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1. INTRODUGTION

1.1.  Asphalt pPaving mixture design receives onl
treatment in text-books and in technijcal ¢

precise that they may seldom be achieve
will be fortunate if they are given an
design, principles which mugt control
paving mixtures in countries where long e
of mixture formulae under the
principles, therefore, that an I

d with economy. They
Y 8general principles of
the design of asphalt
Xperience of the success
conditions obtaining are lacking,
ndian engineer must know,

1.3. By ‘“asphalt paving mixture »
composed of bitumen and mineral matter p
a heated condition bitumen, which ma,
product, such as Trinidad bitumen

is meant g materjg)]

now being considered.

1.4. The change in dry density which occurs with variation
in moisture content is shown in diagrammatic form in the cage
of soils by plotting dry density against moisture content, This
method of presentation, although satisfactory for 80ils, doeg not
indicate with sufficient clarity the changes in agphalt mixture
characteristics which follow the variation in the mixture compo-
sition. In the upper portion of Fig. 1 are shown i
of the dry density-moisture content relationship
compacted to two different standards. Lj
indicate the dry density : i
saturated soils and of those containij
of air voids—that is
moisture. Such diagrams are familiar ¢
studied soil mechanics,
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curves are introduced showing the Voi('1s ‘in the S'Oitl aénd 'Itjﬁg
volume of these voids which are occupied by moisture. The
difference between the ordinates of t'he two curves for a,nlytgl ron
moisture content indicates the air voids. To _lconilipe eious
Picture, the California Bea.ringh Ratio of ﬂ;ﬁocslot)f apre::;ting
oisture contents is shown. The same me , Prosonting
te n be used in reporting tests on concrete L
instv;ei?}lllzsnc?ncreasing proportion of wa,tf:-cemle(ilt I;;iti: exsm u:::g
i i su
avi cified water-cement ratio. wou :
goxgegteaei%?neers to know that the sfan)e (f}a,lll;nfg{ oiﬂ;l 1:1h:t::g§1;1;
f imilar to the falling of in C.B.R.
goif;) nc;:fle’b: observed as the volume of water-cement paste
increases.

1.8. The Author considers that this .method- of preslent}t;.lt;(g;
of results in the case of asphalt paving mixtures is a.sTv;la léga,nges
the engineer as an X-ray photograph is to a surgeon.th ebitumen
in characteristics can be noted at ea,.ch stage as o e.ned mon
content js increased. The comparative resu%ts o :.lt ed with
different aggregates or different combl_ng.tlons o a.ggreﬁ‘3 pon b
studied and final decisions on compt')sm’?n' can be ma 0. This e
what is covered by the term  design” in reference p.
Paving mixtures,

1.7. The term * voids” is, in want of a bet‘tze‘l; t?(;m’i:o?he;
What loosely used in asphalt terminology. ied b01 : grogate.
Bggrogate  simply means space not occupied by Similurly
These voids may be occupied by air or by _bltumeﬁ!ﬁer bitumen
““ voids in sand and stone” might be occupied by tion test, the
or air. If the sample is subjected to & water abs tohr I\:v;.?;er ’
air voids may become partly or entirely filled wi '

It will be apposite to stress here that the percep?ge Ei:o‘:‘::ig
sand or stone samples is not a fixed clm;,ra.cte.rlzi(l)(;l og TS
with compactive effort and lubrication. Descrip o T  Joe
given in text-books? of methods of determmltng voé o e
stone by filling the voids with kerosene or wa eé‘l-l ¢ dotermined do
usually a complete waste of time as the voids te(lil o Tl tag
ot approximate to the voids in a_ compactec variably. dubor.
mass. The voids referred to in this Paper are "} o yosed of
mined from the weight of a compacted BamPez e rI;vities.
materials in known proportions and of known sp g

2. TYPES OF ASPHALT PAVING MIXTURES

2.1. There are two distinct types of asphalt Pf’“’..‘“gu,‘mﬁa .
tures, (a) Open graded and (b) Dense, . _
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2.2. Open Graded Mixtures

One open graded type of asphalt mixture is well known in
India and is termed ¢ premix . This js simply a mixture of
sun-warmed stone with hot bitumen, a small percentage of kero-
sene being added to the mix to assist the distribution of the
bitumen. In this case,the working conditions dictato the design
Fine material is excluded from the mix because cold fine material
cannot be coated with a viscous fluid and the addition of large
quantities of kerosene to reduce the viscosity would be expensive
and might necessitate delaying the use of the mixture until some
of the kerosene had evaporated.

The quantity of bitumen used is normally that found in
practice to give satisfactory results and the optimum bitumen
content bears no relation to the optimum bitumen content which
might be given by the results of tests on a carefully graded dense
mixture. The air voids in the stone are probably from 30 to 40
per cent and the quantity of bitumen used, usually from 3% to 4
per cent by weight or 9to10 per cent by mix volume, ig far
from being sufficient to give a waterproof mixture. Open’gra,ded
mixtures owe their stability to the internal friction of the aggre
gate and the requisite bitumen ccntent is related to the surfga, -
area of the stone. Such mixtures are not confined to Pl'emixcg
material using sun-warmed aggregate and, when such mixtur(;
are prepared using heated stone, filler, or fine material passi 8
200 mesh, may with advantage be introduced; in this case ;‘ﬁg
material coating the stone may be considered as being a mixt e
of filler and bitumen and the quantity required is sti]] relatedu:e
the surface area of the stone. The filler is used with the obi (t:
of stiffening the bitumen and preventing it from running o ﬁ]:f‘
stone. The use of a suitable filler such as cement or limest e
dust will also assist in securing adhesion of the bitumen tq %Iﬁe
stone in the presence of water. e

Since open graded mixtures are porous, their life wil] b
greatly prolonged if the sub-surface is also porous so that wza\.t;ee
is not held for long periods in the interstices of the mi'ﬂturer
Athough ftraffic may give a superficial polish to the su‘rface‘
particularly if a small stone is used, premixed surface unless
provided with a seal coat, should never be considered as ’givjn 88
high degree of weather protection to the underlying macadam >

It should also be remembered that an asphalt surfac
any type restricts evaporation from the underlying macada
if the water-table is unduly high, the moisture COntentmf) Tnd
the asphalt surface will be higher than it would by e 0"
surfacing provided. This condition can be dangerou We.rfe no
binding material in the macadam is plastic. 8 1 the

ing of
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2.3. Dense Asphalt Paving Mixtures

Although ¢ premix’’ has an undoubtedly wide scope, it
cannot have the life of a properly designed dense, waterproof
asphalt mixture, which should give trouble-free service for atleast
fifteen years.

A dense asphalt paving mixture is composed of stone, sand,
filler and bitumen, stone being omitted in the case of sand sheet
asphalts. The first asphalt pavings wera prepared from naturally
impregnated limestone rock but early in the 20th century mix-
tures of Trinidad bitumen, a natural product, with sand and
stone were used for road surfacing in the United States and in
England. With the growth of the oil industry, refineries were
faced with the problem of disposing of the residual bitumen and
the increasing demand for smooth roads stimulated research. In
1905 Clifford Richardson published ¢ The Modern Asphalt Pave-
ment’’; this remained a standard reference work for twenty
years. Richardson formulated a ¢ standard grading” for sand
asphalts based on analysis of a large number of successful pave-
ments. This is given below :

Bitumen 10.5 per cent
Passing 200 mesh . 13.0 ’
Passing 80 mesh retained 200 mesh 26.0 .

Passing 40 mesh retained 80 mesh 34.5 "
Passing 10 mesh retained 40 mesh 16.0 s
100.0

2.4. In1924 Moray F. Macnaughton, at the Tenth Annual
Conference on Highway Engineering, gave the results of investi-
gations carried out to find the effect of varying the quantity of
filler, or fine material passing 200 mesh, in sand asphalts. He
explained that an increase in filler content led to a noticeable
excess of bitumen and a consequent softening of the mixture.
Until that time it had generally been considered that the high
surface area of the filler stiffened the fluid bitumen and gave
stability to the mixture. Whilst this effect is evident, it was
from that time appreciated by many engineers that an increase
in the filler increased the proportion of filler-bitumen lubricant
in the composition and if the quantity of filler-bitumen exceeded
the space available in the compressed sand, the mixture would be
richand unstable. The identical effect when water in compressed
soil is present beyond the optimum moisture content is, of
course, now widely known, and alternative methods of presen-
ting test reswlts have been shown in Fig. 1. TFig, 2 shows the
results which may be expected when successive increments of
bitumen are added to an asphalt mixture.
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2.5. The initial increase in bitumen
in the air voids, partly by filling them wit
by lubricating the mass and assisting
closer together. This result is reflected in

resglts in a reduction
h bitumen and partly
the particles to come

The second increase results in a continua
effect, but the third increase results in a
characteristics. The air voids are only

tion of the same
marked change in the

now present in such a volume that intimate c];hta,rgtebgétumen i8
particles is impossible ; its lubricating effect ig such th v;eQn the
nal friction no longer contributes to the strength of th 8t inter-
which now depends on the viscosity of the bit e mixture

stage the stability curve tends to flatten, umen. At thig

2:6. Thej space in the mixture occupied nejth,

. shown in ¢ i .
approximately equal to the air voids, can beheir?tll?‘og(;la],‘(l)];ab?:l?;o

samples of many mixtures by subjecting ¢

ed by the admission of water ander %re};::ﬁ- 20 &gac&qm follow-
water can be introduced into an asphalt mixtui‘e iny ' is met'hod
tes. On the road the entry of water is & time effect; : SW ming-
bitumen is so often considered gg :3 Wa.terprooﬁnn althqugh
water is one of the principal destructive agents whi%hmedmm,
paving mixtures must be designed to resist. It wil] be 3sp1_lalt
that the absorption of water is accompanied by gw ll.notlced
limits to the various characteristics are Speciﬁe}é mf hmlg If
being ba,sed_ on knowledge of the conditions of i ;1 . imitg
traffic to which the asphalt mixture wil] be subjected, a ate and
tion complying with the specification can pe chosen fcompom.
diagram or the materials uged in compiling the diagrs rom the
rejected if no composition shown is satisfactory gram may he

3. MATERIALS USED IN THE MIXTURE
3.1. Bitumen

It would be out of place here to

ive a full ings \
men and its properties. The gra deg ull description of bitu-

8 used for Paving are 30 . 4¢
)

Aspuart Pavine MIXTURES 143

60-70, and 80-100 penetration. It should always be
remempered that these penetrations are measured at 25°C. and
bitumens from different sources having the same penetrations at
25°C. may not have the same viscosity at 60°C., a_temperature
often encountered on exposed black surfaces in India.

3.2. Filler

The fine material known as filler used in an asphalt paving
mixture has two functions. Firstly it fills the voids in the sand.
Secondly it stiffens the bitumen and assists in maintaining the
stability of the mixture after the point of maximum denglty has
been reached and the mixture can no longer rely on the internal
friction of the mass.

To fill the voids in the sand, the filler must be fine and the
British Standard specifies that 85 per cent should pass the No. 200
mesh sieve. The effects of the fineness of grinding .a.nd of the
characteristics of the filler on its stabilising or stiffening proper-
ties have been dealt with fully elsewhere by the Author®. Fig. 3
shows the rise in melting point in °C. of a bitumen having a
melting point of 54°C. due to the admixture of various propor-
tions and kinds of filler. The mixtures are by volum_e as the
fillers have differing specific gravities. The proportion most
commonly used in practice is an approximately equal quantity
by weight or 40 per cent of filler by volume but it will be shown
later that some fillers can with advantage be used upto 70 per cent
of the bitumen by volume.

The effect of the filler is complex in this respect. If.the
filler has s high stabilizing effect on the bitumen, the filler-bitu-
men mixture will have a lower lubricating effect on the rest of
the mineral matter and a larger volume of bxt'umen le.l be
required to fill the voids. If the mixtures are des_ugned tq give a
desired stability and voids, this effect on the optxmun& bltuxx!en
quantity will be taken care of but & mixtu?e grading which
does not specify the type of filler is obviously incomplete.

The property a filler must have if it is to be used with
confidence is resistance to stripping in the. presence .of water.
PrObably the most satisfactory filler in this respect is cement
but limestone dust is good and certainly much better than
granite dust or dust produced from any igneous rock. The latter
fillers can be used if the mix is very rich and the water absorp-
tion is low but failures have occurred which can be attributed to
the use of a filler which permits the stripping of its coat of
bitumen in the presence of water.

2
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3.3. Sand

The first asphalts were prepared as synthetic substitutes for
natural limestone rock asphalt which was ground to g powder
form. Sand was the obvious choice of a material for adding to
bitumen. It has already been shown that Clifford Bichardson
arrived at his standard grading from analysis of successful sand
asphalt carpets. British Standard 594 : 1950* for Rolled
Asphalt (Hot process) specifies a sand which includes Richard-
son’s grading as will be seen from the particulars given below :

British Standard |Richard.

Min. Max. son

o _;,;P?,r_‘ff’ﬂf_ﬂﬂr cent | per cent
Total passing No. 7 B. 8. sieve 95 100 100
., i No. 25 B. S. sieve 75 98 93
" ’ No. 72 B. 8. sieve 15 58 45
. . No. 200 0 3 0
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Although the British Standard sand grading appears to be
based on that recommended by Richardson, considerable latitude
1s allowed. Whether a restriction of limits to such fine sands is
desirable or not will be discussed later.

3.4. Stone

Stone was first added to an ashphalt paving mixture with a
view to cheapening the mix, and the term stone filled asphalt
came into being. Such mixtures, which contain upto 25 per
cent of stone, have many of the characteristics of a sand asphalt;
the stone serves no structural purpose but renders the mix
cheaper in that each particle of stone in a fully consolidated
mixture replaces an equal volume of sand asphalt.

Both sand carpets and stone filled asphalts are laid on a
binder course of bitumen coated stone of an open texture which
is intended to form a bond between the surfacing and the
foundation. A binder course may often be used to regulate
an uneven foundation before a more expensive wearing course
is laid.

_ The hardness of the stone is seldom an important factor
in the wearing properties of the finished surface and igneous,
calcareous, silicious rocks and crushed gravel have been success-
fully used. To ensure that the stone plays its proper role in the
structure it is usually specified that the largest stone shall be
not more than one half nor less than one third of the final
thickness of the consolidated course. Trials carried out in
El}gland appear to show that the grading of the stone is not
critical® but it must be remembered that the grading does affect
the voids in the stone, and in a mixture having a high stone
content the grading will determine the optimum bitumen
content, -

4. PROPERTIES OF THE COMPACTED MIXTURES

4.1. Some specifications for asphalt paving mixtures are
prepared from the knowledge gained by long experience of the
behaviour of mixtures of known composition used under known
conditions. Were all structures designed by such conservative
methods, engineering progress would be extremely slow. It was
shown earlier that asphalt paving mixtures, soils and concrete
had much in common and the design of the three types of mix-
tures is capable of & common approach.
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As a preliminary to design, we must postulate the required
properties of the mixture. These include :

Wear resistance
Deformation resistance
Water resistance

Economy

4.2, Wear Resistance

Dense asphalt mixtures, except those havi
stone content are highly resistant to abrasion.
place there must be some abrasion followed b
the abraded material. In the case of asphalt,
to yield to accommodate & high intensity of poi
Thus the edge of a bullock cart wheel or a s
may make a slight indentation in the asphalt
is no abrasion and unless the load is repeate
same point there is no permanent damage.
to wear, the bitumen content must be gu
mixture to yield under high loading and t
bitumen must be such that the mixtu
cracking.

ng a very high
For wear to take
y the removal of
the surface tends
nt or line loading.
teel trolley wheel
surface but there
dly placed on the
To ensure resistance
flicient to allow the
he consistency of the
re can yield without

4.3. Deformation Resistance

The determination of the degree of yielding of an asphalt
mixture under varying loads and condition

: S has occupied the
minds of asphalt technologists from the earliest days of asphalt
construction.

In 1924 Macnaughton used an indentation test in his studies
of the effect of increasing the filler content of a sand sheet
asphalt. By 1929 the Hubbard field stability test was becoming
widely used in America. In this test the load required to force
a compressed sample of the mixture through an orifice at a
standard rate was measured. In 1932 the Author described
test which involved loading the central area of 4} in. diam,
disc using & standard rate of loading3. He also adopted the

Hubbard Field test by measuring the limit of proportionality
between deformation and load.

4.4, In England the Road Researc
methods of stability testing but could
standard as none measured any basic

h Laboratory studied all
not recommend any as g
property of the material,
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Recently the search for a suitable test was continued®. Eight
tests were investigated, these being:

Constant load tests at 45°C.
Road machine (dynamic loading)
Wheel tracking (dynamic loading)
Indentation test (static loading)

Constant rate of strain tests at 45°C.
Marshall test
Hubbard-Field test
Unconfined compression test
Hveem stabilometer

Equilibrium test at 30°C.
Triaxial test

. i hods
This investigation shows that while a!l the_ testing mes
diffe;‘;lxllltiate betv%een mixtures having varying bl_tumlen {: °n§f,§ﬁl
the results do not always agree with those {ndlca.te . oY tance
ved behaviour on theroad. One result of eoqs1derable dlnflpor ation
is that tests which employ a low rate of imposed de o}'mvisco.
did not show the large increase in stability on mcreaslc: mwled "
sity of the bitumen that would be expected from &b nz suitgd
of the road behaviour of asphalts. For compositions e:h t the
to conditions in the United Kingdom it is §uggeswd- 1& din,
relative assessment of stability is best placed in dyl:la-m lgh: i‘.o;dg
tests employing pressures equal to those experience 11r(1_ : ts.
Such tests are the Road Machine and the Wheel Tracking eihé
These tests do attempt to reproduce road condlfﬁons lf)l tine
laboratory but are of little assistance in resear(':r 3 OII'{ :b;)lard- '
testing as the duration of the test may be weeks. 1 ¥ inutes
Field, the Marshall and the Taylor tests give results in {:]limlg)ad
and are very valuable guides to probable l.)ehav;o?.l' ﬁ? fe ther
80 long as the results obtained are viewed in the light of o

physical tests. '

4.5. Water Resistance

i i des-
Water has been mentioned as being one of the most
tructive agencies operating on asphalt roads. Ir} ad premlz,hi;l')i:
bitumen film is comparatively thick but the film in dense (?h ph:
Paving mixture is thin and in the presence of water _1ts & esu;g
to the mineral matter may break down and the mx'xturefwgﬁ
then rapidly disintegrate. Whilst the correct choice o er
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will reduce the risk, the mixture must . »

bitumen is in the Design Range and the J’:id(iefl;g‘?ee(}l)ezz tha&t the
as far as possible without affecting adversely the Stab'l-l;e uced
the United States, it is usually specified “that the vl .’dY-' In
thoroughly compacted mixture should not be more than ?,1 : in a
nor less than 3 per cent. For routine testing, the ca.lculaf)t}‘ cent
voids with & view to ascertaining the liability to absorb w;,zn of
far too long a procedure and the vacuum method mentjoned eaef. is
can be _usecl.to advant‘:age. The simple apparatus requirerdlffr
shown in Fig. 4. Tt will be shown later that water absornti is
is invariably accompanied by swelling. The Author is ?:;(l)ln
opinion that the degree of swelling is of primary im Ortu,o e
an indication of the suitability of a mixture for rgsiqt'n?e he
effects of water. It is interesting to note that void'S lng‘ the
absorption and swelling are not characteristics of a ,’n.w:ter
brought under control by British Standard 594 : 1950 ixture

4.6. Economy

True economy normally follows from the
available aggregate. Bitumen and filler may hav
ted but a skilled designer will be able to use local materia]
the best advantage. 1t is the nature of the locall erials to
materials which often decides the composition of )t,h:v&lla:ble
There can be few engineering products which allow the dpa}fmg.
as much scope in the use of a variety of raw materials . <1381gner
asphalt mixture. To_quote from one hand-book on this « o]:_s an
“ The very heart of bituminous construction is the ad 8 subject,
of methods and materials to local conditions. 7 » aptability

use of locally
e to be impor-

4.7. The principles of asphalt paving mix
been considered and the application IZ)f the;gsemmture
tical design can best be followed by the actual
for given conditions using materials available.

. design have
prmpiples to prac-
design of mixtureg

5. MEASUREMENTS OF PHYSICAL CHARACTERISTICS OF
MIXTURES

5.1. The method proposed by the Author f
asphalt paving mixtures consists of making a serie
with an increasing bitumen content, measurin
each m.ixture .in the series and then decidip o :
proportion which will give, with the a‘ggl‘egaﬁ;e nsea;eé);:gmfen

or

testing, a mixture having properties withi o
experience. in the limits fixeq by

or designing
8 of mixtures
g the Properties of
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5.2. Characteristics to be Measured

. For every combination of bitumen and aggregate the follow-
ing characteristics must be measured :

Specific gravity of dry sample.

(a)

(b) Water absorption, rapid method.
(¢c) Swelling, rapid method.

(d) Air voids in dry sample.

(e) Stability.

(f) Resistance to deformation.

5.3. Preparation of Test Samples

The sample required for the Taylor stability test is 4} in.
in diameter and about 13} in. thick. Such samples can very
conveniently be used for making the water .absorption and
swelling determinations. From 1000 to 1150 gms. of mixture are
prepared and heated to a temperature of 160°C. and. the
mixture is compacted in a mould using 25 blows of the standard
Proctor tamper as used in soil mechanios.: The sample is then
reversed and 25 blows are given on the other side. The degree
of compaction obtained is comparable with that obtained with
modern machinery on the roads. e e

. ‘ L8

5.4. Specific Gravity of the Sample

*

The specific gravity may be found by dividing ¢ the weight of
the sample in grammes’ by ¢ the volume of the sample in c.cs as
found by micrometer measurements.” A more precise method is
the measurement of the displacement in water at 20°C. or in
water of some other known temperature, a correction in the
latter case being applied. The weighing in water of porous
samples having a low bitumen content must be done quickiy
before absorbed water increases the weight.

5.5. Water Absorption—Rapid Method

For the rapid determination of water absorption the rapid
method already mentioned is used. Two of the standard test
pieces can be inserted in the apparatus shown in Fig. 4
(Photo) where they are subjected to & vacuum of 25 in,
of mercury for 10 minutes. Water is then drawn into the
apparatus and air pressure of 50 p.s.i. is applied and maintained
for 30 minutes. The samples are then removed and weighed in
air and in water. From these weighings both the  water
absorption and the swelling of the sample can be determined,
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The water absorption determined by the rapid method may
not, in the case of very absorbent mixtures, equal that found
after 24 hours soaking in water but the use of this method

during preliminary work gives results with which routine control
tests can be checked.

5.6. Air Yoids in Dry Sample

Most specifications fix the limits for air voids in g compacted
mixture. If the exact composition of the mixture is known—as
it must be in the case of a freshly prepared sample—and the
specific gravities of the materials used are known, the air voids
can be found by deducting from the measured volume of the
sample, the volumes of each of the materials of which it is com-
posed. An approximate determination of ajir voids can also be
made by ascertaining the apparent specific gravity of the loose,
uncompressed, freghly mixed material and comparing this with
the a.ppa‘rﬁnt.)gkaciﬁ'c‘gmvjty of a compressed sample,

¥ »

e
§+7.» Filling of Air Voids by Absorbed Water

¢ “If. W =ronriginal dry 'weight of the sample
- W, = original weight in water—the weights being
. . Jn grammes
then W, - W o;igﬁfal volume in c.cs
IfTw, = weight with absorbed water

W, = weight ” . in water

then W, — W, = new volume in c.cs ,

Wy — Wy — (W, - W) = increase in volume, swelling = §
Wy - W, = increase in weight, absorption=4
W,-—W, increased weight in water = W,
Since (W, — W,) — (W, - Ws) = 8 ‘

(W - Wy) = (W, — Wy) =8
therefore A = sS4 w,

I

mz x 100

Fig. 4.
Water Absorption Testing Apparatus.
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. It will be shown later how close this figure can be to the air
voids determined in the usual way.

5.8. Stability

Comparative tests recently carried out by the Roads
Research Laboratory, Harmondsworth, showed that dynamic
tests were of more value in determining comparative stabilities
than were constant-rate-of-strain tests. Unfortunately dynamio
tests take a long time to give a result and a test which is to serve
both as a routine control as well as an aid to research must
give an immediate result. Modern mixing plants produce
50 to 100 tons of mixed material per hour and a test result
available even in 24 hours is nothing more than a confirmation or
otherwise of compliance with the specification. Such tests are of
little assistance as controls. -

In the Taylor stability test, the sample is tested at the sun
temperature of the area in which the mixture is to be laid. In
India this is frequently 60° C. To the heated sample, is applied
& central load increasing at the rafe of 150 p.s.i. per minute
through a plunger 2 inches in diameter. The deformation is
read by means of a dial gauge and readings are continued to 0.2
inch or failure. A mathematical analysis of the stresses set up
during the test has been made by Swaminathan® but the point
of great interest is that deformation takes place even in the
toughest samples of asphalt at a rate proportional to the load.
A very small proportion of the deformation is elastic but is
sufficiently small to be ignored. Failure occurs when the annular
Ting surrounding the directly stressed area fails and the pressure
8t failure is taken as the stability value. If no failure as des-
crlqu occurs, the stability value is taken as being the pressure
required to give a deformation of 0.2 inch. The Taylor Stability
Testing Machine is shown in Fig 23 (Photo) while Fig. 24 (Photo)
shows a test sample before and after testing.

Such tests may not predict exactly how a mixture will
behave on the road but they certainly serve as a guide during
experimental work and as controls on mixtures produced at the
plant. No engineer who has once adopted some form of stability
test would ever again dare to lay untested mixtures.

5.9. Resistance to Deformation

Road surfaces are seldom entirely destroyed by deforming.
forces and it is the resistance of mixtures to comparatively low,
Pressures which.is of interest. The Author takes as Resistance
to Deformation the.increase in pressure required to cause a defor-
mation of 0.01 inch. Normally, the resistance to deformation -

3 .
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is proportional to the stability but some mixtures may break
suddenly while others having the same resistance may remain
unbroken at (.2 in. deformation and have a much higher stability
Such results are indicative of a desirable toughness, .

6. ASPHALT MIXTURES FOR A LARGE TOWN

6.1. Let us assume that asphalt mixtures are required for
the streets of a large town with heavy traffic and that the
following conditions apply.

Weather—heavy monsoon for 4 months.
maXimum sun temperature 60° (!,
Materials
Bitumen 30/40, 60,70, 80/100, 180/200
penetration.
Filler—Limestone and basaltic stone dust.
Sand—~Coarse sand No. 1
Fine sand No. 2
Stone—Basalt as required.
This town is fortunate in that there is no lack of materials
and the problem is to find the most satisfactory combination,

The wide range of available materials enables 3]} types of
mixtures to be investigated.

6.2. Choice of Sand or Sand Combinations

The sands available have the following gradings

Sand No. 1 Sand No. 2
per cent per cent
Passing 7 100 100
» 14 72 99.2
. 25 51.2 97.6
" 52 30.7 76.3
’ 100 51 28.9
’ 200 0.7 23

In Fig. 5 these gradings are plotted and for compari
also shown (a) the Fuller curve for material passinpg r;solrl;eg}rle
together with (b) the Fuller curve corrected to give the sa.né
grading and omitting material passing the 200 mesh sjeve (¢)
the sand grading recommended by Clifford Richardson and (d)

B.S. 59041950 Iimits
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the grading limits for sand permitted by B. S. 594 (1930). The
following facts can be observed:

(1) Sand No. 2 lies very close to the Clifford Richardson
grading.

(2) The B.S. limits are based on the Clifford Richardson
grading although sands coarser than this grading are permitted.

(3) The Fuller curve for sands passing No. 7 mesh shows
that a much coarser sand than sand No. 2 would give a more
compact mixture.

(4) Sand No. 1 is finer than the grading indicated by the
Fuller curve except in material passing 100 mesh. 52 per cent
passes the 25 mesh sieve as compared with 38 per cent indicated
by the Fuller curve.

(5) The addition of Sand No. 2 to Sand No. 1 would not
improve its grading.

6.3. A decision has now to be made on whether to follow
Clifford Richardson and the British Standard or the more logical
Fuller curve. As evidence that opinions differ on this matter in
the United States, in Wig. 6 grading curves are plotted showing
the specified gradings for sheet asphalt in four of the States
These gradings include the filler, or material passing the 200
mesh sieve. It will be seen that the general tendency is to
specify a coarser sand than that allowed by the British Standard
except in the case of Michigan. In the circumstances the best
course 1s to prepare mixtures of the two sands available and
determine the characteristics of the combinations.

6.4, To determine the voids in the sands and their combina-
tions, mixtures were prepared using 8 parts by weight of 60/70

penetration bitumen to 100 parts of the sands. The following
combinations were used :

Sample No. Sand No. 1 Sand No. 2
A-l 100 Nil
A2 80 20
A-3 60 40
A-4 40 60
A-5 20 80
A-6 Nil 100

Samples compased of 1000 grm. of dry sand and 80 grm. of
bitumen were compacted at 300°F. using the standard Proctor

compacting apparatus, 25 blows being given on each side of
the 4} in. diameter sample.

AspHALT Pavine MixTurus
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)

Sand No. 1

Sand No, 2

Filler

Bitumon

Sample weight grm.
Weight in water
Volume - Cms?

QO N QTR NN -~

Specific gravity

o

100 gr. mix volume

10 100 gr. materials vol.
11 Air volume

12 Percentage air voids

13 Percontage weight of
bitumen
4 Percentage volume
of bitumen
15 Percentage voids in
aggrogate
6 Soaked sample “wt.
17 Weight in water
18 Absorbed water=A
19 Per cent absorbed
water

20 Loss of weight = vol.
21 100 gr, saturated vol,

22 100 gr, materials vol.
23 Air volume

24 Porcentage air voids

25 Percentage volume
of water

26 Swelling=§

27 Percentage swelling

28 Air displaced

29 Percentage water=
filled air voids

30 Stability

31 Resistance

1000

80
1038
482
356

1.87

53.6

42.1
11.5

215

7.4
134

34.9
1193
579
155
14.9
614

59.1

42.1
17.0

28.8
25.2
58
10.4
97
174

800
200

80
1056
469
587
1.80

55.6
42.1
13.5
24.3

74
128

37.1
1211
578
155
14.7
633

60.0

42.1
17.9

29.8

24.5
46
7.9

109

18.6

40.0
1222
562
153

14.4
660
61.9
4.1
19.8
32.0
23.2
37
5.9
118
18.6

400
600

80
1074
426

648
1.66

603

42.1
18.2

30.2

149
23.0

1062
383

679 |

1.57

64

42.1
21.9

34.2

7.4
11.1

45.3
1258
561
196

18.5
697
65.7

42.1

23.6
36.0

28.2
18
2.4 |

180 ;.
26.6

1000

80
1085
363

702
1.62

66

42.1
23.9

36.2 -

7.4
10.8

47.0
1263
552
198

18.6
711
66.8

42.1
24.7
36.9
27.8

11
18
187
26.6
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6.5. In Table 1 are shown the measurements and calcula-
tions made to arrive at the voids in the sand mixture. he
opportunity was taken of measuring the water absorption of the
mixtures and the amount of swelling that took place. The
results, which are plotted in Fig. 7, show that any addition of
Sand No. 2 to Sand No. 1 will result in an increase in voids ang
that more bitumen will be required to make a dense mixture with
Sand No. 2 than with Sand No. 1. The results do however show
that much mors swelling takes place with Sand No. 1 than with
Sand No. 2 and the amonnt varies with the proportions in which
the sands are mixed. In other respects Sand No 1 appears to be
satisfactory and the mixture design will be developed assuming
the use of this sand, care being taken that the swelling ig kept
within reasonable limits.

100, ] 7—100
Richardson /F
/A//// Wisconsin 80
Virginio
Michigan // v
;/ / / :
. v
s 7 60 £
e // A Alabama .
s / $
2 V. €
< 7 40 ¢
: - :
g o4 ¢
y
20) :/ 20
o o
200 140 10080 50 40 30 20 16 08 6 4

AS.T.M. sieve sizes
Fig 6. American sand-filler gradings

6.6. Filler

There is a choice of two fillers, a ]

imestone dust
stone dust. Their gradings and sp ust and a basaly

ecific gravities gre shown

below :
Limestone Basalt
Total passing No. 72 mesh 100 100
' ’s No. 200 |, 96.4 78.3
Specific gravity 2.70

2,92
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', Water apsorption

»\_:_L. 7. Swelling

e

7, water abdsorption & swelling

45

ZVoida in san¢!7

40

7. voids in sand

0

20 0%
SaendNeo) 100 80 60 40
SandNo2 O 20 40 60 80 100

e

Fig. 7. Voids in sand mixtures

A decision has to be made on which filler to use and in what
proportion. Reference has already ‘_been made to the dxiﬁcu_lty
of measuring voids but an indication of the effect of adding
increasing quantities of filler to sand can be obtained by measur-
ing compacted samples of sand, filler bitumen mixtures.

6.7. In Table 2 are shown the results of void tqsts made on
mixtures of Sand No. 1 and limestone ﬁll_er. .The .mitial. addi-
tion of filler appears to be the most effective in ﬁllmg voids but
it must be remembered that only from fully lubricated a.nd
thoroughly compacted mixture can the full effect of filler on voids
be judgeaq,
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TABLE 2

Asphalt Paving Mixture Design — Experimental

Series B.
; 1 { 2 < 3 ( 4 5

1. Sand No. 1 950 900 850 800 750
2, Filler limestone 50 100 150 200 250
3. Bi'bl_lm(m 60/70 penctra.

tion 90 90 90 90 90
4. Sample weight grm, 1072 1089 1058 1064 1060
5. Volume ems. 539 531 518 515 504
6. Vol. of 109 gr. mixture 54.80 54.2 53.5 52.8 51.8
7. Vol of 100 gr. sand and

filler 3745 37.42 37.4 37.37 37.35
8. Voidsinsand and filler  17.35 16.78 16.1 15,48 14.45
9. Percentage voids in

sand and filler 31.6 30.9 30.1 292 27.9

7. EXPERIMENTAL SERIES OF MIXTURES (SHEET

ASPHALT)

7.1. Series C

In Table 3 and Fig. 8 are shown the re
series of mixtures prepared with Sand No.
stone filler and increasing proportions of 60/70 penetration bitu-
men. 'Ihe first two increases in bitumen have little effect on the
voids in the aggregate. Sample C 4 shows g marked reduction in
a,ggrega,pe voids fmd in air voids. This ig reflected in the increase
in specific gravity and the reduction in water absorption ang
swelling. In C 5 the air voids have been reduced to 5 per cent
The water absorption and swelling are very high in the leaner
mixes and remain excessive even with the richest mix. The
stability and the resistance to deformation show little varia,fmn

w. These results appear to s
» DO mixture jn the

sults obtained from g
1, 10 per cent of lime.-
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TABLE 3
Asphalt Paving Mixture Design
Experimental Series C
1 2 3 4 5
8. g. ‘
; gg}i& No. 1 2.6g7 i Q00 { 900 { 900 800 !l)gg
3 Filler Limestone 270 | 100| 100 i(}g ;(2)8 100
5 Grbumon 80710 Pon: Le 1039) 1(1;7)(1) 1081 | 1093 | 1102
6 Woighs nwater 5o | 50 | a0 | a75 | ‘5%
7 Volugme — Cms? 5-6 5331 | 535| 641 515 | 516
5 1
8 Specific gravity Xl 2,01 2,01 | 2.08 2,12/ 2.13
7
9 100 gr. mix volume 5 % 100 49,8 | 49.8 | 48.6 | 47.2 Z’ig.
5 4 . .25
10 100 gr. materials volume 42-?9 42'3 43 5 4; Z 528
11  Air volume . 19—10 7.538, 1. 3. R '
12 Percentage air voids 9 X 100 | 16.1 | 14.0 | 10.7 4.8
ey e of
14 Percentage volume of | 13 x 100 6.1 | 177 | 108 | 22.0 | 23.7
bitumen 9 1.03 .
15 Pe;x;ceegr;zzge voids in ag~ 2414 a1z | 317 ?&g 121943 121842
16 Soaked sample weight llg(: Iégi 508 | ooy | 618
17 Weight in water ‘ill el T0s v 44
18 Absorbed water=A 16-5
19 Per;:gtage absorbed _l_; x 100 | 10.4| 1045 o. 4| 49! 40
w T _ e | N
20 Loss of weight=vol. 2 016--17 580 | 580 | 583 | 538 | 028
21 100 gr. saturated vol. 5 x 100 53.1 | 85.0 ) 54.0 | 49.2 48.3
22 100 gr. materials vol. =10 42.2::; 42.8 | 43.4 43.8 4:.7g
23 Air volume 21-22 12.85 12.2 | 10.6 5.4 .
24 Percentage air voids 31 % 100 232 222) 196 11,0 7.9
25 Ps:::::age volume of ;_?) < 100 | 18.0 | 19.0 1.4 905 83
26 Swelling==8 20 :;0-7 58| 54 44} 23| 12
27 Percentage swelling " % 100| 10,9 | 10.1 81] 45| 2.3 -
7 3 58 58 31 32
28  Air displaced 18-26 2 ‘
29 Pex.-cent_a.ge waterfilled 28 x 100 | 10.0 | 10.8 ‘ 10.7] 60| 6.2
30 s:;:‘,‘l’;lds 7 435 | 205 205 | 203 | 335
31 Resislt:a.gce 38.73 26.25, 37.50

26.25; 26.25

4
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7.2. Series D

i he
It has been described earlier how Macnaughton reduces t

bitumeill requirement in his sheet asphalt mixture by mmi)eia.s‘ing
the filler. The effect of such an increase is shown in TB eThe
Fig. 9 which show the test results obtained with Series D. he
filler has been increased to 20 per cent of l?he weight of aggrega °
with marked beneficial results. From a diagram such as thlsi’:ha:a !
engineer can choose a mixture suited to the traffic and }rveaé her
conditions to which the surfacing will be subjected. T];a tebi-
sion which must usually be made is on the extent to which s :uld
lity must be sacrificed to density. The mixture chostierl)).lvic;3 o
brobably be D 3 with 3.56 per cent of air voids a.ndTahs ab;tiu{mn
710, a figure very little below the maximum. fﬁe me
content on the total mix is 9.9 per cent. If the traffic was ul?i’
heavy and an appreciable amount qf further consohgaénon coD 0
be expected on the road, then a mixture half way egvgeenr o2
and D 3 could be chosen. This mixture WOul(?. cont:am 'Itpehould
of bitumen and would have 5 per cent of air voxdst.h ! D53 uld
also be noted for comparison with other mlxtuges a '
absorb 1.2 per cent of water and will swell by 0.2 per cent.

i ility tests on these
.3. Fig. 10 shows the results of the stabi _
mixt?;l?es. lTghese curves show very clearly that ge(?l)n'niﬁoig
commences at very low pressures: f?l:u&uivzg?hov; " 1(31 o
i ill be noted that four of the curves
?rlla:lt(l);é :rfdmin c?)mputing the resistance the higher value has

been taken.

. . ies E was pre-
4, there is a choice of two fillers, Series E 1

PareZl 4in x:}}fich basalt stone dust filler rep]ace}d lglile llulnes(ggrll;
filler used in Series D. The results are shown 1;;1 _ gd i Soriey
in one respect are the results similar to those o a.met in samnle
D. The air voids are reduced just below 5Epgrbcenonslideredpas
E 3 but from this aspect only could mixture i o e still ver
satisfactory.. The water absorption and sw:gglg al;aent ros ec):
high with this sample, being 4.5 per cent M(l)d bnepezl;xixture gnly
tively. The stability is low, being 400. ter absorption but.
might be considered ; E 4 has a geasopable water & stagle i the.
the voids are so low that the mix might be?mﬁ%cun'srhe bitumen
mixture is further consolidated under heavy tra: éd with 9.9 per
content of mixture E 4 is 10.7 per cent as °_°’l“pa‘rl' tone dust
cent for a very satisfactory mixture containing limes o Just
filler. Taken " by itself, tho greater bitumen roquirement of
stone dust filler would not eliminate this mater’ll‘z a'sea,l objection
cost might offset the extra cost of bltumelzp. h? 1}‘1 acoompany
is to the high water absorption and swelling whic hich might-
any slight reduction in bitumen content, reductions w g

inadvertently occur in full scale operations.
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TABLE 4
-
Asphalt Paving Mixture Design
Experimental Series D

f
i 1 2 } 3 4 5
\ o

1 Stone 8. g. .

2 Sand No. 1 2.67 . 800! 800 800 ) 800 | 800

3 Tiller Limestone 2770 , 200} 2001 200 200 200

4 Bitunen 6070 pon. o3 ' o0} 100| 120 20! 130

5 Samplo weight grm ( 1084 | 1070 | 1079 | 1082 | 1081

6 Weight in water , 048 | 5801 595 507 | 507

7 Volume - Clnsa 2—6 516 490 484 483 . 481

8 Specific gravity 5 2.06 2.18] 222 | 220 2.2

. 7 ‘

9 100 gr, mix volumo X100 | 485 | 458 | 45.0 | 450 ! 45.0
10 100 gr. materials volume 42.25/ 42.8 | 43.4 | 438 | 44,25
11 Air volume 11‘)-10 6.251 30| 1.8 L2 0.7
12 Por cent air voids g X100 | 129 655 3.6 2.67i 1.67
13 Per cent weight of 1’

bitumen 825 9.1 9.9 | 10,7 11.5
14 Per coent volume of 13, 100
bitumen 9% 1oy | 165 193] 214 231 | 248
15 Per cent voids in ;
aggregate ‘ 12114 29.4 | 23.85 24.96 25.77] 26.47
16 Soa_ked sample weight 1146 } 1103 | 1092 | 1001 | 1085
17 Waeight in water 600 ) 608 | 607! 605 ' goo
18 Abserbed water=—aA 16-5 82 33 13 9| ¢
18
19 Per cont absorbed water 5 %100 79) 31| 12| 083 o037
20 Loss of weight=vol. ) 016—17 546 | 495 ) 485 | 488 | 485
21 100 gr. saturated vol, 5 %100 514 | 46.2 | 450 | 45,0 43.0
'22 10'0 &r. materials vol. =10 42.25) 42,8 | 43.4 43.8 | 44.25
23  Air volume 21-22 9.15] 3.4 1.6 1.2 0.75
24 Per cent air void 23 100
ent air voids 21% 17.8 | 7.37) 3.58, 267 1l.g7
25 Yercent volumo of water %gx 160 150 | 667 268 1.8 o083
26 Swelling=$ 20-7 %! s 1 Lo
27 Por cent swelling 20-7 x100| 58| 102 02! o2 | 2
28 Air displaced 7 . . o M
3 s 18-2 52 g
29 Por cent waterfilled air 28 6 ° 2 12 8 3
%0 Stv::;f:fgt 7 X 100 10.1 87 2.5 1.65 0.62
ability 330 | 765 | 710 | 490 | 420
31 Resistance 51.5 85 60 | 32.5 2%

Asprant Paving Mixrurs
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Bitumen as %, of sand and tiller

Fig- 9,

)
! 2 3 4
S
3 ~
> 230 §
4 Specific gravity 2,20
» 220 — A
2 \ad
* 210 / 2105
- »
w 200
s 7.50
L 750
by Water absorption enog'
g 500 s
A L
[ \ L 50T
v 250 \ \ 3
.0, [Suelling — ======to
%030 )
o~ g
. Voids in aggregate /25 -é
’s }% / :
8 <
g» 51 air voids ‘4 :
- ] :’o ;
g 20 /JZ — 1
£ Volume of bitumen e
5 o
3 758
3 °° Stobility
Q ]
2 Resistance N 50
"3\500 \ i e
by e 25 ©
= 250 3
3 o B
0.0 1 12 13
9 to



167

AsPHALT PAvING MIXTURES

TavLor ox

166

18d u!

AVa0aB 0131 dadg Buijjamg awnjor Aq uawnyig ‘ UDINIIY
.2 o o 0 m o .N. N. .
N. a8 = w " w o) w v Qo w
“ o o /.. : 8= N W N o
T - Av r/ o
€ M
»
g € S
= o -
c > hd = .m /
o > o o v
- 0 > - x
w ® oy = | & - ° = =
w _/ e ° v
w > o ~9 E
o > -] - ™
a et 0 = -
w > . ﬂ W b
7/} -] v [ -
> s 5 S
-
. : i s \ s
Z o= = o
w S S
u L
a 4
| ] |
- o
O 0 0 o0 0 0o 9 o " o w O 90 o
| M N - 0 O wun - v w
N o ~ N .mw ~ w o ©O N ~ ~ w ~
x.;ofu J14192dg  uondiosqo ;u.oﬁd\o 230624660 us uv.o>N _aa?\ Lyirqors
01 “Big o
1%. YU &o:ue.oto &
QozZ (11} o9l orl Ty OOﬁ.. 080 090" [e] 422 ozt 000
ﬁ go
oor . \\W\\ |
002 \ \\\ \
008§ \\\\x \ 7 OOE
oor \ \ \ \
3 \\ >
4 Q'se [oT4 2
QoS sTE [o].3 2% 4
0S99 §9L T
o /] SLS 18d O¢§
\ 25uDy\s 182y AyiIqDAS
\ P OE1-06 "vad OL/O9 udwnIlg
0oL e le Yo Y4 ayoysauy 13)t4
£0 \ .
\ ong IoN  Puos
Za o]
[e]e) -]  $31435 IVANINI¥IdX3

Fio. 11.

Bitumen as Z“,of sand and tiller

Angomg



168 TAYLOR ON

7.5 Series F

Having decided on the sand and the filler to be used in the
sand sheet asphalt mixture, we have to confirm that the bitumen
penetration of 60/70 is gatisfactory. Series F mixtures ave
exactly the same as Series D except that 30/40 penetration
bitumen has been used. The test results are given in Table 5
and are plotted in Fig. 12. The stability test curves are shown
in Fig. 13. If Fig. 12 is compared with Fig. 9 it will be seen
t}}at there are few pronounced differences between the two
diagrams. The exceptions are that swelling and water absorp-
tion in the leaner mixtures are reduced when the 30/40 grade of
bitumen is used and that the stability and resistance to defor-
mation are better maintained in the richer mixtures of F series.

7.6. A comparison of Figs. 10 and 13 reveals that there is
considerably less variation of stability values with bitumen
content in the case of F series and that mixtures F 3, F 4 and
F 5 were not broken during the stability test. Althoug}’x mixture
D 3 gave a higher stability than F 3, the F 3 sample remained
gnbr(;)k.enbaifte;' 1;ht;1 telit. Before a final decision is made, it will

e advisable to check series F mixt iector
greater compactive effort. ures when subjected to a

7.7. Series F. B.

The mixtures in Series F.B are identi i i
Series F but instead of 25 blows of the Proctt(;:atlagll)g; ?')}(;Ols)f s
were given to each side of the sample. The test r(;sult ot
shown in Fig. 14._ The effects of the increased compactiv sﬂar:
are .(a:) a red}mtlon of swelling and a pronounced inc o090 1
stability and in resistance to deformation in the leaner l;qa.:e o8
{b) a‘reductlon in voids in the aggregate. It will be se n :l:ez
the _1n_crea,sed compactive effort has little effect on th enh "
cteristics of the mixtures at the rich end of the range ° char

78. C iti . ’
availible omposition of Sand Sheet Asphalt using Materials

A sand sheet asphalt for general use i
rials available should have the following (I:);g?:;sei(:igrit'h the mate-

Per cent
St?nd No. 1 80 parts 72.1
Limestone filler 20 18-0
30/40 penetration .
bitumen 11 9.9
, m 100,0
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TABLE b
Asphalt Paving Mixture Design
Experimental Series F
1 2 3 4 5
R .
1 Stone 8. g.
2 Sand No. 1 2.67 800| 800! 800 800 | $S00
3 Filler Limestone 2.70 200 200| 200| 200| 200
4 Bitumon 30/40 pen. 1.03 90| 1oo| 110| 120! 130
5 Sample weight grm 1061 1067 1089 | 1088 | 1099
6 Weight in water 566 582 599 603! 604
7 Volume-Cms® 55—6 495| 485| 490 | 485 495
8 Specific gravity 7 2.15| 2.20| 2.22| 224 2.22
7
9 100 gr. mix volume g X100 |465 |45.5 |45.0 |44.7 |45.0
10 100 gr. materials vol. 49.95142.8 |43.4 | 438 |44.25
11 Air volume . l9—10 495] 27 | 1.6 | 0.9 | 0.75
12 Percentage air voids g X 100 | 0.13| 5.95| 3.55| 2.02) 1.67
13 P jght of
%rlct?::xtlzﬁe vele 825| 9.1 | 9.9 |10.7 115
14 Percentage volume of | 13 100 ,7051194 214 |233 | 249
bitumen 9 *1.03
15 Percentage voids inag-
gregate 12 + 14 |26.40{25.35 | 24.95 | 25.32 26.57
16 Soaked Sawnple weight 1104 | 1000 1100 | 1004 | 1104
17 Weight in water 6ol| 60o| 603| 606 607
118 Absorbed water = A 16-5 43 23 11 6 b
9 P t bsorbed
:vr:::x' 580 aborbe 1;—; x100 | 405! 2.16| 1.0 | 035 045
20 Loss of weight = vol. 16-17 503| 490 497 | 488 407
2 -
21 100 gr. saturated vol. —59 % 100 |47.5 |46.0 |45.6 1450 |45.2
22 100 gr. materials vol. =10 |42.95|42.8 |43.4 |43.8 {44.25
23 Air volume 21-22 595] 3.2 | 2.2 | L2 | 095
23 |
24 Percentage air voids 57 X100 [1L0 | 695 438 |27 | 21
25 Porcentage volume of | 18 a B
water 20 X100 | 8.8 | 47 | 22 | 123 L0
26 Swelling==58 0270—7 8 5 71 3 2
27 Percentage swelling ——7‘ x 100| 1.6 | L03| 1.4 0.6 | 04
%89 %ir displaced ] ‘818-26 35| 18 4 3 3
orcentage waterfilled air 37— %100 | 7.1 | 3.71] 0.847 0.61| 08
30 Stability 640| 840| 630 585 505
31 Resistance 57.5 75 4Oi 40 30

6
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EXPERIMENTAL SERIES FB
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At bus stops or places where high stability is required, the
bitumen could be reduced so that the mixture would correspond
to one half way between F 2and F 3. The composition would

then be :

Per cent
Sand No. 1 80 parts 72.4
Limestone filler 20 ,, 18.1
30/40) penetration
bitumen 10.5 ,, 9.5
110.5 100.0

8. EXPERIMENTAL SERIES OF MIXTURES
(STONE FILLED SHEET ASPHALT)

8.1. Series H.

Although the mixtures already designed are very satisfactory
as engineering materials, an engineer must be assured before
employing them that they are also economical and could not
be effectively replaced by cheaper mixtures. Reference has
been made to stone-filled asphalts in which the stone forms no
part of the internal structure of the mix and acts as a displacer.
Series H is exactly the same as Series I, except that 250 grms. of
# in. stone have been added to the 800 grms. of Sand No. 1 and
200 grms. of limestone filler. The bitumen remains the same as
in Series F. The test results are given in Table 6 and are
plotted in Fig. 15. The diagram shows very clearly that these
mixtures are difficult to compact. The voids are extremely high
and in consequence the water absorption and swelling are high
and the stability is low. Adequate compaction may be obtained
by increasing the compactive effort or reducing the viscosity of
the binder. The marked effect of increasing the compactive
effort in the case of Series F' has already been seen. S

8.2. Series H.B.

In Series H. B the compactive effort has been increased by
applying 50 blows of the tamper on each side of the sample. The
test results are shown in Fig. 16. The diagram is now of normal
form and shows a pronounced reduction in voids in the aggre-
gate following the introduction of the stone. ' The most interes-
ting change is the increase in stability and resistance to deforma-
tion. Whilst the stability results are almost identical with
those of Series F. B., the resistance to deformation reaches very
high values, Mixture H. B, is therefore satisfactory if properly
compacted and further tests showed that compaction was
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TaBLE 6
EXPERIMENTAL SERIES H s
. . 4
Asphalt Paving Mixture Design ] 2 3
. . >
Experimental Series H > 230 2.30'2
] ' s 7 : &
| ‘ L, r s g |, 2 _ Specitic_gravity 2.20°
—_— i & 220 v4 p— 2
— — e — (5] / oy pre
s @ | £, S 107
1 Stone passing 3/4 in. 2.88 P20 250 250 | 950 250 v < ':
2 Sand No. 1 =671 800 800 | 800 | 80p w00 a
3 Filler Limestone 270012001 200 200 | 900 200 ¢ 200 ¢
4 Bitumen 3()/40 pen. 1.03 190 100 110 120 . 130 ’
5 Sample weight grm. (10113 1007 1006 | 939 10p0 < 750
6 Weight in water | 537.31 530 za» 546 561 8 750 .
7 Volu'me——Cm's 55—6 { 4714 477 464 | 453 | 439 § | \(Watcr absorption 5002
8 Specific gravity ” 2.18 211 2.8 2.20 2,28 E 5.00 Iy %
9 100 gr. mix volume —57- x 100 46.9 474 462 | 455 43.8 o 250 P —— 9505
10 100 gr. materials volume 40.9 , 41 ‘ ! . .,. : q "_-:,>\ \i
11 Air volume 9-10 6.0 46lei 4;; 43'; 4f)'§ S5 Swelling B qo #°
. . 11 ) ’ ' N
12 Per cent air voids 9 X100 | 128 19,9 0.75 685 2.0 gi 30 E
13 Per cent weight of bitu- | : ° 2
or ce 6 4 . ) / "o
14 Per cent volume of bitu- 13 100 ! i o1 8'70{ 9.4 Voids in aggregate \J& as >
men 9 Xloz| 1391152 17.0 | 1875 9965 25 -y
15 Per cent voids in aggre- \ : ‘ v e
gate ) 12+14 | 267 | 28.1 | 26.75 25.60, 2 ° v
16 Soaked sample weight 1069.8: 1064.4, 1046.4 1332 ‘10?'59(15 & 5°/ air voids E
17 Weight in water 585 | 574 5797 579 5759 s ° ] -
18 Absorbed water=A e 5 1985 514 404 | gy P[22 o _/{/ 20 =
18 | ’ ! ' o 20
19 Per cent absorbed water & X100 58 ;4 . 40 33 136 : Volume of bitumen -9
20 Loss of weight = volume ;g— 17 4848 4004 466.7 | 453 4404 -
21 100 gr. saturated volume 5 x100 48 | 48.7 | 46.5 45.4 | 449 -; k 1s
22 100 gr. materials volume =10 40.9 | 41.3 | 41.7 | 421 | 425 \g ISt —
23 Air volume 2;—22 710 74 48| 33| 13 o / »
. . 2 i '
24 Por cent air voids 317 X 100 | 148 | 15.2] 106 7.3 3.4 - 750
18 : - R f
25 Per cent volume of water 20 % 100 12.1 ‘ 11.7 8.7 7.3 3.5 ) : soo F’—-'-_——\i:\\ S!ab“!iL\ O s
26 Swolling=$ 10 20-7 1o.sJ B4l 27| - | 4, s S 5
. 0-7 ' > . " 25 <«
y z 1 - B
;: Per cent swelling ZS X100 | o3 | 281 0.6 0.3 = 250 Resistance -s
Air displaced -26 | 477 f 44.0 | 37.7 3 - 3
29  Per cent waterfilled air 28 x 100 33 ‘ 14.2 2 o ° «
voids =5 1.0 92} g7/ 54 Y w i 12 13
30 Stability 576 | 566 | 300 | 340 510 9 1o o
31 Resistance 65 65 30 30 ,‘ 45 Bitumen as L of sand and tiller

Fig. 15,
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EXPERIMENTAL SERIES HB
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improved by substituting 60/70 penetration bitumen for the
30,40 bitumen used in Series H.
8.3. Composition of stone filled sheet asphalt

The composition of the stone filled sheet asphalt should
therefore be the following:

Per cent Per cent
3/4 in. stone 25 18.4
Sand No. 1 80 58.8
Limestone filler 20 14.7
60,70 penetration bitumen 11 ——s-l
136 100.0

9. ASPHALTIG CONCRETE

9.1. Tt has been shown that the optimum biﬁumen content
of an asphalt mixture can be reduced by adding stone as a
displacer in sand sheet asphalt. If the stone is graded and
combined with sand and filler so that the_ aggregate has a grfa.dmg
approximating to the Fuller ourve applicable to the maximum
stone size used, the optimum bitumen content for that g;admg
can become as low as 4.5 per cent by ?velght of the mixture.
Mixtures of this type, known as asphaltic 'concrete, are being
laid all over the world in very large quantities.

9.2. Aggregate Grading

There are many different opinions on the gra:dmg whlc_h
gshould be a.dopted} for the aggregate to be .used in asphaltic
concrete. In Fig. 17 are shown gr?.dmgs specified by the States
of Michigan and Alabamé. A typical Fuller curve 1s shown for
comparison, Tt will be seen, a8 was also noticed in thg case of
sand gradings for sheeb asphalt, that the Algbama grading tends
to follow the Fuller curve except that the proportion of sand to
stone is greater than that indiga.ted by the Fuller curve. The
Michigan gradings are unususal in that aggregate passing 10 mesh
and retainod on 40 mesh (A. 8. T. M. sieves) 13 omitted. It was
shown in Fig. 6 that the sand used in Michigan for sheet asphalt
approximated to the Richardson grading and therefore had only
a small percentage retained on the 40 mesh sieve. The combina-
tion of this sand with crushed gtone will result in a grading
curve as shown for Michigan. Tl_le omission of material inter-
mediate between sand and stone 18 thought by many engineers
to render the mixture less harsh and to assist compaction,

6
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9.3, Gradings for Experimental Work

The gradings of the sands available have already been given.
The type of asphaltic concrete having the most general applica-
tion is one laid from.1} in. to 2 in. thick and having an
aggregate passing 3/4 in. mesh. A crusher run stone is available

having the following grading:

Per cent
Passing 3/4 in. 100

., 3/8 in. . 8L7
. 3/16 in. 31.5
' No. 7 B. S. sieve 14.7
' No. 14 ,, " 8.3
. No. 25 ,, " 5.4
. No. 52 . 4.1
. No. 100 ,, ' 3.1

No. 200 ,, . 2.2

‘9.4, A problem which immediately arises is how to deter-
mine the proportions in which available materials of known
gradings should be mixed so that the combined grading approaches’
as nearly as possible to the desired grading. This is & problem
also met in soil mechanics and in concrete designing and the
method of Rothfuchs is frequently used for its solution. Full
descriptions of this method are readily available! but, briefly, the
method involves the use of a scale of sieve sizes such that the
desired cumulative curve plots as a straight line. To this scale
the cumulative gradings of the available materials are plotted and
for the curves thus found are substituted straight lines such that
the areas between the curve and the straight line are balanced.
When the opposite ends of these straight lines are joined together,
the proportions required of the available materials can be read
off from the intersections of the joining lines with the straight
line representing the desired grading.

9.5, Gradings for Binder Courses

It is generally agreed that an asphaltic concrete mixture
which has a grading approaching closely to the Fuller curve is
somewhat harsh and, although such mixtures are very dense, they
may show, in view of the very low optimum bitumen content, a
tendency to unravel under traffic. Such mixtures are neverthe-
less frequently used as binder courses under sheet asphalt and
stone filled sheet asphalt or as a regulating course under asphaltic
concrete. The method of Rothfuchs is used to determine the
proportions of the available materials which would be required
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50 give an aggregate grading approximating to that indicated by 6uissod 26DJUI a3y
the Fuller curve. e 09 © Q8 @ 2 2 2 9o o
@« ~
The best combinations are Per cent Per cent i} °c e KA
3/4 in. stone 76 82 2 . o~ 2/
Sand No. 1 16 — 112 z
Sand No. 2 — 10 - E 1
Limestone filler 8 8 D » yie -
— = AR -
100 100 ANRNE an ]
2RSS .
: ) : . \ — = 8/€
9.6. Gradings for Asphaltic Concrete Wearing Courses 8 N £ ]
S = [+
For a city with a heavy rainfall, it is advisable to avoid in \'b,\\ - "1;
wearing course mixtures gradings which have very low optimum I y -
bitume%l contents. A grading has recently been suggested for . \ D \ o —91/€ { g
use in India® and the possiblity of adopting it will therefore be 3ne 17 N ‘\’ . \ ° &
examined. The grading is as follows ; 2 \ \\ \ ; E
N
Mean value 7 2 N\ X L &
Per cent Per cent 3 NN 4
Passing 1 in. 100 100 10 = \ \‘\ 5
P N ]
. 3/4 in. 90-100 95 14 x =} v
., 1/2 in. 75-90 82.5 \< t\‘\ c 3
. 3/8 in. 62-83 725 & ¢ &
” 3/16 in. 44-62 53 20 \\'-f\'\ - sz 4 o
A Y ol
. No. 7B.S sieve 35.50 40.25 30 \% AWV ~
T 35.5 iy S &
9 _ 4 b A -4
.  No. 25 24-36 30 ° hOLY WA B
» No. 52 18-30 24 50 ¥
»  No. 100 , 12-24 18 " \\
” No. 200 |, s 4-12 8 8o \ : 00!
9.7.  The grading curve is plotted in Fig. 18. The flattening
of the curve between sieve sizes No. 52 and No. 7 indicates that 140
a fine sand would be required if the mean values of the range are boz -
to be obtained. Sand No. 2 could therefors with advantage be 200 o o0 O O
used. Although the mean values of the sand range could not be 8§ 2 8 B & & <« =~ .
obtained with Sand No. 1, this well graded sand could be used to s - 6oluad2g w
give a mixture within the specified range and for the purpose of b 6urssod 2601 2
making a determination of the aggregate proportion by the v
Rothfuchs method, the points on the curve representing material <
Passing the No. 14 and the No. 200 sieves

may be joined by a
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straight line.  The mean values for the sand filler range then

become

Por cent

Passing No. 7 B. S. seive 40.25

. No. 14 . v 35.5

. No. 23 " . 27.5

. No. 52 ' » 21.0

. No. 100 " 14.0

" No. 200 ,, ” 8.0

9.8.  Proportions of Available Aggregates

[n Fig. 19 is shown the application ¢f the Rothfuchs method

to the materials available. The following proportions arc
indicated :
Per cent Per cent,
3/4 in. crusher run stone 66 71
Sand No. 1 26 —
Sand No. 2 —_ 929
Limestone filler 9 7
100 100

The combined aggregate grading
are shown in Table 7 and the gr
Fig. 18.  Either of these gradings w
and it only remains to try expe
employing these aggregates.

8 given by thege Proportions
ading curves are plotted in
ould satisfy the specification
rimental series of mixtures

10. ASPHALTIC CONCRETE EXPERIMENTAL MIXTURES

10.1. The materials used in
dered were the stone, the two sand

the proportions already ascertained together with 60,70
penetration bitumen. The quantity of bitumen used wag much

less than that required in the sheet asphalt and stone filled
sheet asphalt series of mixtures, The

the mixtures now to be congi-
8 and limestone filler, mixed in

series tested were the
following.
Series  3/4in. Sand No.1 Sand No, 2 Limestone 60,70 penc,
Stone Filler bitumen
J 820 gm. 100 gm. 80 gm, 41-69 gm,
K 660 ,, 260 gm. 80, 48-76 ,
L 710 ,, 220 70

3] 48"76

bR}
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Asphaltic concrete gradings.
Grading with Sand No. 1

| 1 in. stone | Sand No. } ; Filler Combined | Mean
Passing 3/4 in. 100 66 100 95
»  3/8in. | 617 407 4.7 72.5
» 3/16in. | 315 20.8 54.8 53
»»  No. 7 [ 147 9.7 | 100 96 43.7 40.25
’s No. 14 83 5.5 72 18.7 32.2 35.5
5 No.23 | 54 36 (512 13.4 25.0 27.5
»»  No.a2 | 41 27 307 80 18.7 21.0
» No. 100 31 20| 51 1.3 | 100 g 1.3 14.0
o No.200f 22 14 | 07 02 | 964 77 9.3 8.0
Grading with Sand No. 2
£ in. stone | Sand No, 2 Filler Combined | Mean
Passing 3/4 in. 100 71 : \§.IOO\95*
s 3/8in. | 617 43.7 ! 72.7 72.5
,»  3/16in. | 315 224 ! 51.4 53
.  No. 7 | 147 104 39.4 40.25
»  No.l4 | 83 59| 100 20 J 34.9 35.5
» No.23 | 54 38991 21.8 ‘ 32,6 30
,» No.32 4.1 29 799 176 | 27.5 24
5 No.100| 31 22 319 70| 100 7 16.9 18
»» No.200| 22 16| 33 07 l’ 96.4 6.7 9 8
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10.2.  Series ) & )B

The aggregate grading used for this series approximates
closely to that of the Fuller curve for aggregate passing the 3/4 in.
sieve. Sand No. 2 had not been used in the mixtures so far
studied as the voids in this sand are high. In view of the small
quantity required in this mixture, its use can be considered and
its behaviour in the tests observed.

10.3. The results of the tests are plotted in Fig. 20. Two
degrees of compactive effort were employed in order to assess the
effects of additional compaction on the road. Series J was
compacted using 25 blows of the standard tamper on each side of
the sample while in Series JB, 50 blows on each side were used.
In Series J, 5 per cent of air voids were obtained with 5.4 parts by
weight of bitumen to 100 parts of aggregate, while in Series JB this
degree of compaction could be obtained with 4.4 parts of bitumen.
An examination of the Stability and Resistance curves shows that
the additional compactive effort has the following results.

Lean mixtures — Stability and resistance increased
reduced

unchanged.

v
Normal ’y — s IR)
Rlch 'y — T} 1

Whilst a mixture of this grading having a bitumen content
of about 5.5 per cent of the aggregate weight would be suitable for
use as a binder, the reduction in stability following the additional
compaction under traffic would render it unsuitable as a wearing

surface.

10.4. Series K & KB

In Series K, Sand No. 2 is replaced by Sand No. 1 and the
proportions have been calculated to give an aggregate grading
recommended for an asphaltic concrete wearing surface. In
Fig. 21 the test results on Series K and on Series KB, prepared
with additional compactive effort, have been plotted. The bitumen
range was changed from 4.1 - 6.9 parts per 100 to 4.8-7.6 parts
per 100 as it was thought that the increase in sand content over
that used in Series J would necessitate the use of additional
bitumen. The plotted results show that, with standard compac-
tive effort, the aggregate voids are reduced to & minimum of 16.5
per cent both in Series J and Series K but that, while in Series J
6.2 parts of bitumen are required to obtain this minimum, in the
case of Series K only 5.5 parts per 100 are required. The
superiority of Sand No. 1 is thus again demonstrated.

10.5. The values of stability and resistance to deformation
are satisfactory and it will be seen that traffic compaction will
result in no decrease in their values, A mixture having a

7
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EXPERIMENTAL SERIES J & JUB
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bitumen content of from 5.5 to 6.2 parts per
very satisfactory results.

10.6. Series L & LB

In Series L, Sand No. 2 is again used and the test results
with standard and additional compactive effort arc shown in
Fig. 22, No satisfactory mixture can be obtained within the
bitumen range -employed, while the use of additional bitumen
would result in a further lowering of the stability. 5 per cent air
voids with standard compactive effort can be obtained by using
6.75 parts of bitumen per 100,

166 should give

11, WORKING CONTROLS

11.1. After a decision has been made on the aggregate
grading and the bitumen proportion, normal inspection methods
should ensure that the grading and proportions are maintained.
If aggregates come from different sources of supply and have to
be blended, it may be essential to sereen the dried aggregate and
to specify the actual mixture in terms of weights to be delivered
from each bin fed from the screens. Tor the highest class of
work this is essential. In India it will usually be necessary for
the asphalt surfacing contractor to provide and run his own
quarry and crushing installation. In these circumstances it will
often be possible to blend the crushed stone and the sand before
they are dried and the neecessity of an expensive gradation
control and screening unit will be obviated.

11.2. 1t is often forgotten by inspecting staff that the
primary requirement is an asphalt mixture with certain charac-
teristics which may be specified while the exact composition is
a secondary consideration. Compliance with the specification
can and must be checked by rapid physical tests. Analysis of
the mixture as a check on compliance with the specified
proportions must also be carried out but unless a laboratory is
available on the working site days may elapse before the results
are known, while even a site laboratory will require several
hours for a complete analysis. The physical characteristics
which are capable of rapid determination by the methods
described in this Paper are water absorption, swelling, specific
gravity, stability and resistance to deformation. All these
results can be given by a trained staff on the site within one hour
of the material being mixed, while the water absorption and
swelling results can be available in 30 minutes. These physical
tests are the real working controls which will ensure that the
mixture will have the characteristics cssential to o sabisfactory
asphalt mixture,
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12. REVIEW OF RESULTS

12.1. The tests results quoted in this Paper give some
indication of the wealth of information which can be obtained
‘with comparatively simple apparatus. It may have come as s
surprise to some engineers that there could be so much variation
in the characteristics of a mixture of bitumen and aggregate. It
has been shown that mixtures may have almost identical gradings
and bitumen contents with entirely different physical characteris-
tics ; it has been shown that specification in terms of composi-
tion is not enough and that no mere formula will ensure a
satisfactory mixture.

12.2. The information obtained from the test results may
be summarised as follows:

(a) Water absorption.

Water absorption should be low especially if accompanied by
swelling.

(b) Swelling.

Swelling is dangerous as it opens up the pores in the mixture
and thereby increases the water absorption.

(¢) Voids.

Righ and low limits are normally set for air voids. From
2—>5 per cent is a reasonable range if the standard compaction
described is used but samples should be checked for stability
when prepared with additional compactive effort.

(d) Stability.

Stability may be high when the air voids are over 5 per cent
and such mixtures may have to be used at Places subjected to
very heavy loads. An alternative is to use g hard bitumen at these
locations. When the air voids in a mixture are low the stability
is a function of the viscosity of the filler bitumen mixture,

(e) Stone.

Stone may be used for cheapening sheet asphalt but care
must be ta_ken to give adequate compaction or water absorption
may be high. Stone used in an asphaltic concrete should

be graded for density to achieve maximum economy in
bitumen.

Fig. 23.
Taylor Stability Testing Machine.

Fig. 24,

Stability Test Samples.



AspuarT Paving MIXTURES 193

(f) Sand.

The restrictions placed by many specifications on sand
grading to ensure a fine sand similar to that used by Clifford
Richardson appear to be unnecessary. More dense and more
economical mixtures can be prepared from a coarser, graded
sand. Some sands may cause swelling. Although experimental
results are not quoted here, it should be recorded that the swelling
caused by Sand No. 1 was due to humus in the sand.

(g) Bitumen.

The stability of a mixture having low voids is related to the
viscosity of the bitumen. The quantity of bitumen which can
be used in an asphalt mixture is determined by the voids in the
aggregate and has no relation to the surface area of the aggregate..
It has not been possible to deal with the question of the optimum
bitumen content for absorbent aggregates but it will be obvious
that the determinations made by the methods described will only
be true for freshly prepared mixtures. As bitumen becomes
absorbed by the aggregate, the apparent specific gravity will
remain unchanged but the air voids in the aggregate will increase
and the stability will probably increase.

(h) Filler.

Fillers should be chosen carefully as the stability of an
asphalt mixture having low voids is related to the viscosity of the
filler-bitumen mixture. Even an excellent filler may not have
beneficial results unless used in the correct proportion.

13, CONCLUSION

This Paper is intended to demonstrate that a certain amount
of care is required in specifying asphalt mixtures if bitumen,
which is now an indigenous product, is to be used successfully
and economically. Trial and error may yield results but once
hot mixed asphalt in India is acospted as & permanent surfacing,
the quantities laid will be so great that any errors in mixture
design will be financially disastrous and it is now that the
foundations must be laid for a logical and scientific approach to
the subject of specifying the asphaltic mixtures which will in the
near future be carrying traffic throughout India,
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E & SYNOPSIS

; River Hindan lies between Delhi and Ghaziabdd .on a very important’
route connecting Delhi with Uttar Pradesh. The old bridge was a steel girder

< bridge 14 feet wide. It has been replaced by & prestressed "concrete super- .

structure 24 feet wide over the existing piers which were already wide enough,

Froyssinet type of prestressing has been used.
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_ The bridge has 5 spans 82 feet clear. Tho new superstrueture consists of
3 simply supported prestressed concreie T-beams which were precast and
launched. The existing steel girders were made use of for launching, The
deé;k slab and cross beams were cast-in-situ and were transversely préstres-
sed.

The Paper describes in detail the precasting of beams their i
and launching into spans. The design of th% mix and the ep;;:?;g?::;%
conducted in the field have been described, The outline of the design of the
bridge has been given, The load test carried out in one span has also been
described giving the observations recorded and inferences drawn,

i. INTRODUCTION '
1.1. General

1.1.1.  The Hindan Bridge lies in mile 11 of National High-
way No. 24 between Delhi and Ghaziabad, in which length the
highway is common with Delhi—Meerut Road and the Grand
Trunk Road. 1t is, therefore, a very important bridge servin
three main routes and carries s very heavy slow as well ag fas%
traffic. According to a recent traffic census the average number
of vehicles crossing the bridge daily were 984 trucks and buses
384 cars, 178 carts and thelas and 167 tongas, ekkas and rickshaws.
The average intensity of traffic on the bridge works out to 6244
tons per day, comprising of 5859 tons of automobile traffic and
385 tons of slow moving animal drawn vehicles,

1.1.2. The river Hindan takes off in Saharan istri
and flowing through Muzaffarnagar and Meerut districlt?,:x1 lx‘ngelt?: I;slli}:
Yamuna in Bulandshahr district. This bridge lies about 16 mil
upstream of the confluence of the river with Yamuna. The I des
Plan shows the position of the bridge. . neex

1.1.3. During dry weather the river carries very li
i 6l
of its own. But 6 furlong downstream of the site ofy tlllis %ggggr

1.2. The Old Bridge

1.2.1.  The old bridge was of through % e steel t i
over masonry.piers, having 5 spans 92gfee1}:7pcentre tzus;erg;ggeg;
piers. The width of roadway on the bridge was only 14 feet 6
inches which was inadequate for two-way trafic. Ag g result
vphicles from the other side had to wait while tra..ﬁ'ic from one
side passed over the bridge and occasjons were not rare when
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vehicles from both sides would enter the bridge and then
one side would have to back after quite long arguments. The need
to widen the bridge was, therefore, imperative to remove this
bottle-neck in the free movement of the traflic on this important
National Highway.

1.2.2. The masonry of the piers and abutment is in very
sound condition and the length available at their top was also
over 50 feet; hence it was decided to use the old substructure and
to change the superstructure only to widen the bridge.

1.2.3.  But this being a very old bridge no records existed of
the foundations, which were required to decide the type of new
superstructure. I.nvestiga.tion of foundations was, therefore
taken up. For this a pit approximately 10 feet diameter was
made by the side of the first pier on Ghaziabad side. The pit was
dug upto 8 feet below the bed level and at this dépth a 4 feet
tl}lck block kankar pitching floor was found. This was also
p}erced through and sinking below it was done with 21 feet
dxa.meter humfa pipe as ordinary execavation was not pozsible
This was carried upto 6 feet below the bottom of the kankar floor
and pucea work of the pier was met upto this level, while aft :
this depth_no pucca work was met. This led to t}’xe conclusi o
that the pier was resting on open foundations. The 4 feet thl'ml;
flooring exists throughout the length of the bridge and 11c
extends 15 feet beyond the nosing of the piers on the upstr:a.srg

side and about 25 feet on th i i
S ivon i Dl e downstream side. The boring chart

1.2.4. The details such as width .
however, could not be found out but i?g“leﬁleg“;ogf{ e{doundatlon,
the Increase in bearing pressure at the base due to ne out that
iﬂruct;ﬂe will not be. more than 20 per cent and so is cm‘;v sgp%r-
d e safety factor which may have been adopted for th ered by

esign of the bridge. or the original

1.3. New Bridge

1.3.1. The new brid
v bridge was to hav .
})etvlz?etr} curbs providing 2 lanes of trafﬁi 2&1%?5% 12)4 W vide
or National Highway Loading of 1. R, (. Bridge Codee dosigned

1.3.2. There were t . . .
could be sffected. viy . Wwo alternatives in which the widening

(a) Shifting the existin
fance of 24 fets beten. %steel trusses to have a clear dis-

strengthening, or hem and to carry out necessary

(b) replacing the old

N structur :
superstructure in reinforced " ompletely with a new

or prestressed concrete.

ConsTrRUCTION OF HINDAN BRIDGE 201

1.3.3. The alternative (a) was abandoned for the following
reasous :

(i) If this was adopted, the cross girders would have
to be replaced and lattice girders would have to be
strengthened necessitating changing most of its
members. It was estimated that all this would
require about 370 tons of new structural steel which
would be difficult to arrange in the present day
scarcity conditions.

(ii) The pieces of old stecl which would have been
rejected (about 96 tons) would be completely useless
and could only be sold as scrap iron.

(iii) The existing steel structure was quite old and it
was not considered desirable to reuse it on such an
important highway bridge carrying such heavy
traffic.

(iv) These old steel girders could, in case a new super-
structure was adopted for this bridge, be reused in
construction of small bridges on hill roads where
traffic is not so heavy and for which the department
was facing a lot of difficulty in arranging steel. It
is convenient to use steel bridges in hills due to the
problems of transport and erection of stagings.

(v) It was found thata concrete superstructure would
work out cheaper than alternative (a) specially
because old steel girders could be used elsewhere and
credit allowed for them to this estimate.

1.3.4. It was, therefore, decided to have & completely new
superstructure in concrete.

1.3.5. The main considerations in deciding whether rein-
forced concrete or prestressed concrete superstructure should be
used were cost and dead load of the structure. It was found
that a prestressed concrete superstructure was lighter and cheaper
and was, therefore, adopted.

2. DESIGN FEATURES

2.1. Main Dimensions

2.1.1. Ip,.the new superstructure each span consists of
three precast prestressed longitudinal T-beams resting on cast
steel bearings placed at a distance of 10 feet 6 inches centre to
centre. The length of the beams end to end is 91 feet 6 inches
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for central three spans and 93 feet 6 ;
6 inches for
%ﬁegtljgnziivﬁegl centres of bearings being 3 é};i Zn(iilslgﬁns’lthe
e length of }elamsbln end spans is 2 feet longer as the bea.r'es o
foo abutment ave been placed at the same position as th ings on
beel trusses. There is a gap of 2 inch ey were
consecutive beams. inches between two

the (féélf'slarﬁhe %‘;lpth of the beams is 5 feet 10 inches includi
coutral 53 feet. lengi}:v:,gd oératéhe Bea.ms is 6 inches thick in t!llxge
. ually increases to 12 i
g?i;e tTth Wg(}‘oh of the bottom flange is 1 foot% incl}rllecsh:?xgtt}ihe
: op is 5 feet. There are 6 cross beams in each ot
end ones being 10 inches wide and the rest 8 inches ¢ span, the

2.1.3. The deck slab consists .
of two port

gf t::he beatm and the other the ca,st-in.sigur ;?;15,70?:1 (fll:e ﬂar_lge

etween the flanges of two beams. These two es thick

together by cross-prestressing. parts are held

2.1.4. The roadway is 24 fe i '
aro 5 inches wide and)’g inche? l‘fllg%e cleTaﬂ-eb:;;wegn curbs which
inches thlck_ cement concrete. For the ra,i]iearmgY coat is 3§
standard design of R.C.C. railing for major b’:_‘rgd UCPPW.D,
adopted. It consists of 3 elliptical shaped hori ldges ha..s been
ported on vertical posts 5 feet 10 inches centre ?;f)li((;ﬁzal rails sup-
re.

2.1.5. A section of the superstructure is shown in Fig. 1

240"
<
. ———3y
7 Taicu siam " EA
RN
= - ﬁf Q Coar

nilepw
Fig. 1. Section of superstructure

2.1.6. The prestressing ca
7 mm. diameter high tensilge sggf ;ri?-el:
]sg);uixtgu?lrixd (lenca,sed ir} a steel tube. These are ten ;
lor 1?1 tud i:v}e)rg;tressmg, while for transverse pres ;?en‘}mber for
aumbers has inte(;?rn psed in each cross-beam and sSing, three
al is used in deck slab. one cable at

ade up' of 12 numbp
)
arranged round g hell'?cg{

2.2. Loads and Specifications

2.2.1. The structure has bee i

. e

lanes of class A or one lane of class nglr(l;(zii?g?ggx g"?;mfﬁc
Cilied by the

g
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whichever gives maximum stresses.

Indian Roads Congress,
Standard Code of Practice for

The design conforms to Indian
Plain and Reinforced Concrete (I.S. 456-1353), the Standard

Specifications and Code of Practice for Road Bridges in India,
Draft Criteria for Prestressed Concrete Bridges and Provisional
Specifications for Cast Steel Bearings issued by the Indian

Roads Congress.

2.3. Ultimate and Working Stresses

9.31. The following values of ultimate and working stresses
of various materials have been adopted in the design:

(a) Concrete

Average strength of 4 inch by 4

inch by 4 inch test cube after
. 5360 1b per sq. in.

28 days
Maximum permissible temporary

stress ... 1900 1b persq. in.
Maximum permissible working

stress . 1600 1b per sq. in.

Maximum permissible principal
tensile stress

Maximum permissible working ’
tensile stress ‘0

115 lb per sq. in.

(b) Steel

Ultimate strength according to
test certificates ... 2,27,000 l_b per.
8q. in.

2,05,000 Ib per

0.1 per cent proof stress 1
8q. in.

Maximum permissible temporary
stress at jacks .. 2,05,000 Ib per
8q. in.

Maximum permissible stress

before losses due to creep and
shrinkage 0.6 of 227000 ... 1,368,000 !b per
8q. in.

2.4. Deck Sfab
2.4.1. The deck slab is designed as continuous along the

supporting beams by drawing influence lines for haunched sec-
tions and calculating the maximum moments. It was found that

class AA tracked vehicle governs the design.
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2.4.2. The slab has been prestressed with cables consisting
of 12 number 7 mm. high tensile wires placed at intervals of 53
inches along the bridge. The cables are placed with their centre
of gravity 4,%; inches below the upper edge at centre line of
span and 3 inches below at the end of haunches.

2.4.3. The cross cables were stressed to 86,500 1b per cable.

2.4.4. The maximum and minimum stresses in concrete
work out as given in Table 1.

Tasre 1
Stresses in deck slab

Maximum stress| Minimum stress

Position in 1bs per sq. in 1bs per sq.
: inch. inch.
1. Mid-span -+ 454 + 22
2. Supports -4 321 +9
3. Ends of haunches:
(a) Positive moment -4- 462 -+ 14
(b) Negative moment 45 + 471

2.4.5. The mild steel reinforcement provided arbitrarily in
the deck slab consists of 3/8 in. diameter bars placed longitudi-
nally 6 inches centre to centre at the bottom throughout the slab
and 5 inches centre to centre at the top over cross beams. 3/8
in. diameter bars have been provided at the bottom in the
transverse direction also.

2.5. Main Beams

2.5.1. Beams as already stated have a T-section, the dimen-
sions of which in the centre of span are given in Fig. 2.

[wyrrat ~ugmt
EXTERIOR BEAM Cenrre Bram

Fig. 2.
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2.5.2. The total dead load bending moment for one beam
works out to 998 ft tons. For live load it was found that
class AA loading gives the maximum stresses in beams.

2.5.3. The distribution of live load to various beams has
been worked out assuming a linear distribution.

i speci i the most
2.5.4. According to I.R.C. standard spec'lﬁcatmn, ) ¢
eccentric position of the vehicle to be taken into consideration
for the design is the one given in Fig. 3.

w
&
¢
o.

%

'
) "~ U/
e B0t (e MEX-TW
i A5 AT

.

Fig. 3. Distribution of live load

i ici is 3 ft 3 in.
2.5.5. Maximum eccentricity of resultant of load is
The ratio length : width of the bridge and the dx.mensw'nslof .t}}g
beams allow the cross beams to be considered as indefinitely rigi

in comparison to the main beams.
2.5.6. In the case sketched above, the consequence of this is

that the left beam will carry the following portion of the live
load :

P 305x105, p _ (333P40.155P=0.488 P.
3 T 3% (10.5)

The load on other beams will be :

Central beam =0.333 P

Outer light beam =0.178 P

2.5.7. The live load bending moment for class AA tracked
vehicle works out to 772 feet tons.
2.5.8. Since the beams have been precast and then launched

they are subject to varying loads d}lring ea.({h stage of hand-
ling. They were tested for the following cases :

ing i ight, when it was
beam supporting its own weight,
(a) iﬁ;}l};ve?iafrompilt)s casting bed and taken to span.
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(b) TEach beam as at (a) plus all dead load when the cast-
in-situ slab, wearing coat and curb has been cast.

(¢} Each beam as at (h) plus full live load.

2.5.9. All beams were prestressed by means of ten cables
cach consisting of 12 wires of 7 mm. diameter., The sectional
area of cable is 0.72 sq. inches.

2.5.10. All cables were initially stressed to 136,000 1b per
sq. inch at the centre of the span. Due to friction the correspon-
ding stress at the anchoring blocks worked out to 171,000 1b
per sq. inch and allowing for slippage during locking the stress at
jacks would increase to 181,000 1b per sq. inch.

The losses due to creep in concrete and steel and shrinkage
in concrete would be 24,900 1b per sq. inch and effective prestress-

ing force at centre of beam would be 0.72 {13600-24900) = 82000 1b
per sq. inch.

9.5.11. The stresses at various stages of construction are
given in Table 2.

TasrLe 2

Stresses in beam

Upper edge Lower edge

Stage b per Ib per
- B 8q. in. 8q. in.
(i) Dead weight of beam + 550 — 1100
(ii) First prestress (without losses)
7 cables ~ 490 -+ 2830
(iii) Due to (i) & (ii) combined -+ 60 -+ 1730
(iv) First prestress (effective)
cables -~ 410 -+ 2365
(v} Due to (i) & (iv) combined +4 140 -+ 1265
(vi) Due to cast-in-situ concrete + 208 — 380
(vii) Due to (v) & (vi) combined 4 348 4 885
(viii) Due to wearing coat curb &
railing -+ 181 — 420
(ix) Due to first prestress & total
dead load (vii) 4 (viii) 4 529 - 465
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Upper edge |Lower edge
Stage Ib per Ib. per
sq. in. 8q. in.
(x)* Due to loss * in the 7 cables
previously prestressed due to 5
stressing of remaining 3 cables ... 4 19 - 103

(xi) Due to second prestress (3 _
cables) — 130 + Y03

(xii) Stress due to total prestress & 3
total dead load (ix)(x)4-(xi) ... -+ 418 -}~ 1285

(xiii) Due to live load -+ 560 — 1257
(xiv) Total stress due to all loads
(xii)4-(xiii) + 978 48

95.12. The values of maximum reaction at the bearings and
maximum shear force are given below:

Position
Maximum reaction at Value in
the bearings tons
(a) Due to live load—
(i) Vehicle placed symmetrically over the centre

beam-—for centre beam ' 44.4
(iiy Vehicles placed with maximum eccentricity— 209
for exterior beam .
(b) Dead load for all beams 46.6
Total load =44.4 - 46.6 91.0
Maximum shear force
(a) Due to live load— -
(i) Centre beam - vehicle placed symmetrically ... 40.6
(ii) Exterior beam . 29.4
(b) Dead load 45.2
85.6

Total shear (maximum for central beam)

is determined by the elastic deformation of cons

* The value of this Joss he losses due to the deferred deformation have

crete only, as the effect of t
already been taken into account,1
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2.5.13. The maximum shear stress occurs at the lower edge
of upper triangular haunches, where its value comes to 92 1b per
sa. inch, Combined with the compressive force due to prestress
the principal tensile stress works out to 28 Ib per sq. inch, At
the upper edge of lower triangular haunches these values are 50
1b per sq. inch and 6 1b per sq. inch respectively.

2.5 14. Mild steel reinforcement. There are 10 bars 1/4 inch
diameter and 4 bars 3/8 inch diameter longitudinally. Stirrups
3/8 inch diameter of different shapes to suit the section of beam
have been provided at 1 feet 8 inches centre to centre in t_he
central 33 feet length and 1 foot centre to centre in the remain-
ing length at the ends. The exterior beams have additional
stirrups 1/2 inch diameter 8 inches centre to centre throughout.
Stirrups have also been provided to reinforce the concrete around
the prestressing cones.

2.6. Cross Beams

2.6.1. The main eflect of cross beams is to distribute the
live load linearly between the main beams.

2.6.2. The cross beams are of T-section with width of flange
8 inches, depth of flange 7 inches and a height of 62 inches. The
thickness of web is 8 inches for all beams except those at the
ends for which it is 10 inches.

2.6.3. Two cables, similar to deck slab, have been provided
in the web of cross beams.

2.6.4. The mild steel reinforcement in cross beams consists
of 6 numbers 3/8 inch diameter bars and 3/8 inch diameter
stirrups have been provided 12 inches apart.

2.7. End Blocks

2.7.1. The end blocks have been designed according to the
method outlined in “ Prestressed Concrete > by Y. Guyon.

2.8. Expansion Joints

Expansion joints of the type shown in Fig. 4 have been
provided in the deck slab at the piers and abutments. They consist
of 2 angles 4 inches by 3 inches by 3/8 inch anchored in con-
“crete by means of 3/4 inch bars welded to them at 18 inches
centre to centre.  On the top of the angles 38 inch plates have
been screwed with holes staggered 6 inches centre to centre. The

3 ) o 904
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Tig. 4. Expansion joint

> proj the other angie as shown in the
Jlate on one angle projects on to ! ] A
Il“igure while the plate on the other angle is shorter in width.

2.9. Bearings .
i i load o
.9.1. The bearings are designed for & maximum
tonszamd a minimum lc)gad of 45 tons. The horizontal fortcetfrcim
braking vehicle is 14 tons. The bearings are made of cast steel.

i i lates with transverse
2.9.2. Rocker bearings consist of two p 3
lugs in the middle, the bottom one having a curved face with 10
inches radius and the top one is plane.

9.9.3. The dimensions of the lower plate is 19§ inches by
21 inches and of upper plate is 17 inches by 18 inches.

2.9.4. The maximum intensity of stress between steel plate
and concrete is 735 b per sq. inch.

i i lates with a roller in
2.9.5. Roller bearings consist of two P ;
betweent.) Th(e)e 3pper pla.%e is 17 inches by 18 1n2elhe§ atx:ds 21:53
inches thick and the lower plate is 17 inches by 21 inches a

2 5/8 inches thick.
9.9.6. The roller faces have a diameter of 10 inches. To

gave steel the roller has not been made as a ggéilnder but has ver-
tical sides and is only 3 inches wide in the middle.

3. MATERIALS & MIX

3.1. Concrete —_
gates submit
3.1.1. The samples of coarse and fine aggrega
by t}felﬁrm we:esieslt)ed in the P.W.D. Research Labora,torgr. at
Lucknow and field tests were carried out to see that the grading

actually used conformed to the samples.
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9o
) ,}3'1'~' Coarse Aggr.egate. The coarse aggregate consisted of
crushed granite obtained from Delhi. Two sizes—nominal 34
inch and 3's inch were obtained. The physical properties of
the two sizes are given in Table 3. i

. 3.1.3.  Fine Aggl_'egates. The fine aggregates consisted of natu-
ral coarse sand obtained from Badarpur near Dellij.

perties are given in Table 3. Physical pro-
TasrLe 3
Physical properties of aggregates
| Coarse aggregate | )
| 2inch | 2% inch Fine
| 4size. gsize.  aggregate,
e [ per cent | per cent per cent
1. Sieve Analysis
Retained on 1% inch mesh sieve Nil Nil Nil
i ,, ” 4.1 Nil Nil
B s ’s ’ 6.4 35.08 Nil
KA »s ' 99.88 75.60 1
8 v »s 100.00 91.74 2.0
16 v . 100.00 98.64 17.2
30 . ’ 100.00 99.28 63.2
50 » . 100.00 90.60 93.6
100 . ' 100.00 99.61 98.0
Fineness modulus 7.0038 5.9955 2.725

3.2. Cement

3 < ) N
3.2.1. Cement used was ordinary portland cement.

3.3. Mix Used

3.3.1. The mix used for beams, slabs ete. w i
- ) . was designe
Pave & minimum strength of 5360 1b per sq. inch aftgslé’émdi tsO
The following mix was tested in the P.W. D, Laboratoryiand ghé
average strength of 4 inches by 4 inches by 4 inches labomtory
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cubes worked out to 5229 lb per sq. inch and 7250 Ib per sq.
inch after 7 and 28 days respectively.

3/4 inch aggregate—2.25 cu. ft.
3/8 inch aggregate—1.25 cu. ft.
Fine aggregate—1.25 cu. {t.
Cement—1 bag.
Water—4.5 gallons
W/C ratio—0.4 by weight.

This mix works out to approximately 1 :1 : 2.8 by volume.

3.4. High Tensile Steel

3.4.1. The high tensile steel was tested in the laboratory of
Roorkee University. The results were as follows :

TABLE 4

Results of tests on high tensile steel

Area of cross | Ultimate | Ultimate tensile

Sample | Diameter section in sq. | load in | strength in tons

|
No. |in inches. inches. | tons. per sq. inch.
1. 0.278 0.061 6.17 101.0
2. 0.279 0,0612 6.22 101.5
3. 0.279 0.0612 6.22 101.5

3.5. Mild Steel

All mild steel used had been tested in the laboratory of
Roorkee University and found to have a strength of over 27 tons
per sq. inch intension.

4, CONSTRUCTION OF BEAMS

4.1. General

4.1.1. All the beams were precast and prestressed before
launching in position. As the road embankment on both sides of
the bridge is very high, the precasting yard had to be on the road
and naturally much space was not available here. Four casting
beds were made on the road embankment and the steel yard was
on the guide bank, The assembling of the cables was done on the
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road side on a slightly lower level. The general arrangement of
casting yard has heen shown in Plate II. It will be seen that
more than 7 beams could not be stored in this yard at a time and

s0 launching schedule had to be so arranged that more than this
number never accumulated in the yard.

4.1.2.  Before the beams could he concreted the end blocks
had to he cast and cables assembled.

4.2. End Blocks

+.2.1.  End blocks 2 feet 8 inches long were cast separately.
The end blocks were heavily reinforced, the quantity of mild

steel used being 0.7 per cent by volume. A slightly richer mix
was used heing:

1:08:2.6 by volume, water cement ratio being 0.4 by
weight. '

4.2.2, Timber formwork was used for casting these hlocks.
The female cones of the Freyssinet anchorages were fixed
to the formwork to proper ineclination by means of screws
on their faces. G. I. pipes 1} in. diameter were provided
to make holes in the end blocks for cables. The arrange-
ment of fixing this cone is shown in Fig. 5. The junction of

pipe and cone was sealed with adhesive tape to make it water
tight to prevent the escape of mortar.

UBBER Disc

SCrRew
’/3/0”‘"‘

TURE H
SHEATHING
LAk__J FEMmarg Cone

Fig. 5. Fixing of female cone

4.2.3. At the bottom of the end blocks mould wag placed in
the frame work which had inserts for the bolts which fix the upper
Plate of the bearings to the beam. These frames were prepared
in advance with the help of a steel template obtained from the
Ordinance Factory, Muradnagar (who manufactured the bearings)
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so that the distance apart of the inserts be the same asGin the
bearings plate. The frame and inserts are shown in Fig. 6.

A \(\_____M«___M\A_AA..’-—
b BER S
o) &L 2
ey
LLevarron %

Fig. 6. Inserts for boaring

4.2.4. The mild steel reinforcement was first pl?.ced in
position keeping one side of the formwork open,k v(;hml;g vzﬁ:
closed after the reinforcement had been finally checked. 8
concrete near the female cones is su})jected to greater stresrsi‘filsé
spiral reinforcement is provided just in front of the cones.
mould was treated inside with mould oil.

i Il four sides of the
4.2.5. A timber platform was erected on a
mould but not touching it for use by the men thbwzuld np(i):;
concrete and handle the immersion vibrator. The vibrator eng
was also kept on this platform.

4.2.6. Three vibrators were used while concreting end blocks.
Two electric form vibrators were fixed on the tlml?er pl?ifform
supporting the mould on either side a.qd one xmmersmn'tvll1 :'latolxl{
was used from the top. The form vibrators were dsw1 che 3 ?;h
shortly after the concrete pouring was started and one 9{) (;
switched on and off as found necessary. The immersion v1kra or
was used continuously. During concreting the formwox}'1 : }:va_.g
carefully watched for any leaking joints in the timber which i 4
noticed were plugged with wet paper.

: i d before con-
4.2.7. The G.I. pipes which had been greased
creting were rota;ed (Ii)uring concreting and this rota'tmgﬂv;vas done
occasionally during the next 4 hours or so after which they were
taken out.

10
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4.2.8. The side forms were removed the next day usually
after about 18 to 24 hours and curing started by putting wet
gunny bags all round which were kept wet by sprinkling water.

4.2.9. The end blocks for the three beams were slightly
different from one another. In the centre heam end block no

anchorage cones were required for transverse cables as in the end
blocks for exterior beams.

4.2.10. The qguantity of concrete in one end block was
34 cu. ft. with 117 Ih of mild steel reinforcement. The weight of
one end block was 2.25 tons approximately.

4.3. Making of Freyssinet Cables

4.3.1. The cables consisted of 12 high tensile steel wires
7 mm. (0.61 inch) diamecter enclosed in a metal sheet tube. To
keep the wires in position a core helix of G. I, wire was provided
inside the cable. A section of the cable is shown in Fig. 7.

2 Mar SPRAL SRR (OXE
METRL SHEEr oo

2P 7arar (3/3{)

Fig. 7

4.32. The outer tube was made of a steel sheet, 15 cm.
wide and 0.3 mm. thick, which was imported in volls each
weighing about 55 kg (121 1b). The weight of the sheet was .35
kg. per meter (0.23 1b per feet). The tube was made by means of
& machine into which the sheet was fed at one end and pulled out
from the other. As it passed between a number of rollers it
was rolled into a tube 1% inches diameter with a water-tight joint.
The machine could be worked by an electric motor but at this
bridge it was operated manually by means of a crab winch.,

4.3.3. The inner core helix was made by spinning a close
spring of 26 mm. diameter out of a 14 gauge galvanised iron wire
and then stretching it to about 25 times its compressed length.

4.3.4. The wires, tube and the helix were cut to required
size. The tube was exactly cqual in length to the distance bet-
ween the holes of the end blocks measured along the final position
of the cable. The wires were kept 5 feet longer than the length

} . ‘ .
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of the cable in the beam to fix prestressing jack and the helix
also of the same length.

as lai table
4.8.3. To assemble a cable, the tube was ld:l'd on &
erected f)or the purpose. The 12 wires with the helix in between
were first passed through a metal plate which had holes drilled in
it and acted as guide and then pulled inside the tube by means
of a thin steel rope.

4.3.6. Before the cables were fixed in the mould for the
beams they were tested for leakage by passing water through
them to make sure that they were watertight. Any leakage
found was repaired by adhesive tape. Photo 1 shows such a repair

4.4. Shuttering of the Beams

4.4.1. Two concrete platforms 1 foot 8 inches wide, level at
the top and longer than the length of the beam were made to
form the casting bed of the beams. Across this platform wooden
ballies were placed at 2 feet intervals and to these were nailed 2
inches thick wooden planks which formed the bottom shuttering
of the beam. The bottom shuttering was removable in a length
of 4 feet near both ends to allow for the jackg to be placed when
lifting the beam. After the bottom shuttering had been fixed,
the end blocks were placed at the two ends, the distance betwqc(ain
them being accurately adjusted. Now ‘.ohe erection of onz Sfl c;
form was taken up. These forms were in units of about 4 fee
length and were made of timber planking with steel sheet fa.mzlhg.
Originally it was not intended to use any sheet facing bu(‘éast de
timber was not of good quality this ty_pe of f_a_cmg was adopted.
To handle these forms and place them in position a gantry was
used which moved on rail track laid on each side of the castxr}g
platform. This gantry was also used to place the end blocks in
position. (Photo 2.)

4.4.2. Rubber packing was placed in the joint. _between the
bottom form and tﬁe sideg formpto make it watertight. _After
the form had been placed on full one side the cables were }a.xd on
the bottom form and mild steel reinforcement was fixed in posi-
tion. To have required cover on mild steel reinforcement
circular concrete spacers as shown in Fig. 8 were used.

O oF Sax ¢ Twrca
JHE Coven.
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4.43. The cables were now arranged. Six cables which
passed through holes in the end blocks were first taken up. The
junction of the tube with the end block was made watertight by
means of adhesive tape. These cables were tied to the mild steel
reinforcement at the bottom in the length where they were to
run straight and hung between these points and the end blocks
in the form of a catenary. The four cables which were to project
out of the upper flange were also placed in position, their ends
being bound temporarily to the mild steel stirrups. Photo 3
shows the cables in position.

4.4.4. After the cables were finally fixed in position the
remaining mild steel reinforcement in the web end bottom flange
was placed and then the other side form was fixed.

4.4.5. Concrete spacers were provided between the shuttering
of the web and the two side forms were tightened together by
means of form clamps as shown in Fig. 9.

Ui

Fig. 9. Detail of form clamp

These clamps were fixed to 3/8 inch diameter bars passin
through the shuttering. They were tightened by means of i
clamp key consisting of two parts, one of which was fixed to the
bar and the other moved by a handle to tighten the form clam
After the clamp had reached the desired position it was fixed 1}5)0
‘the bar by tightening the screw provided in it. Three rows of form
clamps were provided—one at the top at a level higher than the
top of the beam, one in the centre and one at the bottom below
the bottom shuttering. Wooden struts were fixed at the top to
keep proper distance between edges of the form for the upper
flange. The two sides forms were then checked with a theodolite
and all lines made dead straight and level.

4.4.6. The mild steel reinforcement in the

. “g . t ﬂ
then placed in position and tied up. The Frey(:xgineat;ngae,)n(:‘]?:;Sj
rage female cones for cables No. 7 to 10 were fixed with the help

‘ . .
gn (;Vg(l)g:ﬁls,boxes fixed to the ballies at the top as in the case of

Photo 1. Photo 2.

Repair of leakage in tubes by Placing end block in position
adhesive tape

Photo 3. Cables fixed in position



Photo 4.
Completed
shuttering of

beam

Photo 7. Photo 8.

Prestressing in progress Rolling of beam on rails

Photo 5.
Concreting —
gantry with

vibrators etc,

Photo 6.
Concreting

of beam

Photo 9.
n top trolley being pulled

Beam O




Photo 10.
Close view of

Freyssinet jack

Photo 11.
Close view of

hydraulic pump

Photo 12.
Side rolling in

casting yard
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4.47. Through holes in theside form of the upper flange and
that of the cross beams, galvanised iron pipes were passed to
form conduits for the cables required for cross prestressing in
deck slab and cross beams respectively. Grease was applied to
these pipes as well as the form work.

4.4.8. In the exterior beams wooden boxes were fixed at the
ends of the holes for cables for cross prestressing to provide for
the anchorage cones to be fixed later on. ’

4.4.9. Tt took 6 carpenters, 2 blacksmiths, 4 khalasis and 6
beldars about 4 days to erect the mould for one beam and
fix all reinforcement and cables in position.

4.4.10. Photo 4 shows the complete shuttering.

4.5. Concreting of Beams

4.5.1. A day before the concreting was scheduled to be done
all work on the shuttering was completed. A final check up was
given just before starting the concreting. The equipment used
consisted of one mixer of 9 cu. ft. capacity, two electric form vib-
rators and two immersion vibrators.

4.5.2. The two form vibrators were fixed to the battens at
the bottom of the moulds. Later on, however, it was found that
more effective vibration was obtained by fixing the form vibra-
tors to the bottom of the shuttering in an inverted position.
These vibrators were moved forward as concreting proceeded.
The engines of the immersion vibrators were placed on & platform
suspended from the gantry and could therefore move easily with
the concreting. The labour pouring concrete into the mould and.

the persons holding the immersion vibrators also stood on this
platform as can be seen in Photas 5 and 6. :

4.5.3. Batching of aggregates was done by volume by bat-
ching boxes, the mix being as specified in para. 3.3.1.  One box
was made for each size of aggregate and its volume was a
multiple of 1 bag of cement which was measured in terms of bags."
Water was poured in the mixer by a gallon measure.

4.5.4. Slump test was performed on the mix obtained and
was found to be 1/2 inch. :

45.5. Concreting was started from one end block and conti-
nued towards the other. Bottom form vibrators were started
when the bottom flange was full of concrete to about half its
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height.  Immersion vibrators were used continuously generally
keeping one in the lower flange and web and one in the upp(:r
flange. Great care had to be taken to have proper vibration to
ensure compaction of concrete in the corners of the lower flange
an(i diaphragms. The top of the beam was finished simultanc-
ously.

4.5.6.  After the concreting was completed, it was necessary
to check that no mortar had leaked into the cables and set there.
This was done next day by hammering the cables at one end so
that they moved out at the other. These were then hammered
back in position.

4.5.7. Tt took 4 masons and 40 labourers about 8 hours to
coucrete one beam. Two mechanics were kept engaged in looking
after the vibrators.

4.5.8. 6 to 12 cubes 4 inches by 4 inches by 4 inches were
prepared at regular intervals for each day’s concreting for testing
in the laboratory.

4.5.9. As the concreting was completed in a certain length
with the top surface properly finished, it was covered with wet
gunny bags to prevent its drying.

4.6. Demoulding

4.6.1. The web form clamps were loosencd about 4 hours
after concreting. Sometimes it was not possible to tak ;
« b al\ \ .

clamp bars and so these had to be cut. ¢ out the

4.6.2. Demoulding was started early
12 hours after completing of concreting
9 carpenters and 10 beldars on the job.

next morning i.e. about
and took two days with

4.6.3. The surface of beam as it was demoul

d!d not need any repairs except at the joints ofutizds}%ﬁzgf:?iliy
pieces where a line generally appeared, which had to be rubbeg
off. Honeycombed concrete was rare but where found all loose
concrete in the neighbourhood of the patch was completel
?emoved and Ijeplaced by new concrete. The best way to judv{}
if the concrete is sound or loose is to hammer the concrete withba
small hammer. A little experience will familiarize the engin
with the sound of the hammer on good concrete. sieer

4.6.4. Curing of the beam was started as s i
] oon as th 3
forms were removed. This was done hy covering the sides gfstl;ﬁz
beam with gunny bags which were kept wet continuously,
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4.7. Prestressing

4.7.1. Out of the ten cables in each beam one cable, u‘sually
No. 2, was prestressed on the third day of concreting. This was
done to minimize shrinkage cracks in concrete. 'Three more
cables No.1, 3 & 4 were stressed after a week of concreting when the
concrete had attained a strength of 4000 1b per sq. inch. The beam
was then strong enough to support its own weight and was lifted
up on jacks and bottom shuttering removed. The bottom of the
heam could then be inspected and necessary repairs, if any, were
carried out. Two more cables No. 5 and 6 were then stressed.
The beam was now ready for launching. Cable No. 7 was pres-
tressed in the span before the beam was allowed to carry the
dead load of slab and cross beams. Cables No. 8 to 10 could only
be stressed after the cross prestressing was completed and shut-
tering of deck slab and cross beams removc'ed, because it was
imperative that the beam should be supporting this dead load
when last prestressing was carried out.

4.7.2. The equipment required for prestressing consisted of
two Freyssinet jacks with their accessories, two hydraulic pumps,
two scales marked in millimetres and two wooden struts 24 feet
by 11 inches diameter. The staff required consisted of :

1. Engineer to supervise and record the obser-

vations 1 No.
9 Assistants to take the reading of the elonga- i
tions at both ends <. 2 Nos.
3. Khalasis ... 6 Nos.
They could do the fixing of jacks and later on do
the pumping
4. Mechanic 1 No.

4.7.3. The prestressing consisted of the following operations
which were similar at both ends:

i i Ik in the order

a) The 12 wires were first marked'Wgth cha or
in whi(gh)they were placed in the cable. This is to prevent twisting
of wires i.e. one wire riding over the other at a later stage. This
is very important as it is difficult to find out the order of wires

once they have been opened.

b) The wires were then opened out and the core helix
inside (th)e ca‘k?le éva,s pulled out and cut at a suitable length
(about 2 feet from the face of the core) and then pushed in. This
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was done to prevent interference with the locking of the anchor-
age when the plug was pushed in.

(¢) The male cone of the Freyssinet anchorage was then
inserted. This cone is made of reinforce_d copcrete and _has
12 longitudinal grooves to take the high tensile wires. fl‘h(.e wires
were placed in these grooves and the plug was pushed msxde_ the
cone manually as far as it would go and then forced by light
strokes through wooden struts, care being taken that the order of
wires remained the same as marked with chalk earlier.

(1) The self-centring steel collar consisting of a split ring
with an external disk was then placed round the cable in close
contact with the anchorage cone. The bearing area of the cone
should be smooth and have noraised spots. If there are any
these should be chiselled off, because this is the arean where
ultimately the whole jack reaction comes.

(e} The prestressing jack was then lifted up and fitted in
position,‘pushing the jack as near the steel collar as possible.
The jack consisted of three parts. One was the head which had
grooves in the periphery and formed the end of the moving
piston. The second was the main cylinder in the rear, which
had a wedge plate arrangement to fix the wires which reach it
after passing through the grooves. The third part was another
small piston working inside the grooved head. This small piston
was used for locking purposes as detailed later.

() The wires were made to pass through the grooves in
the head of the jack and then fixed in the rear by using wedge

plates which were pushed in by hammering with a copper headed
hammer. The fixing is shown in Fig. 10.

== JIHHHEA T TR I T, é
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Fig. 10. Freyssinet jack
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It was checked at this stage that the wires were quite clean
and had no oil or grease on their surface.

(g) The jacks as above were fixed at both ends of the cable
in the beam.

(h) For applying pressure to the jacks, hydraulic pump
was used, which could apply pressure through two independent
tubes. A line diagram of this pump is given in Fig. 11.
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Fig. 11. Hydraulic pump

L and H are two pistons the former is a low pressure piston
while the latter is a high pressure piston. F is the ﬁuld_ chamber
and T is the pressure chamber. A and B are the main valves
and C and D are return valves for the two pressure pipes P and
Q. M is the manometer which is connected to 7 and records.tl}e
pressure. E is the valve which connects T and F. When it is
desired to apply pressure to pipe P all valves are closed except A
and D. Similarly when pressure is to be applied to pipe Q only
valves B and C are kept open.

i ioni ber of
Pressure pipe P was connected to the tensioning chamber
the Freyssinelt) Ij)a,ck while pipe @ was connected to the locking
chamber.

1



296 Bisanor axp MaTHUR on

The main valve A of the pressure pipe P and the return
valve D of the locking pipe P were first opened and all other
valves were tightly closed. Some bressure was then applied, till
the jack head was firmly set against the collar and the jacks
became self-supporting. The wedges were then again hammered

to ensure their tightness. It wag very important to make sure
that the wedges were not loose,

(i) The pressure was then worked up exactly 50 kg. per
sq. em. This removed any kinks in the wires, which were now

all in low tension. This was the initial position from which
observations were to be recorded.

(j) The scale was then placed with its zero end butting
against the face of the female cone and a mark in red chalk op
pencil was placed on one wire where the scale read a convenient
figure say 500 mm. This formed the inital reading, When the
cable was tensioned, the increase in the distance between the cone
face and the red mark gave the elongation. Marks were also
made on all the other wires close to the wedge grips to make sure
that there was no movement relative to the

¢ grips. If the
wedges were properly hammered In, there would be no such
slippage.
(k) Pumping was then resumed a

nd pressure raised to
100 kg. per sq. cm. and the distance between the cone face and

the red mark measured. This reading less 500 gave the elonga-

tion of the wire. The elongations were observed at both ends
totalled and recorded.

(1} The pressure was then raised
per sq. cm. and then 300 kg. per sq. em
and recorded.

Successively to 200 kg.
.» elongations observed

(m) Finally the pressure was raised
value which was expected to give the re
had been calculated beforehand and
a sample of which is shown in Table 5.

gradually to the
quired elongation which
recorded in a table,
If the required elonga-
pressure it meant that
as high and the pressure
on was obtained. The
d 400 kg. per sq. cm,
nd necessary to go upto
or one of the cables are

pressure was mnot to be raised beyon
However, in this bridge it was never fou
that pressure. Observations recorded f
shown in Table 5 A,
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TABLE 5
Prestressing chart for beam F
CABLE No | 1 2 3 . 4 5 6 7 8 [ 9 10
'2n {91’07 {90710~ 906" | 90’6 |00’'4" |58'10")66'6" | 74’67 |8272n
! Length of Cable between female cones it ?ﬁf o [ A A R
: T 05'27 | 96°0" 1957107 93'6" | 9567 | 0574 |63'10%| 71’8 | 79787 | g74am
ﬁ ‘ Length of Cable (Total) = |
5 6400 | 6400 | 6400 | 6400 | 6400 | 6400 | 6400 | 6400
% Maxi fesi ist .. 0. | 6400 | 6400 00 | 6400 | 6400 | 6400 | 640
N ;Ia»fxxzxu}:rzA!::;‘{‘ég“éb;; eprRure o piston zg/cme 450 | 450 | 450 | 450 | 450 | 430 | 450 | 450 | 450 | 450
i of )ac ‘ e
a ! o D R ’
g | S a3, | 4750 | 4720 | 4620 | 4560 | 4630 | 4560 } 4920 | 4960 | 4990 | 5000
3 | Calculated final pressure on piston of jack *i’“'/‘;,ﬁ‘ T334 {332 | 324 | 320 | 325 | 320 ,’ 346 { 348 | 350 | 351
f 2l
D | " I -—._—_T
[ ST e s i
: ' flective elongation [ inches | 4.78 | 4.82 | 4.77 | 4.72 | 4.74 | 471 | 3.23 | 3.66 | 4,09 | 4.48
g i Calculated final effec g ;  inches : - s — e B
k oressure 50 k. per. 123 121 120 12
(from jack pressure 50 kg. per 8q. ¢cm.) ! M :f—n’ 122 0 ’ ‘
i 8 2 | At jack pressure 30 kg. ; A 500 | 455| 00| 500 300 300 | 500 | 500 | 500] 300
« 5 ,_;c- g per sq. ¢ . ]
! ————— T s e fereerer-——— N . - ~ - e
£ ! §:§ Just hefore locking S A, 579 | 542 | 376 | 533 | 573 | 572 | 542 | 552 ( 535 | B4S
@ [ 3 B - — - -~ - — — " . .
; <z g :‘:' After lovking 4, 376 333 570 | 851 070 | 568 l 535 | 54 550
s e |
4 | — 55 : 2| 52| o5|
S ? Final elongation (4,—4,) LA 79 87 76 35 73 | 7727
- ! —
g | | roRsUTo ‘ _ 50 | 350 35 400 { 400 | 400
8 e pressure on piston of jack | 370 | 360} 360 | 330 | 350 300 | 400
5 (N RSN W Wt
N £ | At jack prossure 50 kg.| p 500| 400 | 270 275 | 500 00| 500{ 500 | s00| 500
Z Q é g | persq, cm. ‘/ 1 L -
| 55 & 542 ( 556 &
B 2| 22 Jutboforolocking | B, 542 | 442 | 317 344 | 550 | 530 | 545
. ‘ ‘ - -
5 e *3 é { After locking ! B, 541 | 438 312 | 332! 545 649 | 538 | 536 ( 548 | 562
@ | 35 | A ! | |
P s | 9] 50, 50 45| 42| o6) 70
© | © |Final elongation (B, - B,) W s2| 42| 41| @
) 50 | 35 400 | 400] 400 400
S = Final pressure on piston of jack 370 | 340 360 | 330 | 350 ] 330
; ' 123 122 871 94| mr] us
: Added final elongation 4 + B { 121 ) 129 123 124
: 2] 14/5 | 145 | 14/5 | 14] ¢
‘ | 10/2 | 2401 | 311 | 311 | 102 | 10/ .
DATE | |

Note: A + B should be the same as M,
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TABLE 5 A

Observations taken during prestressing

Date: 10-2-57 Beam No. F Cable No. 5

Manometer Observed reading in mm. I Elongation
S.N.| reading | Ghaziabad | Delhi |Ghazia-| =
kg percm.?| Delhi end } amabac | e bad | £
Ep | end , end end a
1. 50 500 500 — — —
2. 100 512 510 12 10 22
3. 200 533 525 33 25 58
4. 300 558 540 58 40 98
5. 350 573 550 73 50 123
6. After locking 570 545 70 45 115

In the above case the required elongation as calculated was
121 mm. while the observed elongation came to 123 mm. which is
satisfactory.

(n) When the final elongation had been obtained all the
valves were closed and the main valve of locking pipe was opened
gradually. This reduced the manometer pressure to zero. Pump-
ing was then resumed, thus applying pressure to the locking
piston in the jack. This piston abutted against the male cone
and pushed the same inside the anchorage, thus locking the cable.
Locking was carried out at a pressure of 300 kg. per sq. cm.

(0) Keeping the main valve of locking pipe open the return
valve C of the pressure.pipe was also openod gradually bringing
the manometer pressure to zero. This removed the tensioning

force from the wires of the cables.

(p) The clongation was now again measured and in all
cases it was found to be less than that observed earlier before
locking. These readings are entered at serial 6 in Table 5 A.

This was due to two reasons :

(i) Some slippage had taken place in the anchorage
cone.

(ii) The length of the wires between the anchorage and
the wedges which had extended due to tension, had
shortened as they were no more in tension. An
allowance of a total loss in elongation of 12 mm. at
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this stage had been made in the des; n but i
field it was found that the loss was a,%wa;ylsltle;;l t?e
the case illustrated in Table 5 A it was only 8 nim "

(9) To remove the jack now from the wires pumpi
resumed, which made the inner piston move backwaﬁd all)lt;lgstglag‘s
the wedges out. The jack was then taken out along with the
steel collar and fixed to another cable. ©

. (r) The prestressed wires were tied with a small piece of
wire. Photo 7 shows the prestressing in operation on cable No, 3
Cable No. 2 had been prestressed earljer. T

4.8. Breaking of Wire

4.8.1. There was only one case in the whole .
all the beams when a wire broke. This happened %);eizrsf:n;\g of
of beam No. D. The pressure had reached 350 kg. per sq. om %. 1
the elongation reached was only 94 mm. against 126 .re - but
When the pressure was raised beyond 350 kg. PeT 5q. om quired.
broke. The jacks were thrown out at a distance of S,bo - Ore wire
. feet from the beam. ut 8 to 10

4.8.2. In this cable, then male cones at both
out and replaced with new ones. Remaining ele::r?s were taken
then tensioned to the required elongation which Was Omll‘_es were
350 kg. per 8q. cm. this time. It was decided to slight] 0&lned at
the remaining cables to compensate for the loss of 0neywi;’eerstress

4.8.3. 'The breaking of the wire was eithe .
in its length or some other defect which, howefr(iuisof"me kink
found out. » could  not pe

4.8.4. It may, however, be mentioned ¢ . .
beam could not be used in the bridge as it tolg)aizdﬂ:)l: Pa.rtlcula:r
was being lifted and was completely broken. A new e}r) when it
cast to replace it. eam wag

4.9. Lifting Beam from Casting Bed

4.9.1. After 4 cables had been st .
from the bottom shuttering. wiressed, the beam wag lifted

4.9.2.  For this the equipment required was as below -

Lifting jacks 30 tons capacity 4N
os.

2. Hydraulic pumps, same
prostreasing P as those used for

3. A few balli pieces
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4.9.3. Labour required was—

1. Engineer to supervise the job 1 No.
2. Khalasis 6 Nos.
3. Carpenters 1 No.

4.94. The removable part of the bottom shuttering was
first removed. Two jacks on either side were then introduced
below the beam. Concrete bed blocks had been laid earlier at
places where the jacks were to be placed to distribute the load on
the ground. It was checked that the top plates of the jacks were
exactly horizontal,

4.9.5. Two jacks on one side were connected to the two
pressure tubes of the hydraulic pump, and both were worked
with the same pump simultaneously. This was done to ensure
that both jacks went up or down together in case of any leakage
lrfl glle pump, and the load was also distributed equally on both
0 em.

4.9.6. Pressure was applied to the jacks at one end of the
beam, thereby lifting the beam. The other end was supported by
gxea.ns of balli struts on the sides to prevent toppling over of the

eam,

4.9.7. When one end had been lifted to the required height,
wooden sleepers were placed below the beam at this end. The
jacks were then lowered and the beam was transferred on to
wooden sleepers. The beam was also supported on the sides by
using timber struts,

4.9.8. The other end was then lifted and placed similarly on
wooden sleepers. Care was taken to see that the beam was hori-
zontal in its final position.

4.10. Storing Beam in Yard

4.10.1. The beam was side rolled away from its casting bed
to be stored till it was required for launching. This also cleared
the casting bed for further making of beams.

4.10.2.  For side rolling the beam from any position following
equlpment was required : ,

(1) Lifting jacks capacity 30 tons each ... 4 Nos.

(i) Hydraulic pumps, same as used for
prestressing ... 2 Nos.



239 BisENOI AND MATHUR ON

(iii) Mild steel rollers 4 inches dia-
meter and 9 inches long ... 6 sets each
consisting of 6 rollers connected
together by two plates 3 inches by
3/8 in. by 30 in. on eitherside.

(iv) l-girders:

2 Nos. each 6 feet long consisting
of 2 plates 6 inches by % inch as
flanges welded to a web plate 5 in-
ches by 4 inch suitably stiffened
by welding plates. At the ends of
the top flange two pieces of angle
iron 3% inches by 3} inches by }
inch and 6 inches long were welded.

(v) Two plates 9 inches by § inch for
placing under rollers.

(vi) Two chain pulley blocks 5 ton
capacity.

(vii) Wooden sleepers.

(viii) Wooden ballies 4 inches diameter
to be used as side struts.

4.10.3. Labour required was—

(i) Engineer to supervise ... 1No.
(ii) Khalasis ..« 8 Nosg.
(iii) Carpenter - .. 1 No.

4.10.4. Side rolling platforms in R.C,

C. had bee .
the casting yard for both ends of the beam f erected in

4.10.5. Oneend of the beam was lifted and under j
placed first the I-girder and then the set of rollers. b was

The 3/4 i
plate was put under the roller. The beam was op either/4sil(lilé
supported by balli struts to prevent it from toppling on sides,

4.10.6. The other end of the beam was also similar]
i Y sup-
ported on the I-girder placed over rollers and
ballies. ‘ Supported by

4.10.7. Two chain pulley blocks were then tj
beam, one at each end. The hooks of the chain l;gllgouxﬁii tke
were tied to some immovable objects e.g. Yy blocks

: trees or .
the casting yard. The beam wags then pulled by 2ggtch}?;igeg$]é;
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block gradually and simultaneously at both ends taking care to
keep it straight.

4.10.8. When the beam had been rolled to the required posi-
tion it was lifted again by means of jacks, and rollers and 1-gir-
ders were removed, and the beam lowered on to wooden sleepers,
one end at a time, as before, and supported by balli strats on
either side.

4.10.9. Tt took about 2 hours to side roll a beam to a dis-
tance of 10 feet.

4.11. Injection

4,11.1. After a cable had been prestressed, it was to be
injected with cement grout.

4.11.2. For this the lengths of the wires protruding outside
the anchorage were cut leaving about 3 inches length which was
fanned out,.

4.11.3. For injection a pump working by a 2.6 H. P. electric
motor was used. The pressure developed was 50 lb per sq.
ineh,

4.11.4. Water was first injected into the cable from one end
to see that the passage was clear and to remove any dust or
mortar inside the cable. The water which came out at the other
end was allowed to flow for a few minutes.

4.11.5. Neat cement mortar made by mixing 2 parts cement
with 1 part water and straining the suspension through a strainer
was then injected. As cement grout was pumped in, it first
pushed the water from the cable and then after some time the
mortar would start coming out at the other end. At this stage a
a conical wooden plug was inserted at that end.

4.11.6. After the mortar had filled the whole cable tube it
would start coming out backward from the end where it was
being injected. The injector nozzle was then removed and this
end also plugged.

4.11.7. The wooden plugs were left in position till the
mortar inside the cable tube had set; say for a day or so.

4.11.8. When all the cables Nos. 1 to 68 had been ) injected
and mortar had set, the plugs were taken out and the side plas-

tered with 1: 2 cement and coarses and mortar to have a smooth
finjsh,
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5. LAUNCHING
5.1. General

5.1.1. For launching of the beams which weighed 54 tons
each i1t was planned to use the steel trusses of the existing
bridge. From the casting yard the beams were taken on a trolley
moving rail track to the span adjacent to the one in which it was
going to be placed. From this span it was put on another trolley
which moved over the girders of the existing bridge and took it
into the span where it was to be lowered.

5.1.2. The distance between two steel trusses of the span
was only 14 feet 6 inches and so beams could not be taken and
placed in their final position. They were put together closely
first ainc(li then moved out after the steel trusses had been dis-
mantled.

5.2. Preparing Span to Receive the Beam

5.2.1. Thedecking of the old bridge consisted of steel troughs
supported on cross beams and filled with kankar which was sur-
face painted with bitumen. This was all removed except the

cross beams which were allowed to remain to hold the .trusses
together.

5.2.2. Since the existing top of pier was at R.

the bottom of bed blocks for thg nevg bridge Wef’e tI(J). l?:i.t‘,l&l‘%aid
674.36, it required dismantling of the pier top by 3.77 feet. This
could not be done for the full pier top as that would have meant
removal of the bearings of the steel trusses. Hence pier top was
dismantled only in the central portion and bed block foIr) the
central beam was laid. After this block had been cured the pier
top was ready to receive the beam.

5.3. Removing Beam from Yard

5.3.1. Tomove the beam from casting yard to the span
adjacent to the one in which it was to be placed a track of 60 1b
rails at 7 feet 6 inches centre to centre was laid along the centre
of the roadway. Wooden sleepers 9 inches by 5 inches by 10

inches were used under the rails which were fixed
dog spikes. xed to these by

5.3.2. Two trolleys were made to carry the bea
m th
track. Each trolley consisted of a steel channel frame w(i):h on:

axle and i 3
toma f‘OI; i & pair of wheels, and was capable of carrying 30
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5.3.3. The beam was first side rolled from its position in
the casting yard on to the centre of the rail track, and then it
was transferred on to trolleys. For this the beam was lifted
up by jacks and the trolleys introduced below it on the rails at
either end, one end being lifted at a time. Wooden sleepers
were placed on the trollies below the beam to avoid cracking of
the concrete at the corners of the lower flange. Balli struts were
given at either side on each end to support the beam. Wooden
wedges were placed between the wheels of trolley and rails on
either side to prevent movement of the trolley during transfer of
beam on to it.

5.3.4. To pull the trolley a crab winch of 5-ton capacity
was used. This winch was fixed on proper foundation at one end
of the bridge and steel rope one inch in diameter was fastened
to the hooks provided at the end of the front trolley, the other
end of the rope being fastened to the crab winch. As pull was
applied by the crab winch, the trolleys moved forward carrying
the beam.

5.3.5. The wheels of the trollies had to be watched constant-
ly as due to the rails not being straight at some places there

was danger of derailment. At such places the trolley was moved
slowly.

) 5.3.6. A beam could berolled to a distance of about 300 feet
in one day with the help of 16 khalasis and 2 mechanics. Photo
8 shows one beam on trollies being rolled.

5.4. An Accident

5.4.1. An unfortunate accident occurred when a beam was
being lifted in the yard from its supports to be side rolled to the
rail trolley. The jacks had been placed under the beam ends and
were being pumped when suddenly the beam toppled on its side
and fell on the ground. It was broken and had to be discarded.

5.4.2. In this case two jacks which were placed under the
end were being worked by two separate pumps. One of the jacks
developed a leak and so the whole load was thrown on the other
jack. The ground under this jack was not strong enough and
settled on one side thus tilting the jack and the beam which
toppled over. It was fortunate that the beam did not strike any
neighbouring beam while going down.

5.4.3. TFor future, the following precautions were taken:
’ gP

() The beams were not stored closer together than
their heights,

12
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(h)y The two jacks placed under one end wore worked by
one hydraulic pump.

(c) Sleepers were placed under the jack bases to spread
the load over a wider area.

5.5. Putting Beam on Trolley moving on the Girders

5.5.1. There were two trolleys moving on top flange of the
steel girders, one of these carried the front end of the beam while
the other carried the rear end. Kach of these trollies consisted
of a cross girder made up of two channels 15 inches by 4 inches
arranged back to back with a clear gap of 4 inches in between. At
each end of this girder and at right angles to it was fixed another
member composed of two channels 9 inches by 3 inches size and
9 feet long. These members carried wheels at each end which
moved on the girders. The wheels were 24 inches in diameter
and 6 inches wide and were of cast iron with a mild steel sleeve.
The axles of these wheels were 3 inches in diameter and two
wheels were spaced at 6 feet. Over the cross girder there was
another small trolley which moved on two rollers 4 inches dja-
meter and 1 foot long and was composed of two channels 8 inches
by 3 inches size resting on two verticals which in turn rested on
the rollers. To carry the beam two bars 20 feet 6 inches long 2}
inches diameter and square threaded in their whole length were
placed vertically at 22 inches centres and passed in between the
channels of the top trolley and the cross girder. Two pairs of
nuts made out of 5 inches by 5 inches by 5 inches mild steel
cubes were threaded on these bars, one pair to rest above the to
trolley and the other pair above the cross girder. At the lower
end of these bars two more nuts supported a platform composed
of 2 channels 6 inches by 3 inches with a plate 18 inches by 10
inches by 3/4 inch long welded at the top and two feet steel
pieces 10 inches by 2 inches by 1/2 inch at the bottom. The
details of this trolley are shown in Plate III.

5.5.2. To place the beam on these trollies the following
operations were carried out :

(a) The V-sha.ped space between the two steel trusses
was filled with vertical timber struts and an inverted
channel was placed over it. This was done to

provide a continuous moving surface for the top
trollies,

(b) Both the trollies were brought near the front end of
the beam. One of these i, e. the rear one was pushed
to the side and the front one was brought just near

the front end of the beam and was so moved that
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one vertical bar was on either side of the beam and
passed through the two grooves left in end block for
the purpose, and the bottom platform went under
the bottom flange of the beam.

(¢) The nuts over the top trolley were tightened and the
top trolley was lifted by putting a jack over the
cross girder. This lifted the bars also and when
the bottom platform touched and lifted the bottom
flange of the beam a little bit the nuts on the bars
above the cross girder were moved down to meet the
cross girder. Now when the jack was lowered, the
top trolley came down while the bars were left up
being now supported by the nuts on the cross girder,
and the beam end was transferred on to the bars.
The nuts at the top of the top-trolley were also
lowered down to meet the channels of the trolley.

5.5.3. The front trolley was now moved forward and in this
stage the front end of the beam was on the girder trolley while
the rear end was still on the rail trolley.

5.5.4. The top plate of the top member of the truss was
only 3/8 inch thick and was not found safe enough to take
the load from the top trolley. Another steel plate 4 inch thick
and 12 inches wide was placed on the top of this member before
the trolley was moved over it.

5.5.5. To roll the beam a long steel rope was tied to the
front end of the beam by passing a 3/4 in. .mild steel rod
through a hole in the end block and tying the rope to it to be
pulled at the other end by means of a winch.

5.5.6. Before actual pulling was started the alignment of
the wheels of both the trollies on the girders was checked. I
was quite a problem to make the wheels of these trollies keep
themselves in the centre. First, angle iron pieces were welded
to these trollies on the inside to serve as guides in contact with
the top beam of the girder, but these did not work as friction
between these pieces and the steel girder was too much. Once
the trolley had shifted to one side and the angle iron guides.
touched the steel girder, the beam had to be lifted off the trolley
and the trolley adjusted which was quite a tedious job. An
a.d].ustment was therefore made in the wheels to make quick
adjustments of these if possible.

5.5.7. A hole was cut oblong in shape in a mild steel plate
1 inch longer than the axle of the wheel. One such plate was
welded to each channel of trollies on either side of the axle. Twe
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bolts were welded to each such rlate projecting outside. To
these bolts was fixed u plate having a central round hole for the
axle of the wheel und two oblong holes for the bolts. ‘The oblong

holes allowed same play for the Dolts as the former plate allowed
for the axle of the wheel. Theso plates are shown in Fig. 12

MUNT 5 B iy Osroms
SoLls ron Axir
rvo 80Lrs freep
7o piare 4,

ALRTE S /I O Omg
AMOLE Fow Sraey,

ARV 3

Fig. 12.

5.5.8. When it was found that the wheel had loft the central
line and had turned to one side, the trolley was stopped. The
nuts on the bolts mentioned above were loosened and the wheel
moved sideways by a crow-bar to bring it in the centre of the
girder. The nuts were tightend again. This arrangement
worked very satisfactorily and saved a lot of time.

5.5.9. When pulling the beam it was found that the channels
of the cross girder bulged outwards. To check this 34 in,
diameter rods bent as shown in Fig. 13 were welded to the
channels and wooden wedges inserted in between these rods and
the channels. As an extra measure the two channels were

tied together by chains also. In this way the beam could be
moved easily.

- s NDOry Wepgrs
Wee D r CHRNNEL pisa §

-;‘. PiLars

Fig. 13,

5.5.10. When the rear end of the heam rea
where the front end was picked up on top troll

picked up on the other trolley and then both ty
steel girder. ‘

ched the place
ey 1t was also
ollies moved on
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3.5.11, The labour employed for rolling was—
1. Khalasis 20 Nos.
2., Mechanic 1 No.
3. Carpenters ... 2 Nos.
4. Beldars 4 Nos.

Launching of one beam could be completed in one day.

5.5.12. Photo 9 shows the rolling of bcam on the top
trolley.

5.6. Lowering Beam in Span

5.6.1. The beam was thus brought into the span into which
it was to be placed and by side rolling of top trolleys, it was
centred in the span. A timber crib was erected on the bed
block to a height just above the cross beams and the beam was
lowered on this crib.

5.6.2. TFor lowering the beam a jack was placed on the
cross girder under the top trolley. The nuts above the top
trolley were moved up by about 9 inches. Now the jack w}al,s
worked which lifted the top trolley (but not the beam); when tte
top trolley was lifted 9 inches it abutted aga}nst the top fnu 8
and a slight lift beyond this transferred the weight of bee.z.mk rom
thelower nut above the cross girder to the top nuts. The jac v;a.s
stopped at this stage and lower nuts were moved up 9 mc'{?ﬁ
when jack was lowered, the top trolley came down .a.nd along W1tJ
it came down the beam which was supported on it by t‘:op nuts.
When the top trolley came down 9 inches the beam we:ight vzﬁs
again transferred to lower nuts which by now had rest;((ai OIfl the
cross girder. This process was repeated for both ends o he
beam till the beam was lowered to the desired level on the
timber crib.

5.7. Placing Side Beams in Span

5.7.1. The side exterior beams were also brought similarly
into span but before an exterior beam coul_d be moved into the
span for which it was meant it had to be side rolled on the top
trollies, because the rail track being in the centre the beam was
picked up on these trollies in the centre.

5.7.2. Vertical angle iron posts made up of two a:ngle irons
were welded to the cross girder of the top trolley ab either end.
To side roll a beam, a chain pulley block was tied to the top
trolley at either end of the beam with the other end of the blocks
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tied to the angle iron posts. The trollies were then pulled by the
chain pulley blocks simultaneously on both trollies till the beam
had reached the required position.

5.7.3. 1In practice it was found that the trolleys did not roll
on the cross girder but the roller slided ; however, that scrved the
purpose all right.

5.7.4. These side beams were also lowered on timber cribs
crected near the centre one, but the top of these cribs were kept
about 2 feet higher than the centre one so that the web of side
beams was clear of the flange of the centre beam.

5.8. Dismantling of Steel Truss

5.8.1. Once all the three beams had been placed in the span
over timber cribs, the steel trusses could be dismantled in this
span, but these trusses were also required for placing beams in
the adjacent spans as the top trolley would rest on V-shaped gap
for bringing beams in adjacent span. Thus the trusses in a span
were actually dismantled when beams had been placed in the
adjacent span also.

58.2. The first step in dismantling of trusses was the
removal of the cross beams, As the removal of these beams
would leave the trusses unbraced there was danger of their
toppling over. Hence before the beams were removed the
trusses were braced at the top by using inverted U-frames made
of angle iron. The cross beam rivets were then cut away and the
beams were lowered down into a boat stationed under the span
to receive them.,

5.8.3. The steel trusses were then lifted above their bearings
by using jacks and were supported on steel rails which rested on
top of the flanges of the exterior beams placed in the span and
passed under the top beam of the truss. The support was pro-
vided at every panel point.

5.8.4. After supporting the truss in this way its dijs-
mantling was started with the bottom boom. Care was taken
that dismantling was done equally in each truss to avoid the
contingency of one side getting heavier and resulting in possihle
tilting of supporting rails which might then have resulted in
sliding of one truss from its supports. The dismantled members
were lowered into the boat as in the case of cross beamg,

5.8.5. The bearings of the truss were also sim
removed. The pier top was dismantled and bed b}
exterior beams were poured,

ultaneously
ocks for the
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5.8.6. When the bed blocks for exterior beams had been
poured on the adjacent pier also, the beams could be side rolled
Into their final position.

5.9. Positioning Beam over the Piers in their Final Position

59.1. The central beam was first lowered on to the
bearings, which had been set in the bed block. This was done
by using jacks at both ends.

5.9.2. The exterior beams were also lowered as far as
possible and then side rolled. For side rolling platforms were
laid in concrete between the control and exterior bed blocks.

5.9.3. The process of side rolling was similar to the side
rolling in the casting yard except that it was not possible to pull
the beam by chain pulley blocks as there was no fixed object
available to which the chain pulley block could be tied. To over-
come this difficulty the lifting jacks were used in a lying position
to push the beams.

5.9.4. The lifting jack was placed with its upper plate
resting against the exterior beam to be moved and the bottom
plate against the central beam which was already on its bearings.
If the distance between the two was more than the length of the

jack, wooden sleepers were introduced between the central beam
and the jack. ‘

5.9.5. As pressure was applied to the jack by the pump the
beam moved out. The operations were carried out simultaneou-
sly at both ends so that the beam remained always parallel to
the central beam. When the beam had been side rolled to its
final position, it was lifted up with the jack and lowered into
position over the bearing.

6. CROSS BEAMS & DECK SLAB

6.1. Shuttering

6.1.1. The cross beams and deck slab were cast-in-situ. The
ghuttering for cross beams was suspended from 9 in. by 43
in. sleepers supported on the top flanges of the main beam,
For the deck slab sleepers were supported on bottom flange of
the beam. On these sleepers verticals were fixed. On top of
these verticals again transverse members were fixed and wedged
betw.een webs of beams. On top of these transverse members
longitudinals were run. On top of the longitudinals rectangular
steel panels were placed to form the shuttering for the slab. No
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side shuttering was required for deck slab as the top flanges of
the main beams themselves acted as such. Details of the shut-
tering for cross beams and deck slahb are shown in Plate TV.

6.1.2. Prestressing cables were placed in position giving
them the desired eccentricity in casec of deck slabh. The cables
passed through the holes left in the main bearing while in the
portion to be cast-in-situ they were put inside cable tubes. Mild
steel reinforcement was also fixed in position.

6.2,  Concreting

6.2.1. The mix used for the cross beams and deck slab was
the same as the main beams. The cross Peams were first con-
creted and then the deck slab.

6.2.2. The total quantity of concrete in these members in
onc span was 890 cu. ft.

6.3. Prestressing

6.3.1. The anchorage cones for the 2 prestressing cables in
each cross beam had been fixed in the exterior main beams while
concreting them. For the cables in deck slab space had been
left in the exterior beam flange for the anchorage cones. In the
slab the anchorage cone was fixed only at one end. At the other
end 2 bars 1} in. diameter and 8 in. long were used round
which the high tensile wire was looped. Thus 12 wire cables
were formed by using 6 wires which after passing through the
conduit were again passed through it after turning round the
barg as shown in Fig. 14,

- e v
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Fig. 14. Cable in deck slab
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6.3.2. Hoop reinforcement was provided near the bars where
wires were turned round as the stresses here would be high. A
small steel tube connected to the cable was left in the concrete
to allow ventilation when injection was done.

6.3.3. One central cable of each cross beam was prestressed
3 days after the concreting. With this cross beams and deck
slab had enough prestress to take up their own dead load and so
the shuttering was removed. The remaining cables of the beam
and deck were stressed after 7 days of concreting.

6.3.4. In the cross beam cables, male cone was inserted at
both ends but the cable was stressed from one end only, generally
downstream side. There was some slippage in the upstream
side anchorage which was measured by putting marks on the
wires and measuring the distance from face of cone to these
marks before and after prestressing. This value was deducted
from the elongation observed on the downstream side to arrive
at the actual elongation. If in any cases the required elongation
was not obtained from one side even when maximum permissible
force was applied, which might be due to excessive friction in the
cable due to some cause, this cable was stressed from upstream
side also and the balance elongation was obtained on that side.
Plate V shows how observations were recorded for deck slab
and X-beams.

6.3.5. The jacks for prestressing these cables had to be
supported from a derrick of wooden ballies erected on the edge
of the top flange of the main beams. To keep them from falling
into the river, the wedges of the jack had to be anchored to the
body of the jack by means of a chain passing through hooks
welded to the wedges.

6.4. Injection

6.4.1. The cables for deck slab and cross beams were injec-
ted in a way similar to the injection of main beam cables. The
tubes left for ventilation on the upstream side of the deck slab
cables were cut and plastered after injection. The spaces for the

znehorage were also filled with concrete and given a smooth
nish,

7. CURB, RAILING & WEARING COAT

7.1.  Curb & Railing

_ 7.1.1. The shuttering for the curbs was supported with the
remforcement which had been fixed in the main beam. The curbs
projected 6 inches outside the deck slab,

13
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7.1.2. The precast vertical posts of the railing were fixed in
the curb while concreting. They were aligned in a straight line
by means of a theodolite.

7.1.3 The members of the railing which had also been pre-
cast in advance, were fixed to the vertical posts after the con-
crete of the curb had set.

7.1.4. The mix used for the curbs and railing was 1:2: 4.

7.2. Wearing Coat
7.2.1. The wearing coat was also laid in 1 : 2 : 4 mix.

7.2.2. A layer of water proof paper was spread over the slab
before laying the wearing coat to ensure the separation of the
two.

7.2.3. The steel angle irons for expansion joints were also
fixed in position, as they were anchored in the wearing coat.

7.2.4. Two expansion joints were provided longitudinally at
either end between the wearing coat and the curbs. In these

joints pre-fabricated bituminous expansion jointing material
was filled.

7.2.5. There was one construction joint at 12 inches from
each expansion joint at either end of each span. The portion
which was provided as wearing coat near the expansion joint wag
poured first to anchor the angles. One transverse expansion joint
was provided in the centre of each span, thus making a panel of
the wearing coat equal to about 45 feet by 24 feet. It has,
however, been found that these panels were rather too big and

shorter panels with more expansion joints should have been
provided.

7.2.6. Reinforcement in the wearing coat consisted of a
mesh of 1/4 in. diameter bars 1 foot centre to centre both
ways placed in the middle of the slab.

. . 7.2.7. The thickness of the wearing coat was kept as 3%
m(_:hes in the centre and 2} inches at the ends, the top surface
being a parabola. To check the camber a wooden truss had to be
made with its bottom having the desired camber, but it proved
to be rather unwieldy. A central longitudinal expansion joint,
if provided, would have made it easjer to control the camber,
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8. TESTS

8.1. The cubes cast with concreting of various parts of the
bridge were tested in the laboratories of Hindustan Housing
Factory, Delhi and P.W.D. Research Station, Lucknow. The
average strength of cubes was found to be as follows :

4 days strength 4250 1b per sq. in.
7 days strength 5450 1b per sq. in.
28 days strength 6575 1b per sq. in.

8.2. Load Test

8.2.1. A {ull load test was carried out in span No. 2 to test
one of the beams. A load equal to the class AA track load which
gives the maximum bending moment for beams was applied in
such a position as to create maximum bending moment in the
downstream exterior beam.

8.2.2. The class AA load consists of a tank of 70 tons. The
tank has 2 tracks 12 feet long and 2 feet 9 inches wide. The
minimum clearance between the roadway face of the curb and
the outer edge of the track, as per I.R.C. Bridge Code, is 4 feet
for a multiple lane bridge (width more than 18 feet). For maxi-
mum bending moment the tank should be in the centre of the
spans. All these conditions show that for maximum bending
moment in the exterior beam the load should be placed as shown
in Fig. 3. The impact factor is 10 per cent, giving the total load
to be put in as 77 tons.

8.2.3. The loading in the span was done by means of sand
bags loaded over a platform made of sleepers. The actual arrange-
ment of loading is shown in Fig. 15.

8.2.4. Two parallel platforms 2 feet 9 inches wide and 12
feet long, 4 feet apart, were first made with two layers of wooden
sleepers, the outer edge of the platform nearest to the edge being
4 feet from the face of the curb. These formed the two tracks of
the tank. Across these platforms and on them were placed 6
numbers steel cross girders dismantled from the old bridge. A
platform 14 feet 6 inches by 12 feet was made of one layer of

R
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Fig. 15. Load test

wooden sleepers, over these girders. The platform was loaded
with sand bags. Each bag was filled with sand to weigh exactly
1l cwt. The weight of the lower layer of sleepers, cross girders
and upper platform of sleepers came to 5.9 tons. A load of 71.1
tons was put in by means of 1422 bags.

8.2.5. Observations were taken by means of a levelling
instrument for the deflection of all the three beams. It isa fact that
a levelling instrument does not have so much sensitivity as
required in such cases, but as the depth of water in the span was
considerable, no arrangement was possible to magnify the
deflection. Two reference pillars were erected in the two adja-
cent spans and the points on all the beams at 1/4th span, 1/8rd
span and centre were recorded. It was found that the deflection
in the centre of the downstream beam was 0.07 feet while the
deflections in the ccntre of the central beam and the upstream

beam were 0.05 feet and 0.03 feet respectively asg ui i
T P y given in
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TaBLE 6
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8.2.6. For the position of the load as above assuming the
cross beams to be indefinitely rigid in comparison to the main
beam, resulting in linear distribution of load })etween the th.ree
beams as per para. 2.5.6 the three beams carried the following
portions of the load :

Left beam 0.488
Centre beam 0.333
Right beam 0.178

The ratio of the loads was 2.7 : 1.8 : 1.

The ratio of observed deflections was .07: .05: .03 or 2.3:
1.7 : 1. These were very nearly the same and so the assumption
of load distribution was on right lines.
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8.2.7. In caleculating the theoretical value of the deflection
of the beam, a very uncertain factor is the modulus of elasti-
city of concrete. Another factor which makes exact calculations
difficult is the variation in the moment of inertia of the beam,
from section to section and the difference in the number of cables
and their position at each section. Therefore, the value of E was
calculated backward from the observed deflection and it worked
out t0 2.85x10° 1b per sq. inch as shown below :

 828. For a beam loaded in the centre by a load P,
uniformly distributed through a distance ‘a’(less than the span
of the beam I), the deflection at the centre is given by

P

8= 384 H]T (813—4a?l-{-a?)
where

P =Load applied=0.488 x 77 =37.6 tons.
! =Length of the beam =88.33 feet.
a=Distance through which load acts =12 feet.
I=Moment of inertia of the section =862,000 in*.
8= Deflection=0.07x 12 =0.84 inch.
E=Modulus of elasticity of the material of the

beam. '

Substituting the above value in the equation—
37.6 x 2240
= ..° g Resty 5_
0.8¢ = 384 x i x 862000 [8(88.33) 4x144% 88.33+(12)3]

x (12)?
37.6 x 2240 x 5549728 x 1728

384 x 862000 % 0.84
2.85%x 10¢ 1b per sq. inch.

or B =

8.2.9. Since the value of the moment of inertia of the beam
at other sections would be less than the value taken in the above
calculations the value of E would be a little more than this
value. Guyon in his book on Prestressed (lonerete recommends
a value of =21 X 10¢1b per sq. inch for deformations due to
permanently applied loads and this is to be used when it is required
to calculate the homogeneous section properties.

9. DIVERSION'

9.1.  Since the bridge carried a very heavy traffic it was
essential to construct a diversion which could serve efficiently
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without much inconvenience to the traffic. The depth of water
in the river remains considerable during dry weather due to the
weir downstream remaining closed. A wooden pile bridge 312
feet long was constructed about 350 feet downstream of the
bridge for the diversion. Wooden balli piles with a minimum
diameter of 6 inches were used..

9.2. The deck consisted of salwood sleepers carried over
salwood beams. Metalled approaches with surface painting were
provided to the pile bridge.

9.3. Since the pile bridge was only 12 feet wide, only one
way traffic was allowed on it. Barriers were erected on both sides
and traffic was controlled by P. W. D. staff. Adequate lighting
arrangements were made on the pile bridge and its approaches.

10. COST DETAILS
The cost of various items worked out to be as follows:

(i) Total cost of the superstructure
including bearings ... Rs 3,30,000

(ii) Cost of the superstructure per
running foot .. Rs 714

(iii) Cost of the superstructure per
8q. ft. of travelling surface ... Rs 30

(iv) Cost of dismantling the old
steel girder bridge ... BRs 15,000

(v) Cost of temporary diversion in-
cluding maintenance but ex-
cluding cost of salvaged mate-
rials .. Rs 70,000

11. VISITORS

The bridge was visited during its construction by & number
of eminent persons including engineers. One of the prominent
engineers to visit the bridge was Monsieur Y. Guyon, Techni-
cal Manager of the Societe Technique Pour L’ TUtilization De La
Precontainte and an authority on Prestressed Concrete. His
visit to the site offered an opportunity to local engineers to dis-
ouss with him problems on prestressed concrete,
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SYNOPSIS

The Paper de
Dabhoi~Bodeli
through a black

als with experimental work of soil stabilized base course on
road in Baroda District of Bombay State, This road passes
cotton soil area.

Experimental work done in the laboratory with local soils and their

comhinations is described. The design of the pavement arrived at and the
method of construction are also described.

From cost data given it is seen th

. at stabilized soil base course effects g
saving of 42.48 per cent per 100 8q. fi.

over 4} in. thick brick soling,

1. SHORT HISTORY OF THE PROJECT

1.1. The junction of the Dabhoi-Bodeli road and Baroda-
Da-bhqi road is in mile 15/3 (Index Map). The Baroda-Dabhoi-
Bodeli road jg going to be olassified as a State Highway. The
whole length of this road passes through black cotton soil area,
The road from Baroda to Dabhoi is being constructed with 4% in.
brick soling plus 4} in. metal (1} to 2 in. size) and 2 in. carpet

—

* Assistant Engineer, P,W.D., Bombay.
14
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over it as per Fig. 1. The total thickness of 93 in. above the
poor subgrade of black cotton soil has proved very unsuccessful
in miles 0/0 to 2/0 and 11/6 to 15/3, even though asphalt carpet
was already laid. The subgrade has yielded unevenly and there
are a number of pot holes and ruts and corrugations in the above
lengths of the road. This is due to the peculiar property of
black cotton soil which is highly clayey. It becomes hard when
dry and very soft when wet. It loses its strength considerably
some s0il not being capable of taking more than 1,000 1b per sq,
ft. of load. It expands and contracts greatly when wet and dry
to the extent of 20 to 30 per cent of its original volume. In the
dry weather, the whole area shrinks and splits up into large
cracks. Sometimes 3 to 6 in. wide cracks at the surface and

extending to 10 in. or so below the ground
the soil is thick. g are formed where

As its bearing power becomes very poor when wet, it i
it is see
from the pressure-bulbs developed under g concentx"ated loa,g
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that the pressure bulb of the least intensity should reach the
poor subgrade of black cotton soil. Thus we come to the
conclusion that the wheel load must be at a certain distance
above the subgrade so that the pressure transferred to the sub-

grade is the minimum.

1.2. The construction of the Dabhoi-Bodeli road (estimated
to cost Rs 16,60,600) was proposed to be done in the cqnventional
manner as per Fig. 1, i.e., using brick soling. But in practice
it was observed from mile 0/0 to 2/1, where such type of design
was used, that the road had been badly deteriorated in one season.
As such, it was decided that further work on this road in the usual
conventional way would be of no use, but some rational design
looking to the poor subgrade met with had to be worked out. As
an experimental measure, it was decided to take up mile 15/7 to
16/3. Construction in this portion was then proposed to be done
in layers of stabilized soil, making use .of th.e knowledge gf. spil‘
proportions and California Bearing Ratio design method utilising
Jocal soil, sandy soil and sand available from nearby areas,
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1.3. The road carries mixed traffic. A traffic census survey
conducted on the Baroda-Dabhoi road on 28-5-1956 (24 hours)
gave the following results :

Private cars ... 18 No. 22 Tons
Passenger buses . 27, 230 ,,
Trucks .. 33 213
Bullock carts (iron-
tyred) .« 151 150 ,,
65 tons
Average per hour 25.5 tons

The future intensity of traffic on this road is likely to
increase as a result of improvement of the Baroda-Dabhoi-Bodeli
State Highway which is in hand. Development of minor and
other connecting feeder roads will also increase it further.

2. LABORATORY INVESTIGATIONS
2.1. Analysis of Soil Samples

Stabilization implies increasing the stability of material
under given set of moisture conditions by using correctly pro-
portioned mixture of coarse and fine aggregate like gravel, silt,
clay, fully compacted to give a good stable base or surfacing.
The above method of construction is termed as Mechanical
Stabilization. The principal properties affecting the stability of
compacted granular materials are the internal friction and
cohesion, the former being the characteristics of the coarser 8oil

particles like gravels, sands, etc., and the latter of the clay
fractions.

Most aggregates with crushing strengths above 12,000 Ib per
8q. in. or aggregate crushing value below 40 gre believed to be
sufficiently strong for the purpose. They should have sufficient
mechanical strength to retain approximately the same sjize
distribution during compaction and later use,

It was proposed to take up the experiment of soil stabiliza-
tion for base course on Dabhoi-Bodeli road in mile 15/7 to 16/3
by mechanical stabilization, as the other methods by the use of
cement, bitumen or other binders were costly as the soil here is

very clayey and hence the proportions of bitumen, cement, otc.,
required would be very high
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Samples of natural sand from the nullah bed, sandy soil from
two fields (Survey No. 274)near the nullah culvert at Vega village
and five samples of the subgrade takon at different gpots in the
above mentioned 4-furlong length, were brought to the Research
Laboratory, Baroda, for conducting various tests and to see
whether it was possible to utilise them when suitably pro-
portioned to give a dense stable base course.

To utilize the inherent properties of soil received and to
provide cohesion and friction for mechanical stabilization, it was
necessary to carry out the particle size analysis and the B. S.’
plasticity tests and, if necessary, ¢ Compaction ’ and ‘C.B.R.
tests on mixture to see to what extent these properties could be
made use of.

The results of tests and analyses of the three types of soil
selected are given in Tables 1 to 3.

2.2. Proportioning the Materials

Natural materials are found generally deficient in one or
more of the particle size fractions required and a mechanically
stable material can be prepared only by mixing two or more of
them in the correct proportions. Numerous methods have been
prescribed for this purpose but the quick and simple method
described by Rothfuchs !, in which two.or more materials of
known sizes are mixed to produce a specified size distribution,
has been found most useful. The essential stages are:

(1) Specified cumulative particle size distribution curve is
plotted, using linear ordinates for the percentages pass.mlg but
choosing a scale of sieve size such that the_speclfied parmc e size
distribution (Table 4, Col. 3) plots as & straight line and marking
on it the sizes corresponding to various percentages passing.

i ize distributi les to

2) The particle size distribution curves of other samp A
be n(li)xed z::'e}) plotted on this scale which may not be siraight
lines. Curve AXYZP is for sandy soil and curve AQRSTUYV is

for pure sand, Fig. 2.

i i traight line is

3) Using a transparent straight edge, » s i
dravén) for ?avgry curve Euch that the areas enclosed betweep it
and the curve are minimum and are balanced about the straight .

line, i.e., straight lines AB and CD.

ite ends of these straight lines, i.e., end B of
AB :§,4ttx)d e’fxlaecog?%sf)f a‘.are joined together to intersect thp strangh:;
line AV" (the line showing the specified size distribution for }§
in, maximum base) in E. The proportion for mixing can be read
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oft from the point E which lies on 20 per cent of the ordinate and
divides the mix in 20: 80 proportion.

The pure sand available from the nullah bed near Vega village
and the sandy soil locally available from Survey No. 274 were
tried in various proportions and the resultant particle-size
distribution is given in Table 4. According to Fig. 2, the
proportion of mix of sandy soil to pure sand was 1: 4. This
mixture gave a C.B.R. value higher than 20 but, on account of
limited quantity of pure sand available from the running nullah
near the site, the actual proportion was changed to 1: 2 for

reasons of economy.
2.3. Pavement Design for a Base Course based on C.B.R. Value

There are two main difficulties in devising a sound theore-
tical method of pavement design : (1) No existing analysis of the
distribution of stress and strain through the layers of the pave-
ment and subgrade has yet been proved sufficiently accurately
and also it is not known whether it is necessary to take into
account non-elastic behaviour of the materials; (2) No methods
have yet been devised to measure the strength properties of the
materials for use in order to take account of such factors as load
repetition. Therefore, an entirely empirical approach is sought
for selecting an arbitrary strength test which is considered to
stress the subgrade in a manner similar to an actual wheel load.
The thickness of the pavement is then determined on the basis of
experience of thickness required in the past over a subgrade of
similar strength.

The plate bearing test is one of the tests for designing the
thickness of the pavement. But this test requires bulky field
equipment to supply dead load reaction and has a lengthy test
procedure, The most important method, therefore, is to employ
a small scale bearing test known as C.B.R. test as it is a simple
and a speedy test. Tests are carried out on & compacted sample,
to be tested after soaking for four days so as to produce a severe
subgrade condition comparable to the one met with in the field

during monsoon and rainy days.

3. DESIGN

3.1. The tentative design of the pavement is arrived at
after taking the following safe values of C.B.R., which are
arrived at after several laboratory tests for different layers for
a wheel load of 9,000 1b:"

(a) Sandy soil subgrade having
C .

+

= 35  (Table)



268 MisTRY ON

(b) Sandy soil locally available
gioll;], %tfrvey No. 274 having

(¢) Mixture of pure sand from
the bed of the nullah and the
sandy soil from Survey No.
274 in proportion 2: 1 hav.
ing C, B. R,

= 13 (Table 8)

= 20 (Table 4)
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The total thickness of the pavement for a subgrade having
C.B. R. of 3.5 comes to 18 in. (as given in the attached Fig.
No. 20.7* taken from page 407 of *“ Soil Mechanics for Road
Engineers ”, published by D.8.L.R. London).?

The following design is recommended on the basis of various
C. B. R. values of the proposed layers between the wearing coat

and the subgrade soil, Fig. 3.

CROSS SECTION FOR THE STABALISED ROAD
AS DESIGNED BY C BR. METHOD ON
'DABMOI-BODEL] ROAD MiLE 15/72 TO 16/5,

THIEK DRY
NOJLAYERS. | DESCRIPTIONS. waes |CPR "e

.nEss DENSITY [ qge
AN, e ingjeby]

ASPHALT CARPET 5/4 -

MitTuRs OF Puxs
SAND AUD SANDY = 20 | n? ho-wo
SOIL 1N RATIO 21

2 E“_—l] METAL LAYER [Sy (100 | = | -
1 Te 2T wazE,

SANDY SOIL
RROM SURVEY Mo.| © 1% 11036

FitLing LAYERS
mROLLAD AT Proctorl 4 | 3 5 }945 {17.0
BENSITY

NATURAL suderaDE | - 35 §%45 [0

Fig. 8.

Requirements of the total thickness on subgrade of 3.5 per
cent C. B. R. is equal to 18 inches.

* Reproduced with due acknowledgment.

15
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. Thickness |
Type of material of layers Remarks

1. First layer, sandy soil locally
available from Survey No. 274
having C. B.R. = 13 per cent 9 in,

2. Becond layer of mixture of These layers
puresand from the bed of nullah should be pro-
near Vega village and sandy perly compac-
soil locally available from ted at densities
Survey No. 274 having C.B.R. and water con-
= 20 per cent 3 in. tent as men-

tioned in Table
6.
3. Wearing coat of metal 5} in,
Asphalt carpet surfacing  in.

The above design was adopted for the proposed Dabhoj-
Bodeli soil stabilized road. Depending upon the availability of
the materials, the economical lead and site condition, slight
modification will have to be made if there isg appreciable change
in the wheel load. Success of the experimental stabilized road
depends on the proper mixing of the materials, proper compaction
in suitable layers, and proper watering at optimum moisture as
already mentioned.

4. CONSTRUCTION
4.1. Preliminary

The longitudinal section of the subgrade for the proposed
length of the road in mile 15/7 0 16/3 was first taken up and the
formation level was decided on the map. 100 ft wide land was

acquired and boundary stones were fixed at every 220 ft on
either side of the width.

4.2. Finishing the Surface of the Subgrade

Vegetables were removed with their roots by digging the
subgrade about 6 in. deep. Then pegs were fixed at every 26 ft
intervals in the centre line of the road. Markings were made on
each peg showing the level of the formation of the road to make

it easy for the labourers to do filling or cutting at the position of
the pegs.

Photo 2.

California bearing ratio
test

Photo 1.
Field density test

Photo 3.

Liquid limit and plastic
limit test



Photo 5,

Dressing the sub-grade

Photo 4.

Supervising the rolling
work

Photo 6.

Measured quantity of
earth
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A service path 10 ft wide was prepared with its centre line
29 ft on left hand side of the centre line of the main road.

4.3. Organization

As the work was to be done departmentally, a base camp was
set up near Vega village. ~ This camp had the field laboratory,

stores and accommodation for the staff.

4.4, Field Control

Optimum
Maximum dry| moisture
Base Course density in 1b | content
percu. f6. [
Per cent
A. Subgrade (where filling is
.done) 96 17.6
First layer 9 in. thick 102.6 12.6
C. Second layer 3 in. thick 117 .10
1in 48

Camber

4.5. Machinery Used
The following machinery was used on this work :
(i) Sheepsfoot roller - 4% tons
(ii) Tractor
(iii) Tracto-Tanker
(iv) Roller (smooth-wheeled) .
(v) Truck
For details of the above items, see Appendix 5.

4.6. Preparing the Formation
As the ground was uneven, it was necessary to do the earth- -
work in filling and also in cutting accordmg't‘o_the'des‘igned
longitudinal section upto the formation level which was 18 in.
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below the road level. The C.B.R. tests were carried out on the
subgrade sample of black cotton soj] at d

0 per cent of the Proc-
tor density of 1051b per cu. ft., ie., at 94.51p per cu. ft. Ko,
where the formation level was In cutting, it was not necessary
to roll it as the density of the subgrade was not distributed but
rolling was necessary in case of

filling to get the dry density of
94.5 1b per cu. ft.

row pits were fixed
These borrow pits from
en for the central 13 ft width of the road

and the borrow pits for
made along the other side of the road.

The following example explains how to arrive at the quan-
tity of water to be added above the hygroscopic moisture content
to the measured quantity of earth spread.

Example

L. Optimum moisture content 15 per cent

2. Hygroscopic moisture

10 per cent
3. Dry density

120 Ib per cu, ft.
To find
1. The bulk density.

2. Extra quantity of wate

r to be added for optimum
moisture content,

Solution
o _ (1004-10)x 120
Wet density = — o
=132.00 1b per cu. ft,
~. Extra quantity of water required =132$50_10)= 6

.~ 61b of water are re

quired to be added to one cubic foot
of the undistributed soil.

TABLE 1
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TABLE 6

Locally available sandy soil in Survey Field No. 274

274 was tested for its natural density and C. B. R.

The material from two pits of survey number
test at the existing density was carried out on moulded sample in worst condition to know its bearing

capacity. The results are tabulated as under :
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samples at 0.9 of max.

Proctor

at

density
O.M. C. in both the

cases,

]

j 13.3

The field density is much higher than 0.9 of proctor density, Even then the C. B, R. test is carried out at 0.9 of

the proctor density to have the C. B. R. value in the worst condition.

17.3

112.6 8.51
No. 274

Survey

No.2 84,875
ft

4

7.39 103.68 13
103.23

108.7
111.3

12.4

9.51
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Rolling was carried out with the sheepsfoot roller to give the
dry density of 94.51b per cu. ft. To find out .the minimum
number of passes of the roller to give the maximum density
of 94.51b per cu. ft., an experiment was conducted to give
various different dry densities at different number of passes of
the roller, vide Table 7 given below and Fig. 4. A graph was
plotted of the dry densities against number of passes
and it was decided from the graph that with eight passes the
compacted earth would give a dry density of 97.2 1b per cu. ft.

TasrLe 7

Results of the experiment on subgrade showing the
number of passes and dry density obtained

L Dry density in b
1?0. No. of passes per cu. ft.
2, 16 104.00
3. 24 107.00
4 32 108.00

The optimum moisture content for the subgrade of black
cotton soil was 17.6 per cent. Actually this quantity of water is
so high that it was not possible to roll the earthlayer immediately
and it was necessary to wait for minimum twelve hours after
spreading the water. So another test was carried out on & 100
ft length in such a way that the percentage of water to be added
was varied from 10 to 17 per cent in five different layers of 9 in.
each (loose) keeping the number of passes constant. The results
of the test are shown in Table 8 and Fig. b.

TaBLE 8

sl Percien;:;:ge Dry densit;; in No. of

’ mois . ft. asges
No. added Ib per cu p
1 10 109.5 8
9 12 110 8
4 16 113.8 8
5. 17 113.6 8
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It is seen from Fig. 3 that even 10 per cent moisture with
eight number of passes gives a very high density. So, only 10 per
cent of water was added and the earthwork was completed in 9
in. layers laid loose compacted to 6 inches.

The results of compaction obtained at optimum moisture
content at different places on the subgrade are given in
Appendix 1. .

4.7. First Layer on Subgrade

This layer waslaid in twostages. In the first stage, the
sandy soil was spread in 7 in. thickness loose. Calculated quan-
tity of water was spread over the layer. A test was also carried
out on the first 100 ft length of road to ascertain the minimum
number of passes to get the maximum dry density of 102.6 1b per
cu. ft. The results of the tests are shown in Table 9 and Fig 6.

TasLe 9
No. of passes A Designed dry densit
1%1(;' of the sll)nooth DIII')y p%in:;ijf;.n and o%timumymoistm}',e
roller (8 ton) content
1. 4 100.3
2. 8 111.7
3. 12 122.7 102.6 1b per cu. ft. at
4. 16 127.0 12.6 per cent
5. 20 131.5
6. 24 135.1
7. 28 138.7
8. 32 139.0

The first layer of 7 in. was thus compacted to 5} in. with 8
number of passes.

In the second stage, the sandy soil was spread 5 in. thick in
loose state and it was rolled to 3} in. with 8 number of passes,
after the addition. of the required quantity of water.

After completing the first layer of 9 in., the tractor was run
on the whole length of the road to develop uneven surface with

the help of the plate projections, to give proper bond to the second
layer 3 in, thick. '

So1r, StaBIiLizEp Roap CoNSTRUCTION

16 20 24 28

NO OF PASSES OF ROLLER

(3 3

3
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' I"‘ig. 6. RESﬁLT OF TEST ON SANDY SOIL ROLLED AT O.M.C.
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The results of compaction obtained on the first sandy layer
of 9 in. thickness after rolling it at optimum moisture content are
given in Appendix 2.

4.8. The Second Layer

The second layer was 3 in. thick and it was designed as a
mixture of pure sand from the bed of the nullah running nearby
and the sandy soil available locally from the Survey No. 274 in
the proportion of 2: 1. The mixing of these two materials was
carried out by ‘“windrow’ method. In this method the guantity
of each material was calculated for every 100 £t length and then
two heaps were made at either end of the 100 £t length, each heap
consisting of half the quantity of pure sand with half the quan-
tity of sandy soil over it. The labourers used to take the mix-
ture from one side of the heap with spades. Spreading of this mix-
ture was started from either end of the 100 ftlength to economise
in leads. Thus each heap was spread in the length of 50 ft in
approximately 6 in. thick loose layer which was ultimately com-
pacted to 3 inches. Both the first and the second layers were
rolled to a camber of 1 in 48. An experiment was conducted on
this layer also on a 100 ft long strip to determine the most econo-
mical number of passes to give the maximum dry density of 117
Ib per cu. ft. at 10 per cent optimum moisture content. The
results of the test are shown in Table 10 and Fig 7,

TaBLE 10

S1 i No. of passes

[
. Dry densit !
No. 1 smocf o%iltl(‘).cl:ller in 113)7 per cu.yft. 5 Remarks
I
1 4 107.50 The roller was too
2 8 109.50 heavy for 3 in. thick
3. 12 115.20 strip as indicated by
4. 16 116.00 cracks and removal
5 20 118.20 of some cakes.
6 20 118.20
7 24 119.10

1t was decided from Fig. 7 to roll thislayer with 20 passes
at optimum moisture content.

The results of compaction obtained on the second 3 in.
layer of mixture of sandy soil and pure sand at optimum mois-
ture content are given in Appendix 3,
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5, COST

The general details of cost are given in Appendix 4. Cost of
12 in. stabilized base course only is as follows :

Sand Rs 855 8 O
Sandy soil:  Departmental Re 307/8/0
Piece worker Bs 985/ - 1,202 & @

Lahour for watering, etc,, proportion-
ately for 28 days and on €his course
only 242 O 0

Fuels for roller, truck, tanker, etc., pro-
portionately for 28 days and on this

layer only 321 0 0
Establishment - 24 days excluding that

for earth layers 532 0 0
Spreading sandy soil, ete. ' 48¢ 8 O

Ba 3.227 & 0

Tate of work done = 4 X GO0t x 12§t x 11t
34,320 eun, ft.
3227@0’ X l{z(\
34320
Rs 9.69 per 100 cu, ft,

or Rs 9.69 persq. ft. (as the base course
is 12 in. thick).

i

Rate per 100 cu, {t.

i

i

Cost of the extra § in. thick metal used above the conven-

1 5
X P ——————
13 % 100 % 55

225
T Rs 4.69

- Rate of the base course = 9.60 4+ 4.60

tional thickness off 41 in. of the metal =

R

= Rs 14.38 per 100 sq. {t.

The cost of the brick soling (4} in. thi i
used in the conventional type de%ig(n‘in P, %w%’b‘x;:zlg E(‘)xr;{ idgE)

= Rs 25 per 100 sq. ft.

Sorn Stapinizild Rosp CONSTRUCTION 284
2. Nett saving in the base course below the metal surface of
4} in, thickness ~ Rs 25 — Rs 14.38
= Rs 10.62 per 100 sq. ft.

10.62

5 % 100 = 42.48 per cent saving per 100 gq. {6

1. €.

Note: 'Phe work has been recontly completed and the behaviour of the
voud under traflie tu Rscertait life thereof is being watched.
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Appendix 2
Appendix 1

Results of Compaction
Results of Compaction

Dry densities obtained on the first sandy layer of 9 in.
Dry densities obtained on the subgrade after rolling it ab thickness after rolling it at optimum moisture content.
0.M.C. at the places of embankment,

Dry den- . s Dry densities
. . - DV donsitios Mile |Chainages sitigs in 1b Mile L}}dl;l&%es in 1b per
Mile |Chainages Dry Mile |Chainages [°FY €10 No. in fect or ow. £t No. In 1ec cu. ft.
No. in feet density | No. in fect = M Ib per B P ‘ s s
) | oou ft. 1 l 9 ] 3 ﬂ‘ 4 \ 5 \ 6
1 ‘ 2 3 4 [’ 5 l 6 o o R U I
B ~ 15-7 83320 , | 85450 112.6
15-7 83520 85375 1.1 s '
105.2 101,25 83530 | 5550 1143
83900 85475 110.6 ) -
109.6 103.70 83950 | 85650 114.0
84000 85575 112.5 \ . .
108.7 99.9 84050 | 85750 145
84100 7 85675 N2 s ‘
106.0 97 6 84150 . 162 85850 113.3
84200 85775 112.2 ‘ . '
- 108.0 101.3 84250 ! 85950 115.3
84300 16-2 85875 1091 | 0 o
113.6 104.7 84350 | 8605 113.0
84400 ' _ 85975 105.3 \ . ‘
108.8 \ 100.8 84450 | 86150 114.9
16-0 84500 \ 86075 102.9 g 50 :
110.3 | 102.5 160 84550 8625 114.9
84600 | 86175 104.6 ax) :
101 | 102.9 84650 863 115.2
84660 ‘ 86275 115.5 86450 '
107.8 103.6 84750 16-3 o
84750 ‘ 86375 116.3
1085 99 4 84850
84815 L 16-3 86460 1100
1057 84950 y
16-1 84925  Culvert | Culvert
portion | 16-1 85150 portion
85150 i 112.2 ‘
107.9 85250 '
85290 1us1r |
107.9 85350 :
83375 110.9 :
85450 |
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Results of Compaction

Appendix 3

‘ Dry densitics ol)m‘il}ed on the mixture of sandy soil and
pure sand in the layer of 3in. after rolling it at ()])tilmnnl moisture

content.
Mile | Chainages | DTy den- S i Dry donsities
N(l).b (,Illglﬁi?(s sitios in 1b 1\1{'11( 1@1}&111}»3_;03 li{‘(i%“;g:e“
‘ ’per cu. ft. oy in fect cu, ft.
R R R B ¢
|
15-7 835820 1192 55350
. 9.2 | 113.8
83Y50 114.00 85450
8050 13' 1 85550 142
. . 115.
84250 4 85650 127
Y 114.3
84350 151 85750
5. 117.2
84150 3 \ 16-2 85850
116. 116
16-0 84550 | 85950 !
) 114
8650 \ 86050 H
5. 113.
84750 013 \[ 86150 39
) : 114.5
g0 ! 86250
0. 115.3
84950 116.3 i 86350
_ . \ 116.9
85050 1145 ] 16-3 86450
16-1 85150 ' !
113.9
85250
114.2
85350 i
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COST

| Materials Purchased by Requisitions

Appendix 4

Date Rs As Ps
Pegs 15-- 157 8 0 0
.Oils 11— 2--57 83 8 0
Lanterns 11— 2--57 10 14 O
Oils 11-- 2-57 27 5 0
Spirit 14-- 2-57 20 15 0
Petrol 10-- 3-57 24 8 0
Qils 10~ 3--57 108 10 O
Oils 10-- 3-57 78 0 O
Oils 10~ 3-57 3514 O
Qils 20- 3--57 33 0 0
43010 0
Rs Np
i.e. 430.62
Payments made.
Maﬁa;z;als purchased in anticipation on Re As Ps
24~ 4-57 Requisition No. 159/7-3-57 84 5 0
24- 4-57 ' No. 169 86 10 O
33— 4-57 ' No. 1/9-4-57 119 14 0
3— 4-57 1 No. 2/9-4-57 303 0 0
1024 7 0
Rs Np
i.e. 1024.44
iI. Establishment
Rs Np
November 1956 106.00
December 1956 206.00
January 1957 330.06
February 1957 661.81
March 1957 745.07
Avpril 1957 707.63
2766.57  Rs Np
i. e. 2756,57
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tH. Rate List
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1. Sharpening of tools
2. Repairs to roller
3

Constructing temp. shed

Iv. M. Rolls

Date to
101156,
21-11-56
21-12-56 .
21- 157
21— 2-57 .,
21— 3-57 .
21~ 4-57

Date
20--11--56
20--12-56
20—~ 1 7
20— 2
20— 3-
20—~ 4—.
20~ 557

Y. Work done by Rate List

1. R. A Bil

Final

Earthwork
Sandy soil
Earthwork
Sandy soil

1. Purchase by requisition
II. Establishment

IV. M. Rolls
V. Work done by piece worker

Rate list for shed cte.

2015 10 0

Rs As Ps
24 12 0
20 8 0
321 15 0O

267 3 0

ie

Rs As Py
9% 8 0

127 8§ 0 4

64 8 0
2124 0 0
1386 0 o
3003 12 0

617 4 0

706 8 0

1. e.

Rs As Dy
63¢ 5 0
709 5 0
387 0

0

0
285 0
0

i. e,

Rs Np
1024.44
2756.57
367.19
7506.50
2015.62

" 13669.72

Rs Np
367.19

80 00

s Np
750650

Rs Np
2015.62
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Appendix 5

DETAILS OF MACHINERY USED

The following machinery was used on this work, the details
of which are given below:

!

(i) Sheepsfoot Roller—4} ton weight.

Nob pressure—504 1b per sq. in. ‘
Use—TUsed to roll the subgrade soil in filling.

(ii) Tractor—Diesel Cletrac Power (U. 8. A)), Cleve & Tractor

Company.
Size—43 X 5%.
Engine No.—S. 386347.
Model—DR X B.
Fuel—Diesel oil.
Lubricating oil—Mobil oil, C. oil, Gear oil, ete.
Horse pawer—60. :

(iii) Tracto - Tanker—Allis Chalmer.

(iv)

18

Tractor No.—BYS 1974,
Fuel—Powerine.
Lubricating oil—Mobil oil, C. oil, Gear oil, ete. '

Horse power—20.
Use—Used with light bullock roller.

Roller (smooth wheeled)—g:irs};;‘l)lmfgcﬁtsEfglgg& Ltd.,

Roller type—U. D.

Size—8 tons.

Roller No.—90900.

Fuel—Diesel.

Lubricating oil—Mobil oil, C. oil, Gear oil, eto.

Use——Gompactmn of the first 9 in. layer and the second
3 in, thick layer.
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(v) Truck
No.—1462.
Fuel—Petrol.
Lubricating oil—Maobil oil, C. oil, Gear oil, cte.

Miscellaneous — Grease, Brako oil, Battery charging
solution, Distilled water.

Use—To bring the pure sand from nullah hed and stack
at the site.

INFORMATION SECTION
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1. INTRODUCTION

It is well-known that the major factor involved in the
successful performance of a bituminous road is that of adhesion.
Although nearly 90 per cent of the material that goes to make up
the structure of the road surface is built by the aggregates, it is
obvious that, but for the binding effect of the bituminous
material, the surface will not be able to withstand the rigours of
traffic. Unless the adhesive bond is good, the aggregates will get -
dislodged and the road will start failing.

In the process of adhesion there are two stages, namely, firstly
the coating or wetting of the aggregate and secondly the develop-
ment of the adhesive strength. If either is absent, the aggre-
gates will only be loosely knit instead of forming & tight mat.
For example, water may coat the aggregates but two stones will
not adhere to each other by & thin film of water alone. For this
purpose, viscosity for cohesion and other characteristics of the

* Contral Road Ressarch Institute, New Delhi,
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li(llli(l are re 1 "¢ 1 ]]. l i li]l f'm l 3NC e NSEeSS( (l
sl qull( d m t C bin sl [
(6] y by b- . . ¢ o( calum, l }].(A' }Are possesse
l,ll Il} iminous ma tCI liLl.S Such a8 I'Or'.l;(,l t}‘Ll'S & l i
. e d.lld a8 )}]illblc

Generally, if the binder i i

[, oeneratly, K or 18 stripped off the ¢ ¢
:z:r;t;ﬁ:;}c(;uit;a;t ffiu{)l}r(zl of the road, assuming t,}mltc t]tgg;ffodif:;
grade ¢ ype ol binder and aggregates were

reasons could be attrib e oee o “hplayed, the
Feason: ributed to onec or more of the following

(a) Effect of water,

b)  Overheati s i
) and weating of the binder or the aggregate or both,

(¢) Presence of dust on the aggregates.

In the first case, it is univ
, it ersally known that the affini -
:;c(;en stobr‘xe and water is better than that between theabi?l:]tgr l:)l,(;ltd
forn&.e bi0 (in the prolonged presence of water there is a tendency
o mor:;}ie;otlﬂe i;)t.ngpe(.l ffromhthe aggregate and this tenden-
: ) e binder is fre
full viscosity to secure a strong }:s)on?lfld s mot developed the

*In the second case, overheating of t} i
(:mbove thg speciﬁfed temperature %esult:;e ?r% g:z%itea(r)lr Jﬁehe o
increase in the viscosity of the binder at the interface 1151110;’01112?8
ﬁgg;ggates 1:“9 not properly and uniformly wetted. Furthe;‘e
bindmg makes the binder brittle, as a result of which the fi] f

er ruptures, thus enabling entry of water to Ry
separation of the binder from the aggregate complete the

In the third case, the binder i
‘ R nstead of coati
gates coats only the fine dust covering the szozemrgesﬁlll&ngg%;e;

subsequent peeling off of th
action of traffic a.fd RN e coated dust from the stone by the

Even if the aggregates were free from du

. ] st and the i
;eg:egizifg and 112.11% as per specifications, the ingress Icl)lfatg‘fl;:é:
subsequer t}? could bring dam.age to the surface by stripping the
pinder of b'l? aggregate, leaving the stones bare with a resul-

ant i stability of the road metal. It is obvious that this t
of fatlure in a bituminous surface is more pronounced and T
sipread in open-textured surfaces such as single-sizecrll Wld'e-
;,:rg;le:si Otrt surface dressi.ngs than in dense graded mixt;urespreIri‘mx
in wa,te: iSelr cage the mixture is so dense that the permea;.bili(;r’
b pater t;(c))w w;hgreas in the form‘er- the individual voids arg
sufficient, & lre s water for quite a long duration thereby
pous Wgt slow removal of the binder from the aggregates
ater which finds its way into the bituminous rogfi sgtruo-.
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ture could be either the underground water which rises up due to
capillary action when the water table goes up or it could be due
to rain waber which penetrates into the interstices and is retain-
od for some time. Further, if the construction is done during
rainy season the aggregates will be wet with the result that the
binder will not coat the stones properly. Also, if the rain falls
immediately after construction, when the surface is quite fresh,
owing to the low viscosity of the binder at that stage it is

dislodged.

Even if the construction is done during dry weather, there
are possibilities of stripping taking place subsequently owing to
rainfall. Some aggregates resist the action of water better than
others. In some cases, by adding some surface active agents,
this resistance is increased. Some binders coat the stones better
than others. The reasons for these have been investigated by a
number of people using different methods of testing.

And from those investigations, certain salient points regard-

ing the nature, the how and why, and the varions factorg W
influence stripping, have come to light and they fopwtﬁi?pfpg

matter of this note. &
i
oy

;J.
2. PRINCIPLE OF ADHESIO

6’{&%9;0\

The mechanism of adhesion between a stqne é.gg’regate:a.nd )

a bituminous binder is still not very clear, tEoygh«quite a few
theories have been put forth. According to Sadther! adhesio,

is due to residual valencies conditioned by the pres
active atom groups in the molecules. Also, ity is¥sd
‘when a solid is wetted by a liguid, adsorption ogcurs
surface followed by chemical reaction between the %
material and the constituents of the solid phase. According to
Shaw?® minerals adsorb air to a remarkable degree and this is
a cause for the non-wetting with oil, hydrophobic aggregates
having a loosely held oxygen film as against hydrophilic ones
which have a tightly held film. Thelen* has given a likely
reason for stripping in t
film break. According to him the dissolved air bubbles in water
attempt to attach themselves to the asphalt surface and when
they do so, the asphalt spreads over the interface between the
air bubbles and the water, thus enclosing the air. On the drying
of the surface, the energy potentials are reversed and the asphalt
film enclosing the bubbles tends to pull back leaving a hair

crack.

In all these theories the effect of surface texturé and the
energies at the contact surface are not given due importance

) N Lo

he presence of water when there is no -
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From a physical standpoint of view a liquid can be said to wet
a solid when the forces of attraction between the molecules of
the liquid and the solid are greater than the forces of
attraction of. the molecules of the liquid for each other. After
wegting,‘ the liquid lt))ecome;;. an adhesive if it is conver.ted into
a tonacious mass by cooling, evaporation

When the binder is hot its visgcositypis low an(()lritozvheig E}f: (;ess::;
gate and afterwards, on cooling, the viscosity increases gvgith
a resultant increase in its resistance to the shearing action
Thug the effect. of adhesion is a combined effect of surfaco
tension, adsorption and other properties at the solid-liquid
interface. 4

When a drop of liquid is placed over a soli

liquids spread out and some retain a spherical shaplg, f}llzngesfs%lz
being due to surface tension. The spreading force of the liguid
along the solid plane is governed by the surface tension at the
solid air phase, namely, Ysa, the interfacial tension between the
solid and the liquid, namely, Ysi and the surface tension of the
liquid air phase, namely, Yai. If « is the angle of contact, at
equilibrium conditions: !
Th V 1h Yal 088 & =Yas—Ysl. Yal AR

e equation will be Y wi Cos « m
L . =Yws—Ysi YXea ' :
if instead of air the whole thing is immer- * Souip Ysl
sed in water. A lowering of the interfacial tension of the golid
water interface (Y ws) and a lowering of the solid liquid inter-
face (Ys1) would promote binder adhesion. The larger the
difference the greater will be the tendency of the water to stri
off the binder. Ywi Cos« is known as the adhesion tensiop
- and in order that complete wetting may take place, the cont rtl-,
angle should become zero which happens when the surfac
tension and the interfacial tension of the liquid are lowered ace

It has been found® that the interfacial tensio
depends on the nature of the liquid but also onnthl::ostur(f):g
texture of the stone. ‘' The displacement of the binder involves
a certain change in surface energy equal to the difference between
the interfacial energies at the stone binder interface and the
stone water interface ”.

Thus a reliable principle for the assessment of aah ion i
. ; esi
quite possible based on the concept of the interfacial tenoslilorlls
although there are differences of opinion regarding the inflyence
of surface tension in the phenomenon of adhesion. ’

But the exact determination of the surface tensi
! 0 on
not possible in the laboratgry since the meza.fmremem;ss\;v(iaifl(;.I’Ji:flt2
mens can only be made at high temperatures thereby entailing dif-
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ficulties of measurement, Further, the contact angle is influenced
by the ares, of contact, etc., with the result that the measure-
ments can be made only on uniform well polished surfacing
rather than on rough road stomes. However, this method of
approach does give an insight into the problem of adhesion to a
certain extent. But for all practical purposes of evaluation of
adhesion other methods are usually adopted.

3. METHODS FOR THE DETERMINATION OF ADHESION

Except where the fundamental properties such as surface
tension, interfacial tension ete. are to be obtained, in all the
other methods for the determination of the relative adhesive pro-
perties between a binder and an aggregate the first procedure
that is adopted is to coat the aggregate with a known quantity
of the bituminous binder and then to evaluate the amount of
stripping of the binder that has taken place in the presence of
water. Though the evaluation as such is based on visual inspec-
tion and results expressed in terms of percentages of stripping,
the process of inducing the stripping varies with different
methods in addition to the size and the qualities of the materials
taken and the temperature conditions. ‘

In the case of the Missouri boil test® the coated aggregate
is immersed in water and the water boiled. In another method
the strength of an alkali solution (such as Na, Cos) as in the
Riedel and Weber test? or the pH values of the water solution
causing stripping are noted down. In the case of the water
immersion test® the temperature of the water is the main
factor. Since prolonged contact with water also causes the
removal of the binder, the duration of immersion of the coated
aggregate under water at specified conditions can also be a
measure®. In another direct method the stones are kept over a
film of binder on a plate, the whole thing immersed in water and
afterwards the stones are pulled out and stripping evaluated:®.
Mechanical abrasion with the help of a rotating disc has also
been resorted to for the evaluation of the amount of binder
removed. The same can be found by means of a shaking
machine also'!, Comparison of the strength values of two
identical pre-mixed materials, one being dry and the other after
complete soaking, have also been in vogue toexpress the effect of
stripping!®. Of late, photo-electric methods!® and the use 8f
radio active isotopes!* have also been attempted for the esti-
mation of binder aggregate adhesion. Since stripping of the
binder film on the road is caused not only by water but also by
the mechanical effects of traffic, the number of passes of a given
loaded wheel over the coated aggregates immersed in water under

19
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s‘ 1)61,]“6 (l()()]l(llbl()"s bO cause & celtaln extellh Of dl glathIl
Slnte
can alSO be tavken as a measure fOI Sb! lpplllg eﬁectls

But none of-the above mentioned tests hav i
%cce;.)ted. _For, in majority of the tests the striepg?ﬁg ?sncl)‘t:zle;ia\)r];zl’
y visual inspection and as such the test data is influenced b
¥ersona.l errors and as such they remain as qualitative measuresy
n some of the so called quantitative methods, the test dat is
erradtw and the reproducibility of the test da,ta, 18 not a?‘wz 12
ig:l)(:;h‘e 13;)(:?&(;2};61;5q:g,éltai';mtive énethods, strippiﬁg as inducgd

e tor: ways tomparable to ¢

cfmdltl((i)n. Further, so many divergent set of vm}‘liin,glcetsu:lllcﬁe:i
?)l'ze and surface texture of the stone, viscosity and nature of th
tmder, temperature condition at the time of coatin ecur' :
'ex;:\perature and duya.txon of immersion, etc., have to %e t ling
;xﬁeoezzc:nnt ;n addition to the mode of indticing stripping&agg
tho diﬁ(ér:::tua.ttlon of stripping. Sometimes, it so happens that
contlicting. rosults. " For, wheress. ono. mype ey liaterials, yield
¢ . , e i

ilzgfﬁ'tan:e of only the effect of time, 01?’ %haz ogezgmg[::::ttﬁze
anott :glssli'zisezfor&}; t(l)x:hshe;nical 1;reaction at the interface tt;

r impo ,
te)l(lture, Viscosi'gy, etc. So it caﬁ gezzgnf:ﬁzzrshzzg};s ?1?) sul:faoe
:zcgruarﬁc:ﬁmtaﬁes;Tpletor dc:iﬁnite method which would ta,lf:l: livne:(;
spects and en

adhesion betweenp binder a.nc? b;:oa;:a E};a%taﬁga:;lgplﬁent e
correlatable to the actual service behaviour on the rlgad would be

From the point of view of th i
Fro e mat i
v;;hlc.h influence thg adhesion of a st?r:ilst;oth: ‘;)a:rlé)us cactors
studied under the different categories given below : fnder can be

4.1. Aggregate

41.1. Chemical and mineralogical composition

I.t is customary to divide a
Qgiol?;c or hydrophilic characte
:he?lii(y;alto v(;ater.' This property is sometimes related to the
- Shetloal ;m mmer_a,logl_ca.l composition. But according to

hdran }%ilié ?;19 lftllzssnﬁ{):latxon of aggregates as hydrophobicgand
3 enable, since in his opini i i
depend upon the combination of a certain %iné); i(ii:llf?%%rtziﬂ

a . Ao
ggregate.  Saether! s of the opinion that hydrophobic pro-

ristics based on their relative

ggregates as possessing hydro--
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perties of a mineral do not necessarily depend on basic charac-
ter or chemical reactivity but in a complex manner upon the:
crystal structure and the nature of the ions of which it is com-
posed. But, Ray and Thor'’ are of the view that the major
causes of hydrophobic and hydrophilic natures of the aggregates
are the presence of water-soluble compounds and the degree of
alkalinity inherent in the aggregate and the mineral composition.
According to Knight!® and Oberbach!® adhesivity is more
influenced by surface texture and other properties such as
mechanical and crystalline structure than on chemical com-
position, though according to Knight'® the mineral composi- .
tion affects the surface texture. Pfeiffer?® has found that the
presence of small quantities of iron at the surface of stones of
high §i0, content causes less displacement of bitumen when in
contact with water. And in a broad sense it can be said that it
is easier t0 bind basic stones than acidic ones. This classifi-
cation is based on the silica content, the stone being acidic for
high silica contents. Based on this the stones giving poor
adhesion (called hydrophilic) are syenites, granites, quartzites,
porphyry and the stones which give fairly good adhesion (hydro-
phobic) are limestones, some basalts, hyperite, etc. A classifi
oation of the igneous rocks based on this is given below? :

Basic '(lovi

Acid (high silica) | Intermediate silion)
Plutonic Granite Diorite Gabbro
Dykes & sills Quartz prophyry  Porphyrite Dolerite
Voleanic ~ Rhyolite Andesite Basalt

However, it must be remembered here ‘that meny rooks
passing under the same geological or petrological name may have
very different mineralogical constitution and 8o it is not possible
to give a simple geological classification of road stones based on

adhesion.

4:1.2. Surface texture & crystalline structure

Lol

If, as said earlier, the chemical and mineral composition of"

the stone are important only in so far as their effect on surfgue
toxture is concerned, except for possible chemical reactivity.adb.
the interface, it would appear that the nature of the aggregate
surface as influenced by the physical, mechanical and geometrip
properties of the stone is of greater importance. . Texbu.re.oan'._hp .
classified as glassy, smooth, rough and orystalline. Though itis.
easier to coat and wet a smooth surface than a rough one, it is
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obvious tha,t'; once the latter is coated, the adhesive bond is better
.tha,n tha.t‘ Wlt‘h the former, since a certain amount of mechanical
interlocking is present thereby increasing the strength, and it h:s
been found'thz'xt with smooth, glassy and coarsely ’c(r stalline
:ﬁgf}:\,(;ﬁ stn];lpx;lg tof the binder is more pronouncéyd th:n
i e rough texture ones. The degree ; ini
rock affects this texture and as betvgecn &fmc;ﬁzf{zm?c::ges;fn&
zlix‘?;;a,ralchemlcal :fmdtmineralogical composition the gnb whiclgl
lves smootn {iractured surface such as a crypto 11i
flint is not so good as a crystalline quartzite f'/ . the point of
view of bond. According to Knig(%xt“’ :nlhg lmfn Dot o
rugosity and the grain size of a stone metal si:;aizoast?ﬁmre od
:ggggi;ge r;l}iorosgope are of greater significance in dcter?xfi]r??ﬁ(gl
Aihesion ‘a,nthlts mineral character. Lee® has shown that
QiTerenc terlll(; : te adhesive properties recorded on the coarse
jnine ended to disappear when the same tests were applied to
ighly polished surfaces of the same mineral PP

It has been shown® that the shape of th
] ea
?1;),: 9;1; ;Ir;ﬂgl;igce %r;s;,)}lle relati:e bdispla,celgent of theglg);‘g%iztef:})i(l)
. acemen egins sooner from i

Zl;i.zgre;dges than frqm rounded ones. As'the binder nglonrizsat?, 1:1?;
corn edax(;e Vel';yb thin they easily get ruptured especially if the
ok m};re gvs get broken off. Similarly, dislodgment ¢f the binder
PN ler proud spots and this may be expected in the case of

oo rsely textured surfaces. Irregular and rounded aggre-
g ds score an advantage over angular or flaky ones, but since
good adhesive ‘bond with rounded stones may pose ‘a problem
subsequently, irregular cubic chippings are prefergble P

It is also said that a certain
) . . . amount of porosity i
is desirable since it allows the bituminous nfa.terialy t;lcx)1 ;gzeiiiréz

into the pores and by givi iti ical i
improves the athas: gfng.;lvmg an additional mechanical interlock

4.2. Binder *
4.2.1. Nature

Between the two normall i
) ally used binders, namely,
ll:;tgrxg;;i féirl‘n};)a:,)s;:szbe_r vr{(:ttullg }ﬁroperties mainly bec}a,,{xse&(l)'fai':r}lli
3 in it. all the phenolic compo
remove(.i from the tars by washing with alkali t%en?::t?re
gyopertles are adversely affected?®, Also when as ha.llt?ig
irizl;:;;:g ar?[‘ﬁgtbaclf with };:reosote oil, its wetting propertli)es are
ased. ‘Lhis explains the improved adhesion in th
tar-bitumen mixture. Also, low o tars v o e
tar-] , 3 . s aromatic tars giv bett:
initial bond than a high aromatic t ' 3l tar bindors
. ar. In ) i
show better adhesion properties than bitumengéneml far binders
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To a certain extent the source of the crude in the case of
asphaltic bitumen might influence its adhesion to a stone, for,
the percentage of asphaltogenic acids can vary from O per cent
to 7 per cent depending on the source.

4.2.2. Viscosity

Resistance to stripping depends on the consistency of the
material and it is said that cracked materials are more resistant
than uncracked ones®!. Also, viscosity of the material used
influences the adhesive bond. A low viscosity of the binder
means a better initial coating, whereas a high viscosity of the
binder (after complete coating) means a greater resistance to its
displacement by water. Further, undue increase in viscosity
may mean indirectly an increase in surface tension. A thin film
of & binder produces the most resistant bond, but too thin a film
of a highly viscous binder might crack easily. From all these
reasons it can be seen that an ideal binder should display a low
viscosity at the time of application but should set up to a high
viscosity in as short a time as possible after completely coating
all the stone aggregates. A cutback grade using a high viscous
binder seems to be a satisfactory material.

One way by which viscosity is increased® is by incorporating
a filler after the stone is costed. And if the fillers used give an
alkaline reaction (such as using a limestone filler for & paving
mixture with tar) resistance to displacement will be more. But
it must be noted that the filler should be added subsequently. If
the filler is only clayey and it is already present in the form of a
thin coat over the stone, the binder only coats the dust and not
the stone with a resultant stripping by the action of water sub-
sequently. Some natural asphalts which contain an appreciable
amount of undesirable material such as silicated clay, though
they may have & high viscosity, behave badly and strip early in
the presence of water, ‘

5. METHODS FOR IMPROVING ADHESION

In order to improve the adhesive bond between the stone and
the binder and to reduce the tendency for displacement by water,
certain surface active agents can be introduced. These ‘ dopes’
are antistripping agents and can act in one of many ways. One
way by which their presenoe helps is by the decrease in the value
of the adhesion tension (Y cosx) either by decreasing the inter-
facial tension Y and/pr changing the value of the contact angle.
Another way is to provide a rigid interfacial film which prevents
the establishment of the equilibrium contact angle. Also, the
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nium salts, certain Organic amines, etc., which when added to the
binder reduce the interfacial tensjon, In the case of wet aggre-
gates with tar, treatment with lime is quite well known. 1In this
case, by the reaction of the alkalj and the acid constituents in
the tar, the interfacial tension is reduced and the adhesion js
improved. Since there is no acid constituent in asphaltic bitu-
mens, when lime is used o coat the wet aggregates, for reaction

water are adsorbed strong-
; ' resisting stripping. If this
adsorbing reagent is applied in solution in creosote oil, an oil ilm

is carried with the reagent on the stone surface and a waterproof-
Ing of the stone results,

Thus the three ways by which the adhesion could be im.
proved are :

(8) to dissolve the agent in the binder,

(b) toadd lime or other alkaline material to the wet
stones prior to coating with tar, and

(¢) to treat the stone with water repellants,

The first method ig 0ot usually successful since the binder
has to be heated to high temperature, when the effect, of the adhe-
sive agent ig impaired. Best results, however, will be obtained

when the agents are used with cold and wet aggregates before the
binder is added.

6. CONCLUSION

struction, ospecially in the cage of surface dressings and open
premixed carpets or macadams. In all the cases the aggregates
must be clean, dry and free of dust, Secondly, cubic and irregular
chippings are to be preferred. The binder should have g low vis-
cosity initially and should be capable of building up a high vigeo-
sity subsequently, The binder chosen shoyld have as low vigco-
8ity as possible 1o coat and wet the aggregates and it should be
consistent with the temperature and climatic conditjong of lay-
ing such as low viscous binders at low temperatures, etc Ag far
as possible, the gonstruction should be done,‘during dry weather.

uring damp and cold weather, the construction should be done
more carefully, keeping the drying and volatile properties of the
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i in vi dressing should always be protected

:xlll:ld:vratlcr;x:(;ei‘:’l. ths‘;;%;edays IWhin it is f're.?h 'Sincet;)(i):h gaﬁ:
in i i fter laying are injurious .

o mnéeslglrl:%i;: teg)n?e of the };dhgasive agents could very use-
?gﬁreﬁ: employed.’ As & matter of fact in ocertain Europear;
couitries addition of agents has beco.me a rule, In the ;:a.scl }c:
open bituminous macadams or pre-mix open oarpgts also the
above mentioned observations hold good. In addition, propez
camber should be given to these. sqrfa.ces 80 t;'ha.t wa.t_;er ma.;sr no
be entrapped in them for a considerable period of time. Bome
fillers especially alkaline ones are quite useful if they all'le mco;:

orated in small quantities. Undue amount of dust in the aggr
p tes prior to coating is very harmful especially if the stones are
ﬁa apy In such cases priming of the stones with & low viscous
ofl'mg)r' treatment with adhesive agents, would be quite advanta-

geous,
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SYNOPSIS

This note presenis a samplo survey of laterite from various parts of India
as o highway material which has been used to a limited extent in some

parts of the country.

Mechanical properties of laterites as road aggregate have been studied
and the data collected has been compared with the more commonly used
type of aggregates. ’

The physico-chemical propertios studied in this investigation together
with the field performance data collected rovoal that laterites are suitable
for sub-base and base course construction.

1. INTRODUCTION

"This study is in continuation of ** Study of soft aggregates
from different parts of India with a view to their use in low cost
road construction—I--Rajasthan ”’, Journal of the Indian Roads
Congress, Vol, XXI1-3, April 1957, pp. 4_33-457, in which utilisa-
tion of locally available material in Rajasthan had been discus-
sed. 1In the present investigation, ‘Laterite asa road aggre-

gate >’ has been studied.

# Central Road Research Institute, New Delhi, i
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This general survey has been undertaken in order to ERIEETS
the suitability of this soft rock as a road building material. In some
parts of India, laterite is the only natural aggregate available
and the most common problem which confronts the highway
engineer who has to build roads in such regions is that of

the engineering properties of this material were not clearly
understood so far.

The object of this investigation is, therefore, to present the
nature and properties of laterite so that it may be used in areas

where harder type of rock is not available within economic
distance.

Many thousands of miles of rural or feeder roads will Dbe
constructed during the Five-Year Plan to connect agricultural
villages with the agricultural markets and the country cannot
afford long milages of expensive types of pavements. In order

to construct low cost roads locally available materials have to be
used to the greatest possible extent

Laterite is a form of regolith highly peculiar to India and a
few other tropical and semitropical countries, In some parts of
this country laterite is the only road building material available
and hard stone metal is ejther Scarce or is available gt high cost.

cost of construction, research on locally available materials
hitherto considered unsuitable, has been undertaken,

2. COLLECTION AND SELECTION OF LATERITE SAMPLES

A number of samples were collected from all over Indija
through the Ministry of Transport and various Public Works
Departments in the country.

Out of the samples received only 38 could be selected for
inclusion in thig investigation as others were either too small for
all the tests to be performed or more than one sample were
received from the same quarry. The particulars of these samples
which have been studied are described in Table 1. )

3. EXPERIMENTAL DATA ‘
3.1. General

The wide distribution of laterite as seen in Fig. 1, can make
it a widely used material for road construction but the enginee-

.
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i ial he derstood. In

ing ies of this material have to be clearly un
:);ill%:rl )tr(? I;ﬁi&?igs suitability for the construction qf foa.dsl d(?-
tailed physical and mechanical properties and chemical analysis

have been studied.

3.2. Physical and Mechanical Characteristics

i i nd percentage
\ 7 bulk density, water absorption an :
voidg }:veeréi l(?;termined on three inch cubes cut frtonlxJ th:h;aﬁ;ﬁ:
. The cubes of three inch size were cut by
ggg{‘rﬁfwaiﬁie as shown in Photo 1. The Ehotogr&phs of some
of the laterites are also given in Photos 2 to 5.

i i bes was calcu-
. Bulk density: The bulk density of the cu )

latecf ‘31.11 their oven c{ry weight a.5n(}1 gh; samples v:;agr:& c(11;1e3d ’Ifl(:;
ight in the oven at 103- egrees cen .

33?32::; v‘:::‘g taken by direct measurements as per A.S.T.M.

C-134-41.
Bulk density =weight gm./volume cc X 62.4=1b per cu. ft.

i ity : i i the powdered
. Specific gravity: The specific gravity of 6
sam %.féipassﬁ;cg AigS.T.l\)i. sieve No. 100) was dete.armm%i. a:.l}l)eé
AS}'.)I‘M C-135-47 with the following exception. t{s 1;
kért.)si.ne. (fraction collected from 200-240 degrges centigrade)
was used instead of distilled water,

3.2.3. Water absorption

i : ter absorption of
Water absorption of cubes: The wa
oven g:zed laterite cubes has been evaluated as peé i.S.T.l\g(;
C-97-47 except for the increase of period from 48 hours to
6 hours. Th gregates ‘of
ater absorption of aggregates: The ag
1}—1 i(li)c)h suv'vze and $—4£ inch size were oven dried at 105--110
degrees centigrade for constant weight, cooled to room bem%erg,-
tufe and weighed (Wt. 4). The dried samples were place _in
water in suitable vessels and kept immersed, properly remol\)rmg
the air bubbles, for 66 hours and two mlonths. . ‘:itl::nthfer o?n z;lrg
i immersion period, the samples wer >

g:?:;c;r;eél I;:%Il?ght to sl:lrfabe’ dry condxt;on. They were imme-
diately weig‘hed (Wt. B) and then dried in the oven to constant
weight at 105—110 degrees centigrade (Wt. C). Percentage

B-C
water absorption = o X 100

: i { w;ai ht ' is taken instead o.f A as some of
Note: @) ;I;Jk:aesffiyma.tegisl of laterites goes into water as

suspension during immersion,
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(ii) The results of this test have some dependence on the
size of particles tested, and for this reason samples
of burnt brick and quartzite are also taken of the

same size.

394 Voids: The percentage voids were calculated as
follows:
(86 X 62.4—DbjSG x 62.4) x 100

84 = specific gravity.
Db = bulk density.

As the aggregates in a road are subjected to the destructive
influence of impact, crushing and abrasive forces, their ability
0 withstand these forces depends largely on the mechanical pro-
perties of the matberial concerned. Hence these properties are
studied in detail. The compressive strength of the samples was
determined on three inch cubes whereas impact, crushing value
and abrasion values were determined as per standard methods
given below under the respective tests.

Laterite is a soft material in comparison to conventional
road stone and it is desirable to find out its behaviour under
impact, crushing and abrasion when it is wet. The test speci-
mens were soaked in tap water for 66 hours before they were

tested.

3.2.5. Compressive strength

(a) Compressive strength test (dry) : Samples of three inch
cubes were cub on stone cutter. 1In the case of brick the frogs
were filled in by neat cement paste and allowed to age for
94 hours and then capped with plaster of Paris. The capped
specimens were tested after 24 hours at a rate of 100 b per =q.
in, per second.

(b) Compressive strength test (wet) : The three inch cubes
were immersed in water for 66 hours. At the expiry of this
period the specimens were taken out and brought to surface dry
condition. The testing procedure was followed as in the dry

state.

3.2.6. Impact test

(a) Impact test (dry) : The size of the test sample was
3-3 inch. The procedure followed was as per B.8. 812-1951,

Aggregate under test is shown in Photo 6,
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(b) Impact test (wet): The sample was prepared, oven
dried, measured and weighed quantity taken ag per B.S. 812~
1951. The test sample was then immersed in water for 66 hours.
At the end ‘of this immersjon period, it was taken out and
brought to surface dry condition and tested ag per standard
method. The material was sieved through B.S. sieve No,7 and
the fraction retained was washed, oven dried to constant weight
and weighed. This weight wag subtracted from the test sample,
which represented the fraction Passing B.S. sieve No.7. The
results were calculated ag per standard method.

3.2.7. Aggregate crushing value

(a) Aggregate crushing value (dry) : The test was performed
on %-3 inch size aggregate as per B.S. 812-195].

(b) Aggregate crushing value (wet): The sample was prepar-
ed, oven dried, measured anqd weighed quantity taken ag per
standard method. The wet sample was tested and ‘results
calculated as described under wet impact test.

3.2.8. Los Angeles abrasion valye

(a) Los Angeles abrasion vajue (dry): For the Los Angeles
abrasion test the procedure given as per AS.T.M. C131-51

was followed using aggregates of §~1 inch and 3~3 inch sizes
in equal proportions.

Note : This size ran
value test.

(b) Los Angeles abrasion valye (wet): The test sample was
taken as per standard method. It wag immersed in water for
66 hours.  After this Immersion period the sample was taken

out, surface dried, tested and results calculated ag per standard
procedure,

ge is nearer to the size adopted in impact and crushing

3.3 Results of Physical & Mechanical Tests ’

The results of bulk densities, specific gravity, water absorp-
tion (cubes) and voids are given in Table 2 whereas the results of
water absorption of aggregates are shown in Table 3. The
results of other mechanical tests both dry and wet are given in
Tables 4 and 5.

3.4.  Chemical Analysis

Representative samples of laterites %verefaken, crushed and
ground to pass No. 100 (A.S.T. M. sieve). They: were dried ir
the oven at 105-119 degrees centigrade, The percentage oxid¢

Photo 1.

Sample of laterite
cube being cut in a
stone cutting
machine

T ) 1

INCHES

Photo 2.

A sectional view of laterite
from Assam. Serial No. 6

Photo 8.

A sectional view of laterite
from Bihar,
Serial No. 10
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Photo 4,

A sectional view of luterite
from Kolhapur, Bombay.
Serial No. 15

Photo 5.
A sectional view of laterite
from Mirzapur, Uttar Pradesh.,
Serial No. 38

peg B

Photo 6.

Laterite aggregate being tested
for aggregate impact value
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composition was determined on the basis of moisture free
samples, The procedure for chemical analysis was adopted as
per standard methods of A.S.T.M. C 18-52 except for Fey0,
where C' 114-47 was followed. A

The results of the chemical analysis are given in Table 6,

4. EVALUATION OF LATERITE

There are no fixed standards in India to the mechanical pro-
perties of road stones. The spécifications framed by A.S.T.M.,
A.A.8.H.0O. and the limits suggested by Road Research Labora-
tory, Harmondsworth, England, cannot be followed rigidly in
this country as the traffic and climatic conditions here are quite
different from those existing in those countries. In the absence
of such specified limits the mechanical properties of laterite have
been compared with those of burnt brick (Delhi 1st class) which
is generally used as soling material and has successfully stood
the test of time, The results are also compared with quartzite
(Delhi) which is an established sound road making material.

From the results of various tests the statistical averages
with their errors have been calculated. They are 4.M. 4- o

A.M. = Arithmetic mean.
o Standard deviation.

]

The results of laterite in comparison to burnt brick and
quartzite are given in Tables 7,8,9 and 10.

5. DISCUSSION OF TEST DATA

5.1.  Physical and Mechanical Characteristics

Correlation analysis has been carried out for the physical
and mechanical test values and the results are given in Table 12.
The coefficient of correlation values given in the Table shows the
degree of relationship between the two variables.  This value.
ranges from - 1to - 1. A positive value of the coefficient
of correlation indicates that generally the higher values of the one
variable are associated with the higher values of the other variable
and vice versa. The negative value indicates that higher values
of one variable are associated with the lower values of the
other variable and vice versa. The significance of the coefficient
of correlation values has also been tested and, in general, a value

- of 0.5 or more can be taken as significant for this Table,

A S
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5.1.1. Dry bulk density: The dr i i

. T y bulk density of

varies from 114 to 183 Ib per cu. ft. as shown in '].‘aﬁﬂ% QIéte'li‘l}tl;:
average bulk dens'lty of this material is 135.1 1b per cu. ft based
on 38 samples. The statistical analysis reveals that, if a la.i'ge
?}Fmbel‘ of samplles a(re tested, in two out of three (66.7 per cent)

e average value (true average ill lie betwe
tho ane pé,r N ge) will lie between 1331 to

The bulk density of burnt brick on the other 1 i

/ 1 is onl
103.5 1b per cu. ft. Thus laterito as & whole hius groator ¢ y
ness than burnt brick. ¢ a8 a whole has greater compact-

The dry bulk density of the laterit
per cent of that of quartzite. erite works out to about 85

5.1.2. Voids: The voids of laterite vary f 5
C y from 5 to 59 pe
(':I?nlfl. 2The average void content is 24.1 per cent as is shownpitl;
able 2.

This compares rcasonably well witl i i
34 por cons vart y with burnt brick which has

~5.1.3. Specific gravity: Though no stand i i

limits are available regarding the %'a.lue of thems(;)ejiliiecmg::frlizn
of road aggregates, this test is carried out on laterite sam lez
with a view to study if therc is any significant correlation Eet
ween this test value and the structural behaviour of the laterit )
But‘: the data obtained as specific gravity of the various sa lle.
1nd1ca..tes that it is not possible to predict the qualit H;pﬂf:s
material by specific gravity test alone. This valge ofysoe 'ﬁe
ira.vnjy is also used for dqtermining the percentage voidspa,cfltef'
v;l:;;nggfzgin d2r>é 231}; élens'sﬁfly. The specific gravity of laterite is
to 2.97 whereas of burnt briceljﬂa'izeigac%sl;pgcgflic Bravity comes out

The large deviation in lateri
. : : ite may be d
of different mineral constituents in diffe};en(; pggp:&i?rfs prosence

5.1.4. Water absorption: The average value of water absorp- |

tion in 3 inch cubes, 11-1 inch and 1.3 j
et $-3 inch aggre

end of '66 hours is 9.5, 9.8 and 9.7 pgr cent resggec%i&telS e the

shown in Tables 2 and 3. pectively as 18

The average wator absorption capaci .
h A apacity of 1 i
ggagl that of :ufrnt grl_ck Khlch has as high va.}l,ues &Safgréte”x% ;‘:153
.0 per cent ior inch cube, 13}-1 i PR
respectively, as described in T&b]esig anlgcl% and }-§ inch sizes
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In case of laterite aggregates the increase in waber absorp-
tion from 66 hours to two months varies from 0.1 to 1.6 per cent
and 1.5 to 3.4 per cent in }-3 inch and 14-1 inch sizes
respectively. But the corresponding increase in burnt brick
aggregate is 3.3 and 6.1 per cent as is shown in Table 3.

Taking into consideration the porosity of laterite it is clear
that all the voids are not filled with water even after prolonged
immersion of 66 hours or even two months. This is probably
due to the non-continuity of porosity in laterite.

5.1.5. Compressive strength: The compressive strength of
three inch cubes of laterite in dry state ranges from 11000 to
600 1b per square inch as is shown in Table 4. The average
value is 3385 1b per square inch and the true average lies in the
range of 5350-2725 lb per square inch with 66% per cent
probability.

But its compressive strength in wet condition varies from
10500 to 100 1b per square inch. The average works out to
2168 1b per square inch and the true average lies in the range of
3000-1335 1b per square inch, with 63 per cent probability.

Most of these values of laterite compare favourably with
burnt brick both in dry and wet state as the average values of
burnt brick are 1356 and 1249 1b per square inch respectively.

Bricks usually display wide scattering of results in their
crushing strength but the variation in results exhibited by lateri-
tes is far more both within and between different. types of lateri-
tes. This is probably due to the different type of vesicular nature
of the material and variation in their chemical constituents,

Moreover, the results of the tests carried out on .aggreg.ates
are much more reproducible than the tests made on single pieces
of rock. Road Research Laboratory, Harmondsworth, l_ms found
that one Los Angeles abrasion test or aggregate crushing value
test gives the same probability of a true result as 60 crushing
strength tests. This is due to the fact that variations between
individual pieces of stone tend to cancel each other in tests on

aggregates.
This fact has also been proved in this 'investiga.tion by the
study of coefficient of variations, as given in Table 11.

Thus the results obtained under compressive strength tests
are not reproducible and uncertain and for this reason while
evaluating the test results reliance i8 placed on those tests which
are performed on aggregates such as impact, crushing and abra-
sion rather than compressive strength of rock pieces.
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5.1.6. Aggregate crushing value: The test values (dry state)
vary from 20 to 60 per cent as shown in Table 4. The average
value is 37.3 per cent and the true average lies between 36.8
and 38 per cent with 662 per cent probability.

In the absence of any standard limits for crushing value of
the materials to be used in the base course as well as surface
course, the results of laterite are compared with those of burnt
brick (Delhi 1st class) and quartzite (Delhi).

The tentative limits suggested by Road Research Laboratory,
England, for crushing value of the material to be used in water-
bound macadam are 30, 23, and 13 per cent, in the case of light,
medium and heavy traffic respectively.

Even though the crushing value of laterite does not compare
favourably with quartzite having 20 per cent of crushing value,
it compares favourably so with that of burnt brick. The aver-
age crushing value of burnt brick (Delhi 1st class) is 59 per cent
whereas the average value of laterite is 37.4 per cent. From the
samples tested it is clear that 95 per cent of the samples have
lesser crushing value than brick and are therefore superior to

brick. Hence laterite can safely be used for sub-base and base
course construction.

5.1.7. Aggregate impact value: The test values vary from
16 per cent to 77 per cent as given in Table 4. The average
value works out to be 37.7 per cent and the true average lies bet-
ween 36.4 and 37.6 per cent with 66§ per cent probability.

But as the results of aggregate crushing value and aggregate
impact value are very close to each other, without any significant
difference, for purposes of evaluation the limits of impact value
are taken just as in the case of aggregate crushing value. The
results in Table 12 indicate that there is good correlation between
the two tests which works out to be 4-0.92.

The results of this test also confirm the same deduction asg in

the case of aggregate crushing value, that is, laterite is stro
than burnt brick and can safely be used in sub-base a.nfl ﬁf:g
course.

5.1.8. Los Angeles abrasion value: The Los Angeles abra-
sion value of laterite varies from 17 to 97 per cent ag given in
Table 4. The standard specifications for crushed stone, crushed
slag and gravel for water-bound macadam base and surface
courses of pavements as per A.S.T.

M. designati —
are 60 and 40 per cent maximum resPectiVelg_na ion D 694—49
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Out of laterite samples tested about 80 per cent will satisfy
the A.S.T.M. standerd for base course. The results of Tables 4
and 10 indicate that based on Los Angeles abrasion value laterite
ig superior to brick.

5.1.9. Mechanical properties of wet aggregates: The laterite
gets partly softened on wetting and loses some of its strength.
The average impact and crushing value of laterite in
wet state is 45.5 per cent and 47.5 per cent respectively.

Whereas in case of burnt brick the average impact and crushing

value in wet state is of the order of 72 and 65 per cent respective-
ly, as shown in Table 5.

From this study it is clear that even wet laterite is in no
way inferior to wet burnt brick which is a sound base course
material and has stood the test of time. Moreover, its complete
wetting in actual base course construction does not arise except
in some waterlogged areas.

The results of wet laterites in Lios Angeles abrasion test are
lesser than oven dry state. This is contrary to the results obtained
with wet aggregates in impact and crushing value tests.

Probably this is due to the fact that wet laterites get stuck
to the wall of the drum and there is not much abrasion between
aggregates as well as between metallic balls and aggregates.
Moreover, there is less crushing of wet aggregates due to the
impact of falling balls because of wet fines acting as cushion.
Hence this test is unreliable for laterites in wet condition.

5.2. Chemical Analysis

Chemically a laterite is essentially compoesed of a mixture of
hydrated oxides of aluminium and iron of variable proportions,
often with a small percentage of other oxides.

The hardening of laterite is thought to be due to:

(i) Dehydration of the hydroxides of iron and alu-
minium present.

(ii) Further oxidation of the high iron content of the
material.

(iii) The precipitation of these oxides as cementing
material.

But from the experimental data collected there seems to be
no significant correlation between the chemical constituents and
mechanical properties.
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This is probably due to the heterogeneous nature of laterite
and variation in porosity from sample to sample.

6. FIELD PERFORMANCE OR SERVICE BEHAVIOUR

In order to study the correlation of the mechanical proper-
ties with service behaviour, a questionnaire was sent to collect
the information on field performance of the laterite covered in
this investigation. The questionnaire is given in Appendix 1.

The laterites are classified as satisfactory and unsatisfactory
according to their service behaviour. The limited information

obtained from various highway officials is summarised in
Table 13.

With the available information all the samples having
impact, crushing and abrasion values upto 46, 47, and 46 per
cent respectively are behaving satisfactorily as base course.
But so far as wearing course is concerned they are not giving

good service especially under heavy iron-tyred traffic due to the
formation of ruts in rainy season.

7. CONCLUSIONS
The results of this study indicate the following :

7.1. The majority of laterites have sufficient mechanical
strength and resistance and are stronger than burnt brick which
is widely used for soling. Thus most of the laterites tested with
their aggregate impact values ranging between 20 per cent to 50
per cent are suitable for subbase and base course construction
wherever available economically.

7.2. The laterite gets partly softened when wet and loses
some of its mechanical strength and wears quickly and hence is

not so suitable for wearing course construction, while being
guitable for subbase and base courses.

7.3. There is no significant correlation between the chemi-
cal constituents and mechanical properties of laterite.
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S. No, State Location ll Name of quarry
i !
1| 2 ‘ 3 ' 4
1. Andhra FEast Godavari District Kesavaram,
2, do. Tadapalligudam, Arugolanu.
West Godavari -
District
3. Tripura Agaratala —
4, Assam Malidhar Kathirail,
3. do. Hilara,
6. do. do. Sunagiri.
7. do. Tura-South Garo Hills —_
8. do. do. -
9. do. Gauhati—S8hillong -
Road, Shillong
10. Bihar Jamsola, P, O, . —_
Baharagora, Singh-
bhum District
11. Boml From village Sinod in
ombny Tal Mansrole, Distt.
Surat, Bombay, (12
miles from Anklesh-
var).
12 do. Mohar river bed near
) Kapadvaraj town,
Kapadvaraj, Attar-
sumba road, M-1,
13. do. Ratanagiri —
14, do. Alnavar —_
15. do. Kanakavali, Kolhapur —
16. dhya Bharat Mhow - Neemuch road,
¥ ﬁ:ndgnir ore M-118-119, Mandsaur.
117, do. do. Gwal Toli Neemuch,
Nasirabad, mile-1,
Mandsaur,

22
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TABLE 1 (contd.)
S. No. State Location Name of quarry

1 2 3 4

18. Madhya Bharat Bhilsa Bhatnt Gunj, Basoda,

19. do. Bercha No. 2 —

20, do, Bereha No. 1 —

21 Madhya Pra- Balaghot, Nagpur —

desh

22. do. Harda Bisoni

23 do. Seoni —

24, do. Bhandara —

25 Madras, Tast South Arcot Distt. Seplanatham.

Joast
26. Madras, West — —
Coast
27, do. —
98, do. — Milo 14/6 of Puthana-
thani,  Trivegapura
Road,
29, do B-Mangalore, Chera- —
thore Road 8/4 one
furlong off,
30. do. D-Mangalore Chera=~ —
thore Road 14/6
Road side.
3. do. Malabar (Kurumban- On right side of mile
nad Taluk), 1/7 of Badagara Villi-
appally Road.

32, do, — Dharmadam quarry at
0/5 Dharmadam Mam-
mamkunnu Road.

33. do. — 74/4 of  Cherthayan
Perumbay Road.

4. Rajasthan Jhalawar —

35. Travancore- Warkala Vettoor,

Cochin
36. Uttar Pradash  Samploe 3 Moradabad.
37, do,

Roberts Ganj, Mirza-
pur,

TABLE 2

Physical properties of laterite
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48.0

48.9

10.9

13

35.8

28.4

Lower

38

28,1

47.0

37.3

6.6

42.1

36.2

39.4

[

10

28.3

40.0

37.0

4.9

17

41.2
27.6

42.1
22.0

5
4.9

16
12

47.

Average

72.0

Burnt brick (st class):

%3
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\ TaBLE 9
TasLe 7
Comparison of laterite with quartzite

Comparison of laterite with burnt brick
(IN DETAIL)

Per cent samples of laterite
] [T FERERER B Values Percentage laterite Percentage of
Mechanical Valuaes for brick or il s or th Mechanical for strength in compari- the total
tests in per cent Info;’m_l' lt an up(;)“f)rk than test quartzite in | son to the strength of laterite
pric rie per cent quartzitet samples
Impact value 59 5 9 Impact value 21 84 24
Crushing value 59 3 95 60 40
Los Angoles abrasion 99 Nil 100 4 2
value 38 5
32 -
28 5
TaBLE 8 Crushing value 20 80 18
. . . . 57 35
Comparison of laterite with quartzite (Delhi) 18
44
(ABSTRACT) 36 5
- 31 b
Per cent samples of laterite
Mechanical Values for — “”‘ 2 -
tests  Quartzite Inferior than | Superior than
in per cent quartzite Izluartzite Los Angeles 25 83 28
abrasion value 62 30
Impact value 21 95 5 50 8
. 8
Crushing value 20 100 Nil 2
36 3
Los Angeles abrasion 25 86
value 14 31 3
27 6

1 Taking the strength of a quartzite as 100 per cent,
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TasLE 10 TaBLE 12

Comparative mechanical properties of laterite,

ici f correlation between mechanical tests
burnt brick and quartzite Coefficient o

' Laterite Coefficient
. . N p i . of
Mechanical properties (1{1‘{':;8::;:})' lellsrtltc]l;;;)k Quartzite NS; Variatos corrézla)ltion
T
1, Bulk density 1b per per cu. ft. 133—146 103 163 . o
2. Water absorption per cont 811 13 Nil 1. Aggregnte crushing value and aggregate impact value +0.92
. ‘essive ngth (dry .
s CO;EPI;E;S;);; :;f(ilxlf ) 27255350 1356 28970 2. Aggregate crushing value and Los Angeles abragion value +0.73
. C ssive strengt! Y .
* Orllﬁp;:isll)\c(x}- 2;2’? wet) 1350—-3000 1249 28970 3.  Aggregate impact value and Los Angeles abrasion value +0.78
3. Aggregate impact value por cent 36—38 39 21 .
g. Aggregate cruIs)hing valuelper cent 3738 :)’)9 20 4.  Compressive strength (dry) and aggregate crushing value —0.28
7. Los Angeles abrasion value por cent, 2467 9 42 a. Compressive strength (dry) and Los Angeles abrasion value —0.25
6. C i t th (dry) and compressive strength _
Tasrs 11 or?gxiswe strength (dry) P +0.85
Coefficient of varlatlofl and reproducibility of 7. Bulk density and compressive strength (dry) +0.80
mechanical tests .
8.  Percentage voids and percentage water absorption +0.6
| Coott No. of With 0.9 probabiiity
Jooffi- o.of | expected variation . . . 088 dr —0.31
Post Mean cient of | ropeti- of the moan from 9. Percentage voids and compressive strength ( ry)
' varia- | tions the t . 5
tion | required ep;:zer;lfan 10. Specific gravity and compressive strength (dry) +0.35
1 2 3 4 5
T 11. i d ogate crushing value —0.10
1. Bulk density 135.1 4.6 6 + 3 Compressive strength (wet) and aggreg g
2. Water absorption
per cent 9.5 17.2 3 <+ 16
8* + 10
32% + 5
80% + 3
3. Compressive strength 3385 32.4 3 + 31
{dry) 28% + 10
113* + 5
314* + 3
4. Compressive strength 2168 38.5 3 + 36
(wet) 40* + 10
180* 4+ 5
445™ + 3
5. Aggregate impact value  37.7 1.7 2 + 2
6. Aggregate crushing value 37.3 L5 2 + 2

Note: Ttems marked *? are the calculated replications required tc
obtain the average value with the variations marked against each in column {
at 90 per cent probability.
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TasLE 13

Mechanical properties of laterite with service behaviour

Mechanical pro-

Service behaviour

perties
3 . - - Traf- Rain-
Z. l\q?::fr;f -] g %D .g 2 £ fic | fall
& g | 82 a § '5 = E tons inches
E 52| 5| &3 g
= oo 5 ‘ﬂ < a o
16 Akia Mogra 34.6 387 460 Very Ruts under 265 385
Quarry—Mhow satis- iron tyre
Neemuch road factory
M. No. 118 70 yrs.
6 Sunagiri 28.2 314 334 Satis- —_ 70 150-
Quarry factory 200
3 yrs.
1 Kesavaram 23.7 279 341 Satis- Not satisfac- 1412 —
Quarry, factory tory for heavy
Andhra 6 yrs.  traffic, but
satisfactory
for village
roads
13 M.164/2, Bom- 41.8 377 437 Satis- Unsatisfac- 250 175
bay Kankan- factory tory
Goa Road,
Ratnagiri
27 Pallapparam 46.0 470 — Satis-  Unsatisfac- 1619 100~
Quarry. M. factory tory 120
18/8, Palghat
Shornoor road
11 Dinod Quarry 34.0 200 180 Satis- — 5
Ankleshwar— factory 200 45
Taluka-Mans- 3 yrs.

role. 12 miles

STUDY OF SOFT AGGREGATES -LATERITES 343

Questionnaire

Name of the quarry from which
the laterite sample was sent.

Typical cross section of the road
from the ground level to the
riding surface clearly showing
the type of construction, thatis,
for sub-base, base or surfacing,
for which the material in ques-
tion is used. (A typical rough
gketch is shown below).

WATER BOUND MACADAM USING

LATERITE 3” THICK
G THICK LATERITE SOLING

SANDY SUBGRADE

3.

Appendix 1

ANSWERS

b
L e

NATURAL $OIL

Type and daily volume of traffic.

=g = T =
TNATUIIAL SOIL CLAYEY

Vehicles pler day.

l

\d

Iron tyre

If the material is used for wear-
ing surface, what is the usual
cycle for renewal ?

If the material is used for soling,
what is its approximate period
of service so far ?

Approximate annual rainfall in
inches,

|
¥

Pneumatic
tyre
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Based on the experience with
this laterite as road building
material.

(a) As base (soling)—Is it satis-
factory or unsatisfactory ?

(b) As surface course (water-bound
macadam) Is it satisfactory
or unsatisfactory?

(c) Is there any bituminous sur-
facing provided on top in case
this laterite is used as wearing
course ?

ALL HONOURS THE CODE
3

“ Employers owe it to labour to recognise that welfare is not
concelved in terms of philanthropy, but as a social obligation.
Men and women engaged in production shall do so with
dignity, honour and a sense of security. Fair wages should

be paid for work done. Working conditions shall be as
pleasant as possible.”

Code of conduct — FORUM OF
FREE ENTERPRISE

As an employer of labour the ACC can well point with satisfaction
to the salary/wages and other emoluments paid to its employees
and to the many welfare activities voluntarily undertaken over
the years,

To take salary/wages first, compare these figures of ten years:

1945-46 195556
No. of employees 17,500 29,000
Salary/wages & amenities  Res. 127.3 lakhs  Rs. 421.5 lakhs

Thus while the increase in the number of employees was 669,
the increase in the salary/wages, etc. for the same period was
over 2307,!

As for welfare activities, employees of the ACC’s 17 factories
and two collieries have for a long time been enjoying a large
number of amenities for their security and social welfare, namely:
provident fund and gratuity; schools, hospitals and dispensaries,
creches, canteens, cinemas, clubs, playing grounds; welfare and
benefit fund, and co-operative sacieties.

All these benefits have been provided out of a consciousness
of social obligation. The ACC believes that a well-paid, well-looked.
after, happy and contented employee is the best employee.

THE ASSOCIATED CEMENT COMPANIES LIMITED

THE CEMENT MARKETING CO. OF INDIA PRIVATE LIMITED
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It lasts.... «

and lasts....

and lasts....

and lasts....

Mexphalte and
Shelmac

are durable!

Modern Flexible *'Black Top™
Roads are durable, anti-skid,
tough and easy riding. They
can be made with Mexphalte
and Shelmac marketed by
Burmah-Shell.

Burmah-Shell

FOR BETTER ROADS

BRAITHWAITE & CO.,

(INDIA) LIMITED
HIDE ROAD, KIDDERPORE, CALCUTTA.

[
b
2

Annie Besant Road, Bombay
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CALCUTTA

STRUCTURAL STEEL WORK.
REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.

HEERBRUGG (Switzerland)
World's
Greatest Manufacturers of
SURVEYING INSTRUMENTS
LEVELS : N-0; N-10; N-2 with
and without circles, and N-3
THEODOUITES ; T-12; T-0
T-1; T-16; T2 and T-3
REDCCTION
TACHEOMETLERS
RDS and RDH
Sole Agents :
RAJ-DER-KAR & Cco,
Commissariat Builag,,
Hornby Road, Fort,

BOMBAY |.
Telegrams : Telephone :
TECHLAB e 26-2304

USE 100/ INDIAN ROAD TAR

FROM INDJIAN COAL MINE\

-
THROUGH
INDIAN

CHEMICAL INDUSTRY

LA

TO INDIAN ROAD

o EH R

( - D TAR
2" PREMIXED CARPET WITH ROA
LAID (N 1951 ON N. H. 34, NEAR SANTIPUR, WEST BENGAL

MY

AND HELP THE NATIONAL ECONO
ACEUTICAL WORKS LD.

BENG:,L GcaHnEt-'::\CACIi\usr‘ld::‘A::‘enue, Calcutta - 13
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