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EDITOR

The Second five year plan has been embarked and it is well
known the programme of construction under this plan is very

ambitious.

« There was a time when the substantial problems of highway
administration stemmed almost exclusively from lack of money
with which to accomplish the necessary demands of the day and
of the days ahead. We are passing into what may be a period of
more adequate financing and into new and greater responsibilities
as well. The necessity for spending wisely and vastly increased
construction funds for highway systems which will operate safely,
economically, and efficiently adds to administrative burdens
already heavy. Every highway administrator is aware of increas-
ingly critical public demand for the systems in which those
characteristics are inherent as contrasted with nothing more than
additional miles of construction’’.

Traffic operation, and not miles of concrete bituminous sur-
face is what the motorist expects to buy with his tax money.
Transportation, not just facilities alone is demanded. Geometric
design which does not contribute as fully as possible to safe and
efficient traffic operation on the existing system can not reasonably
be defended on grounds of either economy or expediency.

The problems that confront a Highway Engineer in dealing
with the above are the quality of materials, workmanship and the
construction know how during discharge of his duties.

Though there had been specifications and codes of construc-
tion practice, it is very often noticed that construction work
proceeding with little regard to standards result in extravagance
and in inadequate facility. It is not uncommon to come across
highway construction in different places being exccuted to differ-
ent standards and specifications. In one stretch of road cutstone
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edging for black top surfacing is used while in others they are
dispensed with. In some stretches edge bundings in high banks
are seen while in others they are entirely rounded off. A flat
bank slope is used in some embankments while steep bank slopes
are seen in others irrespective of soil conditions. Perhaps this
lack of uniformity in standard of workmanship and design might
have been due to the want of a suitable code of practice in the
past.  For the first time in our country an effort has now been
made to draw up a comprehensive specifications for highway
materials and construction in this state. Already Madras High-
ways Manual Volume I dealing with specifications for materials
etc. and Vol. ITI dealing with type designs for Highway works
have been published and these books are intended to serve the
needs of men engaged in actual construction work. The out-
standing characteristics of these volumes are simplicity and precise-
ness. All over, simple principles have been adhered to; such
methods which have been most useful for ordinary run of work
and most upto date way of doing work have been described.
Other information have been sufficiently furnished in each section
to make clear the science of road construction.

A code of practice such as the ahove represents a collective
experience of many eminent engineers and as such every effort
must be made to translate the specification requirements into
practice. A faithful enforcement of specifications as envisaged in
the manuals will not only result in structures suited to present day
conditions but also will be most economical as the heavy waste of
expenditure due to the old, outmoded trial and error methods of
bullock-cart era can be completely eliminated.

Soil Stabilization work on Kovalam-

Mahabalipuram Road
RY

Sri E. C. CHANDRASEKHARAN, B.E., M.S.E.,

Divisional Engineer (H) Spl. Division, Bod:nayakanur.

SYNOPSIS.

This arlicle briefly describes the procedural methods adopted
in the stabilization of a road connecting Kovalam with
Mahabalipuram in the coastal region of Madras Slate.

The structural features and a list of planis used on the job

are given,

The procedure adopted for arriving ai the design mixes Sor
base course and siabilization of the road is described in addition
{o cost particulars and findings.

A typical representation of the various slages of work
from formation to stabilization of sand-clay base, is illusirated.

Location

Kovalam, an old Dutch settlement on the eastern sea coast
between Madras and Mahabalipuram is a pilgr:im centre for bo‘th
Muslims and Christians with the existence of a famous MuSler‘l
Durga and an ancient Church built around 1850. .Ma_habah—
puram is an all India tourist centre of great archaeological m.ter‘est
with its stone carvings dating to the 7th Century A.D. The .ex1stmg
road from Madras to Mahabalipuram crosses the Buckingham
Canal from the east at 8/2 and runs west f)f the Canal. before
recrossing it at 33/8 to reach Mahabalipuram. With the
andertaking of the bridge work across the Canal ff*om Kovalam
10 Kelambakkam at 23/0 of the Madras-Mahabalipuram road,
the need for the extension of the road from Kovalam .to
Mahabalipuram on the eastern side .of the Canal for affording
both a through link for the tourists to protizecd. to Maha-
balipuram ysia Kovalam and a road communication to the
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10 villages on route (one of which, viz. Thiruvadanthai is a pilgrim
centre for the Hindus with the existence of the Nityakalyanaswami
Temple) became apparent and the work was taken up for
execution in June 1955. The map showing the location of the
different places is given in Fig. 1.

The route originally proposed for the road was to pass through
most of the villages and the low- laying areas on the west with a
thick vegetation. During actual construction, however, the
alignment was shifted on to the top of the ridge of a sand dune
located on the east of the villages. This shift in the alignment
made available an adequate land width free from the built up
tenements, a greater facility for natural drainage for the road and
an excellent panoramic view of the whole area from the road.

Structural Features

2. The subgrade soil was a fine to medium sand and this posed
a problem for the construction traffic to negotiate the untreated
surface, especially in the dry season. Transporting the conventional
construction materials as gravel or stone available only from both
the ends of the road was difficult and costly. Preliminary soil
investigation in the nearby area showed the availability of a sandy
clay within leads varying from } to 6 furlongs and depths of 0 to

8 feet from the ground surface. Past experience in stabilized soil

construction showed that a combination of the subgrade sand and
the binder clay in suitable proportions. (about 1 : 1) compacted to
Proctor density for a thickness of 6 inches would serve effectively
as a base course. The wearing course was of waterbound macadam
5 inches thick, to be laid in two layers of 3 inches and 2 inches
thick, with gravel berms for the sides. A typical cross section of
the road is given in Fig. 2.

Organisation

3. The formation work in heavy earthwork reaches (involv-
ing the use of mechanical aids as bull dozers) and the stabilisation
work (still new to the contracting profession in the state) were
undertaken departmentally, while the other items of work were
entrusted for execution on contract.

Soil Stabilization work on Kovalam-Mahabalipuram Road 5

Equipments

4. The various plants used on the job, though not simulta-
neously were as follow :

1. Bull dozer %6 ... 1to 2 Nos.
2. Grader 1 No.

3. Seaman pulvimixer ... 1 No.

4. Smooth wheeled power rollers

(three wheeled type) ... 1 to 2 Nos.
5 do (two wheeled) 1 No.
6. Tractor ... 1to 3 Nos.
7. Lorry 1 to 8 Nos.
8. Water pump with connections 1 to 2 Nos.
9. Attachments to tractors :
(a) Trailor ... 11to3 Nos.
(b) Sheepsfoot roller ... 1102 Nos.
(¢) Pneumatic tyred roller 1 No.
(d) Trial-Master grader with tooth
harrows 1 No.
() Disc harrow I to 2 Nos.
(/) Disc plough I No.
(g) Water tank 1 to 2 Nos.
10. Field soils laboratory 1 No.
11. Tents for stores and crew 1 to 3 Nos.

5. Construction

5. 1. Formation of the Road-—Jungle clearanc.e of
Palmyra and casurina plantations was 'made by a Combmat'lo'n of
manulal labour and bull dozer, depending upon 'local condxtl?ns.
The formation was done by Manu.al labour in faxrly level p.OrthI‘lS
and by bull dozer in others involving }.wav.y filling or cutting. 'A
ruling gradient of 1 in 30 was adopted in highly undulating terrain.

Collection of Clay

5. 2. The clay available from the nearest sources was collec-
ted ar;d stacked on the subgrade at the sides leaving a central gap
of about 8 feet for the construction traffic to pass through. The
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clay was conveyed to the road side by head loads when the leads
did not exceed one furlong. For longer leads tractors and lorries
were used. The sand surface was kept specially prepared Dby
spreading some vegetation covering or some metal sheets to
facilitate easy movement of the vehicles on the sand surface.

Design of Sand-Clay Mix for Base Course

5. 3. Typical samples of the subgrade sand and the binder
soil collected were obtained from each furlong and these were tested
for their mechanical analysis and consistency limits. The sand was
of medium variety and the sandy clay was medium plastic and
susceptible to easy pulverization. Proctor density tests and bzaring
power tests with North Dakota Cone Penetrometer were conducted
on a number of combinations of sand and sandy clay. The
combinations that showed the maximum density and maximum
bearing power were taken as the design mix for the respective fur-
long. The proportions varied from 2 sand : 1 clay to 4 sand : ] clay
depending upon the plasticity characteristics of the binder soils
collected in the different reaches. For the design mixes the proctor
density obtained was more than 120 Lbs./cft. and plasticity
index values were between 6 and 10. The bearing power, as
determined by the North Dakota Cone penetrometer after soaking
for 3 days was also more than 200 Lbs./sq. in. Most of the
combinations for which maximum dry density and bearing power
values were obtained did not possess gradings completely falling
within the limits specified for sand-clay mixes in the A. S. T. M.
specification. But past experience has proved that soils or soil mixes
with gradation outside recommended limits but with good density
and bearing power show satisfactory service behaviour. So grada-
tion within the limits was not considered as an indispensable
requirement and on the basis of maximum dry density and cone
bearing power design mixes were arrived at.

Typical test results are shown in Table No. 1.

Stabilization

5. 4. The sand subgrade was brought to a camber of 1 in 36
and the clay from the stacks was spread to the required thickness
(which varied from 4 to 8 inches) and to a width of 16 feet. The
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clay was pulverised initially by a number of passes (about 8 to 10)
of a disc harrow towed by a tractor, until the clods were not more
than say 2 to 2} inches in size. The material was further pulverised
by a number of passes (about 4 to 6) of the pulvimixer with its
tynes adjusted to suitable depths in two stages until the
clods were not more than say 1l inch in size. The pulverized
clay was then mixed with the sand in the subgrade below
by' further passes (about 4 to 6) of the pulvin.xixer with. its
tynes adjusted to a suitable depth in order to obtain the desired
mixture of sand and clay. Requisite quantity of water was then
added, the water being conveyed to site by means of a tractc.n--
water tank combination, and the material was wct' mlxed. with
additional passes of the pulvimixer (about 4 to 6) until a uniform
mix was obtained. Any undulations left on the surface by the
pulvimixer was levelled off and the surface was brought to camber
by 2 or 3 passes of the grader. The soil mixture was then compac-
ted initially with a sheepsfoot roller (about 8-to 10 passes) .later
with a pneumatic tyred roller (or a grader) and finally finished
with a smooth wheeled power roller, preferak')ly of the tandem
type. The surface was bladed a few times dur}ng these compac-
tion operations in order to remove any undulations,

A diagrammatic representation of a typical sequence of
operations adopted in the work is shown in Fig. 3.

Field Control Tests

5. 5. The compacted surface was subjected to density and
cone bearing power tests (with a North. I?akota Cor.xe) as a part of
the field control tests. During the mixing ope:rat{or}s additional
quantities of sand or clay were added to the mix, if in local spots
such a material was found wanting due to one reason or another.

Deviations from the Typical Procedure

5. 6. The typical pfoccdure described ab(?ve was fieviated
from when conditions were unfavourable f:or its adoption. For
example, when the pulvimixer was not a_vallablc for use due to
occasional repairs, 2 combination of the disc han:ows and the disc
plough was employed. This had, as compared with the use of the
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pulvimixer, the disadvantage of not a precise control on the depth
of pulvirisation and mixing of the clay with the sand in the
subgrade. In some reaches the disc harrow alone was used for
both pulverising and mixing by controlling the inclination for
the dics with the line of movement of the tractor. The finished
product was quite satisfactory, especially when the binder soil was
of a poorly plastic clay.

On occasions when the clay spread on the subgrade got
soaked in rain water and conditions were not favourable for
pulverising and mixing by the methods described (the binder soil
having been rendered too soft and plastic), attempts were made to
do the same in one operation by puddling by means of manual
labour. A layer of sand was laid on top of the clay already spread,
an additional quantity of water was added, if necessary, and the
sand and clay were puddled together by stamping under foot as is
customarily done for mixing sand and clay used for mud wall
construction. The material was kept turned upside down frequent-
ly by means of mummutties. On obtaining an intimate and
uniform sand-clay puddle, the material was allowed to dry out in

sun and later subjected to compaction under more favourable
conditions of weather.

Maintenance

6. The stabilized sand-clay surface was subjected to pneu-
matic tyred construction traffic of lorries and tractors engaged in
the collection of materials for the wearing surface and side
protection works. Continued use of the heavy laden and fast
moving vehicles was found to leave signs of distress on the stabilized
soil layer. This was particularly noticeable when the traffic used the
wet surface immediately after the rains in the curved portions and
in the beaten tracks. Traffic was then directed, as far as possible,
to use the complete width of the stabilized surface.

Cost

7. The average cost of the sand-clay base for the road
inclusive of the cost of soil materials was Rs. 10/- per 100 square
feet by 6 inches thick.
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Wearing Surface

8. The stabilized surface was allowed to .dry out in sun for: a
few days (at least 3 to 4 days) before the wearing surface was Ia.1d.
Actually in this case the collection of materials for the wearing
surface got considerably delayed due to one reason or another and
the stabilized surface was exposed to weather and traffic for.a
longer time. The bottom layer of waterbm.md macadam was laid
immediately after the collection of materials for that .laycr was
over. This surface was then use'd by the construction traffic
engaged in the collection of matftrlals for .tpe second. layer. Th;
second layer is being laid at the time oij writing of .thlS paper an
the work is expected to be completed within a fortnight.

Edge Protection

9. Since the road runs on a sand subgra-de, the sides
are susceptible to heavy scour by rain water draining awa.}cf1 fr(-)r;:
the road surface. The road edges and :c.lopes were pro.tectc \lmt
clay bunds with openings for side drains at suitable intervals tg
channelize and clear away the surfa:ce water. The edgf: bunds an
the drains were protected at their sides and bottom with turf. The
portions thus protected have stood excellentl.y well the. mansoon
rains, while the sides of the unprotected portions, cspec1'ally those
at high fills were gullied and eroded very badly.

Findings and Future Trends

10. Two significant findings that arise from the experience
a'ned.in stabilized soil road construction in the state in sandy
gal

areas are:

(1) In the coastal areas of the state the surface soil is sand
and negotiation of the untreat.ed sur.face even by the
construction traffic is almost 1m}')0551blf:. In r‘nost of
these places binder soil of clay is av.a’llable in clf)se
proximity. Adoption of sand-clay stabilized founda.tlon
course in these places should therefore commend }tself
both for reasons of economy and constructional

expediency.
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Granular Soil Stabilization
Contributed from Highways Research Station

The contents of this note on soil stabilization are divided
into four parts :
1. Soil properties.
Soil compaction.

2
3. Soil stabilization.
4

Method of Testing.

As the article is intended for those who are not familiar with the
subject it is suggested that the chapters be perused in the follow-
ing sequence : 1, 4, 2 and finally 3.

The term soil stabilization means the improvement of the
bearing power of the soil by means of compaction with or with-
out added material. The technique of applying sand over muddy
stretches of roads or clayey soil over sandy stretches is very old
and is practiced by our engineers by ‘“cut and try >’ methods.
The modern methods of soil stabilization, which is allied to the
science of soil mechanics, make scientific use of certain proper-
ties of soils, instead of the ‘“ cut and try ” methods.

The widest application of soil stabilization is in highway
and air port construction, and the following are some of its uses :

(/) To provide a firmer subgrade than the ordinary
subgrade.

(1t) As an economical substitute for stone soling and
base courses.

(iii) As a surface course if the traffic is light and predomi-
nantly pneumatic tyred.
The chief types of soil stabilization are the following :
({) Using soil Mixtures :
a. Without admixture of materials other than soils.

b. With the addition of certain water retentive
chemicals such as sodium or calcium chloride.
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(i) Using soils with special stabilizing Agent :
a. Bituminous binder.
b. Portland cement.

¢. Certain industrial waste products such as resins
molasses etc.

(112} Electro-osmosis:

Of these methods i (a) and i (b) and ii (a) and ii (b) are the
most useful for the purposes of highway engineering. If suitable
soils are available i(a) is the most feasible of all the above
methods, and this has also been tried on a number of our
important roads.

1. Soil and Soil Properties

I. 1. Soil. The materials that constitute the earth’s crust
are rather arbitrarily divided by the Engineer into two catego-
ries, Soil and Rock. Soil is a natural aggregate of mineral
grains enclosing a network of pores or voids which is filled with
air or water or both.

According to their origin, soils can be divided into two
large groups, those which consist chiefly of the results of rock
weathering, and those which are chiefly of organic origin. If the
products of rock weathering are still located at the place of their
origin, they constitute a Residual Soil. Otherwise they constitute
a transported soil.

The term Organic Soil ordinarily refers to soil consisting of
the products of rock weathering, with a more or less conspicu-
ous admixture of decayed vegetable matter. Organic soils are
generally unsuitable for Highway purposes.

1. 2. In order to understand the fundamentals of soil
stabilization it is necessary that certain properties of the soil as
an engineering material are properly understood. Soil properties
are broadly divided into:

(¢) Index Properties : These properties reflect the general
character of a soil and help the engineer to discriminate between
the different kinds of soils.

Granular Soil Stabilization 17

(i) Hydraulic Properties : Permeability, capillary pheno-
menon, and drainage characteristics. To the highway engineer
these assume importance in the design of subsoil drainage.

(&ii) Structural properties : Compressibility, shear strength,
stress-strain relationships, bearing strength etc. A knowledge of
those properties is necessary for a proper understanding of all
foundation problems, whether it be of a road, bridge or other
structure.

1. 3. Such of these properties as have significance in
relation to soil stabilization are listed below : The method of
test for determining each property are also listed.

PROPERTY NAME OF TEST
Index Properties
Size of Soil Particles Mechanical Analysis

Porosity, water content bulk
density

Limits of counsistency i. Liquid Limit
7. Plastic Limit
. Plastic Index
iv. Shrinkage Limit
Structural Properties
Compaction Proctor Compaction Test
Bearing Strength One of the following :

North Dakota Gone
Penetrometer

Proctor needle
30-inch plate

California Bearing Ratio
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CLAY LOAM 20 - 50 20 - 50 20 - 30
SILTY CLAY LOAM O - 50 50 - 80 20 -30
SANDY CLAY 55 - 70 O -15 30-45
CLAY O-55 o -55 30 - 100
SILTY CLAY O-15 65 -10 30-45

Fig 1. 4-a—Textural Classification of Soils
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Fig 1. 5-a—Diagram Jljustrating Pores and Solids in Soil Mass

Size of Scil Particles

1. 4. The size of soil particles range from lt?ss than
0-001 mm. to several mm. The process of scparatix'lg soil _aggre-
gates into fractions, each consisting of grains within a dlffe{"ent
size range, is known as mechanical anal)_'sis'. The laz:ger fractions
upto No. 200 sieve are separated by sieving, (article 4:2) and
those passing the No. 200 sieve by hydrf)meter an:alysm. The
A.A.S.H.O. standard method of mechanical analysis separates
soils into six grain sizes having the following size names.

. etained - ,

[ B —— ¢ o1

1 Gravel E — 3 10 Qver 20

2 Sand-coarse 10 l 40 2:0—0-42

3 | Send-fine 40 ﬁ 270 0-42—0°05

4 | Silt -t - 0-05—0-005

5 } Clay = é - Smaller than 0:005

o } Colloids 1 — | — Smaller than 0°001

Figure 1. 4-a shows a triangular chart sh.owing the pro-
portion of sand, silt and clay for different 501.1 ty[?es such as
sandy loam, loam, silty clay etc. This classification is 'bascc¥ on
the size of the soil grains and is tcrmcq textural clz_ismﬁcatxo;?.
After performing the mechanical analysis on any sc.nl sample. it
may be directly classified into one or other of the soil types with
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the aid of this chart. For example if it is known that a sample
contai.ns 609%, of fine sand and 309, silt and 109, clay, from the
chart it is seen that the point representing these values falls within
the area ““sandy loam *' and therefore the soil is a sandy loam.

The results of mechanical analysis, i.e,,

bution | the grain size distri-
ution is represented on a semi-log chart, A

rticle 4. 3.

LIQuip

STATE
x
e 1 PLASTIC INDEX
< t / “———LIQUID LIMIT

PLASTIC
. STATE
Ln PLASTIC LmMiT
W semi{soup
w  STATE
6 — SHRINKAGE LIM!IT
(V)
w
O soup
w STATE
‘-
<4
-
[T2]

MOISTURE INCREASE ——»
Fig 1. 6-a—Limits of Consistency
Porosity, Moisture Content and Bulk Density,
Porosity
1. 5.

' The porosity of a soil is the ratio of the volume of
voids to the total volume of the soil. If porosity is expressed as
a percentage, it is referred to as the percentage of voids. The

'ratlo of the volume of voids to the volume of the solid substance
15 called the voids ratio, Figure 1. 5a.
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Moisture Content

The moisture content of a soil is the ratio of the weight of
water to the dry weight of the solids. It is usually expressed as a

percentage.
Bulk Density

The bulk density of the soil is the weight of the soil
{solids -+ water) per unit of volume. It is expressed in pounds
per cubic ft. The value depends on the specific gravity of the
solid constituents, the porosity of the soil, and its moisture
content.

Limits of Consistency

1. 6. If the water content of a clay slurry is gradually
reduced, the clay passes from a liquid state through a plastic
state, and finally into a solid state, Figure 1. 6-a. The water
contents at which different soils pass from one of these states into
another are very different. Therefore, the water content at these
trausitions can be used for identification and comparison of
different cohesive soils. These are called the Atterberg limits.

Liquid Limit

Liquid limit is that moisture content at which the soil just
begins to flow when slightly jarred. Liquid limits vary from zero
in the case of purely sandy soils to 100 or more for highly
colloidal clays. Typical values are :

Saundy clays and silts ... 35t040
Normal clays ... 40 to 80

If the moisture content exceeds the liquid limit the soil begins
to flow like a thick liquid.

Plastic Limit

Plastic limit is the lowest moisture content at which the soil
can be rolled into threads one-eighths inch diameter without the
thread breaking into pieces. It denotes the water content above
which the soil will get plastic. Below this moisture content the soil
will be in a semi-solid state. If the plastic limit isnot determinable
(as in the case of sand), the material is said to be non-plastic.
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Plastic Index

Plastic Index of a soil is
the liquid limit and the plastic
of moisture content at which the
friable type soils have a low plas
hecome greasy and water logge

the numerical difference between
limit, Figure 1. 6.a. It is the range
soil is still in a plastic stage. Light
ticity index and heavy clays which
d have a high plastic index.
Typical values are :

Highly plastic clay

More than 40
Medium c]ay

20 o 40
Silty clay, sandy clay Less than 20

Shrinkage Limit

Compaction

[.7. See Chapter 2, Soil Compaction,

Bearing Strength
1. 8. The bearing strength of a soil js i1 ability to support
super-imposed load, It is associated with g certain amount of

bearing pressure s always limited
by the permissible settlement. The

criterion in the chojce of
such settlement is that it should not have detrimental effects on
the supported strucure,

The bearing strength of a soil
Shear strength is a function of
cohesion or the bond strength bet

like pure sand have very little cohesion but have considerable
internal friction, Pyre clay on the other hang possesses no
internal friction and its sheac strength i derived from

depends on its shear strength.
the internal friction and the
ween soil grains. Granular soils

3
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T i e | ing
soil, and therefore its beari

i shear strength of a

cohesion. The

i ing the force with which
improved by increasing
. strength can be imp

, . ine the
ther, that is by increasing
i ins are pressed together,
the soil grains

compaction.

ining a measure of the
i ethods are used for determining : 1
'D lﬁbrc:; n:h of soils. Some of these are anthn?d bxln
bea?x?gl Stgr I%x all these methods the soil is loaded by a suitable
Article 1. 3.

d h r s¢ i he I‘esu]t
e i tt]cmeﬂt 18 lneasured. I

i dCYOrmathn or s

. chlCe and t

i wer in psi and is correlated
is usually cxpre:xs):d’ra}jet;f:;:?ngg r\)r:lum of t;;)c same soil obtfsincfl
with the 'Semem t;thods will not agree, but some correlation is
by the. A !:n them. The method adopted in Madras uses
e;tak;;:xﬁ;dl)t):l:zltz cone Penetrometer (Article 4-8).
the

2. SOIL COMPACTION
Importauce of Compacting Soil

i action is important in the construction of

21 Sl CO(;H ptabilized soil bases and subgrades. In

embankments and sof well-compacted soil settlement after

embankm.cnts. micztly reduced, if not entirely eliminated, and
Z;:;i::s:;nb:?ltgthis way have greater stability.

des also possess considerably
- acted bases and subgra y
Well CO:P strength than improperly compacted bases dztn
highcrdbeartfﬁis additional strength enables a corresponding
s. ) ) .
Su(li)f:ioix of the necessary thickness of pavement
re

. H <
biects aimed at in soil compaction are to dccrf:as
Ot};er Otf‘ on and obtain a material less subject to weathering.
water apsorpu

Measurement of Soil Compaction.

f solid matter

* ion is measured by the amount o i

2. 2. (,.omep:it:;lo'l;';xis is also termcd.the c.lry density Oflth-e

per cft. (?f matessed by the weight of soil salids per cf‘t. t hxs

soil, and lfi ?‘xg; the bulk density of the soil after deductipg the
. ; ‘

d:z}f:lﬁ moisture present, Article 4. 6.

w
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Principles of Soil Compaction
2. 3. The factors influencing soil compaction are :
(¥) The moisture density relations :

(a) Moisture content.
(b) Amount of eompaction.
(i1) The type of soil.

(iii) Compaction under field conditions.

These aspects are briefly discussed in the following paragraphs.

MOISTURE DENSITY RELATIONS
122

120

ng

ne

na

2

Hno /

108

oo} A

104

DRY DENSITY LBS/CUFT:

102

0 2 4 6 18 20 22
MOISTURE CONTENT
Fig 2. 4-a Constant Compactive Effort

Moisture Density Relation

2. 4. The moisture-density relation of a sojf is usually
determined by the Proctor Compaction Test, Article. 4. 6. The
test was originally developed for moisture and density control in
the compaction of earth embankments. Now its use has been

extended to compaction of soil mixtures for stabilised soil bases
and subgrades.

Granualr Soil Stabilization
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The bearing capacity of most sails increases with density and
decreases with the moisture content. In a theoretical sense, for a
high bearing capacity the soil should be dry and dense. Density
increases with the amount of compaction, but a certain amount
of moisture is necessary to obtain satisfactory compaction with
any compacting equipment, and the presence of this moisture
detracts from the bearing capacity. Therefore moisture should

be limited to the minimum that is considered necessary {rom
practical consideration.

For each kind of soil there is a maximum density which can
be obtained with a certain compactive effort, and there is a
particular moisture content corresponding thereto When a soil
is compacted with different amounts of moisture using the same
compactive effort, the density increases with moisture upto a cer-
tain limit and thereafter decreases, Figure 2. 4.a. The percentage
of moisture in a soil, based on its dry weight, at which the

greatest density is obtained under a particular compactive effort
is known as the optimum moisture content.

The maxium density is related to the compactive force, the
greater the compactive effort the higher the maximum density
which can be attained and the lower will be the corresponding
optimum moisture content, Figure 2. 4-b. For this reason, the
maximum density obtainable with a certain compactive effort at
a certain moisture content can be attained with a larger force at
a lower moisture content, and at constant moisture content a
higher density can be obtained with a greater compactive effort,
Figure 2. 4-c.

The Type of Soil

2. 5. For any method of compaction the maximum density
and optimum moisture content vary with the type of soil and the
Atterberg limits are useful guides as to the type of soil, Article
16 The optimum moisture content for standard compaction is
roughly 2 to 5 percent less than the plastic limit of the soil. The
plastic limit is therefore a useful rough guide as to the best
consistence of the soil for compaction. Table 2. 5-a gives an

approximate classification of quality of soils for compaction based
on soil characteristics.
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Table 2. 5-a Relation between maxium dry density and
a ) - -
index properties of cohesive soils.

Ranpe of maxi-

Quality of soil for ot dry ¢ Liquid limit | Plastic limit
compaction density pef. ! -
[ S R
T e } 70--100 65 22
Very Poor oo
i 100~110 & 50—65 19-22
Poor |
| 110120 3250 16—19
Fair
| y0—120 | 24-32 14—16
Good 1 f y
30 ‘ 24
Excellent 1 1 ; [

it 05 pcf. while silty
have densities from 90 to | P ;
H.cavyudaty; 135 to 115 pcf. Higher densities are obtaxr}ed
dalysx:vtiltr;x sar;d or gravelly soils in which there is little cohesion
only

to resist compaction.

i ini rel, silt and clay in ideal
ded soils containing gravel, '
p\:rilfri?a:e a high maximum density and a low optimum
pro

moisture content.

The admixture of stone upto about 50 per cent has very
c . . . .

little effect on the moisture density relationship of the soil mortar,
1ttle

the aggregate acting merely as 2 displacer.

Compaction Under Field Conditions

2. 6. In performing the standavrd ?omgaction test ur.ld(;r

o conditions all factors entering fnto it can be precisely
e but ordinarily this is not possible under actual con-
Comr(?md’ uditions in the field. Further, the relationship
N ‘Con re resulting from the impact of the falling hammer
e o plessut'on test and that developed by the weight of a
of the Com'pactiorizontally is somewhat uncertain. Nevertheless
m"cr'movmfxows that satisfactory performance can be expected
expcncnlcc's mpacted to conform to the requirements of the
i he o c?I‘hl; Relative Compaction is a measure of the effective-
PTOC‘Of‘ | ;E';}Si;g and is defined as the percentage of the dry density
ness o
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of the soil in situ to the maximum dry density as found in the
Proctor Test. The following relatjv

€ compactions may be
considered reasonable.

Table 2. 6.a. Showing relatjon between maximum dry
density and relative compaction

Max. Dry Density, PGE, | Min. Relative compuerion required
f per cent of Max. Dry Density.
90—100 100
100110 95
110—120 95
120—130 90

130 and above 90

Compaction Equipment

The three chief methods used
are (i) pressure, (jj) impact, (jij)
cases being to bring aboyt closer pa
hence higher density. The usual
equipment include ;-

0 compact soil in the field
Vibration, the object in all
cking of the soil particles and
types of field compaction

(¥) Rollers.

Smooth wheeled rollers,
Pneumatic tyred rollers,
Lorries and Pneum

atic tyred equi ‘
Sheepsfoot vollers . quipment
(h) Rammers_

Dropping weight type (manual).
Internal combustioy type,
Pneumatic type.

{7} Vibrators,

Granular Soil Stabilization 2

me under this class. Such
ited for stabilization generally ¢ £ this class ¢
sui

rollers are not effective on sandy soils.
For cohesive soils such as clay and silty clay sheepsfoot

rollers give the best results.

Ramming whether mechanical or manual s effective for
both cohesive and non-cohesive soils. Mechanical rammers are
very costly and not in common use.

Vibration is very effective on non-cohesive byt not on
cohesive soils. This is almost the only mechanica] method syjta-
ble for compacting loose sand. An effective method for sand is
to saturate it fully. This results in jts consolidation and the excess
water drains away.

Field Control of Compaction

In the field the aim is to attain the relatjve tompaction given
in Table 2.6a. The various steps in control are mentioned below.

(¢) Determine the moisture content of the soil before
compaction. The sample taken for this purpose should be a5
representative as possible.

(1) If the moisture content is much in excess of the optimum
for the soil, it is better that the soil js allowed to dryout
sufficiently.

(¢42) If the moisture content is less than the Optimum, apply
water uniformly to bring up the moisture content to very near
optimum, and compact by means of suitable €quipment that is
available.

(iv) Atintervals during compaction determine hulk density
of the soil under process of compaction by means of the sand-
bottle apparatus, Chaptep 4.

() Determine the dry soil density and moisture content
corresponding to the above bulk density.

(#¢) Continue compaction and testing as above till the dry
soil density is equal to the specified relative compaction,
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A simplified procedure using the cone penetrometer is given
in Article 3. 5.

Records to he kept

It will be useful to keep a record of the number of passes of
the compaction equipment required to attain the relative com-
paction. When soil conditions are comparable, the same number

of passes of the same or similar equipment will secure approxi-
mately the same compaction. A suitable form is given below :

Form 2. 6-a Compaction Record
Name of work:
Reach compacted :
Date of compaction :
Sub-grade soil :
Weather conditions :

Grading :
Retained on No. 10
No. 10 to No. 200
Passing No. 200
Maximum density, pef.
Optimum moisture contact
Relative compaction specified
Relative compaction attained
No. of passes of equipment :
Smooth wheeled roller
Pneumatic tyred roliers
Lorries etc.

Sheepsfoot Roller

Details of compacting equipment ¢
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3. SOIL STABILIZATION
3.1 GRANULAR SOIL STABILIZATION

Principles

3. 1.1. Granular soil stabilization or _mccihanical staF)i]iza-
tion involves the use of naturafl so‘ils an.d soil mu}c‘tur:‘s only. Tf:;
aim of granular soil stabilization 1s to mcrease‘td.c‘s eafr :;reng h
and thereby its bearing strengtl.l by proper grading o e soi
and adequate compaction, Article 1. 8.

The object of proper grading is to c‘nsurc‘ that t.hc soi;
- ¢ sufficient amount of granular material to impart inteérna
co‘nt‘amS 1 cohesive soil to impart the necessary bond between
?;::t:)ar:t?:les. A well graded soil contains diffecent sizes of
‘cles from the largest size down to materials passing th.c
partic 5 sieve. From the analogy of concrete, a well graded soil
rl\;(;;r Qb(l \/Si‘:\ve;l as one in which the voids of graveI. are ﬁll;d bly
d. the voids of the sand with silt, and the Vold.s of the silt
s When such a soil is compacted the resulting soil mass
WI.th clay. very high density because of the close packiing and
":;r:tlirkll::lfi:g of particles, and a high density generally indicates
good hearing power, Article 2. 1.

There are several formulae for the grading curves of soils ;’o
roduce the maximum density. Because we have to u.se the
" al soils that are available at a rca.soniable cqst a rigorous
ne to these theoretical curves 1s impracticable, and a
adhcr.eﬂce . t of working margin is necessary. Figures 3.1. 1-a
Ceftalg aimllollm show the iimiting curves for well, graded soils
;‘rilgurCé. .l. 1-a applies to gravel sand mixes and Figure 3. 1.1-b.

to sand clay mixes.

The Atterberg limits, Article 1-6,. are 'mdicative. of the t)’ge

i1, and the suitability of a soil for compa.ctlon depends

of a soil, of soil. Therefore the index properties are a useful

upon the 't(,\;Pe - to the suitability of a soil for compaction, Article

roughsguzcccimpacﬁon is an importaunt factor in mechanical soil

2., ?)"l'zlantion among the criteria which determine the SUlta'bll.lty

St? alsloil rri;turc for soil stabilization are its Atterberg limits.
o )
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3 This aspect is provided for by fixing suitable limits for the plastic
100 ” ) . . e e
% 7—1'%9 index of the soil. The desirable limits of plasticity index for bas
w 7 90 courses are 3 to 6.
E 80 J/ // . . . d
@ 7 7 8o No single soil may satisfy the requirements of gradmg an
3 e 7’_.‘?. // / 20 plastic index, but these properties can be 1mprovcd by .sEutaF)le
v 60 ! \'g" /i / 6 admixtures with other soils. The technique of soil stabilization
7> o . A . . .
§ 50 /r‘}" / / consists in designing such soil mixes, testing ghem for then: bean‘nﬁ
A ; 7 —,/-,/ / 7 5o power and compacting €0 desirable relative compaction wit
B = LA VA 40 suitable equipment at optimum molsture content, Article 2. 6.
v ¥ il 7 } 1",0 The proccdure is explained with illustrations in the succeeding
«< L
Y 20 // / / Articles.
:“.: 0 £ 0 Design of Stabilized Soil Mixtures
A’ / ey* > . »
° ° The problem in the design of stabilized soil mixtures 1s to
SIEVE NO. 200 NO. 40 NO.Q  NO.4 3/7‘ % 1 ASTM produce from given soils the dcns?st possgblc.: soil mlx*;ure havl.ng
SIZE MM 0074 042 20 47 its plasticity index within the desugblc limits. As a lew routine
Shaded Area S ; o tests are involved the problem 18 usually tackled in a soil
ed Area Shows Grading Liwmits laboratory The various steps in the design are:
M . . a .
Figure 3. 1. 1-a. Limits ol grading for gravel -sand mixes

for Base Course

(1) Determine the grading, liquid limit, plastic limit,

lasticity index and bearing power of the soil samples by perform-
; ieo p i chapter 4.
H r N X m ing the respective tests, chap
5 %{f 1 I 2 % i di ith reference to the
v o | \ G ’\g\s\u (it) Choose the desirable grading with referenc )
T r ‘ 1 J/é(é"\\f\ y \80 curves, Figure 3. 1. l-aor3. 1. 1-b whichever is applicable.
@ T 70 ?
z wl( l\ ;kl ;&\“\ W l6° (41) With the help of the triangular chart, Figure, 3.1.2
F o K‘\ y J : ‘mate proportions of the soils which will
v ‘ LAX\\W 30 determine the approx! prop
& “ - ‘ 140 yield the desired grading.
E ”mw l ]30 v) Calculate the plastic index of the proposed mix by
5 S w
;z; T: e g \ \ % 120 formul(a- . p..S..D
s =5 Y k \ 0 P =P,,-S,-Da + Py-dp-idy
- o ‘ \ lo m Sa‘Da +Sb'Db
S . . .
' ‘E\"E oo iy N ° N N o AT :o which P = Plastic index, S = percentage of each soil passing
T1zE MM 0014 018 025 043 0.84 2.0 n WN 40 sieve, D = proportion of each soil in the mix, and
Shaded Area Shows Limits of Grading the No. »

the suffixes a, b and m refer to the soil samples A, B, and the
(] >
Figure 3. 1. 1-b. Limits of grading for elaw ot mixture rcsDCCtiVCly-

for Base Cour%e sand—clay mixcs -
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Percentage Passing No. 200 Sieve

Figure 3. 1. 2-a, Triangular ¢

hart f
Stabilized Soil or p

. roportioning of
Mixtures

Note

1. For mixing two soils, see Article 3. | 4.

2. For mixing three sojs X,Y,z,

) t0 produce a mixture
S : Mark points X, Y, Z

> [ePresenting the grading of the three

cally possible to produce Then join
X (Y, or Z) with S and produce the |j ;

in T. Point T. represents the m;
combined with X to produc
X, Y&ZinS may be calculated from :

In mixture T:— Y . 7

0

TZ: YT
In mixture S :— T:X =8x. TS
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(If the trial mix is not determined by ii and iii, determine
the same from consideration of plastic index).

(v) Calculate the grading or particle size distribution of the
proposed mix by formula.

G _A.G, + B.G,
m - A + B
in which G = percentage passing a given sieve,
A

B = proportion of soil B in mix,

proportion of soil A in mix,

il

hd the suffixes a, b, and m, refer to the soils A, B, and the mix
ar ,
respectively.

(1) Mix the soil in the given proportion and determine the
grading and plasticity of the mixture as a check on the calcu-

lations.

(vii) Perform the Proctor Compaction Test on the trial mix
and determine its maximum density and optimum moisture

content, Article 4.6.

(viif) Perform the bearing test on a slab 3’ X 3’ prepared
with the above soil mixture and determine its bearing value by
l .
the cone penetrometer, Article 4.8.

(ix) Subject the slab to three-day soaking and again deter-
nine the bearing value. This test is expected to provide for the
min r to
worst conditions of saturation under field conditions.

(x) Repeat tests vi to ix on two more trial mixtures with
slightly varying proportions of the constituent soils.

(xi) Select the mix which gives the best bearing value after
the three.day soaking test.

Ordinarily the first trial mix .itself will.givc.the most

isfactory results. Generally the maximum dcnsnty. will corres-

Satlsdac'th the maximum bearing value. In case of disagreement,
Es::ptv:;nc mix which gives the best bearing value.

10
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If facilities for bearing tests are absent,

the highest density and desirable vajue
adopted.

the mix that gives
of plastic index may he

Design of Thickness

3. 1. 3. The required thickne
be determined reference tq Cha
thickness.

ss of the base or sub-hase may
pter VI, Design of Pavement

3. 1. 4. The method of desi

: . gn of stabilized soil mj i
illustrated in the following exam (i tures s

ples.

- Example 1. A stabilized so;} base course is to he provided
for Dammenu Laeralakoderu Road miles 4/0 to 7/1 in a typical
black cotton area in West Godavari District. Investigation shows

that good muram (A) and sand (B) i
. (B) are a ithi /
reach. Design the stabilized 501} mi)i. veable within easy

This is an example of a gravel-sand mix

Design of Mix

Step i. The mechanica) a

) ] nalysis and the icity i :
determined in the laboratory a Plasticity index as

re shown in Table 3.1.4-a.
Stepii. Plotting the i

. grading cuyy i i
Figure 3.1.1-a it is seen that neither e sy ks A and Bin
for stabilized soil work

possible here is to suggest the best

] possible use o i
best proportions are worked out in [ these soils. The

the next step.

. Step iii.  For determining the proportion by means of the
triangular chart the control sizes are sieve Nos. 10 and 200. Th
percentages of soils A and B passing these sieves are.: . €

DATA PERTAINING TO EXAMPLE 1

TABLE 3. 1. 4-a.

DaMMENU LANKALAKODERU ROAD

ProPERTIES OF SoiLs AnD DEesien Dara

B—Muram from Badampudi Q uarry

A—Sand from Vadapalli (Quarry

Trial Mixtures

SoiL ProrerTIES

A4+ B

Granular Sotl Stabilization
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Bearing power Soon after Compaction psi

180
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REmarks. Design Mix Adopted
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SAMPLE A Sampre B
Percent passing No. 10 93 43
Percent passing No. 200 2 32

To facilitate use of the chart these values may be written
down as follows :

SamMPLE A SamrLe B
Percent retained on No. 10 sieve. 7 57
Percent passing No. 10 and
retained on No. 200 sieve ... 91 11
Percent passing No. 200 sjeve. . 2 32

On the triangular chart, Figure 3.2.

to represent the percentages shown abo
straight line.

a mark points A and B
ve and join them by a

Points along AB répresent mixtures of soils A and B. As the
mix should not contain more than 15 percent passing No. 200 sieve
Figure 3.1.1-a mark point M on AB such that M has 15 percent
passing No. 200. The point representing the desirable mix must
now line between M and A. As we approach A, the percent
passing No. 10 sieve increases rapidly and even point M repre-
sents nearly 70 percent (55 4 15) passing No. 10 sieve. All
considered, point M represents the best possible mix in this case.
The proportion of A and B is given by the ratio of lengths BM :
AM. By scaling off these lengths, A:B = . i

Step iv.  Plastic index by calculation.
‘ P, -Pa:8D. +P,.5, .1,

Sa . Da + Sb Db o
_0+9%x37x.75
BX1437x.75 =47
This value is within the permissible range of § to 6.

Step v. The calculated grading of the mixture A : B= | : 3
is shown in Table 3.1.4-a.
Step vi. Omitted.

Steps vii, viii and ix. The result of the different tests are
given Table 3.1 .4-a,
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i i d for two
. tests under Vi to ix are repeate
d'ffcrsctslt) fr;ix;h; : ;s= 1:3and A: B = 1:1. The results are
i :
hown in Table 3.1.4-a.

i i bulated results
i :1al choice. It is seen from the ta
S;CPﬁXI-t mFi‘;nZ :CB = 1: %is not only the densest, but also
Lhatt;cehi;;est bearing value. So this mix is adopted. It has the
as g

following control values.

= A4}
Proportion = 134 pi.
Max. dry Density B

Optimum moisture content . = 7-80P".Cem-
Bearing power soon after compaction = 700 psi.
Bearing power after 3-days soaking = 440 psi.

is example concerns the work of | forming a

Examf;l{e fr;na'cl;}:: ls/)I(andeam 0/0 to 21/4,NH 49. The 50}1

o e ba kment in a particular stretch is sand (A) It is

f e e antabilize the top layer of sand to a certain depth

ptzoposed e d (B) which occurs 3 to 6 feet below ground level.,

W1t}}llcla§eysslxag‘gr5dc may have adequate stability. Design the soil
S0 tha

mixture.
This is an example of a sand-clay Mix.

The grading and plastic index of A and B as

Step 1. 1 the laboratory are shown in Table 3.1.4-b.

determined i

examination of the grading
Stcp i lE l\;er;ff:;)ir;; aAC::: T};’ it is seen that they are alm.ost
curve, Fig. 3. -( ¢ the much larger amount of material passing
similar, cxcfcpl ?n soil B, and that by mixing them in any
No. 209 s;e\;]e rading is not going to be materially altered f‘c?r
proportions 1° gThe significant fact in this is the very large plastic
!)etter or w?rsg. By mixing soil B with soil A-a mixture can-be
index of soil ch hyas a more desirable plastic index and which
produced Whlcrcd better. Therefore a fairly clear indicatif)n of
c;n :c siizrlflzzsroportions of A and B may be_ had from considera-
tti::nscof plastic index. This is done in Step iv.

Step iii- Omitted.
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DATA PERTAINING TO EXAMPLE 2

TABLE 3. 1. 4-b,

Ramnap ManparamM Roap

PrOPERTIES OF SOIL AND DesigN Dara

B—Sandy Clay at ¢ ft. Depth from Fields at 1j6

A—Sand from Subgrade at 1/6

I%A+BIQA+B

Trial Mixtures

Sor. PrROPERTIES

0
99
67

Plastic Index

Madras H ighways

99 99 99

99
63

Grading : Passing No. 10

66 66 67

44
22

Grading : Passing No. 40

44

20
11
117
116
270
290

44

43

45

Passing No. 60

Grading : Passing No. 100
Grading : Passing No. 200

Grading :

17

12
117
11-4
360
320

14
117
11-5

22
110

15-0

Maximum Dry Density pcf.

Optimum Moisture Content percent

440
216

1000
150

Bearing power soon After Compaction psi

Bearing Power After 3-days Soaking psi

Moisture content After 3-days soaking

ReMarks. Design Mix Adopted

1}A+B
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Step iv. Plastic index and proportions of the mixture by

calculation :
P,.S,.D, + P, .5, .D,

S, .D, +S5;,.Dy

0+17x63xD,
67 XDa +63><Db

Pm =

Two or three trial values of D, and Dy are substituted in
this equation and the P,, calculated. IfA: B =3:2, P, = 64,
As this is very close to the desirable value, the trial mixture may

have a proportion A:B = 1} : 1.

Step v. The calculated grading of the mixture A:B 1}:1
is shown in Table 3.1.4-b.

Step vi. Omitted.

Steps vii, viii, and ix. The result of the different tests
required under these steps are given in Table 3.1.4-b.

Step x. The tests under vi to ix are repeated for two
different trial Mixes A:B = 1:1and A:B = 2:1. Theresults

are shown in Table 3.1.4-b.

Step xi. Final choice. It is seen from the tabulated results
that the first trial mix A:B = 1}:1 is generally the most suita-
ble and this is adopted. It has the following control values :

Proportion = 11 A+ B.
Maximum dry density = 117 pcf.
Optimum moisture content = 114 percent ,
Bearing power soon after compaction = 360 psi.
Bearing power after 3-days soaking = 320 psi.

Construction Methods

3.1.5. The method of construction of stabilized soil bases
and subgrades is briefly described below, as far as possible in
accordance with the sequence of operations. The details will
depend upon the nature of the work, the materials- and the

available equipment, and the Engi




42 Madras Highways

able to modify details and improvise methods to sujt the actual
conditions. Stabilized soil work may be done with manual
labour or with the aid of costly equipment or by economical
combinations of both. At present there is a dearth of mechanical
equipment specially designed for stabsoil work, and therefore for

some time to come Engineers must try to carryout stabilized
soil work with manual labour assisted b

y available equipment
such as rollers. .

Collection of Materials

i. Asfar as possible local materials are used short of making
unsightly pits on the roadside. Stabilized soil methods have very
little chance of making headway unless they are established as
a more economical substitute for other types of road foundation
such as stone soling. Therefore collection of suitable soils from

long distances paying considerable sums on freight is not
advisable.

In collecting soils, due allowance is made for the bulking
when in a loose condition. Taking Example 1 for illustration

he following calculations will apply for one furlong, 4 inches x
18 ft. wide base. A

Total weight of mixed soil =660 X 18 x } x 134

5,18,600 Ibs.
518600 X 4/7
2,96,300 Ibs.
518600 x 3/7
2,22,300 1bs.

H

Weight of sand

it

I

Weight of Gravel

i

#

Uncompacted sand weighs 86 pcf.
Uncompacted muram weighs 96 pcf,
Quantity of sand to be collected

_ 296300 )
e = 3445 cft.

Quantity of muram to be collected

_ 222300 ,
— ,,..”9‘6-» - o= 2316 Cftv
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Breaking Clods

;i In order to facilitate thorough mixing of the soils the
clods are thoroughly broken and pulverized. The presence of
even small clods of clay in the soil mixture tends to defeat the
purpose of stabilization. In soils generally used for stabilization
clods can be broken by means of heavy wooden hammers or
rammers, if better means are not available.

Collection of Materials

Where a binder, soil of clay is to be used the clay in the
quarry is dug or ploughed into chunks. If the clay it wet and
is not easily susceptible to pulverization it is allowed to dry in
the sun until the moisture content gets suitably reduced. The
chunks are then pulverized by manual labour or by passing a
6 to 8 Ton roller on the clay bed. The pulverized material is
screened through a No. 8 sieve and the powder is collected and
conveyed to the road side.

Forming Continuous Stacks or Windrows

iii. Forming of the soils into continuous stacks is a prelude
to mixing and its purpose is to facilitate thorough. mixing and
spreading to uniform depth. The soils are stacked in t'w.o rows
one on either side of the centre line, each row containing the
soils in requisite proportions. Referring again to Example .l and
the calculations in para (i) for illustration, total quantity of
soils per furlong

It

3445 + 2316
= 5761 cft.

If the soils are formed in two windrows, the quantity per windrow

. 5761

5 = 2880 cft.

2880

Gross section of each windrow = "< : +36 sft

The dimehsions of each windrow for a cross sectional area of
4:36 sft. is shown in the sketch below :
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T
T | MURAM

}
! als
—]

The cross sectional areg for sand = 3445
2 x 660 = 2:61 sfy.

The cross sectional area for muram = 2316
“\660 = 175 sft.

. 3 lt Wll] OCCu ;
and muram .W1ll occupy a depth of 64 ini)f;:s dc]eth of 7-1 .mcht:s
also shown in the above sketch. - These details are

Adding Water

v. Before adding water
mir.led, and the further amo
moisture content calculated on
stacks. Referring to Example |

u, the moisture content is deter-
Nt to be added for optimum
representatjve samples from the
by way of illustration,
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. : _5,18,600
Weight of soil per bay = Toxes = 39291bs
Weight of moisture = 39 lbs.

Dry weight of soil = 3890 lbs.
Weight of water to be added = 3890x —16(;3—_—265 1bs.

Volume of water to be added per bay = 26°5 gallons or
4-24 cft.

The required quantity of water is uniformly applied over
each bay. The water may be added in the evening preceding the
wet mixing and spreading and allowed to soak into the soil over-
night so that evaporation losses may be minimized.

Wet Mixing and Spreading

vi. The wet soil is thoroughly mixed and spread in a uniform
layer not more than 6 inches over the subgrade which is previously
sectioned and prepared to receive thesoil mixture. After spreading
the suiface is shaped to camber by means of a suitable camber
board. The camber to be provided is the same as the camber
specified for the surface course. The profile is checked by means
of boaring rods and all irregularities corrected by addition or

removal of material as necessary.

Compaction

oii. As soon as the surface is prepared as above the soil
should be compacted. The type of roller or other compacting
equipment that is suitable depends upon the nature of the soil,
Article 2'6. Rolling should commence at the edges and work
toward the centre in successive overlapping trips. The surface is
checked frcquently and uneven spots corrected promptly.

Compaction Control

At intervals during compaction the bearing value is frequently
checked by means of the Gone Penetrometer when the bearing
power reaches the control value or thereabout the bulk density
of the soil is determined by means of the sand bottle apparatus
chapter 4, and also its dry density and moisture content. The
density determination should be sufficiently representative and is
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generally made at about four places in a furlong. The values
obtained should satisfy the relative compaction requirements,
Table 2. 6-a.

As a further check the bearing power at typical points after
three-day soaking is determined, and this should be within 10
percent of the control value.

In the absence of facilities for determination of bearing power
the compaction may be controlled by density measurements alone,
Article 2. 6, but this is a somewhat more tedious process.

Curing

viti. ‘The surface is allowed to dry out for 2 or 3 days or

even more if the weather conditions are unfavourable, during
which iron-tyred traffic is to be excluded.

Laying Surface Course

ix. After the period of curing the specified surface course js
laid in conformity with the methods applicable to the same.

Alternative Methods

3.1.6 A condition that is frequently met with necessitates
the mixing of a borrow material with the existing subgrade sojl

in order to improve its properties. Except in matters of detail
there is no essential difference bhetween this an

d ecoding

method. the preceding
The surface is shaped to proper camber and
high places and filling low ones and the width
marked off. The unit weight of the subgrade
and the depth to which it should be dug up t
quantity for the mix calculated The surface
the calculated depth, the clods broken up an
clods in the borrow material are alse broken
and the soils are formed into windrows, Pa

profile by cutting
to be stabilized is
soil is determined
o give the requisite
is then dug up to
d pulverized. The
up and pulverized

o - ra3. 1.5 (iii), for
mixing etc. or the subgrade soijl may be levelled after breaking of

clods and the borrow material spread over it and the two
thoroughly mixed in situ. This is followed by water
operations, Article 3. I 5.

ing and other
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3. 2. Soil-Cement Stabilization

In the introduction to this articl.e reference was ma'de
to methods of soil stabilization inv'olvmg the use ot‘" spec‘lal
stabilizing agents. This section deals w1th‘such a method in \thlC.h
cement is the stabilizing agent used. This type of constructlon. is
generally employed in the formatiqn of base courses, us'ually Wllth
thicknesses \;arying from 4 to 6 xflches. It rflay ser\vca§ a base
for a thin wearing surface which will b'e SubJCCth' to hght_ or
medium traffic, or as a support for a high-type flex1blc o ng.ld
pavement, It may also be used in the construction of shoulders,

parking areas etc.

Description of Soil-Cement

3.9 1. Soil-cement is a thoroughh mixthe' of soil and
Portland cement compacted while in a moist cox?dmon a}?ddbef?rc
the cement has hydrated to form a stable paving on hy ;:tlf%r;
and hardening of cement. Fo‘r reasons of ec]onomycl az Jor
facility in construction the soil most COmmrI?;)ly use tl that
which occurs in the surface of th.e road. he percetn agt !
cement required to produce a satxsfactqry so(lil-cIcan mxlx 1:}116
varies with the characteristics of the soil used. In genera ,d \
finer the texture of the soil, the more the cex:nené requ;rle.d(;
harden it to a satisfactory degree, but- certain fine co 0} :
clays and peaty soils are unsuitable for soil-cement construction.

PRINCIPLES OF SOIL-CEMENT
The Function of Soil

3.92.92. Material passing the No. 4 sieve, when .n?ixed with

.2 rovides most of the strength and durability of the
cement, I; ixture. It is found that not more than 45 per cent
c?mgactc.l ns]hould be retained on a No. 4 sieve, unless the soil is
o ; :msloyl graded from coarse to fine, in W}‘fich case as muc'h as
g(r)n‘;) 55 per cent of the material may be retained on a No. 4 sieve.

pieces tends to reduce compacting
sities by increasing the effective
. f tamping foot of the sheepsfoot rollers and by
size o P bridge over adjacent areas, it is

i mooth rollers to .
Cau:lgfrys that the maximum size should not exceed 3 inches
neces

As the presence of large
pressures and resulting den
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An important factor iz determining the suitability of a given
soil for soil-cement construction is the ease with which the sojl
may be pulverized. Soils which contain large amounts of clay
will be more difficult to pulverize, will require more cement,
and will demand more careful control during constructian.

Unlike granular soil stabilization, the gradation requirements
of soil-cement are very broad, and permit the use of an extremoly
wide range of soil. The sub-grade soil naturally existing in the
road bed will wsually be suitable for stabilization. However, in
many cases, especially where the existing soi} contains large
amounts of silt or clay, economies may be effected by the use of
carted soil to improve the gradation and reduce the plasticity of
the soil which is to be stabilized. A procedure of the sort might
well result in a reduction in the cement content required for
stabilization. The relaiive economy of using carted soil in order
to improve the characteristics of the soil to be stabilized, as
compared with the use of more cement, can only be determined

by laboraiury study supplemented by knowledge of local materjals
and cost factors,

Function of Cement

In granular soil stabilization ihe clay content of the soil
provides all the binding but in soil-cement this function is
performed much more efficiently by the cement. This is the
reason why gradation of the soil is not so lmportant in the case
of soil-cement. The cementing, hydration and h
of Portland cement in soil-cement is similar to the same action in
concrete. Water is needed for this action. There is an initial and

final setting time for cement, and recognition tmust be given
to these factors in the process of construction.

ardening action

Fuuction of Water

The water in a soil-cement mixture performs the two func-

tions of lubricating the mass to facilitate tompaction and of
hydrating the cement. The optimum moisture
in accordance with Article 4.9 provides the quantity of water
required for these two functions, Any considerable excess over
this quantity will hinder compaction and is unnecessary for the

content determined
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he : ace of
M case ()f concrete, :he surfac

gt ent. Asin t

ydtatxou of cem

b acted sopil-cement wixture should be protected to pre-
€ comp!

: . A
h cssive evaporation of watet during the first few days
vent tac exc

i cement.
s0 as to facilitate the hydration of the

Function of Compaction

The soil and cement grains are brought into close canta‘ct by
c'scn aﬂh enter the compaction, the more efficiently
compaction. The }%:)}'d the mass together. Wi}hou: a.dt:quate
it thc’ c:?::;:nt will not be able to perform its function as a
compactio

binder satisfactorily.
Design of Soil-Cement Mixtures

3. 9. 3. Therequirements of soils anc§ soii—ce’;rxe‘ntn m;;z::gi
 {orth in table 3.3-a. The pro!?lem in th.t: esig L ok
are st for.t hin roduce a suitable admixture on the so
e o ‘Z?icg the mixture properties set forth in Ta?sic
oy Cemmi;h;:j::}detecminc the three factors which determine
ifé 3;2;;2; :;e quality of soif-cement, ¥

.r } 4 1 i i }
l P T £Omen g
r()‘}c < COﬂtﬁlt unl orm 3’ mixe rou Ut ihe

561,

iformly mixed throughout
jsture conlent uni
2. Proper mos

the rixtare.

3, Proper density aniformly attained throughout the
. Pro

mixtyre. ‘
ed a soil survey of the voad, Article 4.1

rform €
. ift?;ghzgzigniz samples and prepared a sail map of ihe road,
and havi

igo i 3 w.
the step by siep procedure in design 13 ,’dcscr}bed pelo
s NP
mine the grading, liquid dimit, plastic l{mu a{:;
tasti <'Ud§<c$'rthc sample {section 4). If the resnlts satisfy the
plastic in

. . . .
{ rable 3.2. 33, the soil may be ca;xsxdercd ZS
. o . ;
rcqmg;:mt;nts soil-cement work and further tests taken up
susitable tor ~

indicared below,

i .density relations of raw soil,
ine the moisture
{2) Determin

article 4.6.
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(3] With the information obtained from {2)
cement contents to be used in the preparation of
may then be established. For example
mixes may be prepared using 8,
Since the influence of cement in t

as background,
trial mixtures
» 1t may be decided that
10 and 12 per cent of cement,

- he mixture depends on the water
cement ratio, the strength increasing as the ratio decreases, a low

optimum moisture content indicates 3 low cement content as
well, but to produce like results with a soil having a high

optimum moisture content a larger quantity of cement will be
required.

In general, most soils will have 2 satisfactory hardness and
durability with cement contents ranging from 8 to 12 percent
Corresponding optimum moistyres may vary from 9 to 25 percen;
and densities vary from about 90 to 135 pef. The lower cement
and moisture contents occur with the higher densitjes.

(4) Moisture-density relationships for soil cement mixtures
containing the selected amounts of cement are then determined
using the procedure set forth in Article 4. 9, which is practicall J
the same as that employed in standard compaction test articlz
4. 6. From these relationships the density and optimum II’IOiSture

content of each of the different soil-cement mixtyres

: r
determined. are

(5) Next the percentage of cement
stabilization is determined after perfor
the two series of durability tests, i.e.,
test, and finding the leanest mix that sati
the test. The durability specimens for ea

contents are prepared by compaction at optimum mojsture

content, the necessary information hein i
s : g furnished
test procedure is described in article 4. 10. bY 14). The

required for satisfactory
ming one or other of
wet-dry or freeze-thaw

s of the durability tests, the
ompressive sirength, If the mix
minimum  compressjve strength
which satisfies a]] the durability
equirements should be selected.

does not exhibit the specified
(table 3.2.3-a), a richer mjx
test and compressive strength r

RS
i

TABLE 3. 2. 3-a
REQUIREMENTS OF SOILS FOR SOIL-CEMENT STABILIZATION

TYPE OF SOIL

Properties of Soil:

Granular Soil Stabilization

Passing 3-in sieve

Gradation :

0
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(7) The field control factors mentioned earlier, i.c.,
cement content, moisture content, and density of the selected mix

for the representative soil samples are now established, and the
gradation limits of each soil-cement mixture

cement content, optimum moisture content, a
be marked on the soil profile map for use dur;

» the corresponding
ud the density may
ng construction.

Construction Methods

3.2 4. The method of construction in
greatly different from
of construction metho
the road-mix process

. soil-cement is not
granular soil stabilization. The description

d§ given in section 3 primarily related to
using manual labour with rollers and small
tools. The method of construction described below is the road-
mix method using mechanical €quipment, l

Equipment for Construction

A list of equipment capable of
linear ft. of 20-ft. roadway per d
works equipment is frequently oper
containing several machines, which

producing from 1000 to 2000
ay is given below. Op large
ated in complete units, each
are often termed ‘< trajns’.

1 — Subgrade rooter {adjustable scarifier on power grader
will reduce equipment needs;). s

2 -~ 9-ft, Oﬂ"stst disc harrow equipped with cleaners, mini-

mum diameter of discs 24-in,. Offset disc harrc;ws are

necessary for pulverizing heavier textured soils, and

are good mixing tools. Where soils are easily pul\;criz-

ed, substitute one additiona] heavy duty cultivator
and one 6-ft. rotary tiller.

6 — 1} ton truck or equivalent.

3 — 35-40h.p. track type tractor one t . .
t
street plates). ( factor equipped with

1 — 15 h. p. smooth rubber tired tractor,

I — 30 h. p. rubber tire tractor.

Granular Soil Stabilization 53

i ing-tooth or stiff-tooth

__8ft. or wider heavy duty spring :
l ° field cultivator with teeth back of wheels', power lift,
depth control mechanism, 4-in. double-pointed shovels

on each standard.

1 — 6 ft. rotary tillers. (Rotary tillers afe mixingdmac:ines
with rapidly rotating axles on which curved tecth a:¢
mounted ; these are used as mixing tools on sott
cement projects where the percentage of large rock is

low).

| — 3 or 4 bottom heavy duty gangplow, 14 to 18 in. monld
board with power lift and adjustable depth levers.

3 — 1,000 gal. pressure distributor for water. (Minimum
water-spreading requirements shonjlld be cons1dere¢.i as
averaging 100-gal. per minute during water s!)rc'fxdmg.
This will require thata 1,000 gal. pressure dlStI‘lblltO!f"
be filled and then emptied on the roadvyay, ata ratedo
200 gal. per minute, once every 10 mmute's. A feeder
tank can be equipped with a 200 ga:l. per minute pufrcllp

and appropriate valves and sprcadmg bér to pxx’w e

a satisfactory, inexpensive pressure dlStrlbuFOI‘. ater

spreading will become slow and expensive unless

critical attention is given to water supply and
spreading)-

| _ Motor grader, 12. ft. blade (tandem or 4 whecl drive
preferred).

9 — Double-drum sheeps foot roller, types to be dictated by

1 conditions. Range of foot pressure to be approxi-
SOl :

mately as follows:

unity pressures of 50 to 100 1b. per sq. in.
in. area. Sandy loams and light
i : o feet of 10 to 12 sq. 1n. area :
“;lth 1tj::nzmsgpecify unit pressure of 100 to 200 lbs. per sq. in.
cla , > |
wit)llq tamping feet of approximately 7 sq. in. area.

Sandy soils, specify

astic soils and soils containing considerable aggregate,

More pl to 400 Ibs. persq.in. with tamping feet

specify unit pressures of 200
of 5 to 6 sq. in area.
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I — Tandem self-propelled smooth wheel r i
oller siz
dictated by soil conditions. r sizes to bhe

Sandy soils, specify 3 to 5 tons.
Sandy loams and light clay loams, specify 5 to 8 tons

More plastic soils and soils containi i
ning co
aggregate, specify 8 to 12 tons. § considerable

I — Multiple-wheel pneumatic roller or equivalent

I — 10 ft. spike-tooth harrow. Teeth not more than 11 i
apart. } in.
| --- Broom drag.

1 -~ Nail drag.

Field Testing Equipment

The field tests to control moisture and dens;

: ensit
ta']ly important and should not be neglected. T;x: ?;E:“ndamcn'
will equip a field laboratory adequately.
and fills a definite need on the job.

. wing items
Each item is important

1. Portable shed 8 X 10 ft. (conv
: erted i
excellent field laboratory). ed trailer makes an

2. Two burner stove,

3. Split moisture-density 1/30 cu. f.

55 lbs. rammer. mould and sleeved

4. Overhead triple beam balance with wei

capacity, sensitive to 1/10 gram. ghts, 500 gram

5. Sensitive balance with weigh )
to 1/100 Ib. cights, 15 Ib. capacity, sensitive

Set sieves 3-in. $-in. Nos. 4, 10 and 20

Field density determination apparatus, article 4-7

3-in. diameter soil auger and shovel.

© ® N o

Quantity of sand of known dry weight per cu. ft

10.

12.
13.
14.

15.
16.
17.

18.
19.
20.
21,
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Hammer and 1-in. mason’s chisel.

Dozen tin pie plates and dozen }-gal. syrup pails.

Two fry pans, 10-in. diameter.

100 ml. glass graduate.

10-in. butcher knife, 12-in. steel straightedge and 10-in.
trowel.

12 ft. pail, two large spoons and 2-in. paint brush.

Maximum and minimum thermometer.

Wet and dry bulb thermometer with relative humidity
chart.

Slide rule.

5 % 5 ft. canvas sample cloth.
Ruler, 50-ft. metallic tape and 100 ft. chalk line.

Notebook, graph paper, scratch pad, pencils, etc.

Sequence of Operations

The sequence of operations in soil cement construction assu-
ming that the subgrade beneath the base requires no special
treatment or has previously been brought to the desired condition,

s as follows:

(1) Pulverizing of the soil which is to be processed.

(2) Mixing of the soil with the stipulated amount of
cement.

(3) Addition of the required amount of water and its
incorporation with the soil-cement mixture.

(4) Thorough compaction, including final rolling and
finishing.
{(5) Curing of the completed soil-cement base. If best

results are to be secured, the processing operations
should be carried on in a planned sequence, with
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little time elapsing between se
pulverization,  dry »
and “wer”

parate steps. Thus,
mixing, the addition of water
mixing, and compaction should follow
step by step with little lost time or motion, Careful
control must be exercised to see that a uniform mix-
ture of the proper proportions of soil, cement, and
water is secured and that the mixture is adequately
compacted. Prompt mixing and laying of the mix-
ture are necessary in order to insure fina] compaction
before appreciable setting of the cement occurs.

Pulverization

(1) Before cement is added, the soi] which is to be used must
be thoroughly pulverized. If the existing soil is to be used it must
he scarified to the desired depth, usually by the use of a subgrade
rooter or a scarifier attachment on a bla ‘

or a sca . de grader. If imported
material is being used, it must be hauled in and spread on the
existing soil to the required de

: pth. The soil is then pulverized by
the use of offset disc harrows, gang plows, or rotary mixers.
Sheepsfoot rollers are also good clod breakers. Tt is generally
required that the soil, with.the exception of gravel or stone, bhe

pulverized until at least 80 per cent wil] pass a No. 4 sjeve.

A soil that does not contain clay or colloids can be pulverized
rapidly and easily with a wide variety of equipment under a wide
range of moisture contents from air-dry

‘ : ' to ahout the liquid limit.
Such soil requires no particular experience or soil knowledge to
successfully  pulverize. Equipment developments continue to
simplify this problem and increase the types of soils that can be
pulverized readily.

Clay in soils, together with moisture
ditions, produces the glue that holds the soil grains together.
Below the plastic limit, clay soils form into hard clods and at the
shrinkage limit the clods are so hard they can be broken only with
a hammer. Above the plastic limit the clay particles can be
separated easily bat they

are so wet that they glue back together
on contact with little or

o pressure.  Experimentation with these
soils will demonstrate that at a water content near the plastic

films and moisture con-
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limit (which is also near optimum moisture c'ontent) they mdyt
be broken up with reasonable effort and will not recompac
readily.

Therefore, the key to success in pulverizing clay;y hS(')ils isti;o
bring them to a suitable water content, when nfaede 1,1 ¥ w:eaS ti
or drying and then applying pulverizing eﬂ‘o.rt in such z:lv;z;} o
avoid recompressing the soil. The most eﬁiglent met d0 ' e};ieme
rizing each soil can be determined by experlm(f:‘nlt1 i:db ,?armers_
and by observing the methods and procedures follo ¥

As previously noted, soils that do not cont?\in -Clag or acs(;lslo:::
pulverize readily. As the clay content 1r‘1creases it ccre.. y A
‘ i i contents where the soil can be pulverized. :
wandy momu'rivith only a small amount of clay present w;hll
o 'roadw:il'yl at the higher moisture contents near the plastic
PUIYCNIZXCI rheju I}ZI it may appear quite hard after dry weather anfi
ltlrr:;ftic ha: irofed it out and a roF)ter may.be nezdedd c;ion loZi,eeI; 1;
at first, once loosened, it pulverizes readily, and a g

little water will make it quite friable.

Some soils are best pulverized by drying below the shrinkage

limit and then adding water.

binations of sand, silt and clay occur in nature and

Many com n pulverizing characteristics. Knowledge that

eacb sfnl h.aS 1;15 mistll)lre content of a soil governs its pul-verizatxo.n

variations in t ivhich is the key to soil pulverization, will make it

char?‘ctaelrltsgliz; dily pulverize most soils that are economical to use.
practic

ine the practicability of pulverizing
A field test o e v lod in a glass of clear
i i f placing a hard dry clo glass.
clayey 51011: (i,(:;i,lsst}sl;t Pt)ime, grains of soil should begin fa}llnghfroig
Water.l crl1 which finally slakes to a mound. Sucb soils s 01'1 “
the\ C(') economically. Some soils are best pulverlzed by drying
rize- i
E:l;]jv the shrinkage limit and then adding water.

Incorporation of Cement

i ; the
1 t the moisture content of
Befo sprcadmg cemen '
lv(2') de fr;iv soil should be determined. Under the average
pulverize

idi ditions, the moisture content
i nd humidity con
wind, temperature 2
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in the roadway after the cement has been dry mixed with the pul-
verized soil will be about two percent below the moisture content
in the raw soil at the start of cement spread. Therefore cement
may be spread and mixed whenever the moisture content of the
raw soil does not exceed the optimum moisture content of the soil-
cement mixture by more than two percent. If the raw soil is wetter
than this it should be brought to the desired condition by drying.

The proper amount of cement may be spread upon the surface
of the pulverized soil either by hand methods or by mechanical
means. Very frequently bags of cement are “spotted > by hand
along the surface in rows of pre-determined spacing. The calcula-
tions for cement spotting are readily made as illustrated below.

mpacted, with a
compacted mixture. Assume

that a bag of cement contains 110'5 1b. of cement measuring

1'2 cft. apparent volume,

One bag or 12 cft. of cement will be adequate for [-2 X 10
or 12 cft. or 24 sft. of compacted soil-cement. That is each bag
can take care of an area 6 ft. x 4 ft. The bags may be spotted in

(3) The mixing of the soil and cement is accomplished by the
use of such tools as gang plows, disc harrows, spring-tooth cultiva-
tors, and rotary tillers, Careful contro] is necessary during this
operation in order that the mixing be carried to the proper depth
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uipment available for
2 uniform mix]lbebzeggz(:;eg ihne zqtral:;n, with additional
its bei ded to tI:c }t]rain as construction proceeds, to S:Spgz
units being adde he wet mixing operation. In many c.as oy
water and completff t are not essentially separate operations but
mixing and wet mlxmgther in an integrated series of operatlons%
are carried along toggf water is added, generally by means ;)1
The proper amourt 4 the soil, cement, and water are théroug/;
pressure distributors %form mixture, ready for compactlo?:. g
ly blended to a unil ment, capable of both dry and wet mxl;m(;;
complete traxr'l of C(;lu pring-tOOth cultivators, g'ang plows, bla
will usually md'u ; SSvater distributor and a spike-tooth harr?vtve:
grader, rotary mlxcrs;rain are usually necessary for the comple h
Several pases 'Of t}:I'ehe amount of water added is generally Enout%‘e
mixing operation. re content to 1 or 2 per cent moref t harl the
to increase th-e e or. ompaction. This is done’because of the .
optimum desired for ¢ ?ur during field mixing operations, as-
of water which may 0cC mixing. In other words if a slight
th lal‘)oratOI‘Y ted during mixing, the soil may tl'1en
r is incorporate ry close to optimum by the time

and that :
this purpose will gene

compared wi
excess of wate
ve
generally be expected tobb(':in
compaction, is ready to begin.

Compaction and Finishing

i soil cement base is generally
®) Initia Comp? (s:}t::;)s?io? rollers. After the base h;ls :)e'er;

achicved by the 'us‘e 0two or three inches of the .surface, the ay;]:
compacied 1° wuhmwit_h a motor grader. Rolling then genc;tai]i?;
is brought to S.hapc' factory density has been secux:ed tc; »:)rurse
continues until S urface. In very sandy soils, of ¢ ci
about one inch of the bs ossible with sheepsfoot rollers, ar"l
t}rll:rtx beeagcomplishcd by thebuse of r;;r;;ucr::;nac;

i mixture has been co .
tired rollers. Aet th‘;:: li;iecr:e:f; and the surletce brough; }tlo f;l:)il]
deseribed, the roflcr ing is done by using a sp1ke-t9othe arf v
shape. The final shap tie compaction planes left in t.hedsuri)i X
or nail drag 19 I‘CmOV‘zl by a broom drag. A rubber-tlrcd ro ned
by the rollers, follOW:in the surface shaped by a blade 5,;?1'.21 (ir,c Zm_
may ther} be used agﬁna,lly removed by the nail drag. : ;n?l com-
compact.lonh pxiasr::fzsurcd by rolling with steel rollers weighing
paction is the -

compaction may
densification may
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3 to 12 tons, depending on the soil involved. Rolling is continued
until a tightly packed surface is secured. In some cases additional
final rolling has been done by pneumatic rollers to secure a tightly
knit surface. During all the rolling operations which have been
described it is essential that the moisture content be maintained

at optimum. Frequent checks on the density and moisture content
are, of course, necessary, and this is

done in accordance with
method described in article 4. 7.

Curing

(5) The water contained in the soil cement mixture is neces-
sary to the hardening of the cement, and steps must be taken to
prevent loss of moisture from the com
A protective covering of from two to
placed over the base,

pleted base by evaporation.

four inches of soil may be
or hay or straw may be used. As soon as the
cover is placed it is moistened so that evaporation takes place from
the cover and not the underlying soil-cement, Only enough water
should be added to the cover to moisten it thoroughly without
free water running into the surface of the compacted soil-cement.
Protection of this sort should be continued fc

r at least seven days,
after which the base may be opened to traffic for a brief period

prior to the application of the wearing surface.
REFERENCES
1. Concrete Association of India, Soil-cement Roads Construction
Handbook.

Indian Concrete journal, November 15th, 1948,
L J Ritter and R. |. Paquette, Highway Engineering.
4. AASHO, Methods of sampling and Testing.

(To be continued)

L1EMD

of interest

THE BATTLE OF THE STRUCTURES

I received a great thrill when I had the honor to irleroduc:,‘ t:c
i ire State Building to the president of the
el Tower, T Emplrc' i k place at the Eiffel Tower,
i . This historic meeting took pla Riff
E;IHCI ’Il\;;):ve\j\’illiaxlri J- Keary, of the world’s tallest bulldlrlg, went
::) e: his‘ respects to M. Pierre Charles Raffegeau, the director olf
Frapnze’s greatest landmark. As the only newspapeglmz;‘n }?resent !
in i e fashion, an
hat both men behaved in impeccable
:?tr;rrifxzir: ::x:hange of warm greetings and salutations the bond
between the two structures is now stronger than ever.

It is only natural when two great men come face to fasz that
h hange notes on thier respective enterprises. And so it was
) ?}yl li/)I(rc KEary and M. Raffegeau. The latter, who speaks no
;lvl glish ‘called in M. Alexis de Gunzburg, the largest stockholder
n , .
of the Eiffel Tower to accompany us on a tour.

M. de Gunzburg revealed that the Eiffel Tower is owned by the
Cit of' Paris and leased to his companyona rental-plus-percentage
bals?s Fiffel Tower stock is listed on the Bourse, and anyone
can buy it.

id hi ildi d by a syndicate which
said his building was owne .
ccer?g; I;i?ght a controlling interest from the Raskob family.
r

i iffel Tower’s major source of income

. Raffegeau said the Ei
i M'Zts who pay 400 francs ($ 1:20) to go to the top, 250 francs
‘&tf)_]“lr)‘ t(; go to the second floor and 100 francs ($ '28) to go to

the first floor of the structure.
i . isit the 102nd floor
id hi ts pay $ 120 to visi .
r. Keary said his touris \ ‘
f hMbuildin; The main source of mcorm? from. the.Emplm
(S)t tls Building is rentals, of course, but tourist busm;ss is a‘I\;?ry
of i million
profitable sideline, accounting for three quarters of a

dollars a year.
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M. de Gunzburg proudly pointed out that Jast year 1,250,000
people visited the Eiffel Tower, a record surpassed only hy the first
year’s operation in 1889, when 1,850,000 visited it during the Paris

Exposition. The Eiffel Tower, M. Raffegeau added, recentlv played
host to its 25,000,000th visitor. ’

Mr. Keary pointed out that the Eiffel Tower is much older
than the Empire State, which can account for only 15,000,000

people. But last year, 1,00,000 people came upto the 102nd floor,
also a record.

M. Raffegean said his structure has a television antenna on
top that beams programs all over France.

Mr. Keary said the Empire State Building has seven television
stations broadcasting from its antenna and he expects
come in shortly.

two more to
M. de Gunzburg asked Mr. Keary how much he recejves in
rentals from his television tower, and when the latter mentioned a

figure over half a million dollars, M. de Gunzburg looked
depressed.

M. Raffegeau said that the Effe] Tower rents souvenir

concessions on a yearly basis and also collects rent from two
restaurants on the first and second floors.

_ Receipts from conces-
sions come to § 31,000 a year.

Mr. Keary said the Em

: pire State Building runs its own
souvenir and post-card shops,

which net 250,000 a year.

Both Frenchmen shook their heads in disbelief.

Mr. Keary said his building is now air-conditioned.

M. de Gunzburg said the Eiffel T

. - ower has always been
air-conditioned.

For the first time he was one up on Mr. Keary

M. Raffegeau said the Effel Tower js the
the world, built in such a way that even if an
it would hold its ground.

safest structure in
earthquake struck
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Mr. Keary pointed out that engineers say if a ninety-mile
gale blew steadily for nine hours against the Empire State Building
it would move the tower only one and one half inches.

As an impartial observer 1 tried to bring up the question of

suicides.

Mr. Keary said the suicide problem at the Empire State
Building has been solved by building a fence around the obser-

vation tower.
M. de Gunzburg and M. Raffegeau said nothing.

From what 1 observed, Mr. Keary had gotten the best of the
afternoon, but the Frenchmen had not played their aces vet.

After the tour was over, Mr. Keary presented to M. Raffegeau

i i ilding which stood
a souvenir reproduction of the Empire State Building

seven and one half inches high.

M. Raffegeau returned the gesture by presenting Mr. Kegry
with a souvenir reproduction of the Eiffel Tower Tefz inches high.
It was a small thing, but anyone who saw it had to give the nod

to the Frenchmen in the end.

~—Fram Art Buchwald’s Paris.

* * *

THE SHRINKAGE OF CONCRETE

concrete building 275 ft. long was built Wlth01.1t
joint‘sl\;}:clr{‘ozhester, New York, U. S. A,, in the year 1935()1, e.lecu;c
strain meters were inserted in the .four floor slabs ? 18‘6[‘ e
columns. After sixteen years the shrinkage h;'is chn about m(i
in the floor slabs. Details of this test were given in a paper rea

by Mr. Robert R. Sheridan and Mr. Morgan B. Klock at the

annual convention of the American Concrete Institute held at

Philadelphia in February last.

—Extracted from Concrete and Constructional
Engineering, Vol. LI, No. 8.
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NEW JAPANESE CEMENT

A research scientist of the Ministry of Construction is credited
with the discovery of a new type of cement, said to be very cheap,
highly waterproof once it has set, and proof against temperatures
up to 400 deg. C. The cement is made from limestone and
blast-furnace slag, pulverised separately and inixed equally or in the
ratio of 40 to 60. The cement is said to he slowe
than portland cement, making it easier to handle.
considered suitable for ferroconcrete works,

faster than ordinary cement.

r in hardening
Its use is not
since it corrodes iron

—Extracted from Highways and Bridges and
Engnieering Works, dated 281 1—-56.

It is rcgretted that in the last issue Jhon Loudon McAdam
has been Printed as Jhon London McAdam.

JU1l 111vUJd
from other

Journals

MOVING A FOUR-STORY BUILDING

In the re-organisation of the factories at Oissel of the Com-
pagnie Francaise des Materieres Colorantes a comparison of the
estimated cost of constructing a new building and the cost of
moving an unused building from another part of the site showed a
considerable saving in favour of the latter scheme. The building is
a four-story structure about 326 ft. long by 35 ft. 6 in. wide, built
of reinforced concrete flat-slab construction and weighing about
5000 tons. A joint across the width of the building divided it into
halves; one half was successfully moved during 1955, and the
second half will be moved after the installation of machinery in
the first half.

Fig. | shows the complete building. The total length of move-
ment was about a kilometre and included a 3 per cent fall over a
length of 680 ft., a rise of 2 per cent, over 250 ft., and rotational
movements of 44 deg. and 65 deg.

Each half of the building is supported by 55 columns equally
spaced in five rows. In order to support the building on two lines
of rails transverse stiffening frames were built between the first and
second stories across each line of columns, as shown in Fig. 3.
These frames were supported under the first internal rows of
columns, cantilevering beyond them to carry the extfernal columns
and carrying the central row of columns in the mlddlc of their
spans. The first-floor slab formed the lower boom of the frames,
the second-floor slab the upper boom, and the diagonal members
were steel struts. Because of the cantilevers the upper boom was in
tension and prestressed ties were used across Fhe second floor to
avoid high tensile stresses in the slab. ’I.'he diagonal struts were
also prestressed by hydraulic jacks at their lower ends. A vertical
tie was used between the upper and lower booms at the central
columns.
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Fig. 1.—Building Before Removal.

Fig. 2.-~Underside of Building During Removal.
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Fig. 3.— Cross Section showing Bracing and Trollies.

i 4

- :‘_  15E8 " 1848, od.

Fig. 4.—Method of Lifting Structure on to Trollies.

Fach of the eleven frames was supported on two jacks of 200
tons capacity carried on four-wheeled trollies travelling on rails.
The jacks were connected in groups so that it was possible to alter
the relative level of groups and so control the forces in the struc-
ture during movement. The method adopted to mount the
structure on the trollies is shown in Fig. 4. At each of the twenty-
two columns an A-frame was formed of steel struts and a tie-bar ;
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these struts were supported on small hydraulic jacks on each side
of the rail-tracks so that the loads could be transferred from the
bases to the A-frames. When this was done the columns could be
cut away from the bases, the rail tracks laid, and the trollies
positioned under the columns. The loads were then transferred
to the trollies and the building was moved when the ties of the
A-frames were cut and the struts removed. The completed

arrangement is shown in Fig. 2, in which can be seen the cross
bracing to stiffen the structure.

Hydraulic jacks clamped to the raiis and thrusting against the
trollies were used to push the building along the tracks. Six jacks
were used giving a total horizontal thrust of 300 tons; the thrust
required varied from 75 tons to 300 tons depending on the inclina-
tion of the track. The pumps for the jacks were carried on trollies
at the rear of the building. Telephones were used for communica-

tion between the men operating the pumps and those guiding the
building and checking the movement.

The most difficult operation was to turn the building ; this
was done by lifting the structure by auxiliary jacks, on concrete
bases, on to the eleven lines of curved track, then using jacks

clamped to the rails to obtain the rotary motion. At the end of
the curve the procedure was reversed.,

The total time taken to move the structure was six month, of
which four were for the actual movement. Along a straight line a
speed of between 3 in. and 6 in. per minute was possible, the
greatest distance traversed in a day being about 185 ft. It is
estimated that, with the experience gained with the first half,
moving the second half will take only 24 months. The work is fully
described by M. Kurt Olsen and M. Jocques Prevost in the French
journal “Travaux” for February, 1956, Messss. Christianj et

Nielsen, who developed the methods, were the contractors.

—(Extracted from < Concrete &
Coustructional Engineering ”’.

»
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THE ROTAPARK

A compact and efficient system of Off-Street parking.

It is becoming increasingly evident that if complete blockages
in the streets in central areas of big cities are to be avoided there
will have to be a total prohibition of kerbside parking. This would
be tantamount to the prohibition in these areas of private cars
used for business or shopping unless adequate off-street parking
facilities are provided.

Sooner or later this demand will have to be met and the
design of suitable premises, while present‘ing many 'probl.ems, at
the same time offers considerable cope for ingenuity in design and
artistry in architectural treatment.

The most important requirement is that a given area of lan('i
shall accommodate the maximum possible number of cars, is
provision only possible with multi-storey garage. The next point a
that the cost of construction per unit car space shall be cut to the
lowest possible limit, thus enabling parkmg _fccs. tobesetata lc-vel
which is low enough to ensure that the facility is used to capacity.

There are, of course, many other requirements to be consider-
’ - . . -
ed such as speedy disposal of vehicles in their parking spaces and

equally speedy removal.

All these essentials appear to be satisfied in the ingenious
“ Rotapark ” system introduced by Messrs. Grlggs Rotapark. of 56
Victoria Steeet, London S. W. L. and illustrated in the accompany-
ing drawings.

The main structure can be designed wi.th any Flumber of
floors within the limits of local by-laws ar}d .sml condltlon.s at the
site, and 1t is circular in plan. The' building may consist of an
open-sided frame, or may be walled-in as required. The p'arkmg
spaces are arranged radially round the outer part ot." the circular
structure and four lifts are located 90 degrees apart m' the centre,
giving access to the inner circumference of the parking area. A
unique feature is that the circular ﬂ?om can rotate, thus brmgln.r;g
any particular parking space into alignment with the gearest }; t.
Normally the maximum rotation needed .would be 45 elg)rcCS, u;
as a safeguard against possible emergencies the floor can be turne

through 360 degrees.
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The procedure in parking is to drive the caron to a turntable
which rotates into a position in line with a lift. A patented
“dolly ” or fork, integral with the lift,

emerges therefrom and
grips the vehicle behind the tyres of the front wheels. The car is

raised slightly and pulled into the lift which then rises to the
appropriate floor. The latter, mean-while will have rotated to
bring a vacant stall into line with the lift door, whereupon the
dolly ejects the car gently into its parking position. The lift then
descends in readiness for the next car and the average time occu-
pied in this entire procedure is only 53 seconds.

On a site 100 feet by 100 feet, each floor of the Rotapark can
accommodate 32 cars, 8 in each quadrant served by one lift. A
reservoir space is provided on the ground floor to prevent conges-
tion at the entrances and it is possible by electronic devices to
render the working entirely automatic unde
attendant.

r the charge of one
It is stated that the cost of construction using this system is

approximately £ 500 per car space.

—Extracted from « Highways and Bridges and
Engineering Works >, 28— 11256,

P WITH 28 T0 32 CAR PosirioNs
BMERICAN CARS OR 32 8RiTISH
cArs]

TYPICAL FLOOR PLAN
THE ROTAPARK GARAGE
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BASE COURSE AND BITUMENOUS PAVEMENT
REQUIREMENTS

Hand-placed Telford bases are in fairly general use in
and-

i 3 merican
COUI]tI‘iCS but are seldnm c<>n51dered for useon A
European 5

airfields. This probably is due in part to thc: timc-cons(t;mini ng)

aci he Telford stone and to our aversion for hand methods.
(./)\f"i)'lt:ll(f:;:i tbase was included in the test section constructed a]t
Marietta, Georgia by Waterways Exp:)r:zzzti:t:n;r; dpecrz:::)en;

stones was €mbe :

Scr;zsa\zr:hcs;arg:}f:;i choked with screenings. T'hei)totailv::d;r‘xj;s;
of base was 16 in. of sand and 10 in. of stonfe. This bhase v OI())O “
with 2 in. of asphaltic concrete and tested with 2(;,00? vtvc; eel, loads..
single-wheel loads and 40,000 to 60,000 Ib. ua(;f heel ionds
Contrary to the expected behaviour, the performance

been anticipated from an
than would have
bhase was much poorer

equal thickness of crushed-stone base built by normal practices.

Extract_from < The Proceedings of the American
Society of Civil Engineers”, March, 1954.

\9—1*?"57
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SATHYANARAYANA BROS.

CIVIL, SANITARY & CONSTRUCTIONAL
ENGINEERS & CONTRACTORS

Specialists in :
DESIGN AND CONSTRUCTION OF R. C. C. STRUCTURES,
BRIDGES, BUILDINGS, SANITARY INSTALLATIONS ETC.

Manufacturers of :

QUALITY BRICKS & TILES
SANITARY ENGINEERS STOCKISTS OF
DALMIA CEMENT

Registered Office :
25. EDWARD ELLIOTS ROAD, MYLAPORE,
MADRAS-4,

Telephone: Telegrams:
85514 « SATHBROS” Madras

|
|

Branch in Andhra State:

No. 1/140 Fort, KURNOOL

Branches in Madras State :

No. 11, Brick Stock Road, VILLUPURAM

(South Arcot District)

Mavur, VADAPATHIMANGALAM,

Near Tiruvarur (Tanjore District)

*
SATHYANARAYANA BROS. BRICK WORKS

SIVABUTHAM VILLAGE, SAIDAPET TALUK
Telephone No. 61513

EEEEEEEEEEEEEEEEEEEEEEEEEEIEEEEEEEEEEEEEEEEEEIEEE



Bullding Matarials
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The master builders of another 5 WIS
N2 02e v oY,
i? day built even better than they ‘l'ii"r
LN
knew. The temple towers built Y B
_ e
of stone and mortar which stand .,'}' R 4 !
sloft even to-day are a permanent Lot T =55
q [
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| rand Southern Trunk Road near Meenambakkam, Madras sANKAR BnA“n
Concrete Roads ' PORTLAND CEMENT

stand Past performances prove that SANKAR BRANA[')“’ ;;::.y
concrete roads give longest LAND CEMENT stands out as

The Test °f service at Jowest cost. an ideal building material for

n all  structures  combining
The Grand Southern Trunk Road N Soundness, Strength

T. and

. ty. It is a concrete
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here is 25 years old and i+ still in

Tl'afﬁc perfect condition. DI A alils

FACTORY = SANKIRNAGAR
.
e e
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> '3 GANNON, DUNKERELEY & €0,, Owaskas) LTD,

Q
CIVIL, SANITARY & CONSTRUCTIONAL %
Q
&)

ENGINEERS
*

Specialists in:

DESIGN AND CONSTRUCTION OF
R. C. C. STRUCTURES, BRIDGES,
BUILDINGS, WATER SUPPLY AND
DRAINAGE SC;—IEMES, SANITARY
INSTALLATIONS ETC.

i Sole License in South India for the
ITALIAN *ER°® SYSTEM OF

PRESTRESSED CONCRETE

It’s a

TRACTOR S”OV[[ ASSOCIATED INDUSTRIAL & ENGINEERING

Managing Agents for:

A complete range CORPORATION LTD.
of sizes (15 cu. ft. to

24 cu. yds.) for Construction,

*

Industrial, Municipalities,

Repistered Office:

Quarries, Mining, Lo
g, Logging o 14, BOAG ROAD, MADRAS-17

006000066000

and Foundry applications. *

Telephone: Telegrams :
BI'ACKWOODHODGE E ~ & 38316 & 88549 % “YITOPUS™, Madras.

CALCUTTA o MADRAS o DELHI o BOMBAY

Assoclated Companies Branches Works and Agencies Throughout the World.




“0.K.” MORTAR MIXER

500 cubic ft. capacity per 8 hours
driven by S H.P. Engine. Overhung
adjustable shaft, C.1. Rollers, sectional
Pans.

MUNICIPALITIES and CON-
TRACTORS all over India have
already bought hundreds of
these units,

Here are three of the “O.K."”
range of strong, well-designed
Road Builders. Roads now-a-
days are built faster...more
efficiantly... with “O.K." Road
Building Equipment.

“0.K.” ASPHALT MIXER

7S cubic ft. capacity driven by 14/18
H.P. Engine—Pneumatic tyre OF
C.l. Wheeled Design. Chilled C.I.
Chamber. Manganese steel repiace-
able arms and tips.

“0.K.”” ASPHALT BOILER

250 Gallons Coal Fired
200 Gallons Oil Fired J

Write for details to:

THE EAST ASIATIC CO. (INDIA) LTD.,
Sundry Machinery Section

P.0.Box 639, BOMBAY. P.O. Box 364, CALCUTTA. P.O. Box 146, MADRAS
SECUNDERAEAD 20d BANGALORE -



XX XX XX In Science men have
discovered an activity of the very highest
value in which they are no longer, as in art,
dependent for progress upon the appearance
of continually greater Benius for in science
the successors stand upon the shoulders of
their predecessors; where one man of
supreme Benius has invented a method a

thousand lesser men can apply it. No trans-

cindent ability is required in order to make| _

useful discoveries in science; the edifice of
science needs its masons, brick layers and
common labourers as well as its foreman,
master -builders and architect. In art
nothing worth doing can be done without
Benius; in science even a very moderate
capacity can contribute to a supreme

achievement.
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IMPORTANT

R R
-, Members are requested to notify
.. the Secretary

- AT ONCE

any change of address or of
designation
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Printed by Mr. R. Ravaimanickam, at Ravai & Sons (Ravai Press),
148, Big Street, Triplicane, Madras and Published by
Sri K. Ramaswamy Reddy, B.z., M.AM. 50C. C.E., M.I.H.E., Madras-25.
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