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'ABSTRACT
Ithas been shownby means of theoretical and experimental meth-
ods that the size effect df a circular footiﬁg penetrating vertically into
soil has to be considered by applying to equation p = (k—;' + k¢)zn the
radius of the plate instead of the diameter. Slight diécrepancies formerly

noted between soil values established by means of rectangular and cir-

cular plates can be thus eliminated,




n-Values by Means of Circular Footings,

?

Modified Procedure

Determination of kc, k

Problem

Since soil values kC, k¢ and n obtained by means of circular and
rectangular plates show some discrepancies, investigate the existing
method of soil value evaluations and suggest necessary modifications in

order to obtain agreements with practical limits.

Background

The Land Locomotion Laboratory introduced and successfully used
a semi-empirical stress-strain relationship for vertical soil deforma-

tion (1).

p= (kc/'b+ k,)z"

¢

where
p is the vertical unit load (psi)

kC is the ' cohesive modulus' of soil deformation (Ib/ inn+ 1)
nt2

k¢ is the " frictional modulus' of soil deformation (lb/ in )
z is the vertical sinkage corresponding to p (in)

b is the width of the rectangular footing (in)

When obtaining soil values by means of a circular footing, thedi-
ameter (D) has been used in the denominator of kc/ b.

The method for the evaluation of soil value kc’ k¢ , and n has been
described in detail in numerous papers published by this organization
(2).

Essentially it consists of the following steps:

1. Obtain experimental p vs z curves by at leasttwo plates of dif-

ferent dimensions say; b, and b, or D, and D_,

1 2 1 2
Then:
kc ' n kc n
p= (‘BT+k¢)z p=(i;‘2~+k¢)71,




2. Plot the empirical curves on logrithmic paper.

k

‘ - £

Inp = ln(bl +k¢)+nlnz
k

Inp= In(=® +k,)+nlnz

bZ ¢
which yield two parallel straight lines.

3. Determine the slope of the two lines, (this slope defines the

value n) and ordinates a, and a, (at z = 1}). Accordingly:

1
ke

ﬂL1=b1 B S 2
kC

a2=g'2“+k¢ -------------------------------------------- 3

As mentioned before, the use of D for b whenusing circular plates
does not produce quite the same soil values as obtained by rectangular
plate tests withlarge aspect ratio. However, since kc/ b is considerably
smaller than k¢ in most cases, these differences have not been signifi-
cant in the early stages of the application of the discussed soil value
system, and remained unnoticed,

In the course of another research project (3), however, it became
evident that the situation could be improved by using R instead of D and
that such a procedure would be in a better agreement with theoretical
concept of the discussed values. Theoretical background of this con-

clusion is outlined below.

Discussion of the Theory

As shown in an earlier report (3) the force needed to penetrate

a cone into the soil can be expressed by the following equation:




k nt2
W=_uD ic + k,D (z+H) +
2H Lntl {(z+ gt ot 1} %— {n+ 1) (n+2)

A P15 %) ]
nt+2 nt+1

Where D (in) isthe diameter of the cone-base; H (in) is height (in)

of the cone; z is the sinkage (in) measured be‘tween the ground surface

and the cone base (Figure 1). When H— 0 Equation 4 furnishesthe force

needed to penetrate a circular plate into the ground, Since one would

encounter the indeterminate form of 0. during the mathematical proce-

: 0
dure L' Hospitalds rule..has to be applied.
W
T —
Z2 |a D‘-
|
"\
i
| s
' ) !
i
!
Accordingly
lim fH) _ - f'(H)
H—0 ¢ §'(H)
and if
£/ (H )
8 ’(Ho) is still indeterminate

then lim fH) - £ (H )

H->0 ¢ (H) ~ -;ST(-I:I?—_

Let us d'ivide' Equation 4 into two parts




ntl ntl

W, = mnDk (z+H) - =z
1 c
2{n+1) [ H ]
and
w, = 7 D2 ¢ (ztr)t 2 , zn+2h ) At (z+H) ]
2 “ L(n+ Vit 28 ¥ (n+2)H ~ (n+ DH®

The numerators of W, and W, aredenoted fl(H) and fZ(H) respec-
tively, whereas the denominators are called ¢ 1(H) and ¢2(H).
So:

£,(H) = nDk_ [(z+H)n+ 1 z"“]

¢1(H) = 2(n+1)H
£, (H)= nD2k¢ [(z.+ 1" 24 (n+ )22 2 (nt 2022 Nzt 1) ]
$,(H) = 2(nt 1)(n+ 2)H%

The first derivatives are:
£(H) = nDk_(n+ D{z+H)™
and for H= 0,

Py = n
fl (HO) nch(n+ 1)z

¢1 (H = 2(nt1) = ¢ (H)
So

Y - n
W10 = flr(HO) ﬂchz
¢1(Ho) 2

On the other hand:

fg(H) 7 D%k (n+2)(n+ 1) (z+H)"

]
¢ ’Z(H) = 4(n+1)(n+2)




and

- llm ¥ - 2
WZO— H~=D fz,(,H) = nD qu s
$ TH) 1
The total force, when H-> 0 equals:
2
W = W. +W ="chzn+"Dk§zn
o lo 20 > 2
o nDZ ch n
— b b T Y o e e e e e e e e e e — e — .-
WO = 2 D + k¢)z ,5
The unit load or pressure is then:
2k
. +
b= NWO - ng k¢)zn
# D2
4
Orif R= D
2
k n
= (=€~ 7 Uy --6
p R + k

Thus if Equation 4 is accepted as valid for a cone shaped footing

then the use of R (radius) is verified by theoretical considerations,

Tests

Experimental verification of using the radius of a circular plate
for b in Equation 1 was carried out by performing sinkage tests using
both rectangular and circular plates,

Sinkage experimentsin the laboratory were performed in an arti-
ficial soil mixture (4) of bentonite and ethylene glycol anti-freeze at
four differentliquid contents, The plate sizes forlaboratorytestsusinga
Bevameter Mark IV (2) were rectangular plates: 5x0,75;5 x 1,54
3x0,75; 3x 1 and circular plates of diameters 0, é; 1,6; 2.0 and 3,0
(all dimensions in inches).

Tabulated below are the results of tests performed in the

Laboratory.




Date W:;‘% Plate k¢ n kc kc kg
Rect b= R =D
27 Aug 58 60 Circ 2,95 0.27 13.1 26,2
Circ 23.1 0.36 13.0 26,0
Rect 22,0 0.33 13.5
Rect 22.8 0.24 14,1
28 Aug 58 60 Rect 26,0 0.16 12,3
Rect 29.6 0.29 9.6
29 Aug 58 60 Circ 28,2 0.1 16,8 33,6
Circ 28,2 0.17 14, 4 28,8
Rect 26,8 0.1 15,9 |
2 Sep 58 65 Rect 14,0 0.14 l6.8
Rect 11,6 0.18 22,8
Circ 15,0 0.16 20 20
Circ 16,8 0.11 15,9
3 Sep 58 65 Rect 20 0.26 12,0
Circ 19 0.1 18.4 36.8
Rect 18 0,22 12,9
10 Sep 58 67 Circ 8.6 0.17 3.3 6.6
Rect 10.7 0.18 .
Rect 9.9 0,17 .
Rect 10.3 0.17 .
Rect 8.6 0.21 .
Rect 10,0 0.21 .
Rect 9,3 0.21 .2
Circ 8.8 0.25 3.5 7.0
Circ 7.4 0.25 5.0 10.0

Notice the reasonable agreementbetweenthe values in columns 6 and

7 and the disagreement in columns 6 and 8,




e

Aberdeen Proving Ground

s Field tests at APG, Md., Churchville Test Area were conducted

using the Mark V Bevameter (2). Even under field conditions the cir--
cular plate size factor orb=-R is apparent. The plate sizes_were rectang-
ular plates 8x1, 8x1..5, 8x1.0, 6x0.75, 6x1, 6x1.5, andcircularplates of

diameters equalto4.0, 5,0, 7.0inches. The results are tabulated below:

kC ' kc kC
s
Date MC%* Plate k¢ n Rect b= R b=D
3 Nov 58 Rect 1.2 0. 49 0, 66
4 Nov 58 32 Circ 1.2 0. 42 0.72 1,44

31  Rect 1.3 0.32 0.8
33 Rect 1.7 . 0,33 0.9
32 Rect 1.4 0.44 0. 66
5Nov58 29 Rect 1.3 0. 36 3.2
6 Nov 58 29 Rect 2.7 0.63 1.6
28 Circ 1.8 0.4 4,8 9.6
7 Nov58 25 Circ 3.0 0.6 .. 1.12 2. 24
26 Rect 2.8  0.58 1.6 '

*Moisture Content %

Discussion of Results

It is feltthat the agreement between tested kC values both by rec-
tangular and circular plates whenusing b=R in Equations 2 and 3 leads

to the conclusion that kc is independent of the form of the footing used,

Recommendation

It is recommended that the vertical stress-strain relationship be

used according to Equation 6 for circular plates,
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