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Part [ General Knowledge for Civil Engineering
and Traffic Engineering

Lesson 1 Soils and Its Properties

1 Soils in situ

Start digging with hand tools at almost any undeveloped site and the first layer of
material exposed will be organic in nature—it will contain living organisms and their
decomposing and arising will be mechanically weak. ® This topsoil is unsuitable for use for
engineering purposes and is therefore set aside during construction, either for disposal or
for reuse in planted areas upon completion of construction works.

Below the topsoil will lay an inorganic material whose properties may be reliably
quantified and which is often suitable as a foundation for the pavement. This will
sometimes be in the form of “rock” —such as limestone, granite, sandstone and the
like—but is more often found to be the soil. A common definition of “rock” in this
context is that the term shall include any hard natural or artificial material requiring the
use of blasting or pneumatic tools for its removal but excluding small individual masses;
“soil” is, by default, any other material found below ground level. Note that these
descriptions differ from those used by the geologist, to whom all naturally occurring non-
fluid materials are rock.

A further sub-division is often made in the case of soils—material may be either
“suitable”, that is to say, it may be used as an engineering material somewhere in the
works, perhaps as fill in an embankment, or it may be unsuitable, in which case it is
considered to be insufficiently stable for reuse elsewhere except for the forming of non-load
bearing mounds. ® A typical application for unsuitable material is in the forming of mounds
to act as visual and acoustic screening to a new road.

A naturally occurring soil will consist of particles of solid material, the voids between
which are to a greater or lesser extent occupied by water. The physical properties of the
soil will depend on the nature of these particles, the proportion that the volume of voids
present bears to that of the whole body of material, and the amount of water present. In
considering the suitability of a soil to support a pavement or other structure we are
particularly concerned with the soil’s ability to resist deformation caused by applied loads.
Deformation may be caused by the soil tending to flow under the action of the applied load,

or by its changing in volume.
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Volume changes in soils resulting in settlement at the surface are caused by a limited
rearrangement of the soil particles, resulting in a reduction in the proportion of voids
present in the soil. Where the water or air originally present in the voids is able to leave
the system quickly, as for example in the case of a coarse-grained soil with large voids
between the particles, then such volume changes are not a great problem, since full
settlement can be achieved by readily available techniques within a short period. In other
cases, where the soil does not drain so freely, water in particular can only be expelled
from the system by the continuous application of a substantial load over a long period.
The first form of settlement, which may be induced by the use of compaction plant, is
known as immediate settlement; and the second is known as consolidation settlement.

Immediate settlement is a property of coarse grained soils such as sands and gravels
while consolidation settlement is characteristic of soils consisting of very small individual
particles such as clay and silt. For this and other reasons with the range of particle sizes,
the engineer is often concerned about soil.

The particle size distribution of a soil is often determined by sieve analysis. A full
description of such a test is giyen in BS 1377 “Methods of testing soils for civil engineering
purposes”. The test apparatus consists of a series of sieves of gradually reducing standard
sizes arranged vertically above one another with the coarsest at the top, all capable of
being agitated by some mechanical means. The soil to be tested is dried and introduced to
the top sieve, the whole stack of sieves shaken for some time, and the proportion retained
on each sieve is determined by subtractive weighing and expressed as a proportion of the
mass of the whole.

The knowledge of particle size distribution is of considerable value in assessing the
likely behavior of the soil under a variety of circumstances. Soils with relatively large
particles present free drainage paths for water in the soil and, are therefore capable of
being easily compacted; water can leave the system early. Very fine textured soils such as
clays do not share this property and so are much less suitable for use as fill material,
particularly where early stability is important such as beneath pavements and other

structures.
2 Cohesive soils

Very fine grained soils exhibit the property that when slightly moist and when
squeezed in the hand they may readily be formed into coherent lumps; the soils particles
tend to stick together. This property is not shared by granular soils. Soils which stick
together in this way are said to be cohesive; the most common cohesive soil is clay.

In their natural state clay particles are laminar, strongly bonded within each particle,
but only weakly bonded among one another. The lamina form of the particles tends to
promote slip which is further assisted by the presence of water. Typically, clay contains

water in two distinct ways—water intimately linked to the clay particles by adsorption,

2
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and as free water. As the amount of water present in the system increases, so the
plasticity readiness of the clay to deform increases, wet clay is very plastic and is often

unsuitable for use in or beneath the pavement.
3 The properties of soils

3.1 Liquid and plastic limits

The liquid limit of a soil is defined as the moisture content at which a soil passes from
the plastic to the liquid state as defined by the liquid limit test. Liquid limit may be
determined in various standard ways; these are described in BS 1377 and elsewhere. The
most convenient and frequently used test is that using the cone penetrometer. The test
consists of taking a sample of the soil passing a 425 micron sieve, mixing this thoroughly
with water and placing it into a standard metal cup. A needle of standard shape and
weight is then applied to the surface of the sample and is allowed to bear onto it for five
seconds. The penetration into the sample is recorded to the nearest 0.1 mm. The
moisture content of the soil sample is determined. This process is repeated several times
with different moisture contents and a graph of penetration versus moisture content is
drawn. The moisture content corresponding to a cone penetration of 20 mm is obtained
from this graph and reported as a percentage to the nearest whole number as the liquid
limit of the soil obtained by the cone penetrometer method. This method is preferred as it
yields the most reproducible results.

Plastic limit is again a property of cohesive soils and is defined as the moisture content
at which a soil becomes too dry to be a plastic condition as defined by the plastic limit test.
The standard test consists of taking a 15 gram sample of the soil and mixing it with
distilled water until it becomes plastic enough to be rolled into a ball, the material is then
repeatedly rolled by hand into a thread of 3 mm diameter, the moisture content gradually
being reduced by evaporation in the process. Eventually the soil becomes so dry that it
crumbles when rolled into a 3 mm thread; this moisture content is reported as the plastic
limit.

Thus both liquid and plastic limits are moisture contents, expressed as percentages by
mass. Liquid limit of course always exceeds the magnitude of the plastic limit, and the
difference between the two indicates the way in which the strength properties of the soil
vary with changes in the moisture content. This numerical difference is known as the
plasticity index (PI), thus:

Plasticity Index=Liquid Limit minus Plastic Limit has been found to bear an empirical
relationship to the CBR of soft cohesive soils. Since the liquid and plastic limits tests have
been found to give superior repeatability to the CBR test, it is this former which is used in
the pavement design process. We have seen that CBR depends at least in part on the

service conditions—moisture content and surcharge.
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3.2 Moisture content

The moisture content of a soil has an effect on its behavior in that very dry cohesive
soils are difficult to compact, very wet granular or cohesive soils lack stability and are
difficult to compact, and the moisture content of a soil can influence chemical reactions
taking place within it. ® Moisture content is defined as the ratio of the mass of water
present in a body of soil to the mass of the dry soil particles.
percentage and is measured by weighing a sample of the soil, drying it—usually in an oven

at a temperature of 105 °C, and weighing it again. The mass of water is determined by

Subtraction.
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clay

silt

sieve
consolidation settlement
agitate

stack

stack of sieves

a.
a.

n.

n.
n.
b
n.
n.

n.

AHLE

KR, REFFRTH
HHUE, FOLAR; 45k, Mk
Ak

- EWmERESN; KK Xsh

B, fE, B, k, A&
P& 32
jlzv i#ﬁ; %, ﬁjﬂ9 ﬁiﬁ’ ﬁﬁ; %*ﬁ

. E; }}5%; iiﬂv :tu-l9 /J\L[-lv /J\_E.
- TR, FEER

BAW, BREW
UikE, ViR ULREY, TR

- HEY, HDRER

(T, &, BEN K, PoB, RK
St (FH%), HH (K&E%)
W&, ®E; (T ), EiE|; (k)
wa, #%

B2

Fht; L
i+
(HFL) 7

[ 5 L%

v.

v BRL, EBG o (3] —H KM Zmit

Bish, E3h

BRp

e

It is often expressed as a
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27. subtractive a. WAH; (B WER, wERSH
28. considerable a. HEER, NEEK, AAZRK, EEK
29. moisture content EKE
30. cone a. R4, MW HME; #IE
31. micron n. WOk (100 H4rzZz—XK, %5 pm)
32. penetration v. FA, BiE; B HA, BAE
33. yield v. £, A (EY. WM. FlEES)
34. CBR=_California bearing ratio il & # v
35. surcharge vo W E, HE, BT
Exercises

| . True or False

1. Below the topsoil will lay an organic material whose properties may be reliably
quantified and which is often suitable as a foundation for the pavement. ( )

2. The liquid limit of a soil is defined as the moisture content at which a soil passes
from the plastic to the liquid state as defined by the liquid limit test. ( )

3. Moisture content is defined as the ratio of the mass of water present in a body of
soil to the mass of the dry soil particles. ( )

4. The liquid limit of the soil will be obtained by the cone penetrometer method when
the moisture content of the soil sample is determined. ( )

[l . Read and Choose the best one

1. Based on the definition of rock in this article, which one is not rock as
follows.

A. Limestone B. Granite C. Gravel D. Sandstone

2. The physical properties of the soil will not depend on

A. components of the soil

B. the nature of these particles

C. the proportion that the volume of voids presents

D. the amount of water present

3. What is of considerable value in assessing the likely behavior of the soil under a
variety of circumstances?

A. Knowledge of particle size distribution

B. The proportion of voids present in the soil

C. The structure of the soil

D. The components of the soil

4. The liquid limit of a soil is defined as

A. the moisture content at which a soil becomes too dry to be a plastic condition

B. the process in which a soil becomes too dry to be a plastic condition
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C. the moisture content at which a soil passes from the plastic to the liquid state

D. the process in which a soil passes from the plastic to the liquid state

5. The difference between liquid limits and plastic limits is known as

A. moisture content B. the penetration of the samples

C. liquid index D. plasticity index

6. Moisture content is defined as

A. the ratio of the mass of water present in a body of soil to the mass of the soil

B. the difference between liquid limits and plastic limits

C. the ratio of the mass of water presents in a body of soil to the mass of the dry
soil particles

D. the penetration of the samples

[l . Translate the following into English

L. - A 4 B R b ORE A9 o R 24 B A0 2 AR o8 A A BRI L N £ e P
A ) 1 ORL & B OR PUE

2. BRET UL RPN - A REYE, IR FAER A . T [ 5 0 R R IS el A0 /0N B 2 ST
F) JBURLZH BB+ B REAE , InES AU L

3. HAREWE LB ZERRK, SSHAMEREE. B E K EERS,
R S PRRE S 5 R s, BBk AT L PR R s R R .

4. BMRIABHNERZR IS B+, S5RBKES, HIA LB BHEEEEN L+
. $+AEFEFREFESLERLR 3Smm W+ 5%, FEHFEEOLERS ., L& 8K E
BEET.

5. MEF L RERWEE N 3mm B, +RAZNMANE TR, k5, LEEHRTL
FFUFEELRE 3mm B 1 R0 T RN, XA & KRR R,

aElellaleMVEREIEI®  The Soil Mechanical Tests

In order that the response of a soil to changed circumstances can be predicted, the
engineer often requires physical tests to be carried out. In the context of highway
engineering the tests most generally used are those for particle size distribution as
previously discussed, moisture content, compaction characteristics, California bearing
ratio and liquid and plastic limits.

1 Moisture condition test

The moisture condition test is devised to enable the suitability of soil for use as
engineering materials to be rapidly and reliably assessed in the laboratory or on site. It has
the advantage of providing results quickly and is therefore suited to quality control in
processes which are expected to modify the condition of a soil—such as lime stabilization.

The test consists of applying standard blows of a falling weight to a sample of soil and
monitoring the compactible effect which it has. The degree of compaction of the soil

sample within the standard 100 mm diameter, mould is measured by means of a veneer

6



