
Two way slabs:
Two way slabs are plates supported on all four edges and provided that the clear length ( L, Lb, b) is less or equal twice the clear short width (S, La, a). The slab deflects in both direction and the loads transferred in all four edges.

Types of two way slabs:
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Design methods for two way slab:

1- ACI- Code 1963 –Coefficient method 1, 2, 3.

2- Direct design method.

3- Equivalent design method.

4- Limit state design 
5- Yield line (plastic)

ACI- Code 1963 –Coefficient method (3):

The slab was divided into strips (middle and column or edge strip) with the dimensions as shown in figure below:
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The moment for middle strip could be calculated by using the tables below as:

[image: image6.png]M,y = —Coef . Wu » Ln*
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Where Ln is the clear span either the short ( La) or the long (Lb) and  the Coef. Value is got from tables depending on the condition of middle strip that depend on two parameters. The first parameter is the value of [image: image9.png]i



 which is the ratio of the dimensions ranges from (0.5-0.55-0.6-0.65-0.7------to 1), the vales of m for any value in between interpolation required. The second parameter is the condition of middle strip if it is continuous or discontinuous. Nine cases are indicated in the tables, 
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The moment of middle strip for continuous edge (Table 1) and for positive mid span from (Table 2 &3) are calculated, while for discontinuous edge equal 1/3 of that of positive moment. The column or edge strips moment equal 2/3 of the moment at continuous edge and 1/3 of the moments at discontinuous edges.
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Steel percent for maximum value is:
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And minimum percent as one way slab[image: image21.png]As,
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 according to ACI code is; [image: image24.png]7.12.2.1 — Area of shrinkage and temperature reinforcement shall provide at least the following ratios
of reinforcement area to gross concrete area, but not less than 0.0014:

(a) Slabs where Grade 280 or 530 deformed bars are used
(b) Slabs where Grade 420 deformed bars are used ...

(c) Slabs where reinforcement with yield stress exceeding 420 MPa
measured at a yield strain of 0.35 percent is used.

7.12.2.2 — Shrinkage and temperature reinforcement shall be spaced not farther apart than five times the
slab thickness, nor farther apart than 450 mm.




Notes:
1- Thickness for two way slab [image: image26.png]perimeterl 2 [La+Lb]
180 180
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 Effective depth:

da= h -20 – 0.5 *d bar    

db = h -20 – 1.5* d bar 

3- At continuous edges:

3.1- Two way beside one way slab use the larger moment as shown below in the figure.
3.2 -Two way slab beside two way slab get the ratio of :
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4-Add additional reinforcement ( As+ larger ) at discontinuous corner to prevent cracks due to torsion moment at distance equal to Lb/5.
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Ex. 1: A concrete slab plan showed below supports service dead load of 2kN/m2 and service live load of 3 kN/m2, using f’c =20MPa and fy =400 MPa with 10 mm diameter, Design the slab?
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For thickness for S-1: cantilever one way slab    [image: image35.png]L _ 1s00
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S -2:  La =4 -0.25 = 3.75m    ,   Lb = 5.25 -0.25 = 5 m  , Lb > 2La  then two way slab then  [image: image37.png]hooo—2larls) 3750 +5000
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S -3:  La = 3.75m    ,   Lb = 7.75 -0.25 = 7.5 m , Lb = 2La  then either one way or  two way slab [image: image39.png]one way(both end continous) hy, = :—s = ? =1339mm




[image: image162.png]


 [image: image41.png]2(La+lB) _ 3750+7500
180

(WO WaY i 125 mm




From above use h= 150mm for all.
Design slab S1:
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WL = 3 * 1.6 = 4.8  kN/m2

WT = 6.72 +4.08 = 11.52 kN/m2 
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[image: image46.png]Vu at face of support = 11.52  1.35 + 4.32 = 19.872 kN/m
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d required  for shear  = 34.84 mm we used d= 150-20-5 = 125 mm then o.k.
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As  = 0.00307 * 1000 *125 = 383.75 mm2/m

As  = 0.0018 * 1000 *150 = 270 mm2/m
Using 10 mm Abar= 79mm2    S[image: image52.png]_ 79000
383.75

= 205.86mm
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Design for S2:  [image: image60.png]0.75 case4




Ma- = 0.076 *11.52 (3.75 )2 = 12.312 kN.m/m

Mb- = 0.024 *11.52 (5 )2 = 6.912  kN.m/m

Ma+ = (0.043 * 6.72 +0.052*4.8) (3.75 )2 = 7.59 kN.m/m

Mb+ = (0.013 * 6.72 +0.016*4.8) (5 )2 = 4.104 kN.m/m
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dav=  150-20-10 = 120mm    [image: image63.png]p=—_Lr_ - 29 _ 5353
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           As =[image: image69.png]


 *1000*120    S= [image: image71.png]Abar=1000
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	Mu (kN.M)
	Ru=
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	As (mm2)
	S  (mm)
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	11.1
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Design for S3:  [image: image74.png]



Mb- = 0.014 *11.52 (7.5 )2 = 9.07  kN.m/m

Ma+ = (0.089 * 6.72 +0.092*4.8) (3.75 )2 = 14.62 kN.m/m

Mb+ = (0.007 * 6.72 +0.007*4.8) (5 )2 = 4.536 kN.m/m

[image: image75.png]———==0.75 < 0.8 use moment distribution




[image: image76.png]L1(M2—M1) 5(9.07—-6912)
Mnew = M1+ —————= = 6912+ ———————~ = 7.775kN.m/m
11+12 5+7.5




[image: image77.png]M new

£ r o
w o
o ea\-m /Z
9.07
1512 | 4.536 | 1512
0.504[1.512 | 05504
s
w
g &
P!
58
S
+ x4
\
g = 9
Z + g





dav=  150-20-10 = 120mm                    [image: image79.png]p=—_Lr_ - 29 _ 5353
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	As (mm2)
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Add reinforcement at discontinuous corner for torsion effect equal the larger positive reinforcement in the panel.
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Ex.2: Two way concrete slab having 100mm thickness and dimension as shown in figure below, supported deal load of 6kN/m2 and live load of 3kN/m2 use f’c 20MPa.1- check the shear capacity of slab , 2- calculate the total load on beam AB if the beam has widthof  300mm and total depth of 600mm.

Wu= 1.2* 6 +1.6* 3 = 12 kN/m2
W total= 12 * 4 * 5 = 240 kN

[image: image84.png]I
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      case 1 from  table(4)

Va= 0.72 * 240= 172.8 kN

Vb= 0.29 * 240 = 69.6 kN

[image: image85.png]dgy = 100—20— 10 = 70mm
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[image: image91.png]load from slab =
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Total load on beam = 4.32 + 8.7= 13.02 kN/m  

Ex.3: Two way concrete slab shown below with 100mm thickness, supported dead load in cluding its weight of 4.5kN/m2 and live load of 6kN/m2 use f’c 25MPa and fy =400MPa, calculate:

1- Steel area required for points A, B &C (use [image: image93.png]


10mm ).

2- calculate the total load on beam DE.
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Wu= 1.2* 4.5 +1.6* 6 = 15 kN/m2 

For point A:   For slab S1:  La= 4.8m  Lb= 6m   [image: image96.png]


      case 7 from  table(1)   Mb- = 0.051 *15*  (6 )2 = 27.54  kN.m/m

For slab S2:  La= 4.8m  Lb= 6m   [image: image98.png]


      case 9 from  table(1)

Mb- = 0.017 *15*  (6 )2 = 9.18  kN.m/m

[image: image99.png]M1 patter _ 918

—— =0.333 < 0.8 use moment distribution
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For point B:
For slab S2:  La= 4.8m  Lb= 6m   [image: image102.png]


      case 9
Ma+ = (0.029 * 1.2 * 4.5 +0.042* 1.6* 6 ) (4.8 )2 = 12.897 kN.m/m

For point C:

For slab S3:  La= 4m  Lb= 6m   [image: image104.png]2= 0.67

i=



      case 6

From table 2:  Cad   for  m = 0.65---------0.054            
                                 For m = 0.7  ---------0.051
From table 3:  CaL   for  m = 0.65---------0.064            

                                 For m = 0.7  ---------0.06
Ma+ = (0.0525 * 1.2 * 4.5 +0.062* 1.6* 6 ) (4 )2 = 14.06 kN.m/m[govern]
From table 2:  Cbd   for  m = 0.65---------0.007            

                                 For m = 0.7  ---------0.009
From table 3:  CbL   for  m = 0.65---------0.01            

                                 For m = 0.7  ---------0.013
Mb+ = (0.008 * 1.2 * 4.5 +0.0115* 1.6* 6 ) (6 )2 = 5.53 kN.m/m

dav=  150 -20 -10 = 120mm
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       Ru=[image: image108.png]Mu=10°
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   Asmin =[image: image110.png]0.0018



 *1000*150 =   270mm2/m  
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           As =[image: image114.png]


 *1000*120    S= [image: image116.png]79+1000




	point
	Mu (kN.M)
	Ru
	[image: image117.png]



	As (mm2)
	S (mm)

	A
	18.36
	1.417
	0.00366
	439.2
	179.8

	C
	14.06
	1.085
	0.00433
	519.6
	152

	B
	12.897
	0.995
	0.00255
	306
	258


Load for S1   Wu total = 15* 4.8 *6 = 432kN
La= 4.8m  Lb= 6m   [image: image119.png]


      case 7 table 4
Load on beam from slab= [image: image121.png]432-0.51
2.48

=22.95kN/m




Load for S2   Wu total = 15* 4.8 *6 = 432kN

La= 4.8m  Lb= 6m   [image: image123.png]


      case 9 table 4
Load on beam from slab= [image: image125.png]432-017
2.48

=7.65 kN/m




Wt dead of beam = 1.2 * 0.3 * 0.45 * 24 = 3.88 kN/m

Total load on beam DE = 22.95 + 7.65 +3.88 = 34.48 kN/m
Ex. 4: A reinforced concrete slab as shown below with 150mm thickness supports service dead load of 4 kN/m2  and the material properties were f ’c = 25 MPa and fy= 420 MPa . Calculate the maximum service live load that the slab could withstand then estimate the load on beam AB.
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Sol.:  S= [image: image128.png]Abar=1000
s



   then   [image: image130.png]1000
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d eff.= 150-20-12=118mm   [image: image132.png]_ 75388
To00-112

=0.00638
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  then [image: image137.png]Omin < Pact < Prmax



  under reinf. O.k.

[image: image139.png]Wud = 1.2 [4 + 0.15 * 24] = 9.12 kN/m?2



 

[image: image140.png]Mu:mp*b*dz*fy(170.59*p*%)




[image: image141.png]420
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For negative moment  [image: image143.png]Wus1.5%

—-3146=

— W = 27.96kN /m?




[image: image145.png]Wu=912+1.6+W,; = 27.96 == W;; = 11.78 kN/m?



 

For slab: case 3[image: image147.png]


 

Mb- = 31.46 = 0.061 *Wu *(6 )2   then Wu = 14.33[image: image149.png]kN/m?




[image: image151.png]Wu=1433=9.12 + 1.6+ W,



        Then   [image: image153.png]W;,=3.26 kN/m?



 
 For positive moment: 

Mb+ =31.46 = (0.012 * 9.12 + 0.022*1.6*W L.L ) (6 )2   then  [image: image155.png]W;, =21.72 kN/m?




[image: image156.png]The maximum W, =3.26 kN/m?




Load on beam AB:

 WuT = 9.12 + 1.6*3.26 = 14.336  kN/m2
From cantilever =   1.5*14.336=21.504 kN/m. 

From slab case 3[image: image158.png]


   table 4

=  [image: image160.png]14.336 +6 4.8 +0.67 kN
—————— =12882
2+4.8 m





Wt. of beam : 1.2*.45*.3*24 = 3.888 kN/m

Total load on beam = 21.504 + 28.82 +3.888 = 54.21 kN/m.
M= 0.67   Cad= 0.0525





M= 0.67   CaL= 0.062








M= 0.67   Cbd= 0.008





M= 0.67   CbL= 0.0115
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