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SYNOPSIS The method of simple zero extension line field is used to calculate the
bearing capacity coefficients for smooth strip footing on sandy soils. The relative settlement of
the footing is correlated with shear strain enabling evaluation of locad-displacement behavior by
using the shear characteristics of sand. The predicted values compare favorably with those in
literature. Charts and formulas are presented for bearing capacity coefficients as function of
angle of internal friction and as function of relative settlement for given sand.

INTRODUCTION

The zero extension line concept (line with
linear strain equal to zero) was first intro-
duced by Roscoe (1970) for interpretation of
the strain field in a sand media. The simple
zero extension line field was proposed by James
and Bransby (1970). The concept has been used
by several investigators to predict earth pres- Oy = GHy * % TBNy (1)
sure and bearing capacity of sandy soils (see
references).

The zero extension line field consisting of
Rankine, Goursat, and mixed zones are shown. v
is the angle of dilation of soil. The Terzaghi
bearing capacity equation is:

where g is the applied surcharge, y the soil
unit weight, B the width of the foundation,

In the present work the bearing capacity of and N_ and NY are the bearing capacity factors.
shallow, smooth, strip foundation on sandy soil 4

is evaluated by using the simple zero extension

line theory. In addition, the relative settle-
ment of foundation is related to the bearing
capacity factors. The results are presented in
formulas and charts, and compared with existing
results in literature.

THEORY

Because of the extensive coverage of the theory
in the cited literature only elements relevant
to the present work are briefly presented. Con-
sider the strip footing rested on sand in
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Fig. 1. Smooth Strip Foundation on Sand

The zero extension line theory predicts a line-
ar pressure distribution at the foundation con-
tact surface.

Considering the equilibrium of the above zones
and using the zero extension line theory,

based on previous works, Nq and Ny are evaluat-
ed.

N =K 2

q pPa -
_ Xpy m Vv

N, = —=1 - tan(+ + %) (3)
b COS(% + ‘21) 4 4

where K and K
Pg pY

coefficients on the boundaries of the Goursat
zone and have been evaluated by Jahanandish,
Behpoor and Ghahramani (1989) are as fol-
lows:

are the passive pressure

K.
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where ¢ is the angle of internal friction and v
the angle of dilation of sand. It is seen that
once the ¢ and v are known the bearing capacity

factors Nq and NY can be evaluated. Normally ¢

and v are obtained from shear test. However if
only ¢ is known, v can be evaluated by using
formulas relating ¢ and v. The authors prefer
to use the relationship

v =¢ - 30 (13)

The usefulness of zero extension line field is
that in addition to predicting the stresses,
displacements can also be evaluated. Fig. 2

Fig. 2. Zero Extension Line Net

shows the zero extension line net under footing
AB. This net theoretically behaves like rigid
links connected at nodes. The settlement of the
footing AB causes an expansion of the wedge BOA
such that OA and OB rotate by an amount 6 about
0. 6 is related to the settlement S by the
following formula:

-2 &
§=2 ¢ (14)

where B is the width of the footing. If S/B is
called the relative settlement, then the rota-
tion is twice the relative settlement. From
previous work (Jahanandish, Behpoor, Ghahramani,
1989), the shear strain in each guadrilateral
in Goursat and Rankine zones is constant in
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this case. The shear strain in each quadri-
lateral is simply the change of angle and is
equal to 6. Therefore once the relative settle-
ment is given the shear strain can be evaluated
and from the results of the shear tests relat-
ing Sin¢ with shear strain such as Fig. 3a, the
angle of internal friction can be evaluated as
function of relative settlement, (Fig. 3b). It
is to be noted that the Fig¢s 3a and 3b
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Fig. 3a. Sin¢ versus Shear Strain
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Fig. 3b. Sin¢ versus Relative Settlement

have the same ordinate but the abscissa of Fig.
3b is half of that of Fig. 3a. This signifies
that once a shear test is run or is chosen to
present the behavior of sand under the footing,
the relative settlement can be evaluated as a
function of ¢. Therefore, the settlement and
bearing capacity can be related to each other.

RESULTS

The bearing capacity factorslbased on Eq. (13),
predicted by the zero extension line theory are
presented in Fig. 4 as the function of ¢.

For the dense sand of Fig/s 3a and 3b the bear-
ing capacity factors are related to relative
settlement and are shown in Fig. 5.
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Tig. 4. Bearing Capacity Factors versus ¢
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Fig. 5. Bearing Capacity Factors versus
Relative Settlement

It should be emphasized that the user is not
restricted to apply the bearing capacity factors
predicted by the zero extension line theory and
he can choose bearing capacity factors as pro-
posed by other sources.

Then by using the results of soil shear test,
the user can relate the chosen friction angle
with the soil shear strain and consequently with
the relative settlement which is half of the
soil shear strain.

DISCUSSION OF THE RESULTS

The bearing capacity factors presented in Fig. 4
are comparable with the values cited in the
literature. A partial comparison is seen in
Table I.

The relative settlement predicted by Fig. 5 for
dense sand can best be compared with allowable
bearing capacity for one inch settlement pre-
dicted by Standard Penetration Test results. For
a relative settlement at small range of S/B, it
is seen from Fig. 5 that Ny varies almost
linearly with relative settlement. This indi-
cates a constant allowable bearing capacity for
a given ¢, which is in accordance with the
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TABLE I
Partial comparison between bearing

capacity factors from literature*
and from zero extension line neory

Ng NY

Literature ZEL

Literature ZEL

30 17.0 18 15.6 18
35 33.0 30 37.0 34
40 64.0 65 93.0 85

*Ref: Lee, White, Ingles; Geotechnical Engine-
ering, P. 341. 1983, Pitman.

N (SPT number) versus allowable pressure curves.

CONCLUSIONS

The following conclusions can be made regarding
the application of zero extension line theory
to the bearing capacity and settlement of
smoothe strip footings on sand.

q and NY

predicted by the method are comparable
with the values cited in the literature.

(1) The bearing capacity factors N

(2) The settlement of the strip footing pro-
duces a constant shear strain in the
elements of soil in the Goursat and Ran-
kine zones, the magnitude of this shear
strain is twice the relative settlement
of the foundation which is defined as the
settlement over the width of strip footing.

(3} The results of shear test on sand relating
the angle of internal friction to shear
strain can be used to predict the bearing
pressure at a given settlement or vice
versa. Thus the zero extension line method
is capable of predicting the load-settle-
ment curve for the strip footing.
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