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ABSTRACT 

A computer package on the design of continuous footing based on the provision of Indian 

Standard Code has been developed in C language with graphic features which can be run in 

any PC system. The analysis of footing is carried out by finite difference method which 

is a powerful tool of numerical methods. This method provides adequate flexibility to 

account for stiffness variations of beam and soil along the footing length. 

The features of this package include : 

(i) Although the package is developed for analysis and design of continuous footing, 

but it can advantageously be used to analyse and design of isolated footings and 

combined footings also. 

(ii) Limit state design method has been adopted keeping the economy in mind. 

(iii) Options to choose grade of concrete, grade of steel, and to revise the design at 

various stage has been given to user to avoid the repetition of whole data feeding 

from initial stage of program. 

(iv) The user is guided by appropriate knowledge base on codal provisions and practices 

at various stages. 

(v) Footing design has been carried out by following the recommendations of Indian 

Standard Code of concrete. Graphical output on the screen enables the user to have 

a better understanding about the design dimension of member. 



(vi) Plan and sections of the footing and reinforcement detailing has been depicted 

using graphics. 

Using the program, a few numerical problems have been solved and the parametric results 

are presented to bring out the following : 

(i) Role of stiffness variations of soil and loading conditions on the final design of 

footing members. 

(ii) Role of varying .grade of concrete and steel on the final design of footing. 

(iii) Role of varying no. of nodes on the final design of footing. 

(iv) Role of varying the bearing capacity of soil on final design of footing. 

The results show that the package developed can lead to not only faster analysis and 

efficient design but also can educate the user on various codal provisions and practices 

on the design of continuous footing. 

(iv) 



NOTATIONS 

A Area 

ASt  Total area of reinforceme nt 

Total cross-sectional are a of stirrup legs or bent up bars 
within distance S„ 

A, Area of web reinforcement 

B Width of foundation 

bo  Circumference of critical section for two way shear 

D Overall depth of section, 

DL Dead load 

den  Effective depth 

dp8  Effective depth required from punching 'shear consideration 

dbm  Effective depth required from Bending moment consideration 

dbS  Effective depth required for Bending shear 

EC  Modulus of elasticity of concrete 

E Modulus of elasticity of' steel 

fck Characteristic compressiv e strength of concrete 

fy  Characteristic strength o f steel 

h Spacing of nodes 

V 



I Moment of Inertia 

LO Anchorage length 

L Length of footing 

LL Live load 

1 Length of column 

Ld Development length 

M Bending moment 

Mu Factored bending moment 

n 	Number of nodes 

P 	Axial load 

P„ 	Factored axial load 

S,, Spacing of stirrups 

V Shear force 

w Upward soil pressure 

W„ Upward factored soil pressure 

W Total load 

WL Wind load 

X„ 	Neutral axis depth 

X„m Neutral axis for balanced section 

Y 	Deflection of nodal points 

tbd 	Average bond stress 

~ 	I Nominal stress in concrete V 

z 	I Shear stress in concrete • 
C 

z 	I Maximum shear stress in concrete with shear reinforcement 
c max 

0 	I Diameter of bar 
vi 
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CHAPTER - 1 
INTRODUCTION 

1.1 GENERAL 

Continuous beam foundation may be required where a number of columns are laid in 

a line. Such situations are commonly encountered in industrial buildings, warehouses, 

godowns etc. Such a combined beam foundation bridges over weak pockets in the soil and 

prevents excessive differential settlement between adjacent columns. These foundations 

provide the added advantage of supporting directly the panel walls of the ground floor 

of multistoreyed framed buildings. 

1.2 USUAL METHODS OF ANALYSIS AND DESIGN 

.In conventional method of analysis, the soil pressure distribution underneath the 

footing is generally taken as uniform or linearly varying. . Alternatively, Hetenyi's 

closed form solutions . for infinite beam on elastic foundation subjected to concentrated 

load or moment is adopted (Bowles, 1984) using the principle of. super position, the 

resultant bending moment and shear force at any particularly section of the footing is 

obtained. 

The above method fails to serve the purpose when sectional properties of the 

footings viz width, depth and. moment of inertia vary,  along the lengths of footing. 

Further the above method cannot take care of varying compressibility along the length of 

footing. A few situations can arise when problems involve complexities as non-

homogeneous soil, nonlinear material behaviour, variation in material properties and the 
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discontinuities etc., and the same can be taken into account in analysis and design of 

structures if numerical methods like finite difference method and finite element methods 

are adopted. Finite difference approach , provides adequate flexibility to account for 

stiffness variations of beam and the soil along the length of footing. 

The design of the footing is carried out based on the provisions in the Indian 

Standard Code 456-1978 using limit state method. Limit state method proves to be more 

economical. The data required for design are the grades of steel and concrete and the 

diameter of bars to be used as tension as well as compression reinforcement. The use of 

shear reinforcement has also been practiced. However the use of shear reinforcement can 

be avoided by providing adequate depth to resist shear. 

1.3 NEED OF PRESENT WORK 

The use of the numerical methods for the solution of problems in engineering has 

become, quite common because of the availability of high speed digital computers. Many 

times revision of analysis, design and drawings are inevitable due to the need of trying 

alternative designs to affect economy which leads to enormous amount of mechanical type 

of work. In such cases, a program for analysis and design with graphics facilities 

relieves the design engineer from hard, routine task. 

The computer package enables the designer to quickly revise the design and also 

check varying alternatives. Hence this work has been taken up as a little step in this 

direction and an attempt has been made to develop a package for analysis and design of 

continuous footing foundations. 

1.4 OBJECTIVES OF THE COMPUTER PACKAGE 

The following objectives have been taken into ' consideration while formulating 

this work : 
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a. 	Providing a complete analysis and design package for R.C.C. continuous 

footing foundation. 

b. All the design criteria will follow recommendations of IS 456-1978 code of 

practice for reinforced concrete. 

c. Providing an interactive package for design and drafting in order to enable 

the user incorporate these options. 

d. An estimate of quantities to arrive at cost analysis. 

e. To carry out parametric study on various aspects of. footing design. 

f. To provide design drawing to the user. 

1.5 OUTLINE OF THESIS WORK 

Chapter 1: This chapter gives general introduction of the problem and objectives of 

computer package and it's scope. 

Chapter 2 : This chapter deals with method of analysis of continuous footings using 

Winkler's model approach 

Chapter 3 : It deals with design procedure and steps involved in the design. Also 

important provisions as per IS code 456-1978 have been discussed. 

Chapter 4 : The salient feature of the package has beendiscussed. 

Chapter 5 : To demonstrate the utility of package few examples have been solved using 

the package and the results are presented. The results are discussed to 

bring out the influence of various parameters on the behaviour of footing. 

Chapter 6 : Important. conclusions have been drawn based on the work presented. 

Chapter 7 : This chapter covers limitations of the package and further scope of work in 

this area. 



CHAPTER -2 

ANALYSIS OF FOOTING USING 
FINITE DIFFERENCE METHOD 

2.1 GENERAL 

The known methods of analysis ' are the conventional method, soil line method, 

Hetenyi's closed form solutions for beam on elastic foundation (Bowles, 1984) 

finite difference method and finite element method. The first three methods of analysis 

are still widely used if computing is to be done manually. The last two numerical 

methods viz Finite Difference Method and Finite Element Method are used where high speed 

digital computers are available. These two methods can be programmed on computer to be 

used for analysis of any type of continuous footings. These numerical methods are the 

most accurate and versatile in their use and are also capable of handling complex 

problem. 

2.2 CONVENTIONAL METHOD OF ANALYSIS 

The conventional method is based on the assumptions that the footing is 

infinitely stiff and the subgrade reaction has a straight line distribution. 

Following are the steps of design by conventional method 

1. 	Determine the total column loads 

EP=Pi  +P2 +P3 +..... 	 (2.1) 

and the location of the line of action of the resultant EP. If any column 

is subjected to any concentrated moment, the effect of moment should be 
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taken into account. The length of footing is chosen in such a way that the 

line of action of the resultant loads coincides with the c.g. of the 

footing. The breadth of the footing is chosen based on the allowable soil 

pressure consideration. 

2. Soil pressure distribution per unit length of the footing is determined. 

3. Shear force diagram is drawn. 

4. Bending moment distribution is drawn along the length of footing. 

5. The footing is designed as continuous beam to resist punching shear, one 

way shear (bending shear) and moment. 

2.3 FINITE DIFFERENCE APPROACH 

The finite differtnce method is a very simple and powerful tool of numerical 

methods. This method seeks to convert differential equations governing a physical 

phenomenon into a difference equation. 

The analysis of continuous footing with this method involves the following 

procedures 

The footing along it's length is divided into a number of nodes. Finite 

difference equation corresponding to the differential equation for bending is applied at 

nodal points of footing. This gives flexibility of varying the parameters like stiffness 

of soil and footing from node to node. Closer the spacing of nodes, more accurate will 

be the result. But too closer of spacing of nodes would mean solving a set of very large 

number of simultaneous equations, costing upon the computer's memory space. Therefore, 

an optimum spacing of nodes will give fairly accurate results in this form of nodal 

shear force, bending moment and deflection values. 

5 



2.4 WINKLER'S MODEL FOR CONTINUOUS FOOTING 

Winkler's foundation (Fig. 2.1) ' is an approximate model for the analysis of 

foundation system. It assumes that footing is placed on a bed consisting of a series of 

closely spaced elastic springs. The springs are assumed to take tension as well as 

compression. Here the spring constant is related to modulus of subgrade reaction of the 

soil. This method assumes that soil behaves elastically. This method depicts a 

simplified model of actual soil behaviour. 

According to Winkler's model, the ratio between the soil pressure and the 

corresponding settlement is termed as modulus of subgrade reaction : 

KS  = q/S 
	

(2.2) 

where, 

K, = Modulus of subgrade reaction 

q = Intensity of soil pressure 

a = Average settlement corresponding to pressure of `q' 

value of KS  for a given soil is dependent on the size of footing. This is due to the 

fact that for a given value of q, the depth of stress influence (Fig. 2.2) increases 

with width and hence the settlement increases. Thus with increase in size of footing, K 

value for a soil decreases. Empirical values of KS1  for different soil types as given 

by Terzaghi (1955) and adopted in IS:2950-PART-1 for a plate size of 30cm x 30cm are 

given in Table 1 and Table 2 in following page. 
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Table 1: Value of Ksl  (KN/m3) for granular soil 

Relative Density 
N-Value 

Loose 
< 10 

Medium 
10-30 

Dense 
30 and above 

Limiting values for KSi  7200 - 22000 22000-108000 108000-360000 

K., for dry soil (proposed) 15000 47000 180000 

KS1  for submerged 9000 29000 108000 

Table 2 : Value of KS1  (KN/m3) for cohesive soil 

Consistency Stiff Very ,stiff Hard 
Unconfined compressive 
strength qu  (KN/m3) 100 - 200 200-400 400 and above 

KS 	value.  1  27000 54000 108000 

2.4.1 Corrections to Modulus of Subgrade Reaction Value 

The values of modulus of subgrade reaction (Fig. 2.3) as obtained from plate 

load test or table 1 should be 'corrected for the effect of, size as well as length of 

footing. 

2.4.1.1 Correction for size of footing 

Larger the size of footing, deeper the zone of influence and larger will 

be the settlement, the effect of size on KS  must be evaluated. 
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As per Terzaghi, correction in the case of clay soil 

B 
Ks' = B Ksl 	 (2.3) 

correction in 'the case of cohesionless soil 
N 

Ks' = Ksl 	B (B + 0.3) 
L 

Bp (B+0.3) 	
(2.4) 

where B = size of square plate 
P 

B = width of footing in meters 

Ks' = corrected value of modulus of subgrade reaction 

Ks1  = modulus of subgrade reaction as for a plate of 0.3 m x 0.3 m 

2.4.1.2 Beam correction or correction for shape 

The value of Ks' obtained should be corrected as below for beam action in 

the case of clays when size of footing is rectangular. 

Ks = Ks' 	m+0.5  
1.5m ] 

	
(2.5) 

where m = L/B 

L = Length of footing 

Beam correction is not applied in case of sands. 

Therefore in sand Ks = Ks' 

2.5 DEVELOPMENT OF FINITE DIFFERENCE ALGORITHM FOR CONTINUOUS 

FOOTING PROBLEM 

For the development of finite difference equations and programming logic, in 



which footing is divided into `n' number of equally spaced. nodes and loaded with a 

number of columns is considered (Fig. 2.1a) 

n = Number of nodes 

E 	= Modulus of elasticity of footing material 

L = Length of footing 

B = Width of footing 

1. = Moment of inertia of the footing cross section at ith node 

X. = Distance of jth column from left end of the footing 

P. = Axial column load at jth column 

Bm, = Bending moment at jth column point 

N = Number of columns 

The footing is divided into (n-1) equal parts each of length h, by n number of equally 

spaced nodes such that 

h = L/(n-1) 	 (2.6) 

Assuming a stepped base pressure distribution (Fig. 2.1c), the values of nodal spring 

reactions are 

R1 = 112 Ks1 Bhy1 

R2 to R„-, = Ks. Bhy. 

R = 0.5 Ks B h y 

Differential equation for moment is 

d-~- = 
dx2 

Using central differences, the corresponding finite difference equation is given by 

+ [Y11-2Y.+Y 	
M, 

  ~+~ 	_ - —E- 	 (2.8) 
h 
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Applying equation (2.8) at node 2 

EIZ  
2  f .Y1  - 2Y2  + Y3  1 = - M 	 (2.9) 

L 	 J 

or El  [Y1 2Y2 +Y3 ] =1/2Ks Bh2y 	 (2.10) 
n 

Rearranging and assuming E/h2  = C (const) 

y1  (Cl2  + BKsI  h2/2) - 2Cl2y2  + Cl2y3  = 0 	 (2.1Oa) 

Similarly at node 3 

El 
23  F Y2  - 2Y3  + y  1 = - (RI  2h + R2h - P1(2h-X1) + Bm1) 

	

h 	 J 

i.e. BKs h2y + (Cl + BKs h2)y - 2CI y + CI y = P (2h-X) - Bm) 	(2.11) 1 	1 	3 	2 	2 	33 	34 	1 	1 	1 

Finite difference equation for ith node, 

BKs, h/2 (i-1) h y. + BKs2  h2(i-2)y2  + ... + BKs1  h(i-j) 1h y, + ... BKsi 2h2hy. 2  

+ (CI. + (Ksi_1)Bh2) yi_1) - 2 C I.y. + Cl. Y;+1 = P. ((i-1)h - X1) + 

P2 ((i-1)h - X2) + .......... BM1  - BM2  ...... - BMK 	(2.12) 

(n-2) no. of equations can be obtained by writing the equation at each of the node from 

2nd to (n-1)th node. 

Remaining two equations are obtained when the two equilibrium conditions EM =0 and EV=0 

are applied. 

	

EM = 0 	, Taking moment about right end of footing 
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R I (n-1)h + R2(n-2)h + .... + R.(n-i)h + ...... 

N 
P.(L-X.) - BM, 

i=1 

BKs l y1 (n-1) h2/2 + BKss2y2 h2(n-2) + ..,.. + BKs.y1h2(n-i) + ........ 

N 
+ BKs 1 y ~ .h2 = 	P.(L-X) - BM. 	 (2.13) 

i=1 
EV = 0, gives 

R1 +R2 +R3 +....... +Rn = P1 +P2 +P3 +....... +PI1 	 (2.14) 

N 
or BKsi h/2 y 1 + BKs2 h y2 + BKs3 h y3 + ......BKs h/2 yn = 	P. 	(2.1 4a) 

i=1 

All the above n simultaneous equations can be written in the matrix form as 

[A] [Y] = [K] 	 (2.15) 

solving these simultaneous equations using matrix method of inversion and multiplication 

we obtain the nodal deflections. 

Knowing deflections, nodal spring reaction can be calculated. Now the structure becomes 

determinate and we can draw a stepped shear force diagram. 

Consequently moments at nodal points are calculated by substituting the calculated 

deflections in following equation : 

EI 
M = 

h2 
y -2 y +y 
 1+1 

(2.16) 
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2.6 FEATURES OF FINITE DIFFERENCE METHOD 

1. Method is simple 

2. Even complex problem involving varying moment of inertia, varying subgrade 

modulus and column moments can be handled. 

3. Suitable for computer implementation and easily programmable. 

4. Acceptable accuracy is obtained for most of the practical purposes. 

5. Method is not recommended for solutions of differential equation involving 

higher than fourth order derivative. 
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Fig. 2. 1(a) 	Winkler's Foundation Model 

h 	h 	h h 	h 

yn _z Yn-1 Yn 

Fig. 2.1(b) 	Defected Shape 

 

Fig. 2. 1(c) 	Stepped base pressure distribution 

Fig. 2. 1 	Winkler's model for continuous footing 

R n 
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Limit State of Serviceability : 

This state correponds to development of excessive deformation. The limit state of 

serviceability may corrspond to 

(a) deflection 

(b) cracking 

(c) vibration 

While determining the deformation, service loads are used, that is, load factors are 

not included. The deformation is of significance under service loads rather than at 

collapse. 

The limit state concept of reinforced concrete structures takes into account the 

probalistical and structural variation in the material properties, loads and safety 

factors. 

3.2 SOIL PRESSURE DISTRIBUTION UNDER FOOTING 

3.2.1 Soil Pressure Distribution in Conventional Analysis 

A footing is assumed to act as rigid body which is in equilibrium under the 

action of applied forces. As the soil is assumed to behave elastically and stress 

strain distribution in the soil immediately underneath the base is linear. Soil 

pressure distributed is assumed to be' uniform under the base of footing. However it 

varies linearly under some condition of soil. Soil pressure in case of sand and clay 

considerably differs as shown in (Fig. 3.1). 

3.2.2 Soil Pressure Distribution in Finite Difference Method 

Contrary to soil pressure distribution assumed in conventional analysis, the 

soil pressure distribution (Fig. 3.1a) in this approach varies considerably 
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throughout the length of footing. For a long continuous footing it is not uncommon to 

encounter loose soil pocket along the footing. For which the modulus of subgrade 

reaction value is low. Soil pressure is function of modulus of subgrade reaction 

value of soil, which is determines for, plate load test subjected to corrections for 

shape and size of footing as discussed earlier. As the soil is not likely to be 

homogeneous throughout the length of footing, the subgrade reaction value will so 

vary and subsequently the base pressure of soil also vary. As the non-homogeneity of 

soil is taken into consideration, the result will be more accurate with respect to 

conventional analysis. 

3.3 STEPS IN THE DESIGN OF FOOTING 

3.3.1 Proportioning of Footing 

The area of the footing can be determined from the actual unfactored external 

loads. 

Area of footing = 
External. column load + self weight of footing 

Allowable bearing capacity of soil (SBC) 

Self weight is generally taken 10% of column load. 

Factored allowable soil pressure W is obtained as': u 

distance of c.g. of footing from left end (Fig. 3.2) 

sum of concentrated moment + 'P X + P X 	... + 	.. P~Xn x = 

	

	 1 1 	2 2 	
(3.1) 

sum of external loads 

eccentricity (e) = x - 0.5 L (3.2) 

upward soil pressure W = (sum of loads / B L) x (1 + 6 e/L) (3.3) 

factored upward soil pressure W = Partial safety factor x W, 
u 



1 
L 

Critical section for punching shear is around the column at a distance of 

half the effective depth from the face of column (Fig. 3.3). 

Critical section for(punching shear) 

BI 
L 

Fig. 3.3 	Critical section for punching shear 

Factored shear force at critical section 

V = Maximum factored external column load P 
u 	 umax 

2 
- ` WU  x (size of column + drs/2 

V =P 	- W x (a + d /2)2  
U 	 umax 	u 	 ps 

(3.4) 
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Shear strength of concrete of critical section is given by 

VC  = 4 (a+dps) dps  KS  tr c 	 (3.5) 

At the critical section, 

V =V 	 (3.6) 
U 	C 

2 

P 	_ 1w (a + dps/2 I = 4 (a+dpS) dpS  KS  T C 	 (3.7) 
umax L  

where 

a = column width 

K =0.5+ 	1 
S 	 C 

= short dimension of column 
C 	 long dimension of column 

z = 0.25 ✓fck  (limit state method) C  

= 0.16 V (working stress method) 

fCk  = characteristic strength of concrete 

Effective depth from punching shear . consideration (d) is obtained by solving 
ps 

equation (3.7). 

3.3.2.2 Depth from bending moment consideration 

Bending moment distribution is obtained from the analysis of footing 

using finite difference approach. From the bending moment distribution, the 

maximum bending moment is obtained. In limit state design method, maximum 

factored moment is considered for the design consideration. 

M = PSF x BM 
Umax 	 max 
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Point Load 

)n (B.M) 

LIj 

where, M 	= Maximum factored moment 
umax 

Maximum moment in the longitudinal direction is given as 

Mumax = 0.36 f k (Xumax/dbm)  B dbm2  (1 - 0.42 Xumax/dbm) 	 (3.8) 

Transverse bending moment at the column face (critical section for bending 

moment) (Fig. 3.4) can be calculated by the following equation 

L  

Critical Section (Bending Moment) 
L 

Fig. 3.4 	Critical section for bending moment 
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WUL [(B-b)/2]2  
M 	- 

umax 
(3.8a) 

where, X 	= neutral axis depth for balanced section. 
umax 

Mumax = 0.36 fck (Xumax/dbm)  L dbm2  (1 - 0.42 Xumax/dbm) 	(3.8b) 

Effective depth from bending moment consideration (d,),,,) is obtained by solving 

the equation (3.8) & (3.8b), and the greater value of depth is considered as the 

effective depth from bending moment considerations. 

Table 4 : Grade of steel vs limiting depth of neutral axis 

f y (X 	/ dbm umax 

250 0.53 

415 0.48 

500 046 

Putting the limiting neutral axis depth ratio in the above equation (3.8), the 

equation will take the form as 

Mumax = RBd
bm 2 

	
(3.9) 

Table 5 : Coefficient of R for different grades of steel 

Grade of Steel R 
Fe 250 0.149 f`k  

Fe 415 0.138 fck  

Fe 500 0.133 fck  
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The higher of two values d and d,,,,,, obtained from above two considerations is 

selected as the effective depth derf. 

3.3.3 Moment of Resistance of the Footing (Ramamrutham and Narayanan, 1995) 

Case I 

If the dimension provided is greater than it requires from the maximum 

bending moment consideration the moment of resistance of the footing will increase. 

If moment of resistance (M) exceeds the limiting moment of resistance 
U 

then the member should be designed as under reinforced section. 

4.6 M 
1- 

percentage Steel = 50 	f k  bd2 	 (3.10) 

y ck 

Case II 

If due to some restriction, the dimension provided is less than it requires from 

above said consideration, the moment of resistance of footing will decrease. 

In this case, the member should be designed as over reinforced section or doubly 

reinforced section. 

Case III 

If the dimension of footing provided equals that requires from maximum bending 

moment consideration, the moment of resistance of footing equals the maximum bending 

moment in the footing. 

25 



Limiting percentage steel Astlim  is determined from following equation 

1-fA 
M 	= 0.87 f A 	d 	y stlim 

ulim 	 y stlim 

L 	

Bf ' I 
d ck 

(3.11) 

3.3.4 Reinforcement Calculation 

3.3.4.1 Main longitudinal reinforcement 

3.3.4.1.1 Area of longitudinal steel 

Area of steel for main longitudinal reinforcement is determined from 

the following equation : 

fA 
Mumax 

= 0.87 f Ast  d 1 - 	 (3.12) 
ck 

If A  obtained using Equation (3.12) is less than the minimum steel specified 

by IS 456-1978 then minimum specified should be provided as following : 

Mild strength deformed bars (MS) 	0.15% 

High strength deformed bars (HYSD) 0.12% 

Maximum area of tension reinforcement shall not exceed 0.04 bD. 

3.3.4.1.2 Selection of bar diameter and cover (IS:456) 

(a) . select diameter of bar (0) 

(b) total depth of footing D 

= den  + 0/2 + cover 

* 	Cover = 25 mm or 0 which ever is greater 

* 	Extra cover ranging from 15 to 50 mm depending upon the severity of the 

environment is provided. 
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* 	The total cover in any case should not exceed 75 mm. 

(c) 	Carry out check to see that 

<P~D/85 

The reinforcement bar is given some specified cover due to following reasons 

(i) To develop the desired strength of a bar by ensuring proper bond between 

concrete and steel throughout it's perimeter. 

(ii) To provide protection against corrosion and fire 

D/85 

3.3.4.1.3 Spacing of longitudinal reinforcement 

Spacing actually means the centre to centre distance between bars 

design spacing (centre to centre) = clear spacing + 0 

Code has specified the clear spacing between the bars. 

(a) Minimum clear spacing shall be maximum of (IS:456) 

(i) 0, if all bars are of equal diameter 

(ii) Highest 0, if bars are of unequal diameter 

(iii) Nominal maximum size of coarse aggregate + 5 mm 

(b) Maximum clear spacing 

The horizontal distance , between parallel reinforcement bars near the 

tension face of a beam shall not be greater than the value given in table 
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(6) depending upon the amount of redistribution of moments and the 

characteristic strength of the reinforcement. 

Table 6 : Clear Distance Between Bars vs Grade of Steel (IS:456) 

Grade of Percentage redistribution to or from section considered 
Steel N/mm2  

-30 -15 0 + 15 +30 

Clear distance between bars 

250 215 260 300 300 300 

415 125 155 180 210 235 

500 105 130 150 175 195 

If there is no redistribution of moments, the maximum clear spacing 

between bars for different grade of steel should be in accordance with 

zero redistribution. 

3.3.4.2 Transverse reinforcement 

Transverse reinforcement should be provided into groups proportionate in 

sectional area to the column loads. The transverse reinforcement under each column 

should be provided within a band (Fig. 3.5) having a width equal to the width of 

the column plus two times the effective depth of the foundations. 

Transverse maximum bending moment can be obtained from the following 

equations : 

Mu 	= Wu x L [(B-b)/2]2  
max (3.13) 



Tram 
reinforcL ........ ... 	. . 

Area of reinforcement in the transverse direction is given as 

I, 

L 

~forcement 

fAst 
Mu = 0.87 yf Ast2 d 1 - Bdf 	

(3.14) 
ck 

with the help of above equation Ast2 can be calculated. 

Selection of bar diameter and spacing calculation will be similar to that adopted 

in case of longitudinal reinforcement. 

3.3.4.3 Compression reinforcement 

The necessity of using steel in the compression region arises due to two 

main reasons : 

(i) 	When depth of beam is restricted, the strength available from a singly 

reinforced beam is inadequate. 

M 



(ii) 	At a support of continuous beam where bending moment changes sign. 

If considerable hogging moment come of the column points, the alternate 

bars of tensile reinforcement should be bent up to compression face for a 

specified distance from column point at either side of column. 

If alternate bars are bent up to compression face the area of steel 

provided will be equal to half the area of main longitudinal steel. 

However in general case, minimum compression reinforcement is provided throughout 

the length of footing. 

3.3.4.4 Shear reinforcement 

First of all, the shear strengths of footings is checked in one way 

bending action and two way bending action. When bending is primarily one way, the 

footing should be checked in vertical shear. When bending is primarily two way, 

the footing should be checked in punching shear. 

When nominal shear stress at critical sections (d in case of one way shear 

and d/2 in case of two way shear) exceeds the design shear strength of concrete, 

shear reinforcement is must to provide. 

Shear strength of concrete depends on percentage of main steel as well as 

grade of concrete. 

For one way action, 

V 
U = _____ 

V (3.15) 
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For two way action, 

V 
cV  _ - d 	 (3.16) b 

0 

where b = perimeter of the critical section. 

If -r exceeds -r (design shear strength), the shear reinforcement shall be 
v 	 c 

provided to carry a shear equal to 

VUs  =VU  - zc  bd 	 (3.17) 

3.3.4.4.1 Spacing of shear reinforcement will be as following : 

(i) 	For vertical stirrups 

0.87 f A d 
V = 	y S" 	 (3.18) 

us 	S 
V 

(ii) For inclined stirrups or a series of bars bent up at different cross 

section 

0.87f A d (Sin a + Cos a) 
V = 	Y  SV 	 (3.19) AS   

(iii) For single bar or single group of parallel bars, all bent up at the 

same cross section 

Vlls  = 0.87 f Asv  Sin a 
	

(3.20) 
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where a = angle between the inclined stirrup or bent up bar and the axis of 

the member, not .less than 45°  and 

S = spacing of the stirrups or bent up bars along the lengths of the 

member. 

3.3.4.4.2 Maximum spacing of shear reinforcement (As per IS Code 456) 

The maximum spacing of shear reinforcement measured along the axis 

of the member 

is not greater than 0.75 d (for vertical stirrups) 

is not greater than 	d 	(for inclined stirrups) 

In no case spacing will exceed 450 mm 

where d = effective depth of the section. 

3.3.4.4.3 Minimum shear reinforcement 

When nominal shear stress at critical section do not exceed the 

design shear strength of concrete, the minimum shear reinforcement shall be 

provided as 

sv 	 (3.21) 
sv 
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Table 7 : Design Shear Strength of Concretes (~c) (N/mm2) (IS:456) 

100 A . 
Concrete Grade 

bd 

M15 M20 M25 Mao M35 M40 

0.25 0.35 0.36 0.36 0.37 0.37 0.38 

0.50 0.41 0.48 0.49 0.50 0.50 0.51 

0.75 0.54 0.56 0.57 0.59 0.59 0.60 

1.00 0.60 0.62 0.64 0.66 0.67 0.68 

1.25 0.64 0.67 0.70 0.71 0.73 0.74 

1.50 0.68 0.72 0.74 0.76 0.78 0.79 

1.75 0.71 0.75 0.78 0.80 0.82 0.84 

2.00 0.71 0.79. 0.82 0.84 0.86 0.88 

2.25 0.71 0.81 0.85 0.88 0.90 0.92 

2.50 0.71 0.82 0.89 0.91 0.93 0.95 

2.75 0.71 0.82 0.90 0.94 0.96 0.98 

3.00 0.71 0.82 0.92 0.96 0.99 1.01 

where A = Area of longitudinal tensile reinforcement s 

3.3.5 Distribution of tensile reinforcement [Jain, 1990] 

The tensile reinforcement should be provided in accordance with the following 

guide lines : 

(i) In one way reinforced footing, the reinforcement must be distributed 

uniformly across the full width of the footing. 

(ii) In two way reinforced rectangular footing, the reinforcement in the 
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longer direction should be distributed uniformly across the full width 

of the footing. The reinforcement in the short 'direction should be 

provided by dividing the lengths (span) in three bands. 

3.3.6 Curtailment of tension reinforcement 

For curtailment reinforcement shall extend beyond the point at which it is no 

longer requires to resist flexure for a distance equal to the effective depth of the 

member or 12 times the bar diameter which ever is greater. 

Flexural reinforcement shall not be terminated in a tension zone unless the 

following conditions are satisfied. 

(a) The shear at the cut off point should not exceed two thirds of that 

permitted, including the shear strength of stirrups provided. 

(b) Stirrup area in excess of that required for shear is provided along 

each terminated bar over a distance from the cut off point equal to 

three-fourths the effective depth of the member. 

3.3.7 Requirements of reinforcement detailing [Jain, 1990] 

The good detailing must fulfill the following requirements : 

(i) Reinforcement detailing should be simple for fabrication and placing. 

(ii) The crack widths must be , within acceptable limits under service 

conditions. This is achieved by limiting the maximum spacing of 

reinforcement and minimum amount of reinforcement. 

(iii) There should be sufficient space for concrete to be properly poured and 

compacted. 
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(iv) 	The detailing should be such that internal forces are safely transferred 

from one member to another and from reinforcement to concrete. 

All the analysis and design steps are depicted in the flow chart (Fig. 3.6). 

3.3.8 Check for bending shear (One way shear) [Jain, 1990] 

When bending is primarily one way, the footing should be checked for vertical 

shear or bending shear. Bending shear stress of critical section at a distance `d' 

from the column is checked against design strength of concrete. If bending shear 

stress does not exceed the design shear strength of concrete, the depth, area of 

steel and grade of concrete provided are satisfactory. 

W L 	L - (1b+2d) 	 cBd 	 (3.22) 

If shear stress calculated from eqn. (3.22) exceeds design shear strength of 

concrete, the depth is increased and reinforcement calculation is revised 

accordingly. 

3.3.9 Check for development length 

Calculation for development length in case of continuous footing should be 

made for the bar at end column. 

Tensile force T 	= ,r/4 2  

where, 

a,s  = 0.87 f y 	in LSM 
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Fig. 3.6 : Flow Chart of Structural Analysis and Design of Continuous Footing 
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This force is transmitted to concrete by bond action in the embedded length (Fig 3.7) 

if tba is the average bond stress acting over the surface area, then 

1r 0 L i = ir/4 02 0.87 f 
d bd  y 

0.87 f 0 
Ld =y 	 (3.23) 

bd 

~bd = bond stress (N/mm2) 

Table 8: Permissible Bond Stress 'bd (N/mm2) for MS bars (IS:456) 

Grade of Concrete M M20 M Mao Mss Mao 

zba in WSM 0.6 0.8 0.9 1.0 1.1 1.2 

in LSM 1.0 1.2 1.4 1.5 1.7 1.9 
bd 

Note 1 : The bond stress shall be increased by 25% for bars in compression. 

Note 2 : In case of deformed bars, the bond stress given above may be increased by 

40% while designing by WSM and by 60% while designing by LSM. 

If Ld computed is more than the embedded length of the bar, the diameter of the bar 

may be changed or bends may be provided in steel to increase development length. 

3.3.9.1 Guiding criteria for development lengths 

Anchoring bars in tension 

(a) Deformed bars may be used without end anchorage provided development 

length requirement is satisfied. Hooks should normally be provided 

for plain bars in tension. 



(b) 	Bends and hooks (IS 2502) (Fig, 3.8) 

(1) 	Bends - The anchorage value of bend shall be taken as 4 times 

the diameter of bar for each 451 	subject to a maximum of 

16 times the diameter of bar. 

(ii) 	Hooks - The anchorage value of a standard U-type hook shall be 

equal to 16 times the diameter of this bar. 

T6d 

STE fPE D E.ASE 
JOI L PRESSURE 

L 

Fig. 3.7 	Development length 

L min 

Norm0 	TL 0 min 

	

/r= G Qmir  	 r = Lit min 

8 mi 

g 0 min 
(Stirrups) 

	

C-- Lmmin 	 r=40mi~Q 

I 	- 

1800 Hook 	 90'8end 

Fig. 3.8 	Standard Bend and Hooks (IS:2502) 

3.3.10 Check for bearing strength [Jain, 1990] 

All forces acting at the base of column should be transferred into the footing. 

Compressive forces are transferred through direct bearing. 

The permissible bearing stress (6) on full area ofconcrete is given by 
br 

6 = 0.45 f ck 
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Actually, 	this 	stress (6b) is 	the 	allowable stress in column 	concrete. The 

permissible 	bearing 	stress in 	the footing 	concrete may be increased 	because the 

footing area is much larger than the column area, thus permitting dispersion of 

concentrated load. (Fig. 3.9) 

The permissible bearing stress for footing concrete is given by 

6 = 0.45 f 	A < 0.90 f br 	 k 	 k  (3.24) 

where 

A l  = maximum area of the portion of the supporting surface that is geometrically 

similar to and concentric with the loaded area. 

A2  = Loaded area at the column base. 

In slopped or stepped footings, area A1  may be taken as the area of the lower base•

contained wholly within the footing. 

The actual bearing pressure o'cbr = P  bl 
(3.25) 

If the permissible bearing stress is exceeded either in column concrete or in footing 

concrete, reinforcement must be provided for developing the excess force. The 

reinforcement must be provided either by extending the longitudinal bars of column in 

the footing or by providing dowels in accordance with the code. 



3.3.10.1 Codal provision for design of anchorage reinforcement (Fig. 3.10) 

Following guidelines should be adopted for anchorage reinforcement : 

(i) Minimum area of extended longitudinal bars or dowels must be 0.5 % of 

cross sectional area of the supported column. 

(ii) A minimum of four bars must be provided. 

(iii) If dowels are used their diameter should not exceed the diameter of 

column bars by more than 3 mm. 

(iv) Enough development length should be provided to bars for the 

compression or tension to the supporting member. 

(v) The dowel must extend into the column a distance equal to the 

development length of column bar. At the same time, the dowel must 

extend vertically into the footing a distance equal to the 

development length of the dowel 

3.3.11 Important IS Code provisions 

Various Indian Standard Codes give provision to . be followed while 

designing a continuous foundation. The relative provisions are : 

(a) IS 456-1978 code of practice for plain and reinforced concrete 

(b) Design Aids for reinforcement concrete to IS 456-1978 (SP:16(S&T-1980) 

(c) National Building Code 

(d) Handbook on concrete reinforcement and detailing 

Summary of important IS Code provisions on footing are tabulated in table (9). 
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Fig. 3.9 Load Dispersion in the Footing for Bearing Stress Calculation 

L  in Lompression ror tsase 

Fig. 3.10 Anchorage Length of Dowel Bar 

42 



Table 9 : Summary of codal provisions for footing requirements : IS 456-1978 

Design Factor IS Code Section General Requirements 
Bending moment 33.2.3 Critical section at the face of column 

Shear force 33.2.4 For one-way shear, critical section at a 
distance `d' from face 	of column t =V/bd V 

30.6.3.1 For punching -shear, critical section at a 
distance `d/2' from face of column. 

~ 	=V/bd <.K 	,K=0.5+p <-1 
V  0  SC  S  C 

~c = 0.25 ✓  T (LSM) 

Transfer of load 35.4 Permissible 	bearing 	stress 	in 	footing 
at the base of concrete 
column 6br = 0.45 f ~ (LSM) k 

< 2 

Dowel bars-minimum 4 No. > 0.5 % of area 
of column 

Development length 25.2.1 Ld _ 4 
25.2.3 ~d 

Cover 25.4.1 25 mm, 0 which ever is greater 

Extra cover 25.4.2 15 to 50 mm 
Total cover <- 75 mm 
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Table 10 : Summary of codal provisions for footing requirements : IS 456-1978 

Design Factor IS Code Section General Requirements 
Diameter of 25.5.2.2 <- D/8, D = overall depth of section 
bar 

Spacing of 25.3 Minimum : Highest of 
reinforcement (i) dia of bar 
in beam (ii) 5 mm + size of aggregate 

25.3.2 Maximum spacing 
(i) Fe 	: 300 nom 
(ii) Fe415 : 210 mm 
(iii) Fe 	: 150 mm soo 

In case of no redistribution of moment 

Tension rein- 25.5.1.1 Minimum (%) area of tension reinforcement 
forcement 

is not less than 	0.85 
f 

Y 

Maximum reinforcement = 0.04 bD. 

Compression 25.5.1.2 Maximum area of compression reinforcement 
reinforcement = 0.04bD 

Shear rein- 39.4 Spacing of shear reinforcement 
forcement 

25.5.1.6 A  0.4 Minimum shear reinforcement 	'~ > 
b 

sv 	y 

Partial safety 35.4 Table 12 
factor 

Design shear 39.4 Table 13 
strength of 
concrete 

Splicing of 25.2.5 Depends on development length 
reinforcement 
bars 
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CHAPTER - 4 
SALIENT FEATURES OF THE PACKAGE 

4.1 GENERAL 

The package developed can 	also be 	used 	to analyse and design of 	isolated 

footings, 	combined footings 	in addition to continuous ,footings with many number of 

column loads. 

Input parameters which are needed while using this package are as follows 

(i) Length of footing (L). 

(ii) Modulus of elasticity of footing material (E). 

(iii) Modulus of elasticity of steel (E).. 

(iv) Number of columns (LP). 

(v) Axial load. (P) and concentrated moment (M) carried by each column. 

(vi) Distance of columns from the left end of the footing. 

(vii) Dimension of subsequent column. 

(viii) Number of nodes `n' in which the footing is divided. 

(ix) Modulus of subgrade reaction at each nodal point (KS) 

(x) Grade of concrete (f k) 

(xi) Grade of steel (f ) 

(xii) Partial safety factor for loading combination (PSF) 

(xiii) Clear cover provided to the reinforcement (Cl_ cover) 

(xiv) Diameter of longitudinal reinforcement as well as transverse reinforcement 

(xv) Diameter of shear stirrups (dv) 

(xvi) Number of legs of stirrups (nieg) 
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The package has been developed in C language under WINDOWS NT-4 environment in 

a LAN system on Pentium and is compatible to any IBM machine. The package contains one 

program including a number of function as well as graphic function to draw the typical 

section and plan of continuous footing. 

4.2 FEATURES OF THE PACKAGE 

The package developed in C language uses various facilities of TURBO-C such as 

modular programming, graphics function, Window input output facility. An attempt has 

been made for making the package user friendly and interactive. 

4.2.1 Data Input and Output 

User can feed data through data file or through keyboard by interaction with 

screen. Data file can be prepared by running specified program on hard disk or through 

floppy drive. Important features of input data are : 

Limit state method has been chosen to design the member in accordance with 

IS:456-1978 recommendations. 

Subsequent input datas are 	fed 	for analysis and design part in sequence. 

Loads, column positions and dimension of column have been put together for better 

interaction. The results of the program are shown in the form of screen Window output 

and simultaneously stored in a file. 

Output of the analysis part of the program in the form of deflection, bending 

moment and shear force values at all nodal points has ' been shown in tabular form of 

Window screen. It also calculates the maximum bending moment and maximum shear force 

in the footing member which provide help for design of footing. Subsequent codal 

provision related to selection of diameter of bar, cover to reinforcement, spacing of 

reinforcement has been incorporated to provide the information to user at the time of 

feeding data. 



4.2.2 Corrections to Input Data 

Corrections to input datas are provided at the subsequent stage of analysis and 

design. Once tentative proportioning is over program displays all the important input 

datas. At this stage the user can check any of these data before proceeding further to 

design part. After necessary corrections are done, again the corrected values are 

displayed and utilised further in the program. 

4.2.3 Knowledge Base 

The user of this package should have . sufficient knowledge in foundation design 

and be well familiar to IS code provisions. 

But to refresh the memory and to help the new user, the relevant knowledge base 

at appropriate place is flashed on screen. 

4.2.4 Various Checks during Design 

The package carries out design checks as necessitated by code during various 

stage of design. Important design parameters are subsequently checked at various stage 

for good results. 

4.2.5 Graphical Output 

Using graphic features of C language, drawing showing typical section, plan and 

reinforcement detailing have been incorporated. It is to be noted that, these drawings 

are not to appropriate scale. But it gives adequate details to. enable the user prepare 

detailed design drawings to scale. 

4.2.6 Estimates of Material and Economy 

After design is completed, this package provides the user, the total quantity of 

concrete and steel required. However economy of materials solely depends upon the 

method of design adopted. Normally foundation costs 15-20% of this cost of 

superstructure. 
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4.3 SAMPLE RUN OF A TYPICAL PROBLEM WITH FULL DETAILS 

A problem on continuous footing has been solved using the package and input datas 

as well as results are presented in the form of screen outputs to illustrate some of 

salient features of the package 

Problem 
P2 	 P3 	 P4 

L 

Length of footing (L) 	 :16.00 n 

No. of loaded column 	 :4 

Colunn point Axial load(1N) Moment(KMm) Location from  column  column , 

left end(m)  lengt}h(mm) width(mm) 

1 	400.00 150.00 1.50 400.0 400.0 

2 	300.00 0.00 6.00 400.0 350.0 

3 	600.00 -200.00 10.00 500.0 500.0 

4 	500.00 50.00 15.00 500.0 400.0 

Base Soil Data 

Safe bearing capacity of soil : 150 KN/m2  

Modulus of subgrade reaction of soil : 40000 KN/m3  

48 



oa 

•*yam = [ 



• 

L 
'0 

•w 
w 0 

c (v aJ 
4 

L w 
rw Q 0 

0.  
- 

UI 4- 

4 .. 
L .n. w 

tJ  

31 4u w Ill 

+a W t z 
r, 

4+ 

m 
'W 
4-  C 

4. 0 - 
Z3 41  7 VI L 0 

L 0 
1 

31 L W 
H 

0 -n0 z 

0) 



: 01 	:GJ: 
:2' 

Cl 	:CJ~ 

	

Ill 	J 

ro 

	

'.4' 	.L7 	:ti;' 

4iJ 	 4P4 

:. 	 :::'::::;:;:':'::::::::::::'::::::::::':::::::::::::::::::::::::;::::::::: 

::~i:~::':....'L1;::~:bit::: ::::::::::::::::;:;::....:.• 	~~:•:•. 

L 	 ti 

:: 	.ifs:... . 

c 	 aj I 

Iii 

:::::.:::::::' 	::: 	:... 	...:.:.:'.• :.:.:.:....:.:.::::'..:..:.:.::.:.:.:.:.:. 

'':,.V:'::~n:::: [:':::':~!►::::::::''': :............::::'':::::::::::''''':: 

:~i: 	►iis 	:'1~: 	: 
:a: 	 :' ::....... .. .......:....:........is;.... 

	.... 

N 

bD 

2494 74, 



1 



E 

4. .,.c ....:..::::.. 
:W ~f: :1 jq 

:" 	z:::  
ro:::::::: N  

IM:; :::::::::::::'''''':k::L:::::::::::::::::::::::::::::::::::: 

:Dl::: fS::: N  

4i ;i R;. ;~f6;.:'.:'.'.
.'!V.'•". ti'.'.'.'.'lMl'•'''iA. '''''~.Y''••''''''''''''''''''''',•'.'.'.'.'.'.'.'.'.'.'.'.'.:'.'.'.'. 

:{~' 	i 	s 	;~Sk 	y' 	.rr: 	'^!'''''''. •:''16:' ..........................:'... 

;: ti►!:::;:tiW: ' 	ill: ' ' ' ' ' ::: 	:':: ;:;:;:;:;:;:;:;:;:;.;.;.:. . 

• d 	 Ai 

: 	:::::::z:::::::''...'  

N 

A 

4E 



m 

N 





bA 
C .- b 

z7 
C 

C 
E C 
U 

C 

C 
C 





i0 

z 
RaA~ 

C 
i 

0 

Q 

C 
9,9 

0 

40! 

4N 

a) 
4J 
C 
Ui 

t 	'( 

C 
a 

'Ty®, 

M4 

0 

a) 

L 

L 

L 
"{ 

Ill 

0 

0 
G 
0 
rI 

0 

a) 

"W 

0 
N 

yin 
•w 

d 	•• 

C 

 T.n 

'CI 

C 
C . 

J 

A 

o  - 

Q 

v4~ •  

o 4. 

0 

L 13. 
0)  'M 

ci~q ~  Q 

a 

NW I 





E 

O O O 

O to — Q •3 ' M 0 u'i 0 tl' 

0 O G d 

0 
0 

0i o in 0 .pq 
.I ' 

.. .. 0 .-r 
C 

oa 

Cd 

-►-~ 
 0 

Ld 0 0 n `~ • O O 0 

•  d. I U7 

0 a 

+.' 
0 

".  0 0 0 0 4°. m uo 
'1-0 
C -  

0 
61 • C 

0) 0 c') !r 
J Z 

C 



Enter Safe bearing capacity of soil(KN/sq.M): 
	150 

NOTE: LL+DL------1.5 
:LL+DL+WL---1.2 
	 1.5 

enter Partial safety factor: 

Fig. 4.12 	Safe bearing capacity and partial safety factor. 

****PROPORTIOMNG * * * * 

Area of footing required 	:12.00 sq.rr 

Breadth of footing required 	:0.75 rr 

Choose breadth of footing in (ti) : 

1.5 

Area of footing provided 
	

:24.00 sq. ri 

Appx. depth of footing from punching shear consideration:280.93 mrm 

Fig. 4.13 	Proportioning of footing. 
tin 



FOOTING IS ANALYSED 

USING 

FINITE DIFFERENCE METHOD 

Length of footing. is divided into equally spaced 

nurhber of nodes (n) 	 17 
enter no of nodes= 

Fig. 4.14 	Method of analysis and number of equally spaced nodes. 
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Maximum value of bending moment :242.17 ENm 

Maximum m value of shear force 	:255.32 EN 

Fig. 4.16 	Maximum bending moment and shear force 

rnter the grade of concrete (N/sq.riri) 

ck:(15//20//25/130f/35//40) 	 15 

Enter the grade of steel(N/sq.rti) 
fy: (250/1415'/500) 	 415 

Fig. 4.17 	Selection of grade of concrete and steel 
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ANALYSIS OF FOOTING COMPLETES HERE 

EI value requires for footing after analysis 	:214420.11 	KN. t 2 

EI value provided at beginning of analyst's 	:172000.00 	KN.rr2 

0 

Do you want to revise the analysis(Y es-11  No-2) :1 

Fig. 4.22 Provision for revision of analysis 

I m .0 m value of bending moment :295.57 KNm 

Maximum value of shear force 	:274.20 IAN 

Fig. 4.23 	Maximum value of longitudinal moment and. shear force 

(after revision of analysis) 	
68 



f 
7 
u 
z 
x 

a 
O 

00 

N. 

4.1 

.? v 
as 
3 

0 
C 

0 
L. 

m 0 V 

C- t0 C G. M.cL 
L ` ̀  a •u t°L~ 

*, 4 
C 

3 a 
o 
3 v 
o +' 
a W 

oP4 

01 

lv 
L 

7 G~ 

D
L 

-.0 
W~ 

3 

CO 

I 
u] 

o 

I I. 



.4 

N 

~ Z 

0 
N 0 
N N 
t'~ 	N 

T  ~4 

Y. 

o 4' 	c 
0 w 	a, 

fr 
P 

w 

H  
Id 

 



£ E 

d~ ~D co  
O N 0 

0 

£ 
-+ ,i-I 

0 
5. 

13 5. G 
'P4 w - 

41 
'p1 ~p 

0 u1 5• 
iJ 0 

C 
LJ £ 	. C 0 

C '~ C 

rl ,a f 0 

C 

{~+ 7 G1 
 

uA 0 ' ! 1 40 

C +0 '+- ' w 

'~F C ,  U 5-. r, 
£ 0 ..r+ 

i. tt 
° o w: :i\ \  4I 5- 

v 

i. .P{... .4 U 

4- 4- G L 5.W :• 
W W 0.  0 Yr 

N 



u 
W 

£ 

E 
E IH C 

ef'
G! n i~u I '-I LL L1. 

d~  
d 

N m f0 W L L 1f~ o G O 3 •, ++ 00 

4- 4 I 

.. I :. r. •• G 3 m 

a 0 .o .o 
- 0 3 i . O W 

c C 1I' ill ~~ f E 
v .e. I r-~ 10 jr) I() I 

It) WIDI 
~ ~~  

0 W. wy  . I :. L . E. 
• 

I  E 

~ C 	I 
I 

~„7 
W 
~1 

Ii 
CI 

f 0 
~I M 	I ~ 

.,, 
Iq V7 I 	C . 

Ul IA I (0 0. 0 	I ~wCi tti1 
~r~ 

a C ; ++  I 
ow 

,C £ I  L 

C 7 
~ 

C 	I 
 G5 .. 0 lID 

1.l 
C 'C 

0! W ~' ~+ IC 

0 . I 
C C I ,G ci m I£ 

~. ~y y; ~C, 0 	I ' 0.: 1 	4-  
r C C C Lt E 	I ' ~+` 10 C 

~+ 
E 

. 

' E £ 

(U 
0 	

I a IC 
C 0 

I 	,w 
1M : ,M 	i 'F4 • V I U 

C. 
4 - 3  4 - E to 0 	1 i 
C 0 +' C 7 I 14' 

U O VI 	I 10 
P4 C I4 3 	1 I 	-  

L ry 0. 4- G1 	I 1W tL C  U r-+ Z 	I I 	try 



f 
Y 

f ~ 
, 

u1 v'i 

■! N. 

N N 

• • y, C 

a ~~ 'y 

:: 13 C C • -  to 

.c w 0 [I 

C) 0+' 
m G 

w i vi • W W t 
r4 Ci 

Cil '~1 W i.+ 
C) C 4d 

I!I 
U1 ~A, (q _ Q 

IA C. C). C. a° W v- 

C•~ 41 a Oat W 
. I w . UI C 

t C IN r W I. U '~'' O 
C I. • ++ +' .w ~ 4 

'' Ci G! UI C C) C) C 'pq to '4-  

to C) _ • ..~ ~,_ . + U , U +O 0 Ci . W5 C ry . [ '4- +' 0 .w ,. C 
C 0 41 • C Ci 12 0 0 

Ci ~ U C 1' I. tp v. C ~. +1 p ~ 0. 
h- I t U C 

C a 0+' C 0 0 0 C - C GJ 
• u n U ' 0 • 0 .. 

C) }' U~ t W ,C aI 41 U E E~ L. w 4.. :. w P+ + 0 
C~ C Ui N -. Q E a a t0 U 

cj 



7 7 

co 

cci cc 

,U +•I ,c .. .. 41 r,, '- ~..,1 .. .. y. U 0 cd 

P'. 4 0 OJ 

~.y ~/~ • 

I 
MAC 

W i. W a. m 	I  

( 0 I. U 	I  

• 4- C1 Ul 0 LI 	I f0 
0 I 

If Vi Vi 

I' Z Z 1 ' 

J w 
Iv 4J +w 14 A 	I G! m 

I. 

+1 + a W w: . 	I 0 0 I c 

m 0 0 m 0 Ill 	I I-1 E I YG 

Vi VII Z 0 4! 0 	I W1 m 

• c 6t 3 Z C! U r•+ 'M 	I C 1 0 
IN w m u 

Vi - 
0 0) w 0 1: 	1 
z 0 Ii IA i— 4!1 	I 

1 

I 

. 



In 
N 

w 

£ £ £ 

£ £ Y 
O 

Oti 
1, sIrko 0 	I j d' I,0 d 	I,Ci t 
P:l1 Lb 	• 	oQ f 	I I. in 	I+-10 0NIQq t cQ 
10 ' 	I I 	. +~ 'I m dr iP 	I I d~ 	1 • • +-1 M~ 	i'~1 *i rl N Cd . 4 1 	I 

I 	I I I 	I I 	I 

J 
E•..I I 	- I I 	I •~ 

w I 	I 0 I 	• • M .I 
.•~ 

I 0 
I~ 
I ~•~ 

I 	I "- I I 	•• I I C 	I W 
V 

~"yi 
V 'I  

I 

 O' 1 	1ij 'N ci 
I 1 1 	UI Q .4 a 	C `S3 

O  _I M Ut W V. J 

- 
 Q 

U.. 
s v Ul 

M. 
£ 0 j 	~+ 

a, j 	W - '3 "a 
 •  ''3'3 wa 

 ~
c
.+ 
oa'A j 

0
LL 

a  
1 I 	. 'Q '6 

' 4 Vr 

w I 4J 
; 	; u 11 

Q 
I C 'F+ % 
; 	'p 	+W U 

6 
0. 

( 
Ci 

ui 
; a 

l 

+1 a~ 
9) 	-.4 ~"~ 
w 	(u 

£ 
Cl. 
: a s` 

I Z  Q I GI - 
Q I w~ 	L 	I UI 	G w 

+ 
,.:..0 	a.: 0! 
 +. 	a.+. UI 	;,. 

u 
y,,.:~ 

;a. '" 
y+ 

(Hi 
C 0 W u 	I t7 I 	0 	0 .0 C. x I 	':h• I: 	41 ::, I .F" I 

WC 1 . Z I 	0 w 4+ 'p+ Q I Z I  CG 0..0. iI G: t I 	+~ 
41 	0 	t 4. W. 4 I W '0 w 4- L t E  u U1 

u 	I Z E I 	r1 C. 	~.:. 4• I~ 	1. 	I~ 4- C ~P4 V- I W 
I 	w0D 4 I L I 	.c  

't't 	.0 
•'p, Mf00w 

!2 
f0 

IA 414! . WI Ill 
ID '4.w 

0 10 4. 4• I H 1- .14 I 	0 0 10 I 	'M 
7 Ct . G1 L I` G1 

I 
W 0 0 	I I I , .0 I I 

I I 	Z *' u "' I Q I 	3 +► 4- 4• C W4- 	C 4- C I I 	W 
aas 	I v I 	0isct m U. I+~  

0. , 	510 4. G! s~ I 	Z I 	.  G~ u C 	0 u 10 u I I 	061 
, 	IQ 	10 	I O I 	CWw ci , - CID •r0y,10t0 •10GI10101  

Ci 	.W 0 D I W I 0' 
t7 C7 	I 

 0 a .'p+ 	0 a 1 1 0 	C. 
01 I 	JM 00 I x I 	0 JC~ZUI I-CZUIU1CtUI I I Q3 

I .I IC C- 

I 	I I I I 	10 i I I 
I I I I M- I I 



• ®®ehut----u,t®®® O1 

N 

A. 

0 

El 
iIIIII 
'11111 M1111 
/11111 X11111 

a lIIIIL....U1flh1 
'11"1111u11111 

~ nen mu~~~~' 
111111111 ~ - 

- 

 ;  h
"
i

u
u
u

I

m

I

i
'n

l

i
h
u

!

i
'i

I

i
n u

U 

I -  ; I I 

unuunuuuiut 
- 1uuutP~e~~ser 

_____ 

~uuue 

~ ~ im~i unm gum _hlm 



CHAPTER - 5 

RESULTS AND DISCUSSION 

5.1 GENERAL 

To demonstrate,  the utility of package a few examples have been solved using the 

package and the results are presented. The results are discussed to bring out the 

influence of various parameters on the behaviour of footings. 

The package has been developed incorporating relevant provisions of Indian 

Standard ,Code, a help menu and relevant information in data feeding. An option for 

revision of analysis and design is given to user to obtain reasonably more accurate and 

efficient design. 

The results of few problems have been discussed to bring out the following : 

(i) Verification of the programs. 

(ii) Role of stiffness of soil on design outcome. 

(iii) Role of varying stiffness of footing on design outcome. 

(iv) Effect of loose pockets of soil under the footing on the .design outcome. 

5.2 SOLUTION OF SOME TYPICAL PROBLEMS 

Two problems on continuous footing, one for the footing on homogeneous soil with 

heavy column "loads and another on non-homogeneous soil (soil with loose pockets) with 

77 



moderate loads have been solved respectively and their screen results are presented. 

5.2.1 Typical problem of footing on homogeneous soil 

PROBLEM NO. 1 

Pl  P2  P3  P4  P~ 

L 

Length of footing (L)  :20.00 

No. of loaded column 	:5 

i«mn point Axial load(NN) Moment(Htim) Location from 	column 	column 
left end (in)  lenuth(mm) width(mm 

1  800.00 150.00 1.50 600.0 600.0 

2  900.00 0.00 6.50 650.0 600.0 

3  700.00 -200.00 11.50 500.0 500.0 

4  950.00 0.00 15.50 700.0 650.0 

5  800.00 100.00  - 19.00 600.0 600.0 

Subgrade reaction of soil (KS) : 50000 kN/m3 

Bearing capacity of soil 	160 kN/m2 



Ill 
E £ £ 	£ £ £ £ £ 

• ADO tit 	ei'0 i Its 0 , ' 	NO C 
0 	• .4 0 Vi +~•I 	1~7 

 
, I ,n 07 •-I 0 r, 1t7 '-U- 1a7 cv Ifi 

+'I 	I 

I 	I 

I 	i11 *i M 

1 

WO iii 
•••• 

 
, 

1 

, 

I 

d' 	r! • • ~•I 0 M +•I *i N 0 rl . , 	I 

I 	1 

rl rl 

I 	I 
I 	I 

I 
I 

I 
I 

I 
1 

I 	I 
1 	I 

1 	I I I I C 

E:H 
 

j 
I 	1 

I 	! 

I I I 
W 

I 	1 

1 
J I 	I I 

•• 
W  

{  C F„ 

4- W 1 	I co I 
I 

'0 
0 
4- 

1 
I 
I 	Gl 4 N 	1 w 

L 
I a 

z j 	j w j 	01 ++ ,4d VI . IA 4"' 	W W 
Z .M 	Lfl 	C W 

1J
.# C 

w 
lt• a j 	j O A 0 j i 	w 

I 	i 
 'r 'r 13 ~+ 3 ~, j j 

~ ., U. I 	mW W I 	C 1 -w -+ 	WW C0Q1 0 1 	a' 

•W 	j j 	C   '~+ ~L 
CCCU 

u W 
• 441 ro 	W 	r••f £ L 

W ' 
U. 
O U 0 3J 

~ 	Ul 
+' D 

►-+ 
GI w D 3 Ol y a' 

L2 
L. 

Z 
1 0 

j 	Q1 r+ I I 10 I 	C Ly ~ 	I I 	'N'0,~4' Cy,~ I 1W 114 41,.4+G00!U12'~ I I 	u►~ 
I 	W 	u 	I V I 	G 	0 ,C C .i I 	I— 

L~ L~ UI ~1 Oled 
1 4j 	0 	1 * ~ i 	'}' 

s

W '4 I W ~ 1 rn  	M d W I Z I 	UJ 	Ul 
i 	III 	U 	I Z I 	4- w L I E I C 	:. 	:. 4. [, 	W I~ 4- C ~N 4. ►y 

0 1 	e-0 D 4 I 	UJ I 	c -' 	r~ 	~o 0 W 	L 	ro ,- 0 4 4 0 4.4- 
I 	0 	0 	I h" ( 	•C 4+ 4 P-1 I 	X I I W 

• 
'1 u •" 1 	0 1 	7 4 	4. 4• C W4- 	C 4-C I 	a 41 

'Q
W 

0 1I~U~- a' Z ' CC'UCJ C 40UUC'U! 13M 0. ' 4 - 
I  I~} 	►~ 	j +D  C 	tv V- s (V  w~  ~, .c 	14 	• t ' . 	t 	. W 	,M .0 'I I I 

I• 	L 	I C Gl I 	..W 0 D 1W IC 0F' 	4 L~ '" OW 
L00 	1 0. 0. I 	Jm C1G I 	X , 	01  ID3 

1  I I I 1 E I- 

N 



a 



5.2.2 Typical problem of footing on non-homogeneous soil 

PROBLEM NO. 2 

P1 
	

P2 	 P3 
	

P4 	 P5 

1 _ 	 L 
r 

Length of footing (L) 	 :20.00 ro 

No. of loaded Column 	 :5 

Column point Axial  loadtlt1) Moment(KN1m) Location from column column 
left end(m) lengthtmm) width(mm 

I 

1 350.00 0.00 1.50 350.0 350.0 

2 450.00 0.00 6.50 400.0 400.0 

3 300.00 0.00 11.50 450.0 350.0 

4 400.00 0.00 15.50 400.0 400.0 

5 300.00 0.00 19.00 350.0 400.0 

Subgrade reaction of soil (Ks) .: 35000 kN/m3  

Bearing capacity of soil 	: 130 kN/m2  

Number of Nodes 	 : 21 

KS  (node 1 to node 4) 	: 12000 kN/m3  

K, (node 7 to node 10) 	: 12000 kN/m3  

K$  (node 15 to node 17) 	: 10000 kN/m3  
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5.3 PARAMETRIC STUDIES 

For better assimilation of study, a number of problems have been solved using the 

package to bring out the influence of various parameters. On the basis of results, the 

estimating of quantity of concrete and steel is tabulated to conclude the situations 

under which the design may be economical. 

The problems and parameters varied are presented in Table 11 to Table 13. 

PROBLEMS: 

Loading Details 

Column No. Axial Load 
(KN) 

Moment 
(KNm) 

Position from 
Left End (m) 

Column Dimension 

1 500 100 1 500x400 

2 400 0 5 400x400 

3 600 -50 9 600x400 

4 700 50 14"'t 600x500 

Length of Footing 	= 15 m 

Number of Nodes 	= 16 

Grade of Concrete selected 	15 

Grade of Steel selected 	: 415 

Loading on footing are taken same for all these problems for parametric studies 
but some parameters are varied to observe the effect on the final design of footing. 

Problem No. Safe bearing 
capacity (KN/m2) 

KS  value 
(KN/m3) 

Loose pockets 
from left end . 

K8  value of 
loose pockets 

1 150 40000 Nil - 
2 250 40000 Nil - 
3 150 40000 Nil - 
4 150 80000 Nil - 
5 150 40000 1 m to 4 m 10000 
6 150 40000 8 m to 12 in 10000 
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5.3.1 Role of relative stiffness of soil 

When footing is designed for relative stiff soil, the plan dimension of footing 

is considerably reduced, resulting in considerable savings in concrete. 

Table 11 : Role of Relative Stiffness of Soil 

(problem 1 and 2) 

Bearing Capacity Dimension Depth of Footing Volume of Weight of 
of Soil (KN/m2) of Footing (mm) Concrete (m3) Steel (KN) 

(m) 

150 15x1.4 380 7.98 8.5 

250 15x1.4 340 7.14 7.38 

It is evident from table (11) that when footings are founded on relatively stiff 

soil, quantity of concrete and steel is reduced. 

5.3.2 Effect of varying modulus of subgrade reaction of soil 

Table 12 : Effect of Varying Modulus of Subgrade Reaction of Soil 

(problem 1 and 4) 

Modulus of Sub- Dimension Depth of Footing Volume of Weight of 
grade reaction of Footing (mm) Concrete (m3) Steel (KN) 
of soil (kN/m3) (m) 

40000 15x1.4 380 7.98 8.5 

80000 15x1.4 340 7.25 7.78 



The results tabulated above show that the soil having less subgrade reaction 

value requires more quantity of concrete and steel and the soil having large modulus of 

subgrade reaction value give economical results in comparision to previous result. 

5.3.3 Effect of loose. pockets 

To study the effect of loose pockets of soil, two cases have been considered. 

Case I : Soft loose pockets of soil lies below the end column. 

Case II : Soft loose pockets of soil lies below the middle column. 

Table 13 : Effect of Loose Pockets of Soil 

(problem 5 and 6) 

Location of Ks  value Ks  value Dimension Depth Volume of Weight of 
loose pockets for loose for other (m) (mm) Concrete Steel 
from left end pocket nodes (m3) (KN) 

(m) 
1 to 4 10000 40000 15x1.45 400 8.8 9.1 

8 to 12 10000 40000 15x1.5 420 9.1 9.8 

The results in the following page so that the location of loose pocket 

significantly affects the deflection (3.7 mm) and bending moment (49.18 kNm) to 

deflection (7.97 mm) and bending moment (139.22 kNm) respectively for the Case I. For 

the Case II, when the loose pocket lies under the middle column the deflection varies 

from 2.83 mm to 9.03 mm and bending moment varies from 216.93 kNm to 309.53 kNm. 

Thus it can be concluded that whenever the footing is constructed at such sites, 

the soil properties should thoroughly be studied and such conditions should be avoided 

as far as possible. 



CHAPTER - 6 
CONCLUSIONS 

Based upon the work carried out in this study following conclusions have been drawn. 

1. The developed computer package for the analysis and design can be efficiently 

used. 

2. Introduction of such package relieves the design staff from the tedius routine 

and repetitive work. 

3. Limit state design method has been adopted keeping the economy in mind. 

4. Option to choose grade of concrete, grade of steel and to revise the design at 

various stage has been given to user. 

5. The package is so designed as to provide options to the user to change certain 

input data after analysis and design ' stage respectively to avoid the repetition 

of all data feeding from initial stage. 

6. Footing design has been carried out by. following the recommendations of IS 456-

1978. Graphical output on the screen enables the user to have a better 

understanding about the design dimension of member and reinforcement detailing. 

7. Although the package has been developed for continuous footing but it can 

advantageously be used for anlaysis and design of isolated and combined footings. 

8. This package can be an . aid to a design office for improving - it's overall 

productivity. 



CHAPTER -7 
LIMITATIONS AND FURTHER SCOPE 

7.1 GENERAL 

The future scope of computer aided design and graphics is a subject of innovative 

ideas and their implementation. An initial demonstration of this idea is the present 

growing popularity of software package and it's application in almost all works of our 

life. 

None of the computer software is complete and perfect in it's own, it always 

requires modification, upgradation and addition of new features to it. This is true even 

in the case of highly sophisticated professional software packages which are developed 

by a group of highly trained programmers and system designer. 

7.2 LIMITATIONS OF PACKAGE 

(i) The design is based only on limit state method as per IS code. 

(ii) The analysis is carried by only finite difference approach. 

7.3 SCOPE OF FUTURE WORK 

The following aspects need to be incorporated for a more comprehensive package of 

this nature. 

(i) The analysis should also be carried out by Finite Element method. 

(ii) Using object oriented programming techniques. 

(iii) Using latest languages like JAWA and VISUAL C++ to make it more 

compatible. 

(iv) More detailed working drawings with latest - graphic features. 

(v) Incorporation of different International Standard Codes like ACI 318-85. 

(vi) More detailed estimation of quantities and cost analysis. 
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