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INTRODUCTION

1. Introductory Statement

This study describes a simple graphical procedure for de-
signing reinforced concrete combined footings.

The design curves »nresented in this studv can be used by a
designer or checker,

Following the derivation of equations, the curves are drawn
and a typical example of their use is given to make the method
of procedure clear.

Jerivation of tne scale equations used to draw the charts
are given in the Appendix.

It is hoped that the use of the charts herein will eliminate

calculations thereby saving time.

2. Scope

With the use of the charts,the length and width of the footing,
the effective depth, the steel, bond required and the shear stress
are found,.

This study is not concerned with the selection of the main

or web reinforcement bars, nor in their distribution.
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ASSUMPTIONS, NOTATIONS AND DEFINITIONS

1. Assumptions

Adaptation of the nomograms will be made to design a combired
- footing, which will meet the following requirements:
a) An area great enough to give the safe allowable soil

4 pressure.
b) A shape such that a uniform net soil pressure is given.
¢c) The two loads acting on each column are equal.

d) The footing will have a constant depth.

2. Notations and Definitions

The symbols in this study, defined below conform essentially
to Letter Symbols for Structural Analysis prepared by the American
Standards Association, with ASCE participation, and approved by
the Association in 1949. For their significance, where not confor-

ming to the standard, is made clear by Fig. 1.
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where

o
"

load on each column in kips.

= allowable soil pressure in 1lb./ft.sq.

= o
]

weight of footing in 1b.

'soil pressure against base of footing resisting column

)
]

loads in 1lb./ft. of length.
= effective depth of the footing in inches.
= width of the rectangular footing in feet.
height of base of footing in inches.

e 5 w oA
"

= length of footing in feet.

(e}
n

distance between column loads in feet.

f = distance between outside edge of column and width of
footing in feet.

b = size of column along the length of footing in inches.

m = distance between outside edge of the columns in feet.

y = distance between center line of footing and column load

in feet.
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Tvpical Shear and Moment Jiagrams.
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Fig. 2.



CONDITION FOR MINIMUM DEPTH OF FOOTING

From the moment diagram in Fig.2(II), the moment at point a;

M, = £°P = BKd®
T
but, A = BL
therefore, £2P = AKd? . . . . . . . (a)

Keeping P, A and K constant,-the variation of "f" with "d"
will be investigated. Then
d = cyf where ¢§ is a constant.
The equation above represents a family of straight lines
through the origin with positive slopes. Plotting "d" as ordinate

and "f" as abscissa, the family of lines below is obtained.

d

Fig. 3.

Similarly theexpression for the moment at point b willbe

My = Py - 12w = BKd®
-8



Similarly, the expression for the moment at point b can be written;
My= Py - Lw/8 = BKd®
Simplifying terms and substituting, B = A/L
LyL - L® = LAK&®/P . . . . . . (b)
but, y = (c=b)/2 and L=2f+b+c
therefore,
2(c=b) (2f+b+c) = (LE2+4fbskfesb +2bcsc?) = LAKAZ/P
simplifying and transposing terms,
244 b +2b%+4 £+ L fb+b2+2bc+LAKA? /P = O
Keeping P, A, K,b, and ¢ constant the variation of "f" with "d"
will be investigated. Then
kyd%e 4£%+ 6bf + kp = 0
where k1 and k2 are constants,
The equation above represents a family of ellipses with

center at (-h, 0)., Plotting "d"™ as ordinate and "f" as abscissa

the family of ellipses below is obtained:

dt
//’
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Superimposing a typical curve of each family shown above,

at Poinf, a.

—_— e — e -

at Po'."fr b.

Fig.5.

Investigating the variation of "d" with "f" in Fig. 5 it is
ccncluded that; the depth "d" of the footing is to be designed
for the largest value of "d" required at any point. Therefore
the smallest value of "d" required for the footing will be when
the required depth at points ™"a" and "b" are equal.

From equations (a) and (b), and Fig. 2(III), it is obvious

that for the above condition |Ma' = |Mb



DERIVATION OF EQUATIONS FOR CURVES

l. Length of Footing "L"

An expression for the length of the footing "L™ will be
derived for the condition |Ma|- IMbl’
From the moment diagram in Fig. 2(II); the following equa-

tion can be written.

£2w
Mg| = %=
2
and ‘Mbl - Rjg+b) _ Léw
hence wf2 = P(n+b) _ L2w
2 2 8
wf2 + L2 _ P(n+b)
or 2 g 2
from Fig. 1 y = 232
2 2
therefore E%- + ﬁ%_ = Py
also W= %2
2ps? . 2pL?
therefore -zr_-h - Py

simplifying terms Lf2+ 12 LyL

From the above equation it is concluded that the length

n"L" of the base is independent of the loads "P"™ on the column,
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Substituting f = L-b-c
=
and 2y = ¢ 1n the above equation

2

(L-b-c)2 + L% = 2cL

(L2+b2+c2-2Lb-2Lc+2bc) + L2 = 2cL

2 2)

2L° + (b%+2bc+c?) - 2Lb -LeL = O

2% + (b+c)? - L(2b+he) = O
7 5

L% - (b+2c)L + (b+c)? = 0
{bre)”

Solving the quadratic equation above for "L" in terms of "b"

and "c",
or, L =b+ 2c+ (2¢° - b2 . . . . (1)
2
also, f=La-ba-c. . . . . . (2)

=2

2, nffective depth of footing "d"

The value "d" is usually calculated by assuming the weight
of the footing, then checking the weight.

an expression for "d" in terms of the already known values
will be derived, thus eliminating the ambiguous method of trial

and error.



As before,

but;

hence

also;

where,

For a balanced design;

or,
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M = £2w/2

2P/L

g
n

M

£2P /L

M = BKd?

and

B is in feet.
f is in feet.
d is in inches

f2P/L = BKd?

BL = f2P/Kd? , . . . (3)

Two expressions for the weight of the footing "W" can be written,

and,

where,

Equating eqiations

Substituting equation

multirlying by

W = BpL - 2P . . . . (4)

W= 150(d+L)LR = 12.5(d+A)LB . . (5)
1

L is in feet.
P is in 1lbs.

(4) & (5);
BpL = 2P = 12,5(d+4)LB . . (6)

(3) in (6);

£2.P - 2P = 12.5(d+L) 2P
ke Kd<

E2
Q.
N
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2

p - g%g_ = 12.5(d+4)
or, 2Kd? + 12.5(d+4) = p . . . (7)

"d" can be calculated from equation (7), as all other variables

are know.

3. Width of footing "B"
The value of "d" once known, the width of the footing "B"
will be evaluated.
As vefore M = £%P/L
also, M = KBd?
for a balanced design, KBd® = M = £2p/L . . . . (11)

"B" can be calculated from equation (11), as all other variables.

are known.

L. Area of steel required "Ag"
The area of steel "As" will be calculated from equation below

M = stdAs . . ) . . (12)
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5. Bond "=

The shear force "V", at the outside edge of the column from

Figs. 1 & 2 is: vV = 2Pf/L . . .. . . (13)

and at the inside edge is:

V = 2Py/L = P(c-b)/L . . . (14)

the larger value of V above is of interest,

P(c-b) # 2Pf . . . . . (15)
L T

dividing both sides by P/L and substituting equation (2) for"f"
c-b # L-b-c
or, c #L-c . . . . . . (16)

from chart A the following approximate equation can be written

L -Gﬁfiyc = 1.75¢c

substituting the latter value of L into equation {16);

c # 1.75¢c-c
c # 0.75¢
hence; c>0.75¢c
therefore (c -v/2>f . . . . . . (15a)

The shear force "V" expressed by equation (1l4) will have the

larger value, which will be used to evaluate'Zo"
&lSO, V = %'d'u'ioo . . . . . (17)

equating equations (14) and (17),

2Py/L = V = %-d-u-zo . . . . (18)
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6. Shear "v"

The shear "v" will be calculated from equation below

V = VJdB ° . . . O .

(19)
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EXPLANATION OF CURVES

l. Length of footing "L"

The first curve will be drawn to evaluate the length of the

footing "L" by equation;

L=he2ee220% . . . . . . (1)

2

Owing to the fact that the variables in the above equation
cannot be separated, a value of "b" will be assigned and thus
eliminating one variable. For the same value of "b" different
values of "c¢c" will be given and the corresponding values of "L"
calculated.

The L- and c- scales will be at right angles to each other
and will have uniform scales. Hence the nomogram will have the

form shown below:

Figoéo
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c will vary from 5 to 25 ft. Its scale: 5 ft. = 1 inch.
b will vary from 12 to 36 inches.
1 will vary from 9 to 45 ft. Its scale: 10 ft. = 1 inch.

(See chart A.)

The second curve will be drawn to evaluate "f", by equation
L=2f+Db+c . . . . . (2)

alignment charts will be used.
let L-c=T
then L-c=T-=2f+D

Let the modulus of L, m; be equal to 1/10, which is the same
value as before.
The scale length of "c¢" will be about 4 inches.
m = k" =1/5
¢ 2573
hence, mp = Mg . Me
mL + mc

= 1/15

consider equation T =2f + Db
My %" =1/3
me = My o Mp
mb-mT

= 1/12

The relative distances of the scales to each other will

be calculated:
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mp/m; = 5/10 = 1/2

1/4

similarly mf/mc = 3/12

and the scale equations will then be:
X = L/10 (L is measured in feet)
X =-c¢/5 (c is measured in feet)

X, = b/3  (If b is measured in feet)

b/36 (If b is measured in inches)

and Xp = £/6 (f is measured in feet.)

The general form of the Alignuwent Chart for the equation,

L=2f+ Db+ c, is shown below:

Fig. 7.

Since the modulus of L is the same in both charts, Fig. 6
and 7 will be combined.
The complete chart thus, and drawn to scale is drawn on

next page, (chart a).
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2., kffective depth of footing "d"

The value of "d" will be found from equation

let

2Kd2 + 12.5(d+4) = . . . . . (7
Tz P

AR

substituting equation (&) in (7);

zd? + 12.5(d+4) = p . . . . . (9)

First a curve for equation (&) will be drawn. The values of "K"

can be taken from "iteinforced Concrete Design Handbook".

cherefore

f varies from 1 to 10 feet.
K varies from 125 to L423.

z varies from 5 to 500.

The scule lengtns are to be approximately 5 inches.

equation(&) can be written in the form;

then,

log 2h = 2 logf + log z
-2 log £ = - log 2k + log 2

m = 6" = 11.3
log 846 - log 250

A more convenient value n,= 10 will be used.

and,

therefore,

K

m = 6" =3
2  Tog 500 - Iog 5

m. = mg . mp = 3x10 = 30
mp + m, 35+10 13
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The relative distances of the scales to each other will be cal-

culated: mxg = 10

m 3

Z

the scale equations will then be;

X = 10 (log2K - log 250)

10 log (K/125)
3 (log z - log 5) = 3 log (z/5)
L.62 log (f)

£
z

X 30x2 logf
£ "f?“gL

The general form of the Alignment Chart for the equation,

z = 2k , is shown below:

Fig. 8.

The value of "d" will now be evaluated. substituting (8) in (9);

zd2 + 12.5(d+4) = p

2

or; zd™ + 12.5d + (50-p) = o

solving for d; d = - 12.5 +‘JQ12.5)2 - L.z (50 - p,1. . (10)
2.2
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A value of "p" will be assigned and the corresponding values
of "d" will be calculated for different values of "z",

Same procedure will be repeated for different values of "p"
assigned.

The general form of the nomogram is shown below:

4

Fig. 9.

The modulus of "z" will have the same value and hence the
latter two curves will be combined to give the complete nomogram

drawn to scale on next page.
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3. Width of footing "B",

First the curve for equation, M = f2P/L will be drawn

2. L
M P

or,
f varies from O to about 10 feet.
L varies from O to about 50 feet.
P varies from O to about 1300 kips.
M

therefore,

m, = n = 0,05
£ Toeiomo

my = 5n = 0.1
50-0

[np = " = 0.00385’ Use mP - OoOOL].
50=

]

varies from O to about 3000 ft-kips.

therfore, My = Me.mp = 0.002
oy
The scale equations are;

X, = 0.05£2

£
XL = 0.1L
XP = 0,004P
Xy = 0.002M

The general form of the chart for the equation M = sz/L is

shown below:

Fig. 10.




The value of "3" will be evaluated next from, I = KBd2

or, W, =B

R Ik

(723
v

varies from O to 3,000,000 ft-1b.
d varies from O to 30 inches.

K varies from 125 to 423 psl.

therefore B varies from O to 10 feet
My = 6" = 1/500,000
3,000,000
my = 4" __ = 0.004,Lk4
500
my = 6.," = 800
1/125
then, mp = My.my = 0.36
my

the scale equations are:

o]
]

M/500,000

0.004 , 44d°

by
o
]

b
N
q

800/K

P<
"

0.368

Tne general form of tlie chart for the equation M = KBd? is shown

below:
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Fig. 1l.

The il - scale lengths are the sazme in both equations and hence

the two ¢ harts for e quation (11), will be combined. (See chart B)

L. area of steel required "AS"

The value of "As" will be evaluated next from,

I'i = %ofSod.“s lbo-ino . . . . (12)

or M=1 x 7.f.-d-A. 1lb.=ft,
’ gz ¥ Lt dtis

1
or, M= 7A 496
d s

M varies from O to 3,000,000 ft.- 1lb.
d varies from O to 30 in.
fovaries from 8,000 to 30,000 psi.

Asvaries from O to 100 in.

m. = " = 1/500,00
TS5 oo T /500,000
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mg = L.2" = 0.14
ufg = 6" = 48,000
178000

m; s = 48,000 x 1/500,000 = 24/35
0.1L

the scale equctions are:
X = #/500,000
£q = 0.1l4d

ip = 48,000/f

Kpg= ng/?0

The general form of the chart for the eqution M = 1 .As.fg.d
O
is shown below:

As

fs

Fig. 12.

Tne modulus of "ii" will have the szame value and hence the
latter three curves will be combined to give the complete nomg-

gram drawn to scale on next page.
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5. Bond "ZE)

The value of "V" will be evaluated from equation V = 2Py. .(1l4)
L

or, v=2=2p
Yy

L
y varies from O to 12 feet.
L varies from O to 50 feet.
P varies from O to 1,300,000 1lb.

= 6n= 1/2

m
Y13

5" = 1/10
50

m = 5,2m = 1/500,000
P 2,800,000

therefore m; =mp . my = 1/100,000
m
L

tiie scale equations are:

X y/2

y

L/10
P/250,000

A,

Xp
V/100,0C0

Y
P31

v

The general form of the chart for the equation V = 2Py/L is

shown below:
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L _ P
<
\
J \
0\\\\\ \ v
, \\ —
\ \\\\‘1
\
\ v
\
ra >
Fig. 13.

The value of "Z2," will be evaluated next, from,

V = 7ud2 . . . . .

—g

br y “, = 20
7d/3  1l/u

d varies from O to 30 inches.

u varies from 140 to 350

m = 1/100,000
m. = 2.5" = I, use, md = 1/7
d 30%x7/8 721 |
m = 51 = 700
4 I/TL0
therefore mg = 700 x 1/100,000 = 0.049

1/7

The scale equations are:

XV = V/100-,000

xd = d/8

L]

(17)
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X, = 700/u
therefare £z,= 0.0L9 =,

The general form of the chart for equatiomn V = 7udZ.is shown
below:

Z,

Fig. 14.
The V - scale leng;tih are the same in both equations and
the two charts for equution (18) will be combined. See chart D)
6. Shear "v"
The value of "v" will be evaluated from equation
V = VBjd . . . . . . . (19)

or, \ = 12.B
: 7473 I7V
m, = 1/100,000

md=h"x8=2
30 x 7 15 use, m, = 1/7




m

2.5
10 x 12
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= 1/48

m, = Mp . Mg = 297.5

my
The scale equations are:

X, = V/100,000

i = 4a/8

d d/

Xy = B/L

L 0= 297.5/v

The general form of the chart for the equation V = vBjd is

shown below:

*~
Y

I“‘i - 3 15 Y
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NUMERICAL EZAMFLL

an example of the use of the charts will be given to make
the method of procedure clear.
Given:
P = 600 kips
c = 15 ft.
b = 24" = 2 ft.
£ = 30,000 psi.
fr= 2500 psi.
p = 6,000 #/ft%
u = 250 psi. (deformed bars, a. C. I. 1951 Code)

Solution:
From chart A. and with values of ¢ and b:

L =27 ft. and £ = 5 ft.

K = 156 ( neinf. Conc. Handbook)

From chart 3 and values of K and f: d = 21 in.

From cha:rt ¢ and values of P, f, L, d, K, fs:

B - 8.1 ft. and 4_ = 12.1 in®.

From chart D and values of P,y,L,d,u,v,B,

Zo= 63 in. and v = 1&psi.
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SUFMMARY

The curves are more flexible and cover a wider range of
design conditions than the most comprehensive tables. Their
use entails a minimum of calculation and shows clearly the de-
sign procedure and the relation between the design conditions.

The resultant design will be within the practical limits

of loading and soil bearing determination.
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APPENDIX

An alignment chart in its simplest form consists of three
parallel scales so graduated that a straight line cutting the
scales will determine three points whose values satisfy the
given equation.

In general, alighment charts may consist of three or more

straight-line scales, of curved scales, or of combinations of

both.

ALIGNMENT CHARTS FOR EQUATIONS OF THE FORM
£i(u) + fa(v) = £3(w)

Suppose we have tiree parallel scales (Figure 16), A, B, and C,
so graduated that lines (isopleths) 1 and 2 cut the scales in

values which satisfy the equation f,(u) + fa(v) = f3(w). Now,

J

\wﬂ's »
R

Xe
Xw

Fig. 16.
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Xu =m, fl(ul) - fl (uO)

X, = m, £,(v1) = £5(vg)

Kw =m, f3(wl) - f3(wo)

if Uys Vs Wo represent zero values of the function, and

if line 2 is any line, we may droo the subscripts and write simply

Xu = mufl(U) . . . . . . (l)

Xv = mvfz(y) . . . . . . (2)

)&l = m.wa(W) . . . . . . (3)

Let us agree further that the spacing of the scales is in the
ratis a/b. If we graduate the scale of f1(u) and f,(v) in
accordance with their scale equations (1) and (2), respectively,

what will be the modulus for the scale equation of f3(w) and

what will thc ratio a/b equal if the chart satisfies this relation

fi(u) + £a(v) = f3(w)?
In figure 16 draw lines through points Wy and vy parallel
to line ugvy. The shaded triangles are similar by constructiop,
hence,
L =X =
Wt Ay

ol

Xub + Xva = Xw(a + b)

X.b + X.a = X (a +b)

ab

ab ab
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or A, + EM = Xw
a b ab

a+ b
since Ku = mufl(u)

Xv = mvfz(v)

X, = mwa(w)

mufl(u) + mvfz(v) = mwf3(w)

a b ab
a + i)

If fl(u) + fz(v) = f3(w), then

= g° =
m, ;om, b

therefore a = my
b
v
and m = ab = mmn
P
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PROPORTIOKAL CHARTS OF THY FORM

fl(u) = fj(w)

£,(v) fh(q)

This equation can be solved in a manner cimilar to that
used in the preceding problem. This simply means c¢ransforming
the above equation to the form

log £1(u) - log fp(v) = log f3(w) - log fh(q)

In many cases, however, where the functions are linear,
the proportional type alignment chart has a distinct advantage

in that the scales

\
A 2
Ty
T
o
% B
uw wy C
Y Xe
Fig. 17.

are uniform thus permitting more accurate readings and also simp-

lifying the construction of the scales.

- —— W -
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Consider the figure shown in Figure 18,
Scales A and B are parallel to each other, and graduated in

accordance with the scale equations:
Xu = mufl(u) and X, = m,f,(v), respectively

In a similar manner, scales C and DU are parallel to each
other, and are graduated in accordance with the scale equations:

Xw = mwf3(w) and Xq = mqfh(q)

The angle between scales A and C mav be of any convenient magnitude.

Triangles u,uyT and vlvoT are sinilar, hence

1
£y = yoT
Xv voT
Likewise, triangles onwl and qOqu are similar, hence
Xw = wyT
g 9T

But lenghts unT = w.T; and v.T = qT. Therefore
0 0 0 0

X =X
u w

X; Iq

or mufl(u) = mwa(w)

mvfz(v) mqfh(q)

Since fi(u)= f3(w)

fz(V) fh(q)
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it follows that m =m
u w
m, mq

This means that three moduli may be determined from the given
data, but the fourth modulus will be dependent upon the first

three.
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