EXAMPLE 4.1


Design a spread or isolated square footing placed at a depth of 1 m below ground surface level in a soil c’=10kPa, =280, =19 kN/m3 using ULSD design method. The footing carries unfactored superstructure loads of DL=400KN and LL=300KN. Use C-25 concrete and S-300 steel reinforcement bars and class I work. The dimension of the column is 0.25mx0.25m.        
                           (Concentrically loaded case)
Solution
· Design Constants for C-25 concrete and S-300 Steel.




,       




,            , ,           
· Evaluation of design load, Pu


· Proportioning of the area
Let as assume square footing with width B=1.5m.



From Meyerhof,     and   



From Terzaghi 



Average allowable pressure will be  

, It is Ok!

· Ultimate pressure below the footing due to applied load will be


[image: ]
· Design for flexure
For flexural design the design moment should be taken at critical section. For concrete footings the critical for moment is at the face of column


Trial 2 Take d=0.30m 


· Check for punching shear. 
For a footing to be safe against punching, resistance of the critical should exceed the the shear at that section.




,    Use 


[image: ]







 It is Ok!

· Check for wide beam shear
The crictical section for wide beam shear is at d distance from the face of a column.
[image: ]



Acting shear will be calculated as  

      It is not Ok!
Therefore you need to increase depth 
Trial 2, Take d=0.34m
· Check for punching shear. 






, ,  


and
· Check for wide beam shear


Acting shear will be calculated as  



     It is Ok!
Therefore use d=0.34m.
· Calculation of area of steel, As

We can use the calculated d and of trial 2.


Spacing of steel will be calculated as,

, Where b is width of the footing

 Is area of single steel bar to be used.


 Use  steel bars and  


,   Use 
· Anchorage length calculation.


Calculated ,    Note, 

Available development (Anchorage) length  Therefore you need to bend up bars.
· Sketch of the Diagram.
Determinationoftotaldepth.


, Where  is concrete cover and for footings it  
is usually taken to be 50mm.


.         Use 

[image: ]


EXAMPLE 4.2.


Design a spread footing placed at a depth of 1.5m below the ground level using ULSD method. It carries a super structural factored normal load of P=2340KN, Mx=50KNm and My=60KNm transmitted to it by 0.35mx0.35m column. Use C-25 concrete and S-300 steel (class I Works). , .
                      (Eccentrically loaded case)
Solution
· Design Constants for C-25 concrete and S-300 Steel.




,       




,            , ,           
· Area proportioning


and
The ultimate gross allowable pressure may be given as



  Take Pd=2340KN 

 Since the value of Mx and My are 
close use L=B



rearranging it



m
· Revise for backfill
Since we are about to include selfweight and pressure from overburden soil we need to take abit longer footing dimension.
Take a footing of size 2.6m*2.6m
Weight of the footing = 2.6*2.6*0.5*25=84.5KN
Note total depth of 0.5m was assumed only to approximate weight of foundation.
Weight of soil above footings =2.6*2.6*1*17=114.92KN

Total Load = 




and







and It is Ok!
· Depth determination 
Rather than assuming a depth for steel area calculation we may first find the depth required for punching shear resistance and wide beam shear resistance of our footings.

· Depth for Punching shear requirement
[image: ]




,    Use 


   Use  




And applied punching will be 

  ( Here average soil pressure should be used.)









Take  and calculate the value of d


Re arranging the equation


From this quadratic equation the value of d will be d= 0.516m
· Depth for wide beam shear requirement
[image: ]


Acting wide beam load will be


 Here also  will be used for calculation.



Equate  and solve for d




For flexural design max d will be used 
	Use d=0.63m
· Design for flexure
Design pressure for eccentric loads should be found in the following way


   Where,


,     


,      


· Design moment moment calculation
Design moment for footing should the moment at the face of the column (i.e. critical section). 1m strip was taken.


 Where is column width? 





· Area of steel required for 1m width of the footing will be


Spacing of steel will be calculated as,

, Where b is width

 Is area of a single steel bar to be used


Use  steel bars and  


,   Use 
Use these bar distribution through out the width of footing in both directions.
· Anchorage length calculation.


,            Note, 

Available development length 
Therefore it is ok!
· Sketch of the Diagram.

.  Use D=700mm.
[image: ]






EXAMPLE 4.3.

Design a combined footing placed at a depth of 3m below natural ground level using ULSD method. It carries super structural un factored loads as given below. Use C-20 concrete and S-400 steel reinforcement. The column spacing is 4.5m and the allowable soil pressure is .
[image: ]
Solution
· Design Constants for C-20 concrete and S-400 Steel.




,       




,            , ,           

· Area proportioning.
Design load calculation.



Ressultant R will be,  
Location of the resultant R




In order to make R at the center of the pad take L=2*X




And the width will be 
     Where: qu is gross ultimate allowable pressure for ULSD Method.


  Take 


Footing size 2.82m*5.71m will be used.

· Footing depth calculation
Draw shear force and bending moment diagrams.

[image: ]
· Depth required for punching shear.
[image: ]
Column 1




,    Use 


   Use  











         Take  and calculate the value of d


Re arranging the equation


From this quadratic equation the value of d will be d= 0.58m
Column 2




,    Use 


   Use  




And applied punching will be 









Take  and calculate the value of d


Re arranging the equation


From this quadratic equation the value of d will be 0.51m
· Depth from Wide beam shear.
As the maximum shear is at column 2, the critical section should be taken as a section at d distance from the face of col. 2 (left of column 2).
[image: ]


Acting wide beam load will be





Equate  and solve for d




Wide beam governs is the governing for all and use d=0.86m.

Flexural Design
a) Longer direction.
· Design moment calculation bottom bars.
· Positive re bars
Design moment for footing should the moment at the face of column (i.e. left side of col. 2).





 , therefore use 


Spacing of steel will be calculated as,

, Where b is width

 Is area of a single steel bar to be used.


Use  steel bars and  



,   Use  c/c spacing 
· Negative bars








, Use   with c/c spacing 130mm



b) Shorter direction
[image: ]
Under Column 1












,   Use 
Under Column 2





, 






,   Use 

In both zones only minimum area of steel were required therefore provide  with spacing of 140mm through out the length of the footing.
· Detail drawing and bar schedule.


  Use 
[image: ]
[image: ]



EXAMPLE 4.4.
Design a strap footing placed at a depth of 1.5m below NGL using LSD methods. It carries factored loads of P1=600KN and P2 900KN. The ultimate allowable bearing capacity of the soil is 150kpa. Use C-25, S-300 class 1 works.  The distance between the column Xc=5m. Column dimensions are 300mmx300mm for C1 and 400mmx400mm for C2.

[image: ]
Solution
· Area proportion

Assume 






 ,   

 Neglecting the weight of the strap and rearranging the above eqn.







Width of footing 1


 ,     Use 

Use





Width of footing 2

Assume 


, Use 

Use 





















· SFD and BMD

[image: ]

· Footing depth determination
a. Footing 1
          Depth from wide beam shear
· Wide beam shear perpendicular to the strap axis




,    Use 


   Use  



Acting wide beam load will be

.

Equate  and solve for d




· Wide beam shear parallel to the strap axis.


Acting wide beam load will be

.

Equate  and solve for d



[bookmark: _GoBack]
· Depth from Punching shear




,    Use 


   Use  




Acting shear will be,



         Take  and calculate the value of d


Re arranging the equation



From this quadratic equation the value of d will be d= 0.413m.
Therefore wide beam shear governs and take d=0.66m.
b. Footing 2
· Wide beam shear perpendicular to the strap axis


Acting wide beam load will be (taking the section left of the column)



Equate  and solve for d




Wide beam shear parallel to the strap axis.


Acting wide beam load will be

.

Equate  and solve for d





· Depth from punching shear




,    Use 


   Use  





Acting shear will be



         Take  and calculate the value of d



Re arranging the equation


From this quadratic equation the value of d will be d= 0.355m.
Therefore wide beam shear governs and use d=0.64m

Flexural design
a. Footing 1
· Parallel to the strap axis.(Negative bars)








 , take  bars.




,   Use  with c/c spacing 
· Perpendicular to strap axis (negative bars)
Minimum reinforcement should be provided.




 ,      take  bars




, Use  with c/c spacing 
· Positive bars
    Perpendicular to strap axis







              Take 




,  Use with c/c spacing.
Parallel to the strap axis.
The design moment on the BMD is smaller than the moment we have for perpendicular direction. Therefore minimum reinforcement can be used again.


Use  with c/c spacing .

b. Footing 2
Posetive bars (Parallel to the strap axis.)

The critical section for moment is the at the face of the column and (Right side face of col.2)






 , take  bars



,   Use 


Use  with c/c spacing .

· Postive bars (Perpendicular to strap axis)




Minimum reinforcement should be used


        Use  with c/c spacing 
Strap Design
Strap will be designed as a beam for


 And  	           
 Exercise 
Design the strap and draw detail drawing for the above example. (Exa. 4.4.)
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