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4. EXPERIMENTAL APPARATUS AND TECHNIQUES

4.1 Introduction

The axial load capacity of MV pilers is today generally
estimated using empirical data assembled from numerous
back-analysed pile load tests. In an effort to obtain
additional information on the bearing capacity
characteristics of this pille type, a lapboratory test
programme using a model MV pile was carried out as

described herein.

A number of model pile tests in sand have been described
in the published literature, Some of these include
Kerisel (19l 1J964), Vesic (1964), de Beer (1363),
Przedecki (1975), Clemence and Brummund (1375), Kulhawy
et al (1979), Tjechman (l97la, 1971lb), Mazurkiewicz
(1963), Knabe (1971), Hanna and Tan (1973), Das and
Seeley (1976), Robinsky et al (1964) and Robinsky and
Morrison (1264). Of the above, the tests carried out by
Robinsky and his team, Knabe, Kulhawy and Przedecki were
mainly intended to determine soil displacements around a
pile while the other retferences quoted attempted to
determine pile capacity. Most of the experiments were
conducted with dry sand, and the models used ranged in
size from pile shatts of 41lO0mm diameter representing
drilled piers (Clemence and Brummund 1975), to 50 to

75mm diameter metal tubes usually representing precast
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piles (eg Hanna and Tan 1273, Mazurkiewicz 1968).
Knabe (1971) investigated pile groups and the influence

of the pile cap on the group bearing capacity.

Ideally the model system wused to investigate soil/
structure interaction should comply with the requirements
of dimensional similicude. Prior to setting up a scale
model experiment therefore, consideration should be
given to the validity of the selected model dimensions,
the experimental technique to be used, the properties of
the materials involved, and the probable effects of the

loads applied and deformations observed.

The limitations of scale models as a means of inter-
preting prototype pile behaviour, are well recognised
(Vesic 1964, 1965, Bassett 1930). Dimensional analysis
(Buckingham 1314, 1915, Bridgeman 1931, Langhaar 1951),
is one method which may assist in identifying thcse
parts of the model which either do or do not conform to
the prototype. Appendix B considers the similitude
requirements of a model MV pile using dimensional
analysis. The findings of this appendix suggest that
the model should be geometrically similar to the
prototype, the shear and elastic moduli of prototype and
model should be the same, and, most importantly, that
the unit weight of the model soil should be scaled in
inverse proportion to the linear scaling. Except by the

use of, tor example, a centrifuge it is unlikely
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therefore, that on a laboratory scale, the model pile/

soil interaction will properly simulate the prototype.

Nevertheless, model experiments in the laboratory provide
virtually the only practicable means of investigating
pile behaviour wunder controlled conditions. And, as
Bassett (1980 pg.l) observes, "Any physical model is a

prototype in its own right and can be studied as such."

4.2 Model Pile Syctem

Where possible, the model piling system selected for this
test programme simulates the prototype in both dimensions
and manufacturing technique. The equipment used is shown
in Figures 4.1 to 4.10 and plates 4.1 to 4.3. Installa-
tion and load testing of these model pile followed the
procedures described below, (Reference should be made

to Figures 4.1 to 4.3 and plates 4.1 to 4.3.)

A selected sand was "rained" into the glass fronted,
steel panelled sand box under a controlled rate of 1lift
to provide an approximately homogenous soil of known
uni form density, After flooding the sand box with
water, the flat face of the half cone model pile shoe
was placed flush against the glass face and then driven
into the submerged sand using a drop hammer impacting
via packing onto a load calibrated strain gauged drive

mandrel. Typical hammer drop neights were of the order
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cf 150mm. A fluid water/cement grout was circulated
continuously through the semicircular annulus formed
around the drive mandrel during passage of the pile shoe
into the soil. At various relected depths of penetration
into the sand box, pile head acceleration and driving
forces in the mandrel were recorded in order to
investigate the effect of depth on the response of the
pile to impact. Once a suitable depth of penetration
had been reached, rimilar data was recorded for a final
3 hammer impacts, and large format photographic €£ilm
exposures (referred to in the following text as "Plates
1l to 3 Dynamic") were obtained of the soil displacements
around the pile toe atter eacn recorded impact. Once
these tests were completed, and while the grout was
still circulating, the pile was load tested to failure
to determine the pile toe capacity under static loading

conditions,

The grout was allowed to cure in the shaft annulus for a
period of fifteen days at which time the pile was load
tested to failure by applying the incremental loading
technique, Pile head displacements were measured
relative to the top of the sand box by placing three
dial gauges, accurate to 0,0lmm, underneath the pile
helmet. The gauges were fixed to magnetic stands which
were attached to tr2 top of the steel frame of the sand
box. During the test, the output of the mandrel strain

gauge groups was recorded and the soil displacements
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around the pile toe were again recorded on large format
photographic film as a series of exposures, corresponding
approximately to the applied load increments. (In the
following text these exposures are referred to as "Plates
l to 4 Static",) In order to obtain load/settlement
data on the model pile at higher confining pressures,
the sand box was then drained of water, and the load
testing to failure procedures and measurements repeated.
For this test, however, only a single photographic
record of the soil displacements (referred to as "Plate

5 Static") was obtained.

Immediately after this, the pile was removed from the
sand box and the output of the strain gauges in the
mandrel (now stiffened with grout) recalibrated with
respect to load. The unit weight of the moist sand was
also determined. The approximate "apparent cohesion" of
the moist sand (due to surface tension effects) was
obtained by excavating a trench inside the sand box and
measuring the limiting height of the freestanding moist

Sand .

The experimental equipment and procedures described,
using a semi-circular half pile driven down the face of
a plane glass panel, enabled soil movements to be
measured approximately on an axial plane of an axially
symmetric mcdel MV pile. Technigues for analysing

axially symmetric problems are well Kknown (eg fmith
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f1971]). In cases of axial symmetry, scil movements
determined in the axial plane on one side of the object
are theoretically applicable and precisely similar to
any plane 1lying in the axis of symmetry. It has been
assumed throughout this report that the model pile
system and the soil displacement data obtained,
conformed to an axially symmetric situation, “ome of
the deviations from this assumption are discussed in

Chauter 6 and Appendix A.

Certain aspects of the equipment and procecdures described
above are discussed in more detail in the following

sections,

4.2.1 Details of the Sand Box

The major features and dimensions of the sand box are
givea in figures 4.2 and 4.1 and portions of it can be

seen in Plat 3 4.1la and b.

The box was manufacturea from a welded 25mm angle frame
with 6mm mild steel panels welded to the inazide of the
frame. Overall internal dimensions were 1300mm deep and
268 x 600mm in width, The rear panel of the lower
portion of the box was detachable to allow access to the
inside of the sand box. When the box was in use the
panel was b~ .nto position with a rubber gasket

seal. Befure use, the box was coated throughout to
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prevent rusting. The dimensions of the side panels were
such that a 15mm wide groove was formed between the
panel edges and the vertical angles in the front of the
box. A glass panel, made of three sheets of 4mm thick
toughened glass, was slid into this groove to form the
front face of the box. A silicone sealaat was used to

seal the joint and hold the glass in position,

To ensure compatibility of the sand box's ingernal
dimensions with the sand rainer dimensions (see figure
4,6 and 4.7) a spacer plate made of 2mm galvanised sheet
with suitable stiffners was placed inuoi’ ir face
of the sand tox. Final internal dimens. <he sand

Dox were 241 x 600 x 1300mm,

Strip metal stiffners (6émm x 50mm, with 4mm thick rubber
spacers inserted between the glass panel and the
stiffher were provided at select:d depths to prevent
exces; outward deflection of the glass panel when

horizontally loaded.

Accese for water to flood and drain he sand box was
provided by a valve connected at the base of one of the
side panels of the sand box. Inside the box, a layer of
coarse sand and gravel covered by a sheet of filter
fabric was placed to a depth which just covered the

valve orifice,
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4.3 The Test Sand

Of the different types of sand available in the Pretoria-
Witwatersrand-Vereeniging area, Honeydew Washed Magalies
sand was selected as being the most suitable, This is a
pale yellow-brown clean siliceous sand (feldspar content
approximately 2% by volume) derived by weathering of
quartzite. The major portion of the grains are well
rounded to subrounded, while the smaller grains are
generally flakey to angular. All (e grains have a

frosted surface.

During preliminary ctesting of the sand rainer, it became
apparent thait the dust content of the natural sand could
prove to Dbe troublesome, In order to eliminate the
dust, the =300 m portion was separated out and the sand
was washed, The +2,0mm portion was also removed.
Particle grading curves of both the natural an¢ prepared
test sand are given in Figure 4.4. Grading analyses
repeated at intervals during the test programme showed
that insignificant degradacion of the sand occurred

during the tests,

The specific gravity of the test sand was measured as
2,634 while maximum and minimum dry densities (obtained
following Kolbuszewski and Jones 1261l) were measured as
lalOKq/m3 and l352kq/m3 respectively, These densities

correspond to porosities of 0,315 and 0,487,
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4.4 Sand Placement Techniqgue

Analysis of the performance of full scale pile in
natural deposits is frequently complicated by the
variable nature of the strata into which they are
placed. One of the attractions of model tests is the
possible achievement of a uniform model soil., A number
of methods for the uniform placement of sand have been
proposed (eg Buttertield and Andrawes [1978], Bennett
and Gisbourne [1971], Kulhawy et al 1979, walker and
Whitaker 1967, Bieganousky and Marcuson 1976, Vesic
1967). These methods employ a ‘'raining' technique, in
which sand is allowed to free fall into a container from
a controlled height, The density of the placed sand is

usually related in some way to the fall height and fall

b:’-eo

The sanc rainer used for this test programme was based
on equipment described by Bieganousky and Marcuson
(1976) . Figures 4.6 and 4.7 show the main details of
the rainer. Bieganousky and Marcuason (op cit)
recommended a base plate perforation porosity of 1,4%.
Tests using a base plate porosity of 1,4% woare carried
out to check the effectiveness of the <=and rainer,.
These tests showed that, within the enclosed confines of
test ri1g sand box, the air displaced by the rfalling sand
generated a pair of contra rotating vortices which

tended tc carry the grains laterally resulting in uneven
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placement of the sand. By halving the base plate
porosity to 0,7% and by including a pair of 2,0mm mesh
screens (baffles) below the rainer to disperse the sand,
an effective raining technigque was achieved. Figure 4.°
shows the relationship between fall height and placed

dry density obtained with this equipment,

A fall height of 200mm below the basz of the bottom
baffle of the rainer was selected for this test
programme. The rainer was usually filled with about
28kg of sand which rained at an average rate of 7,15kg/
min, and approximately 11 lifts were required to fill
the sand box, Based on the dimensions of the sand box
and the mass of soil used to fill it, the placed soil
obtained an average density of lé?Okg/m3 with a range
of ZOkg/m‘, duting a series of 6 test placements.

The relative density (RD) was thus 74%, indicating a

"dense" sand.

As discussed 1in section 4.7, the soil displacements
around the model pile were measured in a Wild A7
Autograph by tracing cthe movement of individual grains
through a sequence of ohotographs, To assist in the
identification of individual grains c¢bout 10% of the
sand rained against the glass {ace of the sand box
consisted of particles which had been dyed black. The
black grains contrasted strongly with the lighter colour
of the un-dyed sand, and could be identified clearly in

the photograpnhs.,
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