.089 * 15.34 * (4.5)2 = 27.65 kN. m
M long = 0.011 % 15.34  (7.5)2 = 9.49 kN. m
M* = (C,pl.2Wy + Cyp * 1.6 % W12

M™*hore = (0.053 % 1.2 x 6.12 + 0.067 * 1.6 * 5) * (4.5)?
= 18.75 kN.m
M*long = (0.007 % 1.2 % 6.12 + 0.009 % 1.6 * 5) * (7.5)?

= 6.94 kKN.m

Concrete Design-Two way solid slab 17



-27.65kMN .M
-0, kM .m

Fom
_|_

+6.94kN.m | +34.22KN.m

-9.49kN.m | -56.95kN.m

~9.49kN.m_ I -56.95kN.m

7 8m

|
+5.9r¢kN.

3_27.65KN.m
-0, kM .m
KN
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M1 > M2 mz(‘i slab ‘?)1

interior
el —
beam

- M?2 -
lfMl =
if % < 0.8 —redistribute the difference between M1&M2 in

0.8 = design for max. moment

accordance with the relative flexural stiffness of the panels.

Concrete Design-Two way solid slab 19



flexural stiffness

] »
w2 : \é)m

il

M=k(flexural stiffness)=(4El)/L

éfraorl

£ L 2
M=k(flexural stiffness)=(3EIl)/L

Concrete Design-Two way solid slab
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»

 L1=45 | 12=8.8 a
| Kt |~ k2 ‘
A =1WM40 4=2
27.65
M1 27.65 0.65 < 0.8
—_— — = U, . —
M?2 40.4
s redistribute the — ve moments
. , , k1
1 = relative stif fness of panel 1 = 1+
3EI
) L2 8.8

= (.66

3T 3EL ~ [1+12 45+ 8.8
L1 L2

Concrete Design-Two way solid slab
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Y . . k2
k2 = relative stif fness of panel 2 = 1+ k2 0.34

M= M1+ k1AM = 27.65 + 0.66(40.4 — 27.65) = 36kN.m

ORM = M2 — k2 AM = 40.4 + 0.34(40.4 — 27.65)
= 36kN.m

Concrete Design-Two way solid slab 22



Let @=0.9 to be check later

Mu 36
= = (0.0489

~ Bfc’bd? 0.9 * 30000 * 1 * 0.1652

R

Wmay = 0.36481 = 0.364 = 0.83 = 0.302 - all w

< Wy 0. K

fy
fc'

p=w

Concrete Design-Two way solid slab
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fC, gcu
fy €q + 0.005

30 0.003
*
400 0.003 + 0.005

-0 =090.K

= (.85 % .83 x

= 0.198 - all p < p;

for fy =400MPa, As,,;;, = 0.0018bt
= 0.0018 = 1000 * 190 = 342mm?/my,;4¢n

Smax
= min(3t = 3 * 190
= 570mm, 450mm) code 1963 method3

Concrete Design-Two way solid slab 24



Smax
= min(2t = 2 * 190
= 380mm, 500mm) code 2002 direct design method, ACI 13.3.2
S Smar = 400mm
2 3

Ascol.strip — §A5middle strip Scol.strip — ESmiddle strip

Concrete Design-Two way solid slab 25



Check shear capacity

0.11Wu

0.11Wu

kN

kN

6.33 6.33

kN
B.33

0.89Wu 0.33W
KN KNT KN 1kN
2, A072 2295 o 22.95
=1
$=
o
>
BB & =
-
)
:‘J:
L _gs I __B6 =
[ R “
82_
2
BA & =
-
e
A=

Concrete Design-Two way solid slab
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Max. reaction(\Vu)=37.96kN
Vud=37.96-0.66*15.34*0.165=36.29kN

Ve=0.17v30* 1.0 *x 0.165 = 0.153MN

Vud  36.29

— — 48.38kN < Vc OK
& _ 0.75 ¢

Concrete Design-Two way solid slab
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|_oad transferred to beams

e Elastic stage:

7.5 kN kN

Wd = 0.66 x6.12*x—=15.15——> 17.42 —

B1 2 m m
7.5 kN kN
Wl=066*x5%—=1237——> 14.23 —
2 m m
7.5 kN kN
Wd=011%x6.12*—=252——59.18—
B? 2 m m

7.5 kN kN
Wl=011*5x—=2.06——> 75—
2 m m

Concrete Design-Two way solid slab 28



8.3 kN kN
Wd=034%612*— =915— > 15.3—

B3 2 m m
8.8 kN kN
Wl=034x5x—=748———> 12.5—
2 m m
4.5 kN
Wd =089 *«6.12+«—=12.25—
B4 2 m
4.5 kN

WIl=089*5%«—=10.01—
2 m

7.5 kN kN
Wd = (0.11 x 6.12 * —) x2 =549 ——> 18.36 —
2 m m

7.5 kN kN
Wl=(011*x5x—=412— - 15—
2 m m

B5

Concrete Design-Two way solid slab 29



7.5 kN kN
Wd = (0.66 x 6.12 * —) x 2 = 30.29— — 34.85 —
2 m m

B6
7.5 kN
Wl = (0.66*5*——=24.75kN/m — 28.46 —
2 m
( 8.8 4.5 kN kN
Wd=034%612x—+0.89%x6.12«—=21.41— > 27.42—
B7 - 2 2 m m
8.8 4.5 kN kN
Wl=034*5—4+089*«5x—=175— > 224 —

\ 2 2 m m

Concrete Design-Two way solid slab 30



e |_oads transferred to beams at failure stage of slab

—
.
S
WV <
J_- La -_J T
W{La? W{ La?
LAT. | - Wik
m —
] g
1
We
L La |
W{ Le? W{ Le? i
8 \ - 8 i
%\ ~— £ o1

31
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Wela®\ (Wla® \W_Wla —_— l
s | = |4 ) 2 We =—— shortpane

Wla (3 — m? la
W, = , m long panel

3 2 ~ b
rW ~ 6.12%7.5 (3 — 0.85 _oan kN
B - ed 3 2 T m
- w575 (3-085% kN
T3 2 " m

Concrete Design-Two way solid slab
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B2 =

B3 =

B4 =«

\

612%45 kN

W.; = = 9.18—
ed 3 m
W — 5% 4.5 e kN
el — 3 T . m
W _6.12*7.5_1531{N
ed — 3 T . m
5%7.5 kN
Wel — 3 — 125?
fW B 6.12 x 4.5 (3 — 0.67 _ 1217 kN
ed ™ 3 2 T m

Wel

5%4.5 (3 — 0.6 kN

3 2 m
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6.12 * 4.5 kN
Wed:( 3 )*221836?
B5 = S v 4.5 kN
Wel=( 3 )*2=15W
rW 6.12 % 7.5 (3 — 0.852\ , 3485k1V
— k — —
ed 3 2 T m
B6 = {

" 5% 75 /3 —0.852)] , 2846kN
— * — . —_—
S E 2 _ m

Concrete Design-Two way solid slab 34



( 61275 6.12x4.5 (3 — 0.62 kN

Wed — 3 I 3 ( 2 ) — 2742?
B7 =1 5%x75 5%4.5/(3— 0.62 kN
\ Wel — 3 I 3 ( 2 ) — 224%

Bent and cut off points in two way slab(approximate values):

Bent: Ln/6 from face of support

Cut off: Ln/4 from face of support

Concrete Design-Two way solid slab 35



Panel |As'=342mm?, use@10@225mm((2b,15s)
1 _ 2 b 2

| ong <Spmax )=349mm~> As =342mm

dir. At discontinuous edge: @10@225(2b)

Middle| 5 13x349-032mm2< As,.i. add(@8@450=111mm?)

Strip
Sa=(225+450)/2=337mm<S,,,.x OK

AS 16q=342MM°<AS 0,= (2/3*349)*2=465mm* OK

Panel 1 |Since Asy,, control for middle strip, therefore, the

Iai?ng reinforcement distribution will be fixed for column
Columnstrip

Strip

Concrete Design-Two way solid slab 36




Panel |As'=594mm?, use@12@175mm((2b,15s)
2 _ 2 o 2

Short <Spmax )=646mm=> As =594mm

dir. At discontinuous edge: @12@175(2b)
Middle _, 2x546=430mm?>As,;;, OK

Strip
Spacing (175,350mm)<S;,.x OK

AS q=1002mm°  AS o= (2/3*646)*2=861mm°< As
=1002mm?

AS ,4;=1002-861=141mm? (use
@8@350=143mm*>141mm?)

Concrete Design-Two way solid slab 37




Panel 2 | As®¢q=2/3*594=396mm"> AS;i,,
(‘j’ﬂf’” Use@12@3/2*175=260mm((2b,15) <S, )=435mm?2>
Column As"=396mm? OK

Strip At discontinuous edge: @12@260(2b)
—2/3*435=290Mm*<ASmin

AS,3=342-290=52mm? (use
@8@780=64mm*>52mm?)

Sav =(260+520mm)/2=390mm<S;,,x OK

AS 1q=2/3*1002=668Mm*  AS 0,
(2/3*435)*2=580mm°< As'=668mm?

Concrete Design-Two way solid slab 38




As,3:=668-580=88mm* (use
@8@520=96mm->88mm?)

Panel | As=342mm°,

éhort use@10@225mm((2b,15)<Spax )=349mm?*>

dir. |As'=342mm?*

g/lt:f:;j e At discontinuous edge: @10@225(2b)
—2/3*349=232mm°< ASpi

AS:4¢=342-232=110mm’ (@8@450=111mm?>110)

S =(225+450)/2=337Mm<S . OK

Concrete Design-Two way solid slab 39




AS 16=625mm*  AS 0= (2/3*349)=232mm’

Panel |As"'=459mm?, use@12@225mm((2b,15s)
iong <Smax )=503mm*> As"=459mm?
dir. At discontinuous edge: @12@225(2b)
g"t:ﬂ?'e —2/3*503=335Mm?<Asni,
AS,3q=342-335=7mm* (use F8@675=74mm*>7mm?)

S =(225+450)/2=337Mm<S . OK

AS c=668mm°  As 0,= (2/3*503)=335mm"

Concrete Design-Two way solid slab 40




(Panel 2 |AS e =668Mmm°, AS ,=335+232=567mm"<

Long dir.+ 2
Panel 1Short 668mm

dir.) use@8@450mm=111mm? add > 668-
Middle Strip 567=101mm’

Panel 1 |Since Asp,, control for middle strip, therefore, the
Short dir.
Column

Strip strip

reinforcement distribution will be fixed for column

Concrete Design-Two way solid slab 41




Panel 2
L.ong
dir.
Column
Strip

AS" (eq=2/3*459=306Mm°<As,,
use@10@225=349mm?((2b,1s) > ASmin
At discontinuous edge: @10@225(2hb)
—2/3*349=232Mm*<ASmin
AS,4q=342-232=110mm?* (use
@8@450=111mm*>110mm?)

Sav =(225+450mm)/2=337mm<S;x OK

AS 1q=2/3*668=445Mm°<  AS 0=
2/3(349+349)=465mm?

Concrete Design-Two way solid slab

42




Concrete Design-Two way solid slab

43



7.5m

1.83m

3.74m

1.88m

2.26m 1,126m

1,125m

=l E‘@-Elﬁlj add |

panell

ST -ﬂﬁlilau;ié]

H10i@a2:a

E10gEe 25
1=2.b

4.5m

2,2m

4 4m

Z.2m

ol

BE @ 520%

i

B2 260
1z2 b

add

0@z 5

152]3\\

B 203025

1521:\

panel2

2@ 175
152 b

m{@ 250add
=~

pa nel2

i

N

2@ 175
1z b

g.8m
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Corner reinforcement:

Long direction.Lb

T Lb/5 | T

' |
© 1
5 [
=- " Top Reinf. =(+AS) slab
2 5
e
O Ny |
© || |7 Bottom Reinf..=(+AS) slab j;
e ] 3
= 4
< | 1

| P PP
| LW
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7.5m

7.5m

s et
P= 2175 hot €1 23175 bot P
— 22175 top 21 TH top -
3
==
X
—
3
=+ 2 2 il
225 top FE225 top
“ 03225 bo 3725 bo 2
- T 225 hot G225 hot -—
X
| 1.5 | | 1.5 |
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