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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.

()
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(i)
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The features of this package include :

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.

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

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.

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

at various stages.

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.

(iii)



(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 :

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

footing members.

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

Area

Total area of reinforceme nt

Total cross-sectional are a of sirrup legs or bent up bars
within distance S,

Area of web reinforcement
Width of foundation
Circumference of critical ~section for two way shear

Overall depth of section .

Dead load

1 Effective depth

Effective depth required from punching shear consideration

Effective depth required from Bending moment consideration
Effective depth required for Bending shear

Modulus of elasticity of concrete

Moduius of élasticity of  steel

Characteristic compressiy e strength of cbncrete

Characteristic strength o  f steel

Spacing of nodes
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Moment of Inertia

Anchorage length

Length of footing
Live load
Length of column

Development length

Bending moment

Factored bending moment

Number of nodes

Axial load

Factored axial load
Spacing of stirrups
Shear force

Upward soil pressure

Upward factored soil pressure

Total load
Wind load

Neutral axis depth
Neutral axis for balanced Section

Deflection of nodal points

Average bond stress

Nominal stress in concrete

Shear stress in concrete -

Maximuni shear stress in concrete with shear reinforcement

Diameter of bar -
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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 excéssive 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 unifornﬁ Ior linearly varying. . Alternatively, Hetenyi’s
closed form solutions. for infinite béam on elastic foundation subjected to concentrated
load or moment is adopted (Bowles, 1984) usihg 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 vﬁry-aibng the lengths of footing.
Further the above method cannot take care of varying cqmpressibility 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



discontinuities etc., and the same can Be taken into account in analysis and design of
structures if numerical methods lik(: 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 Codé 456-1978 using limit state method. Limit state.method proves to be more
economical. The data required for design are the gradés 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 inevitablel 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 :



1.5 OUT

Chapter 1 :
Chapter 2 :
Chapter 3 :

Chapter 4 :
Chapter 5 :

Chapter 6 :
Chapter 7 :

Providing a complete analysis and design package for R.C.C. continuous
footing foundation. |

All the désign criteria will folldw recommendations of IS 456-1978 code of
practice for reinforced concrete.

Providing an interactive package for design and -drafting in order to enable
the user inco'rporate these optibns.

An estimate of quantities to arri\;e at cost analysis.

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

To provide design drawing to the user.

LINE OF THESIS WORK

This chépter gives general introduction of the problem and objectives of
computer package and it’s' scope. - . |

This chapter deals with method of analysis of continuoué footings using
Winkler’s model approach |

It deals with design procedure and steps involved in the design. Also
important provisions as per IS code 456-1978Ahave‘ been discussed.

The salient feature of the package has been discussed.

To demonstrate the utility of packagé 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.
Important. conclusions have been drawn based on the work presented.

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 méthods of analysis "are the conventional method, soil line method,
Hetenyi’s closed form solutions for beam on elastic founc_latibn (Bowles, 1984)
finite difference method and finite"elerﬁént method. The first thre_e 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 o 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 :

2:13"—*1).1 +P2+P3+ ..... | | 2.1
and the location of the line of action of the resultant $P. If any column

is subjected to any concentrated moment, the effect of moment should be

4



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,

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

Shear force diagram is drawn.

E RN

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 difference 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. Closef 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 gi\},e fairly accurate results in this form of nodal

shear force, bending moment and deflection values.



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 medulus of subgrade reaction :
K, = q/3 (2.2)

where,

K, = Modulus of subgrade reaction
q = Intensity of soil pressure
8 = Average settlement correspbnding to pressure of ‘q’

value of K| 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 iﬂ size of footing, KS
value for a soil decreases. Empirical \.fvaluesA of Ks1 for different soil types as given
by Terzaghi (1955) and adopted in I1S:2950-PART-1 for a plate size of 30cm x 30cm are
given in Table 1 and Table 2 in following page.



Table 1 : Value of Ks, (KN/m’) for granular soil

Relative Density Loose Medium Dense
N-Value : < 10 10-30 30 and above
Limiting values for Ksl 7200 - 22000| 22000-108000{ 108000-360000
K, for dry soil (proposed)| 15000 47000 180000

K, for submerged 9000 29000 108000

Table 2 : Value of K | (KN/m’) for cohesive soil

Consistency SGEf | Very stiff]  Hard
Unconfined compressive

strength q, (KN/m?) 100 - 200| 200-400 400 and above

K, value 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

lo_ad 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 K, must be evaluated.



As per Terzaghi, correction in the case of clay soil

B

. . p
Ks' = N Ks1 2.3)
correction in the case of cohesionless soil
2
B, B + 0.3) .
(2.4)

Ks" =Ks | 3 ® +03)

where Bp = size of square plate
B = width of footing in meters
Ks’ = corrected value of modulus of subgrade reaction

Ksl = 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.

Ko [ m + 0.5] - - @.5)

Ks T3 m

Il

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

L= Moment of inertia of the footing cross section at ith node
Xj = Distance of jth column from left end of the footing

Pj = Axial column load at jth column

ij = 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 A
h = Lin-1) 2.6)
Assuming a stepped base pressure distribution (Fig. 2.1c), the valﬁes of nodﬁl spring

reactions are

R =12 Ks Bhy,
R toR, = Ksi B h Y,
=05 Ks Bhy
Differential equation for moment is

2 .
4 - .M 2.7)
dx ‘

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

_l_[y. Sy 4y - M 2.8)
h2 i-1 i i+1 _EI‘ .



Applying equation (2.8) at node 2

EL

- [,y1 Sy, + yz] =M, 2.9
EL ) |

or [yl Sy, + y3] = 12 Ks, B Iy, (2.10)
n .

Rearranging and assuming E/h* = C (const)

2 ' _
y, (CL + BKs */2) - 2CLy + Cly, = 0 (2.102)

Similarly at node 3

El

2 [y2 Sy, + y4] =-® 2h + Rh-PQhX) + Bm)
h | |

. 2 2

Le. BKs h'y + (CL + BKs %)y, - 2CLy, + ClLy, - P,2h-X) - Bm) @.11)
Finite difference equation for ith node,

BKs h/2 (i-1) h y, + BKs, h'(i-2)y, + ...+ BKs, h(i-j) h y, + ...BKs h2hy

+ (CL + (Ksi_l)th) y)-2Cly + ClLy, =P ((-Dh-X) +

Pz' (@G-Dh - X2) o R BM1 -BM_...... - 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 £V =0

are applied.

M =0 , Taking moment about right end of footing

10
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Rl(n-l)h + Rz(n-?.)h + ...+ Ri(n-i)h +

N .
= 3 Pi(L—Xi) - BMi
i=1

BKs y (n-1) 12 + BKsy, h’(n-2) + ..,.. + BKsy h'(n-i) +

N
+BKs y b= T P(LX)-BM (2.13)
i=1
TV = 0, gives
R1+R2+R3+ ....... -}-Rn = P1+P2+P3+ ....... +Pn (2.14)
_ N
or BKsl h/2 y, + BKs2 h y, + BKs3 h y, o BKsn h/2 V= L P_l (2.14a)
=1

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

(AT [Y] = [K] . QD)
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 :

EL

M= - [Y,-2y,+y,] | (2.16)
1 hZ . -1 i H:l

11



2.6

FEATURES OF FINITE DIFFERENCE METHOD

1. Method is simple

2. Even cdmplex 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.

12
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Fig. 2.1(a) Winkler’s Foundation Model
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Fig. 2.1(b) Defected Shape
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Fig. 2.1(c) Stepped base pressure distribution

Fig. 2.1 Winkler’s model for continugys footing
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Limit State of Serviceability :

This state correponds to development of excessive deformation. The limit state of
serviceability may éorrspond to
(a) deflection
(b) cracking
(c) wvibration
While determining the deformation, service loads are used, that is, load factors 'are
not included. TheA 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 Ahalysis

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. 2.1d) in this approach varies considerably

17



throughout the length of footing. For a long continuous foo.ting 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.

External column load + self weight of footing

Area of footing =
5 Allowable bearing capacity of soil (SBC)

Self weight is generally taken 10% of column load.
Factored allowable soil pressure Wu is obtained as

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

- sum of concentrated moment + -P1 X1 + P2 X2 + ... PX
X = i

nn (31)

sum of external loads
eccentricity (¢) = 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 Wu = Partial safety factor x W,

18



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).

D 2
l ‘ ps/ l Dps/2

.’ \ ‘>>
/ N
4 0
4 A

< — 1 - g

Critical section for(punching shear)

T \\
4

B 7

: .

; Dps/2

Dps/
.‘
L
» >
Fig. 3.3 Critical section for punching shear

Factored shear force at critical section

Vu = Maximum factored external column load Pumax

2
- [Wu x (size of column + dps/2 ]

u

V. =P . [Wu x (a + dps/z)z} | (3.4)

21



Shear strength of concrete of critical section is given by

V. = 4 (a+dps) dps Ks T (3.5)

i

At the critical section,

Vo=V . (3.6)
2
- [Wu (a + dps/2 ] = 4 (a+d9s) dps Ks L3 3.7)
where
a = column width

K =0‘5+BC-<-1

g = _short dimension of column
c long dimension of column

t = 0.25 VT, (limit state method)

= 0.16 VT, (working stress method)

fck = characteristic strength of concrete

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

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 BMmax

umax
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where, M = Maximum factored moment
u

max

Maximum moment in the longitudinal direction is given as

Mimax = 0.36 £ (Xypmun/dy) B oy (1 = 0.42 X,/ (3.8)

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

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

Critical section (R.M)

_ 1/
LA )

A
B <
Y
Critical Section (Bending Moment)
. L
Fig. 3.4 Critical section for .bendivng moment
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WL [(B-b)/2T .

amax 2 ‘ (3.8a)
~ where, X = neutral axis depth for balanced section.
Mypax = 0.36 . Kymaldy) L - (1 - 0.42 Xy /) (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

fy | X, [ dom |
250 | 0.53
415 0.48
500 0.46

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

equation will take the form as
2
M = RBdbm (3.9

umax

Table 5 : Coefficient of R for different grades of steel

Grade of Steel . R

Fe 250 0.149 f_
Fe 415 0.138 £
Fe 500 | 0133 f

24



The higher of two values d ~and d,,, obtained from .above two considerations is
ps

selected as the effective depth clc ff';

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

Case 1

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 (Mu) exceeds the limiting moment of resistance

then the member should be designed as under reinforced section.

’,

4.6 M
1 - — %
percentage Steel = 50 fCk bd? (3.10)

Wi

Case I

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 I

If the dimension of footing provided equals that réquires from maximum bending
moment consideration, the moment of resistance of footing equals the maximum bending

moment in the footing.
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Limiting percentage steel Ay, is determined from following equation

fA
Mulim = 0.87 fy Astlim d —B_i'—‘?l_lﬂ (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
— y st
M“max = 0.87 fy Ast d|1- _B—dT; (3.12)

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%

e

Maximum area of tension reinforcement shall not exceed 0.04 bD.

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

(@). select diameter of bar (¢)

(b) total depth of footing D

= deff + ¢/2 + cover

Cover = 25 mm of ¢ 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.

(¢) Carry out check to see that
¢ = D/8S
The reinforcement bar is given sbme 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 + ¢
Code has specified the clear spacing between the bars.
(a) Minimum clear spacing shall be maximum of (1S:456)

(i) ¢, if all bars are of equal diameter
(i)  Highest ¢, if bars are of unequal diameter

(iif) 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 Gr_ade of Steel (IS:456)

Grade of Percentage redistribution to or from section considered

Steel N/mm?2

-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 groﬁps proportionate in
sectional area to the column loads.l 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 plﬁs two times the effective depth of the foundations.

- Transverse maximum bending moment can be obtained from the following

equations :

max

My . Wux Lz[(B—b)/2]2 5.1
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]
Band width bandwidth
™l
e - e
Transverse Fig. 3.5 T i
TS g ransverse reinforcement

Area of reinforcement in the transverse direction is given as

M 0.87 f A | fyASt |
= (.87 t 1- . 14
u , Ast, d A (3.14)

with the help of above equation Ast, 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.
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(i) 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 4up 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,

\%
T = (3.15)
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For two way action,

Tv = —m—' (3.16)
where b = perimeter of the critical section.

If T exceeds 'rc (design shear strength), the shear reinforcement shall be

provided to carry a shear equal to

V =V -t bd : (3.17)

us u

3.3.4.4.1 Spacing of shear reinforcement will be as following :
()  For vertical stirrups

0.87 fy A d-

Vus. = — S, . (3.18)
(11) For inclined stirrups or a series of bars bent up at differeﬁt Cross
section

.

087 f A d (Sina + Cos «)
y .sv

V = 3.19
. 3 (.19

(iit) For single bar or single group of parallel bars, all bent up at t_he

same Cross section -

vV, = 0.87 fy Ay S'lin a (3.20)
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where o = angle between the inclined stirrup or bent up bar and the axis of

" the member, not less than 45° and

Sv = 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 Cd (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 reinfor_cement

When nominal shear stress at critical section do not exceed the
design shear strength of concrete, the minimum shear reinforcement shall be

| provided as

1 - (32

.32



Table 7 : Design Shear Strength of Concretes (rc) (N/mmz) (IS:456)

100 A |
v - " Concrete: Grade

MlS M20 = MZS M30 M35 M40
025 | 035 036 | 0.36 0.37 0.37 | 0.38
0.50 | 0.41 048 | 049 | 0.0 0.50 | 0.51
075 | 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
125 | 064 | 0.67 0.70 0.71 0.73 | 0.74
1.50 | 0.68 0.72 0.74 0.76 078 | 0.79
175 | 0.71 0.75 0.78 080 | 082 | 0.84
2.00 | 0.71 0.79 | 0.82 0.84 0.86 | 0.88
225 | 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 | 0.9 0.94 0.96 | 0.98
3.00 0.71 0.82 | 0.92 0.96- 0.99 | 1.01

where As = Area of longitudinal tensile reinforcement

3.3.5 Distribution of tensile reinforcement [Jain, 1990]

The tensile reinforcement should be provided in accordance with the following

guide lines :

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

uniformly across the full width of the footing.

(i) 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 beydnd 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 reinforcernent shall not be terminated in a tension zone unless the

following conditions are satisfied.

(@) 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.

(i)  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.

WL [ L - (g”d) } = v Bd | (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 = n/4 ¢2 o

where,

o = 0.87 fy 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 T is the average bond stress acting over the surface area, then

— . 2
T ¢ Ld T, = /4 ¢~ 0.87 fy

- 0.87 fy ¢
Ld = e | (3.23)
T, = bond stress (N/mmz)

Table 8 : Permissible Bond Stress Ty (N/mmz) for MS bars (IS:456)

Grade of Concrete M M | M M M | M
: 15 20 25 30 35 40

© mWSM |06 | 08 | 09 | 1.0 | LI | 12

x i LSM 10 | 12 | 14 |15 |17 | 19

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 incréased by
40% while designing by WSM and by 60% ;)vhile designing by LSM.

If L, 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 tenston :
(@)  Deformed bars may be used without end anchorage provided development

length requirement is satisfied. Hooks should normally be provided

for plain bars in tension.
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(b)  Bends and hooks (lS. 2502) (Fig. 3.8)

(i)~ Bends - The anchorage value of bend shali be taken as 4 times
the diameter of bar for each 45" bend subject 10 a maximum of
16 times the diameter of bar.

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

equal to 16 times the diameter of this bar.

Thod
M ———— =T
b

I 3> o— Ld “

THITEVTITIT N o reen onse
solL PRESSURE
< L | —]

Fig. 3.7 Development length
LOmin
H
gi ” Ta o min
Normat) ]
/;:L@min{ r:4d min
o [
. Bemi )
(é (Snrrups)
t:dmin P
" 180° Hook
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 _(6br) on full area of concrete js given by

6 =045 f
r ck

b
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Actually, this stress (6br) 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

6br = 0.45 1°ck 4 K177§2 s 0.9O.fck ' (3.24)
where
A = maximum area of the portibn 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, = _]l))T | (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.
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3.3.10.1 Codal provision for design of anchorage reinforcement (Fig. 3.10)

Following guidelines should be adopted for anchorage reinforcement :

(1) M'mimhm area of extended longitudinal bars or dowels must be 0.5% of
cross sectional area of ‘t.he supported column.

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

(i) 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).

41



e L g
N ~ A

Fig. 3.9 Load Dispersion in the Footing for Bearing Stress Calculation
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Fig. 3.10 Anchorage Length of Dowel Bar
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Table 9 : Summary of codal provisions for footing requirements : IS 456-1978

Design Factor

1 IS Code Section

General Requirements

Bending moment 33.23 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 rv——-V/bd
30.6.3.1 For punching-shear, critical section at a
distance ‘d/2’ from face of column.
T = V/bod < Ksrc , Ks=0'5+Bc =1
T = 0.25 v fck (LSM)
Transfer of load 35.4 Permissible bearing stress  in footing
at the base of concrete
column |6, =045f VvATA (LSM)
' ;;l;x2 <2
Dowel bars-minimum 4 No. > 0.5 % of area
of column
¢ o
Development length| 25.2.1 L =4—
25.2.3 bd
Cover 25.4.1 25 mm, ¢ 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
bar

Spacing of
reinforcement
in beam

Tension rein-
forcement

Compression
reinforcement

Shear rein-
forcement

Partial safety
factor

Design shear
strength of
concrete

Splicing of
reinforcement
bars

25.5.2.2

25.3

25.3.2

25.5.1.1

25.5.1.2

39.4

25.5.1.6

35.4

39.4

25.2.5

¢ = D/8, D = overall depth of section

Minimum : Highest of
(i) dia of bar

(i) 5 mm + size of aggregate

Maximum spacing :
(1) Fe250 : 300 mm

(ii) Fe415 : 210 mm
(1ii) FeSoo : 150 mm
In case of no redistribution of moment

Minimum (%) area of tension reinforcement

is not less than 0.85

y
Maximum reinforcement = 0.04 bD.

Maximum area of compression reinforcement
= 0.04bD

Spacing of shear reinforcement .

| Av 04
Minimum shear reinforcement b“ 2 =
sV fy
Table 12
Table 13

Depends on development length
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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 :

Length of footing (L).

Modulus of elasticity of footing material (E).

Modulus of ‘elasticity of stecl (E).

Number of columns (LP).

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

Distance of columns from the left end of the footing.

Dimension of subsequent column,

Number of nodes ‘n’ in which the footing is divided.

Modulus of subgrade reaction at each nodal point (KS)

Grade Qf concrete (fck)

Grade of steel (fy)

Partial safety factor for loading combination (PSF)

Clear cover provided to the reinforcement (CL. covér)

Diameter of longitudinal reinforcement as well as transverse reinforcement
Diameter of shear stirrups (dv)

Number of legs of stirrups (nleg)
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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 daté are :

Limit state method has been chdsen_ to design the member in accordance with
[S:456-1978 recommendations.

Subsequent input datas are fgad 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 simultaﬁeously stored in a file.

Output of the analysis part of the program in the forfn 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 té 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.
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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 usef, 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 desigh 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 givés 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 :
Pl P2 P3 P4
\ + T 2 & J
| L »l
) &
Length of footing (LD 116.00 n
No. of loaded colunn ‘4

Column point Axial load(KN) Moment(KNm) Location from column columy |
' left end(m)  length(nm) width(am)
1

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/m?

Modulus of subgrade reaction of soil : 40000 KN/m®
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Enter Safe bearing capacity of so0il(KN/sq.m):

NOTE:LLA+DL-~———~ 1.9
'LL+DL+HL-—-1.2 1.5
enter partial safety factor:

—

Fig. 4.12 Safe bearing capacity and partial safety factor.

€ % + PROPORTIONING * * * *

Area of footing required 112.00 sqgq.nm

Breadth of footing required 0.79 n

Choose breadth of footing in (n)

1.5

Area of footing provided 24.00 sq.m

Appx. depth of footing from punching shear consideration:280.83 mn

Proportioning of footing,

an
W



FINITE D

FOOTING IS ANALYSED

USING

‘FERENCE METHOD

Length of footing is divided into equally spaced

nunber of nodes (Y
enter no of nodes=

17

Fig. 4.14 Method of analysis and number of equally spaced nodes.
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Maximum value of bending moement 24217  KNm

Maximum value of shear force 25532 KN

Fig. 4.16 - Maximum bending moment and shear force

[Enter the grade of concrete (N/sq.mn)

| fek: C15//720//25//30//35//740) : : 15
|lEnter the grade of steel{(N/sq.mnmn)
fy: (250//415//500) i 415
= Sl

Fig. i4.17 Selection of grade of concrete and steel
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ANALYSIS OF FOOTING COMPLETES HERE

El value requires faor footing after analysis 1214420.11 KN. n2

El value provided at beginning of analusus :172000.00 KN.mn2

Do you want to revise the mlalysis(\‘:’es—l/No-Z‘) 1

Fig. 4.22 Provision for revision of analysis

Maximum value of bending moment 28557 KNm

Maximum value of shear_ force 274,20 KN

Fig. 4.23 Maximum value of longitudinal moment and shear force

(after revision of analysis)
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| CHAPTER - §
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 behdviour 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 vfev_v problems have been discussed to bring out the following‘ :
()  Verification of &é programs.
(i)  Role of stiffness of soi} on design outcome.
(i) Role of varying stffness of footing on design outcome.
(v)  Effect of loose pockets of soil under the footing on the design outcome.

52  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 PS
E
R
"y y v Y
r |
I
. L M
<t
‘Length of footing (L) 20,00
No. of loaded column 19
Column point  Axial load(KN) Moment(KNm) Location from  column column
left end(m) tength(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 $00.0 500.0
4 950.00 0.o00 15.50 200.0 650.0
% 5 800. 00 106.00 19.00 600.0 600.0

Subgrade reaction of soil (K)) : 50000 kN/m’
Bearing capacity of soil : 160 kN/m’
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5.2.2 Typical problem of footing on non-homogeneous soil

PROBLEM NO. 2

Pl P2 P3 P4 ps

S S S S

L ol
le gl
|

»
Length of footing (L) 120.00 n
No. of loaded column 'S5
Column point Axial load(KN) Moment(KNm) Location from column column

left end(m) length(nm) width(mm:

& |

1 350.00 0.00 1.50 350.0 350.0
2 : 450.00 0.00 6.50 400.0 QOd.O'
A3 300.00 a.00 11.50 450.0 350.0
4 400.00 -0.00 15.5¢0 400.0 400,0
S 300.00 0.00 19.00 350.0 ‘ 400.0

Subgrade reaction of soil (Ky). : 35000 kN/m.

Bearing capacity of soil : 130 kN/m’
Number of Nodes : 21

K, (node 1 to node 4) : 12000 kN/m’
K, (node 7 to node 10) : 12000 kN/m’
K, (node 15 to node 17) . 10000 kN/m®
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53 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 t‘abhlated ‘to conclude the situations
under which the desigh may be economical.

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

PROBLEMS : |
Loading Details

Column No. |Axial Load |Moment |Position from |Column Dimension
(KN) (KNm) Left End (m) |
1 500 100 | 500x400
2 400 0 | 5 400x400
3 600 -50 9  600x400
4 700 50 14 600x500
Length of FQloting =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 | K, value |Loose pockets |K value of
capacity (KN/m?)  |(KN/m3?) |from left end |loose pockets
I 150 , 40000 Nil -
2 250 40000 Nil -
3 150 40000 Nil : -
4 150 80000 Nil -
5 150 40000 | 1l mto 4 m | 10000
6 150 : ~ 40000 | 8 m to 12 m| 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

1s considerably reduced, resulting in considerable savings in concrete.

a4

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/mz) of Footing (mm) Concrete (ms) 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)

Weight of

Modulus of Sub- |Dimension |Depth of Footing|Volume of
grade reaction of Footing " (mm) Concrete (m’)|Steel (KN)
of soil (kN/m3) (m) ‘
40000 15x1.4 380 7.98 8.5
80000 15x1.4 340 725 7.78
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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 resuit.

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 |K; value |K; value |Dimension|Depth{Volume of|Weight of
loose pockets |for loose |for other (m) (mm) |Concrete |Steel
from (lef)t end |pocket nodes - (m3) (KN)
. m ' ,

1t04 | 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 mrﬁ) and bending moment (49.18 kNm) to
deflection (7.97 mm) and bending moment (139.22 kNm) respectively for the Case 1. 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 mdment 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.
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CONCLUSIONS

CHAPTER - 6

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.

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

and repetitive work.

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

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

various stage has been given to user.

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.

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.

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

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

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

productivity.
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| o 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 initi_al 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 professiorial software packages which are developed

by a group of highly trained programmers and system designer.

7.2  LIMITATIONS OF PACKAGE
(D The design is based only on limit state method as per IS code.

(i)  The analysis is carried by bnly finite difference approach.

7.3  SCOPE OF FUTURE WORK

The following éspects need to be incorporatéd for a more comprehensive package of

this nature.
()  The analysis should also be carried out by Finite Element method.
(i)  Using object oriented programlﬁing techniques.
(i)  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 ‘lnternational Standard Codes like ACI 318-85.

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