Soil investigation

Site exploration, which usually ranges from about
0.5 to 1.0 percent of total construction costs, only to
find after construction has started that the foundation
must be redesigned, is certainly false economy. This
fact is generally recognized, and it is doubtful that any
major structures are currently designed without site
exploration being undertaken.

Small structures are sometimes designed without
site exploration; however, the practice is not
recommended. The condition of the adjacent structures
is an indication, but certainly no guarantee, that a site is
satisfactory. Suitable building sites in urban areas are
becoming difficult to find, and often sites targeted for
urban renewal are used. These sites can be quite
hazardous from demolition of previously existing
structures and backfilling of former basements during
landscaping. Often this type of backfill is done with little
supervision or quality control, so there can be
significant soil variation at these sites within a few
meters in any direction.
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The elements of a site investigation depend
heavily on the project but generally should provide
the following:
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1. Information to determine the type of foundation
required (shallow or deep).

2. Information to allow the geotechnical consultant to
make a recommendation on the allowable load
capacity of the foundation.

3. Sufficient data/laboratory tests to make settlement
predictions.

4. Location of the groundwater table (or determination
of whether it is in the construction zone). For certain
projects, groundwater table fluctuations may be
required. These can require installation of
piezometers and monitoring of the water level in
them over a period of time.

5. Information so that the identification and solution of
construction problems (sheeting and dewatering or
rock excavation) can be made.

6. Identification of potential problems (settlements,
existing damage, etc.) concerning adjacent property.

7. Identification of environmental problems and their
solution.
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METHODS OF EXPLORATION goadll ok

The most widely used method of subsurface
investigation for compact sites as well as for most
extended sites is boring holes into the ground, from
which samples may be collected for either visual
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inspection or laboratory testing

1- Disturbed Sampling
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Method 4% kll

Depth (el

Applicability Gl

Auger boring

Depends on equipment and time
available, practical depths being
up to about 35 m

Rotary drilling
Wash boring

Depends on equipment, most
equipment can drill to depths of
70 m or more

Test pits and open cut

As required, usually less than 6 m;
use power equipment

All soils. Some difficulty may be
encountered in gravelly soils. Rock
requires special bits, and wash
boring is not applicable.
Penetration testing is used in
conjunction with these methods,
and disturbed samples are
recovered in the split spoon.
Penetration counts are usually
taken at 1- to 1.5 m increments of
depth

2- Disturbed Sampling
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Method  4&,Lll

Depth (o=l

Applicability il

Auger drilling, rotary drilling,
percussion drilling, washing
drilling

Depends on equipment as for
disturbed sample recovery

Test pits

Same as for disturbed samples

Thin-walled tube samplers and
various piston samplers are used
to recover samples from holes
advanced by these methods.
Commonly, samples of 50- to 100-
mm diameter can be recovered

Hand-trimmed samples. Careful
trimming of sample should yield
the

least sample disturbance of any
method




Soil borjng

1- Hand Tools
The earliest method of obtaining a test hole was to excavate a test
pit using a pick and shovel. Because of economics, the current
procedure is to use power excavation equipment such as a backhoe
to excavate the pit and then to use hand tools to remove a block
sample or shape the site for in situ testing. This is the best method at
present for obtamning quality #ndisturbed samples for testing other
than vertical orientation. For small jobs, where the sample
disturbance is not critical. Hand- augured holes are usually drilled to
depths of the order of 2 to 5 m, as on roadwayvs or airport runways,
or investigations for small buildings.
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Figure 3-1  Hand tools for soil exploration. (a), (b) Hand augers; (c) gasoline-engine-powered hand auger with
additional auger flights in the foreground together with hand-driven sample tube.



2- Mounted power drill
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Figure 3.2 Wash boring

For numerous borings to greater depths and to collect samples
that are undisturbed, the only practical method is to use power-
driven equipment.

2.1 Wash boring is a term used to describe one of the more
common methods of advancing a hole into the ground. A hole is
started by driving casing (Fig. 3-2) to a depth of 2 to 3.5 m.
Casing is simply a pipe that supports the hole. preventing the
walls from sloughing off or caving in. The casing is cleaned out
by means of a chopping bit fastened to the lower end of the drill
rod. Water is pumped through the drill rod and exits at high
velocity through holes in the bit. The water rises between the
casing and drill rod, carrying suspended soil particles, and
overflows at the top of the casing. The hole is advanced by
raising, rotating, and dropping the bit into the soil at the bottom
of the hole. This method is quite rapid for advancing holes in all
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Cathead

Water pump
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(a) Schematic of wash-boring operations; (b) photograph of wash-boring operation. Note weight in lower right foreground to advance th
casing and to take penetration numbers when the chopping bit is replaced with the split spoon. (The Acker Drill Company.)

Figure 3-2

3- Rotary drill
Rotary drilling 1s the most rapid method of advancing
holes 1n rock, 1t can also be used for any type of soil.
Drilling mud may be used in soils where the sides of the
hole tend to cave in. Drilling mud is usually a water
solution of a special kind of clay (such as bentonite), with
or without other admixtures. that 1s forced into the sides of
the hole by the rotating drill. The mud cake thus formed
provides sufficient strength in conjunction with the
hydrostatic pressure of the mud suspension so that the
cavity is maintained. When soil samples are needed, the
drilling rod is raised, and the drilling bit 1s replaced by a
sampler.
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4- Continuous flight augers

Continuous tlight augers with a rotary drill are probably
the most popular method of soil exploration at present
(Fig. 3-3). The flights act as a screw conveyor to bring the
soil to the surface. The method 1s applicable 1n all so1ls.
Borings up to nearly 100 m can be made with these
devices, depending on the driving equipment, soil, and
auger diameter.

Figure 3-3 Soil drilling using a
continuous-flight auger.
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SOIL SAMPLING

The most important engineering properties for

foundation design are strength, compressibility, and

permeability. Reasonably good estimates of these
properties for cohesive soils can be made by laboratory
tests on undisturbed samples, which can be obtained
with moderate difficulty. It 1s nearly impossible to
obtain a truly undisturbed sample of soil, so in general
usage the term undisturbed means a sample where some
precautions have been taken to mimnimize disturbance of
the existing soil skeleton. The following represent
some of the factors that make an undisturbed sample
hard to obtain:

. The sample is always unloaded firom the in situ
confining pressures, with some unknown resulting
expansion

2. Samples collected are disturbed by volume
displacement of the tube or other collection device.
The presence of gravel greatly aggravates sample
disturbance.

3. Sample friction on the sides of the collection device
tends to compress the sample during recovery. Most
sample tubes are swaged so that the cutting edge is
slightly smaller than the inside tube diameter to
reduce the side friction.
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4. There are unknown changes in water content depending on
recovery method and the presence
or absence of water in the ground or borehole.
5. Loss of hydrostatic pressure may cause gas bubble voids to
form in the sample.
6. Handling and transporting a sample from the site to the
laboratory and transferring the
sample from sampler to testing machine disturb the sample more
or less by definition.
7. The quality or attitude of drilling crew, laboratory technicians,
and the supervising engineer
may be poor.
8. On very hot or cold days, samples may dehydrate or freeze if
not protected on-site. Furthermore,
worker attitudes may deteriorate in temperature extremes.
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Cohesionless Soil Sampling

It 1s nearly impossible to obtain undisturbed samples of
cohesionless material for strength testing. Sometimes
samples of reasonable quality can be obtamed using
thin-walled piston samplers in medium- to fine-
grained sands. In gravelly materials, and in all dense
materials, samples with minimal disturbance are
obtained only with extreme difficulty.

Since it is nearly impossible to recover undisturbed
samples from cohesionless deposits, density, strength,
and compressibility estimates are usually obtained from
penetration tests or other in situ methods.
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Disturbed Sampling of All Soils

In recogmzing the difficulty and expense of obtaining
undisturbed samples, it is common practice on most
foundation projects to rely on penetration tests and,
disturbed samples for obtaining an estimate of the soil
conditions. The standard penetration test (SPT) 1s nearly
universally used, even though highly disturbed samples are
recovered.

Figure 3-5 illustrates the sampling device (also called a
split spoon) most used with the SPT.

In a test the sampler is driven into the soil a measured
distance, using falling weight producing some number of
blows (or drops). The number of blows N to drive the
specified distance is recorded as an indication of soil
strength.

The penetration number N (a measure of resistance) is
usually sufficient for making estimates of both strength
and settlement in cohesionless soils.
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Unassembled split-spoon sampler after
sampling
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Figure 3.5 (a) Standard split-spoon sampler; (b) spring core catcher



Undisturbed Sampling in Cohesive Soils

Recovery of "undisturbed" samples in cohesive soils
is accomplished by replacing the split spoon on the
duill rod with specially constructed thin-walled tubes,
sometimes referred to as Shelby tubes.

Samples obtained in this manner may be used for
consolidation or shear tests. Friction holds the
sample in the tube as the sample is withdrawn;
however, there 1s also special valve or piston (Fig. 3-
6) arrangement that use a pressure differential
(suction) to retain the sample in the tube.
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Fig. 3-6 Thin-walled tube




