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Reinforced Concrete Design 



Two way slab behavior 

Dimension of Slab 𝐿 ×  𝑆 ௅ௌ <  2 with Uniform distributed load 

Supported on Four Edges 

Considers two strip in two direction 

Deflection for assumed simply 

𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑒𝑑 𝑏𝑒𝑎𝑚 ∶ ∆=  5𝑊𝑙4384 𝐸𝐼
If the two strip have same thickness 

then deflection will be : ∆𝑎𝑏 =  𝑘 𝑊𝑎𝑏 𝑆4 ∆𝑐𝑑 =  𝑘 𝑊𝑐𝑑 𝑙4 
Where: 𝑊𝑎𝑏 𝑎𝑛𝑑 𝑊𝑐𝑑 is the transferred 

load by the strip ab and cd respectively 𝐼𝑓 𝑊𝑢 =  𝑊𝑎𝑏 + 𝑊𝑐𝑑 Fig. (1)
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The ∆ deflection at e are equal for both strip 𝑘 𝑊𝑎𝑏 𝑆4 =  𝑘 𝑊𝑐𝑑 𝑙4
𝑊𝑎𝑏 =  𝐿4 𝑊𝑐𝑑𝑆4 = 𝐿𝑆 ସ 𝑊𝑐𝑑 
The transferred load into the short Direction = Load in Long Direction multiply by factor (L/S)4 

𝐼𝑓 𝐿𝑆 = 1.5       𝑡ℎ𝑒𝑛        𝑊𝑐𝑑 =  0.165 𝑊       𝑎𝑛𝑑       𝑊𝑎𝑏 =  0.835 𝑊𝐼𝑓 𝐿𝑆 = 2          𝑡ℎ𝑒𝑛         𝑊𝑐𝑑 =  0.059 𝑊        𝑎𝑛𝑑       𝑊𝑎𝑏 =  0.941 𝑊 
That’s mean the short Direction resist the greater part of total applied load and when (L/S)>2 then the load 
transferred to the long Direction will be very small and can be neglected. 
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The analysis method assume : 
-Uniform distributed load 
-Live Load/ Dead Load ≤ 3 -Thickness of slab 

ACI Code 1963 the ℎ𝑚𝑖𝑛 not less then 90 mm 
according to eq : ℎ𝑚𝑖𝑛 =  2(𝐿𝑛 + 𝑆𝑛)180 ≥  90 𝑚𝑚 
ACI Code 2014 present equation for slab with beams :
1-Table  8.3.1.1

ℎ𝑚𝑖𝑛 = 𝐿𝑛 0.8 + 𝑓𝑦140036 + 9𝛽 ≥ 90 𝑚𝑚
where:𝛽 = 𝐿𝑛𝑆𝑛
Ln , Sn : clear span of  long and short direction 
respectively

Fig. (2) Column and Middle Strip 
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𝛼௠: 𝑖𝑠 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓𝛼௙ 𝑜𝑓 𝑎𝑙𝑙 𝑏𝑒𝑎𝑚𝑠 
𝛼௙: 𝑡ℎ𝑒 𝑓𝑙𝑒𝑥𝑢𝑟𝑎𝑙 𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 𝑜𝑓 𝑏𝑒𝑎𝑚/𝑓𝑙𝑒𝑥𝑢𝑟𝑎𝑙 𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 𝑜𝑓 𝑠𝑙𝑎𝑏 = 𝐸𝑏𝐼𝑏𝐿𝑏𝐸𝑠 𝐼𝑠𝐿𝑠 
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Slab with Edge Beam

Slab with Beam in All Direction
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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 

1-method 1 

Method 2

The Moment at the middle strip :𝑀 =  𝐶 𝑊𝑢 𝑆2 
C= is a factor can be found from tables

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

Slab Cases
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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. 𝑀2𝑀1  ≤  0.8 
M Difference = M2-M1 

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
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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 

𝑊𝑒𝑞 =  𝑊𝑢 𝐿𝑎3            𝑓𝑜𝑟 𝑚𝑜𝑚𝑒𝑛𝑡𝑊𝑒𝑞 =  𝑊𝑢 𝐿𝑎4           𝑓𝑜𝑟 𝑠ℎ𝑒𝑎𝑟 
long Direction 

𝑊𝑒𝑞 = 𝑤𝑢 𝑆3 3 − 𝑚ଶ2             𝑓𝑜𝑟 𝑀𝑜𝑚𝑒𝑛𝑡 𝑊𝑒𝑞 = 𝑤𝑢 𝑆4  2 − 𝑚                 𝑓𝑜𝑟 𝑠ℎ𝑒𝑎𝑟 
𝑚 =  𝑆/𝐿      𝑜𝑟         𝐿𝑎/𝐿𝑏 𝑆 , 𝐿 ∶  𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑝𝑎𝑛 𝐶/𝐶 𝑖𝑛 𝑏𝑜𝑡ℎ 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 
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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

Solution:
Method (2)
1- Minimum thickness
-ACI code 1963hmin =  2 × (Sn + Ln)180  = 2 5700 + 6900180 = 140 mm
-The ACI code 2014
• when the slab does not supported by beams
( interior panel) using ACI Table 8.3.1.1
• For slab supported by beams : ( 𝛼m > 2)
ACI code ( table 8.3.1.2):

ℎ𝑚𝑖𝑛 = 𝐿𝑛 0.8 + 𝑓𝑦140036 + 9𝛽 = 6.9 0.8 + 420140036 + 9 × 6.95.7 ≥ 90 𝑚𝑚         = 161.8 𝑚𝑚 ≥ 90 𝑚𝑚
We will use h = 200mm ( as mention in Example)
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𝑆𝑒𝑙𝑓 𝑊𝑡 𝑜𝑓 𝑠𝑙𝑎𝑏 =  𝑡 ∗ 1 ∗ 1 ∗ 𝑐 = 0.2 ∗ 1 ∗ 1 ∗ 24 = 4.8 𝐾𝑁/𝑚2𝑊𝑢 =  1.2𝑊𝐷 + 1.6𝑊𝐿𝑊𝑢 = 1.2(4.8 + 3) + 1.6 ∗  10 = 25.36 𝐾𝑁/𝑚2𝑚 = 𝑆𝐿 = 67.2 = 0.833  𝑜𝑟  𝑚 = 𝑆𝑛𝐿𝑛 = 5.76.9 =  0.83 𝑛𝑜 𝑏𝑖𝑔 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒   (𝑓𝑜𝑟 𝑚𝑒𝑡ℎ𝑜𝑑 2 𝑢𝑠𝑒 𝐿 𝑎𝑛𝑑 𝑆 𝑐𝑒𝑛𝑡𝑒𝑟 𝑡𝑜 𝑐𝑒𝑛𝑡𝑒𝑟) 
From Table m lies between 0.8 and 0.9 for interior panel CASE I
Moment factors for Short Direction

∗ 𝐶 =  0.9 − 0.833 × 0.048 + (0.833 − 0.8) × 0.04(0.9 − 0.8) =  0.04536
−𝑀𝑢 = 𝑐 𝑊𝑢. 𝑆2 = 0.05436 × 25.36 × 62 = 41.41 𝐾𝑁. 𝑚/𝑚+𝑀𝑢 = 𝑐 𝑊𝑢. 𝑆2 = 0.03402 × 25.36 × 62 = 31.06 𝐾𝑁. 𝑚/𝑚

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 

By Prof. Dr. Haleem K. Hussain
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Moment factors for Long Direction

-C= 0.033 negative moment factor

+C=0.025 Positive moment factor

-𝑀𝑢 = 𝑐 𝑊𝑢. 𝑆2 = 0.033 × 25.36 ×  62 = 30.13 𝐾𝑁. 𝑚/𝑚+𝑀𝑢 = 𝑐 𝑊𝑢. 𝑆2 = 0.025 × 25.36 ×  62 = 22.82 𝐾𝑁. 𝑚/𝑚
Moment at column strip will be 2/3 from middle
strip moment in both direction

Shear in Slab𝑉𝑢 =  𝑊𝑢 × 𝑆2= 25.36 × 62  =  76.08 𝐾𝑁/𝑚
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Moment diagram
( KN.m/m)

In Short Direction 
Middle and Column Strip
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Loads on Beams

Bending Moments
1-long Direction 

𝑊𝑒𝑞 = 𝑤𝑢 𝑆3 3 − 𝑚ଶ2 = 25.36 × 63 3 − 0.833ଶ2 = 58.47 𝐾𝑁/𝑚    𝑓𝑟𝑜𝑚 𝑜𝑛𝑒 𝑠𝑖𝑑𝑒  𝑊𝑒𝑞 = 𝑤𝑢 𝑆4  2 − 𝑚                 𝑓𝑜𝑟 𝑠ℎ𝑒𝑎𝑟 
There is two slab transferred load to the beam𝑊𝑒𝑞 =  2 ×  58.47 = 116.94 𝐾𝑁/𝑚   ( 𝑓𝑟𝑜𝑚 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒)𝑆𝑒𝑙𝑓 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑜𝑝 𝑏𝑒𝑎𝑚 𝑝𝑎𝑟𝑡 =  1.2 × (ℎ − 𝑡) × 𝑏 × 1 × 𝛾𝑐       =  1.2 × ( 0.9 − 0.2) × 1 × 0.3 × 24 = 6.05 𝐾𝑁/𝑚𝑇𝑜𝑡𝑎𝑙 𝑊𝑢𝑏 =  116.94 + 6.05 = 122.99 𝐾𝑁/𝑚 𝑊𝑒𝑞
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2- Short Beam

𝑊𝑒𝑞 = 𝑊𝑢 𝑆3  
=  25.36 × 63 =  50.6 𝐾𝑁/𝑚   𝑓𝑟𝑜𝑚 𝑜𝑛𝑒 𝑆𝑖𝑑𝑒
There is two slab transferred load to the beam𝑊𝑒𝑞 =  2 ×  50.6 =  101.2 𝐾𝑁/𝑚𝑆𝑒𝑙𝑓 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑜𝑝 𝑏𝑒𝑎𝑚 𝑝𝑎𝑟𝑡 =  6.05 𝐾𝑁/𝑚𝑊𝑢𝑎 =  101.2 + 6.05 =  107.25 𝐾𝑁/𝑚
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Beam Moment Calculation
Using Factored for interior panel for beams
1- Long Direction𝑊𝑢𝑏 =  122.99 𝐾𝑁/𝑚−𝑀 = 111 𝑊𝑢𝑏 ×  𝐿2 = 111 × ( 122.99 × 6.92) = 532.32 𝐾𝑁. 𝑚
+ 𝑀 = 116 𝑊𝑢𝑏 × 𝐿2 = 116 × ( 122.99 × 6.92) = 365.97 𝐾𝑁. 𝑚
2- Short Direction𝑊𝑢𝑏 =  107.25 𝐾𝑁/𝑚−𝑀 = 111 (𝑊𝑢𝑎 × 𝑆2)  =  1/11 × ( 107.25 × 5.72) = 316.78 𝐾𝑁. 𝑚
+ 𝑀 = 116 (𝑊𝑢𝑎 × 𝑆2)  =  1/16 × ( 107.25 × 5.72) = 217.8𝐾𝑁. 𝑚

By Prof. Dr. Haleem K. Hussain



23

Shear in Beams
1-Long direction𝑊𝑢𝑏 =  𝑊𝑢 × 𝑆/4 × ( 2 − 𝑚)= 25.36 × 6 /4 × ( 2 − 0.833) =  44.38 𝐾𝑁/𝑚
From both side have load2 ×  44.38 =  88.76 𝐾𝑁/𝑚𝑆𝑒𝑙𝑓 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐵𝑒𝑎𝑚 =  6.05 𝐾𝑁/𝑚
Wub= 88.76+6.05= 94.81 KN/m
Shear force at support𝑉𝑢 =  𝑊𝑢 × 𝐿2 =  94.81 × 7.22 =  341.22 𝐾𝑁
1-Short direction𝑊𝑢𝑎  =  𝑊𝑢 𝑆4           𝑓𝑜𝑟 𝑠ℎ𝑒𝑎𝑟 = 25.36 × 64  =  38.04 𝐾𝑁/𝑚
From both side have load and adding self weight of beam𝑊𝑢 𝑎 =  2 ×  38.04 + 6.05 =  82.13 𝐾𝑁/𝑚
Shear force at support𝑉𝑢 =  𝑊𝑢 × 𝑆2 =  82.81 × 62 =  246.4 𝐾𝑁

By Prof. Dr. Haleem K. Hussain
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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)

-Ma= Ca neg Wu La
2

2- Long direction ( b)

-Mb= Cb neg Wu Lb
2

Where:
Wu : total uniform factored load ( D.L + L.L)
Ca: Moment coefficient from table
Cb: Moment coefficient from table
La: clear span for short direction
Lb: clear span for short direction

By Prof. Dr. Haleem K. Hussain
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Positive Moment1 −  𝑆ℎ𝑜𝑟𝑡 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 ( 𝑎)+𝑀𝑎 𝐷. 𝐿 =  𝐶𝑎 𝐷𝐿 × 𝑊𝑢 𝐷𝐿 ×  𝐿𝑎2+𝑀𝑎 𝐿. 𝐿 =  𝐶𝑎 𝐿𝐿  × 𝑊𝑢 𝐿𝐿 × 𝐿𝑎2+𝑀𝑎 =  +𝑀𝑎 𝐷. 𝐿 +  𝑀𝑎 𝐿. 𝐿2 −  𝐿𝑜𝑛𝑔 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 ( 𝑏)+𝑀𝑏𝐷. 𝐿 =  𝐶𝑏 𝐷𝐿 × 𝑊𝑢𝐷𝐿 × 𝐿𝑏2+𝑀𝑏𝐿. 𝐿 =  𝐶𝑏 𝐿𝐿 × 𝑊𝑢𝐿𝐿 × 𝐿𝑏2+𝑀𝑏 =  +𝑀𝑏 𝐷. 𝐿 +  𝑀𝑏 𝐿. 𝐿𝑵𝒐𝒕𝒆:𝑊ℎ𝑒𝑛 𝑡𝑤𝑜 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑡 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 𝑎𝑟𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑓𝑜𝑟 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑠𝑙𝑎𝑏,𝑐𝑎𝑛 𝑡𝑎𝑘𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑜𝑚𝑒𝑛𝑡:
 −𝑴 =  𝑴 𝒍𝒆𝒇𝒕 + 𝑴𝒓𝒊𝒈𝒉𝒕𝟐
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Item Moment Direction

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

Negative Moment (-M) -Ma= Ca neg Wu La2 -Mb= Cb neg Wu Lb2

Positive Moment (+M)

+𝑀𝑎 𝐷. 𝐿 = 𝐶𝑎 𝐷𝐿 × 𝑊𝑢 𝐷𝐿 ×  𝐿𝑎2+𝑀𝑎 𝐿. 𝐿 = 𝐶𝑎 𝐿𝐿  × 𝑊𝑢 𝐿𝐿 × 𝐿𝑎2
+𝑀𝑏𝐷. 𝐿 = 𝐶𝑏 𝐷𝐿 × 𝑊𝑢𝐷𝐿 × 𝐿𝑏2+𝑀𝑏𝐿. 𝐿 = 𝐶𝑏 𝐿𝐿 × 𝑊𝑢𝐿𝐿 × 𝐿𝑏2

+𝑀𝑎 =  +𝑀𝑎 𝐷. 𝐿 +  𝑀𝑎 𝐿. 𝐿 +𝑀𝑏 =  +𝑀𝑏 𝐷. 𝐿 +  𝑀𝑏 𝐿. 𝐿

By Prof. Dr. Haleem K. Hussain
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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/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=280 MPa, fc=21MPa

Sol.
Wu= 25.36 KN/m2 ( exa. 1)
Interior panel continues from all side ( Case 2) Table 1𝐿𝑎𝐿𝑏  = ( 6 − 0.3)(7.2 − 0.3) =  0.826       (𝑜𝑟 𝑎/𝑏 )
1- Negative Moment Factors

- Short Direction    ( by interpolation)0.8                       0.0650.826                    𝐶𝑎 𝑛𝑒𝑔. = 0.06 × 0.826 − 0.8 + 0.065 × (0.85 − 0.826)0.85 − 0.8 = 0.06240.85                     0.06
-Long Direction  ( by interpolation)0.8                      0.0270.826                    𝐶𝑏 𝑛𝑒𝑔. = 0.031 × 0.826 − 0.8 + 0.027 × (0.85 − 0.826)0.85 − 0.8 = 0.029080.85                   0.031

By Prof. Dr. Haleem K. Hussain
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𝑀𝑎 =  𝐶𝑎 . 𝑛𝑒𝑔 . 𝑊𝑢. 𝑙𝑎2 =  0.0624 ×  25.36 × 5.7 2 =  51.41 𝐾𝑁. 𝑚/𝑚−𝑀𝑏 =  𝐶𝑏 . 𝑛𝑒𝑔 . 𝑊𝑢. 𝑙𝑏2 =  0.02908 ×  25.36 ×  6.9 2 = 35.03 𝐾𝑁. 𝑚/𝑚
2- Positive Moment

Short Direction

-Factors of Dead Load ( from Table 2)0.8                    0.0260.826               𝐶𝑎. 𝐷𝐿 = 0.024 × 0.826 − 0.8 + 0.026 × (0.85 − 0.826)0.85 − 0.8 = 0.024960.85                  0.024𝑆𝑒𝑙𝑓 𝑊𝑡 𝑜𝑓 𝑠𝑙𝑎𝑏 =  𝑡 × 1 × 1 × 𝛾𝑐 = 0.2 × 1 × 1 × 24 =  4.8𝐾𝑁/𝑚2𝑊𝑢𝐷 =  1.2 ( 4.8 + 3)  =  9.36 𝐾𝑁/𝑚2+𝑀𝑎 𝐷𝐿 =  0.02496 × 9.36 × 5.72 = 7.6 𝐾𝑁. 𝑚/𝑚
-Factors of Live Load ( from Table 2)0.8                       0.0410.826                  𝐶𝑎. 𝐿𝐿 = 0.037 × 0.826 − 0.8 + 0.041 × (0.85 − 0.826)0.85 − 0.8 = 0.038920.85                     0.037𝑊𝑢 𝐿𝐿 =  1.6 × 10 =  16 𝐾𝑁/𝑚2+𝑀𝑎 𝐿𝐿 =  0.03892 × 16 × 5.72 =  20.23 𝐾𝑁. 𝑚/𝑚+𝑀𝑎 = 𝑀𝑎 𝐷𝐿 + 𝑀𝑎 𝐿𝐿 =  7.6 + 20.23 =  27.83 𝐾𝑁. 𝑚/𝑚

By Prof. Dr. Haleem K. Hussain
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Long Direction

-𝐹𝑎𝑐𝑡𝑜𝑟𝑠 𝑜𝑓 𝐷𝑒𝑎𝑑 𝐿𝑜𝑎𝑑         ( 𝑓𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 3)0.8                0.0110.826           𝐶𝑏. 𝐷𝐿 = 0.012 × 0.826 − 0.8 + 0.011 × (0.85 − 0.826)0.85 − 0.8 = 0.011480.85             0.012𝑊𝑢 𝐷 =  9.36 𝐾𝑁/𝑚2+𝑀𝑏𝐷𝐿 =  0.01148 × 9.36 × 6.92 =  5.12 𝐾𝑁. 𝑚/𝑚
−𝐹𝑎𝑐𝑡𝑜𝑟𝑠 𝑜𝑓 𝐿𝑖𝑣𝑒 𝐿𝑜𝑎𝑑       ( 𝑓𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 3)0.8                 0.0170.826           𝐶𝑏. 𝐿𝐿 = 0.024 × 0.826 − 0.8 + 0.026 × (0.85 − 0.826)0.85 − 0.8 = 0.018040.85              0.019𝑊𝑢 𝐿𝐿 =  16 𝐾𝑁/𝑚2+𝑀𝑏𝐿𝐿 =  0.01804 × 16 × 6.92 =  13.81 𝐾𝑁. 𝑚/𝑚+𝑀𝑏 = 𝑀𝑏𝐷𝐿 + 𝑀𝑏𝐿𝐿 =  5.12 + 13.78 =  18.93 𝐾𝑁. 𝑚/𝑚

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

-Short Direction ( from Table 4)0.8                 0.710.826            𝐶𝑤𝑎 = 0.66 × 0.826 − 0.8 + 0.71 × (0.85 − 0.826)0.85 − 0.8 = 0.6840.85              0.66𝑊𝑎 =  0.684 ∗ 25.36 = 17.35 𝐾𝑁/𝑚2𝑉𝑢 =  𝑊𝑎 × 𝐿𝑎/2 =  17.35 × 5.72 =  49.43 𝐾𝑁/𝑚𝑳𝒐𝒏𝒈 𝑫𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏 ( 𝑓𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 4)0.8                        0.290.826                    𝐶𝑤𝑏 = 0.34 × 0.826 − 0.8 + 0.29 × (0.85 − 0.826)0.85 − 0.8 = 0.3160.85                     0.34𝑊𝑏 = =  0.316 × 25.36 = 8.01 𝐾𝑁/𝑚2𝑉𝑢 =  𝑊𝑏 × 𝐿𝑏2 =  8.01 × 6.9/2 =  27.65𝐾𝑁/𝑚

By Prof. Dr. Haleem K. Hussain
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By Prof. Dr. Haleem K. Hussain
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Shear On Beams

-Short Direction

the load transfer from slab with long direction ( on short beam)=  27.65 𝐾𝑁/𝑚𝑎𝑛𝑑 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑡𝑤𝑜 𝑠𝑙𝑎𝑏 𝑓𝑟𝑜𝑚 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒=  2 × 27.65 = 55.3 𝐾𝑁𝑆𝑒𝑙𝑓𝑤𝑡. 𝑜𝑓 𝑏𝑒𝑎𝑚 =  6.05 𝐾𝑁/𝑚𝑇𝑜𝑡𝑎𝑙 𝑊𝑢𝑎 =  55.3 + 6.05 =  61.35 𝐾𝑁/𝑚𝑉𝑢 = 𝑊𝑢𝑎 × 𝐿𝑎2 = 61.35 × 5.72 = 174.85𝐾𝑁
-Long Direction

the load transfer from slab with short direction ( on long beam)=  49.43 𝐾𝑁/𝑚𝑎𝑛𝑑 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑡𝑤𝑜 𝑠𝑙𝑎𝑏 𝑓𝑟𝑜𝑚 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒=  2 × 49.43 = 98.86 𝐾𝑁𝑆𝑒𝑙𝑓𝑤𝑡. 𝑜𝑓 𝑏𝑒𝑎𝑚 =  6.05 𝐾𝑁/𝑚𝑇𝑜𝑡𝑎𝑙 𝑊𝑢𝑏 =  98.86 + 6.05 =  104.91𝐾𝑁/𝑚𝑉𝑢 = 𝑊𝑢𝑏 × 𝐿𝑏2 = 104.91 × 6.92 = 361.93𝐾𝑁

By Prof. Dr. Haleem K. Hussain



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) is 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 mm𝑡𝑚𝑖𝑛 =  2 (𝐿 + 𝑆)180  ≥  90 𝑚𝑚
=  2(5.8 + 5.8)180 = 128.9 𝑚𝑚𝐴𝐶𝐼 𝐶𝑜𝑑𝑒 2014 𝑎𝑙𝑙𝑜𝑤𝑒𝑑 𝑢𝑠𝑖𝑛𝑔 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑤ℎ𝑒𝑟𝑒 𝛼 𝑚 ≥  2𝛽 = 𝐿𝑛𝑆𝑛 =  1.0
𝑡𝑚𝑖𝑛 =  5.8 × 0.8 + 280140036 + 9 × 1= 141.5𝑚𝑚 𝑈𝑠𝑒 𝑡 𝑜𝑟 ℎ =  150 𝑚𝑚

37
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By Prof. Dr. Haleem K. Hussain
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Load On Slab𝐷. 𝐿 𝑜𝑓 𝑠𝑙𝑎𝑏 =  0.15 × 1 × 1 × 24 = 3.6 𝐾𝑁/𝑚2𝐹𝑙𝑜𝑜𝑟 𝐹𝑖𝑛𝑖𝑠ℎ𝑖𝑛𝑔 =  2 𝐾𝑁/𝑚2𝑃𝑎𝑟𝑡𝑖𝑡𝑖𝑜𝑛𝑠 =  1.5 𝐾𝑁/𝑚2𝑇𝑜𝑡𝑎𝑙 𝐷𝐿 =  7.1 𝐾𝑁/𝑚2𝐿. 𝐿 =  2 𝐾𝑁/𝑚2𝑊𝑢 =  1.2 𝐷𝐿 +  1.6 𝐿𝐿=  1.2 × 7.1 +  1.6 × 2 =  11.72 𝐾𝑁/𝑚2
Using Method 2𝑀 =  𝑐𝑒𝑜𝑓.× 𝑊𝑢 × 𝑆𝐹𝑟𝑜𝑚 𝑡𝑎𝑏𝑙𝑒 1 𝑜𝑓 𝑀𝑒𝑡ℎ𝑜𝑑 2𝑑𝑎𝑣. = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝜙 =  150 − 20 − 10        (𝑢𝑠𝑒 𝜙10 𝑚𝑚)=  120 𝑚𝑚
Notes

1- For square panel use d average

2- rectangular panel the steel in short direction

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

long direction the steel at top layer ( d shorter)

By Prof. Dr. Haleem K. Hussain
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𝑑𝐿 = ℎ − 20 − 𝜙𝑠 − 𝜙𝐿2

𝑑𝑆 = ℎ − 20 − 𝜙𝑠2

By Prof. Dr. Haleem K. Hussain
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𝐶ℎ𝑜𝑜𝑠𝑒 (𝑆3)  = 𝐶𝐴𝑆𝐸 3𝐹𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 1 𝑚 = 𝑆𝐿 =  1𝑀𝑜𝑚𝑒𝑛𝑡 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 =  𝑐 𝑊𝑢. 𝑆2 = 0.049 × 11.72 × 6.12 =  21.37 𝐾𝑁. 𝑚/𝑚          𝐶𝑜𝑛𝑡.−𝑀𝑢 =  𝑐 𝑊𝑢. 𝑆2 = 0.025 × 11.72 × 6.12 =  10.9 𝐾𝑁. 𝑚/𝑚            𝐷𝑖𝑠𝑐𝑜𝑛𝑡.+𝑀𝑢 =  𝑐 𝑊𝑢. 𝑆2 = 0.037 × 11.72 × 6.12 = 16.14 𝐾𝑁. 𝑚/𝑚          𝑀𝑖𝑑 𝑠𝑝𝑎𝑛𝑀𝑖𝑑 𝑆𝑝𝑎𝑛𝑅 = 𝑀𝑢𝜌𝑏𝑑2𝑅 =  16.14 × 106 0.9 × 1000 × 1202 = 1.245
𝜌 = 1𝑚 1 − 1 − 2𝑚𝑅𝑓𝑦
𝑚 = 𝑓𝑦0.85 ∗ 𝑓𝑐 =  15.68
𝜌 = 115.68 ×   1 −  1 − 2 × 15.68 × 1.245280 = 0.00461

By Prof. Dr. Haleem K. Hussain
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Method 2
Table 1
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𝐴𝑠 = 𝜌. 𝑏. 𝑑 =  0.00461 × 1000 × 120 =  553 𝑚𝑚2/𝑚𝑈𝑠𝑒 𝜙 10 𝑚𝑚𝑆 =  78 × 1000553 =  142 𝑚𝑚𝑈𝑠𝑒 𝜙 10 𝑚𝑚 𝑎𝑡 140 𝑚𝑚 𝑐/𝑐𝐴𝑠 min =  𝜌. 𝑏. ℎ (𝑚𝑚2)𝜌𝑚𝑖𝑛 =  0.0018 𝐴𝑠 min. =  0.0018 × 1000 × 150 = 270 𝑚𝑚 2/ 𝑚 <  𝐴𝑠 𝑃𝑟𝑜𝑣𝑖𝑑𝑒 (𝑂𝐾)𝑆 max =  2 × ℎ = 300 𝑜𝑟 450 𝑚𝑚     𝑎𝑡 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛        𝐴𝐶𝐼 (8.7.2.2)𝑈𝑠𝑒 𝜙 10 𝑚𝑚 @ 140 𝑚𝑚𝐶𝑜𝑙𝑢𝑚𝑛 𝑆𝑡𝑟𝑖𝑝 𝑀𝑜𝑚𝑒𝑛𝑡 = 23  𝑀 𝑚𝑖𝑑 =  16.14 × 23 = 10.76 𝐾𝑁. 𝑚/𝑚𝑂𝑟 𝑐𝑎𝑛 𝑢𝑠𝑒 𝑡ℎ𝑒 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑜𝑓 1.5 ∗  𝑚𝑖𝑑𝑑𝑙𝑒 𝑠𝑡𝑟𝑖𝑝 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =  213 𝑚𝑚 𝐶/𝐶 <  2 ℎ = 300 𝑚𝑚𝑈𝑠𝑒 𝑈𝑠𝑒 𝜙 10 𝑚𝑚 @ 210 𝑚𝑚𝑵𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝑴𝒐𝒎𝒆𝒏𝒕−𝐷𝑖𝑠𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑠 𝑒𝑑𝑔𝑒
- M= 10.9 KN.m/m
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𝑅 = 𝑀𝑢𝜙𝑏𝑑2𝑅 = 10.9 × 1060.9 × 1000 × 1202 = 0.841𝑚 = 𝑓𝑦0.85 × 𝑓𝑐 =  15.68
𝜌 = 115.68  1 −  1 − (2 × 15.68 × 0.841280 =  0.00308𝐴𝑠 = 𝜌. 𝑏. 𝑑 =  0.00308 × 1000 × 120 =  370 𝑚𝑚2/𝑚𝑈𝑠𝑒 𝜙 10 𝑚𝑚𝑆 =  78 × 1000370  =  211𝑚𝑚 ,   𝑈𝑠𝑒 𝜙 10 𝑚𝑚 𝑎𝑡 210 𝑚𝑚 𝑐/𝑐−𝐶𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝐸𝑑𝑔𝑒𝑅 = 𝑀𝑢𝜙𝑏𝑑2=  21.37 × 106 0.9 × 1000 × 1202 = 1.649
𝜌 = 115.68 ×  1 −  1 − 2 × 15.68 × 1.649280  =  0.006189𝐴𝑠 = 𝜌. 𝑏. 𝑑 =  0.006189 × 1000 × 120 =  742𝑚𝑚2/𝑚𝑈𝑠𝑒 𝜙 10 𝑚𝑚𝑆 =  78 × 1000/ 742 =  105𝑚𝑚 𝑈𝑠𝑒 𝜙 10 𝑚𝑚 𝑎𝑡 100 𝑚𝑚 𝑐/𝑐𝑁𝑜𝑡𝑒: 𝑇ℎ𝑒 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑑𝑒𝑡𝑎𝑖𝑙 𝑓𝑜𝑟 𝑙𝑜𝑛𝑔 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑠𝑎𝑚𝑒 𝑎𝑠 𝑜𝑓 𝑠ℎ𝑜𝑟𝑡 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑐𝑎𝑢𝑠𝑒 𝑡ℎ𝑒 𝑝𝑎𝑛𝑒𝑙 𝑖𝑠 𝑠𝑞𝑢𝑎𝑟𝑒 ( 𝐿 = 𝑆)

By Prof. Dr. Haleem K. Hussain
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Check for Shear

The shear force on slab can be calculated according to (same in both direction ):𝑉 =  𝑊𝑢. 𝑆2           𝑎𝑡 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡
=  11.72 × 6.12 = 35.75 𝐾𝑁/𝑚
𝑉𝑢𝑑 =  𝑉𝑢 −  𝑊𝑢 × 0.32 − 𝑊𝑢 × 𝑑
=  35.75 –  11.72 × 0.32  –  11.72 × 0.12 = 32.59 𝐾𝑁/𝑚𝜙 𝑉𝑐 =  𝜙 × 0.17 𝑓’𝑐 × 𝑏 × 𝑑 =  0.75 × 0.17 × 21 × 1000 × 120 =  70.11 𝐾𝑁/𝑚𝜙 𝑉𝑐 >  𝑉𝑢𝑑                           ( 𝑂𝐾 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑖𝑠 𝑠𝑎𝑓𝑒 )

By Prof. Dr. Haleem K. Hussain
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No. Detail

Interior Panal (S1)

Short Span Long Span

(-M)
Cont.

(+M)
Mid

(-M)
Discont.

(-M)
Discont.

(+M)
Mid

(-M)
Discont.

1 Mu x 106
(N.mm/m) 14.40 10.90 14.40 14.40 10.90 14.40

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

5 ρ=r.b.h
(mm2) 0.0041 0.0031 0.0041 0.0041 0.0031 0.0041

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
( mm) 160 213 160 160 213 160

10 S(max)= 2*h=300
or 450 mm 300 300 300 300 300 300

11 S(choosed)= 160 212.6 159.6 160 213 160

12 Use S= 150 210 150 150 210 150

By Prof. Dr. Haleem K. Hussain
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No. Detail

Interior Panal (S2)

Short Span Long Span

(-M)
Cont.

(+M)
Mid

(-M)
Discont.

(-M)
Discont.

(+M)
Mid

(-M)
Discont.

1 Mu x 106
(N.mm/m) 9.16 13.52 17.88 17.88 13.52 17.88

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

5 As =ρ.b.h
(mm2) 0.0026 0.0038 0.0051 0.0051 0.0038 0.0051

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
( mm) 254 170 127 127 170 127

10 S(max)= 2*h=300
or 450 mm 300 300 300 300 300 300

11 S(choosed)= 254.0 170.4 127.5 127 170.4 127.5

12 Use S= 250 160 120 120 160 120

By Prof. Dr. Haleem K. Hussain
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No. Detail

Interior Panal (S3)

Short Span Long Span

(-M)
Cont.

(+M)
Mid

(-M)
Discont.

(-M)
Discont.

(+M)
Mid

(-M)
Discont.

1 Mu x 106
(N.mm/m) 10.90 16.14 21.37 10.90 16.14 21.37

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

5 As =ρ.b.h
(mm2) 0.0031 0.0046 0.0062 0.0031 0.0046 0.0062

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
( mm) 213 142 106 213 142 106

10 S(max)= 2*h=300
or 450 mm 300 300 300 300 300 300

11 S(choosed)= 212.6 141.8 105.7 213 141.8 105.7

12 Use S= 210 140 100 210 140 100

By Prof. Dr. Haleem K. Hussain
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By Prof. Dr. Haleem K. Hussain
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By Prof. Dr. Haleem K. Hussain
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Corner slab reinforcement detail

By Prof. Dr. Haleem K. Hussain
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By Prof. Dr. Haleem K. Hussain



Thank You

………….To be Continued 

By Prof. Dr. Haleem K. Hussain


