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Preface
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language for non civil or structural engineer who is working in
this field or the owners who needs to build his new house.

It will enhance the communication and to know
what in the mind of the structure engineer and what the soil
contractor needs and expect to deliver from him.

If you have any inquiry or need specific
topics, do not hesitate to contact me and ask about the webinars
for this subject.

Dr. Mohamed A. El-Reedy

Email:elreedyma@elreedyman.com

http://www.elreedyman.com



Introduction

Site investigation is considered the first
essential operation to be performed in the analysis, design, and
choice of a foundation. Such investigation provide the necessary
information about geological, physical, and geotechnical properties
of soil which is prerequisites to a save and economical
construction of all civil engineering works.

Insufficient or in adequate information which
respect to the character and bearing capacity of the underlying
soil beneath and engineering structure may result in serious damage
or collapse of the structure.

In general, the purpose of making site
investigation can be summarized as:

a-To provide the civil engineer with reliable
and detailed information about soil and ground water condition for
the selection of the most efficient and economical type of
foundation.

b- To plan for the suitable method of
construction and the efficient equipment to be used

c- To investigate whether any aggressive
subsoil water or organic impurities exists in the soil.

d- To study any further condition that may
affect the structure ( ground water level, future excavation,
etc…)

Because soil are very important construction
material in which ,or on which, or by means of which civil
engineering’s build structures, it is doubtful if any major civil
engineering works are constructed at present without site
exploration being under taken. Soil investigation should provide
data on the following items:

a- location of the ground water level

b-bearing capacity of soil

c-settlement predictions

d- selection of alternative depths of
foundation

e- data of earth pressures on retaining
structures and excavation supports.

f- data necessary for construction purposes
(permeability, stratification, etc…)

Soil
Exploration methods

Various methods of subsurface investigation
are known and widely used to be obtained a considerable amount of
information about the subsoil. Among these methods: test pits and
open cuts, borings (wash boring, auger boring, rotary and
percussion drilling), soundings, load tests, and geophysical
methods.

Some method will obviously yield more
information than others and soil engineer should constantly keep in
mind when planning the exploration program, the purpose of the
project and the relative costs involved. Two main points, in
particular, are to be considered in soil investigation

a- The size of the project if large project
geological studies will be necessary to determine the type and the
extend of other methods of investigations, if a small projects ,
some borings and the study of the neighboring foundation may be
sufficient.

b- The type of structure and its sensitivity
to future settlement. This study in many cases required the
complete change of the statically system of the superstructure.

The choice of the exploration method is also
determined from the location of the site. For compacted site in
town where local information are available, borings and soundings
will provide the required data. For new sites, site reconnaissance
as well as geological studies are necessary to determine the
program for soil investigation.
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Fig. 1Open Cut
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Fig.2 Soil Core From Boring
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Fig. 3 SOIL RIG



Soil Investigation Planning program

The actual planning of a subsurface
exploration program include some or all of the following steps.

a- assembly of all a valuable information
(dimensions, columns spacing, type and use of structure, basement
requirement, bridge span and pier loadings, heights or retaining
structure, etc….)

b- reconnaissance of the area : field trip to
the site to examine topography, type and behavior of adjacent
structures such as cracks or noticeable settlement, erosion in
existing cuts and soil stratification the reconnaissance may also
be in the form of a study of geological maps or aerial
photographs.

c- preliminary site investigation; few
borings or a test pit to establish types of soil, stratification
and possibly location of G.W.T.

d- detailed site investigation: for complex
project and/or erratic soil conditions, samples are collected for
shear strength determination and settlement analysis.
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Fig. 4OPEN PIT

4- Organization of field work

After the study of the geological data, maps,
and photographs, the engineer, can considered the number, type ,
and depth of exploratory borings required. The engineers in charge
of soil investigation have to required about the results as soon as
any samples are extracted and does not wait until all borings have
been completed, otherwise considerable waste of money and efforts
(for the chances are high that repeative information have been
collected while some data are still lacking).

To obtain the most useful information of
minimum cost and effort, the soil engineer in charge of an
investigation should follow a number of sample rulers as
follows:

1-you must know exactly what kind of
information the investigation is expected to provide. This means
that he must be completely familiar with the type of construction
planed on the site if the investigation concerns a proposed
building, he must know exactly the value and sort of loads on the
foundation the evaluation of the lowest floor level in relation to
the existing ground surface. If future extensions or additional
stories are planned he should know their location and loads. He
should know if there are social requirements regarding allowable
total or differential settlements.

2- he must write down minimum requirements
for bore holes spacing and depth while taking into consideration
the type of structure and estimated soil condition. The borings
should provide sufficient data to enable reliable soil profile
along two principal, access to be drawn. The minimum depth of
boring should be related to the extend to which the subsoil will be
affected by the proposed construction. This can be evaluated by
using the concepts of stress distribution in soils. A useful
approximate rule to determine the depth of investigation is to find
the depth at which the increased in vertical stress caused by the
purposed structure will be less the 10 % of the originally existing
vertical stress.

For cuttings, retaining walls and other
structures where the lateral stability is the main concern, the
investigation should extend below the depth of the deepest possible
surface of failure. In soils the frequency or the sampling is usual
governed by maximum allowable spacing of 1-1.5 m plus the condition
that sample must be taking each change in soil conditions,
investigation for dams, reservoir and landslides demand continuous
sampling is obtained by a special apparatus.

3- The engineer must select the proper
drilling and samp0ling equipment with attention to local preference
for certain types of equipment which exists through out the
worlds

4- the engineer should select the field
supervisor and must be apple to layout boring locations with
reasonable accuracy.

Soil Boring

Soil boring methods

The main purpose of drilling a test hole or
boring is to obtain samples of the various strata and to acquire an
accurate picture of the subsoil profile at one location. Different
methods of soil boring are available and will be discussed in the
following:

1- Test pits and open cuts.

This method is ideal for soils which required
little support for excavation. This test hole is made large enough
to permit an observer to descend to log the soil profile visually
and the succession of strata can be examined in the wall of the4
pit. Block samples may be taken from the excavation sites in
cohesive soils for laboratory testing.

The trial pits are generally used for
exploration of shallow foundation (depth up to 4 m) . as depths of
pits increase, the cost increases very rapidly particularly in
water bearing strata. Trial pits are also used to explore depth,
cables and other underground public works and /or old
structures.

2-Hand and powered augers:

Auger drilling is developing as the most
common method of soil exploration to depths up to 60 m. The speed
of operation in most types of soil is greater than of any other
drilling methods. Distributed sample may be obtained from the soil
brought to the surface and undistributed samples may be taken from
the bottom of the hole at any required depth. Powered auger with
large machines is capable of making borings up to 1.0 m in
diameter. In suitable soil where no casing is required, the size of
the hole can be examined directly as in trial pits.

3- Wash borings

In this method, the soil is loosened by a
high pressure water jet from a pipe passing down the borehole. The
washings are brought to the surface in the water which passes
backup the outside of the jet pipe. The methods is extremely cheap
and rapid . on the other hand, the washing are usually so disturbed
and the sample are used only for identification of soil layers.

Sampling methods:

1- Disturbed Samples

There are some instances when sample
disturbance is off little important, since only the soil type and
stratifications need to be determined. Disturbed sample are more
satisfactory where classification of the soil is the prime
objective since they are cheaper and faster to obtain (wash boring,
auger boring). Disturbed sample are adequate for the investigation
of borrow material to be used in fills, highway works and other
grading work.

2-Undisturbed samples.

Undisturbed samples are necessary to study
soil behavior and to perform laboratory tests under condition as
nearly similar to those in the original environment. Shear
strength, consolidation and permeability tests must be carried out
in the laboratory using undisturbed sample. The major problems
associated with undisturbed samples are:

1-The samples are unloaded of their in-situ
overburden pressure.

2-Friction of the sites of samplers which
creates some disturbance.

3- Samples from levels below G.W.T may drain
during the recovery process.

4-Changes in bore pressure will disturb the
sample.

Undisturbed soil samples are obtained by
forcing a thin walled seamless; stainless steel sampling cylinder
into the soil at the bottom of a bore or at the bottom and/ or in
the wall of a test pit. The forcing is accomplished by jacking or a
continuous push.

In its simplest and more frequently used
form, a thin walled sampler consists of a 60 to 90 cm long pipe
with the wall thickness of about 1.5 mm and a diameter of 5 to 8
cm. at one end a cutting edge is provided while at other end the
type is attached to an adapter filled with a ball value and vents.
After samples have been taken, the sampling tube can be detached
from the adapter and the ends sealed off with wax for transport to
the laboratory. There is may be stored or the wax removed and the
sample extruded for immediate testing.

Spacing of
borings

The spacing of borings cannot be determined
with absolute exactness. They depend upon many factors such as the
nature and condition of soil , the shape and extent of the
structure, etc….farther more the spacing of borings should be
conform to the importance, size and system of the structure. The
following spacing are often used in planning boring work.

Structure or project Spacing or borings

Highway (sub grade survey) 300-600

Earth dams, dikes 30-60

Borrow pits 30-120

Multistory buildings 15-30

One-story manufacturing plants. 30-90

4- Boring Depth

The depth explored is generally the depth
beyond which the effect of structure load is negligible. It should
include all stressed zones of soil involved in the
foundation-system and should cover all layer of soil which affect
the settlement of the structure. The depth of boring may be taken
as 1.5 times the breadth of the raft or from 3-5 times the breadth
of footing. If sand layer is reached it must be penetrated
sufficiently to ensure its continuity.

A better simple rule for structure such as
hospital and office building, related the estimated boring depth,
d
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