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SECTION I

INTRODU CTION

Round foot ings can be used to support eccentric loads
where the location of the eccentricity may vary circum-
ferentially around the footing. An example of such a loading

• condition would be the ground line forces induced by wind on
a wind turbine mounted on unguyed precast pole (Fi gure 1) .
The direction of the wind may vary,  thus the location of the

• eccentricity may vary .

Conventional analysis of rectangular footings to
dete rmine bearing pressure unde r eccentric loads applies to
round footings with considerations for the change in geometric
shape . Consider the following example.

Assume a round footing with  an eccentric load as in
Figure 2(a). If the entire footin~ is going to bear on the
soil, the compressive stress (P/~r R  ) at the extreme edge of
the foot ing away f rom the load (Figure 2 ( b ) ) must be 9reater
than or equal to the bending (tipping) stress (4Pe/r.R 3 )
(Fi gure 2 ( c ) ) .  T f  equal i ty  exis ts, the pressure varies from
(P/JT R ’ ) + (4Pe / TI R 3 ) on one edge to zero on the other (Figure
2 ( d ) ) .  Usi ng the equality as a boundary and solving for the
eccent r ic i ty  yields

P u r R  4Pe /r r R 3 or e = R/4

which reveals that the load must lie within the middle one—
f ourth of the diameter  for the condition of bearing across
the ent i re  foot ing .  It should be assured , of course , that
the ma ximum stress in the soil neve r exceeds the allowable
soil bearing pressure .

This report exhibits the consideration s for sizing a
round footing when the eccent r ic i ty  is outside of the boundary
shown by the equation . That is , when the load on a round
foot ing is outside the middle one—fourth of the diameter.
Des ign of such footings would probabl y not be a common
approach but conditions such as availability of round form
work , property b oundary line problems , or checking an existing

• design may warrant use of this report. Another use may
evolve for  checking of bearing pressures for unusual wind

1
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Figure 1. Wind Turbine on Unguyed Precast Pole
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loads such a s the previously mentioned wind turbine .
Conventional analysis neglects wind loads for examination f
bea r ing  pres sures for footings , but the very nature of ~
w i n d  tu rbi ne suggests th at the assumption of neglectin g
wi ndloads may not apply.
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SECTION II

DI:VELOPME~ T OF PQETh,TIO~JS

For a round footinq wi th a severely eccentric load
(eccentricity outside the middle one-fourth) the geometric
analysis exhibited in the previous section becomes more
complex , howeve r the basic ass umptions of footing r ig idit y
and l inear  soil pressure d is t r ibution will st i ll be used.
The solution of the eq uations below and their  g raphical
interpretation s serve as a tool to avoid undesirable iter-
ative solutions for each design case. Check s for shear ,
ben ding an d other r e i n f o rcement must be perf ormed af t e r
selection of footing size, but that analysis is not included
in this report.

Development of the equations begins , as shown in Figure
3 , wi th a round foot ing  of general ized radi us ~ wi th a load
P applied at a distance e from the cen troid of the footing.
The eccentricity (e) is defined as being greater than or
equal to R/4 and the maximum pressure is q. The distance to
the line of zero pressure is measured from the centroid of
the footing orthogonal to the line and is defined as b .
Basic sLa tic equilibrium mus t apply , hence the resul tant of
the soil pressure must be (1) equal in magnitude , (2) opposite
in sign , and (3) colinear with the applied load. For con-
di tions (1) and (2 )

P = —fQ(x )dx (1)

where Q ( ;~) is the pressure exerted on the foo tin g by an
infinitesimal strip of soil dx wide a distance x from the
center of the footing. Figure 4 shows the strip of soil and
yields

Q (x) = [2q/(R+b)](x-b) ~~~~~~ clx

therefore
b ____

P I 2 q / ( R + b ) f ( ~~— b )  cl:c

5 
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Figure 3. Generalized Round Footing
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1’ iljure 4. PrI’ssur on Infinitesima l Stri p ot Soil
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t~elative 1y simple integration and substitution of l i rC i t s
give

/2
P = ~-q/(R+b)~ 2/3(R -h2 )

/ 
+R  b [— ~~~~~~

—-
~~
- +sin b/R+1.571~ (2)

To main tain the resultant of the soil pressure co3.i~ ear w i th
the cccantric load (condiLion 3) , the distance to the centroid
of tue volume defined by the right  hand side of eauatlon ii)
must be e, so that

— 
f x Q ( x ) d x  ( 3 )e — 

~~ Q(x)dx

The denominator  of equat ion  ( 3 )  is equation ( 2 )  and the
numera to r  become s

[2q/  ( R+b) 1 f b (~~? -bx) p 2 -x 2 dx
V 

-R

V 

again  i n t e g r a t i o n  and subs t i t u t i on  of l imi t s  gives

. 3/  ~ 2 2 2 1/x fl (x)dx = ~2q/ (R+h )j { b / l 2(R ’-.h2 ) 2-4-R /8 (b/R (P +b ) 2

+sin
1 
(b/R)+l.571} (4)

Divis ion of equation (4) by equat ion (2 ) give s t i c  s o lu t i on  to V

equation ( 3 )  as

e = 
bd3/12+R4/B (bd/R 2 +sin b/R+l.57) (5)
d3/3+R 3b/ 2(cl/R2 +sin b/R+l.57)

where

d = / R 2 -h2

The s imul taneous  sol ut ion of equa tions (2) V mn d ( 5 )  fo r P or e
is not  eas i ly  obtained and the next  section provide s a~t approach
to make these equat ions  u s e f u l .

7
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SECT I ON I I I

RESU LTS

Equations developed in the previous section are r o t
readily useable in that form , but with the development of
computers and programmable calculators , R and b can be
easily varied over a range of interest and e computed. Note
t h a t  e is not a func t ion  of q and that P varies l inear ly
w i t h  q so tha t  a n o r m a l i z e d  P ( P/q ) can be found us ing  g
equal  to u n i t y  wh i l e  v a r y i n g  R and b. Figure 5 is a cartesian
p lot of P normal ized versus  e. Note the l imi t  of e = R/ l .7 .
That is where the zero piessure line crosses the centroid of
the  foo t ing  (h = o ) .  Beyond that a rb i t r a ry  point , it is
f e l t , tha t  the bas ic  a s s u m p t i o n s  of foot ing  rigidity and
l i n e a r  soil ur es su re  d i s t r i b u t io n  are not as re l iable .

Desiqn Aid Steps for  use of Figure 5 follows :

( 1)  Choose r a d i u s  ( R )  in feet  and depth of footing .

( 2 )  Compute e = I ’VP , where M is applied moment in
foot -pounds  and p is axial load at the bottom of the footing
in pounds.  Include wei ght of foot ing if applicable.

( 3 )  W i t h  P and e en te r  Fi gure 5 and f i n d  P normalized V

(P/ q) -

( 4 )  Mu l t i p ly P/q by the allowable soil bearing pressure
in pounds per square foot to obtain Pa.

( 5 )  If Pa > P, then P is adequate . The next  smaller R
may be tried. I f  Pa < P, then P is inadequate and a larger R
mus t be chosen .

The above ~s onl y a suggested use of Figure 5 and the
user may use the chart according to need. The only unit V

rc~1ui red is the use of feet throughout. Feet may be converted
to meters by m u l t i p l j i n g  by 0.305 and square feet to square V

rr~~ er3 i-” mu~ 4Viplyinq by 0.0929.

I
V
~~~15 r~~por t  has shown tha t  aids for  design of round

feotings with ec c en t r i c  loads  can be developed.  The basic
:) r i  n c L  11 r an  be extended to o ther  shape s such as an eccen-
t r i c  load on the  d i a g o n a l  of a rectangular footing. Proper

p
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application of this design aid , as with other such aids ,
requires a thorough understanding of its development. To
c u r t a i l  improper  use , personnel  lacking der ivat ive  knowledge
are discouraged from usinq these aids.

12
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