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Estimating Downdrag Forces in Piles

and Means of Minimizing
or Eliminating Downdrag

By William Enkeboll

PILES installed in an area of subsidence may
be subjected to downdrag forces, often referred
to as negative skin friction. When the soil strata along-
side a pile decrease in height with respect to the pile,
downdrag forces develop. Usually a decrease in height
of the soil strata is caused by the weight of fill placed
over a deposit of compressible soil, but it may be
caused by consolidation of compressible soil under its
own weight, if it is not fully consolidated, or by desic-
cation. Only downdrag associated with subsidence due
to the weight of fill is considered in this article. In
the event subsidence occurs due to consolidation of
the soil beneath the pile tips and the soil strata along-
side the piles do not decrease in height, downdrag
forces will not be developed in the piles.

Downdrag results from the downward movement, or
the tendency to downward movement, with respect to
a pile, of the soil surrounding the pile. The magni-

tude of the downdrag force is limited by the shear
strength of the soil adjacent to the pile or the fric-
tional resistance which may be developed between the
soil and the pile. It is appropriate to designate the
downdrag evaluated on the basis of the shear strength
and frictional resistance as the “potential” downdrag,
since it may not be completely developed. If the weight
of fill adjacent to a pile is sufficiently small, the down-
drag force actually developed will be less than the po-
tential downdrag.

Estimating Downdrag Forces

The following example illustrates a method of es-
timating downdrag forces. The soil profile, shown in
Figure 1, was obtained from a foundation investiga-
tion and is representative of soil conditions which lead
to downdrag forces. The pertinent soil properties also
are presented in Figure 1. In this case, eight feet of
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FIGURE |

fill were placed to raise the grade to the desired eleva-
tion. The water level after filling was at a depth of five
feet. It was necessary to support the material processing
structures located in the filled area on piles because of
the weak and compressible silty clay soils (bay mud)
immediately underlying the fill. The sandy clay soils
underlying the silty clay soils were stiff and capable of
providing adequate support for piles. The weight of the

fill caused consolidation to occur in the weak and com-
pressible silty clay soils resulting in downdrag forces
being developed.

The procedure used in estimating both downdrag
forces and support is shown in Table 1. The calcula-
tions for support are included for the sake of com-
pleteness. The procedure followed is that presented in
Reference 1. This procedure was developed by Wil-
liam W. Moore and Trent R. Dames.

The soil profile is divided into a convenient num-
ber of increments of depth, the fill being divided at
the water level into two increments, the silty clay in
two 4-ft. increments, and the sandy clay into three 10-
ft. increments. The overburden pressure is calculated
at the midpoint of each increment from the wet unit
weight, 8..., of the soil above the water level and the
submerged unit weight, 8,u, of the soil below the water
level. The shear strength is calculated at the midpoint
of each increment using the customary expression for
shear strength,

s=c+4p tan ¢,
where “s” is the shear strength, “c” is the cohesion,
“p” is the normal pressure, and “¢” is the friction an-
gle of the soil. The values of “c” and “¢” are based
on the ultimate strength of the soil for downdrag and
on the yield strength for support, and the overburden
pressure is used for “p,” the normal pressure.

In addition to the shear strength, the friction be-
tween the pile and the soil is considered. The friction
is obtained by multiplying the tangent of the angle of
friction between the soil and the pile, tan q, by the lat-
eral pressure on the pile. The lateral pressure on the
pile is greater than the overburden pressure when the
pile is driven as a displacement pile. The lateral pres-
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“ . . potential downdrag increases with the depth
to the supporting stratum and the depth of fill.”

sure is equal to the overburden pressure multiplied by
a lateral pressure factor. A simple expression for eval-
uating a lateral pressure factor is =s -+ p. Lateral

pressure factors evaluated by means of this expres-
sion have been used successfully in predicting the sup-
porting capacities of piles, and it is believed to be
within reasonable limits of accuracy to use the same
expression to estimate downdrag forces. It will be
noted that in multiplying this expression for the later-
al pressure factor into the overburden pressure, the
lateral pressure is equal to s 4 p. Thus, the lat-
eral pressure could be obtained directly from the ex-
pression »s + p, but it is helpful to know the value
of the lateral pressure factor. The procedure also lends
itself to the use of lateral pressure factors evaluated
by other means, if it should be desired to do so.

The end bearing does not affect the downdrag, but
to complete the calculation for the supporting capacity,
the end bearing has been conservatively estimated us-
ing the expression =sA where “A” is the end area
of the pile.

The lateral area of the pile is computed for each
increment for different pile penetrations. Each pene-
tration coincides with a whole increment.

The shear strength or the friction, whichever is
the smaller, is multiplied by the lateral area for each
increment to obtain the downdrag or support for that
increment. The smaller of the two values is under-
lined in the table.

The total downdrag is obtained by the summation
of the downdrag per increment above the supporting
soil stratum, and the total support is obtained by sum-
mation of the supporting forces.

The strains in the soil adjacent to the pile are large
enough so that the ultimate shear strength of the soil
or ultimate friction between the soil and the pile should
be used without applying a factor of safety in calculat-
ing downdrag forces. This is analogous to calculating
the forces which would be developed at failure. In
contrast, the design supporting capacity is calculated
with an appropriate factor of safety. In the example, a
factor of safety of 1.5 has been used in arriving at the
design supporting capacity.

The lateral area of a wood plle in the soils above
the supporting soil increases as the penetration of the
pile is increased because of the taper of the pile. It
has been considered that the taper of the pile of the
example has a taper of one inch in ten feet on the
diameter. Thus, the downdrag increases with increas-
ing penetration of the pile. For small differences in pene-
tration, the change in downdrag is small. The varia-
tion is illustrated in Figure 2. The design supporting
capacity of the soil on the pile is also plotted in Figure
2. The units have been changed from kips in the
calculations to tons in Figure 2.

The required penetration into the supporting soil
for a pile carrying a design load of 30 tons is 22 feet,
if there were no downdrag. At a penetration of 22 feet
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into the supporting soil, the downdrag is approximately
6 tons. Adding the downdrag load to the design load
gives a total of 36 tons which must be resisted in the
supporting soil. The required penetration for a load
of 36 tons is 26 feet. This additional penetration of
four feet to resist the downdrag results in a slight in-
crease in the downdrag because of the greater surface
area of the pile in the subsiding soil. The increase is
not large enough to warrant increasing the pile pene-
tration to provide additional support to resist it.

A convenient type of graph, from which the pene-
tration into the supporting soil for a given load with
downdrag already allowed for, is shown in Figure 3.
In preparing such a graph, the variation in the down-
drag with the pile penetration for tapered piles results
in a small inaccuracy. If the downdrag is based on
the probable maximum penetration, the degree of con-
servatism is very small and within the limits of ac-
curacy of the calculations.

The downdrag on an interior pile in a large group
of piles cannot exceed the weight of fill between the
pile and half the distance to the adjacent piles. A pile
spacing of 3 feet in both directions for a square pile
pattern gives a weight of fill per pile, not allowing for
the weight of fill displaced by the pile, of 3.7 tons
using the unit weight of fill in the example. The weight
of fill displaced by the pile is 0.25 tons. Normally,
this is not deducted, since it is a small part of the total
and it is within the limits of accuracy to ignore it.

Measurement of Downdrag

Downdrag forces may be much greater than in the
example. The potential downdrag increases with the
depth to the supporting stratum and the depth of fill.

It is not possible to allow properly for downdrag
by use of a dynamic pile driving formula. At best,
dynamic pile driving formulas are very approximate,
and it appears impossible to develop a rational means
of estimating downdrag from blow count data.

Downdrag may be measured by performing a load
test by pulling a pile which has been driven to, or just
short of, the supporting stratum. The total force re-
quired to withdraw the pile would give the potential
downdrag load on the pile.



Methods to Reduce Downdrag

Downdrag forces may be reduced by predrilling
in order to decrease the lateral pressures which de-
velop through the soil displacement. Normally, it is
desired that the soil provide lateral support to the pile.
Therefore, a predrilled hole for the pile should be
smaller than the diameter of the pile, If the hole will
remain open after drilling until the pile is placed in it, it
is normally drilled as a “dry” hole. If the hole caves, a
mud slurry may be left in the hole to minimize caving.
Even if caving does occur, some benefit is derived from
the predrilling because of the soil removed.

The degree of accuracy with which it is possible
to estimate downdrag forces when using the predrilling
method is limited. In the example, the lateral pressure
factor is approximately three in the fill and approxi-
mately one and three-fourths in the bay mud without
predrilling. It is probable that the lateral pressure ratio
would not be reduced below one and one-half by pre-
drilling. Using a lateral pressure factor of one and one-
half in both the fill and the bay mud gives the re-
sults shown in Table 2. The reduction in lateral pres-
sure results in friction rather than shear strength being
lower in the fill.

Downdrag forces may be reduced appreciably or
eliminated by installing a steel shell (or other suitable
type of shell) around the pile. The soil within the
shell is removed and where a pile is laterally loaded,
the space between the pile and shell is filled with sand.
If a shell extends into the supporting soil stratum suf-
ficiently far to resist the downdrag forces on it, it will
not settle with respect to the pile. In this case, no
downdrag forces would be transmitted to the pile. A
shell which does not extend to the supporting soil
stratum will settle with respect to the pile, resulting in
some downdrag being transmitted to the pile through
the sand between the pile and the shell.

The downdrag force from the sand between the
pile and a settling shell may be approximated by con-
sidering the effect of arching in the sand between the
pile and the shell. An expression developed in Refer-
ence 2 may be used in calculating the lateral pressure
the sand exerts on the pile. Considering the lateral
stress equal to the vertical stress in the sand, using
the angle of friction between the sand and the pile in
place of the friction angle in the sand, and recognizing
the depth is large compared to the width of the space
between the pile and the shell gives the expression

B s
P =fn .
where “p,” is the lateral pressure, “B” is one-half the
width of the space between the pile and the shell, “3”
is the unit weight of the sand (wet unit weight above
the water table and submerged unit weight below), and
“a” is the friction angle between sand and pile.

For a space of 6 inches between the pile and the
shell and using, for the sand, a wet unit weight of 120
pounds per cubic foot, a submerged unit weight of 65
pounds per cubic foot, and a frictional angle “a” of
14° gives the results presented in Table 3.

Comparing the results of the computations
for downdrag in Tables 1, 2, and 3 shows for the ex-
ample that the potential of approximately 6 tons for a
pile driven without predrilling is reduced to approxi-
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mately 4 tons by predrilling and approximately 0.5
tons by surrounding pile with a shell.

The calculation of downdrag forces on piles can-
not be considered as yielding precisely the ‘“correct”
value. The method is rational, but the lateral pressure
which may be developed against a pile undoubtedly is
influenced by other factors than the shear strength of
the soil. A need exists for the measurement of down-
drag forces in actual pile installations. Data from such
measurements would be particularly useful in improv-
ing the accuracy of estimated downdrag forces. u
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