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Screw Piles Used for Mast and Tower Foundations

Fondations de méts et de tours sur pieux hélicoidaux

J. G. TROFIMENKOV, Candidate of Technical Sciences, Moscow, U.S.S.R.
L. G. MARIUPOLSKII, Engineer, Institute Fundamentproekt, Moscow, U.S.S.R.

SUMMARY

In this report the results of screw pile tests are described and
the method of determining their bearing capacity is given.
About two hundred piles were tested, the pile plate diameter
being 0.25 to 1.0 m. Loads which were continuously increasing,
pulsating, alternate, and increasing by steps were applied on
these piles. Pressing in and pulling out tests were conducted.
Both single piles and groups of piles were tested. On the basis
of the tests, the method of determining the allowable load of
the screw piles was developed, based on the bearing capacity of
the soil and on the allowable deformation of a pile.

SOMMAIRE
La présente communication donne les résultats d’essais sur

environ 200 pieux hélicoidaux de diamétre variant de 0,25 a
1,0 metre. Les pieux ont été soumis a différentes formes de
chargement, soit continu, soit pulsatif, soit alternatif soit par
accroissements a I'échelle. Le comportement du pieu a été étudié
tant & I'enfoncement qu'a I'arrachement. Le programme d’essais
a été étendu 2 des groupes de pieux. A partir des essais, les
auteurs ont développé une méthode pour le calcul de la charge
admissible des pieux hélicoidaux tenant compte de la capacité

portante du sol et de la déformation admissible du pieu.

SCREW PILES USED FOR MAST AND TOWER FOUNDATIONS

IN RECENT YEARs in the U.S.S.R., Canada, and other
countries, screw piles sunk with the help of different self-
propelled units have been successfully used for different mast
and tower foundations. In the U.S.S.R., between 1961 and
1964, many communication masts up to 254 m high have
been erected quite economically.

The Fundamentproekt Institute, with the participation of
the Design Institute of the Communication Service carried
out a great number of screw pile tests in order to develop
reliable methods of determining the bearing capacity of
screw piles depending both on their size and type of loading
and on the properties of soils. About two hundred piles sunk
in soft to hard clays as well as in humid and saturated
medium dense, and loose sands at depths up to 7 m were
tested, the pile plate diameter being 0.25 to 1.0 m. Screwing
of “large” piles (pile plate diameter D = 0.45 to 1.0 m)
was done with the help of a special machine MZC-13 and
“small” piles (D = 0.25 m) were done by hand.

During the tests the required performance of screw piles
in mast and tower foundations was taken into consideration.
Continuously increasing, increasing by steps, or pulsating
loads can act on these piles depending upon the change of
force and direction of wind. The piles used for tower founda-
tions can carry alternate loads as well.

The following steps for the pile loading tests have been
followed.

1. Continuous pulling out or pressing in, up to a critical
load. After each increment of load of 2.5 to 5 tons for large
piles and 0.2 to 0.5 tons for small ones, there were short
intervals for taking intermediate readings of instruments
recording pile displacement and soil deformation. Pulling out
tests were made on vertical piles and batter piles (at an angle
of 45° to the vertical line).

2. Pulling out by steps; each step of load is applied after
the rate of displacement is less than 0.1 mm for 2 hours.

3. Pulling out and pressing in by pulsating load. Within
each step loading and unloading up to 0 was continuous.
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4. Pulling out and pressing in by alternate load increased
by steps. Within each step the load changes many times
from (+P) (pulling out) to (—P) (pressing in) passing
through 0. i

When pile loading tests were done according to methods 3
and 4, the step load was 5 tons for large piles and 0.5 tons
for small ones. The transition from step to step was made
after the pile displacement was not more than 0.1 mm for
3 cycles of pulsating or alternate load.

In most cases the loading of piles during the tests was
carried out with the help of hydraulic jacks supported by
beams. In the pulling out tests the reactive pressure on the
soil was transmitted through the support of wood sleepers.
In the pressing tests, reaction was taken by the anchor screw
piles. In batter pile tests, piles were placed at an angle of
45° to the vertical; the beam was inclined and rested on
special supports (Fig. 1). Marks (metal pins, 20 cm long)
were placed for the measurement of the soil surface deforma-

FIG. 1. Batter pile test arrangement.
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FIG. 2. Results of tests of screw piles: (a) continuous pulling out tests made in various soils; (b)
pulling out tests made with different loads in semi-hard clay soils; (c¢) pulling out tests made with’
different loads in saturated loose sands.

tion along two lines through the pile centre. The displace-
ment of the piles and the marks was determined by dial
gauges.

The loads on the piles were increased to a critical value so
that the pile displacement continued without a noticeable
increase in load. In most cases small piles were pulled out
until they were fully extracted on the soil surface.

The test results are shown in Fig. 2. Together with the
single piles, 12 pile groups were tested each consisting of
three small piles placed in one row at a distance from 1.5 D
to 5 D. The pile plate was at a depth of 8 D.

The analysis of the test results shows that in pulling out
and pressing in tests the rupture of the soil foundation of
the single screw piles depends on the ratio of the pile plate
depth to its diameter (H/D). When a pile plate is at such a
depth that H/D is more than some critical value of H/D,

the failure of the soil takes place inside the earth mass and
is not accompanied by surface rise. In this case the pile
bearing capacity depends little on the plate depth, the load
is transferred to the soil through both the plate and the
shaft. When a pile plate is at such a depth that H/D is less
than H/D critical at the ultimate state there is a displace-
ment of the soil mass above a plate (and partially under a
plate in pressing in). The bearing capacity of a pile depends
to a large degree on the depth, and the load is transferred to
the soil through the plate only.

The value of H/D critical depends on the type of loading,
(pulling out or pressing in), and soil conditions. As the
pulling out tests showed, H/D critical is 4 to 5 in clay soil
and 5 to 6 in sand. In pressing in tests the value of H/D
critical was not determined as these tests were carried
out when H/D > 4. For usual foundations H/D critical
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< 2 according to experiments by Berezantsev and others.

In pulling out and pressing in tests a zone of compaction
was formed on the working surface side of a plate and a
cylindrical hollow on the other side. The zone of com-
paction was a cone, the apex angle being approximately 90°.
This zone displaced together with the pile. The cylindrical
hollow was unfilled in the soils having even low cohesion
(including sand) and filled in with soil surrounding a plate
if the soil could flow.

The experiments showed that the pulling out resistance
of a pile in the deep installed group of piles placed at a
distance not less than 1.5 D is equal to that of the single
pile in the same soil and at the same depth.

The bearing capacity of the batter piles sunk at an angle
of 45° to the vertical and at a depth of more than critical,
is close to the bearing capacity of the vertical piles placed
at the same depth. When failure of the soil takes place
inside the earth mass, the plate inclination to the ground
surface has no marked influence on the work of piles.

The bearing capacity of a pile in pressing in tests is
much higher than that in pulling out tests, because of
the following factors: (a) in pressing in tests the load acts
on undisturbed soil: (») the working area of a pressing in
pile is larger than the area of a pulling out pile because of
the pile shaft; (¢) soil density usually increases with depth.

At the same soil strength in a working zone* the bearing
capacity of pressing in piles is 1.4 to 1.5 times higher than
the bearing capacity of pulling out piles. As to the stresses
on a plate at the ultimate loads their ratio is about 1.3.

The ultimate resistance of a pile subjected to pulsating,
alternate, or increasing by step load is lower than that in
continuous pulling out and pressing in tests. For the load
applied by steps (method described previously) the decrease
of the ultimate resistance is 10 to 20 per cent, independent
of the properties of the soil.

On the other hand the influence of pulsating and alternate
load on the bearing capacity of a pile depends on soil proper-
ties. In semi-hard clay soils, using loading piles according to
both set-ups, the ultimate resistance was about 70 to 80 per
cent of that in continuous tests (Fig. 2b). It should be
expected that the same results may be observed in all soils
(including sand soils) having enough strength to preserve the
walls of the hollow forming. In saturated sand as the hollow
is filling with soil the ultimate pulsating load was 60 to 70
per cent, and the ultimate alternate load 30 to 40 per cent,
of the ultimate bearing capacity of a pile in continuous pull-
ing out (Fig. 2¢). In most cases the displacement of a pile
corresponding to the ultimate bearing capacity was not more
than 0.1 D in continuously increasing load and 0.05 D in
pulsating, alternate, and increasing by steps load.

On the basis of the experiments a method of determining
the bearing capacity of deep screw piles was developed which
takes into account the bearing capacity of the soil and the
displacement of a pile. The method is based on the following
assumptions resulting from the experiments:

1. The ultimate pressure of a pile plate in the given soil
does not depend on pile diametert

2. Specific soil friction along the pile shaft may be taken

*A working zone is a layer of the soil near the working surface
of a plate which defines the bearing capacity of a pile. The height
of a working zone may be taken approximately equal to the plate
diameter.

tIn some cases (mainly in sandy soils) in decreasing a pile
plate diameter, an increase in the ultimate pressure was noticed
which is not taken into account in the methods of calculation.
The value of influence of the pile plate diameter on the ultimate
pressure requires special study.
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equal to that pointed out in the building standards (II-B,
5-62) for driven piles.

3. The correlation between the relative loads P/P,, and
relative pile displacements S/D does not depend on whether
the tests are pulling out or pressing in, or on the soil condi-
tions, but it does depend on the type of loading: continuously
increasing or pulsating, alternate, increasing by steps. The
load at which the pile displacement is 0.1 D in the case of
continuous load and 0.05 D in other cases is taken for the
ultimate load.

In pulling out by continuously increasing load the ultimate
bearing capacity of a pile plate can be determined by the
formula:

Ry (pulling) = Ac + ByH, (1)

wherein 4 and B = dimensionless coefficients depending on
an angle of internal friction of the soil ¢; ¢ = soil cohesion,;
v = unit weight of the soil above pile plate level (submerged
value below groundwater level); H = the depth of a pile
plate.
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FIG. 3. Coefficients 4 and B depending on an angle of internal
friction of the soil ¢.

Eq 1 coincides with the formulae obtained by Sokolovskii,
Berezantsev, Terzaghi, and other authors according to the
theory of ultimate equilibrium. The coefficients 4 and B,
plotted in Fig. 3, are obtained from the results of the pile
tests conducted in various soils. There is a known soil
mechanics relation between the described coefficients: 4 =
(B — 1) cot ¢.

In continuous pressing in, the ultimate bearing capacity is
1.3 times more than that of a screw pile in the pulling out
test:

Ry, (pressing) = 1.3R,,, (pulling). 2)



TABLE I. REDUCING COEFFICIENT, m

Type of load

The ultimate load transferred to the soil is determined by
the sum of the ultimate loads of a pile plate and that of a
shaft (in calculating P, pile weight is not taken into

Kinds of soil - account) :
l.l'l a Increasmg .
working zone by steps  Pulsating Alternate Py = Ry F -I—fltL' (3)
Cle il . . . .
}[yqu' i,ery where R, = the ultimate bearing capacity determined
stiff, and according to Eqs 1 or 2; f = friction along the pile shaft
wsg,ﬂ 82 8Z O-g determined according to Table II Building standards, II-B,
éo}at um 0’8 0'(15 8'4 5-62; F = working area of the plate; u = perimeter of the
Very soft 0.8 0.5 03 pile shaft; L’ = the length of a pile shaft in the soil, equal
Sand soil to L — D (because of the formation of the compaction zone
ai;arst?;,s above a plate in pulling out and the formation of the hollow
saturated 0.8 0.7 0.7 above a plate in pressing in). In pulsating, alternate, and
Saturated } increasing by steps loads the reducing coefficient, m, depend-
and dry 0.8 0.5 0.3 ing on the type of loads and the soil conditions and given in
TABLE II. ULTIMATE BEARING LOADS
Soil characteristics Puie (tons)
Dimension of piles
Type of ¥ experi-
soil at D H d ¢ ¢ T (grams/ calcu- mental
test site (m) (m) (m) (deg) (kg/sq.cm.) (kg/sq.cm.) cu.cm.) lation data Remarks
Stiff and 0.45 2.0 0.17 19 0.55 0.68 1.95 11.5 12.0
sandy clay 13.0
0.45 3.0 0.17 19 0.55 0.75 1.95 14.7 19.0
21.0
0.45 4.3 0.17 19 0.71 1.0 1.95 21.1 21.0
25.0
0.45 5.0 0.17 19 0.89 1.23 1.95 26.2 27.5
30.0
0.60 5.0 0.22 19 0.87 1.21 1.95 41.3 35.0
42.5
0.80 4.0 0.22 19 0.63 0.90 1.95 49.8 45.0
50.0
52.5
0.80 5.0 0.22 19 0.84 1.18 1.95 65.6 60.0
62.5
1.00 5.0 0.22 19 0.82 1.16 1.95 96.3 95.9
110.0
Soft clay 0.45 3.0 0.17 13 — 0.38 1.90 4.7 4.5 groundwater
and sandy 5.4 level 1 m below
clay 6.2 the surface
0.80 5.0 0.22 13 — 0.46 1.90 19.3 19.4 groundwater
20.0 level 1.2 m
below surface
1.00 5.0 0.22 13 — 0.41 1.90 27.7 27.0 groundwater
28.0 level 1.8 m
below surface
Humid 0.60 4.1 0.22 34 — — 1.95 78.6 80.0 groundwater
fine and 82.0 at the depth
medium of 1.6 m.
sands 0.60 5.0 0.22 35 — — 1.95 113.4 117.5 impervious
125.0 layer at the
0.80 5.0 0.22 34 — — 1.95 171 .4 >161.1 depth of 2.5 m
0.45 5.0 0.17 35 — — 1.8 41.3 40.0
425
45.0
48.0
Saturated 0.60 5.5 0.22 35 — — 1.8 74.1 87.5
fine and 87.5
medium 0.60 5.5 0.22 30 — — 1.8 39.7 42.5 groundwater
sands 45.0 level 1.2 m
45.0 below the
0.70 5.5 0.22 35 _ —_ 1.8 98.0 70.0 surface
90.0
0.70 5.5 0.22 30 — — 1.8 50.3 42.5
50.0
0.80 5.5 0.22 30 — — 1.8 62.6 60.0
62.5

NOTES: 1. The shear strength of stiff clay was determined in laboratory, the shear strength of soft clay was determined by the vane
test. 2. The angle of internal friction of sand was determined by the results of the standard penetration test. 3. Below groundwater level
the unit weights of sand and clay soils were accepted to be 1.0 grams/cu. cm and 0.9 grams/cu. cm, respectively.
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Table I should be applied to the ultimate resistance obtained
from Eq 3 ie,

P = MPyyy. 4)

According to the building standards the allowable load of
screw piles is determined by the multiplication of the ulti-

332

mate load by the coefficient of uniformity to be taken 0.6.
The coefficient of uniformity is assumed to be 0.7 for the
ultimate resistance determined by the results of the tests.

The determination of deformations is based on the use of
the graphs obtained from the results of the pile tests and
given in Fig. 4, The curve was drawn with a 10 per cent
probability that §/D is exceeded.

From the deformations the allowable load of screw piles
is determined by the muitiplication of the ultimate load by
the coefficient r depending upon §,.,,/D and the type of load
(Fig. 4) i.e.,

Pyer = rPyye (5a)

or

Pyer = ran- (5b)

Thus the bearing load is calculated depending on the
bearing capacity of the soil (Eqs 3 and 4) with the coeffi-
cient of uniformity 0.6 and on the deformation (Eq 5). The
values of the ultimate bearing loads calculated by Eq 3 and
given in Table II are compared with the values obtained from
the pulling out tests. In most cases the difference is less than
20 per cent.
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