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EDITOR

The opening ol the bridge across River Coleroon last month
sets a land-mark in the history of development of Prestressed
Concrete in our State. It wasonly a couple of years back the
construction of the first Prestressed Concrete road bridge in this
State riz. the Palar Bridge was completed and therefore we may
justly feel proud that another major engineering feat has now
been accomplished- While Palar Bridge represented a major
Prestressed Concrete work on Magnel-Blaton System, the Coleroon
Bridge is constructed on Freyssinet System.

During the past few decades technical science has widely
expanded the frontiers of knowledge in the field of Prestressed
Concrete from a simple idea of preventing crack formation in
concrete and to make more efficient use of steel or concrete the
new technical field has grown up. Prestressed Concrete has caused
a revolution in the technique of Civil Engineering and particularly
in Bridge Engineering. There is probably no structural problem
to which prestressing cannot provide a solution—and often a
somewhat revolutionary one but this is not to say that it will
necessarily replace all forms of conventional construction: the
introduction of steel did not do away with timber as a structural
material. Therefore though Prestressed Concrete should not be
expected to replace other forms of construction like that in steel
and in Reinforced Concrete it has a very big role to play as a

construction material.

The superiority of Prestressed Concrete is assured by the high
quality of concrete and steel demanded in its manufacture;
concrete of indifferent quality cannot be used in Prestressed
Concrete work for concrete is loaded to 15 to 20 per cent higher
than is it ever subjected to in service. Speed of construction is
achieved by considerable use of precasting. But it would not be
correct to claim that Prestressed Concrete must always be
necessarily cheaper in first cost than other forms of construction.
Under certain circumstances it certainly will be, this aspect
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depending upon the type of structure, yel
structural  material available,
Popular conception of
less to build than

ative prices of various
basic conception of design ete.
an economical structure is one which costs
any other. This is fallacious ; surely a superior

article for the same price is more truly economical, “omparisons
of initial costs are therefore not

always the correct procedure, for
cconomy of

any structure is also intimately connected with its
durability, with the cost of its future maintenance and with the
speed with which it may be brought to service.,

With bridge works, the advantages of Prestressed Concrete
apart from the usual economy in - time of construction, depends to
alarge extent upon the location and nature of the site and the
relative costs of materials. For comparison of short span Reinfor-
ced Concrete and Prestressed Concerete proposals, relative costs of
siper structure is often taken as Criterion. This criterion is
erroncously evolved by consideration of direct substitution of one
type of deck by the other. Proper procedure should be to
re-design the complete structure—for with Prestressed Concrete

construction it is frequently possible to achieve economies by a

re-arrangement of the substructure as well.

From the view point of national resources and in the present
context of large scale construction activities, a prestressed structure
is undoubtedly economical for it shows considerable saving in
cement, aggregates and steel; and further more the construction

work may he completed in considerably less time thus conserving
labour also.

Granular Soil Stabilization

Contributed from Highways Research Station

( Contd. — from page 60)

4. Methods of Testing

Tests that are considered cssential. for the dcsign ar‘ld C'Zn?-l;l:ii-
tion of stabilised soil roads are sieve analysis, ]lql:ll 1 .n.,

‘¢ limit, standard compaction test and a method of etcrmxv
PlaStlc ity in the field. The first three of these help in
s dcnSlctl?,n l the general suitability of soils for stabi]i'sed soil
Unders‘in fl grth in designing the best possible soil mix from
W.O"k: t (?l > nd the fifth in controlling compaction in the
S Th S,Na th Dakota Cone Penetrometer provides a very
ﬁ'e]d ThCh :i)rof determining the relative bearing values of 50.115.
Slrr.lplﬁ f'net . din estimatinoj the relative merits of different mixes
'It y Ca:S‘IY tl'l:)i with the stan?dard campaction test and as a rough
y COHJUZC lmf‘thod of compaction control whereby‘ t}?c actual
z?x(rjnbr:radZnsity determination in the field can be Iﬁlnlm;:?:éc'i]’}ilrel

Cone Penetrometer for these purposes is explai

Ch O All these tests are briefly described in the Prcsent
Chapeer?, he end of each test suitable forms for reco.rdmg .thc
I A[lt lcations are given so as to help the reader in getting
e oo Cut'on of the methods of testing. A secti?n dealing
. 'Clear 'conce'p \is is included in view of the undoubted 1rr{portar}c.c
wflth'slosllllrs\?er;et;) highway engineering in general and soil stabili-
of soi § )

sation in particular.
4-1. Soil Surveys (5:01)

1. Purpose

The purpose of soil survey .is to give thedhxghtv;f:ycoenndg;t?zzls
- information as to soil and groun wa lons
le]ev'am y d sites. The information is obtained by exa.mma
e e o il by hand boring methods and is useq in the
tion Of[’t::: oSfOlsoil profiles showing the significant soil layers
preparatl
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or horizons. From such profiles and from |

aboratory jnvestiga-
tions deductions can be made concerning :

a

=

Suitability of proposed location.

(6) Selection of m
treatment.

aterial for embankments and subgrade

{¢) Determination of cross sections for cuts and fills.
{d) Requirements for subsoil and surface drainage.
(¢) Need for treatment of subgrades.
(/) Type and thickness of base courses and surfacings.
(¢) Use of local material for soil stabilisation.

(h) Pavement performance of road constructed over diffe-
rent soil conditions to develop general design formulae.

2. Equipment

The amount and type of equipment required for making
asurvey depends on the nature of the terrain and the particular
purpose in view. The following list is considered fairly adequate

under normal conditions but may be increased or reduced to suit
actual conditions.

List of Equipment

One post hole auger with extensions.
One gravel auger with extensions.
One twist auger with extensions.
Two small pipe wrenches.

One light pickaxe.

One shovel.

One spade.

Sample bags and twine.

Tie on tags.

Theodolite.

Engineers level.

Hand level.

Levelling staff.

One 100 feet steel tape or chain.
Surveying arrows.

Granular Soil Stabilization )

Ranging rods.

Supply of wooden pegs.

Sledge hammer.

Note-books, boring charts and pencils.

Soil surveys are best done in conjunction with preliminary
or location surveys so that the plans and profiles mav be used
readily for recording the soil survey data. If this‘ is 'done the
abovellist may be considerably reduced. It will famlltat‘e field
work greatly if a light miotor van is available for carrying the
soil survey party and equipment.

3. Preliminary Study of Soil

{(a) Geological Baz'/rground.—Fl:om the ground su?facc hto ha
depth of about 6 ft., and exceptxlonally to a greater depth, t ?
physical properties of the soil are influenced b},y sczfsonal changes
of Imoisture and temperature and by such hlologlca.l agerfts a.s
roots, worms, and bacteria. T’he upper [')art of this rcglor.n li
known as A-horizon. It is subject primarily to t'hc mechanica
effects of weathering and to loss of some consntufmts du(; to
leaching. The lower part is referred‘ to as the' B-horlzoni, \.v 1.ere
part of the substances washed out of the Pt-horl?on are pxempxta(;
ted and accumulated. The Highway Ijlngmeer is more. concerne
with the A and B-horizons than with the underlying parent

material.

Most soils were formed by geological processe§ Ehat .changed
at random in space and time. Because of the -decisive }nﬂ.uenc;e‘
of geological factors on the s.equence, sha!Je, and coptlnux}:y (l)d
the soil strata, the first step in any subsoil exglanat}xlon shou !
always be an investigation ot the general geologlca} c araf:ter 3
the site. The more clearly the geology of t'hc site s undc-l stood,
the more efficiently can the prograrfx for soil survey ?)e laid out.
Valuable information in this direction may 'be obtamc(;l fro'm fl
study of available geologic maPs, topographlc ma.ps ar;1 agrllcU -

al soil maps. If no specific mfor‘matlon regarding the geology
o he site is available, the engineer must rely on his ow_n
zip;c?ty for geological observation .an.d interprcta.tlion;ﬁ 1{; dthls
connection the following brief description of the soils of Madras

State will be of some use.
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(b)  Typical Soils of Madras State.—By and large the soils
of Madras State are residual soils, Article 101, except in the
coastal and deltaic regions where transported soils predominate.
The peculiar monsoon conditions of India giving rise to alterna-
ting humidity and desiccation, had the effect of creating soils of
a large variety not only in their texture but also in their minero-
logical composition according to the nature of the parent rock
from which the soils originated. Over the large areas of mata-
morphic rocks, the disintegration of the gneisses and schists has
yielded a shallow sandy or stony soil; whereas that due to the
decomposition of the basalts is a highly argillaceous, dark, loamy

soil. All these soils exhibit a great deal of variation in depth,
consistency and colour.

The soils of Madras State composite are broadly divided into
five types.

Alluvial soils.
Black Cotton soils.
Red soils.

Laterite soils.

Sandy soils of coastal strips.

Alluvial Soils.—The alluvial soils in both coastal and
deltaic areas are soils transported by rivers and so bear no
relation to the rock on which they lie. They are found in the
deltaic tracts of Krishna, Godavari and portions of South Arcot
and Tirunelveli. Alluvial profiles are characterised by alternate

layers of silt and clay separated from each other by layers of
coarse sediments like sand.

Black Cotton Soils.—The Black Cotton soils are derived
from two types of rocks: The Deccan and Rajmahal trap, and
ferruginous gneiss and schists occuring under semi arid condi-
tions. The former sometimes attain considerable depth whereas
the latter are shallow. There is frequently no change in colour
for 6 to 10 ft. depth. They are somewhat sandy on the slope and
upland regions, and darker, deeper and richer in clay between
the hills and plains, being constantly enriched by additions
washed down from the hills. In all black cotton areas and

Granular Soil Stabilization 7

particularly those derived from ferro-magnessian schists, there is
generally a layer rich in kankar nodules formed by the segrega-
tion of calcium carbonate at some depth below the surface and

above the parent rock.

The Black Cotton soils in general have a higher content of
finer fractions and may be classed as clay soils rangi'ng from
heavy clay to clay loam. As a result of having a high clay
content they have a high liquid limit and they crack very deeply
in summer owing to loss of moisture and shrinkage. The poor
subsoil drainage and high surface drainage results in a certain

amount of soil erosion.

The Black Cotton soils are found extensively in Bellfiry,
Kurnool, Guntur, Krishna, Ramanathapuram and Tanjore.
Guntur, Bellary, Kurnool and Krishna districts account fo.r
nearly half the black soil area in the State, the rest being distri-

buted in other districts.

Red Soils.—The red soils occur in almost all distric.ts and
are to be found near the parent rocks. Gcnel‘”ally these soils are
not as deep as the black soils. The properties are exactly the
opposite of the black soils. They are comparatively more open
in texture being sandy to loamy, rarely clayey, and are easily

drained.

Laterite Soil.—The laterite soils are formed in regions Yvhich
are subjected to alternate heavy prccipitau‘on of over 100 inches
of rainfall per annum and a dry hot pcrxod‘, for example tch
West Coast. If the parent rock contains iron compound in
addition to the alumina the soil takes on a red cc'plour. It has. a
vesicular structure and a freshly broken piece is mottlf:d with
various tints of brown, red and yellow and a conmder.ablc
portion sometimes consists of white clay. Laterites ?.rc classnfied
into high level or non-detrital and low level or dfztrxtal laterite.
The two terms refer merely to the position occupied by the two
varieties on the highlands or near the coast. The overlying
surface soil is generally hard, well-drained and does not crack

on drying.
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Sandy Soils of Coastal Strips are composed of sediments that
were eroded by waves or carried into the sea by rivers and trans-
ported and deposited by shore currents.

(c) Boring Programme.—After a careful study of whatever
literature is available, a preliminary reconnaissance of the site is
made by walking over the ground. All exposed soil profiles such
as may be seen in quarries, pits and cuttings are examined, and
the general topography and vegetation studied, such features as
geological faults and unconformities looked for, and from the
reconnaissance the interval between the borings decided on.
‘These may be as much as 1000 feet in uniform ground, or as
little as 50 ft. in rapidly changing ground.

4. Determination of Soil Profile

(a) Setting Out.—The positions for the bore holes are set

out and marked with pegs, poles being used in long grass ; each
peg is numbered.

(b) Borings.-~-Normally, the depth of boring may be 4-5 ft.
below existing ground level or proposed formation level, which-
ever is the lower. The depth bored can be less in valleys where
filling is likely, and greater on hills where cuts may be required.

If a bed of poor soil such as soft clay is encountered, it
should be penetrated completely and its boundaries located as
exactly as possible. When rock is encountered it is obviously
unnecessary to proceed further with the boring. Sites for borrow
pits are also investigated by borings in similar way. After the
boring is complete and the necessary sample taken, all holes
should be filled in and the pegs collected for future use.

(c) Simple Identification Tests for Soil.—During sampling
operations, the samples are roughly identified. With a little
practice one can learn to identify approximately the various
soils. The following are some of the simple field identification
tests in use :

Cohesionless Soils.—A soil found in a loose state is sand or
silt. If the soil is dry the amount of silt can be judged by

Granular Soil Stabilization 9

dropping the soil from 2 certain height and estimating the

amount of dust created.

In the case of sand visual examination can help to estimate
the size and shape of the grains (coarse, fine etc.) A magnifying

glass may be of use.

Cohesive Soils.—1f the soil 1s dry, crushing small lumps
between the fingers helps to estimate cohesion.

If wet, rolling into threads gives an indication of its
3

plasticity.

Silt can be distinguished from clay by rubbing a piece:. of
wet soil between two fingers to feel the presence of gritty

non-plastic material.

To assist in the selection of soils for use in embankmcrfts or
for soil stabilization, a few simple tcsts m_ay be pe'rfor.mcd in ’ths
ﬁeld. If a sample of well graded qust. soil ‘matcnal 1s. squeeze
in the hand, the following characteristics will be noted:

(i) The soil is extremely gritty.

(ii) It can be formed into definite shapes that retain their
forms even when dried.

(it) 1f the clay alone adheres to the hands it will be

k enough to discolour them slightly.

(1v) If more than enough soil to discolour the hands
adheres to them, it will consist of both sand and

clay, instead of clay alone.

(v) When the moist sample is patted in the palm of the
hand, it will compact into a dense cake that cannot
be pcnetratcd readily with the butt end of a

.

pencil.

(vi) If the moist sample is compacted into a contaiflcr and
allowed to dry, it will show little or no shrinkage.
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(d) Location of Water Table.—1f no trace of water be found
in a boring, the hole can be filled immediately after sampling,
but if water is found the hole should be left for 12 to 24 hours
to enable the water to reach its final level, after which its depth
below the surface is measured and recorded.

(e) Kecords—Boring records are entered in Form ST-1.

(f) Maping the Soil Profile.—The data obtained from
boring records are plotted on the prepared profile map of the
road for guidance in design. One method is to prepare a detailed
soil profile showing the location of each significant soil layer
observed during the examination of test bhorings made on the
project. In another method on the location of the borings and
the details of the soil layers as observed in them are shown. On

the plan of the road the different soil types through which centre
line cuts ave also marked.

5. Selection of Soil Samples

A 10-1b. sample of soil is to be obtained from each soil laver
on the basis of a study of boring records. A sufficient number
of representative samples are taken so as to establish the range
in test results for what appears to be the same soil layers. Each
sample is placed in a canvas bag, marked with adequate identi-
fication, tied securely and sent to the laboratory.

6. Laboratory Test

The samples are tested in the laboratory. The usual tests
are those required for identification and classification Article 102,
and selected soils where they are to be used in subgrades or base
course are also tested for compaction and bearing strength.

7. Analysis of Data

Recommendation for the engineering use of soil should be
based on the soil properties and environmental characteristics as
also the known behaviour of similar soils.

" the soil laye

Granular Soil Stabilization 11

8. Subgrade Survey of an Existing Road
This is necessary for the following purposes :
(a) Investigation of pavement failures.
(b) Improvement projects.

(¢) Study of pavement behaviour.

Soils profiles are mapped in the same manner as suggested
in para 4. The desired information way be obtained and
recorded in the following manner :

(i) Scrape down the back slopes so tha.t the original soil
profile is exposed and plot the limits of the various laycr§ on the
prepared profile maps. The soil profile should be examined 'by
auger borings tv a depth of about 3 to 5 ft. 'below the formation
level depending on the uniformity of the soil layers.

(i) On the plan of the road, plot the limits of the various

soil layers found directly under the surfacing material. For thx.s
urpose the information obtained by (i) above may be used if
e s rs are uniform. When the road is on embankment

or in cutting through erratic soil pattern the limits are deter-
mined by auger borings in the shoulders.

(i) Adequate samples are taken from each soil layer,
para 3.

Analysis of Data.~—These data together with the results of
of laboratory tests are to be analysed and information concern-

ing the following aspects obtained :

({) The relation that exists between pavement condition
the field characteristics of the soil, and the physical properties
of the soil as determined in the laboratory.

(ii) The possible reasons for failure.

(#ii) Possible corrective measures for the case under
examination.

(iv) Preventive measures which may be applied in the

future.
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BORING RECORD
(ST—1)
Name of work .. .
TestNo. ... File No
e HleNow
te. Sheet No
Site ... ... . Chainage.... ...
BoreNo............ ..
Natural Surface Level ..
Depth of Water Level Below Surface. ... .. .
Remarks...........
Depth | ! |
Lg)urfz)ceéow Sample Natural Water | Description of soil
o < No. , moisture . seeping ' classification and
7 | . content % | into hole remarks

} ‘ - R -

Granular Soil Stabilization 13

42, Preparation of Soil Samples for Test
(5-02)

1. Scope.—This method describes the preparation of soil
samples as received from the field for mechanical analysis, consis-
tency tests, and the compaction test.

2. Size of Sample.—The amounts of material required to
perform the individual tests are as follows :

(a) Sieve Analysis. —Samples to contain 50 to 100 grams of
material passing No. 10sieve besides material retained on No. 10
sieve. The larger quantity is required only when the fraction
passing No. 10 sieve is very sandy.

(b) Conststency Tesis.—Sample to consist wholly of mate-
rial passing No. 40 sieve. The quantities are :

Liquid Limit 100 gm.
Plastic Limit 15 gm.
Shrinkage Limit 30 gm.
Check Tests 75 gm.

(c) Compaction Test.—Sample to consist of 3000 gm. of

material passing No. 4 sieve.
Apparatus
(a) Balance.— A balance sensitive to 0-1 gram.

(b) Sieves.—A series of ASTM sieves of the following
sizes : No. 4, No. 10 and No. 40.

(¢c) Pulverising Apparalus.—A mortar and rubber-covered
pestle.

Procedure

(a) The soil sample as received from the field is dried
thoroughly in air. The lumps and clods are then thoroughly
broken up in a mortar with a rubber-covered pestle without

reducing the natural size of the individual particles.
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A representative test sample of the
desired test is then selected b
means of a riffle hox.

amount required to perform the
y the method of quartering or by

( Quartering.—The total amount of the soil sample is poured
in the form of a conjcal heap and divided into four quarters.
Two opposite quarters are rejected and removed out. The other

two quarters are mixed together and the process repeated until
the sample is reduced to the amount required).

(6) The portion of the air-dried sample selected for con-
sistency tests is weighed and separated into two portions by
means of a No. 40 sieve, if necessary after separating the larger

sizes on a No. 10 sieve, and the fraction passing the No. 40 sieve
is set aside for consistency tests.

(¢} The portion of the air-dried soil selected for compac-
tion test is separated by means of a No. 4 sieve. The fraction
passing the No. 4 sieve is used for the compaction test.

4:3. Sieve Analysis of Soils
(S-03)
. Scope.—This method describes a procedure for tl‘m
quantitative determination of the distribution of particle sizes in

soils upto No. 200 sieve.

2. Apparatus :

(a) Sieves.—A series of ASTM sieves of the following sizes :

l-inch, §-inch, §-inch, No. 4, No. 10, No. 40, No. 60, No. 100,
and No. 200.

(b) Drying Oven.—Preferably with thermostatic control.

(c¢) Balances.—A balance to weigh upto 10 kg. and sensi-
sive to | grm.; also a balance to weigh upto 500 gram and
tensitive to 0-1 gram.

3. Sample.—See Article 4-2.

4. Procedure.

Granular Soil Stabilization 15

(a) Drying —The sample is dried in stainless steal trays
a ) ot o Q
in an oven at a temperature of 100°-110 C.
Breaking up Clods and Weighing.— The dried sz.lmple may
ib)A lumpy‘b and, especially if clay is present it may be
be rat Cl[ breali up the lumps ina pcst'le and mortar ;bcarlf
nCCCssal;Y t(;kcn not to crush the actual grains but onl'y to brea
shoul(:’ :;gr!:gation of grains. The sample is then weighed.
up an ! g
et Sieving for Removal of Clay.—The §ample is Placej
" ered w?th water and agitated to bring the silt an
e t‘ray’ CC’Vs ension. Clean water is then poured on to. the
e istl;tzd and decanted carefully on to a No. 200 sieve.
ag

sample, ntil the wash water remains clear. Any

i ated u L
This process is repea . ich is
e ; | retained on the sieve is returned to the sample wh
materia

i d weighed. The loss in weight is added to the material
dnz(iinznthe No. 200 sieve in the following dry test.
pas

Ciomine.—Starting with the smallest sieve that will
h(d> }?(:{cb:)?utfé sasntuzlc, git is passed. successively througn};
e [ s a2.) The sieving operation is condt}ctefl by mea
e s (pard v;:rtical motion, accompanied by jarring so as' to
of  latera! an] oving continuously over the sieve. The por.txon
A etm'nt:d on each sieve is weighed and the wcxght
S . ;}T-Q Before entering the weight of material
nOtc‘d OTII\II:C’Y;T;)O sicv'e the weight of material removed by wet
passing .

sieving is added to it.

1 alculations are entered in

> Cal”‘la”o"_-—h?:‘; ‘SE:‘ ranna(ic(;ial retained on each sieve

Form ST-2, " W&rg():emage of the total sample weight to the

s calcalated 2 Z-l Ft)c From these results the total percentage by

nearest 01 Pﬁf CC"C}-I of the sieves is calculated to the nc‘arcst

eight ptassl;']}glc ega;ading is plotted in Chart ST-3. For specimen
1 percent.

data and calculations see Form ST-2.
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SIEVE ANALYSIS (ST—2)

Test No........... e File No. ...
Date ... Sheet No. ...
Wet Sieving
Wt. of dried sample before washing through No. 200 sieve = gm.
Wt of dried sample alter washing through No. 200 sieve = gm.
Wt, of material washed through No. 200 sicve = gm.

Dry Sieving

Sieve Wt Percent ‘ Total % Remarks

retained gm. retained passing

1 X Inch
$XInch
X Inch
No. 4
No. 10
No. 40 ... |
No. 60
No. 100

No. 200

~200 dry

—200 wet
~—200 total ...

Total

Description of Sample :

Remarks

Granular Soil Stabilization 17
4-4 Liquid Limit
(5-04)

1 Deﬁnition.——The liquid limit of a soil is that water
nter;t as determined in accordance with the following procedure
CO - . -
at which the soil passes from a plastic to a liquid state.

Apparatus

2. (a) Evaporating Dish.—A porcelain evaporating dish about

4} in. in diameter.

(b) Spatula.—A spatula or pill knife having a blade about
3 in. in length and about # in. in width.

(c) Liquid Limit Device.—This consist§ of a brass cup which
is raised slowly by means of a cam to a height of 1 cm. above :

bber block from which point it falls free%y on the bloc
halrd " Figure 4'4-a. A standard grooving tool is em;‘)loye.d for
b g groove in the soil cakein the cup. The device is adj.usted
:)l;ttlr;faz;sg of a gauge attached to the grooving tool until the

height of fall of the cup is exactly 1 cm.

(d) Containers.—Suitable air-tight containers.

(e) Balance.—A blance sensitive to 01 gram.

3. Sample.—See Article 4°2.

100 gm. of the soil is mixed up

cedure—About . '
4 T table consistence with a

thoroughly with distilled water to a sui
spatula on a glass plate.

(a) Place approximately 50 to E.SO gm. of the prcpz;.lred
5 le in the cup of the liquid limit device abo“ic the spot. where
e on the base. With the spatula trim the soil to a
e CUPfTTS‘Sm at the point of maximum depth and smoothen the
depth o D'c"d;: the soil by a firm stroke of the grooving tool along
SurfaC& l; llim’, perpendicular to the axis of rotation of the cup
:odtl::t‘e:\rzlcar sharp groove of the proper dimensions is formed.
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T o Al )
z W

z ng%"j. Ty o-mm—
S ) 033" 4
l "7‘!‘ : o‘scs?rfr

GROOVING  TOOL

| _sanp
B FILLING

SOIL CAKE AFTER TEST

F16.44b PHENOMENON OCCURING DURING
FIG44-a. LIQUID LIMIT DEVICE LIQUID LIMIT TEST

SAND ;
CONTROL

|- 45D

;_J|

<
f EXTENSION

o

HOLE FORMED
BY TAKING
SOIL SAMPLE

¥ig 4-7-a Diagram of Sand Bottle & Pouring Funnel.

N e» K (b) Afrer insuring that all striking parts are clean, place
\\S 4D :\\\ the cup in the device and turn the crank at the rate of approxi-
:\\: THIS VOLUME 70 BE R mately two turns per second until the bottom of the groove is
N /30 cusic Foor % closed for a distance of } in. Figure 4:4-b. The Operation of
\\:4_59" % mixing, grooving, and deterrr?ining the r_lumlbcr of blows .required
N & is repeated, until three successive determinations show satisfactory
I \\\\ N 7 agreement. Record the number of blows for each of these last
\\\\‘ %\ ; three determinations on the Data and Calculation Sheet, ST-4.
| ; :w;‘ , (¢) Transfer approximately 5. to 10 gm. of the sample in
oy . %Z//ye’"/,/////.///ZZZ’ //// 77, the vicinity of the groove to a container,

- f 6" {(d) Repeat steps (a) to (c) to obtain two points between
' i 20 and 40 blows, and two points between 10 and 20 on the flow

curve 1o be plotted, Chart ST-5.

FliG. 4.¢-a. PROCTOR CYLINDER.
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It is advisable to obtain the points corresponding to the
greatest number of blows first, adding water by means of a pipette
to obtain the consistency corresponding to the smaller number of
blows. Additional material from the prepared sample should be

added to replace the material taken from samples, if a full groove
cannot be obtained.

{¢) Weigh the container and the soil and weigh again

after oven-drying at 110° C to constant weight and record the
weights, on Form ST-4.

5. Calculation—Compute the water contents in per cent dry
weight from the ratio of the weight of the water removed by
drying to the weight of the dry sample, Form ST-4.

Plot the flow curve on the semi-logarithmic chart ST-5 and

determine the liquid limit as the water content corresponding to
25 blows.

4:5 Plastic Limit
(8:05)

1. Definition.—The plastic limit of a soil is the lowest water
content determined in accordance with the following procedure
at which the soil becomes plastic.

2. Apparatus.
(a) Evaporating Dish, Article 4-4.
(b) Spatula, Article 4:4.

(¢) Surface for Rolling.—A ground glass plate or rough
textured paper.

(d) Containers, Article 4'4.
(¢) Balance, Article 4-4.
3. Sample—~See Article 4-2.

4. Procedure.

(ST—4)

WATER CONTENT AND CONSISTENCY TEST

File Now..oooo oo

NAME OF WOTK oo oo e s

Sheet NOwooooooveiio

Date e

Water Content Test marked WC; Liquid Limit LL; Plastic Limit PL.

Test NOu . oo

Notes for Test:
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No of blows refers to LL determination
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-
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Container No.
No. of blows

Sample No
Type of test

|

Weight of sample wet + tare, gm. ..

Weight of sample dry + tare, gm ... |
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o =
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W oo 5
Booe X
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Description of sample =

21

Remarks :
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LIQUID LIMIT TEST (ST»——S)
Name of work ... ...
Test No. ... File No.
Date.......... . . Sheet NO.ooooeeeeee .
o ‘ LIQUID LIMIT
90
8o
=
m
E 1o
o]
O '
w 60
o
=]
’-—
n
5 50
z
% 40
<
-
z
wl
O 30
o
'y
0.
20
o
(o]
o 20 26 30 40 50 60 70 8090 100

NUMBER OF BLOWS

Description of Sample:

Remarks :
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(a) The soil is thoroughly mixed with distilled water
until the mass becomes plastic enough to be easily shaped into a
ball. The ball of soil is then rolled between the fingers and
ground glass plate of rough-textured paper with just sufficient
pressure to form the soil mass into a thread of uniform diameter.

(5) When the diameter of the thread becomes } inch,
the thread is broken into six or eight pieces and the pieces are
squeezed and kneaded together into a uniform mass roughly
ellipsoidal in shape which is then rerolled. This alternate rolling
to a thread % inch in diameter, gathering together, kneading and

rerolling is continued until the thread crumbles under the slight

pressure required for rolling.

()
in a suitable contai
mined, Article 44
Calculations.—The plastic limit s expressed as the
ent of the dry weight of the sample
data and calculations are entered in

The portions of the crumbled soil are then placed
ner and the moisture content of thesoil deter-

5.
moisture content In perc
determined as above. The

Form ST-4.
4.6 Standard Compaction Test

(5-08)

1. Scope.—The object of this test is to determine the mois-
ture content at which maximum density is obtained where the
soil is compacted in a standard manner. The degree of compac-
tion obtainable in the test is designed to be comparable with
thorough compaction under field conditions. The test also gives
the value of this maximum density and its relation to the dry
density of the soil, ¢, the bulk density of the soil after sub-

tracting the weight of water present.

2. Apparatus.

Mould.—A cylindrical brass mould capacity 1/30 cft,

(a)
h, fitted with detachable collar and

4 in. diameter and 4'6 in hig
base, Figure 4'6-a.

(b) Rammer.—Standard rammer, weight 55 Ibs.
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(c) Straight-Edge.--A steel straight-edge 12 inches in
length.

{(d) Balances—~A  balance or scale of 25 1b. capacity
sensitive to 0-01 Ib. or equivalent metric balance and a 100 gm.
capacity balance sensitive 10 0] gm.

(e} Drying oven.— Preferably with thermeostatic cantrol.

(f) Mixing  Tools.—Miscellancous tools such as mixing
pan, spoan, trowel, spatula, ete.

3. Sample.—See Article 49,
4. Procedure.

{(a) The 6 Ib. sample is thoroughly mixed with suffi-
cient water to make it slightly damp so that when a portion is
tightly squeezed in the palm of the hand, it will form a cast
which will bear very careful handling without breaking. A
compacted specimen is then formed by compacting the thorough-
Iy mixed soil in the mould with collar attached, in three equal
Jayers to give a tota! compacted depth of about 5 inches; each
layer being uniformly compacted by 25 blows from the rammer
dropping free from a height of 12 inches above the elevation of
the soil. After the specimen is compacted, the collar is removed
from the mould and the compacted soil carefully trimmed even
with the top of the cylinder by means of the straight-edge. The
weight of the soil contained in the mould is then determined.

{f) The specimen is extracted . from the mould and a

representative sample is taken from it for determination of
moisture content.

{r) The remainder of the specimen is broken up,
combined with the material left from moulding the specimen

and steps (a), (b1 are repeated with successive increments of
water.

5. Calculations.—~The wet density of the soil in the mould
in pef. is calculated from the formula.

D, =30W
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Where W is the weight of the wet soil in the trimmed mould in
Ib. If, is the moisture content in percent of the dry soil, the
N w <’

dry soil density in pcf. is

_ 100Dy
* 00 + W)

The test data and calculations are entered in Form ST-6.

When a number of determinations have been made and the
dry soil density is plotted against moisture content, Form 8T-7,
it is found that the curve connecting thern has a peak correspon-
ding to a maximum density. Thxs.xs referred to as the }\é[)ax§mum
Density and the corresponding moisture content as the Optimum
Moisture content for this method of compaction.

47 Soil Density in the Field
[S:07)

1. Scope—The object of this test is to measure the bulk
densit;’ of soil or of base material in situ for the purpose of com-

paction control, Article 2°6.

9. dpparatus.—The apparatus consists of a 7 ib. glass jar of

the ;‘ ¢ used by confectioners fitted with a conical I.r)ead and
pouriyfg tap Figure 47-a. The tap is joined to a conical spout

having a brass rim attached. The jar contains dry sand of known
bulk density.

3. Procedure~A tray with a 4 inch diameter circular hole
in the centre is placed on the compacte(% surface and a ne};:t hcf;e
4 inches in diameter and 4 inches deep is eyfcaVateddxn the soil.
The soil from this hole is co}lféctefi and. wexghed azc; 2 re?rci'e:r;
tative sample is taken in an air tight tin -fm the determinati
of the moisture content in the field laboratory.

weighed, the glass jar and the pouring funn:e!
are placed so that the pouring spout and base covers the hol}t "
the soil. The tap is opened, and after a short time when no oot
ther movement of sand takes place in the jar the tap is turned o

and the jar removed and weighed.

After being
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PROCTOR COMPACTION TEST

=}
£
1

= Wet Density, pcf.

= Wt. of wet sample in 1b. x 30

= Wt. of wet sample ingm, % 30

4536

File No. ...
Sheet No. ... [T .

D,

= Dry Dcnsity, pcf.

100 Dw

100 4+ water content

(ST—6)

Tare is the weight of container

Test No.

Wt. of cylinder + sample
wet, gm. ...

Wt. of cylinder, gm.
Wt. of wer sample gm.

Density of wet sample, pcf.

|
|
l
)
|
|
|

{

Water Content Determinations

1

Container No. .
|

Wt of wet sample+tare,gm. |
Wt. of dry sample+tare,gm. .
Weight of water, gm. ’

Tare, gm. .
!

Weight of sample dry, gm... >
!

Water content, percent

Dry density of sample, pef, |
|

t

Description of sample :

Remarks :
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PROCTOR COMPACTION TEST

Namc Of Work ------------------------------------------------------------

Test No . File No............
5t NOwoovoeooieeevieeees

Sheet No. .........
Date ... ... =

MOISTURE  DENSITY  CuRlvE

139

ns

N LBs / CU.FT.

1o

DENSITY

90 Y 8 0 12 P
2 4 MOISTURE CONTENT PERCENT

[
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4. ; .

attaChmgliltézgons.—The difference in weight of the jar and
of the sumd 1o ul;e acllnd after the above operation gives the weight
conical spout qthre 0 Of:cup}/ the volume of the hole and the
separately b ’i ve Ct?rrecnon for the conical spout is determined
sheet of glas}s/ g erting the apparatus on a plane surface, say a
volume of th<': hmlcc- the bullf density of the sand is known, the
and th i o the soil can be found. From this volume

e weight of soil removed, the wet density of the soil Dy i;

calculated and the densi i
calealated @ ensity of the drysoil D, is given by

p, = 100Dy
(100+,)

where w is
the water content of the soil expressed as a percentage

of the dry soil. Th .
ST.8. Yy sOi e data and calculations are entered in Form

5.  Bulk Density of Sand.—Th
" . e sand should by d ;
particles should be approximately of single size. y dry and the

(a) Obtain a suitable container, clean and weigh it
wonin ('l;~)},TO (?ctcrmine its capacity, fill with water and weigh
{}in t.)e the wexgh‘t of the water in grams in the container will
e capacity of the container in cc.
(¢) Dry the container, fill with sand and weigh again

The bulk density of the sand in gm. per cc.

- Weight of sand
Volume of sand = capacity of container

N i\t/Vr}:;n t}?e bulk density of the sand is expressed in gm. per
° s L fy € more convenient to express this value as the volume
cubic feet per 100 gm. of sand, which equals

100 ,
1728 X 2543 X bulk density of sand cit.
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FIELD DENSITY TEST (ST—S)
NQIE OF WOTK oo o T
Test NO. .. oo File NOw oo
Date . o oo Sheet No......... e
Density of sand used = gm. per cft.
Dy = Wet density, pcf.
w = Water content.
Weight of gand AN COME S ooimsrsoomsomssses s s gm.
Ds = Dry density, pcf.
100 Dw
Ds = {00 +w

Tare is the weight of container.

Sample No. .
Wt. of wet soil from hole, 1b....

Wt. of sand + bottle before
pouring, Ib

Wt of sand + bottle after
pouring, 1b. ...

Wt. of sand in hole 4- cone, ib.."
Wt. of sand in hole, 1b. . ‘
Volume of hole, cft.

Density of wet sample, pef.
[

Water content Determination

Container No.

Wt. of sample wet + tare, gm..
Wt. of sample dry + 1are, gm. .
Wt. of water, gm. \
Tare, gm. |
Wt. of dry soil, gm- i
Water content, per cent !

Density of dry sample, pef.

Description and Location of Samples :

l.
2.
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e BEARING VALUE OF SOILS (ST—9)
1 s Fower o sl WITH A NORTH DAKOTA CONE PENETROMETER
A (80-Lb. Load)
(5:09)

‘ 00— T T
. Scope.—The object of this test is to determine the bearing
power of soils by means of the North Dakota Cone Penetro-
meter,

2. Apparatus.—A North Dakota Cone Penetrometer consist- 700—
ing of a vertical shaft fitted with a small loading platform at the
top and a sharp steel cone at the bottom. A device is provided to
measure the depth of penetration of the cone during test.

600
3. Procedure.—(a) The soil surface to be treated is levelled
and the cone penetrometer is set in place and adjusted in such a
way that the tip of the cone just penetrates the surface. The
shaft is locked in this position by a set screw, loaded at the top 5
and released slowly. The cone is then allowed to penetrate and
settle down for one minute after which the shaft is locked again.
The load is thus increased in successive stages to 80 lb. including
the self weight of the shaft and the depth of penetration corres-
ponding to this load is measured. The pressure in psi correspond-
ing to this settlement is read off from the chart, ST-9, and this
value is reported as the bearing power of the soil.

PER SQ.INCH.

(b) For stabilised soil design purposes in the laboratory
this test is performed on aslab 3 ft. X 3 ft. made of the trial mix.

POUNDS
/

(c) Bearing Power after 3-Day Soaking.—A shallow pond \
3 ft. X 3 ft. is constructed over the surface by means of a clay 200
bund 4 to 5 inch high. The pond is kept filled with water for
3 days after which the water is let out and the bearing power
determined on the firm surface which is exposed by scraping off \

the top  inch or so of loose soil. 100 \

4. Significance—The bearing power in psi determined by
means of the cone penetrometer is measure of the ability of a soil
to sustain highway lodds.

0 ' 2 3 4

i HIE PENETRATION IN INCHES
The bearing power of a soil is adversely affected by the
presence of excessive moisture. The bearing power determined
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after the 3-day soaking is expected to be the lowest value for the
soil under the worst conditions of moisture that may be encoun-
tered. The 3-day soaking test is introduced as a step in the

design of stabilised soil mixes, Article 3:3, so as to provide for

the worst conditions of saturation. If the actual conditions are

not likely to be so severe, the hearing power after the 3-day
soaking may be increased by a suitable percentage depending on
the anticipated degree of saturation and duration of wet
conditions. This is largely a matter of judgement.

The 3 day soaking test is not applicable to sandy soils.

4'9. Moisture-Density Relations of Soil-Cement
Mixtures

($:10)

1. Scope.—This method of test is intended for determining
the relationship between the moisture content of soil-cement
mixtures and resulting densities (oven-dry weight per cubic foot)

when the soil-cement mixture is compacted in the lahoratory,
before cement hydration.

2. Apparalus.---As per article 4-6.

3. Sample.—See article 4°2.

Procedure.—(a) The air-dry soil shall be first pulverized to
pass a No. 4 (4760 micron) sieve so as to separate the soil parti-
cles without reducing the particle size.

{(6) The required cement shall be added to the pulverized
soil. The test shall be performed only on that portion of the
soil-cement mixture which will pass a No. 4 (4760-micron) sieve.
A quantity of water sufficient to produce slight cohesion shall
then be thoroughly mixed with the soil-cement sample to permit
ready compaction. The thoroughly mixed soil-cement sample
shall be immediately compacted in the mould in three equal
layers, to give a total compacted depth of about 5-in, each layer
being compacted by 25 blows of the rammer dropping free from
a height of 12-in. above the elevation of the soil. During compac-
tion, the mould shall rest on a uniform, rigid foundation
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i hall be uniformly
ighing - its equivalent. The blows s
R I~ lbs.hoeI slurfa(ie of the layer being compacted. After

dismbu:i?g()\i;l;tcollar shall be removed and the top carefully
compacting,

; ld with a steel straight
. act hei ht of the mou ! . )
trc;mmcd y (;ﬁecce:dscpccimgen approximately 46 in. in height and
edge to pro

having a volume 1/30 cu. ft.

‘ il- t mixture
T i e compacted soil-cemen
(¢) The weight of th p

: ial removed from the cylinder
sh'all be de.terlrlnlrilgdt,he[}:;ntr::fr:é a 100.g. sample take:l from t}%c
sliced vertica Zl] - nmediately, dried in an oven at 11‘0 C (230 F)
e Welghe" lhours or to constant weight. This Procedure
for b?t LCaSthel_moisturc density relation of the initial soil-cement.
establishes t

4) The soil-cement mixture shall be .again (?f:;l3'. p:l:/;-
. @ arate the soil particles w:th'out reducing the
rized, so as to SCP’ . No. 4 (4760-mic1‘0ﬂ) sieve and a small
particle sizc, . F')dtslre carefully added and thoroughly mlxeq to
increment of m(z;.s &ibutiom Then the moistened and pulverized
insurc.unlrormb lscompactcd in the mould in three layers. as
material S}‘Ia“ ff b, weighed, and a moisture dcterfmna-
described In pala&l‘. }; the moisture density relation for a slightly
tion made to-estab ISt e are. This procedure shall be repeated
moistened SO'll-Cf:rm:’,‘mems of water until the moistu.re 'cont.cm of
v:lith s.\;ccCS:::t lri:i:;ture reaches a condition where it 1s difficult
the soil-cerl

o ve i i isture content
t i ' oistened materials, or it has a moistu
pul rize the m

pear the liquid limit.
4. Calculations.iSec article 4°6.

10 Wetting-and-Drying Test of Compacted
v Soil-Cement Mixtures

(S'11)
method of test is intended for determining
moisture changes, and \:o]ume changes
oduced by yrepeated wetting and drying
of soil-cement mixtures of known
1 uniform density and moisture content.

}. Scope.—This
the soil-cement 105s€s,
(swell and shrinkage') pr
of compacted specimens
composition and of know

2. Apparatus.—All items (a) to (T} a5 Per article 4 6 and the

following in addition.
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(g) Moist Room.—-A moist room capable of maintaining a
temperature of 21 = 1'7 C (70 + 3 F.) and a relative humidity

of not less than 90 per cent for seven-day storage of compacted
specimens.

(h) Water Bath.—Suitable tank for submerging compacted

specimens in water at about 21 C (70 F).

(1) Wire Scraich Brush.—A wire scratch brush made of 2-in.

by 1/16-in. flat No. 26 gauge wire bristle mounted on a
7-in. X 2}-in. hardwood block.

3. Preparation of Malerial for Moulding Specimens.—This test
shall be performed on soil-cement mixtures compacted in the
mould, before cement hydration, to maximum density at opti-
mum moisture content and in the same manner of compaction as
specified in article 4'9. Representative roadway soil shall be
used except as modified in the following Paragraph (b).

(a) For Soil Cement mixtures conlaining no malerial retained on
the No. 4 Sieve.—A suflicient quantity of each soil-cement mixture
to be investigated shall be prepared at optimum moisture content

to provide two compacted specimens approximately 4°6-in. in
height and 4:0-in. in diameter.

(b) For Soil Cement mixtures containing malerial retained on the
No. 4 Sieve.—When the soil-cement mixtures contain material
retained on the No. 4 (4760-micron) sieve, the following proce-
dures shall be followed which vary from that described in
Paragraph (a) : Since the specimens are 4-in. in diameter, it is
necessary to prescribe the maximum size material to be used in
the specimen and this size shall be set at $-in. Compensation
shall be made for any material larger than {-in. by re-placing it
with an equal dry weight of No. 4 sieve to §-in. material of the
same gradation as that contained in the original soil sample.
A sufficient quantityof minus No. 4 sieve soil-cement material
shall be prepared at the optimum moisture content to provide
two compacted specimens 4:6 in height and 4'0-in. in diameter
after the requisite amount of saturated, surface-moist, plus No. 4

sieve material, as defined above, has been added to the damp,
minus No. 4 material.
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. : _(at The prepared material shall be
* M()‘ulm;:g rf)f:\cle'ge:?ri thE: /samc mparmcr as that specified in
corf]pamed " thethe further provision that before placing and
article 4:9 Wl}: Lext layer, smooth compaction plz}nes produced
com.pactmg . et'on of each layer shall be scarified to .forfn
during COmpa’lchlt angles to each other, approximately %-m,' in
gr'ooves, at .”g in depth and approximately }-in. a?art. During
width an_d %-m.el resentative soil-cement mixture moisture sample
compaction 2 T fl‘)rom the batch, weighed, dried 1n an oven at
shall b/c tngcn for at least 12 hr. or to constant weight. The
110 C \23::1 )ccianS <hall be removed from the mould,
cox:npacte P the density determined ; the volume shall be
welghefi, and 1) averaging the diameters measured to the
determined b,y 29_05 cm.) at right angles to each other'at the
nearest 0-02h1n uarter points of the specimen and averaging the
centre e gd to the nearest 0-02 in. (0°05 cm.) at the quarter
he{ghts measur'rcumfcrcncc of the specimen, or (2) 'by ‘unmersmn
Pozintzf’nl;};r:ent methods in 2 non-absorbent liquid such as
and disp

mercury.

i shall be identified on a metal tag
' ©) Ofl;bslgefi:::;) as No. 1 together_with other nf:eded
e Ot‘hcr ‘sm ks and shall be used to obtain data on moisture
e s during the test. The other s;?ecun.en sh.all
and VOIU.mC Chanl\?e 9 together with other needed identification
o icli\entlﬁded:;nsall (l)o'e used to obtain data on soil-cement losses
marks an

during this test.

After the required data have been obtained, the spcc:‘
er . .

S)ll be placed on suitable carriers 1n the moist room, an
mens sha

1 days. The No. |
: ater for a period of seven .
protfzcted frﬁﬂ;l{{;c‘Xighed and measured daily to give dafa for
sptl:c"ln?sgst;le moisture content and volume of the specimens
calculatin

each day.

5 P eﬂure (a) At the end of the storage in the moist
. Proc -

. bmerged in tap water at room
. cimens shall be su
room, the :P-';_Ot a period of 5 hr. and removt.td. Theh I:Ilo.bl
tcmgeratur(mlumc and moisture change specimen) sha
specimen

weighed and measured.
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(b) Both specimens shall be placed in an oven at about
71 G (160 F) for 42 hr. and removed. Then, both specimens shall
be weighed and No. I specimen measured. Specimen No. 2 (soil-
cement loss specimen) shall then be given two firm strokes on all
areas with a wire scratch brush to remove all material loosened
during wetting and drying. The specimen shall again be weighed
after brushing. The moisture content of the material brushed
from the specimen shall be determined directly, but if this is not
possible, it may be assumed to be equal to the moisture content
of the No. | specimen. The oven-dry (110 C, 230 F) weight of
material brushed from the specimen shall be calculated

{¢c) The procedure described in Paragraphs (a) and (&)
constitute one cycle (48 hr.) of wetting and drying. The specimens
shall then be again submerged in water and the procedure con-
tinued. Thedata collected will permit calculations of volume and

moisture changes of specimen No. | and the soil-cement losses
of specimen No. 2.

(d) The wetting and drying of the No. 1 specimens shall
be continued for 12 cycles or discontinued prior to 12 cycles
should the measurements become inaccurate due to distortion or
soil-cement loss of the specimens. The wetting and drying of the
No. 2 specimens shall be continued for 12 cycles, if possible.

6. Calculation.—The volume and moisture changes and the

soil-cement losses of the specimens shall be calculated as
follows :

(‘a) The difference between the volume of specimen No. |
at the time of moulding and subsequent volumes shall be calcu-
lated as a percentage of the original volume.

(b) The moisture content of specimen No. | at the time of
moulding and subsequent moisture contents shall be calculated as
a percentage of the original oven-dry weight of the specimen.

{¢) The soil-cement loss of specimen No. 2 shall be

calculated as a percentage of the original oven-dry weight of
the specimen.

Some Reflection on the Practice of
Prestressing
BY
P. G. NAMBIAR, B.E. pivl. Engr. (1) Goleroon Bridge.

The Secretary suggested that I should write on Sor‘ne]aSpTCt (:(f
Coleroon Bridge Work which v.vould be of some practlcad vaal u;ith
brother engineers. In this brief article 1 propose to h-ih vith
certain aspects of prestressed concrete co.nstruct(xjor;ﬁ\:;011 . h have
constantly engaged my thoughts and attention .at 3 O‘rlble on an
which, if neglccted, might have caused serious g

prestressing.

Construction Risks

The w'despread use of reinforced concrete for bridge construc-
e wi

tion in our part of the country has brought about the virtual
on 1

elimination of heavy lifting and carrying and the use of complicated

truction machinery usually associated with steel bridges. With
construc

this the risks to workmen inherent in such operations have also
is the

been banished for good.

Whett we step from reinforced concrete to prestressed concrete,
e

1 h the basic material is the same, the character of constru(.:—
a thoug .+ of view of personnel safety undergoes a drastic
tion from tl'}c pomn eference for prefabrication and hoisting we go
change. wih ltfS P;:e risks of heavy steel construction, and to this
back to most 0 dtded thanks to the very concept of prestressing,
§ome1 x“n(:;ea sail;edao s the imposition of permanent forces in the mass
involvin

of the concrete.
Prestressing can turn Lethal

; hich was employed at Coleroon the
Freyssinet system w :

- t'}rl)e trcrzldons were cables made up of l? wires of 7 mm.
STCSWCSSI gln the process of prestressing, the wires are secured on
tliangzr(;f the jacks by means of simple wedges. In the final stage

ec

F stressing a cable the force in the cable in the vicinity of the jack
oI stressi
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can be anything upto 60 tons, depending on the length and
curvature of the cable and the kind of sheathing employed. Should
the wedges hecome unseated in that state the mutual catapulting
action between the jack and the cable released from grip while
under great stress can be terrific. If all or almost all of the six
wedges on a jack fly off simultaneously the catapulting force will
be almost equal to the force in the cable at the moment of the
release. A standard jack weighs 187 1bs. (Model 1951) and if it s
hurled with a force of 60 tons as result of all the six wedges flying

off at the same time it becomes a missile capable of spreading
death and destruction along its trajectory.

Keep Clear of Beam Ends

I have heard of the occurrence on accident of this kind in Eng-
land when a man was killed outright on the spot. No such unhappy
thing has happened at Coleroon, but I mention the instance only
1o emphasise the importance of keeping the ends of a beam being
stressed clear of work people for about 100 ft. either end. The jack
must be slung from a well secured crane and the arrangement
must be good enough to prevent the jack from taking to flight in
the event of wedges giving way. Had it not been for these precan-
tions continually and rigidly enforced there might have been a
serious accident at Coleroon also, not with a flying jack, but with
its complement, the extruded cable, which in this case came out at
the other end for a length of 30 ft. in an instant, and could have

penetrated anything in its path. A cold shiver runs down my
spine whenever this incident comes to my mind.

Why not Prevent

The reader may well ask whether this unseating of wedges
during prestressing cannot be prevented. The answer is that it can
be, provided the condition of the wedges remains as Eugene
Freyssinet probably intended and the weather also co-operates by
remaining sufficiently free from humidity. Over the latter condition
we have no control, and at Coleroon we had some bitter experiences
of the effect of atmospheric moisture on the instability of wedges.
When we first started the prestressing of the decking slab in October
1956 almost every morning we had trouble with the wedges ﬁying
off even though they were brand new and every conceivable
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Some

i ut
taken. If the weather was bright, after a.bo.th
i was ) ry wet season wi
ppneld uble usually Stopped'That as 2 very tual conditions
10 a.m. the tro din the mornings and further the actu e
i ! i ] owin
the air very humi hostile since e were operating rlgbt O:Iert iy thi
were much more1 olution to this difficulty lay in star %ss'm
water. Our oniy only about 10 a.m. keeping the prestr g
s
peration

prestcl;essing 0 | till then in cleaning of cones and cables and other
squad engage

preparatory works for the day.

ial steel and case-
« made of specia
wedges are

Although the y concentration of stress, they

; iected to heav ! S !
hardened, bemfgassu};{z :I-Shapcd groove on either side in which
wear out very iast

i . <t the cuff of the jack wear df)“fn t.o a
e e ot g“? peib?)iatlzs:iozcn applications, and thzn 12 (;Saz;r;z
crescent shape a t‘z tempf‘«fﬂd, Sharpcned and case—ha'r hex;1 d agaln
for the wodges 10 20 rking edges alone in wax, V\‘Ihlc as been
> quenChing the ;N ;ood medium for this. All this requires
found to be a Ver

; he

killed workman. Ont
PRI handsof a really s L , three

delicate handlmfg H:)otf:\lewcdgcs may be reconditioned dso;r::ﬁt 1;or

average a.se.toaf%er that they become toO small an

or four tme;

further use. .
Some Practical Hints

smple s which ha\{c been fou.nd
There o Somce imgzm to go a long way in keeping prestressing
r 2 .
efatmot:ouble and ensuring good results.
r0

precaution

from experienc
operations free be moved
’ few hours after concreting, the cables rirr‘:m ﬁ:st feom
A :»;V within the sheaths by hamgszntgany blocking
back and for trom the other, in order to p 2 eeeted
one end, ane tl1len due to leakage of mortar throug
that may develop

in the sheaths.
e have found its way into the anchorage
d washed clean with a jet of water
he pump set attached to each

2, Mortar that may
cone should be r.aked <:1ut :r:l e
which is conveniently ¢ra

Jack a cable the inside of the anchorage

. lci3 Zfozke\oi:t?:}ﬁ‘ygcleaned of all dirt, accretions and rust,
cone should b€

d.
h l an lnetal Of ‘he relnforclng hChX Cxpose
a“-d the ¢ €
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4. The anchorage zone of the
their length at each end, should like wise be cleaned til] the metal

is smooth and clean. The grip of the wires in the Jack is at its best
only when the wires are in this condition,

cables, that is ahout 4 ft. of

Conditions 3 and 4 are essentjal for th
anchorage brought about by the forcing i
ncorrect to leave any rust on the wires wi
a better grip between cable and Jack
elements. The results will he contrary to

1€ perfect locking of the
1 of the male cone, It js
th the hope of developing
or cable and anchorage
€xpectations.

3. In stressing of short cables suc
slabs, for the sake of minimising loss of ¢
of anchorage by means of the jack, it is necessary to perform the
Jacking from one end only while the other end is partially locked
by the male cone pushed in manually. The success of thjs method
depends upon the automatic completion of thig locking while the

cable is stressed from the Jacking end. This involves an inward
movement of the cone and cahle

on the offside as the jack
pressure is raised. This movement must be smooth and uniform in
all the wires. Otherwise the wedges o

n the jack are liable to fly off,
In order to ensure this smooth and uniform movemeng conditions

forced, and further, the wires

nchorage on the offside must
inserted securely in a J.ft.

h as occuring in decking
able stress due to locking

projecting beyond the face of the a
be collected together and length of
14-inch pipe.

6. As regards the condition of th
has been mentioned earlier, the working ed
the V-grooves, should also be clean,
anchorage and the wires can be clea
wedges should only be cleaned with cloth since the grinding effect
of emery may spoil the working edge. To completely remove the
final and not so obvious traces of oil, grease and moisture the edge
may be rubbed with a piece of chalk and afterwards cleaned with

dry cloth. It was found worthwile to repeat this operation
every time.

€ wedges, besides what
ges of a wedge that i
smooth and dry. While the
ned with emery paper, the
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DO .

Minimise Friction Losses

tres eloped at
joner stipulates the cable stresses to be dev d% o
ne $ i e
he de'SIg In the field these stresses are %en‘;rilt aybles
iti “f1ons. . . ities of the c .
critical sec lication of the jack at the extremmh o e
external app .1I'on between cable and sheath 1 ese € depends
Becausc of {lr'lbltl than the design stresses, and as fnctxﬁn ,i)e o
1wner . in the ca

hav.e to be ;rvat“re and length of the cable, o stresses. often
mainly on ¢ with sharp curvature, the end s « elastic

long cables or those which is very near the “elas

h values as high 80 tsi, There is nothing

approac ress for 7 mm. Wires.

A -1 proof st . oncrete to
limit * or ) l pther it is advantageous in prestressed ¢

; ra
wrong in this,

. ses since the safety of the structure aglg;aunstf
work to high stre?S‘e ased. For this reason and for the sake
fatigue is thereby lncrcses in any well-designed PreS"esse.d Conch‘Z
cconomy the stee! ;tre's stance—must be as high as practlf‘.at"lea an
bridge~Coleroon 01;; oom to admit un-accounted friction, z.e.,
there v:ll.llhn:;nl;eoin;e/accounted for by the cable profile.
that whic

Profile Must Stay Put

1 ing
ction which reveals during stressing

Most of this unaccounted fri Since a cable

s between hangers. Sin ,

end}(::pe batween supports, it 18 v}elr}rz1 e:rs:,
file with the minimum of supports or hang "

g, he weight and flow of concrete, this
;'ndmi)tdv am; what was probably a smooth
o erios. f undulations. The only way to
supports at sufficiently
hows 5-6 ft. as the
that we

arises from wobble of t‘ :
naturally takes a parabolic
to secur ‘
But during concreting,
nice-looking profile is whed,
parabola is cut up into 2 se 2 of unde
revent this lies in providing & o sup
pl intervals ; for 7 mm. cables exp t,to shows 6
G ing. The important poin ris (hat we
e e st fied with a profile that looks correct, "
et d i on cables can
o ‘?e s put during concreting. The drag : cables can
re e hen tiff mixes are adopted and powerful e
sti

sed for compaction.

ensu
be very heavy when
form vibrators are u




of interest

MICRO-CLIMATE

Like the ancients we shall realize that animals birds and
insects use the micro-climates of thejr environment to their own
advantage and can teach us a great deal,
interest in local climates has been casual in the
beasts have always realized that they had a considerable influence
on the comfort of their lives. Fifty years ago I learnt my first
lessons on earth temperatures from a rabbits’ air-conditioned
burrow, and from the way a mole adapted himself to winter frost
by making his runs under long grass where the ground was less
likely to freeze. In summer when the nights are warm, cattle lie
in the long grass where it is cool, but in spring and autumn when
the nights are cold they seek out the warmer bare earth to lie on
and are particularly fond of a macadam road, Motorists should
know this well and drive very cautiously at night on unfenced
roads across commons where cattle graze,

for though man’s
past, the birds and

—(From Climates in Miniature by T. Bedford Franklin).

* *

THE GREAT PYRAMID

X X X  Without recalling Lere the blocks of stone
weighing 1500 tons, transported by unknown
mous distances, or the rocking-stones, masses of rock weighing five
hundred tons, which were never native to the soil upon which
they now rest, and which date from the prehistoric era of the
Atlanteans, itis an undoubted fact that the great pyramid of
Cheops, for example, is a sort of stupendous hieroglyph, which,
by its dimensions, its proportions, its internal arrangements, and
its astronomical orientation, propounds a whole series of riddles of
which only the most obvious have hitherto been deciphered. An

occult tradition had always affirmed that this pyramid contaj
essential secrets,

means over enor-

ned
but only quite recently has any one begun to
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di Abbe Moreux, the learned director of t}}e Bo.urge:s
iscover thern. iving a complete summary of the question in his
) del 'e;z\c/;ncs’hifl)ws us that the meridian of ‘the pyrarrhlid—
e : ,rth and south passing through its apex—is the
Fhe line ﬂ.m'nm%’, I;lOt is, it is that which crosses the greatest amount
ideal meridian ’ht 2ma’llest amount of sea, and if we calchl.ate
of land and * Zf habitable territories, it will be found to d'.1V1dC
exactlyf the area strictly equal halves. On the other hand, .1f we
them. into two s ht of the pyramid by one million, we o}c)taln the
multiply the hef arth to the sun, or 198,208,000 kllomet(?rs,
dist.anc‘c fro‘m.t ebjut one million kilometers, the distance which
which is, w.lthln ahas finally adopted, after long research and
dmOdem Scc:z;z(eiitiom to distant lands, and thanks to the progress
angerous §

of celestial photography.

wn astronomer Clark has calculated, from recer}t
1l-kni)he polar radius of the earth. He makes_ it
ters. Now this is precisely the cubit of t.hf.: pyramid-
6’3.56’521 m‘(f) 6.336 391 meters, multiplied by ten r'nllhons. Neyft,
bulld?ré’ f)r -hea sid,e of the pyramid by the cubit used in 1'ts
on dwxdfng t have the length of the sidreal year ; tl}at is,
const_r UCtl()nz w;e sun requires to return to the same. point in the
the time whlc_}f1 t lmultiply the pyramid-builders’ 'mch by one
oy Then" ons, we shall obtain the distance which the eart'h
hundrcfl rfllnlogfz in one day of twenty-four hours, the approxi-
traV'ClS i 'lts Oli : r than our modern measures—the yard or the
mation bemgdc osemit o our making. Lastly, the entran?e——
meter—wou P'e ;mid pointed toward the pole star of the period ;
passage of thitE pyrhave been orientated with reference to the pre-
it m.USt therf;orz uinoxes, according to which phenomenon the
ce:sm}l logoieeret(lllm% coinciding with the same stars, after the
celestia $

lapse of 25,796 years. “
that, as Abbe Moreaux tells us, < all 'tc}lle'se
science are found in the Great Pyramid in
measured, and always capable
rtunity to shine forth in broad

Observatory, g

The we

measurements,

We see, then,

dern

conquests of mo : :

the form of natural dimensions,

of measurement, needing only o;‘)pc.) ity 1o shine o
daylight with the metrical meaning con

sible to attribute these extraordinary data to mere

It is PO hat the Egyptian priests, in geography,

coincidence. They prove t
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mathematics, geometry,

we are barely beginning to reconquer, and there s nothing to tell

—(From < The Great Secret * by Maurice Maeterlinck
Translated by Bernard Miall).

* *

“E PUR SI MUOVE 9

And still it moves—the words of Galileo, murmured when the
0 him to recant the Truth
V\fOI’ld today. Sometimes, in
discovered all that has been

to enjoy our heritage. That
trust. These men and women
onfort, time, treasure, peace
we might live as we do. The

would indeed be the betrayal of our

of future generation.

The adventurous human mind must not falter. Still must
we question the old truths and work for the new ones, Still must
we risk scorn, cynicism, neglect, loneliness, poverty ; persecution
if need be. We must shut our ears to the easy voice which tell
us that human nature will never alter a5 an excuse for doing
nothing to make life more worthy.

Thus will the course of histor
the world we know move into a
are yet to be.

Yy of mankind go onward and
new splendour of those who

~—(From ideas that moved the world by Horace Ship, p).

and astronomy, possessed knowledge that

from other

Journals

AY PLANNING AND CONSTRUCTION
IN FRANCE

HIGHW

m is one of the most closely knit in

iles of main or national
are about 48,000 m.x . :
ﬂ?e world. Z‘}:)tgg miles of secondary highways, .180,003 mlies od
Elghwag' . lid, class roads, or a total of 372,000 miles hard surface
rst and seco

I()a(ls wit n rura l()dds an ts Of towns and
1 l < d the stree
i hout COuntl g )
.“ , ; ing thC Wholc Of Country Wthh covers 212,6.’).) Sq'l l1are
Vi ages, serv

miles.

The French highway syste

ational highways follow straight
and embody the concern with stra.tegy an;i
determined under the French kings an
dense network of roads.

The broad and well laid-out n

lines in greater pé%rt
centralization which i
Napoleon the development 0

e improvement of the highway system

i asing speed of the cars raised
made its .appearanccia:‘;}:legyt}:}f(:ec;ievinggad?acent to the highwzys
e Im'le aPP;e selves. Plans for tarring roads were put ug ber
e .drl\:CrS 't 611320 and nearly all roads were tar-surface fﬁy
o e e this had been accomplished the volume of traffic
o th’e bl reased in the meantime as shown h'y the rise 13
bad appreciatly lnCfrom 930,000 in 1920 to 1,500,900 in 1930 an
e nunfltt)}(:r C;(f;:::S which were only 12 to 15 feet wide, had become
many of the )

insufficient.

The first problem in th

assumed that the normal width of a
that the national highways lheref(l)rg
i i heavily travelle
feet wide. For certain very :

should be‘ at leai‘t ;3 ae:d 36 feet were eStabllSth.' A w1dtfli1 oé‘
roads, widths On ding to two lanes each 10-1/2 feet w1d<':(,i was )i; !
?l fCCt’dCOZI::rr;?ng very heavy traffic and plans for widening

or roads

roads were prepared.

At that time it was
traffic lane was 9 feet and
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Delayed initially by lack of funds
carried out shortly before the war within the framework of a
general program of public works. At th

: at time, the general policy
for the improvement of the highway system in France was
established.

» these plans were being

This came to be known as the ¢ Pol
Improvement” and was both cautious
countries had precipitated themselves
superhighways between their large cente
toimproving existing highways but the pl
were at that time much more radical and
else that had been undertaken before in
no intention of denying the value of su
the fact that the construction of the «
at Paris and the nlans for the «Qro;
were undertaken at that time. The im
ways, which were then called
further supplemented by a pro
the areas of Paris and Lyon.

icy of National Highway-
and bold. Whereas other
into the construction of
1s, France restricted itself
ans for these impovements
farreaching than anything
France. There was in this
perhighways as proved by
Superhighway to the West
X Rousse Tunnel” at Lyon

provement of the main high-

‘“the international highways | was

gram for improving the roads within

During the occupation, th
Improvement *’ was continued b
the ¢ 10 year Plan for Economi

e “Policy of National Highway

utata very much slower rate within
¢ Development *.

At that time, the basis for the improvement of the main
highways were further defined and the concept of ¢

was developed, which determined the characteristics
except for its width. This speed is considered to be
a driver can sefely travel on a certain type of road under normal
traffic conditions. Three types of characteristics were finally adopted
for the main highways and hased on travel speeds of respectively
72, 60, and 40-48 miles per hour. In accordance with terrain
features, cach of the main highways was divided

sections each corresponding to a given basic speed, wi
tion from one speed to another as gradual as possible.

¢ basic speed ”
of a roadway
that at which

into certain
th the transi-

With this, the specific factors for a planned and coordinated

improvement of the main highways had been determined for the
first time.

ot
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2 ropriations for highway construction \.Ivere created

ey alzll:’)l vestissement Routier ” and not until then COl‘lld

by the * Fon en to remedy a situation which was becoming

measufes }\)e ﬁta:i/r;aroplan w:'cls undertaken which included the
critical. ve- -

following separate projects:

of improvements in main highways as
. and brought up to date on the

n in 1952;

1. Continuatio S
1 ‘ram
rojected by previous prog
lr'))asi]s of the definitions decided upo

i highways to the West from Paris
letion of the superhig \
. Comll)\Ie rlth from Marseille and Lyon angl start of work on
and t}(:. Lheaysoto the South from Lille and Paris and to the East
superhighway

from Marseille.

3. Development of the road network of the urban areas of
. Deve

Marseille, Lyon, and Saint-Etienne, together with the
ar 5 s

Paris, and the East of France.

ndustrial centers of the North

4. Construction of the Month Blanc tunnel;
5. Elimination of level railroad crossings ;

i q t‘da
6 R nstruction Of main b! 1dges UIade uate fOI‘ presen y
. €Cco

needs ;

3 inw d areas ;
7. Reconstruction of roads in war-damage ;

8. Creation of scenic highways principally in the Alps, the
. Cr

Pyrenees and along the Mediterranean Coast.
b

.l € ully determined
9 V] ts SClCCth on a car

ISCCllaI'ICOllS pro ec ! f o ”
basis (‘)f prioritv his sclection 15 based on traffic counts, e cost:
bt Vs 1 h

i the
f t Ction and the adVa]ltageS to the hlghway use y
of constru ] 1 l)

g expenses an ¢ increased safety inherent in
i erating expenses d the i sed safety

savings in Op ] d

modern road construction.

French standards published in 1952 re!ative to the req\},lllre;
e :on of main and other national highways hav
ments for construe’ G receding texts and follow the requirements
made some clxanges (1)1; i};ternational traffic roads as agreed upon at
f;)lr the CO::;;;Ci::O(r}leneVa in 1950, They provide for standard traffic
the conve
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lanes of 10
for three-lane roads, They also modifs

city

practically 4 times greater t oad

han that of the standard two-lane r
whereas that of a three-1a

ne road is only 1/1/2 times as great.

t level, Particularly where it is
and recommend, wherever possible,
Y on the far side of the drainage
and prescribe the conditions for
cycle paths and modify the rules for

necessary to facilitate parking,
planting of the shoulders on]
ditches. They also define
providing and constructing bj
the construction of curbs.

‘The present policy of im
widening, straightening, and
be continued but it is obvious
where traffic already exceeds
this will be a short term policy.

proving the main highways by
eliminating danger points will
that, on heavily travelled roads
2,000 vehicles per day in 1950,

Within the limits of the available
right-of-way, it is always possible to increase traffic to a certain

extent by widening the road but in most cases the additional width
very soon becomes again inadequate. A theoretical solution to
this is given by then constructing a second road at a certain
distance from the first and instituting one-way traffic on both the
old and the new road but actually the problem of loca] traffic
becomes nearly insoluble with such a one-way system. Ata
certain stage, it therefore will be necessary to abandon the existing
road completely to local traffic and to contemplate the construc-

In view of the actual uncertaint
future and the inadvisability for heav
long range solutions which may re
time, three main phases present
undertaken now :

y of any predictions for the
Yy capital investments in costly
main unproductive for a long
themselves which should be

l. Inprovement or reconstruction of
them to the requirements of traffic anticip.
years and which should be carried out as
permit ;

highways to adapt
ated for the next ten
s0on as circumstances
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: i 1 1atelv on
minor reconstruction possxble immedi 3
2. Changes or

nities ;
the basis of existing funds or opportu ;

shich mav be
L ange construction for traffic needs w b
. Long r

3 far future.

reasonably anticipated in the

¢ le is furnished by the Rhone Valley hl,g.:hwa;l);i
concrete SXamp national highway between Lyonda‘l
. actual count has detcrmincd a year—roincelrhiagjh%
Marseille Whe’rc 6.000 vehicles, makes it appear that a sup gh
average exceeding b, Jv solution on this stretch.. Several p0551h ;
way would be the on ined and final conclusions showe‘d ht a
new traces were e},ja:lveen Lyon and Valence, the super}:;g ’;v}iz
everywhere, exC everY nearly exactly the present road. ion
would have to follon whether to continue with t}}e constructu;“
raised the pI‘Oble“ll oadv started on the national highway a}? xer
of the by-pas§ e @ " f 'the present roadway to 27 feet, or whe er-
as with the Wldemndg Oait for the construction of the. future sx:;grm
to stop all w'rork a;: ;"c’mstmction of a suPerhighwaY is a IC')Illf' serm
highway.. szef:)uid asbsolutely necessary to cozt;::set \:;penswe,
roject, 1t wa st urgent an pen
Il;y-;)asscs WhiCht ::fpr:r:l)iz:lw:;cinnsl:ctionsg where it wou'd eliminate
and then to star g

old road.
‘ther by-passes originally planned for the

A .
The heavy traffic on this

ion of the urgent
decided to plan on constru(':txo . sent
I e aL.1] in view of their later incorp

: /031-1/2 foot lanes1 -passes with a
by.pésscst::}}:ruie superhighway. However, for by-pa
tion into

i i hase of
. inciple of an immediate p
£ 3 miles, the prin=p —standard width of
length Of.at ]c? . 10 22/1/2 foot wide roadways Stinc-lazor oration
construchion o Wv:zas admitted since it was felt that ct1 e 1;1 rels)ent any
the fuare lal:f:o;s in the present highwayf wo}l:.ldcr;o vI:hich ey
of such secti . ertaking of vehi _
facilitate ov L £ the
dange! ? r;;i wz:(lz(}ix oétiher in convoy at the limit of capacity o
have to follow

27 foot sections.

i d with
hich will be constructe
shorter by-passes w cdwich
Howevc'l;i {Or:h: transition to the future ph?scog':iv:fay | foot
y 27‘1‘00? ring about the partial loss of 6 feet © rS iway whict
- WIltl) bx:mcgorporated into the shoulders. It wa
will then be 1n
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that the future superhighway could be
successive sections but also in successive

at the start only one roadway reserved

constructed not only in

phases or by constructing
for fast traffic.

This brief review of the great lines of highway planning in

France leads automatically to an examination of the progress made
in road-building by new methods bas

tion. One of the first new develo
high-output mechanical equipm
the placement of macadam.

graders, bought out of Allied
prepares enough work for thr
neously, with a saving in ma

ed on increasing mechaniza-
pments concerned the selection of
ent to do away with costly labor in
Such equipment was found in blade
surplus war materials, one of which

ee or four rollers operating simulta-
nual labor of 609,

The grader was, however, not suitable for all sites so that
attention turned to an increased use of spreaders, either of the

Progress has also been made in the 4
types of which spread the binder under low pressure nearly
flush with the soil and to a maximum width of 10} feet with
uniform edges. Some French manufacturers have designed
vibratory spreaders which distribute not only gravel fines and
and coarse sand but also wet sand and adhesive materials with
a uniformity never obtained before. The development of this
equipment has brought about the design of loading equipment

which is capable of a volume of 130 cubie yards per hour and
can be easily moved such as bucket loaders.

esign of spreaders, certain

Another important step forward has been the gradual substitu-
tion of pneumatic for smooth rollers, The latter have the disadvan-
tage of cracking all but the very hardest gravel and even with the
latter the percentage of cracked elements was not negligible. The
result of this was premature ageing and weak points
payment. Reduction in weight of the rollers brought ab
improvement in these disadvantages. Automotive pheumati
_ give excellent results and have a much hi
smooth rollers.

in the
out no
c rollers
gher productivity than
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i with an accurate trace and
The .ConStrucnozseosf ?ngzgg,mznly of the thickness of suitable
cross-seetion presulle;"u] c(;mpaction and grading of the subgrade.
matf.:rlals’ ML ago, natural scttlement was still the only factor
Until ?Ot too longineger, could really rely. The appearaflce of the
on which the engcom acting relatively thin and successive layers,
sheep-foot rOIIC;, tion pfor reducing the period of .natural settle-
secmedb t:xe.tssoulle required final surface compacting by means
ment but 1

i eumatic
llers. The advantage of compaction by pn e
of smooth 1o (;liscovcrd after the substitution of rubber-tire
e

en currently used constfu'ctior‘x railv.vayls.

i began to examine means of. obtammg' xncreaS}nlgzrl
e et fgaces without any change in penetration. Th.ls €
arger C'Onta(ft g and heavy equipment of today but thFre is St.l“
L ot t‘_‘"es sion going on in regard to the relative ments
2 B00d dea I?f:tlsiﬁi)ber tires and suitable tire pressures and the
:g\}rl:::zzlg::: olfgautomotive or trailer equipment.

equipment Wer
equipment for the th

i jon has been under experimentation for
Vlbrat(:Zd fso 1\'Jneﬁicstuitable for coarse and fine sand an? gra\t/::,
ot et hen they contain 2 high percenta'ge of water.
pértlcmarly hw | loads of about 3-1/2 tons make it possible .tlo
e ayers s ith a thickness of nearly 3 [eet and are more ea51'y
e han- ery heavy pneumatic rollers but the latter remain
nlllancu::er: cei(;z?:r:enz for the compaction of large areas and toshow
the pro

i cy of the soil.
up any unequal consistency

ey d
f coated materials in roa
development of the use © teri ad
- i e:s on}; of the keystones of French road b.uﬂdmg metho ;
C(mStmTluonin few data will permit an evaluation of t}?c re]slud
- e
The.f'odoin %his respect. During 1955, there were 1;1(5)?000
?b;?):)ngoo tons of hot-laid bituminous pav;rr}ent,l ovtesrOr ﬁ,xed
i i m plan
: tback materials prepare . :
et I?f 'tar aan:d Coli/er 150,000 tons of cold-laid coated materials
installations, J

: 2,300,000 tons.
(in part utilized for road Uj k;ip),gu,total of over
Ga

DUI 348 194‘4’ tlle t()tal R ted IIlatClla]S ’lll_S[allCd was ()l[ly
g ) . .

‘hich s~ ere bituminous
i 09 0 ] %,»
1,500,000 tons, of whic 69\ )09‘ )ﬁs‘l ™

oo e
pavement. \ ’]\ ol , — W
AT
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Another proof is furnish
) ed by the fy t .
EOEFractOrS during the last fiye years chat\}z]: t thedmad puilding
abment to reach a capacity of 3,000 0gg tor?su ?nr?g;ledALheir
. out

by units wi .
tons per hour, one-sixth L u}; it:xts with a capacity of 0 - 120

remainder divided among units of 9

~~(from Highwa ,
vy Planning & .
Publiied by gy % 0 Fronce

lance Francaise, )
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BITUMINOUS BASE COURSES
By
J. GREUTERT, (prer. ING. E.T.H.)

One of the functions of a road structure is so to distribute and
reduce the stresses caused by traffic loads that the subgrade will
not be permanently deformed. In order to be able to design a
road structure for this purpose, a knowledge is necessary of the
distribution of stresses when using materials of varying properties

and thicknesses.

In recent years the Road Research Laboratory in Great
Britain (1) have carried out investigations into stress distribution
in the subgrade. It was found that the decrease in stress with
increasing depth depends a great deal on the type of bitu-
minous surfacing : thus it was shown that subgrade stresses were
considerably less under dense hot-mixed asphaltic concrete than
under bituminous macadam. Temperature, too, plays a part which

is now under investigation.
Trials

Base course trials at Lahr in Germany (2) gave the oppor-
tunity of carrying out vibration measurements to determine the
characteristics of various base courses. These field measurements
showed surprising conformity with theoretical calculations (3)
based on the relation between properties of materials, thickness of
individual courses and surface deflection under load.

These trials and calculations led to the application, on a
larger scale, of bituminous base courses in several countries.
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Sample i :
p hcut from? a nrain road in Germany showin i
three-layer bituminous base course com:.tructg ypicat
ion.

A 3cm. weari
. ring course (asphaltic
concrete) on 4cm. bi
. binder cours
€.

B
B .
c/| Base Course: 3 X Sem. = 15cm. hot-mixed gravel sand

b filler and 5% 80/100 pen. bitumen, with 5%
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Large-Scale Work

In Germany, the first large-scale sections were laid at Lauen-
burg (4) and Nievenheim (5), and at Augsburg (6). On main
roads in Bavaria more than half a million square metres of bitumi-
nous bases were laid during 1956 and tenders have been called for
a 15-cm. bituminous base course for 12 km. of the new autobahn

Frankfurt-Nuremberg.

German experience has shown that a maximum particle size
of 35-40 mm. is the largest which can be used economically with
present mixing equipment. Nearly all bituminous base courses,
therefore, use gravel having a maximum size of 35-40 mm. Local
gravels are used and the sand content (smaller than 2 mm.) is
usually about 20-30%. The void content varies from 159%, to 18%,
and the necessary binder content from 49, to 5%, the binders
used being 60/70, 80/100 and 180/200 pen. bitumen. Unfilled

voids in the compacted bituminous base course layers vary from

39, to 8%.

Whilst bituminous bases have gained prominence on the Con-
tinent due to the current large programme of new construction, it
should be noted that they have been used in Great Britain for a
number of years for the reconstruction of city streets and the
re-alignment of existing roads, including strengthening, widening

and superelevation work.

In Austria, plans for 1957 provide for bituminous base course
work in Vorarlberg on the Main Road No. 1—Bregenz-Vienna—
between Lauterach and Dornbirn and at Hohenems. Rhine gravel
sand will be used after removing oversize material (>35 mm.)
This oversize material will be crushed and added to the sand/gravel
mixture. The bituminous base course will be 15 cm. thick and
laid in two courses by means of finishers. Considerable settlement
(the subgrade is peat and loam) and it is
face the road with asphaltic concrete only
In the meantime the baes

is expected in this area
therefore intended to sur
after an interval of two or three years.
course will be given a temporary surfacing of a thin carpet or

surface treatment.
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Three Alternatives

Tenders for the work in Vorarlberg ca
S

natives shown in the di lied for the three -
lagram. alter

' The total required thickness of road
design methods was calculated at 100 .
reduced total thickness of the struct
({\lterf)ative A) is that allowance hal;ri)
b'nummous base course layers havin
mnes'that of mechanically stabilisedgl iy
practice by the Washo road test (7) i
the bituminous surfacing from 5 c,
decrease in total road structure thi
t‘he approximate ratio of | :
similar ratios (

tructure by conventional
cm.. The reasons for the
with a bituminous base
¢en made for the dense
shear strength up to 2-5
rs. This was confirmed in
where increasing thickness of
nlz. to 10 cm. indicated that a
A Fc‘rer:‘f:cs}s1 would be permissible in
1:2-2'5, in some cases evenriS: ]tt(i (18:)’4;00’ showed

A BITUMINOUS BASE B Hanp PITCHED BASE

83cm
100cm

1o0cm

Special Features

Some of the specific advanta

. . ) ges which
neers using bituminous bases are : appeal to road engi-

1. Each layer of a bituminous base course ¢

traffic as so it 3 an be ope

dislocation Onllas l.t 1s completed. This cuts dowlx)l [;edfftio

- » allowing earlier use of the road th raf lc
an with

other types of base course construction

€ WATERBOUND MACADAM BASE

Fottings from other Journals 57

of consecutive courses by mechanical finish-
e an excellent final riding surface, as any
layers are diminished with each

9. The spreading
ers should giv
irregularities in previous
lift of bituminous base course material.

of mechanisation in mixing and laying

3. The greater degree
1 lowering of construction costs.

will lead to an overal
When designing bituminous base courses, the following
characteristics should be considered :

Densit_y.-—-High density should be aimed at, with a voids
content in the compacted layers 3% to 89,. This will ensure an
e which will be unaffected by frost and also give

impermeable bas
ty to the road structure.

maximum durabili

Stability.—No per
structure under static o

manent deformation must occur in the
r dynamic loads, even at high summer

temperatures.
must be sufficiently flexible to

Flexibility.—--The base course
f the subgrade which may

conform to any long-term settlement o

occur.
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SATHYANARAYANA BROS.

CIVIL, SANITARY & CONSTRUCTIONAL
ENGINEERS & CONTRACTORS

Specialists in:
It is expected the build; i DESIGN AND CONSTRUCTION OF R. C. C. STRUCTURES,
P uilding of the Highways Research BRIDGES, BUILDINGS, SANITARY INSTALLATIONS ETC.

Station will be opened by Shri Jawaharlal Nehru, Prime Minister
by the end of October 1957. The Annual Session of the,
AS.SOCiation is proposed to be held in the Lecture Hall of the
Highways Research Station soon after. Members will be intimated

about the date. It is hoped all the members will participate
and make the session a grand success, b

Manufacturers of :
QUALITY BRICKS & TILES

SANITARY ENGINEERS STOCKISTS OF
DALMIA CEMENT

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

Telegrams:

Telephone:
ccr « SATHBROS ™ Madras

85514

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 Thiruvarur {Tanjore District)
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SATHYANARAYANA BROS. BRICK WORKS

SIVABUTHAM VILLAGE, SAIDAPET TALUK

Telephone No. 61513
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Grand Southern Trunk Road near Meenambakkam, Madras

Concrete Roads

Stand
The Test of

Time and
Traffic

Past performances prove that
concrete roads give longest
service at lowest cost.

The Grand Southern Trunk Road
( near Meenambakkam ) illustrated

here is 25 years old and is still in
perfect condition.

THE ASSOCIATED CEMENT COMPANIES LTD.
'TH‘E CEMENT MARKETING €O, OF INDIA PRIVATE LTD,

SISTA'S CMI.34) veme

mh wh

= m =) up =) mp 5) wh w) =)
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G abplen &

Only Burmah-Shell has

Botw!

Like the small boy with a lollipop and an
ike

h
i ts the best of bot
i 1, the motorist g¢ ) .
1ce-mmnwhen he goes to Burmah S!lell_from
oy ¢ Burmah-Shell sales points ~from
e s—do you ge
B.O.C. pump th
Slfe“ alr’lgwer petrol and I.C.A, ex:tl::i;:g
ng;‘hell Together they make for m
to .

economy and performance.

Fill up and feel
the DIFFERENCE!




PORTABLE COMBINED DRYING

AND MIXING UNIT if Graders were
Dgsngned primarily for re-surfacing work, given Grades ...
this versatile unit has proved so efficient
in practice that it is now used extensively
on the c?nstrluction of new roads. Its wide
range of applications include :
Single ané} carions Asphealting (Hot type of grading job and to complete a given job with
Process) d 2 remarkable saving in time and money,
l{’)roduction of Pre-coated Chips .. . Sand

rying ; drying and warmin i
for & % € yGrgitting e Re-ghe:thllnpgs rugged, dependable machines at any of the
old asphalt for Relaying on main-
tenance contracts . . . The Production '
of ail types of Bituminous Macadams :
Tarmacadams and Cold Asphalts.
The plant

Galion Motor Graders would assuredly be at the
top! For these are the Graders which combine power and
punch to overcome the severest obstacles in any

Proof? Ask the men who operate these

following projects :

is completely self-con-
tained with

MAHI CANAL « KAKRAPAR + GHODWEIR +» CHAMBAL
: its own Diesel driving
engine and oil-firing equipment.

MADRAS HIGHWAYS « HINDUSTAN STEEL « KORBA
COLLIERIES « TISCO EXPANSION PROJECT

* BHILAI, .,
There is 2 Galion Motor Grader to serve every need.
Models range from 50 H.P. to 190 H.P. Remember, Galion

Motor Graders in India are backed by Voltas’

unrivalled service and spare parts organization.

Sole Distributors

VOLTAS LIMITED

BOMBAY

CALCUTTA MADRAS
NEW DELHI BANGALORE LUCKNOW
AHMEDABAD COCHIN

SECUNDERABAD
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Bulding Mt
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The master builders of another '_'!L:
1 o3
é day buift even better than they - T 7
q knew. The temple towers built : ""ﬁ}&
of stone and mortar which stand 24 L
1“:?(—"-":--,3'-1“-
' aloft even fo-day are a permanent £ % e
[ 2 A

cribute to thesr proved skill.

ADAMS 660

Motor Grader

BARBER - GREENE| . . )
ROAD BUILDINGMACHINES e World’s most powerful grader — does '
Bituminous (Black Top) Mixi upto 309
B emmment. & tons Hor peo Somore work than any other grader.
mix to over 200 tons per hour Available with 190 H. P. Cummins or G Ml

Spacmes. | Mobile 804 Mixall for Diesel Engi : :
ot or Cold pathwork and small gine. Other sizes available —

job ing. Finishers, Ditch
A A 60 H. P. 80 H. P. and |15 H. P.

And to-day

SANKAR BRAND PORT-

LAND CEMENT stands out as

an ideal building material for

alt  structures combining

Soundness, Strengt h and

Yy Seabihicy. 1t is a concrete

YYY compliment to modern design.
W

WILLIAM JACKS & CcO., LTD.,

NFational Bank of India Buildings n 1A : DR
irst Line Beach, MADR '

w . N G E T . ’ AS - l' S Factory . SANKRNAGAR

Concrete Mixers, Tilt and Non- Phone: 3226,55129 & 55818 Grams: LIMPET ; -

Tilt Mixers, Stone Crushers,
Granulators and Vibrating Screens.

Bangalore Office:

(v

Non-Tilt Mixers of 10/7, 14/10 & Shaukat Buildings, Si i
21714 cu. ft, capacities Also Tilt- Bg » Silver Jubilee Park Road-,‘
ing Mixers of 3/2, 5/3%, 715 and ANGALORE.

10/7 cu. ft. capacities.

w1 2-80



Euclids move

H‘ g BIG

R Eloads Jrom the pit

B
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The role of steel in modern civilisation is immeasurable

Without steel, in
would come to a standstill. The modern comforts we enjo

Ly
¥ today would not exist.

To cope with the ever-growing necessit
developed ; so truck haulage has now
and distribution of coal to meet tho
phase of coal production, Euclids are
efficiently and economically.

For the right equipment Jor your jobs consuly
@ BLACKWOOD HODGE !l

BLACKWOOD HODGE (INDIA) PRIVATE LTD. oot
CALCUTTA - MADRAS « DELHI - BOMBAY

Associated Companies Branches Works ang Agencies throughou:

y for more coal, strip mining has been
become a major factor in the production
usands of industrial needs. In this new
playing a leading part, moving materials

EG/498

the world,
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GANNON, DUNKERELEY & GO, (maras) LTD,

CIVIL, SANITARY & CONSTRUCTIONAL
ENGINEERS

*
Specialists in:

DESIGN AND CONSTRUCTION OF
R. C. C. STRUCTURES, BRIDGES,
BUILDINGS, WATER SUPPLY AND
DRAINAGE SCHEMES, SANITARY
INSTALLATIONS ETC.

: i” ”Sole License in South India for the
ITALIAN ¢ER® SYSTEM OF
PRESTRESSED CONCRETE

Managing Agents for:

ASSOCIATED INDUSTRIAL & ENGINEERING
CORPORATION LTD.

*

Registered Office:

14, BOAG ROAD, MADRAS-17

legrams :
Telephone: Telegr

88316 & 88549 “ VITOPUS *’, Madras.
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“0.K.” MORTAR MIXER

500 cubic ft. capacity per 8 hours
driven by 5 H.P. Engine. Overhung

adjustable shaft, C.I. Rollers, Sectional
Pans.

MUNICIPALITIES and CON-
TRACTORS alf 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
efficiently... with “O.K." Road
Building Equipment.

“0.K.” ASPHALT MIXER

7/5 cubic ft. capacity driven by 14/18
H.P. Engine— Pneumatic tyre or
C.l. Wheeled Design. Chilled C.1.
Chamber. Manganese steel replace-
able arms and tips.

“O.K.” ASPHALT BOILER | —

250 Gallons Coal Fired-
- 200 Gallons Oil Fired

;e Write for details to:

THE EAST ASIATIC co. (INDIA) LTD.
Supd}ry Machinery Section ’
P.O.Box 639, BOMBAY. P.O. Box 364, CALCUTTA. P.O. Box

146, MADRAS
SECUNDERABAD and BANGALORE

He has achieved success who has lived

e

pf&.
&ained the respect of the intelligent men and |

ﬁ)ell, laughed often and loved much ; who has

]

the love of the little children; who has left (JZ\
the world better than he found ‘it, whether{ D~
by an improved poppy, a perfect poem or a ‘N
rescued soul; who has never lacked appre-
ciation of earth’s beauty or failed to express
it; whb has always looked for the best in
others and Biven the best he had, whose
iif‘e was an inspiration, whose memory a

benediction.

—~Mrs. A. J. STANLEY,

DG e
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IMPORTANT

Members are requested to notify
the Secretary

AT ONCE
any- cHange of address or of

designation
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