
DESIGN OF ONE WAY SLAB 

A reinforced concrete slab is built integrally with its 

supports and consists of three equal spans, each with a clear 

span of 15 ft. The service live load is 100 psf, and 

4000 psi concrete is specified for use with steel with a yield 

stress equal to 60,000 psi. Design the slab, following the 

provisions of the ACI Code. 

What is Effective Span of Slabs? 

Effective span of slab shall be lesser of the two  

1. leff = clear span + d (effective depth )  

2. leff = Center to center distance between the support 

What is Effective Depth of Slabs? 

It is a distance measured from extreme compression face of concrete cross 

section to the center of tensile steel bars when the slab subjected to 
bending. 

SOLUTION 

1. Assume minimum thickness (h) of the slab as 

per ACI Code. 

hmin = 
𝑙

28
 =

15𝑥12

28
 = 6.43 inch = 6.5 inch 

Overall slab thickness (hmin) shall not be less than the limits in 

Table-12.1, unless the calculated deflection limits of 7.3.2 are 

satisfied as per ACI Code. 



 

 

 

 

Because of the quantities of concrete involved in floor slabs, 

their depths are rounded off to closer values than are used for 

beam depths. Slab thicknesses are usually rounded off to the 

nearest 1/4 inch on the high side for slabs of 6 inch or less in 

thickness and to the nearest 1/2 inch on the high side for slabs 

thicker than 6 inch. 



2. Determine the Factored Loads on the Slab on 

a 1ft Wide Strip 

 

 

 



 

DL = 
6.5

12
 𝑥 150 = 81 psf 

LL = 100 psf 

Factored load = 1.2 x 81 + 1.6 x100 = 257 psf = 

0.257 ksf. 

3. Determine Factored Moments at Critical 

Section using ACI Moment Coefficient Table 

 a. At Exterior Support, Negative Moment 

 b. At Mid Span, Positive Moment 

 c. At Interior Support, Negative Moment 



At Exterior Support, Negative Moment, - M = 
1

16
 𝑥 0.257 𝑥 152 = 3.61 k-ft. 

 

At Mid Span, Positive Moment, M = 
1

14
 𝑥 0.257 𝑥 152 = 4.13 k-ft. 

 

At Interior support, Negative moment, - M = 
1

10
 𝑥 0.257 𝑥 152  = 5.78 k-ft. 

 

 

 

 

 

 

 

 

 

 



 

 

 

Location and Conditions of Beams/Slabs to 

be considered while consulting this Table 



 



 

Figure above represents Location and Conditions for Approximate Moment 

and Shears in Continuous Beams and One Way Slabs 

 

 

 

 

 



 

 

 



4. Concrete Cover 

The concrete protection below the reinforcement should follow the 

requirements of ACI Code 20.5.1.3, calling for 20 mm below the bottom 

of the steel. In a typical slab, 25 mm below the center of the steel may be 

assumed. 

 

 

 



 

 

Minimum Concrete Cover for the 

Reinforcement in Slabs  

A minimum concrete cover is needed for the 

reinforcement to prevent various detrimental 

effects of the environment on reinforcing bars. 

Concrete cover is always measured from the 

closest concrete surface to the first layer of 

reinforcing. This is shown in Figure 2.56. Section 

20.6.1.3 of the ACI Code requires a minimum 

concrete cover of ¾ in. for #11 and smaller 

bars, and 1.5 in. for #14 and #18 bars, 



provided that the concrete slab is not exposed 

to weather or not in contact with the ground. 

 

 

 

 

 

 

 

 

 

 

 

 



5. Determination of Reinforcement Ratio (ρ) 

The maximum practical reinforcement ratio is 

𝜌0.005 = 0.85𝛽1  
𝑓𝑐

/

𝑓𝑦

 
𝜖𝑢

𝜖𝑢 +  0.005

= 𝑜. 85 𝑥 0.85 𝑥 
4

60
 𝑥 

0.003

0.003 + 0.005
= 0.0181 

One-way slabs are normally designed with tensile 

reinforcement ratios well below the maximum practical 

value of ρ0.005. Typical reinforcement ratios range from 

about 0.004 to 0.008. This is partially for reasons of 

economy, because the saving in reinforcement associated 

with increasing the effective depth more than compensates 

for the cost of the additional concrete, and partially because 

very thin slabs with high 

reinforcement ratios would be likely to permit large 

deflections. 

Thus, flexural design may start with selecting a 

relatively low reinforcement ratio, say about 0.3 ρ0.005. 

Alternatively, Table A.5 or Graph A.1 of Appendix A may 

be used. Table A.9 is also useful.  

 



Select Minimum Required Effective Depth controlled by Maximum 

Negative Moment at the Interior Support by applying following formulae 

Reinforcement for Negative Moment at Interior Support 

If this value of 𝜌 were actually used, the minimum required 

effective depth, controlled by negative moment at the 

interior support, would be found by 

 

𝑑2 =  
𝑀𝑢

∅𝜌𝑓𝑦𝑏 (1 − 0.59𝜌𝑓𝑦/𝑓𝑐
/

=  
5.78 𝑥 12

0.90 𝑥 0.0181 𝑥 60 𝑥 12 [1 − 0.59 𝑥 0.0181 𝑥 (60/4)]

= 7.04 𝑖𝑛2 

d = 2.65 inch. 

This is less than the effective depth of (6.50 – 1) inch = 

5.50 inch.  

At the interior support, considering the stress block depth 

a = 1inch, the area of steel required per foot width in the 

top of the slab 

𝐴𝑠 =  
𝑀𝑢

∅𝑓𝑦  (𝑑 −
𝑎
2

)
  



=
5.78 𝑥12

0.90 𝑥 60 (5.50 −
1.00

2
)

= 0.26 𝑖𝑛2/𝑓𝑡 

Checking the assumed depth a, we get 

𝑎 = 
𝐴𝑠  𝑓𝑦

0.85 𝑓𝑐
/
𝑏

 =
0.26 𝑥 60

0.85 𝑥 4 𝑥12
= 0.38 𝑖𝑛𝑐ℎ 

If it is o.k. only then proceed. Otherwise increase the 

thickness of slab (hmin). 

A second trial 

𝐴𝑠 =  
𝑀𝑢

∅𝑓𝑦  (𝑑 −
𝑎
2

)
 

5.78 𝑥12

0.90 𝑥 60 (5.50 −
0.38

2
)

= 0.24 𝑖𝑛2/𝑓𝑡 

For which a = 0.38 x 0.26/0.24 = 0.41 inch. 

Reinforcement for Positive Moment at Mid Span 

If this value of 𝜌 were actually used, the minimum required 

effective depth, controlled by positive moment at the mid 

span 



𝑑2 =  
𝑀𝑢

∅𝜌𝑓𝑦𝑏 (1 − 0.59𝜌𝑓𝑦/𝑓𝑐
/

=  
4.13 𝑥 12

0.90 𝑥 0.0181 𝑥 60 𝑥 12 [1 − 0.59 𝑥 0.0181 𝑥 (60/4)]

= 5.03 𝑖𝑛2 

d = 2.24 inch. 

This is less than the effective depth of (6.50 – 1) inch = 

5.50 inch.  

At the mid span, considering the stress block depth a = 

1inch, the area of steel required per foot width in the 

bottom of the slab 

𝐴𝑠 =  
𝑀𝑢

∅𝑓𝑦  (𝑑 −
𝑎
2

)
  

=
4.13 𝑥12

0.90 𝑥 60 (5.50 −
1.00

2
)

= 0.18 𝑖𝑛2/𝑓𝑡 

 

Checking the assumed depth a, we get 

𝑎 = 
𝐴𝑠  𝑓𝑦

0.85 𝑓𝑐
/
𝑏

 =
0.18 𝑥 60

0.85 𝑥 4 𝑥12
= 0.26 𝑖𝑛𝑐ℎ 

A second trial 



𝐴𝑠 =  
𝑀𝑢

∅𝑓𝑦  (𝑑 −
𝑎
2

)
 

4.13 𝑥12

0.90 𝑥 60 (5.50 −
0.26

2
)

= 0.17 𝑖𝑛2/𝑓𝑡 

For which a = 0.26 x 0.18/0.17 = 0.28 inch. 

Reinforcement for Negative Moment at Exterior Support 

If this value of 𝜌 were actually used, the minimum required 

effective depth, controlled by negative moment at the 

exterior support, would be found by 

 

𝑑2 =  
𝑀𝑢

∅𝜌𝑓𝑦𝑏 (1 − 0.59𝜌𝑓𝑦/𝑓𝑐
/

=  
3.61 𝑥 12

0.90 𝑥 0.0181 𝑥 60 𝑥 12 [1 − 0.59 𝑥 0.0181 𝑥 (60/4)]

= 4.39 𝑖𝑛2 

d = 2.09 inch. 

This is less than the effective depth of (6.50 – 1) inch = 

5.50 inch.  



At the exterior support, considering the stress block depth 

a = 1inch, the area of steel required per foot width in the 

top of the slab 

𝐴𝑠 =  
𝑀𝑢

∅𝑓𝑦  (𝑑 −
𝑎
2

)
  

=
3.61 𝑥12

0.90 𝑥 60 (5.50 −
1.00

2
)

= 0.16 𝑖𝑛2/𝑓𝑡 

 

Checking the assumed depth a, we get 

𝑎 = 
𝐴𝑠  𝑓𝑦

0.85 𝑓𝑐
/
𝑏

 =
0.16 𝑥 60

0.85 𝑥 4 𝑥12
= 0.24 𝑖𝑛𝑐ℎ 

A second trial 

𝐴𝑠 =  
𝑀𝑢

∅𝑓𝑦  (𝑑 −
𝑎
2

)
 

5.78 𝑥12

0.90 𝑥 60 (5.50 −
0.24

2
)

= 0.15 𝑖𝑛2/𝑓𝑡 

For which a = 0.24 x 0.16/0.15 = 0.26 inch. 

 



6. Calculation of Shrinkage and Temperature 

Reinforcement 

Shrinkage and temperature reinforcements are provided to resist shrinkage and 
temperature stresses in concrete. Slabs are joined rigidly to other parts of the 
structure and cannot contract freely, this results in tension stresses known as 
shrinkage stresses. 

A decrease in temperature relative to that at which the slab was cast, particularly in 
outdoor structures such as bridges, may have an effect similar to shrinkage. This 
means, the slab tends to contract and if restrained from doing so becomes subjected 
to tensile stresses. 

According to ACI 318-19 section 24.4, the minimum temperature and shrinkage 
reinforcement can be at least equal to or greater than the steel area computed using 
the following Table: 

 

This is also the minimum of reinforcement required in 

shorter and longer direction. The usual minimums for 

flexural steel do not apply. 

As = 0.0018 x 6.5 x 12 = 0.14 in2/ft 

 



7. Find out Factored Shear force at a distance d from the 

face of interior support and nominal shear strength of 

concrete slab 

   Vu = C wuln 

 

 

The value of 𝜆 varies from 0.75 to 1 depending on the 

particular blend of light weight and normal weight 

aggregate used in the concrete. 𝜆 equals to 1 for normal 

weight concrete, 0.85 for sand lightweight concrete, and 

0.75 for all lightweight concrete.   

 

 

Calculate 

φVn = 0.75 Vn 

φVn> Vu 



Using ACI Coefficient Table for the factored shear, the factored shear force 

at a distance d from the face of the interior support is 

Vu = C wuln 

= 1.15 𝑥 
257 𝑥15

2
 − 257𝑥 

5.50

12
= 2100 𝑙𝑏 

The nominal shear strength of the concrete slab is 

 

= 2 𝑥1 √4000 𝑥 12 𝑥 5.50 = 8350 𝑙𝑏 

Thus the design strength of the concrete slab  

 ∅ 𝑉𝑐 = 0.75 𝑥 8350 = 6260 𝑙𝑏  

is well above the required strength in shear of      𝑉𝑢 = 2100 𝑙𝑏 

 

 

 

 

 

8. Detailing of Reinforcement.   Maximum and Minimum 

Spacing between Steel bars 



1. The lateral maximum spacing of the bars, except those used only to 
control shrinkage and temperature cracks, should not exceed 3 times 

the thickness (h) or 450 mm, whichever is smaller. 

2. The maximum spacing between shrinkage and temperature 

reinforcement bars is five times the slab thickness or 450 mm, 

whichever is smaller. 

3. The minimum distance is 25 mm, the diameter of steel bar, or (4/3* 

maximum aggregate size). 

 

a. Main Reinforcement Spacing 

3h or 18 inch (Minimum of these two) 

 

b. Shrinkage and Temperature Reinforcement 

Spacing 

It should not be larger than 5h or 18 inch (Minimum 

of these two) 

 

9.  Bar Size 

The bar size should be selected so that the actual 

spacing is not less than about 1.5 times the slab 

thickness, to avoid excessive cost for bar 

fabrication and handling. Also, to reduce cost, 



straight bars are usually used for slab 

reinforcement. 

 

 

 

 

 

 

 



 

 

 

 

 
 

 

 

 

1.  Straight-Bar System 

Straight bars are used for the top and bottom reinforcement in all spans. 

The time and cost to produce straight bars are less than that required to 



produce bent bars; thus, the straight-bar system is widely used in 

construction. 

 

Figure 1: Top and Bottom Straight 

 

 

2.  Bent-Bar 

Straight and bent bars are placed alternately in the floor slab. The location 

of bent points should be checked for flexural, shear, and development 

length requirements. For normal loading in buildings, the bar details at the 

end and interior spans of one-way solid slabs may be adopted. 

 

 

Figure 2: Bent Bar 

 



 

 

Bar for Positive Moment  

Required As = 0.17 in2/ft, Amin = 0.14 in2/ft 

Using # 4 bar 



Spacing of Bar = 
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑎𝑟 𝑢𝑠𝑒𝑑 𝑥 𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑠𝑡𝑟𝑖𝑝

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐴𝑠
=

 
0.20 𝑥 12

0.17
= 14.12 𝑖𝑛𝑐ℎ ≈ 14 𝑖𝑛𝑐ℎ  

Crank 50 % bar to negative zone. Or 2 out of 3 will bent.  

 

Bar for Negative Moment 

Required As = 0.24 in2/ft, Amin = 0.14 in2/ft 

Crank 50 % bar to negative zone 

Already provided As = 
0.20 𝑥 12

28
= 0.085 𝑖𝑛2  

Reqiured As = 0.24 – 0.085 = 0.155 in2/ft 

Spacing of Bar = 
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑎𝑟 𝑢𝑠𝑒𝑑 𝑥 𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑠𝑡𝑟𝑖𝑝

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐴𝑠
=

 
0.20 𝑥 12

0.155
= 15.48 𝑖𝑛𝑐ℎ ≈ 15 𝑖𝑛𝑐ℎ  

 

 

 



 

 
 

 

 

 

 

 

 

 

 



 

 

 

 

 



 

 



 

 

 


