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Two way slab behavior

Dimension of Slab L X S

g < 2 with Uniform distributed load

Supported on Four Edges
Considers two strip in two direction

Deflection for assumed simply

S5Wi*
384 EI

supported beam : A=

If the two strip have same thickness

then deflection will be :

Aab = kW, S*

Acd = kW _, I*

Where: W, and W ., is the transferred

load by the strip ab and cd respectively
If Wu= W, +W,_

L

Fig. (1)
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Behavior of a two-way slab



The A deflection at e are equal for both strip

kWab S*= kWed [

Wab = —
@ S

L*Wed — (L\*

= ( ) Wed

The transferred load into the short Direction = Load in Long Direction multiply by factor (L/S)?
L

If (E) =15 then Wed = 0.165W  and Wab = 0835W
/
S

If (

That s mean the short Direction resist the greater part of total applied load and when (L/S)>2 then the load

) =2 then Wed = 0.059 W and Wab = 0941 W

transferred to the long Direction will be very small and can be neglected.




The analysis method assume :
-Uniform distributed load
-Live Load/ Dead Load < 3 -Thickness of slab

ACI Code 1963 the h,,, not less then 90 mm
according to eq :
_ 2(In+Sn)

. >
- 180 = 90 mm

ACI Code 2014 present equation for slab with beams :

1-Table 8.3.1.1

n (08422
—— 1400 > 90 mm
iy 36 + 96 -
where:
_ ILn
Y

Ln, Sn : clear span of long and short direction
respectively

Middle strip Half Column strip

Half Column strip

Half Column strip Middle strip Half Column strip

| S/4 | +M§12 | S/4 |
S ——
L4 ||

I +Ml |
L2 |l | +Ms|
-Ms i | ‘| -Ms
Li4 ||
R — - - = 5 _, I ==
-M!/




Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

(mm)i
Without drop panelst®] With drop panelst®]
Interior Interior
Exterior panels panels Exterior panels panels
Without With Without With
y . edge edge edge edge
MPalll beams | beams[¥l beams | beams!
280 £,/33 £,/36 £,/36 £,/36 £,/40 £,/40
420 £n/30 £n'33 £af33 £n/33 £/36 £n/36
520 £/28 £/31 £./31 £,/31 £./34 £./34

g, is the clear span in the long diwrection messured face-to-face of supports (nmum).

BlFor f;, between the values given in the table minimum thickness shall be ealculated
by linear interpolation.
BlDyop panels as given in 82 4.

FlSlabs with beams between columns along exterior edges. Exterior panels shall be
considered to be without edge beams if aris less than 0.8. The value of ar for the edge

beam shall be calculated in accordance with 8. 10.2.7. 6




Table 8.3.1.2—Minimum thickness of nonpre-
stressed two-way slabs with beams spanning

between supports on all sides

u_f,,,nl Minimmumn /7, imin
g, < 0.2 8.3.1.1 apphies (n)
f,(0-8+ 7> J —_—
0.2 < ot < 2.0 Greater ] 11400 {b)[-].[ )|
o of: 36+ 5B(cy, —0.2)
125 (c

Greater ' (1)[2113]

ot:

Mga 15 he average value of uy fon all Leains on edges of a panel and ar shiall be calcu-
lated 11 accondamce walth 8.10.2.7.

Pls,_ is the clear span in the long direcrion. measured face-to-face of heams (mm)

.

IR 1s the rano of clear spans in long 10 short direcnions of slab

@m:is the average of ar of all beams

as: the flexural stif fness of beam/flexural stif fness of sl
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ACI Code suggest 3 methods to analyze the

Two-way slab
ACI Code suggest three methods to analyze the
Two-way slab since 1963
[-method 1
Method 2
The Moment at the middle strip :
M= CWuS?
C= is a factor can be found from tables

The Moment at the column strip = 2/3 M mid

]
Case b

]

Case 2 Case
]

Case 3 Case 4

||

Slab Cases

-]
- "
5 b 2
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For Method 2

Where the negative moment on one side of a support is less than 80 percent
of that on the

other side, two-thirds of the difference shall be distributed in proportion to
the relative

stiffness of the slabs.
M?2
— <
M1
M Difference = M2-M1

0.8

2/3 M Difference Distributed for both side

according to the slabs stiffness

While In Method 3 if M1 # M2,

The negative Moments in can be take is the maximum positive moment

s

Interio{' Support

11
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Variation of
M, along |-|

Mo, max

Variation of
My, max OCross 2-2
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Shear Force

The shear force on slab can be calculated according to the

figure shown and transferred the equivalent load to the
beams
Short Direction
Wu La
W = 3 for moment
Wu La
We = 2 for shear
long Direction
wu S (3 —m?
Weq = 3 5 for Moment
wu S
Weq = T( 2—m) for shear

m= S/L or La/Lb

S,L: length of span C/C in both direction

13
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Wu*S/2
,A‘/\\. _’ W_*l_'_
A N N |
%) \,
| /)]
LS Ll
RA RB RA RB
Weq Weq,
S ] I
Ra Rb Ra LU
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Example (1) : An Interior Two way slab panel 6.0 m * 7.2m carry a live load 10 KN/m2. The slab thick 200 mm and
is supported on beam 300 mm width and 900mm depth. Assume that the super imposed dead load equal to 3
KN/m2 . Determine the principal bending and shear in slab. Fy=420 MPA, fc=21MPa

5.7 r
= 161.8 mm = 90 mm |i| ’i|

Solution: N
Method (2) | | el \ |
1- Minimum thickness 6 m
-ACI code 1963 —~— :H: - - - —
N 2 X (Sn + Ln) _ 2(5700 + 6900) i ' '
. 180 180
-The ACI code 2014 | n
* when the slab does not supported by beams B |
(interior panel) using ACI Table 8.3.1.1 ) // ‘E | e | //
* For slab supported by beams : ( a,, > 2) N[ 4
ACI code ( table 8.3.1.2): , ,
42
o, kn (O w 1%0) 69 (08 + 170) - 90 mm | |
36 I 36+9x(69) = F e —

We will use h = 200mm ( as mention in Example)

15
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Self Wtof slab =t *1+x1x ¢c=02x1%1%24=48KN/m2
Wu = 12WD + 1.6WL
Wu=12(48+3)+1.6 x 10 = 25.36 KN/m?2

S 6 Sn 5.7
m—L—7.2—0.833 or m_<Ln_6.9
From Table m lies between 0.8 and 0.9 for interior panel CASE 1
Moment factors for Short Direction

= 0.83) no big dif ference (for method 2 use L and S center to center)

Factor 0.8 0.833 0.9 Moment
- C 0.048 0.04536* 0.040 Negative moment
+C 0.036 0.03402 0.030 Positive moment

oL (0.9 — 0.833) x 0.048 + (0.833 — 0.8) x 0.04
1 (0.9 — 0.8)

*

= 0.04536

—Mu = ¢ Wu. 5% = 0.05436 X 25.36 X 6% = 41.41 KN.m/m
+Mu = ¢ Wu. 5% = 0.03402 x 25.36 X 62 = 31.06 KN.m/m

16




METHOD 2—TABLE |—MOMENT COEFFICIENTS

Short span
Values of m Long
- span,
Moments 1.0 | 0.9 | 0.8 | 0.7 0.6 0.5 all
. and | values
I | less| of m
Case 1—Interior panels
Negative moment at—
Continuous edge 0.033 0.063 | 0.083| 0.033
Discontinuous edge —_— e e e
Positive moment at midspan 0.025 0.047 | 0.062| 0.025
Case 2—One edge discontinuous
Negative moment at—
Continuous edge 0.041 | 0.048 | 0.055 | 0.062 | 0.069 | 0.085| 0.041
Discontinuous edge 0.021 |0.024 | 0.027 | 0.031 | 0.035 | 0.042| 0.021
Positive moment at midspan 0-031 | 0.036 | 0.041 | 0.047 | 0.052 | 0.064| 0.031
Case 3—Two edges discontinuous
Negative moment at—
Continuous edge 0.049 | 0.057 | 0.064 | 0.071 | 0.078 | 0.090| 0.049
Discontinuous edge 0.025 | 0.028 | 0.032 | 0.036 | 0.039 | 0.045| 0.025
Positive moment at midspan 1 0.037 | 0.043 | 0.048 | 0.054 | 0.059 | 0.068| 0.037
Case 4—Three edges discontinu- |
ous |
Negative moment at— |
Continuous edge 0-058 |0.066 | 0.074 | 0.082 | 0.090 | 0.098| 0.058
Discontinuous edge 0.029 | 0.033 | 0.037 | 0.041 | 0.045 | 0.049| 0.029
Positive moment at midspan 0.044 |0.050 | 0.056 | 0.062 | 0.068 | 0.074| 0.044
Case 5—Four edges discontinuous
Negative moment at— |
ontinuous edge | — — —_ | = — — —
Discontinuous edge | 0.033 |0.038 | 0.043 |'D.IJ4'? | 0.053 | 0.055| 0.033
Positive moment at midspan | 0-060 |0.057 | 0.064 [0.072 | 0.080 | 0.083| 0.050

17
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Moment factors for Long Direction

-C= 0.033 negative moment factor |||

+C=0.025 Positive moment factor S St — ﬂf-f

-Mu = ¢ Wu.5% = 0.033 x 25.36 X 62 =30.13 KN.m/m
+Mu = ¢ Wu.5% = 0.025 X 25.36 X 62 = 22.82 KN.m/m

/ ! 31.06 | /
Moment at column strip will be 2/3 from middle m BE %

strip moment in both direction

7.2 m
N
=

Shear in Slab |

vy L WuZXS . ' ) 30_.134 ’ 5 #_:
2536 X6 B | .
= == —— = 76,08 KN/m I NG Il

18
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- ===

E cs 2071
S L/4
' ' 1
I B l—
Moment diagram Z | 31.08 7
( KN.m/m) = _ /
In Short Direction - E || | | |
Middle and Column Strip o 2 L2 B = o H—
M~ S M.S
E .
' '41.41 41.41"
® I
£
2| L4 C.S 20.71
o I |
ES g = - o - -
i | .
||| Y H|
Ry
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L oads on Beams

Bending Moments
1-long Direction

o _wuS(3—m?\ 2536x6(3-0833%\ . y
e =3 2 = 3 2 = 58. /m from one side
_wus
W, = B (2—m) for shear
Wu*S/2 _
There is two slab transferred load to the beam
W,, = 2 X 5847 = 116.94 KN/m ( from both side) m ‘ ‘ ‘ ‘ m %
Self weight of drop beampart = 1.2X (h—t)Xb X1 Xyc %
= 1.2%x(09-0.2)x1x0.3 %24 =6.05KN/m T L T
[ |
Total Wu, = 116.94 + 6.05 = 122.99 KN /m RA RB
W,
I——-‘. L L
Ra Rb

20
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2- Short Beam

WusS
Weq = 3 Wu*S/2
P
25.36 X 6 , N
= —— = 50.6 KN/m from one Side Py
3 V)
There is two slab transferred load to the beam £ 1
7l
Weq = 2 x 50.6 = 101.2 KN/m T‘ S 4
Self weight of drop beam part = 6.05 KN/m
RA RB
Wua = 101.2 4+ 6.05 = 107.25 KN/m
Weq.= Wu*S/3
Piiiidid LLbisl

Rb

21
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Beam Moment Calculation

Using Factored for interior panel for beams
1- Long Direction

Wub = 122.99 KN/m

1 1
—M == Wub x 1?) = = x (122.99 X 6.92) = 532.32 KN.m

1 1
+M = — (Wub x 1?) = = x (122,99 X 6.92) = 365.97 KN.m

2- Short Direction
Wub = 107.25 KN/m

1
—M == Wua x $2) = 1/11 x (107.25 X 5.72) = 316.78 KN.m

1
+M =— (Wuax§?) = 1/16 x (107.25 x 5.72) = 217.8KN.m

~1116 -1/10 , -1/11 A1 111 /11

Column_— b +1I1_:_4___, " N "'1”9...--” " +1,r1§___.__.f I
| b Sn Aol _Sn_ 4ol _Sn_ i

B.M Factors

22
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Shear in Beams

1-Long direction

W, = Wu xS/4 X(2—m)

= 2536 X6 /4 X (2—0.833) = 4438KN/m
From both side have load

2 X 44.38 = 88.76 KN/m

Self weight of Beam = 6.05 KN/m
W.,=88.76+6.05= 94.81 KN/m

Shear force at support
WuxL 94.81x7.2
Vu = A0 > = 341.22 KN
1-Short direction
WuS
Wi _ 2 for shear
25.36 X 6
Sz B 38.04 KN/m

From both side have load and adding self weight of beam
Wua= 2x 38.04+ 6.05= 8213 KN/m

Shear force at support "
WuxS 8281x6 | ;
Vu = > = > = 246.4 KN -

23
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Method 3

ACI code using method 3 and denoted to long direction as b and short direction with a and
considering the live load effect.

- Negative Moment
1- Short direction ( a)

-M=C,,. WulL/

a neg

2- Long direction (' b)

-My= Cy .0 Wu s

Where:

Wu : total uniform factored load ( D.L + L.L)
C,: Moment coefficient from table

C,: Moment coefficient from table

L ,: clear span for short direction

L,: clear span for short direction

24
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Positive Moment
1 — Short direction ( a)

+Ma p.. = CabL xWu DL x La?
+MarLL= CarL.L xWuLL x La?
+Ma = +Map.L+ Mal.lL

2 — Long direction ( b)
+Mbp.L. = CbhbDL x WubL x Lb?
+MbL.L. = CbLL x WuLL x Lp?

+Mb = +Mbop.L+ MbL.L
Note:
When two negative moment at support are dif ferent for continuous slab,

S
3 -—
gl

can take average Moment:

_ Mleft+ Mright
3 2

25
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Moment Direction

Short Direction S or (a) Long Direction L or (b)

Negative Moment (-M) -M,= C, eg WU La? -Mp= Cy, neg WU Lb?

+Ma p.. = CabpL. xWunbpLx La2 | +Mbbp.L. = CbbL x WubL x Lb?

+MaLrL=CaiL. xWurLL xLa2 | +MbLr.L. = CbLL x WuLL x Lb?
Positive Moment (+M)

+Ma = +MaD.L+ Mal.L +Mb = +MbD.L+ MbL.L

- =

26
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Example (2) : (as in Ex. 1) An Interior Two way slab panel 6.0 m * 7.2m carry a live load 10 KN/mz2. The slab thick
200 mm and is supported on beam 300 mm width and 900mm depth. Assume that the super imposed dead load
equal to 3 KN/m2 . Determine the principal bending and shear in slab. Fy=280 MPa, fc=21MPa

Sol.
Wu= 25.36 KN/m’ (exa. 1)
Interior panel continues from all side ( Case 2) Table 1

la _ (6-03) _ .. ,
b (72-03) = (ora/b)

1- Negative Moment Factors

- Short Direction ( by interpolation)

0.8 0.065

- ) . 0.06 x (0.826 — 0.8) + 0.065 x (085 —0826) _
(0.85 — 0.8)

0.85 0.06

-Long Direction ( by interpolation)

0.8 0.027

. - _0.031 x (0.826 — 0.8) + 0.027 x (0.85 — 0.8; 6 T e
' neg.-= (0.85 — 0.8) ;
0.85 0.031 '

27




METHOD 3—TABLE |I—COEFFICIENTS FOR NEGATIVE MOMENTS IN SLABS*
M4n0‘=04ne; ¥ w X A’

At & B’} where w = total uniform dead plus live load
B neg — Bneg X W X

Bt Case 1 | Case 2 II'Case 3 | Case 4 lCase 5|Case6 | Case7 |Case8 l Case 9
o=t | TP O 01T | 8| | B
Ciines 0045 | 0050 | 0.075 | 0.071 i | 0.033 | 0.061

100 Chune] 0.045 0.076§ 0.050 0.071 | 0.061 | 0.033
- Cavw 0.050 | 0.055 [ 0.079 | 0.075 ’ 0.038 0.065
Cainee. ] 0.041 | 0.072 | 0.045 0.067 | 0.056 | 0.029

000 CAms | | 0.055 0.060 | 0.080 | 0.079 0.043 | 0.068
Civia | 0.037 | 0.070 | 0.040 | | 0.062 | 0.052  0.025
085 Ctm 0.066 | 0.082 | 0.083 | 0.049 | 0.072
. Cave ' 0.065 | 0.034 | | 0.057 | 0.046 | 0.021
- Canes | 0.071 | 0.083 | 0.086 0.055 | 0.07
Chnee | 0.061 | 0.029 0.051 | 0.041 | 0.017
ons e 0.069 0.076 | 0.085 | 0.088 0.061 | 0.078
Chinsg: | | 0.022 | 0.056 | 0.024 0.044 | 0.036  0.014
Cave 0.074 | 0.081 | 0.086 0.091 0.068 | 0.081
s 0.017 | 0.050 | 0.019 | | | 0.038 & 0.029 | 0.011
i L 0.077 | 0.085 | 0.087 | 0.093 | 0.074 | 0.083

" Gl 0.014 | 0.043 | 0.015 0.031 | 0.024 | 0.008
- ' 0.081! ' 0.089 | 0.088 | 0.095 | 0.080 | 0.085
Cveic | 0.010 | 0.035 | 0.011 0.024 | 0.018 | 0.006
055 A7 | | 0.034@ 0.092 | 0.089 | 0.096 0.085 | 0.086
C nes | 0.0(_17*\ 0.028 | 0.008 | 0.019 | 0.014 | 0.005
050 | | 0.086 ’ 0.094 | 0.090 | 0.097 0.089 | 0.088
Cooen | | 0.006 | 0.022 | 0.006 | 0.014 | 0.010 | 0.003

*A cross-hatched edge indicates that the slab continues across or is fixed at the support;
an unmarked edge indicates a support at which torsional resistance is negligible.

28




METHOD 3—TABLE 2—COEFFICIENTS FOR DEAD LOAD
POSITIVE MOMENTS IN SLABS*

Muigoron = Capr X w X A2

. . B’} where w — total uniform dead load
Bpoa DL = Capr X W X

Case 1| Case 2| Case 3| Case4| Case5 | Case6| Case 7 |Case8 | Case 9

Ratio
ngd_'_]r_jtjfl[_lr"]f_iﬁr"“}
Cane 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023
0 Cs oL 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020
Cupr 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024
0.95 Cs oL 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017
050 CapL 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026

Cepr | 0.029 | 0014 | 0.024 | 0.022 | 0.013 | 0.021 | 0.028 | 0.019 | 0.015
i Cuon | 0050 [§ 0.024)] 0.029 | 0.036 | 0.031 | 0.042 | 0.040 | 0.029 | 0.028
— %

— Cro. | 0.026 21l 0.022 | 0.019 | 0.011 | 0.017 | 0.025 | 0.017 | 0.013
> g Crv | 0056 Joo26) 0034 | 0039 | 0032 | 0.045 [ 0.045 | 0.032 | 0.029

Csou | 0.023 f§ 0.011) 0.020 | 0.016 | 0.009 | 0.015 | 0.022 | 0.015 | 0.010

o8 Cio. | 0.061 | 0028 | 0.040 | 0.043 | 0.033 | 0.048 | 0.051 | 0.036 | 0.031
Csp. | 0.019 | 0.009 | 0.018 | 0.013 | 0.007 | 0.012 | 0.020 | 0.013 | 0.007
Can. | 0.068 | 0.030 | 0.046 | 0.046 | 0.035 | 0.051 | 0.058 | 0.040 | 0.033
070 Csp. | 0.016 | 0.007 | 0.016 | 0.011 | 0.005 | 0.009 | 0.017 | 0.011 | 0.006
0.65 Cao. | 0.074 | 0.032 | 0.054 | 0.050 | 0.036 | 0.054 | 0.065 | 0.044 | 0.034
Ceor | 0.013 | 0.006 | 0.014 | 0.009 | 0.004 | 0.007 | 0.014 | 0.009 | 0.005
i Capon | 0.081 | 0.034 | 0.062 | 0.053 | 0.037 | 0.056 | 0.073 | 0.048 | 0.036
Csou | 0.010  0.004 | 0.011 | 0.007 | 0.003 | 0.006 | 0.012 | 0.007 | 0.004
b Cipu | 0.088 | 0.035 | 0.071 | 0.056 | 0.038 | 0.058 | 0.081 | 0.052 | 0.037
Cpou | 0.008 | 0.003 | 0.009 | 0.005 | 0.002 | 0.004 | 0.009 | 0.005 | 0.003
Eh Cipu | 0.095 | 0.037 | 0.080 | 0.059 | 0.039 | 0.061 | 0.089 | 0.056 | 0.038
Crou | 0.006 | 0.002 | 0.007 | 0.004 | 0.001 | 0.003 | 0.007 | 0.004 | 0.002

*A cross-hatched edge mdicét_és t_hét the slab continue; ac'ross 6r is fixed at the suppm:t_:
an unmarked edge indicates a support at which torsional resistance is negligible.
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METHOD 3—TABLE 3—COEFFICIENTS FOR LIVE LOAD
POSITIVE MOMENTS IN SLABS*

Migosrr = Carn X w X A?

Mspos = Crrn X w X B?
Casel|Case2| Case3|Case4 |Case 5 |Case6 |Case 7 |Case 8 |Case 9

m= A Vo 1t o [ e ) e e W e O N i s O (|,

Caix | 0.036 | 0.027 | 0.027 | 0.032 | 0.032 | 0.035 | 0.032 | 0.028 | 0.030

} where w = total uniform live load

i Csw | 0.036 | 0.027 | 0.032 | 0.032 | 0.027 | 0.032 | 0.035 | 0.030 | 0.028
095 Ct= | 0040 | 0030 | 0.031 | 0035 [ 0.034 | 0.038 | 0.036 | 0.031 | 0.032
# Coue | 0033 | 0025 | 0.029 | 0.029 | 0.024 | 0.029 | 0.032 | 0.027 | 0.025
-~ Ciwv | 0.045 | 0.034 | 0.035 | 0.039 | 0.037 | 0.042 | 0.040 | 0.035 | 0.036

Csze | 0029 | 0022 | 0027 | 0.026 | 0.021 | 0.025 | 0.020 | 0.024 | 0.022

Care. | 0.050 § 0.037] 0.040 | 0.043 | 0.041 | 0.046 | 0.045 | 0.040 | 0.039
—> 08 .| 0028 Jooioll v.02¢ | 0023 | 0.019 | 0022 | 0026 | 0.022 | 0020
. Cuaxe | 0.056 || 0.041] 0.045 | 0.048 | 0.044 | 0.051 | 0.051 | 0.044 | 0.042
0% e | 0023 Boorzll o022 | 0.020 | 0016 | 0019 | 0028 | 0010 | 0017
Cain | 0.061 | 0045 | 0.051 | 0.052 | 0.047 | 0.055 | 0.056 | 0.049 | 0.046

Caw | 0.019 | 0.014 | 0.019 | 0.016 | 0.013 | 0.016 | 0.020 | 0.016 | 0.013

Ca.xz | 0.068 | 0049 | 0.057 | 0.057 | 0.051 | 0.060 | 0.063 | 0.054 | 0.050

Csue | 0016 | 0012 | 0016 | 0.014 | 0.011 | 0.013 | 0.017 | 0.014 | 0.011

Cauwe | 0074 | 0.053 | 0.064 | 0.062 | 0.055 | 0.064 | 0.070 | 0.059 | 0.054

Cure | 0.013 | 0010 | 0.014 | 0.011 | 0.009 | 0.010 | 0.014 | 0.011 | 0.009

Cere | 0.081 | 0.058 | 0.071 | 0.067 | 0.059 | 0.068 | 0.077 | 0.065 | 0.059

Csw | 0.010 | 0.007 | 0.011 | 0.009 | 0.007 | 0.008 | 0.011 | 0.009 | 0.007

Cars | 0083 | 0.062 | 0.080 | 0.072 | 0.063 | 0.073 | 0.085 | 0.070 | 0.063
Crzs | 0.008 | 0.006 | 0.009 | 0.007 | 0.005 | 0.006 | 0.009 | 0.007 | 0.006
Cuwe | 0.095 | 0.066 | 0.088 | 0.077 | 0.067 | 0.078 | 0.092 | 0.076 | 0.067
Csce | 0.006 | 0.004 | 0.007 | 0.005 | 0.004 | 0.005 | 0.007 | 0.005 | 0.004

*A cross-hatched edge indicates that the slab continues _across or is fixed at the support;
an unmarked edge indicates a support at which torsional resistance is negligible. 30
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Ma = Ca.neg .Wu.la? = 0.0624 X 25.36 X (5.7)> = 51.41 KN.m/m
—Mb = Cb.neg .Wu.lb?> = 0.02908 X 25.36 X (6.9)> = 35.03 KN.m/m

2- Positive Moment
Short Direction
-Factors of Dead Load ( from Table 2)

0.8 0.026

N o pp = 2024 % (0.826 - 08) +0.026 x (085 - 0.826) _
j ' (0.85 — 0.8) '

0.85 0.024

Self Wtof slab=t X1 X1Xyc =02X%Xx1X1x24= 48KN/m2
Wup,= 12(48+3) = 936 KN/m2
+Ma ,;, = 0.02496 X 9.36 X 5.72 = 7.6 KN.m/m

-Factors of Live Load ( from Table 2)

0.8 0.041

o co g — 2037 % (0.826 —08) +0.041x (085-0826) _ ' ..
' ' (0.85 — 0.8) '

0.85 0.037

WulLL = 16xXx10 = 16 KN/m2
+Ma LL = 0.03892 X 16 X 5.72 = 20.23 KN.m/m
+Ma = Ma DL+ MalLL = 7.6+ 20.23 = 2783 KN.m/m
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Long Direction

-Factors of Dead Load ( from Table 3)
0.8 0.011

0.012 x (0.826 — 0.8) + 0.011 x (0.85 — 0.826)

0.826 Cb.DL =
(0.85 —0.8)

0.85 0.012
Wubp= 9.36 KN/m2
+MbpL = 0.01148 X 9.36 X 6.92 = 5.12 KN.m/m

—Factors of Live Load ( from Table 3)
0.8 0.017

0.024 x (0.826 — 0.8) + 0.026 x (0.85 — 0.826)

0.826 Cb.LL =
(0.85—0.8)

0.85 0.019

WuiL= 16 KN/m2

+MbLL = 0.01804 x 16 X 6.92 = 13.81 KN.m/m

+Mb = MbpL + MbLL = 5.12 4+ 13.78 = 18.93 KN.m/m

=0.01148

= 0.01804

By Prof. " Dr-Haleem K. Hussain
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Shear On Slab

-Short Direction ( from Table 4)

0.8 0.71

e o 0.66 x (0.826 — 0.8) + 0.71 x (0.85 — 0.826) .
va (0.85 —0.8)

0.85 0.66

Wa = 0.684 x 25.36 = 17.35 KN /m2
5.7
Vu= WaXxLa/2 = 17.35 X - = 4943 KN/m

Long Direction ( from Table 4)

0.8 0.29

0.826 = 0.34 x (0.826 — 0.8) + 0.29 x (0.85 — 0.826) _ 0316
d (0.85 —0.8)

0.85 0.34

Wb == 0.316 X 25.36 = 8.01 KN/m2

Lb
Vu= Wb X - = 8.01 x6.9/2 = 27.65KN/m
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METHOD 3—TABLE 4—RATIO OF LOAD w IN A and B DIRECTIONS FOR
SHEAR IN SLAB AND LOAD ON SUPPORTS*

Case 1| Case 2 1 Case 3| Case 4 |Case 5 |Case 6| Case 7 |Case 8 | Case 9

Ratio
m=4 | OO ) OO e
" W. | 050 | 050 | 017 | 050 | 083 | 071 [ 029 | 033 | 0.67
MO0 . | os0 | os0 | 083 | 050 | 017 | 020 | o | 067 | 033
W. | 055 | 055 | 020 | 055 | 086 | 0.75 | 033 | 038 | 0.71
09 w. | 045 | 045 | 080 | 045 014 | 025 | 067 | 062 | 029
W. | 060 | 060 | 023 | 060 | 0.88 | 079 | 038 | 043 | 0.75
fad Wa 040 | 040 | 077 | 040 | 012 | 021 | 062 | 057 | 025

w. | 066 [fo6c ) 028 | 066 | 090 | 083 | 043 | 049 | 0.79
0.34 0.17 0.21

> Ws | 034 0.72 | 0.34 0.10 0.57_‘ 0.51

Wa 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83
Wa 0.29 0.29 0.67 0.29 0.08 0.14 0.51 0.45 0.17

" W. | 07 | 076 | 039 | 076 | 094 | 088 | 056 | 0.61 | 0.86
e W 024 | 024 | 061 | 024 | 006 | 012 | 044 | 039 | 0.14
W. | 081 | 081 | 045 | 081 | 095 | 091 | 0.62 | 0.68 | 0.89
07 w. | 019 | 019 | 055 | 019 | 005 | 009 | 038 | 032 | om
W. | 085 | 085 | 053 | 085 | 096 | 093 | 069 | 0.74 | 0.92
%9 w. 1 o015 | 015 | 047 | 015 | 004 | 007 | 031 | 026 | 008
W. | 08 | 08 | 061 | 08 | 097 | 095 | 076 | 0.80 | 0.94
049 W, | 011 | 011 | 039 | 011 | 003 | 005 | 024 | 020 | 0.06
o 092 | 092 | 069 | 092 | 098 | 096 | 081 | 085 | 095
W» | 008 | 008 | 031 | 008 | 002 | 004 | 019 | 015 | 005
oso W | 094 | 094 [ 076 | 094 | 099 | 0.07 | 085 | 089 | 097
W, | 006 | 006 | 024 | 006 | 001 | 003 | 014 | 011 | 0.03

*A cross-hatched edfe indicates that the slab continues across or is fixed at the support;
an unmarked edge indicates a support at which torsional resistance is negligible. 34
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Shear On Beams

-Short Direction

the load transfer from slab with long direction ( on short beam)
= 27.65KN/m

and there is two slab from both side

= 2X27.65=553KN

Selfwt.of beam = 6.05 KN/m

Total Wua = 55.3 + 6.05 = 61.35KN/m

| Wua X La B 61.35 X 5.7

Vi = 174.85KN
e 2 2

-Long Direction

the load transfer from slab with short direction ( on long beam)
= 4943 KN/m

and there is two slab from both side

= 2X4943 =98.86 KN

Selfwt.of beam = 6.05 KN/m

Total Wub = 98.86 + 6.05 = 104.91KN/m
_ Wub xLb 10491Xx6.9

= 361.93KN
2 2

Vu

By Prof. " Dr-Haleem K. Hussain
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Example (3) : An Apartment building is designed using 6.1*%6.1 m Two way slabs system. The live load 2 KN/m2 , the
superimposed load ( partition loads) i1s 1.5 KN/m2 and the floor finish load is 2 KN/m2. Design a typical panels. Assume
f'c=21MPa, fy =280 Mpa. The column dimension 300* 300 mm and the supporting beams are 300 mm width . Also Design

the interior beam.

Sol.

|
-Slab Thickness |

ACI Code 1963 allowed slab thickness '_'*‘ _______ _* — = -

not less than 90 mm

L _2WtS)
TED o TR | | | |

_2A58+58) .
= 180 = Jmm SN  E—————— e e ——

ACI Code 2014 allowed using equation

7.17m

whered m > 2

Ln
B=—=10

i 280 — L ------- —L— ______________

5.8 % [0.8 + (7350)] | | | | .

36 +9x1 | 7.1m b 7.1m | 7.1m |
= 141.5mm Usetor h = 150 mm

Tim
wn
w
0))
N

tmin =
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Load On Slab Half Columnstip  Middie stip  Half Column strip

D.Lof slab = 0.15x 1 %X 1X 24 =3.6 KN/m? | sia | s/2 | sia |
Floor Finishing = 2 KN/m?
Partitions = 1.5 KN/m?

Total DL = 7.1 KN /m?

L.L = 2KN/m?

Wu = 1.2DL+ 1.6 LL

= 12%x71 4+ 1.6 x2= 11.72 KN/m?

Using Method 2

M = ceof XWux$§
From table 1 of Method 2 '
dav.= h — cover —¢ = 150 —20—-10 (use 10 mm)
= 120 mm

||-m1

L/4

Half Column strip

Middle strip

Notes

Half Column strip

1- For square panel use d average

-M/

2- rectangular panel the steel in short direction | S

at bottom layer ( large M, d the greater) and for |

long direction the steel at top layer ( d shorter) A i

20 mm

0

0

|
B

38
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Long span <
b (0]
d =h—-20 —¢, — 1L
2
(a) Effective depth in long direction
3
short span = Ps o | ‘_/J’
ng ll 20 mm
dS =h—20 — 7 | I

(b) Effective depth in short direction

39




Choose (§3) = CASE 3

S
From Table (1)m = s 1

Moment factors for both Direction ( square panel )

—C = 0.049 Negative moment Factor Discontinuous edge
—C = 0.025 Negative moment Factor Continuous edge
+C = 0.037 Positive moment Factor Midspan

—Mu = ¢ Wu.5%=0.049 x 11.72 X 6.12 = 21.37 KN.m/m Cont.
—Mu = ¢ Wu.5%=0.025%x 11.72 X 6.12 = 109 KN.m/m Discont.
+Mu = ¢ Wu.5%=0.037 x 11.72 X 6.12 = 16.14 KN.m/m Mid span

Mid Span
. Mu
~ pbd?
16.14 x 10°

R="109x1000 x 1202) = 1.245

1 . . 2mR
P=m fy
fy
=——~ = 15,
m 0.85 * fc 5.68
e ! " ) (2 X 15.68 x 1.245) | 0.00461
~ \15.68 280 o

By Prof. " Dr-Haleem K. Hussain
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METHOD 2—TABLE |—MOMENT COEFFICIENTS

Short span
Values of m Long
. span,
Moments 10 {09 | 08 (07 [ 06 | 05 all
and | values
Method 2 less| of m
Case 1—Interior panels
el Negative moment at—
Continuous edge 0.033 | 0.040 | 0.048 | 0.055 | 0.063 | 0.083| 0.033

Discontinuous edge — | = | = ]| -] - e
Positive moment at midspan | 0.025 | 0.030 | 0.036 | 0.041 | 0.047 | 0.062] 0.025

Case 2—One edge discontinuous
Negative moment at—
Continuous edge 0.041 |0.048 | 0.055 [0.062 | 0.069 | 0.085| 0.041
Discontinuous edge 0.021 |0.024 | 0.027 | 0.031 | 0.035 | 0.042] 0.021
Positive moment at midspan | 0-031 | 0.036 | 0.041 | 0.047 | 0.052 | 0.064| 0.031

Case 3—Two edges discontinuous
Negative moment at—

— Continuous edge

Discontinuous edge
Positive moment at midspan

Case 4—Three edges discontinu-

0.057 | 0.064 |0.071 | 0.078 | 0.090| 0.049
0.028 | 0.032 | 0.036 ' 0.039 | 0.045| 0.025
0.043 | 0.048 | 0.054 | 0.059 | 0.068| 0.037

ous
Negative moment at—

Continuous edge 0-058 |0.066 | 0.074 | 0.082 | 0.090 | 0.098| 0.058
Discontinuous edge 0.029 |0.033 | 0.037 | 0.041 | 0.045 | 0.049| 0.029
Positive moment at midspan | 0.044 [0.050 | 0.056 |0.062 | 0.068 | 0.074| 0.044

Case 5—Four edges discontinuous

Negative moment at—
ontinuous edge — | =] = =] = | =
Discontinuous edge 10033 1 0.038 | 0.043 ' 0.047  0.053 | 0.055| 0.033

Positive moment at midspan 0-050 |0.057 | 0.064 |0.072 | 0.080 | 0.083| 0.050
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As =p.b.d = 0.00461 x 1000 x 120 = 553 mm?/m

Use ¢ 10 mm
G 78 x 1000 A%
B

Use p 10 mmat 140 mmc/c

As min = p.b.h (mm?)

pmin = 0.0018

As min.= 0.0018 x 1000 X 150 = 270mm 2/ m < As Provide (OK)
Smax = 2X h =300o0r 450 mm at critical section  ACI (8.7.2.2)
Use ¢ 10 mm @ 140 mm

2 2
Column Strip Moment = 3 M mid = 16.14 X 3= 10.76 KN.m/m

Or can use the spacing of

1.5 * middle strip spacing = 213mm C/C < 2h =300 mm
Use Use p 10 mm @ 210 mm

Negative Moment

—Discontinues edge

- M=10.9 KN.m/m
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B u

~ ¢bd?
. 10.9 x 10° _

09 >}1000 X 1202

_ y
m = 085 x fo 15.68

F 1 ] " (2x15.68x0.841) R
T 280 e
As =p.b.d = 0.00308 x 1000 X 120 = 370 mm2/m
Use ¢ 10 mm

78 x 1000

D L 211mm, Usep 10mmat 210 mmc/c
—Continuous Edge
B = Mu

~ ¢bd>2

21.37 x 10°

(0.9 x 1000 x 1202)

(N o4 |, _2x1568x1649
P =\15.68 280

= 0.006189

As =p.b.d = 0.006189 x 1000 X 120 = 742mm?/m ._ T =
Use ¢ 10 mm

S = 78x1000/742 = 105mm Use ¢ 10 mm at 100 mm c/c K
Note: The reinforcement detail for long Direction same as of short direction
cause the panel is square (L = §)

43
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Check for Shear

The shear force on slab can be calculated according to (same in both direction ):

Wu.S
= > at center of support
11.72 X 6.1
= > B = 35.75KN/m

0.3
Vud = Vu — WuxT—Wuxd

0.3
= 35.75- 11.72 X > - 11.72 x 0.12 = 32.59 KN/m

QVe = ¢pX017/fc Xbxd = 0.75x%x0.17 x V21 x 1000 x 120 = 70.11 KN/m

¢ Ve > Vud ( OK section is safe)
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Interior Panal (S1)
Short Span Long Span
No. Detail tep 9 =P
(-M) (+M) (-M) (-M) (+M) (-M)
Cont. Mid Discont. Discont. Mid Discont.
1 S ¢ T 14.40 10.90 14.40 14.40 10.90 14.40
(N.mm/m)
2 d (mm) 120 120 120 120 120 120
3 m= 15.69 15.69 15.69 15.69 15.69 15.69
4 Rn= 1.111 .841 1.111 1.111 0.841 1.111
p=r.b.h
5 0.0041 0.0031 0.0041 0.0041 0.0031 0.0041
(mm?2)
6 As (calculated) 492.0 369.4 492.0 492.0 369.4 492.0
7 As(min)= 0.0018 b.h 270 270 270 270 270 270
8 As(choosed)= 492 369 492 492 369 492
9 S=1000*Ab/As 160 213 160 160 213 160
( mm)
— Xh —
10 SGEg)= 2H =3l 300 300 300 300 300 300
or 450 mm
11 S(choosed)= 160 212.6 159.6 160 213 160
12 Use S= 150 210 150 150 210 150
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Interior Panal (S2)
No. Detail Short Span Long Span
(-M) (+M) (-M) (-M) (+M) (-M)
Cont. Mid Discont. Discont. Mid Discont.
1 Mu> 106 9.16 13.52 17.88 17.88 13.52 17.88
(N.mm/m)
2 d (mm) 120 120 120 120 120 120
3 m= 15.69 15.69 15.69 15.69 15.69 15.69
4 Rn= 0.707 1.043 1.380 1.380 1.043 1.380
As =p.b.h
5 0.0026 0.0038 0.0051 0.0051 0.0038 0.0051
(mm?2)
6 As (calculated) 309 461 616 616 461 616
7 As(min)= 0.0018 b.h 270 270 270 270 270 270
8 As(choosed)= 309 461 616 616 461 616
9 S=1000*Ab/As 254 170 127 127 170 127
(mm)
— % —
10 S(max)= 2*h=300 300 300 300 300 300 300
or 450 mm
11 S(choosed)= 254.0 170.4 127.5 127 170.4 127.5
12 Use S= 250 160 120 120 160 120
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Interior Panal (S3)
No. Detail Short Span Long Span
(-M) (+M) (-M) (-M) (+M) (-M)
Cont. Mid Discont. Discont. Mid Discont.
1 Mu> 106 10.90 16.14 21.37 10.90 16.14 21.37
(N.mm/m)
2 d (mm) 120 120 120 120 120 120
3 m= 15.69 15.69 15.69 15.69 15.69 15.69
4 Rn= 0.841 1.245 1.649 0.841 1.245 1.649
As =p.b.h
5 0.0031 0.0046 0.0062 0.0031 0.0046 0.0062
(mm?2)
6 As (calculated) 369 554 743 369 554 743
7 As(min)= 0.0018 b.h 270 270 270 270 270 270
8 As(choosed)= 369 554 743 369 554 743
9 S=1000*Ab/As 213 142 106 213 142 106
(mm)
10 S(max)= 2*h=300 300 300 300 300 300 300
or 450 mm
11 S(choosed)= 212.6 141.8 105.7 213 141.8 105.7
12 Use S= 210 140 100 210 140 100
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Corner slab reinforcement detail
LLO"Q LLong

h (Liong)/5

I
,
| ‘ |

B-1
As top per 8.7.3

As per 8.7.3
top and bottom

OPTION 1 OPTION 2
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N
W

@ 10@140mm c/c Top and Bottom

n
[,
| Y
|

. (long /5)=1250

]
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L {long /5)=1250
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