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DEATHS.

The Council have received with regret intimations of the
following deaths:

S%Z?l: 1;70;‘1 ;‘ Name. Address.

i

1 309 N. V. S. Murty. ASecretary to Government of
Hyderabad, P. W. D,
Hyderabad-14.

2 922 Vepa Krishna- Superintending Engineer,
murty. Vijayawada Circle,
Vijayawada.
(Madras State.)
3 1378 B. Krishna- Executive Engineer,
Iyengar. Bombay P.W.D.,,

Sholapur. (Bombay State).
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The Paper gives a brief suramary of the special reasons motivatiog the use of
prestressed concrete in bridge construction. It is a reminder of the first tests
carried out in Great Britain on a bridge girder, and deals more fully with the
execution of two recently completed bridge structures, namely an 88-foot span
Class ‘T? road bridge, and a captilever footbridge with a central span of 18¢
feat aud two approach spans of 35 to 40 feet.

1. INTRODUCTION

1.1. 1t is not surprising to note that the technique of post-
tensioning found its ready application in bridge construction as
soon as it became known. The saying that a prestressed struc-
ture carried its own weight free of cost is particularly true in

- post-tensioned work, and this fact gains in importance when the
. structural weight forms a substantial part of the total load.
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1.2. Another reason in favour of the early application of
prestressing to bridgework is, perhaps, that many bridge struc-
tures are simply supported and are expccted to behave as such.
In a reinforced concrete framed building, the columns, beams, and
slabs act together, and when using prestressed concrete instead of
reinforced concrete, the designer is faced with the dilemma of
either providing a less monolithic structure or alternatively adding
the expense of full prestressing across all construction joints. No
such dilemma occurs in bridge design where half-way solutions
are, as far as possible, avoided. A simply supported bridge span
is not expected to work more or less in conjunction with its sup-
ports. In fact, it is required to do precisely the opposite and
roller bearings are often provided to ensure substantial freedom
of movement. Similarly, a continuous bridge girder would have
its reactions at supports determined as accurately as possible and
full prestressing would be provided at these points. = Prestressed
concrete can, therefore, compete with other materials in bridge
construction without any mental reservations as to the amount of
continuity to be provided over and above assumptions made in
the design.

2. EARLY EXAMPLES OF PRESTRESSED BRIDGES

2.1. 1t may be of interest to note that the oldest prestressed
bridges in existence are quite large structures of spans of 100
feet, erected in Germany some twenty years ago.

2.2. In these structures, designed by Mautner according to
Freyssinet’s ideas, the bridge girders were cast in situ and the
reinforcement was pre-tensioned. This unusual combination of in-
situ concrete and pre-tensioned steel would hardly be employed
nowadays with the many post-tensioning systems available, The
pre-tensioned steel was anchored to the steel moulds which had to
be sufficiently strong to take up the reaction in compression. The
moulds were expensive but their cost was written off by many
re-uses on several sites,

2.3. Mautner, who was with the Authors, also designed the
first prestressed bridges in England. ‘These structures, built for
the Ministry of Transport, consist of precast girders manufactured
in long lines with pre-tensioned steel wire. The making of these
bridge units offered an opportunity to perform a full scale loading
test carried ont to destruction. This test gave valuable informa-
tion on the safety factor against cracks and the ultimate safety
factor to be expected in prestressed structures. It may be as well
to give here a short summary of the performance obtained.

. 2.4. The beam selected for testing was a box-girder span-
ning 28 feet, with a depth of 18 inches und width of 174 inches.
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The vertical webs were 2 inches thick at midspan, and the top
and bottom flanges 34 inches thick. The beam weighed 179 1b

per ft run, and was designed for Ministry of Transport Standard

loading. The prestressing was given by twentyfour 1/5th inch
diameter wires, pre-tensioned to about 70 tons per sq. inch.

2.5. The first cracks appeared under a load equal to two
and a quarter times the design load. These disappeared upon
removal of the load and reappeared upon increasing the load to
two and a half times the design load. Shear cracks also appeared
at this stage of loading. Failure occurred by compression of the
top flange when the superimposed bending moment reached 3.35
times the design bending moment for live load. Actual stress
measurcments were derived from deflection and strain-gauge
readings recorded at various stages of loading. These stresses
were found to agree very closcly with stresses derived from com-
putations. Pre-tensioning of the steel to 70 tons per sq. in. was
considered to be too high by some. In fact, the beam failed by
compression in the concrete, and the test was particularly useful
in removing misapprehensions of an early failure of the beam
through tension in the steel,

3. SAFETY FACTOR IN SHEAR

3.1. 1In the test on the 28 foot beam, the load was applied
by means of four hydraulic jacks cvenly distributed over the
span. When the load reached a value equal to 2.7 times the
design superimposed load, one of the jacks placed near a support
gavo out and the test proceeded with the two jacks at midspan.
Although the failure occurred in bending, there were signs that a
shear failure might have been obtained had the original loading
arrangement been proceeded with.

3.2, It has been said that shear stresses are seldom critical

in prestressed concrete ; and, indeed, when a simply supported

beam has been designed for bending, the main tensile stress at
supports are usually found to be within the permissible limits.
To take a numerical example, a shear stress of 340 1b per 8q. in.
under design load will produce & main tensile stress of 125 1b
per sq. in. if combined with a horizontal pre-compression of 800
Ib. per sq. in. at neutral axis. Under design load, therefore, the
concrete will be working in tension to less than one third of its
capacity which gives a comfortable margin of safety. On the
other hand, when calculating the possible effects of overloading
on the same beam, one finds that a 100 per cent increase of load,
giving a shear stress of 640 lb per sq. in., will produce a main
tensile stress of 390 Ib per sq. in., which is more than three times
the amount obtained under design load, and quite near to failure.
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The computed increase in the main tensile stress under an over-
load is even more marked in cantilever beams where the section

of maximum shear is also the section of i i
maximu
of maxin m bending
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4. ADVANTAGES OF PRE-STRESSING
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4.1.2. Prevention of cracks through shear.
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caused by shear are equal in value to the calculated
shear stresses and act at 45 degrees to the neutral axis
thereby causing eventually the formation of shear
cracks at right angles to their line of action. Under
the combined effect of horizontal pre-stressing and
vertical shear, the main tensile stresses are substan-
tially reduced and can be brought down to a safe value.
The danger of shear cracks is, therefore, effectively
removed; furthermore, the curving upwards of the
pre-stressing cables at. supports provides the pre-
stressing force with a vertical component acting in
opposition to the vertical shear forces,

4.1.3. Saving in concrete. In pre-stressed structures, the
concrete can be assimilated to a material equally good
in tension and compression. It can, therefore, be used
in the same way as a homogenous material such as
steel or aluminium, and its permissible working stress
can be closely related to the ultimate stresses derived
from test cubes. In particular, a concrete showing an
ultimate stress of 6000 Ib per sq. in. may be used up to
2000 1b per sq. in., if a safety factor of 3 is deemed
adequate. With the same quality of concrete in an
ordinary reinforced concrete structure, the permissible
compressive stress would be much lower, owing to the
danger of tensile cracks extending into the compression
zone. The use of good quality concrete, coupled with
pre-stressing, allows, therefore, substantial reductions
to be made in the concrete section with resulting
sa.vil?ga in structural deadweight and foundation
work.

4.1.4, Saving in Steel. It is known that reinforced concrete
has little use for high tensile steel, the steel stresses
having to be kept low in any case 8o as to limit the
strain and guard against a widening of the cracks in
the tensile zone. In pre-stressed concrete, on the other
hand, the steel is stressed and strained on its own and
quite independently from the surrounding concrete.
The use of high tensile steel is therefore possible and,
indeed, imperative in prestressed concrete since a
large preliminary tension stress is required to reduce
the relative importance of tension losses ocoasioned by
shrinkage and creep in the concrete. Working steel
stress in post-tensioned work amounts to some 60 tons
per sq. in. as against 8 tons per sq. in. in reinforced
concrete work and the saving in steel tonnage is corres-

pondingly high.
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5. THE CASTLE BRIDGE IN ABERCRAVE, NEAR
: SWANSEA

-5.1. . The Site and other Data

5.1.1. The new Castle Bridge, recently completed in Aber-
crave, near Swansea, provides a crossing over the river Tawe on
a road diversion that eliminates a dangerous crossing over the
same river through an existing narrow bowstring-girder bridge,
made of structural steel (Fig. 1). This prestressed concrete struc-
ture is believed to be the largest yet constructed in Great Britain
for the full Ministry of I'ransport standard loading. It comprises
a 22-feet carriageway for Class I* standard loading road and two
footpaths; 10 feet wide, over a clear span of 80 feet. - ¢

5.1.2. An arched rib design was first considered, especially in
view of the nature of the ground, which was reputed to be rock.
The appointed Engineers, however, had already built out the first
two post-tensioned bridge schemes in Great Britain with results
coming fully up to expectation and consideration was therefore
given to a prestressed design for the new Castle bridge. No rest-
rictions were given as to structural depth, and the structure took
the shape of eight precast and prestressed, deep girders carrying
a.reinforced concrete decking cast in situ and containing a num-
ber of post-tensioned parabolic cables. The girders were to be
simply supported and so required a far smaller amount of foun-
dation work than would have been necessitated by the arched rib
design. The large saving in foundations became fully apparent
when the excavation revealed that a thrust-bearing stratum was
not available at normal depths and that an arched bridge would
have required either raking piles or deep massive footings suffi-
ciently heavy to provide resistance to arch thrust through
frictional forces. -

5.1 3. As f;h‘ings gtood, the simply supported girders _requig’ed
only the normal type of mass concrete retaining wall, with wing
walls.- - - -~ . :

“ .52 Main Girders

. . 521. The eight precast girders are of an I section (Plate I).
These are 85 feet long and 5 feet 6 inch deep,‘ with a unit weight
0f-384 tons. Top and bottom flanges are 24 1qehes and 20 inches
wide respectively and the web is 8 inches thick. There are 20
Freyssinet cables in each of the intermediate beams and 14 cables
in each of the edge beams, each cable containing twelve wires of

- #2901bjsq. ft.: plus a K. E. L. of-2700 Ib./ft. width of roadway, the footpath
loading being 100 lb/sq. ft. ) ‘

PrESTRESSED CONORETE BRIDGES
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Fig,1. Site of Castle Bridge at Abercrave.




182 Hiiey, SitvEra & GUprA ON

0.2 inch diameter. The cables are placed close together in the
bottom flange at mid-span and are given a continuous upwards
curve towards both supports thereby providing an effective resis-
tance to shear forces. Each cable is provided at either support
with a Freyssinet anchor cone and the 20 (or 14) cones at each
girder end are spaced regularly throughout the sectional depth so
as to distribute the end pre-compression as uniformly as possible.

5.2.2. The web was given an 8 inch thickness in order to give
sufficient cover to the curved cables. A 4 inch thickness would
have been sufficient to resist the shear stresses and there are many
examples to show that the casting of a 4-inch thick member is a
practical proposition. In the present case, however, it was found
that an increase to 8 inch would facilitate the placing and curving
of the cable and bring about an appreciable reduction in frie-
tional losses. A fish-bellied girder, with a bottom flange curving
upwards and containing all the cables throughout the length,
would have facilitated the placing of cables and allowed a reduc-
tion of the web thickness to some 4 inches, but this shape of gir-
der was not considered suitable in view of the pronounced skew
on the bridge.

5.3. Deck Slab

5.3.1. The deck slab is reinforced concrete cast in situ to a
thickness of 8 inches between the top flanges of the pr.eca.st beams.
These flanges were provided with mild steel bars projecting hori-
zontally on either side. and lapping with the slab reinforcement
and their vertical faces were cast to a slight taper to ensure the
transfer of shear forces from slab to beam, The road surfacing
consists of a layer of ordinary concrete laid to falls with a wear-
ing surface of rock asphalt 2 inch thick The deck slab proper
covers five bays measuring 6 feet 2 inches between centres of gir-
ders and is. designed for a future extension of the ocarriageway to
a width of 30 feet, as against the present 22 feet width, with a
corresponding reduction in the width of footpaths.

5.4. Footpath Bays

5.4.1. The two side bays, measuring 4 feet 8} inches between
centres of girders, are used as service ducts. A reinforced con-
crete slab, spanning between the lower flanges of the girders, gives
support to the various mains, and the duct roof is formed by
removable slabs bearing on chasses provided in the top flanges. A
reinforced concrete parapet coping, concrete kerb, and paving
slabs on sand filling, complete the construction of the footpath
bays. The services duct is lined with mastic asphalt three-fourth
inch thick and the railing is of light mild steel construction.
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5.6. Cross Girders

5.6.1. The overall carrying capacity of a wide bridge is
substantially increased by the provision of cross girders designed
to distribute occasional heavy loads between main girders. It is
felt that these cross girders need not be very numerous, their pro-
per functioning depending mainly on their individual rigidity.
Four or five cross girders seem to be amply sufficient on any span
to ensure a proper working of the bridge structure as a whole and,
in the case under review, these were placed 15 feet apart and given
the whole available depth of 5 feet 6 inch with a thickness of 9 in-
ches. They were cast in situ, after the beams had been placed,
and their mild steel reinforcement was made to lap with starter
bars left projecting from the beams.

5.5.2. Consideration was given at first to a transverse pre-
stressing of the cross girders and deck slab but it was found that
this would not result in any saving and this part of the structure
was accordingly carried out in ordinary reinforced concrete.

5.6. Bearers

6.6.1. The provision of rocker and roller bearings, recom-
mended in Great Britain for spans greater than 50 feet, becomes
all the more essential in prestressed concrete construction as it
enables the concrete to take its strain under prestressing. In the
work described, a roller bearing was provided at one end of each
beam in the shape of a 5 inch diameter steel roller, 2 ft. 8 in. long,
with top and bottom steel plates 1} inch thick, designed to distri-
bute the concrete compression in the beam and on the abutment.
The rocking arrangement at the opposite beam end consists of two
distribution plates 14 inch thick, the under plate fixed to the abut-
ment being made slightly convex on its top face. This compara-
tively simple arrangement is sufficient to ensure freedom of move-
ment in the structure under the influence of temperature variations
and delayed shrinkage and creep in the concrete.

6.7. Quality of Materials and Design Stresses

5.7.1. The steel wire used in the ina.nufacturing of the pre-

stressing oables was high tensile carbon steel wire, rolled to one
-quarter of an inch diameter, and cold drawn to one fifth of an

inch dismeter. The cables were delivered to the site ready made
each oable consisting of twelve wires grouped oircumferentia.lly’
around a central hollow core and sheathed in a light gauge steel
tubing or in a plastic hose, the total diameter being just over one
inch. Tensile tests performed on several samples showed an ulti-

-mate stress of not less than 100 tons per sq. in. with a 0.1 per cent

proof stress of 75 to 80 tons per 8q. in. The cables were tensioned



184 HiLey, SiLvirA & GUPTA onvf.

to 70 tons per sq. in., and it was assunied that losses caused by
creep and shrinkage would leave a permanent prestressing force
of 56 tons per sq. in. equivalent to 21 tons per cable.” - -

o 8.7.2. 'The concrete Was mixed in the following proportions :
.+ 112 1b of rapid hardening cement ;
150 1b of washed channel sand ;
. 105 1b of half-inch Pennant Stone ; and
135 1b of three-fourth inch Pennant Stone.

8.7.3. The half and three-fourth inch aggregates were mea-
sured sqpa.rately in order to obtain more consistent results but the
precautions taken in this instance are not typical of the prevailing
_prest,ressed concrete practice, which consists generally in making
one gingle batch of the stone element. o

- The sand and stone were sent to a laboratory for gi-ading and
chemleg.l analysis as this was found to be more expediernt than thé
usual site tests.

___The type of mixer used on the job made it necessary to mix
the concrete rathér wet, in fact to a water-cement ratio of .56,
In spite:of this large quantity of water, the seven days cube
strength amounted to 6000 1b per sq: in. or more, which made it
feasible to prestress the beams seven days after casting. As showr
by the computations, the highest stress on the concrete occurred
.immediately after completion of the prestressing and this amoun-
téd to' 2200°'1b per =q. in. that is about one third of the ultimate
cofrete strength. o0 T
i ¢ * Much Lias been written with'regard to the necessity.of
-obtaining watly concrete strengths; as they provide the best preot
of "the “quality ‘of the material and allow the prestressing'to be

-earried out' without lengthy delays. . In:order to'speed up the: job,.
ons of the beams on: the Chstle. bridge ‘was prostressed . at séven
days after the cube test had shown a strength greater than 6000 °

1b per sq. in:: Thie camber caused by prestressing amjounted to 2§
iriéhes at midspan, whereas sin.ilar beams, prestressed at 21 days,
gadred camber of a ‘guarter inch only. .As the camber is 4 measure
-ob ‘thia | dbferrod : deformation -of the concrete, upon which depend
,%@e}bﬁhtionf losses '-';)n‘ftg;e stesl,, it became : obviois that the
- pieturifg timé couldi be of éome importance, quite. apar I

domBiderations of dtrength.: .« . P o q paft fmn,l

PRzl

CRRA ALY ST A I AT T L o .
- ©731.5: There is no: doubt. that the high water-cément ratio
- odntributed-in part to. tlie large camber. In view of the experionce
-gatmed on this‘and other jobs, it is'felt that a .1 ::1} : 3 concrete,
‘having & water-ceinent, ratio of 0.45 or less, and left to mature two
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weeks, will be suitable for prestressing‘if its strength at fourteen
days is near enough 5000 1b per sq. in. '

5.8. Execution

581. Consideration was first given to the possibility of
casting the beams on the bank and launching them across the
river by means of masts. Although this method has been used
in several cases, it was found more expedient, in this particular
instance, to erect a temporary steel bridge crossing the river bet-
ween abutments placed on the central line of the new work and
made wide enough to cast one pair of beams. Only one set of
beam shuttering, made in lengths of 12 feet, was used for the
whole job. Two beam soffits were erected on the temporary bridge
and operations took place in the following order :

(r) Two precast reinforced concrete slabs (See Photo 1), 7
inches thick, 2 feet wide, and 5 feet 6 inches high, were placed
vertically, one at each end of soffit No. 1. These slabs, which
contained the Freyssinet female anchor cones built-in (See Photo

" 2) at the required slopes, were used as a permanent end shutter-

ing to the beam.

The cables, delivered to the site complete with sheath, were
then placed on a parabolic curve rising from the bottom at

Photo 1. Abercrave Bridge—Precast Anchor blocks
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Photo 2. Abercrave Bridge—Making precast anchor blocks
with Freyssinet cones built in,

midspan to their respective anchorage cones at ga‘ch {,n)(?()_(‘f::(cl
Photo 3). They were made to pass through the cones ‘m(| 1 1t f)f 'th(-
2 feet 6 inches beyond. The sheathing itself stopped shor of the
anchor block and a bitumastic compound was u.~x(.»(l‘G ust:}l:(‘S(NfBIilﬂlc
this point to prevent the entry of cement 'grc‘ub mt'ove > fomalo
anchorages. The cables were held in ‘th_cw ‘ lesplc.cl i ‘terpst’irmm
by binding them to the vertical t.'hree-elghﬁh inch diame

provided at 2 feet centres for this purpose.

i i ition and the 20
i ing was then adjusted in posi 2
'The Sélde slfms(t:]rclxt-]eie which one beam. contaam} were :i:):ei‘gh
:ﬁbltc yal:n&tterciral of 6 to 8 hours, without interruption. .
e time i

te was

; ilti i ixer were used and the coneret .

e ot tllténlg) d;l;a.ln?(l)}f(ea monorail transporter running the

})mutghht faihlza{)leamy Both external and internal vibrators were
ength o .

used, the former to better effect.

The side shuttering was stripped the next day and erected
on géfﬁb No. 2, and the beam left to mature.

(b) In most beams, the tensioning of cables took pln,ce after
a maturing time of 10 to 14 days. A male cone Was.mserted at
each end of the cable to be tensioned ; one douple acting Freys-
sinet jack wag brought to bear at each end against the face of the
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Photo 8. Abercrave Bridge—Manufacture of precast beam,
The view shows shuttering on one side, anchor blocks
at end, and parabolic cables,

beams and the projecting wires were fixed to it by means of steel
wedges (Sce Photo 4). The jacks, operated by a Tangye pump,
Photo 5, induced the required tension in the cables by leaning
on %0 the beam and their secondary action drove the male cons
to refusal, thereby locking the cable under permanent tension.
The jack was then disconnected and re-fastened to the next cable.
The cables were tensioned‘in a given order, so as to avoid

lateral bending, and 5 inch elongation was obtained on each
of them.

(c) After completion of the prestressing, the beam was lifted
from its soffit by two 25-ton jacks and lowered at each end on a
two wheeled bogey carried by a rail running along and on top
of each abutment. (Photo 6.) Two 5-Ton horizontal jacks,
leaning against a stop fixed to tho rail, were used to move the
beam along the abutment to its final position, Photo 7, where
it was jacked down on its prepared roller and rocker bearings.

5.8.2. The beawns were cast at the rate of one pair every five
weeks and, with the four pairs in final position, the construction
of deck slab, service duct, footpath, roadway, and guardrail,
Proceeded in the usual way.

5.8.3. Grouting the cables. There remains to be mentioned
the grouting of the cables which was made by inserting a nozzle
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Photo 4. Abercrave Bridge—The Freyssinet jack, anchor block
(male and female), steelwedge for jack and completed cables, Photo.’8: Abercrave Bridge—Precast girder placed on bogeys,
_being moved sideways.

Photo 5. Abercrave Bridge—High Pressure hand pump for
perating Freyssinet jacks.

Photo. 7: Abercrave Bridge—Precast beam completed and moved
to its final position
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at one end through a circular hole left in  the male cone and in-
jecting cement grout from a colloidal mixer. The prepared grout
was poured into a cylinder and the required injecting pressure
was given by a piston operated by water. The hollow cables
were first filled with water from  end to end and the water was
chased out at the far end and replaced by the pressure grout in
order to avoid air locks.

A mixing of one hundredweight of cement to  six gallons of
water appears t0 be suitable for the injecting grout.

5.9. Costs

5.9.1. The foundation level of {his bridge is comparatively
shallow and costs were therefore, not high. Including foundations
the cost per square foot of deck was about & 7 (or ninetythree
rupees approximately )

6. THE CASTLE FOOTBRIDGE OVER THE SEVERN,
A" SHREWSBURY

6.1. Terms of Reference and Site Data

6.1.1.  The original steel suspension Castle Bridge having
reached the end of its useful life, a decision was taken to erecta
new work in its place (Fig 2), and the Borough Authoritics invited
tenders for design and construetion of a footbridge in any suitable
material. The terms of refercnce were cconemy of construction
and maintenance, eventual life, suitability to surroundings, and
‘speed of erection. These conditions ecould casily be fulfilled by
prestressed concrete and among the several tenders received for
structural steel, reinforced concrete, and prestressed concrete, a
prestressed concrete design was finally selected as being advan-
tageous on all counts. This design, which it is proposed to
describe in some detail, was the result of close collaboration bet-
ween the tendering contractors, their Consulting Engineers, and
Consulting Architects.

ET. 100 SO0 © 100 200 FEET
ol:-:t - e T~

6.1.2.  The original suspension bridge towers were supported
ontwo masonry piers placed 150 feet apart in the bed of the Fig. 2: Site of the Castle Foot-bridge over the Severn,
river. These piers were naturally used to carry the new structure
which took the shape of a three-span construction, the central
span being 150 feet between supports and the side spans 35 feet
from central linex of support to the banks.

6.1.3. If the job had been planned on entirely new lines,
an effort would have heen made to  inerease substantinily the
side  spans  and  reduce the central opening in  order to
botain u better balance, structurally speaking. A central
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Castle Bridge Shrewsbury—General View.
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span longer than the approaches by about one third would have
been nearer t0 the most economical proportions. A« a 150 feet
central span was, in fact, so much greater than the approach
gpans, the provision of a heavy permancnt counterweight on cach
bank was necessary. These counterweights tied the structure to
each bank, as it would have been expensive to put them on rol-
lers. In view of this, it was necessary to cater for temperature
movements by breaking the continuity at the central span and
providing for simply supported girders at midspan, resting on two
cantilevers. The suspended girders could be precast on the bank
and hoisted in position and this design fell in with the wishes
expressed by the Contractors to avoid temporary piling and
staging at midstream.

6.1.4. A general elevation of the final work is shown in Plate
II. The suspended span measures 60 feet between central lines
of support. [t rests on two cantilever spans projecting 45 feet
beyond their picr supports and anchored to their counterpoise
blocks at 35 feet 6 inches back from these same supports.

The work measures 247 fect over the counterpoise blocks.

In the central span, the soffit line starts from the pier supports
at the level of the maximum flood and assumes a parabolic arched
curve rising to 7 feet above flood level at midstream.

The road level starts from existing road levels at the bank
and ascends in a parabola to a maximum rise of 5.4 feet at
midstream.

The structural depth is 7 feet 3 inches at pier supports and 3
feet at midspan. A 4 feet 6 inches depth is provided at the
counterpoise block, mainly for shear resistance and the soffit line
at the approaches is slightly curved to harmonise with the struc-
tural lines of the centre span.

6.2. Suspended Span

6.2.1. It was decided at an early stage to erect the suspen-
ded span by means of precast prestressed girders, with a precast
slab.deck. The individual weight of girders was to be kept with-
in 10 tons for handling purposes. Four girders are provided on
an overall deck width of 12 feet 6 inches and they are given a
channel section instead of the more familiar I section. The chan-
nel section was selected in this case since two beams could be
placed back to back on the central line of the deck, with the two
outer beams presenting to the view a plain vertical face which, it
was felt, would improve the appearance of the structure.

4
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Photo 9 Castle Bridge, Shrewsbury—General View,
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6.2.2. The girder depth is 2 feet 9 inches at midspan, increa-
sing to 3 feet 5 inches at supports. The flanges are 5 inches thick
and 12 inches wide and the web 6} inches thick. The prestressing

is given by six Freyssinet cables of twelve 0.2 inch diameter

wires each. The width to span ratio being only one in sixty,
special care was taken to place the cables on a vertical line pass-
ing through the centroid of the section as a slight horizontal
eccentricity of the prestressing force would have caused aconsider-
able lateral deflection. It was this consideration that led to the
adoption of & 64 inches thickness for the web, whereas a much
smaller thickness would have been sufficient for strength.

The beams contain a secondary mild steel link reinforcement,
sufficient to bind the pre-stressing cables in position.

6.2.3. Bearings. Each beam is provided with a 2 inch dia-
meter steel roller bearing at one end and a steel rocker bearing at
the other end.

6.24. Vertical web stiffeners were provided at 9 feet centres
with horizontal starter bars left at the top. Struts measuring 9
inches x 9 inches were cast in situ at these points to tie the beams
in pairs,

6.2.5. Services. Small precast reinforced concrete members,
resting on the bottom flanges, were added at 3 feet centres to
support a 9 inches diameter gas main, a 6 inches diameter water
pipe, four 3 inches diameter electric cables and a telephone duot.

6.2.6. Deck. The space between each pair of beams is span-
ned by precast deck slabs; 3 inches thick. These are connected
together by a | foot 6 inches band of deck cast in situ on top of
the inner beams and also by casting in situ of the two outer kerbs
supporting the railing.

6 3. Cantilever Span

6.3.1, The cantilever beams measure 80 feet 6 inches in
length, including a 45 feet projection beyond the pier support and
towards midstream. Three beams are provided on a deck width
of 12 feet 6 inches. The central beam, rectangular in section, is
1 foot 4 inches thick and its depth varies to a maximum of 7 feet
over the pier. The two outer beams, also rectangular, are 8 in-
ches thick and their depth varies as in the central beam. Small
projections are provided at the top of these beams, giving to the
precast deck slab the same seating area as that given by the pre-
cast girders in suspended span.

6.3.2. There are ten pre-stressing cables in each of the outer
beams and twenty in the central one. These cables are placed at
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—Placing prestressing cables in
. tle Bridge, Shrewsbury
Photo 10 Cas " cantilever beams,

' section over pier supports and curve down on either
ﬂ'ls t‘,gc?w(:a.fr:Elksx,wt;he beam endg where the anchorage cones are placed.
*on hotos 10 and 11). In this particular case, the beam ends were
(Soetelgrge enough to accommodate all the anchorage cones some of
3hich were placed at the soffit. The beam ends, containing their
anchorage cones, were made in the form of precast bloc}(s to facili-
tate construction bit the beams themselves were cast in situ.

6 3.3. The cantilever beams are tied together at the top by
small cross beams placed 9 feet apart ;

; and bottom cross beams,
placed 3 feet apart, are used to carry the services. The 3 inch
precast deck slabs, in situ filling, and kerbs are identical to the

corresponding items in the suspended span.

6.3.4. A 3} inch diameter steel roller, 11 foct
provided as bearing over the pier allows the
tion to pivot freely
freedom of movement
strains. The roller is
distribute the bearin

cables and anchorage

6 inches long,
cantilever construg-
about its pier support and affords complete on
X A . i antilever beam

mn respect of temperature and brestressing Photo 11, Castle Bridge, Shrewsbury—Cables in ¢

sandwiched between two steel plates which

centre line of bridge.
€ Dressure on the concrete. 'Mhe sheathed
cones were delivered to the site ready made,
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6.4, Counterpoise Blocks

6.4.1. Each counterpoise block, made of mass concrete,
measures 13 feet by 13 feet in plan and 10 feet 6 inches in depth.
1t is made sufficiently heavy to prevent uplift even when sub-
merged by exceptional floods. Had this heavy concrete block
been allowed to rest squarely on its base, it would have provided,
in some unknown measure, a degree of fixity to the beam which
would in turn have affected both the stress produced by direct
loads and the counter stress created by prestressing. It was
found desirable in this case to determine the problem clearly by
restoring complete freedom to slope deflection and this was done
simply by allowing the counterpoise block to rock on its base.

6.5. Quality of Maferial and Design Stresses

6.5.1. Particulars of materials and stresses are similar to
those given previously. (Vide Para 5.7.) Stress diagrams at the
centre of the suspended span and over the pier are given in Plate
III. 1t will be realised that the stresses caused by prestressing
can never act alone. The prestressing causes the beam to camber
and lift itself off its temporary support, thereby bringing the
deadweight into action. In particular, the large tensile stress of
1080 1b per sq. in. caused by prestressing at the bottom edge of
the cantilever section is not alarming in any way since the com-
pression induced at this same point by the deadweight is sufficient .
to counteract it.

6.6. Execution

N

6.6.1. The method devised by the Contractors for erecting
the suspended span is particularly interesting. The four, 60 feet
channel sections were manufactured on the bank at about 100 feet
upstream of the new bridge. A cutting was excavated in the
bank, sloping towards the river to form a slipway (Photo 12).
A concrete slab was laid and the beams were cast and prestressed
in a manner similar to that adopted for the Castle bridge pre-
viously described. The beams were then rolled head-on down
the slipway towards the water edge where a timber-piled gantry
had been built. The downwards movement was controlled by a
pair of winches, one pulling and the other retarding the beam.
The gantry with its overhead chain block was then used to load
one heam into two pairs of pontoons which were floated down-
stream to the Dridge site. The cantilever structure had mean-
while been cast in situ. Two five ton lorry mounted cranes, Photo 12: G i Bri
weighing 16 tons each, travelled under their own power to the Photo 12: C astle Bridge Shrewsbury—Suspended spaa girders
ends of the cantilevers and hoisted the beam into its final position. ready for launching.

(Photo 13). The whole operation for each beam took just
over half a day.
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Ploty 13: Castle bridge Shrewsbury—Lifting of suspended
spans girders with two cranes placed at
nose of cantilever beams.

6.7. Costs

6.7.1.  As has aleeady been stated, the old foundations had
been utilised in the construction of this bridge. The cost was
£ 3-15-0 or about fifty rupees per xquare foot of deck exclusive
of foundations.
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1. INTRODUGTION

1.1. Description of soil-cement

1.1.1. Soil-cement is an intimate mixture of measured
amounts of Portland cement, pulverised goil, and water, z:idg%?:{ojé
ly compacted to & high density to form a hard, stat_)le(bl,‘ an e arial
mass. The manner in which cement acts 8s & blnllngh o
in a soil-cement mixture is & matter of specula:‘blox;_.tt lr:a mf:) rep nion
of Housel, it forms a granular soil structure with 1itt e atact
enough cement paste to join the particles 8t tll:eu' poin .
The soil gpructure is spot-welded, 80 to speax.

1.1.2. After the satisfactory hy_dration and cryqtaillirzes:rgi:g
of cement on hardening, an examination ofd the ;:g:,exi:}: rovea’s
inter-connected grains of soils and hyc.lratf c?mming D and
what chain like structure held rigidly in place for
gtable mass.

i the cement mortar

ontrast with concrete, where .
atsl .:ﬁz.agzgegate, in soil-cement the cement 18 coated bydthg
:gil' for this reason different result, as mdy be expected, 18

obtained. ‘

1.1.4. Apart from the hard and durable soil-cement structu-
ral material, cement meay also be used as an admixture to change
the undesirable characteristics of certain clayey soils to a marked
degree, modifying it to & more fa.vqura.ble cpnstructlon material.
The essential difference is that, Whll(? thg sm.]-cement behaves as &
rigid structural material throughout its life, in the cement modified
soil, beliaviour as & hardened mass is only for a limited .t1me,
depending on the severity of the weathering agencies. The mixture
eventually disintegrates into a granular mass and reverts to .the
state of admixture before hardening. In the following discussion,
reference is made only to the hard, durable soil-cement structural
material..

' 1.2, Behaviour as a road material

1.2.1. As earlyas 1917 soil and cement mixed with some
chemicals were being tried for use as a road material for r_oad
construction in the U.S.A. In 1922 soil and cement, in 9ombma-
tion with certain proprietary chemicals, were mxx'ed w1t}1 large
qua,nbities‘of water and used for making roadways in the States of
Towa and South Dakota. These were followed by field experi-
ments in other States where cement was added to the soil forming
the road bed to increase its stability. Although the results of
these early experiments were not perfect, sufficient 1r{for_mat1()1n
was obtained to indicate that soil and cement could be intimately

v
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mixed to produce satisfactory construction for light traffic - roads
and that further investigation of these mixtures might establish
basic data regarding their use. In 1935 the Portland Cement
Association undertook an extensive research programme to esta-
blish the fundamental characteristics of soil-cement mixtures.
More than three thousand soils covering the range found in the
United States were oxamined with the result that a scientific
procedure that ensured dependable result was established.

1.2.2. Generally, soil-cement bases are regarded as being
flexible, but they have considerable slab strength which permits
the whee! loadings to be distributed over a far greater area than
with other types of flexible pavements of the same thickness. It
has been the general experience that even on the poorest of sub-
grades a  in. soil-cement layer has at least the same load distri-
buting capacity as one 8 in. layer of crushed stone, first class
gravel, broken stone or macadam or other types of stabilized base.
Soil-cement has not, however, so far achieved widespread use as a
surfacing material owing to the fact that during rainy weather it
has not withstood continued heavy loading nor has it been able to
prevent the formation of pot-holes and ravelling caused by the
abrasive action of traffic. Hence it has been used mainly (a) a8 a
baso course on which a suitable wearing surface has been provided ;
and (b) as a sub-base in concrete construction where it has provided
an excellent surface on which to place the concrete and has enabled
the required thickness of concrete to be reduced.

1.3. Extent of use abroad and in India

1.3.1. Real progress with this form of construction for roads
has been made chiefly in the U.S.A and Australia, though con-
siderable laboratory study and experimental work are in progress
in many other countries. Upto the end of June 1952, 90 million
square yards had been paved with soil-cement in U.8. A In
December, 1951 the area of soil cement pavement was 85 million
square yards distributed as follows:

Roads and Streets 59,654,326 sq. yd. equivalent to
8,474 miles of 12 ft wide road

23,001,750 sq. yd.
3,056,831 sq. yd.

1.3.2. In Australia, up to the end of 1951, more than
7,000,000 sq. yd. of soil-cement pavement had been laid. This

figure is impressive when it is realised that most of it has been
laid since 1945.

Airports

Miscellaneous

The figure for the United Kingdom is 662,000 sq. yd.
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In India soil-cement as a constructional material for

roads has not been used though it has been used for low-cost

n the Punjab and in Bangalore. For roads and pavements

the following experimental stretches have been tried.

(a)

()

d)

At Kusmi aerodrome near Gorakhpur in Uttar Pradesh
& soil-cement strip, 30 feet wide and 60 feet long and
6 In. compacted depth, was laid in August 1942. The
80il was light, sandy loam with a clay content of 12
Per cent; the percentage of cement used was 8.33
by volume and an optimum moisture content
of 15 per cent by weight was adopted. The equipment
used was of local manufacture, such as indigenous
hoes, hand tampers and a light roller. The material
was mixed at the side of the road on mixing platforms
and laid on the consolidated subgrade and compacted.
The strip was loaded for test a month after laying.
Immediately before the test there had been a beavy
shower. The test load on 8 points in the pavement, of
8 tons per sq. ft., transmitted through 6 in. wooden cubes
did not produce any signs of subsidence or cracking.
Continuing the loading to 14 tons per sq. ft., only at
two spots there were signs of settlement, these being
due to uneven levelling of the supports. The load on
one of them was left for a further period of ‘18 hours
and, on removal of the load, it was found that there
was only local sinking without any signs of cracking in
the neighbourhood.

A soil-cement base course of fairly good length has
been laid recently on the Chidambaram—Bhuvanagiri
road, the foundation for the 4 in. 1:2:4 concrete
road slab comprising of two 4 in. layers of soil-cement
topped with 4 inches of water bound macadam. The
bottom 4 in, layer is stabilised with two per cent
cement by volume and the next 4 in. layer with 4 per
cent cement by volume, the soil in both cages being
sandy. The work wag completed in 1950. (Fig.1.)

On the Ramnad—Mandapam road, a 3 in. layer of soil-
cement with 8 per cent cement by volume and a sandy
soil was adopted as a base for laying 1} in. thick
asphaltic concrete. Two miles of this road had been
completed at the time of writing this paper. (Fig.1.)

Also, on the Marina in Madras, several small stretches
have been attempted for the side-walk with thickness
ranging from } in. to 3 in. using varying percentages

So1L-CEMENT IN ROAD CONSTRUCTION 209

of cement and of blending with borrowed material.
According to reports, the results of these experiments
do not appear to have been satisfactory.

1.4. Life and scope of soil-cement

1.4.1. The role of soil-cement in the works referred to in the
previous section has been (a) either as a base course for concrete
and bituminous pavements; or (b) as a structural pavement with a
very thin count of concrete or bitumen for light duty roads. Its
use has been so well established, that specifications with mini-
mum requirements of compressive strength have been evolved

A'ruick GRANITE MACADAM
19-0° Wik 7

4"THICK CEMENT CONCRETE

FACING . (MIX.1:2:4
o R0-0" slm ACING . ( )I
] 18- 0"
r-,,le [[ _\8'-o0" Yi e
?'EJE e e e O
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and are frequently used for soil-cement work. Soil-cement;
pavements constructed abroad have withstood the test of time
and have given satisfactory performance to a degree even better
than most other road materials. The following are but a few
examples :

(@) About 10,000 sq. yd. of roads, 9 ft. wide, giving access
to small holdings owned by the Surrey County
Council were re-surfaced in 1943-44 with a layer com-
posed of a 4 in. compacted thickpess of clayey sand
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(b)

(¢)

(e)

()
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bound with 6 per cent of Portland cement angd surface
dressed with tar and chippings. The cost of the work
was much less than the cost of water-bound macadam
and it has been found to be less costly in maintenance.

New roads have been constructed in Surrey using a
sub-base of stabilised soil, cement being used as the
binder, with both concrete and tar-macadam surfac-
ings. The results in all cases have been satisfactory
and the cost less than that of hard-core sub-bases.

A new carriage-way was constructed in Surrey in
1943-44 having a 1 : 2§ : 5 unreinforced concrete sur-
facing 3 in. thick compacted cn a sub-base of stabi-
lised soil 8 in. thick compacted. The surfacing was
mechanically compacted and was laid almost immedi-
ately after the laying of the sub-base so as to obtain a
key. The sub-base consisted of a clay-sand from a
nearby pit, mixed in a paddle type mixer with 6 per
cent Portland cement. The footpath on this new
road was constructed with the same cement-soil mix
compacted to a thickness of 2 in. Although the road
is used by heavy lorries its condition after so many
years is satisfactory.

A 6 in. pavement of soil-cement made of 10 per cent
cement mixed with sandy clay soil in the Qberon
Street in Sydney, Australia, was laid in 1949 ; since
pben it has been withstanding very heavy traffic,
including double decker buses.

A runway of 3% in. thick soil-cement with 8.8 per cent
cement, laid on a layer of 3 in. thick untreated
gravel was constructed in 1942 at Gawler, South
Australia; it is satisfactorily providing standby
gervice for wheel loads in excess of 30,000 1b. In this
instance, in spite of the absence of any seal coat, there
is not the slightest evidence of deformation nor has
there been any change of shape.

The use of soil-cement in the U.S.A, has however been
very widespread, dating back to 1935, even for larger
projects. It has ranged from soil-cement using about
2 to 3 per cent of cement for improving the soil to
structural soil cement wherein the minimum require-
ments of strength at 28 days are stipulated at 1,000 lb.
per sq.in. Surveys of the condition of old soil-
cement roads in service show that more than 15 years
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of service can be easily expected, the replacement of
the bituminous seal coat or surface painting alone
being necessary during this period. Xxperiencc has
proved that even these surface repairs on soil cement
bases are at the barest minimum compared to those on
other flexible or stabilized bases.

Since both in the U.S.A. and Australia traffic consists of
only pneumatic tyred vehicles, experiments there have been with
light bituminous topping and no attempt has been made to
provide a light duty concrete finish for withstanding wear due to
steel tyred traffic. A well designed and properly constructed soil
cement layer hardens and remains a non-yielding structural mate-
rial under all conditions. The bonding of a thin 2 in. concrefe
topping to the soil cement course so that the two may together
act as an integral whole should not therefore present any
difficulty, especially when laid before the complete hardening of
the scil cement mass. Such a pavement will withstand even the
heaviest sxle loads so long as their frequency is not high and will
be ideal for medium traffic roads carrying up to about 1,000
tons & day.

Other fields suitable for soil-cement construction are streets
in residential areas of cities, estate roads, side strips of heavy
traffic roads, foundations of concrete and bituminous roads in
new construction, and aprons of airports., ete.

1.5. Basic reasons for adopting soil-cement

After reviewing the cases of the use of soil-cement in pavements
a study of its advantages brings out the following salient points :

(a) Since soil-cement is made by mixing cement with the
soil existing at site, hauling costs are minimiged,
expensive imported materials are avoided and where
suitable granular materials are nof readily available
and their costs are relatively high substantial savings
are realized. '

(b) The process of construction is sufficiently simple
to be carried out with available light equipment
except when very speedy constiuction is attempted.
There are not several stages of construction as in
other alternative base course construction methods.
The construction is also relatively much speedier.

(¢c) There is minimum interruption to traffic during the
construction period, and in most instances the hardened
goil-cement can be put under traffic before any
gurfacing is provided.
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~In this system, the soils are classified into different groups
according to their capacity to support wheel loads. This capacity
varies with the reactions of the soil both to loads and climatic
changes. The reactions depend upon five basic properties of soil,
namely cohesion, internal friction, compressibility, elasticity and
capillarity. Among the physical characteristics or soil constants
which are used as aids in identifying these important highway
sub-grade properties are the Liquid-limit, the Plastic limit and the
Plasticity index all based on the plasticity of soils.

2.1.3. Plasticity of soils

Plasticity is a major characteristic of all ¢ cohesive’ soils,
that is, soils containing an appreciable proportion of clay
particles. It is the property through which rapid deformation
takes place in a material without noticeable elastic recovery and
without cracking or crumbling.

Of the many methods, mainly arbitrary, which exist for deter-
mining the plasticity of soils, that of the Swedish soil scientist,
Atterberg, is widely used in soil engineering. In this method the
plasticity of a soil is measured by the range of water content over
which the soil can be considered to remain in a plastic state. A
number of consistencies for plastic soils, varying with water con-
tent, with their limits are specified as follows:

Consistency Limits
Liquid stage in which particles The upper limit of viscous flow
are held in suspension at which a mixture of clay
and water flows almost as a
liquid.

Semi-liquid stage in which the The lower limit of viscous flow
soil has the nature of a viscous defined as the liquid limit.
fluid

Plastic stage in which the soil The lower limit of the plastic

exhibits plasticity. stage defined as the plastic
limit.
Semi-solid stage The lower limit of volume

change or the shrinkage

limit at which further loss in

moisture does not cause a loss
Solid state in volume.

The limits are all expressed as the percentage water content
of the soil at that particular stage.

2.1.4, Soil constants

The liquid limit of a soil is the minimum moisture content
that brings it to the liquid state and is measured by the amount

SoiL-CEMENT IN ROAD CONSTRUCTION 215

of moisture at which the soil is sufficiently fluid to flow a specified
amount when lightly jarred 256 times in a standard apparatus.
The plastic limit gives the moisture content at which the soil
just becomes plastic and is measured by the moisture content at
which the soil can be rolled into threads 1/8 in. in diameter
without breaking.

The numerical difference between the liguid and plastic
limits is termed the Plasticity index and indicates the range of
the moisture content over which the soil is in a plastic condition.

2.1.5. Significance of soil constants

The liquid and plastic limits are both dependent on the
amount and type of clay in a soil, but the plasticity index is
generally dependent only on the amount of clay present. It
follows that information regarding the type of clay in the soil
may be obtained by considering the plasticity index in relation to
the liguid limit, while the amount of clay present may be deduced,
within broad limits, from the value of the plasticity index. These
facts form the basis for the soil classification systems for cohesive
soils based on the plasticity tests.

At the plastic limit the soil particles are lubricated sufficient-
ly to slide over each other, but they still possess cohesion. At the
liquid limit the soil particles are separated by water to such an
extent that there is no cohesion. The plasticity index is a measure
of the cohesion of the soil under damp conditions. The higher the
plasticity index, the higher the clay content of the soil. Cohesive
soils may be classified by their plasticity index as hereunder.

Soil type Plasticity Index
Heavy clay Greater than 20 (Upto 45 or more)
Silty clay 10-20

Sandy clay and clayey sand Less than 10

The soil constants also enable variations in the five following
properties to be ascertained—

Soils of equal LL I Soils of equal P

Properties. ‘ with increasing PI l with increasing LL
Compressibility About the same Increases
Permesability Decreases Increases
Rate of volume change Increases
Toughness near PL Increases Decreases
Dry strength Increases Decreases
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- Although it is not possible for any mathematical limits to be
determined with a combination of the gradation and physical test
constants for the case of pulverisation, for type and weight of
rellers for compaction, and for quantity of hygroscopic moisture
in so0il, certain general deductions can be made.

A low liguid limit (say 35 per cent and under) and a low
plasticity index (say 15 or under) are indicative of easy pulveri-
sation.

Likewise the gradation of soils provides information on which
to base the choice and weight of rollers. For example, soils with
less than 10 per cent silt and clay are difficult to compact under a
sheepsfoot roller; on such soils preumatic tyred rolling equipment
may be necessary to supplement the sheepsfoot roller to obtain
proper density.

In soils with combined silt and clay contents of over 50 per
cent, a predominance of clay leads to an increase in the plasticity
index to over 20 and the liquid limit to over about 45, which
necessitates special attention for pulverisation. On the other
hand in the case of soils with combined silt and clay contents of
over 50 per cent, and with a predominance of silt content, pulveri-
szlttion would be simple because of natural friability of silt parti-
cles.

2.1.6. Particle size

In addition to these soil eonstants, the particle or grain size
of the soil as determined by mechanical analysis is of consider-
able importance.

The chief value of the soil constants and particle size as a
means of ideatifying soils lies in the relation existing between
them rather than in the individual test results considered
separately. 'This mctliod of classification provides for certain
overlapping of soils of diflercut groups but by itself does not pro-
vide a rigid measure of soil behaviour. Thus some soils of a
particular group may have some of the characteristics of other
groups. The suitability of a particular yoil for construction pur-
poses and any drawhacks can be judged on the basis of its various
physical characteristies and the relation between these characteris-
tics rather than on the fact that the soil falls into w particular
group.

2.1.7. Method of determining soil constants

The method of determining the above mentioned soil con-
ytants is based on the standardised tests of the American Society
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for Testing Materials indicated below :
Preparing soil samples—A.S.T.M. Designation No. D 421-39

Mechanical analysis — . vy D 422-39
Liquid limit — ' . D 423-39
Plastic limit — ' . D 424-39
Plasticity index —_— ' . '

2.1.8. U.S.P. R. A Classification

Based on the relationship of gradation, liquid limit and
plastic limit, soils have been classified by the U. S. Public Roads
Administration into groups ranging from A-l-a to A-7-6 defer-
mined on their performance when used in highway work. Des-
criptive details of these groups and sub-groups are given in
Table 1. The characteristics of these groups and sub-groups are
given in Table 2. Chart 1 shows (a) the relation between liquid
limit and plasticity index which determines the Group Index;
(b) the relations between particle size and lignid limit and (c)
particle size and plasticity index respectively. An empirical
formula to determine what is known as Group Index has been
devised to evaluate approximately the variations in each group.

The formula for the Group index is 0.2a+0.008ac+-0.01 6d
in which
a=that portion of percentage passing No. 200 sieve, greater
than 35 and not exceeding 75, expressed as a positive
whole number (1 to 40)
b=that portion of percentage passing No. 200 sieve, greater
than 15 per cent and not exceeding 55 per cent, expressed
as a positive whole number (1 to 40)
c=that portion of the numerical liquid limit greater than 40,
not exceeding 60, expressed as a positive whole number
(1 to 20)
d=that portion of the numerical plasticity index greater than
10 and not exceeding 30, expressed as a positive whole
number (1 to 20).
The method of using these tables and the chart is explained
by the following example.

2.1.9. Example
During investigations a certain soil was found to have the
following physical characteristics:

(i) Liquid limit 43.7
(it) Plastic limit 21.7
(iii) Plasticity index 22

(iv) Per cent passing No. 200 sieve 47
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Proceeding from column 2 to column 12 of Table 1 and com-
paring the limits given in the columns for the wvarious constants
with the values for the particular soil in guestion, it is found that

(1) the liquid limit of the soil (43.7) is greater than 41 ;
(2) the plasticity index of the soil (22) is greater than 11 ;
(3) the percentage passing No. 200 sieve is greater than 36.

Now these are the minimum values set for soils of group A-7.

If the plasticitv index is equal to or less than liquid limit
minus 30, the soil belongs to sub-group A-7-5; otherwise to sub-
group A-7-6 (vide note ¢ at bottom of Table 1). In this instance
liquid limit minus 30=43.7 - 30=13.7 and the plasticity index
of the soil is 22 which is greater than liquid limit minus 30.

Therefore the soil belongs to group A-7-6.
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To determine the group index :

Reading on the vertical scale of chart No. 1 (B), correspond-
ing to liquid limit=43.7 and percentage passing No. 200 sieve
t.e. 47=2.75.

Reading on the vertical scale of chart No. 1 (C), correspond-
ing to plasticity index=22 and percentage passing No. 200
sieve ¢.e. 47=3.80

Therefore Group index =Sum of the two readings =6.55 or 7.

The Group index of the soil is shown in parenthesis after the
group symbol thus : A-7-6 (7).

2.1.10. Textural classification

The other classification system which may be used with
coarse-grained soils is the textural classification of soils devised
by the U. S. Bureau of Chemistry and Soils. Textural classifica-
tion is based exclusively on the particle size distribution of soils.
The usual method is to classify soils on a triangular diagram vide
Chart 2 which relates the percentages of the sand, silt, and clay
fractions in the soil. In this method soils are primarily divided
into three groups on the basis of clay content and subdivided

as follows:
1. Soils with less than 20 per cent clay

1-a Sands and gravels Less than 159% silt and clay combined

1-b Loamy sands 15 to 20% . .
l1-¢c Sandy loams 20 to 50% . .
2. Soils with 209 to 30% clay
2-a  Gravelly clay loam 25% or more of fine and coarse
gravel.

509 or more of sand and gra-
vel combined.

Less than 50% silt and less
than 50% sand and gravel.

More than 50% silt

2-b Sandy clay loam

2-¢ Clay loams

2-d Silty clay loams

3. Soils containing 309 or more of clay

25% or more fine and coarse

3-a  Gravelly clay
gravel

50% or more sand and gravel

3-b Sandy clay
‘ y combined
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Less than 50% silt and less
than 509 sand and gravel
combined.

3-¢ Clay

3-d silty clay 50% or more of silt

The nomenclature given below refers only to particle sizes
and does not take into account the mineral compositions.
sieve 76.2 mm to 4.76 mm.
4.76 mm to 2 mm.
2 mm to 0.26 mm.
0.25 mm to 0.05 mm.

Coarse gravel 3in. to No. 4
Fine gravel No.4to No. 10 ,,
Coarse sand No. 10to No. 60 '
Fine Sand No. 60 to No. 270 .

Silt ,, 0.05 mm to 0.005 mm.
Clay ,,  0.005 mm to 00 mm.
Colloids ,, .00l mm to 00 mm.

also included in clay
fractions.

After determining the soil classification the various tests
indicated in para 2.2 are carried out to determine the quantity of
cement and of water required for stabilisation.

2.1.11. Hygroscopic moisture

The water taken up by the particles of a soil from the sur-
rounding atmosphere is called hygroscopic moisture.

The amount of hygroscopic moisture varies for a given soil
with the temperature and relative humidity of the air. In general
it increases with decreasing grain size. Ior sands it is negligible.
For silty soils, it is very small, yet sufficient to induce bulking,
due to the oxtremo fineness of the particles. In clay it may
amount to more than 5 per cent of the dry weight. In soil-cement
work, therefore, it is important to take into account the hygros-
copic moisture content of the soil, when estimating the total
water requirements. This is easily done by weighing a quantity
of soil, drying it in an oven at 105° C, and weighing again. The
difference in the weights is the hygroscopic moisture. '

2.2. Effect of cement admixture

2.2.1 Characteristics :

As already mentioned, the addition of cement to the soil,
results in & mixture the behaviour of which under various stages
of construction is totally different from that of cither of the cons..
tituent materials. Hence, for successful results a study of the-

7
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characteristics of the mixture is as essential as a study of those of
the soil. The physical characteristics of the soil at best indicate
certain trends, but these cannot be reduced into a simple formula
to obtain a positive answer for a particular soil.

Tests have to be carried out after admixture with cement
because soils with identical gradation and physical characteristics
may have altogether different chemical composition and contain
varying amounts of organic impurities. It is probable that sul-
phates are the most harmful ingradients in soil. The effect on the
setting of cement due to presence of sulphates may not be as
harmful as the subsequent disruption of soil-cement caused by
crystallization of highly hydrated salts in the pores. These effects
have been observed in the laboratory but the extent to which
they occur in the field is not known.

Again, it has been observed thatthe presence of organic
materials, particularly in sand, prevent normal cement hydra-
tion and crystallization in concrete. Obviously similar results
should be expected in the case of soil-cement mixtures, especially
those in which top soils, which would contain vegetation in vari-
ous stages of decomposition, are used. Considerable rescarch dats
show that there is a definite tendency for compressive strength
and durability of soil-cement mixtures to decrease, as the arganic
content of the soil increases. A practical safe limit of 2 per cent
organic matter is normally recommended, aithough in some cases
goils with 3 to 4 per cent organic impurities have been success-
fully stabilised. The standard calorimetric tost used for deter-
mination of organic impurities in sand can be used for estimating
the extent of organic impurities.

High percentages of organic impurities may indicate that an
agent detrimental to cement is present, particularly in sandy
soils. In any case, the durability tests described later will indicate
Whethfer the soil will harden satisfactorily with cement or not.
Blending of borrowed soils or use of about 4 to 1 per cent calcium
chloride has sometimes made it possible to stabilise sandy soils.

. With regard to the physical characteristics of soil suitable for
soil-cement work, while it may be stated that almost any soil
which can be pulverised can be stabilised with cement, practical
and economic considerations render certain soils such as heavy
clays unsuitable for stabilization. As a result of extensive studies
in various laboratories and in the field, the U. 8. Highway Re-
search Board suggess that, as a rough guide the following limits
may be applied to particle size and to soil constants when the soil
is used in soil-cement construction.
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Particle Size: Maximum size 3 in.
Passing No. 4 sieve Minimum of 50 per cent
s 40 ,, 15 to 100 per cent
200 ,, . not more thap 50 per cent

bRl

Physical Characteristics :
Liquid limit: Not morc than 40.

Plasticity index: Not more than 18.

If in-situ s0ils do not fall within the above range, it may be
economical to import soils from nearby sources which will enable
less cement to be used and can be processed with greater ease.
Also, certain soils, which may appear difficult to be pulverised
can be made mellow and capable of being rapidly pulverised by
prior absorption of moisture through wetting.

2.2.2. Shrinkage: A characteristic of soil-cement is that
during the hydration and hardening of cement, shrinkage takes
place which is greater in volume than any expansion that sub-
sequently takes place with the usual seasonal exposures to moisture,
heat, and cold. In soil-cement mixes with very high granular
content however, volume change characteristics follow the pattern
of those of concrete. Normally soil-cement begins to develop
shrinkage cracks shortly after construction. The appearance of
thesc cracks is an indication of the proper hardening
of soil-cement work and, conjointly with the results of field tests
of moisture and density, assures satisfactory soil-cement work.
The pattern of these cracks varies from widely dispersed cracks
with granular materials to close spaced cracks with the heavier
clays. Field experience and laboratory experiments have confirmed
that water creeping down these cracks does not soften or materially
weaken the s0il cement itself. Protection is however necessary to
prevent the water entering and weakening the subgrade.

2.2.3. Moisture - density relationship

The second important factor affecting the value of soil-cement
as & constructional material is the relationship demonstrated by
R. R. Proctor that, with a certain moisture content, a particular
soil will compact to a certain fixed density with a fixed
compaction force. Also, with a fixed compaction force,
there is an optimum moisture content that will give a particular
soil the maximum compacted density and also the greatest load
bearing capacity. Laboratory tests have confirmed that this
relationship applies to soil-cement as well.

Under a constant force of compaction the density of & soil-
cement mixture varies as the moisture content of the mixture
changes. If the moisture contents are plotted against the corres-
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particles cannot arrange themselves to a maximum state of den-
sity. As the moisture content of the mass 18 increased, the
moisture films about the soil grains increase 1n size, and, under
compaction, act as a lubricant, assisting the particles to slide over
one another with relative ease, resulting in greater number of
particles being collected within & constant volume. Further water
increments continue to increase the thickness of the moisture films
around the soil particles, thereby increasing their lubricating
qualities (or lessening their cohesive qualities), so that @ greater
density is obtained with standard compaction. After the maxi-
mum density is reached additional water increases the thickness of
the film about each soil grain to such an extent that the grains
remain apart even under the standard force of compaction resulting
in o decrease in density. It is apparent that the moisture films
about the soil grains at this stage still possess considerable
stability and cannot be displaced with the compacting force being
used.

With some heavy silt soils and some clay soils the dry den-
sity does not increase with the successive increments of water,
but decreases or remains about the same. This density decrease
is explained by assuming that the initial moisture in these cases
¢ither enters into the clay structure and expands the volume of
the clay particles, or it acts as & practically solid film about the
particles. In either case the moisture does not act as a lubricant
but only increases the apparent size of the particles. There is,
therefore, a decrease in density with initial increases in moisture.
As the density continues to decrease with increases in moisture, &
point is usually reached when the forces increasing the apparent
size of the clay particles are equalised and subsequent additions of
water act as a lubricans. At this stage the oven-dry density will
increase or remain about the same with successive increments of
water. The peak of this secondary bump or the levelling off
place in the moisture density curve indicates the optimum mois-
ture content for these soils.

The moisture-density relations of goil-coment are of the
utmost importance, because (1) in the laboratory they make it
possible to mould duplicate specimens with a fixed degree of
compaction at any one moisture content and in each case the den-
sity of the specimens will be practically the same; and (2) in the
field the moisture density relations are used for moisture and
density controls to ensure satisfactory construction. In soil-
cement work only the peak of the regular or parabolic type curve
is used, since this gives the greatest density.

1t has been found through experiments that the highest com-
pressive strength is! obtained when slightly lower moisture
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contents than optimiim are used during compaction. For durability
a moisture content slightly above the optimum yields better results.
In practice compaction should be carried out at the optimum mois-
ture content or at a slightly higher moisture content. ‘The effect
of moisture content in soil-cement cannot be compared with the
water-cement ratio of concrete, as the moisture content has a
negligible effect on the quality of soil-cement except in so far as
it affects the compacted dry density.

2.24. Cement content. The third important factor is the
influence of cement content. 1f cement is adequately hydrated in
the mixture, an increase in the cement content increases the
strength. The rate of increase of strength varies with the nature
of soil, sandy soils showing a higher increase than clay soils. The
prescnce of coarse aggregate, leads to a low compressive strength
with low cement content but to a relatively high compressive
strength with richer mixes. Another interesting feature is that
over a fairly wide range of cement content, the initial rate of
increase of strength is the same so that specimens tested within a
day or two after preparation may give the same strength with

say, 12 per cent cement content as with 8 per cent with increased

period. In the ma_»jority of cases mixtures with higher cement con-
tent eventually give a higher strength. Hence compressive strength
at more than seven days should be used for determining the
quality of soil-cement mixture,

Fo_r any required strength a higher cement content is neces-
sary with an increase in the silt and clay content except in the

gzia,lie of soils which lack in grading on account of being devoid of

2.2.5. Physical characteristics of soil-cement

The Physical characteristics of soil-cement may be illustrated
by the following typical test data :

Seven-day strength }

Percentage 1b per sq. in. Coefficient of

Soil used - of th ; vol,
' Cement Comp- Flexural ermal expansion
ressive
| | '
Sandy | 8 539 122 . .0000069 per ° F
Silty 14 279 80 | .0000062 per ° F

[

Clayey | 12 02 9% “ 10000057 per © F
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Modulus of elasticity 100,000 to 1,000,000 Ib. per sq. in.

Absorption 10 to 30 per cent over dry weight
Maximum density 85 to 135 Ib per cu. ft.
Voids 25 to 40 per cent

Optimum moisture 8 to 35 per cent
2.3. Performance tests

2.3.1 A study of the various aspects affecting the life and
performance of soil-cement is necessary to establish its suitability
ag a construction material. ‘The principal requirement of a hardened
soil-cement mixture is that it should be sufficiently durable to
withstand exposure to the elements. Strength is also a principal
requirement, but most soil-cement mixtures possessing adequate
resistance to elements also possess the required strength. A third
requirement of importance is that of economy in use.

2.3.2. One of the most common questions raised regarding
goil-cement is whether all soils can be used. Available data
indicate that about 85 per cent of all soils which may be used for
soil-cement can be adequately hardened by the addition of cement
upto a maximum of 14 per cent by volume. To determine
whether or not a soil falls into this 85 per cent category does not
require much testing. It is interesting to note that over 50 per
cent of all soils so far tested for soil cement by the Portland
Cement Association have been found to require only 10 per cent
or less cement for adequate hardening.

23.3. The problem of the engineer is to determine the least
quantity of cement, which, after hydration, will retain tlie soil-
coment mass at maximum density to which it has been compacted
and prevent any deterioration in its properties when exposed to
the elements. The following three laboratory tests have been
developed to determine the quantity of cement and water and
the durability of soil-cement.

(1) Test for Moisture-density Relations of Soil-
Cement Mixtures (D-558-44)

(2) Wetting and drying test of compacted Soil-
Cement Mixtures (D-559-44)

(3) Freezing and Thawing test of compacted Soil-
Cement Mixtures (D-560-14)

Details of these tests issued by the American Society of Testing
Materials are given in the Appendices 1,2 & 3.
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2.3.4. The moisture density test helps to establish the
correct quantity of water and the proper density to which the
mixture should be compacted. Wet-dry and the freeze-thaw tests
give an indication as to the durability of the material, namely its
capacity to withstand the cycles of nature and still maintain its
original stability of mass. The wet-dry test indicates whether
the cement has been beneficial in materially reducing the abnor-
mal volume changes with changes in moisture content, whereas
the freeze-thaw test determines the resistance to large expansive
forces produced by freezing water. It may be possible to omit
this last test if very low temperatures are not encountered in the
area concerned.

2.3.5. Moisture-density test

The moisture-density test determines the moisture content at
which maximum density is obtained, when the soil is compacted
in a standard manner. The degree of compaction obtainable in
the test is designed to be comparable with thorough compaction
under field conditions. The test consists in dropping a standard
rammer a given number of times from a specified height on to a
specimen prepared in a standard mould with varying moisture
contents, computing the dry-densities for these moisture-contents
and then plotting dry density against moisture content. From
the 'graph t}{e maximum dry-density, with the corresponding
optimum moisture content, is determined. On practical con-
siderations only the portion of the soil passing No. 4 sieve is used
for testing. It larger materjal is present and only tests on the
fines are available, it is necessary to compute the values for the
material from the experimental data obtained for the fines. This

s possible provided that sufficient fines are present to fill the
voids in the coarse material,

2.3.6. Exhaustive tests show that

(1) the maximum density of soil-cement mixtures with
sandy soil is 2 to 4 b per cubic foot greater than the maximum
raw soil density and with a silty clay soil equal to the maximum
raw soil density, and that

(2) the optimum moisture content for soil-cement mix-
ture, is one or two per cent above or below that for the
raw soil.

2.3.7. Wet-dry and freeze-thaw tests

In the wet-dry and the freeze-thaw tests (for cold climates),
the exfoliated material obtained by brushing after each drying

¢
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and thawing period respectively, over 12 alternate cycles in cach
test, is taken as a measure of tho soil loss. Since some granular
material also separates on brushing, a slightly different limit of
soil loss for satisfactory performance is fixed on the basis of soil
groups, wherein greater soil losses are permitted for sandy soils

than for clayey soils.

2.3.8. The following criteria, hised upor test results are set
by the Highway Research Board for determining cement content.,

(i) Losses during 12 cycles of either the wet-dry or the
freeze-thaw test should conform with the following
imits:

P.R.A. classification groups A-2 and A-3 not over 14 per cent,.
» » " A-4 ,, A-5 not over 10 per cent.
ss vs v A-6 |, A.7notover 7 per cent.

(i) Maximum volume at any time during either wet-dry or

freeze-thaw test should not exceed the volume at the
time of moulding by more than 2 per cent.

(iii) Maximum moisture content at any time during either
wet-dry or freeze-thaw test should not exceed that
quantity which will completely fill the voids of the
specimen at the time of moulding.
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{iv) The compressive strengths of specimens, tested after
soaking in water for 1 to 4 hours, should increase with
age and cement content, for cement contents which
produce results that neet the requirements given in
items (i), (ii) and (iii) above. These criteria for judging
cement  contents  that produce satisfactory results
should not be considered as rigid recommendations,
but as the satisfactory data in the present state of

knowledge.

2.3.9. The general physical relations of soils and compacted
soil-cement mixtures to attain the hardness and durability stan-
dards set by the Highway Rescarch Board are brought out clearly
in Table No. 3 and Chart No. 4. These are based on a study of
329 samples of soil in the U.8. A, The Table and Chart show that
although certain cement contents predominate in each group there
is a wide range of cement contents vequired to harden satisfac-
torily the entire range of soils in ecach group. However, in a
particular locality or area the range will be smaller. To deter-
mine the suitable cement content three different percentages are
normally tried in all standard testing procedures. With experience
of particular soils, it is possible to estimate the cement content

fairly accurately.

24. Field control factors

2.4.1. Usually the cement content of the specimen which
satisfies the wet dry test and freoze-thaw test in cold climates can
be considered satisfactory. The lowest cement content of the
usual three specimens should not be accepted without a further
tost with a cement content two per cent less, as the further test
may indicate that a lower percentage of cement would be satis-
factory and this would result in economy.

9.4.2. Since most laboratory tests are conducted on minus
No. 4 material, the specified cement content should cover definite
requirements in case of the presence of and variations in plug*
No. 4 aggregate content. The minimum cement content in
minus No. 4 material is not relatively so important in well-
reacting sandy soils. Recommendations usually provide that
during construction, the cement content of the whole soil-cement
mixture shall be increased so that, due to the presence of plus
No. 4 material the percentage of cement in the minus No. 4
material does not decrease by more than one per cent from that

determined by laboratory tests.

* Plus No. 4 muberial is gravel, stone, or rock in the soil that is retainedona
No. 4 sieva and minus No. 4 soil material is fine grave!, silt, and clay in the soi]

that prases this sieve.
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2.4.3. The laboratory moisture-density data are not directly
applicable to field control, but they are accurate encugh for
estimating equipment needs. Moisture-density tests carried out
towards the end of damp mixing indicate the optimum moisture
content of the mixture and the density to which the mix should
be packed. This procedure enables small variations of soil type
and variations in optimum moisture and maximum density
resulting from prolonged mixing operations to be accounted for

A check on the compacted soil-cement is the field density test
described in Appendix 4. This helps in establishing whether
a.degua,be compaction has heen obtained with the procedure and
equipment used.

2.5. Rough and ready tests for soil-cement
2.5.1. Procedure

Whenever soil-cement work has to he i
v ; > undertaken in a hurr
or e:.atxma:tes for cement content have to be prepared before &ctuii
testing is .possxble, the fol!owing method which was used to
advantage in the Second World War in U.S.A. may be adopted.

In general, these estimates
; 8 are more ¢ i
e rhoso et onservative than the values

stantis‘h:n(;mciidm:e consists in first obtaining the physical con-
vy in bOt%rathatll())n of the soil and identifying its proper group-
this inforon:! e f.R.A. and the textural classifications. With
pefc oo zfon relerence is made to chart No. ¢ which gives the
classifl 8¢ of cement required for hardening for the various
S 88llications of soil based on a large number of tests. The pre-
fom;gan{s percentage namely the percentage found satisfactory
or the largest number of soils for satisfactory hardening in the
particular group 1s read. Moisture-density specimens are t.heﬁ
mol.xld'ed Wlth. three different cement contents with 2 per cent
variation on falther side of the predominent percentage a.ncll tested
The last specimen or one half specimen which is obtained during
the usual procedure of cutting a specimen vertically for taking g
representative sample for moisture content determination is se
aside to observe its hardening characteristics when placed in an
atmosphere of high humidity.

2.5.2. < Pick and click ”’ tests

A daily examination of these specimens with a relatively
sharp-pointed instrument such as a dull ice-pick and also by
clicking them against a sound specimen helps in the determina-
tion of the relative rate of hardening from day to day. Specimens
that are hardening satisfactorily will resist the penetration of the
pick while one which is not hardening satisfactorily will have
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poor resistance. Specimens not over 7 days old which resist the
penetration of the pick under a considerable force to a depth not
greater than 1/8 to 1/4 in. can be considored to be of satisfactory
hardness and to indicate that their wet-dry and freeze-thaw tests
would prove satisfactory. When clicked, spccimens that are
hardening satisfactorily give a ringing note. A dull thud or a
¢ punky ’ sound is ohtained with a poorly hardened specimen. The
“pick and click " tests are used jointly. The necessity of both
the tests is apparent from the following illustration. Specimens
containing a slow hardening sand, in some cases develop a hard
surface about 1 8 in. thick without hardening of the core. The
hard shell resists the picking but when clicked against a hard
specimen it produces a dull thud, characteristic of poorly harden-
ed specimens. The finc textured soils have a less ringing sound
than coarse textured and granular soils. Generally two to four-
days old specimens which stand up well to these tests are satis-
factory. In a few cases, it may be nceessary to wait 7 days
or more.

2.5.3. Other guides

Another guide in preliminary investigations for soil-cement
is the compressive strength at various ages. Since there is consi-
derable variation in compressive strength with the same coment
content the strength test cannot be taken as conclusive. It may
however be employed for determining cement contents for labora-
tory tests and estimating purposes. A soil-cement mixture having
a compressive strength of approximately 450 Ib per sq. in. or
more at 7 days will pass the durability tests, provided there is an
increase in strength with age and with cement content. Informa-
tion on these lines, can be obtained within about 10 days of
receiving the sample.

Another method of obtaining rough and ready information is
by reference to soil-cement losses after a few cycles of wet-dry or
freeze~thaw tests. This would, however, presume that typical
curves on cumulative Josses at every cycle of the freeze-thaw and
wet-dry tests are available.

These short-cut methods are essentially intended to estimate
cement requirements before the results of regular tests are
available and are particularly useful in an emergency.

3. CONSTRUCTION PROCEDURE AND EQUIPMENT

3.1. Methods of construction

3.1.1. The fundamental requirement in soil-cement con-
struction is to obtain an intimate mixture of soil and cement with
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the correct moisture content and to compact this mixture to its
maximum density, There are three methods of construc@loﬂ
practised in soil-cement road work namely the ‘ pre-mix
method, the *“ mix-in-place ”” method and the travelling plant

method.

3.1.2. Pre-mix method. In princi‘ple the pre-mix method
differs little from concrete road construction. After the necessary
tests, the soil from the site, or borrow soil, if .loca,l soil is not
suitable, is mixed in a suitable mixing plant with the nece.ssa.ry
cement and water. The mixing may be done on the Slt‘e' or at the
source of supply in the case of imported soil. The ma.t}(ilm% i t'hen
laid on the prepared sub-grade zmd‘ compacted to tﬂe‘ 1equ;:'ed
density by accessory equipment. The advantages of this m:at od
are, that it allows an accurate proportlonn}g of the mixture with
easy control of the depth of treatment. Councrete mixers can be
used and moisture losses during mixing operations and_ transport
minimised. The method is very suitable for placing the mix l)(*t;ww.n
side forms.  The process, however, is expensive particularly if soil
in-situ is processed. Moreover as the material has {o be compacted
as delivered, there are possibilities of slight variations in com-
paction from section to section. Generally the process cannot be
adopted for large-scale works. The daily output on pre-mix con-
struction can seldom cxceed 2,000 sq. yd.

3.1.3. Mix-in-place method. In the mix-in-place method
the ground is first scarified to within half an inch of the depth to
which it is to be stabiliscd and the soil, either in-situ or borrowed,
is pulverised in place until at least 80 per cent (cxc]urfwc of stones)
passes the No. 4 sieve. Pulverising should be carried out from
the sides of the road working towards the centre and is best done
with a moisture content within two per cent of the optimum.

The next step is to spread the cement. The area to be covered by
a bag of cement is calculated and the bags are distributed accord-
ingly. They are then slit open and the cocment sproad reasonahbly
uniformly over the surface. This can be done by splke harrows or
a blade grader. The cement and the soil ave then }nhma.t,ely mlxed.
Experience has shown that it is desirable to mix at a moisture
content slightly higher than the optimum except when heavy rain
is expected. If more water is required during the _mlxulllg
operation, it should be added carefully and well mixed with the

soil to its full depth. .

After mixing the surface is graded and _compac'ted; cox;}i
paction is done as in the pre-mix process and is continued unti
uniform density has been obtained over the whole area.
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No forms arc used but the road is built slightly wider than
necessary and cut back to the desired width when the stabilised
construction is completed.

The main advantages of this method are that any equipment
from simple agricultural tools to the most claborate plant can be
employed depending on the magnitude of the work. There is a
greater degrec of uniformity in compaction as the entire cross-
section is processed at the same time. Also in view of the con-
siderable time required for operations, removal of excess moisture
by evaporation is casier, particularly in wet climates.

The disadvantages are that it is not easy to obtain a uniform
thickness of treated material, because the depth of the furrow
may vary slightly. 'The mixing may also not be as uniform as
in pre-mix work. 'The work is susceptible to changes of weather
and, once the cement has been spread, the work cannot be sus-
pended in inclement weather. Rain during construction is likely to
spoil the portion under construction. In addition, in dry climates,
water lost by evaporation requires replacement.

3.1.4. Travelling plant method. A relatively new
development in the technique of construction, is the travelling
plant method. In this method, the soil after pulverization and
proper placement of cement over it, is lifted up by an elevator to
a mixer mounted on a travelling platform where the necessary
water is added. The mixture is then discharged on to the subgrade
where it is spread by blade graders and compacted as in the mix-
in-place method. Thix method combines the merits of both the
premix as well as mix-in place methods by combining high out-
put with thorough mixing.

3.2. Types of equipment

3.2.1. The choice of equipment depends on the method selec-
ted for construction. Iquipmentis required for pulverising,
mixing, and compacting cither separately or in combination. In
the early stages of development simple cquipment was used for
pulverising and mixing and smooth wheel rollers for compacting,.
With increasing knowledge of working the soil, a wide range of
equipment to meet varying needs has been developed.

3.2.2. In the simplest form of mix-in-place construction,
the equipment used are gang plough, rake, dise harrow, nail drag,
blade grader, & mounted tank for water distribution, a smooth-
wheel roller, a shecpsfoot voller in the case of clayey soils, and a
pneumatic tyred roller in the case of silty soils. In premix
construction, cither hand mixing or a concrete mixer takes the
place of disc harrow, nail drag, and water distributor, other opera-
tions being similar to mix-in place method. One or two tractor
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units are used for various operations.
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For increased output it is

the practice to use the units in trains. The sequence of operations
and train of units as recommended by nghway Research Board
for a 20 feet wide paving job are given in figure No. 3.

3.2.3. The main features of developments in plant for soil
cement construction are higher speeds of construction, uniformity
in scarified depth, more thorough mixing operation, and uniform
compacted density. The modern rotary hoes enable processing
of coarse grained soils with relatively high percentage of stones ;

9
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the pulvimixer is a combination machine with pulverising and
mixing operations both carried out by a series of spikes on a rotor
which can be lowered to requisite depth with a high powered
hydraulic ram and is most suitable for fine grained soils. The P &
H single-pass stabilizer, which is the latest of these fast operating
machines, consists of 4 contra rotating rotors and is driven by a
260 H. P. unit. In one passage of the machine, the soil is cut,
pnlverised, and mixed with the requisite quantity of cement and
water. ‘The machine operates on a width of 10 feet with speeds
upto 30 ft. per min. and as much as 8000 8q. yds. have been com-
pleted in a day with this equipment.

3.2.4. Another development is the travelling mixing plant
which picks up windrowed soil material and mixes it with cement
and water. The mixture is spread on the subgrade with an atta-

ched grader.

3.2.5. Compacting equipment is necessary with all the above
plant and consists of smooth rollers of the tandem and conven-
tional three wheel types, sheepsfoot rollers of either the taper-foot
or the club-foot types, and pneumatic tyred rollers ranging from
laden trucks to trailers with multiple wheel axles. Sometimes
vibrating equipment used for concrete road finishing is also
employed. The process of compaction is dependent on factors like
particle size, moisture content, and thickness to be compaotgd.
A preliminary trial is desirable in case of large works to determine
the weight, number of passes and suitability of the various rollers.

3.26. Water distributors range from ordinary tanks mounted
on trucks with distributing pipes to pressure water distributors
which can accurately regulate the amount of water in each unit
of area.

3.3. Suggestions for adapting simple farm equipment

3.3.1. In the selection of equipment for soil-cement construc-
tion, the similarity in process in the pulverising and mixing stages
to farming permits use of farming equipment on soil-cement road
work. The requirements are determined by the scale of opera-
tions, by the speed of each process and the relative economy in
comparison with special types of equipment. There is however a
wide latitude because, before the addition of cement, there is no
Jimit to the available time except as required by the scheduled pro-
gress. A period of about six hours is available for completing the
operation after the addition of cement. The degree of control
necessary in the pulverising stage is also not so strict as in the
subsequent processes. Hence, it is not always necessary to await
special equipment before undertaking soil-cement road construction

So1L-CEMENT 1N Roap CoNSTRUCTION : 239

and considerable adaptation can be effected with sj i

] simple equip-
ment. If higher rates of progress are desired, tractors carll) bequslgd
with advantage for towing the various units of farming equipment

3.3.2. A simple farming plough, spike-harrow i

can be used for the removal of rooté andpvegetation a?lrd I:illllod?z%
scarifving to the required depth. The dry mixing of cement can
be done easily by first spreading the cement on the pulverised soil
surface uniformly by means of a nail-drag and then using a gan

plough or offset disc harrow for mixing at site. Water is s}n‘inkleg
by means of steel tanks fitted with ordinary perforated pipe dis-
tributors, the quantity being controlled acc.ording to the rate (')f
travel by a control valve. Wet mixing can be carried out with
the same equipment as dry mixing, till a uniform mix is obtained

A conventional road roller can be used for soil-cement work, or
alternatively hangi tampers or vibratory tampers ean be adoi)ted
for final compaction. This would require the use of side forms

A sheepsfoot roller or bneumatic-tyred roller becomes necessary if
the tendency of damp soil is to roll in layers. In the case of claye

soil better compaction is obtained with a sheepsfoot roller hav)irny
tapered feet. In the absence of a sheepsfoot roller sheepsfoo%
ha,'nd tampfars (Fig. 4) may be substituted and suﬁicier’xt labour for
this operation employed to keep pace with other Processes. Where
pneumatic tyred rolling is necessary, an ordinary truck. an b

used with sufficient loading and properly guided movementC e

33.3. In pre-mixing operations a co ;
ncrete m
usual type can be used. There is therefore no procel;(serir(l)fs;ﬂ}le
cement construction which cannot be managed with simpi g
ment for works of moderate size. ble equip-

3.4. Special provisions

3.4.1. As the finished surface ig to s

course, surface tg‘eatment or a wearing coat izrr‘:zc?slslir;stg wl’)i:;e
stand the a.braswe action of traffic. Different treatments a.re;
necessary, dept_andmg oun the type of wearing coat desired. Where
only pneumatic-tyred traffic is to be catered for, a soii-cement
topping or a bituminous surfacing is adequate. Where bullock-
cart traffic is to be allowed for in addition to pneumatic-tyred
t,l"a.fﬁc, a concrete topping, the thickness depending on the inxtfien-
sity of traffic and on the wheel load is the best surface. Heav

duty bituminous surface may also be adopted. . y

3.4.2. The three essentially differont weari
with a number of variations are : Fing coats, qach

(a) Soil-cement topping with a richer cement content than
the base course ; suitable for driveways, estate ‘roads
ete. used exclusively by pneumatic tyred wheels. ’
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(b) Concrete topping; suitable for medium and heavy
duty road surfaces and particularly for mixed traffic,
namely bullock-cart and pneumatic-tyred.

(c) Bituminous light and heavy duty surfacings.

3.4.3. Soil-cement topping.

Soil-cement topping with a higher cement content than the
goil cement base course is laid on the base course just after the
compaction of the top one inch mulch has been completed. After
lightly scarifying the surface, the topping material, which is
prepared by mixing suitable soil with adequate cement and water
to ensure a crushing strength when compacted, of 1000 1b per
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8q. in. at 28 days, is laid and compacted. The compacted depth
of topping should not be less than 2 in. and the field controls on
cement content, compacted density, optimum moisture content
and protection have to conform with requirements similar t(;
those of the base course.

3.4.4. Concrete topping.

For medium and heavy duty a concrete surface, the thickness
of which depends upon the magnitude of the traffic, and on maxi-
mum wheel loadsis laid on the soil-cement base. No treatment of
surface is necessary but the topping should be laid only after the
base is adequately cured. The surface of the soil-cement base
should however be cleaned of all loose materials with stiff brooms.
The width of the base course shall extend at least 6 in. beyond
the edge of the concrete pavement.

For a light-duty eoncrete pavement of a thickness bhelow 3 in.
prior treatment of the surface of the soil-cement base is necessary
to provide adequate bond between the layers. It is suggested that
the bond may be provided by grooving the finished soil-cement
surface transversely with grooves about 3;4 in. deep at 3 in. cent-
res with a suitable raking tool before the soil-cement surface has
hardened. A coat of cement sand grout is applied to the soil-
cement surface before placing the concrete surface mix. The
concrete surface is laid preferably within two or three days of the
compaction of the soil-cement base.

3.4.5. Bituminous topping.

Before placing the bituminous topping the soil-cement surface
is treated with a primer. The primer may be applied just after
finishing the soil -ccment base or just before laying the bitumi-
nous surface. As certain primers adversely affect the hardening
of soil-cement, excessive penetration of primer is prevented by
moistening the surface of the base to close the surface pores before
applying the primer.

Light duty surface dressings are laid preferably after the soil -
cement hase course has heen in use to enable any defective spots
in the base course to be rectified. On the other hand, heavy duty
bituminous toppings are laid before opening the road to traffic.

4. RECOMMENDED CODE OF PRACTICE

4.1. In order to simplify the application of soil-cement
construction to roads, an attempt has been made to draft a code.
This code is perforce tentative and may need modification in the
light of local experience,
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4.2. Scope. The requirements of this code meet the needs of
goil-cement pavement construction using either soil in-situ or
borrowed soil or blended soil, premixed or mix-in-place cons-
truction, suitable generally for base construction. Surface treat-
ment either for weathering and wear resistance or for additional
pavement thickness with other materials is also indicated.

4.3. Materials

4.3.1. Portland Cement. Portland cement shall be of one
of the brands manufactured in India, complying with require-
ments of 1.8.8, 269-1951. Any cemeunt which has become wet,
damaged, or contaminated in transit, handling, or storage shall
not be used.

4.3.2. Water. The water used shall be clean, clear, free
from injurious salts, acids, alkalies, organic matter, or other
deleterious materials and be of a quality fit for drinking purposcs,

4.3.3. Soil. The soil for the constraction shall consist of
material existing in the area to be paved, selected s0i} or mixtures
of both which shall be approved by the engineer. The soil shall
not contain more than 5 per cent gravel or stone retained on 3 in.
sieve, nor more than 45 per cent retained on No. ¢ sieve.

4.3.4. Admixtures: No admixture shall be used unless
approved by the engineer. Admixture for soil-cement work shall
be calcium chloride* of approved quality when required to be
used.

4.4. Equipment

4.4.1. Any equipment, machine, or combination thereof
meeting the requirements of soil pulverisation, cement mixing
and compaction may be used for producing the soil-cement base
course and for providing an adequate surface cover as given in
the following clauses.

4.4.2. Use of all equipment and machines shall be subject to
prior approval by the engineer-in-charge.

4.5. Construction methods

4.5.1. Preparation: The area to be paved shall prior to
other operations, be graded and shaped as required to grades,
alignment, thickness, and typical cross-sections shown on the

* Note: Admixture of calcium chloride is a method of improving soil-cement
mixtures especially for poorly reacting soils Its action isto increase
the rate of hydration so that high strengths are ohtained at early
ages. It also tends to improve permeabdility and durability. Tt is
ndded in solution as part of the mixing water.
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plans. Any additional soil needed shall be placed as directed by
the engineer. All unsuitable soil or material shall be removed
and replaced with acceptable material.

The subgrade shall be firm and able to support without dis-
placement, the construction and compaction equipment herein-
after specified.  Any soft or yielding subgrade shall be corrected
and made stable before construction proceeds.

4.5.2. Pulverising: The soil to be processed shall be scari-
fied and pulverised before adding cement. Pulverising shall
continue even during mixing operations if necessary until -all the
soil passes a 1 in. sieve and a minimum of 80 per cent of the soil
passes a No. 4 sieve excluding gravel and stones retained on the
sieves. In premixed construction, partial pulverisation may be
permitted in the mixing plant subject to test on soil quality indi-
cating thorough mixing. Pre-wetting of soil for pulverisation may
be permitted in special cases ; in such cases the amount of water
shall not exceed the optimum needed for mixing and compacting.
In general, pulverisation should be planned so that only that
quantity of soil which can be processed in two davs is pulverised
ahead of construction. )

4.5.3. Addition of cement. The specified quantity of
cement shall be applied uniformly on the soil in a manner satis-
factory to the engineer or in specified quantities for each bateh
when mixed in a mixer.

At the time of adding cement, the percentage of moisture in
the soil shall not exceed the quantity which will permit a uniform
and intimate mixture of soil and cement during mixing
operations. |

All operations from the time of adding cement to the finish-
ing stage shall be completed within 6 hours.

4.54. Mixing. After the cement has been added, it shall
be continuously mixed with the soil till all the cement has been
sufficicntly blended with it, to prevent the formation of cement.
water nodules or balls when water is applied.

Any mixture of soil and cement that has not been compacted
and finished shall not remain undisturbed for more than 30
minutes.

4.5.5. Application of water and damp mixing : Immedi-
ately after the soil and cement have been mixed, water shall be
applied uniformly to the mix. The water supply and distributing

equipment should have adequate capacity to ensure the applica-
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tion of the necessary quantity of water in the section in three
hours in mix-in-place construction. Water should be added in as
large increments as the equipment and soil will permit.
(One gallon per sq. yd. per application is found satisfactory
for most soils). As the moisture content approaches the
optimum, the application should be reduced to 1/2 gallon per
sq. yd. or less.

After all the water has been applied, mixing shall continue
until a thorough uniform and intimate mixture of soil, cement, and
water has been obtained. At the conclusion of the damp mixing
operations moisture-density tests (A.S.T.M. designation D 558-44)
shall be carried out in the field on representative samples of
soil-cement mixtures. The percentage of moisture in the mixture
and in unpulverised soil lumps based on oven-dry weights, shall
not be below nor more than one-fifth above the specified optimum
moisture content. It shall however be less than that quantity
which will cause the base course to become unstable during com-
paction and finishing.

When mixing in concrete mixers, the water shall be added in
suitable increments depending on the type of mixer. It is desira-
ble to add a little excess water to make up for evaporation losses
in handling and transit. The mixed materials shall be spread on
the desired area uniformly with suitable distributing equipment.

4,5.6. Compaction. Prior to the beginning of compaction,
the mixture shall be in a loose condition for its full depth. Com-
paction shall be started with sheepsfoot rollers beginning at the
edges and working towards the centre.

After about 2/8 of the depth is thus compacted, the remain-
ing mulch should be uniformly distributed with a grader and
rolling continued until only one inch of loose mulch remains.
Any loose spot shall be corrected by addition of extra material
and re-rolling. In very sandy soils which offer little resistance to
compaction, pneumatic tyred rollers shall be used for compacting
from the start of the operations. Also sufficient water should be
added to keep the moisture content at optimum or slightly above
it during the entire operation. The number of passes and the speed
of operation of rollers shall be sufficient to compact uniformly the
section being processed to the required density within two hours.

The specified density shall be determined in the field by the
moisture density test (A.S.T.M. designation D 558 —44) on represen-
tative samples of soil-cement mixture obtained from the work.

4.5.7. Finishing. After the mixturc has been compacted,
the surfacc of the compacted soil-cement shall be lightly scarificd
to loosen any imprints and remove compaction planes left by

So1L-CEMENT IN Roap CONSTRUCTION 245

compacting or shaping equipment. The resulti

then be thoroughly rolled with smooth wheel or l;)gne?llirrlfaagi:s-t;l:zg
rollers or both, and of the type and size specified by the engineer
Rolling shall be supplemented by brushing if required by the
engineer. ‘The moisture content of the surface material shall be
maintained at not less than its specified optimum moisture content
during all ﬁm§h1ng operations. Surface compaction and finishin

shall be done in such a manner as to produce in not more thargl
two hours, a smopth dense surface, free from surface compaction
planes, cracks, ridges or loose material. The completed base

course Shall C()llf()] m tJO the gl‘ades 1 es - ns shown
mes ‘Lnd Cross * onse
‘ > sect1 h.

Any portion of the work which has a density of

s 51b >
below that specified by the engineer shall be coriected or ?;m?‘?ég
and replaced to meet the specifications.

4.5.8. Protection and curing. After th il-
course has l?een completed as specified herein, ig slslzllll l(;zm;:;)iel;::g
against drying for fourteen days by applying a 2 in. cover of earth
or not less than 4 1b (dry weight) of straw or hay pe.r 5q. yd hF h
shall be moistened initially and subsequently as may b% r};ec. wmlc :
or by applying other cover materials approved by the ong,ine:rss";l};,
protection shall be applied as soon as possible after the completi .
o'f the finlshm_g operations. The finished work shall be kept cé(;ln
tinuously moist until the cover material (earth or straw) isp iac dn
After the curing period, cover shall be removed. placed.

Finished work adjacent to i i
portions under construction shall
be protected from travelling equipment in such a manner as to
prevent damage to the completed work. -

4.5.9. Construction joints. At
1 . the end of each day’s work
a siraight transverse construction joint shall be formed yb; curt-
ting back into the completed work to form a true vertical face
’

and by installing a te . ’ >
engineer, & & temporary W(_)Oden header, if required by the

The full width of the base courses for roads imi
I C , streets, or 1
areas shall be processed and finished each day without 1on2iﬁ£

_nal construction joints.

Base courses for runways, and other |
built in a series of parallel ls;nes of conveni:’;%elea;lrgt?lf al?(llmvlvlidlzl?
approved by the engineer. Straight longitudinal joints shall be
formed at the cdge of each day’s work by cutting back into the
completed work to form a true vertical face, free of loose or shas.-
tered material. For laying to correct grades, temporary wooden

10
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be set firmly to line and grade i.f

forms, or their equivalent, shall
go directed by the engineer.

4.6, Traffic.

46.1. Local traffic and construction equipment shall be
permitted to use completed portions ‘a.fter the base c(;urse has
hardened sufficiently to present marring O distorting od the sur-
face, provided the protection and cover are not impaired.

i i trafic shall be
4.6.2. After the 14-day ocuring per'lod, all
permitted to use completed portion provided the base cfourse has
hardened sufficiently to prevent marring or distorting of the sur-
face by traffic.

4.7. Maintenance.

471. The contractor shall be required, within the limits of
his contract, to maintain the entire base course 1n good condition
to the satisfaction of the engineor from the time he starts work
until all work has been completed and accepted. Maintenance
shall include immediate repairs of any defects that may oceur
either before or after the cement is applied and such work shall
be done by the contractor at his own expense, and gﬂpea_ted a'z:‘.s
often as may be necessary to keep the area intact. epa.u'sf e
o0 be made in a manner to insurc restoration of a uniform suxi a.{:)e
and durability of the part repaired.  Faulty work sl;:?,]u bg
replaced for the full depth of treatment. Any low a.rea.fst 8 dt',ment
remedied by replacing the material for the full dept:ho rea mont
and not by adding a thin layer of soil-cement to the comp

work.
4.8. Wearing coat

48.1. A wearing coat shall be applied to the base course ?S-
specified by the engineer. 'lhe wearing coat may consist of:

(a) Soil-cement topping with a higher cement content ;
(b) Premixed concrete topping ; or

(¢) Bituminous surfacing.

5. CONCLUSIONS

51. Soil-cementis a method of stabilised soil construction
which has become inereasingly populatr _durmg recent years.
alr ained in detail, invo

rocess, as already explained il, invo :
Eemen{wit,h pulverised soil after which it is watered and com

acted.
gossessing appreciable har

The
lves the admixture of

i i i terial
" fect of this admixture is to produce & ma
o dness and resistance to weathering, and
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having properties that differ greatly from those of the soil from
which it is made. As distinct from other low-cost materials, the
technique of soil-cement construction and testing is scientifically
controlled. The findings based on scientific methods enable
correct estimates being made of the performance of the material
with regard to its structural properties and its permanence,

5.2. Soil-cement construction employs the maximum of
cheap local material and the minimum of the more expensive pro-
ducts, either manufactured (ie., cement) or conveyed over varying
distances (i.e., sand and stone aggregates). As the soil which
constitutes ninety to ninety-five per cent of soil-cement is wholly
indigenous and as the processing can be carried out with great
ease, using only unskilled labour, on account of similarity to
farming methods, it is by far the most economical of reliable,
low-cost materials.

5.3. Soil-cement canbe used for an unlimited variety of
purposes, such as :

(a) surfacing for low-costroads, for areas of ground desired
to be water-proofed, for example, winnowing and
stacking grain in villages, for car-parking places, store
yards, ete.

(b) a sub-base under all types of road surfacings and under
footpaths, cycle tracks, school playgrounds, car-parks,
aerodrome runways, floors of faotories and store-
yards.

(c) for filling in pipe trenches under roads where it is
necessary to obviate settlement and consequent damage
to the road surfacing.

(d) for filling in behind retaining walls, over arches and
culverts and in limited spaces where it is not practi-
cable to obtain adequate compaction by rolling.
Composite construction of small span bridges in which
precast reinforced concrete units are combined with
soil-cement to sustain loads has already been tried out.
Maximum benefits can however be derived only if
greater enthusiasm is evinced in giving this new
material a fair trial and more and more experimental
stretches of soil-cement construction are attempted.
Experience in other countries, particularly the U.S.A.,
indicates that soil-cement combines excellent perfor-
mance with low cost. The largest field for the appli-
cation for soil-cement in India lies in road construction,
The conditions appear to be ideal for soil-cement con-



248 ANTIA ON
struction. A very large mileage of roads has to be
built and the fuuds for building the roads are limited.
Optimum results can be achieved with soil-cement.

5.4. A proper understanding of the soil, which is the major
constituent of soil cement is necessary before any progress can be
achieved in soil-cement. Addition of cement to soil alters ils
structure and the properties of soil-cement are not predictable
from the physical constants of either the soil or the soil-ccment
mixture. Additional laboratory tests for durability and strength
are required to give correct indications. The minimum cement
content is determined by durability requirements whilst economy
determines the maximum cement content. Compaction for
maximum density under optimum moisture conditions 1is an
important factor in soil-cement construction. The U. S. Portland
Cement Association is of the view that for practical reasons no
cement contents less than 7 per cent can be recommended for
field use. Due to the impracticability of precise measurements,
increments or decrements of cement content are usually made by
two percentage points.

5.5. Development in construction equipment has been from
the most simple farming equipment to comprehensive and efficient
machinery, the main objects of elaborate machinery being speed
of construction, proper control of the compacted depth, proper
mixing, and adequate compacted density. The wide range of
possibilities permits soil-cement construction to be carried out
even with the minimum of equipment.

5.6. Tield control allows reasonable tolerances both in respect
of time and factors such as composition, moisture content, and
compacting effort and permits easy manipulation of the scale of
operations. Soil-cement is equally suitable for a structurally
sound road base and for a pavement of good quality and strength

with appropriate surface coatings.
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Appendix 1.

Standard Method of Test for Moisture-Density
Relations of Soil-Cement Mixtures.

A S. T. M. DESIGNATION : D 55844
Scope

1. This method of test is intended for determining the rela-
tionship between the moisture content of soil-cement mixtures
and resulting densities (oven-dry weight per cubic foot) when the
soil-cement mixture is compacted in the laboratory, hefore cement
hydration, as specified herein.

Apparatus
2. The apparatus shall consist of the following :

(») Mould.—A cylindrical metal mould having a capacity of
g5 cu. ft with an internal diameter of 4.0 in. and a
height of approximately 4.6 in., which has a detach.
able collar assembly approximately 2} in. in height, to
permit preparing compacted specimens of soil.cement
mixtures 4.0 in. in diameter and approximately 4.6 in.
in height which have a volume of ;% cu.ft. The mould
and collar shall be fastened to a detachable base
(See Fig. 5).

(b) Rammer.—A metal rammer having a 2-in. diameter
circular face and weighing 5.5 1b. The rammer shall be
equipped with a suitable arrangewent to control the
specified drop (see Fig. 6).

{c) Sleeve.—Closed ocylindrical sleeve slightly less than
4.0 in. in diameter or similar device for removing com-
pacted specimens from the mould.

(d) Balances.—A balance or scale of 25-1b. capacity sen-
sitive to 0.01 lb.; and a 100-g. capacity balance sensi-
tive to 0.1 g.

() Drying Oven—A thermostatically controlled drying
oven capable of maintaining temperatures of about
110° C. (230° F.) for drying moisture samples.

Procedure

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

(b) The required cement shall be added to the pulverized
goil. The test shall be performed only on that portion
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of the soil-cement mixture which will pass a No. 4
(4760-micron) sieve. A quantity of water sufficient to
produce slight cohesion shall then be thoroughly mixed
with the soil-éement sample to permit ready compac-
tion. The thoroughly mixed soil-cemient sample shall
be immediately compacted in the mould in three equal
layers, to give a total compacted depth of about 5 in.;
each layer being compacted by 25 blows of the rammer
dropping free from a height of 12 in. above the eleva-
tion of the soil when a slceve-type rammer is used or
12 in. above the approximate elevation of each
finally compacted layer when a stationary mounted
type rammer is used. Duringcompaction, the mould
shall rest on a uniform, rigid foundation weighing200
Ib. or its equivalent. The blows shall be uniformly
distributed over the surface of the layer being compac-
ted. After compacting, the collar sl all be removed
and the top carcfully trimmed to the exact height of
the mould with a steel straightedge to produce a speci-
men approximately 4.6 in. in height and having a
volume of 1,30 cu. ft.

The weight of the compacted soil-cement mixture shall
be determined, the material removed from the cylin-
der, sliced vertically in the centre and a 100-g. sample
taken from the centre, weighed immediately, dried in
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an oven at 110° C. (230° F.) forat least 12 hrs. or to
constant weight. This procedure establishes the mois-
ture-density relation of the initial soil-cement mixture.

The soil-cement mixture shall be again finely pulveri-
zed, so as to separate the soil particles without redu-
cing the particle size, to pass a No. 4 {4760-micron)
sieve and a small increment of moisture carefully added
and thoroughly mixed to insure uniform distribution.
Then the moistened and pulverized material shall be
compacted in the mould in three layers as doscribed in
Paragraph (b), weighed, and a moisture determination
made to establish the moisture-density relation for a
slightly moistened soil-cement mixture. The soil-
cement mixture again shall be finely pulverized, so as
to separate the soil particles without reducing the par-
ticle size, to pass a No. 4 sieve and additional incre-
ments of water added and the same procedure followed
of mixing, compacting in the mould, weighing, and
making moisture determinations until the moisture
content of the soil-cement mixture reaches a condition
where it is difficult to pulverize the moistencd materials
or it has a moisture content near the liquid limit. Thi&;
procedure will establish the moisture-density relations
of a soil-cement mixture for the moisture contents
practicable to handle in the field.

Calculation

4. The moisture content and oven-dry weight of the

mixture

as compacted shall be calculated by means of the following

formulas :

Moisture per cent =

wt. of wet soil-cement—wt. of oven-

dried soil-cement

wt. of oven-dried scil-cement x 100

Dry weight (per cu. ft of soil cement as compacted)

wet wt. in 1b. per cu. ft

percentage of moisture plus 100 < 1w

Moisture-density relationship

5. (a)

1

oven-dry weight (density) of the ¢

The calculations in section 4 are made to determine
the moisture content and corresponding compacted

ompacted soil-cement
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for each test made on the mixture. The oven-dry
weights per cubic foot (density) of the soil shall be
plotted as ordinates and the corresponding moisture
contents as abscissae.

Optimum Moisture Content—When the moisture-density
relations have been determined for a soil-cement mix- -
ture and the results plotted as indicated in Paragraph
(a), it will be found that by connecting the plotted
points with a smooth line a curve is produced which is,
generally, parabolic in form. The moisture content
producing the peak of the curve shall be termed the
‘‘optimum moisture content ’’ of the soil-cement mix-
ture under the above compaction.

Maximum Density—The oven-dry weight per cubic foot
of moist soil-cement mixture at optimum moisture
content ” shall be termed ** maximam density *” under
the above compaction.

When the curve resulting from connecting plotted
points does not produce a parabolic-type curve with a
definite peak, the ““ optimum moisture > and maxi-
mum density ** for such mixtures shall be determined
from the results of additional tests conducted in con -
formity with the Standard Method of Wetting-and-Dry-
ing Test of Compacted Soil-Cement Mixtures (A. 8. T
M. Designation : D 559) and the standard method of
freezing and Thawing Test of compacted Soil-cement
Mixtures (A. S. T. M. Designation: D 560) on compac-
ted soil-cement specimens. These specimens shall be
molded with moisture contents approximately equal to
the plastic limit of the soil and 1, 2, and 3 per cent;
above and below this governing moisture content. The
densities of these specimens shall be those obtained
with the prescribed moisture contents in the moisture-
density test for the mixture. The cement content of
these specimens shall be such that the soil-cement losses
on the specimen giving the best results in these tests
shall not exceed 10 per cent of the dry weight of the
specimen. The moisture content and density corres-
ponding to the specimen giving the best results shall
be used as the ‘‘optimum moisture content” and
‘ maximum density >’ of soil-cement mixtures which
do not produce a parabolic type curve,
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Appendix 2.

Standard Method of Wetting-and-Drying Test of
Compacted Soil-Cement Mixtures

A. S T. M. DESIGNATION: D 559—44

Scope

1. This method of test is intended for determining the soil-
cement losses, moisture changes, and volume changes (swell and
shrinkage) produced by repeated wetting and drying of compacted
specimens of soil-cement mixtures of known composition and of
known uniform density and moisture content.

Apparatus
2. The apparatus shall consist of the following :

(a) Mould.—A cylindrical metal mould having a capacity
of g cu. ft. with an internal diameter of 4.0 in. and a
height of approximately 4.0 in., which has a detachable
collar assembly approximately 24 in. in height, to
permit preparing compacted specimens of soil-cement
mixtures 4.0 in. in diameter and approximately 4.6 in.
in height which have a volume of 45 cu. ft. The
mould and collar shall be fastened to a detachable
base (See Fig. 6).

(b) Rammer.—A metal rammer having a 2-in. diameter
circular face and weighing 5.6 lb. The rammer shall
be equipped with a suitable arrangement to control the
specified drop. (See Fig. 6.)

(¢) Slecre. —Closed eylindrical sleeve slightly less than

1.0 in. in diameter or similar device for removing com-
pacted specimens from the mould.

(d) Balanres.—A  halance or scale of 25?-11) capacity sensi-
give to 001 Ihoand a 100-g. capacity balance sensi-
pive to 0.1 ¢

(¢)  Drying Orens. A t,hvrlnps?zntimli)’ controtled ‘(h'ying
oven capable of maintaning temperatures of about
110°C. (280°F.) for drying moisture samples.

A thermostatically controlled  drying oven capable of
maintaining temperatures of about 71¢ ¢ (180°F.) for drying
compacted xoil-cement speciens.
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(fy Moist Roowe.—A moist room capable of maintaining a
temperature of 21 + 1.7° C. (70 4 3° F.) and a relative
humidity of not less than 90 per cent for seven-day
storage of compacted specimens.

(g) Water Bath.—Suitable tank for submerging compacted
specimens in water at abont 21°C. (70°F.)

(h)y Wire Scratch Brush.-—A wire scratch brush made
of 2-in. by % in. flat No. 26 gauge wire bristles
agsembled in 50 groups of 10 bristles each and
mounted to form five longitudinal rows and ten
transverse rows of bristles on a 74 in. by 2} in
hardwood block. ) T

Preparation of material for moulding specimens

3. This test shall be performed on goil-cement mixtures
compacted in the mould, before cement hydration, to maximum
density at optimum moisture content and in the s)ame manner of
compaction as specified in the Standard Method of Test for
Moisture-Density Relations of Soil-Cement Mixtures (A.S.T.M.
Designation : D 558) of the American Society for Testing
Materials. Representative roadway soil shall be used except as
modified in the following paragraph (b).

(a) For Soil-Cement Mixtures containing no material
retained on the No. 4 Sieve.—A sufficient quantity of
each soil-cement mixture to be investigated shall be
prepared at optimum moisture content to provide two
compacted specimens approximately 4.6 in. in height
and 4.0 in in diameter.

(b) For Soil-Cement Mixtures containing Material Retain-
ed on the No. 4 Sieve—When the soil~-cement mixtures
contain material retained on the No. 4 (4760-micron)
sieve, the following procedures shall be followed which
vary from that described in Paragraph (a); Since the
specimens are 4in,in  diameter, it is nécessary to
prescribe the maximum ~ize material to bo used in the
specimen and this size shall be set at 3/4 in.  Compen-
sation shall be made for any material larger than
3/4 in. by replacing it with an equal dry weight of
No. 4 sieve to 3/4 in. material of the same gradation
sy that contained in the original soil sample. A
sufficient quantity of minus No. 4 sieve soil-cement
material shall be prepared at the optimum moisture
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content to provide two compacted specimens 4.6 in. 'in
height and ¢.0in. in diameter after the requisite
amount of saturated, surface-moist. plus No. 4 sieve
material, as defined above, has been added to the
damp, minus No. 4 material.

Moulding specimens

(o)

(¢}

The prepared material shall be compacted in the mould
in the same manner as that specified in  the Standard
Method of Test for Moisture-Density Relations of
Soil-Cement Mixtures (A, S.T.M. Designation: D 558) of
the American Society for Testing Materials, with .the
further provision that before placing and compacting
the next layer, smooth compaction planes produced
during compaction of each layer ghall be scarified to
form grooves, at right angles to each other, approxi-
mately 18 in. in width and 1 8 in. in depth and approxi-
mately 1/4 in. apart. During compaction, a representa-
tive soil-cement mixture moisture sample shall be
taken from the batch, weighed, dried in an oven at 110°
C.(230° F.) for atleast 12hr. or to constant weight. The
compacted specimens shall be removed from the mould
weighed, and the density determined ; the volume shall
be determined by (1) averaging the diameters measured
to the nearest 0.02 in. (0.05 cm.) at right angles to each
other at the centre and the quarter points of the speci-
men and averaging the heights measured to the nearest
0.02 in. (0.05 cm.) at the quarter points on the circum-
ference of the specimen, or {2) by immersion and displa-
cement methods in a non-absorbent liquid such as
mercury.

One specimen shall be identified on a metal tag (or other
suitable device) as No. 1, together with other needed
identification marks and shall be used to obtain data
on moisture and volume changes during the test. The
other specimen shall be identified as No. 2, together
with other needed ideutification warks and shall e
used to obtain data on soil-cement losses during this
test.

After th required data have been ohtained, the speci-
mens shall be placed on suitable carviers in the moist
room and protected from free water for a period of
seven days.  The No. | specimens shall be weighed and
measured daily to give data for calculating the moirture
content and volume of the specimens each day.
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Procedure

5. (a)

()

At the end of the storage in the moist room, the
specimens shall be submerged in tap water at room
temperature for a period of 5 hr. and removed. The
No. 1 specimen (volume and moisture change specimen)
shall be weighed and measured.

Both specimens shall be placed in an oven at about 71°
C. (160° F.) for 42 hr. and removed. Then, both speci-
mens shall be weighed and No. 1 specimen measured.
Specimen No. 2 (soil-cement loss specimen) shall then
be given two firm strokes on all areas with a wire
scratch brush to remove all material loosened during
wetting and drying.  ‘The specimen shall again be
weighed after brushing. ‘The moisture content of the
material brushed from the specimen shall be deter-
mined directly, but if this is not possible, it may be
agsumed to be equal to the moisture content of the No.
! specimen. The oven-dry (110° C., 230° ¥} weight of
material brushed from the specimen shall be calenlated.

The procedures deseribed in  Paragraphs (a) and (b)
constitute one cycle (48 hr.) of wetting and drying. The
specimens shall then be again submerged in water and
the procedure continued. The data collected will per-
mit calculations of volume and moisture changes of

%%)ecimen No. } and the soil-cement losses of specimen
0. 2,

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

Calculation

6. The volumoe and moisture changes and the soil-cement
josses of the specimens shall be calculated as follows :

(@)

()

(¢}

The difference between the volume of specimen No. 1
at the time of moulding and subsequent volumes shall
be calculated a8 a percentage of the original volume.

The moisfmre content of specimen No. 1 at the time
of moulding and subsequent moisture contents shall be

cnlculated a8 a percentage of the original oven-dry
weight of the specimen.

The soil-coment loss of specimen No. 2 shall be

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



260

Appendix 3.
Standard Method of

Freezing-and Thawing-Test of Compacted

Soil-Cement Mixtures
AS.T.M. DESIGNATION : D 560 - 44,

Scope

1. This method of test is intended for determining the soil-
cement losses, moisture changes, and volume changes (swell and
shrinkage) produced by repeated freezing and thawing of com-
pacted specimens of soil-cement mixtures of known composition
and of known uniform density and moisture content.

Apparatus

2. The apparatus shall consist of the following :

(a) Mould.—A cylindrical metal mould having a capacity of
1/30 cu. ft with an internal diameter of 4.0 in. and a
height of approximately 4.6 in., which has a detachable
collar assembly approximately 2} in. in height, to
permit preparing compacted specimens of soil-cement
mixtures 4.0 in. in diameter and approximately 4.6
in. in height which have a volume of 3l0 cu, ft. The
mould and collar shall be fastened to a detachable base
(See Fig. 5).

(b) Rammer.—A metal rammer having a 2-in. diameter
circular face and weighing 5.5 1b. The rammer ghal)
be equipped with a suitable arrangement to control the
specified drop. (See Fig. 6).

(¢) Sleevc.—Closed cylindrical sleeve slightly less than 4.0
in. in diameter or similar device for removing com-
pacted specimens from the mould.

(d) Balances. —A pbalance or scale of 25 1b. capacity
sensitive to 0.01 1b. : and a 100-g. capacity balance sen-

sitive to 0.1 g.
(e) Drying Oven.—A thermostatically controlled drying-

oven capable of maintaining temperatures of about 110¢
C. (230° F.) for drying moisture samples.

(f) Freezing Cabinet.—A freczing cabinet capable of main-
taining temperatures'of minus 23° C. (minus 10° F.) or
lower.
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(8) Moist Room.—A moist room capable of maintaining a
temperature of 21 4 1.7°C. (70 4 3°F.) and a relative
humidity of not less than 90 per cent for seven-day
storage of compacted specimens and for thawing frozen
specimens.

(h) Wire scratch Brush.— A wire scratch brush made of
“2-in. by 11(‘) in. flat No. 22 gauge wire bristles assembled

in 50 groups of 10 bristles each and mounted to form
five longitudinal rows and ten transverse rows of
bristles on a 7§ in. by 2} in. hardwood block.

Preparation of material for moulding specimens

3. This test shall be performed on soil-cement mixtures
compacted in the mould, before cement hydration, to maximum
density at optimum moisture content and in the same manner of
compaction as specificd in the Standard Method of Test for
Moisture-Density Relations of Soil-Cement Mixtures (A. S. T. M.
Designation: D 558) of the American Society for Testing
Materials. Representative roadway soil shall be used oxcept as
modified in the following paragraph (b).

(a) For Soil-Cement Mixtures containing No Material
Retained on the No. 4 Sieve.— A sufficient quantity of
each soil-cement mixture to be investigated shall be
prepared at optimum moisture content to provide two
compacted specimens approximately 4.6 in. in height
and 4.0 in. in diameter.

(b) For Soil-Cement Mixtures containing Material Retain-
ed on the No. 4 Sieve.— When the soil-cement mixtures
contain material retained on the No. 4 (4760-micron)
sieve, the following procedures shall be followed which
vary from that described in Paragraph (a): Since the
specimens are 4 in. in diameter, it is necessary to
prescribe the maximum size material to be used in the
specimens and this size shall be set at 3/4 in. Compen-
sation shall be made for any material larger than 3/4
in. by replacing it with an equal dry weight of No. 4
Sieve to 3/4 in. material of the same gradation as that
contained in the original soil sample. A sufficient
quantity of minus No. 4 sieve soil-cement material
shall be prepared at optimum moisture content to
provide two compacted specimens 4.6 in. in height and
4.0 in. in diameter after the requisite amount of
saturated surface-moist, plus No. 4 sieve material, as

12
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defined above, has been added to the damp, minus
No. 4 sieve material.

Moulding specimens

4. (a)

(b)

The prepared material shall be compacted in the mould
in the same manner as that specified in the Standard
Method of Test for Moisture-Density Relations of
Soil-Cement Mixtures (A.8.T.M Designation: D 558)
of the American Society for 'Testing Materials with the
further provision that before placing and compacting
the next layer, smooth compaction planes produced
during compaction of each layer shall be scarified to
form grooves, at right angles to each other, approxi-
mately 1;8 in. in width and 18 in. in depth and
approximately 1/4 in. apart. During compaction, &
representative soil-cement mixture moisture sample
shall be taken from the batch, weighed, dried in an
oven at 110°C (230° F.) for at least 12 hr. or to constant
weight. The compacted specimens shall be removed
from the mould, weighed, and density determined : the
volume shall be determined by (1) averaging the dia-
meters measured to the nearest 0.02 in. ’(0.05 cm.) at
right angles to each other at the centre and the quarter
points of the specimen and averaging 7the heights
measured to the nearest 0.02 in. (0.05 cm.) at the quar-
ter points on the circumference of the specimen, or (2)
by immersion and displacement methods in a non-
absorbent liquid such ax mercury.

Oune specimen shall be identified on & metal tag (or
other suitable device) us No. 1, together with other
needed identification marks and shall be used to obtain
data on moisture and volume changes during the test.
The other specimen shall be ident@ﬁed as No. 2,
together with other needed identification marks and
shall be used to obtain data on sotl-cement losses
during this test.

After the required data have been obtuined, the speci-
mens shall be placed on suitable carriers in the wmoist
room and protected from frec water for w period of
seven days. The No. 1 specimens shall be weighed
and measured daily to give data for caleulating the
wmoisture content and volume of the specimens each

day.
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Procedure

5. (a) At the end of the storage in the moist room, water-

(b)

(c)

(d)

(a)

saturated felt pads, blotters or similar absorptive
material shall be placed between the specimens and
the carriers, and the assembly placed in a refrigerator
having a constant temperature not warmer than minus
23°C. (minus10°F.) for 22 hr. and removed. The No. 1
specimen (volume and moisture change specimen) shall
he weighed and measured and both specimens placed
in the moist room, Free water shall be made available
to the absorbent pads under the specimens to permit
absorption of water by the specimens by capillarity.

After 22 hr. in the moist room, both specimens shall be
weighed and the No. | speeimen measured. Specimen
No. 2 (soil-cement loss specimen) shall then be given
two firm strokes on all areas with a wire scratch brush
to remove all material loosened during freezing and
thawing. The specimen shall be again weighed after
brushing. The moisture content of the material
brushed from the specimen shall be determined directly,
but if this is not possible it may be agsumed to be equal
to the moisture content of the No.l specimen. The
oven-dry (110°C, 230°F.) weight of material brushed
from the specimen shall be calculated.

The procedure described in Paragraphs (a) and (b)
constitute one cycle (48 hr.) of freezing and thawing.
The specimens shall then be replaced in the refrigera-
tor and the procedure continued. The data collected
will permit calculations of volume and moisture
changes of specimen No. 1 and the soil-cement losses
of specimen No. 2.

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

Calculation

6. The volume and moisture changes and the soil-cement

losses of the specimens shall be calculated as follows :

The difference between the volume of specimen No. 1
at time of moulding and subsequent volumes shall be
calculated as a percentage of the original volume,
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(b) The moisture content of specimen No. 1 at the time of
moulding and subsequent moisture contents shall be
calculated as a percentage of the original oven-dry
weight of the specimen.

(¢) The soil-cement loss of specimen No. 2 shall be calcu-
lated as a percentage of the original oven.dry weight
of the specimen.

Appendix 4.

Use of sand funnel density apparatus for determination

of field densities of soils and soil mixtures in place.

The sand-funnel density apparatus shown in Fig. 7 consists of
a 2-qt. mason jar having the following pyknometer and funnel
arrangement : The base of the density apparatus consists of a
metal funnel with openings of 4} in. and % in. A valve having a
1 in. diameter hold is attached to the small end of the funnel.To
the opposite opening in the valve, the standard metal pyknometer
top is attached. The 2-qt. mason jar screws into the pyknometer
top, completing the apparatus. (See Fig. 7).

2-Quart
MASON JAR

STANDARD
PYCNOMETER TOP

o« : \
/! WY

l vy \

l' 4 ’/4" DIA- |

FIELD DENSITY DETERMINATION APPARATUS
FIGQ. 7
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Iq using the apparatus, a hole approximately 4 in. in dia-
meter is excavated into the compacted soil or soil mixture to the
proper QOpth. (When appreciable quantities of rock or stone are
present in the soil or soil mixture, a larger diameter funnel and
hole than those mentioned here should be used). The material
removed from the hole is carefully saved and subsequently is
dried and weighed. '

The sand-funnel density apparatus full of sand of known
bulk density is then placed over the hole and sand permitted to
fill the test hole and the funnel portion of the apparatus. The
total weight of sand used is determined by subtracting the final
weight of the density apparatus plus the remaining sand in the jar
from the original weight of apparatus full of sand. The weight of
sand in the hole is equal to the total weight of sand used minus
the weight of sand to fill the funnel portion of the apparatus.
The volume of the hole equals the weight of sand in grams to fill
the hole divided by the bulk density of the sand in grams per
cubic centimeter. The density of the compacted soilor soil mix-
turein grams per cubic centimeter is equal to the dry weight
in grams of material excavated from the hole, divided by the
volume of the hole in cubic centimeters. The density of the com-
pacted material in pounds per cubic foot equals the density in
grams per cubic centimeter multiplied by 62.4.

b — ) or——
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U.S.P.R.A. System of Soil Classification TABLE 1

Revised U.S. Public Roads Administration (P.R.) System (1945): Classification intq Sub-Groups

. . . . . ilt-clay materials e tha
General classification Granular materials (35% or less passing No. 200 sieve*) S§5%c I?a).,ssingeNo. 28(])1Oslieve) 3
A T | A7
Group classification A-3 | A4 A-5 A6 ﬁ-;-g
A-la A-1-b A-2-4 | A-2-5 | A2 | A-2-7 N
o R 2 3 4 5 6 7 8 9 10 11 1
e B R L e
Sieve analysis, percentage passing :
No. 10 sieve * 50 max.
No. 40 sieve * 30 max. 50 max. 51 min. .
No. 200 sieve * 15 max. 25 max. 10 max. |35 max. |35 max.|35 max. 35 ;;axv 36 min. ‘ 36 min. | 36 min. | 36 min.
—_— o T l
Characteristics of fraction passing No. 40 sieve *
Liquid limit (%) . N.P. |40 max.[4] min. |40 max.| 41 min. |40 max.| 41 min. 140 max. |41 min.
Plasticity index (%) 6 max. 10 max. | 10max. | 11 min, | ] min. |10 max.|10 max.} 11 min. |11 min @
_ T Y I B e | —
Group index ? o] 0 0 0 4 max. 8 max. |12 max. i16 max. | 20 max.
|
Usual types of significant constituent materials... | Stone fragments, gravel and sand.| Finesand| Silty or clayey gravel and sand ‘ Silty soils l Clayey soils

Excellent to good Fair to poor

General rating as a sub-grade

CLASSIFICATION PROCEDURE: With required test data available, proceed from left to right on above chart and correct group will be found by process of
elimination. The first group from the left into which the test data will fit is the correct classification.

a Plasticity index of A-7-5 sub-group is equal to or less than liquid limit minus 30. Plasticity index of A-7-6 sub-group is greater than liquid limit minus 30.
b See group index formula Para. 2.1.8. for method of ealculation. Group index should be shown in parentheses after group symbol as : A-2-6(3), A-4(5), A-6(12),
A-7-5 (17), eto.

* Siove sizes are Amerjcan. Approximate British "equivalents as follows.

United States | Great Britain
AS.TM. E-11/26 B.S. 410
10 8
40 36

200 200
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TABLE 3
Characteristics of soil and soil-cement and their relation to cement
content required for adequate hardness and serviceability
- 7 TREATMENT GROUP
o : o T 111 )
Cement content by volume per cent 4 and 6 - 10 and 12 J 14 and 16
B A o R s I e N P
U.S.P.R.A. soil group A-2 |A-2and 3 [A4andb ‘ A6and7 |A-28nd3 |A-4andb5 |A-6and7 |A-2and3 |[A-4and§ } A-6 and 7
Range in test values -
Soil or soil-cement characteristic : H 2) (3)
Liquid limit of the raw soil 10-32 11--40 19-39 35-52 14-30 25~-50 34-72 9-33 2540 41-66
Plasticity index of the raw soil 0-19 0-22 3-20 17-37 0-26 1-23 14-43 0-11 7-17 18-40
Silt content of the raw soil per cent 6-39 3-36 29-66 12-45 0-26 16-72 7-68 0-16 51-79 15-64
Clay content of the raw soil per cent... 4-31 3-30 5-42 13-49 0-256 5-28 15-60 0-15 12-26 23-61
Organic content of the raw soil parts per [‘
million ..tr*-4,000 | tr-30,000 |  tr-3,500 tr-620 | tr-20,000 tr-7,600 tr-6,000 2,600~ tr-6,000 | tr-32,000
| 36,000
) (4) \ (5) (6)
Solids of soil cement, per cent 62-76 60-75 59-70 52-69 61-75 58-72 49-67 61-73 58-62 52-63
Density of soil-cement, lb. per cu. ft. \ (7) | (8) 9) (10)
oven-dry wt 99-129 110-127 | 103-122 88-117 | 104-1256 96-113 86-~112 102-121 98-103 84-103
Optimum moisture of soil-cement per J (11) 1
cent - 7-19 8-16 12-117 13-30 | 7-19 12-23 15-30 8-20 17-21 18-31
Compressive strength 10 per cent cement \ ‘
specimens, lb. per sq. in. | |
| () (13) (14)
Age 7 days 443-1,002 247-894 | 326-668 382-800 1441—613 150-621 202 655 35—11488) 304—(4;899 166-388
(15) . (16) (17) ( )
Age 28 days 726-1,078 373-1,261 464-920 460-710 326-920 207-890 248-939 212-515 327-570 223-600
R T 7:7“’_“ (20 (21) R
Number of soils included in group ... 27 66 25 7 61 38 36 é 10 20
' |
(1) One at 561. (2) One at 70. (3) Two soils with L. L. of 9, one at 10, one at 36 and one at 45. (4) Onpe at 50. One at B51.
(6) One at 65, (7) One at 89, (8) One at 90 and one at 118, (9) One at 109. (10) One at 109, One at 19 and one at 28.
(12) One at 110. (13) Only two strengths. (14) One at 201. (15) Four other soils with strengths of 1,360, 1,460, 1,725, and 1,790.
(16) One at 1,142.  (17) Two soils with strengths 238 and 239.  (18) Only two strengths.  (19) Two other atrengths 234 and 288.

(20)

*{r — trace

Only two soils requiring 4 per cent cement.

(21) Two soils require 6 per cent cement.



A Policy on
Road-Side Advertisement

By the
%
SPECIFIOATIONE AND STarpanns COMMITTEE OV THE
Ispiax Roans CoxonEss

i, INTRODUCTORY.

1.1. Indiscriminate crection of hoardings or display of ad-
vertisement panels {inchuding wall panels on roud-side struectures)
leads not only to the crestion of traffic hazards but often also
causes serious detriment to the local amenities and the general
aesthetic characteristics of a neighbourkood.

1.2. At present the desired measure of control is either not
exercised or is only partly exercised probably bocause the rules
regulating the mabter are designed primarily to ensure revenue
collsetions in relation to the size of the structure or panel and the
commereial value of the site.

L3. Advertisements can ofteu effectively distract the atten-
tion of drivers of motor vehicles and in that case are a public
hazard or nuisance. They may also obstruct the view of the
drivers of a fast moving vehicles and are then a public danger.

1.4 When they become an eyesore or otherwise are an
“ injury to amenity *’ they interfere with public rights and can be
logieadly probibited on that ground.

2, ADVERTISEMENT CONTROL.

2.1. " Advertisement ', in the following paragraphs, means
any word, letter, model, signs, piscard, board, potice, device, or
ropresentation, whether illuminated or not, in the nature of, and
employed wholly or in part for, the purpose of advertisement,
announcement or direction, (excluding any such thing employed
wholly as a memorial or railway signal).

2.2, * Advertisement” includes any hosrding or similar
strieture used or adapted for the display of advertisements.

Note :—Any sigu-post, bus sign, name plate, warning sign ete.,
not being on u velicle, will be included under the head
< Advertisement 7', the dictionary meaning of the word
being ** public announcement .
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2.3. In the Model Highway Bill powers are given to cont-
rol advertisements by regulation. It is also laid down that for
all new advertiscments, (except for those which are ¢ deemed asy
consented ’) prior consent must be obtained from the road autho-
rity.

2.4. The following paragraphs discuss the principles which
it is proposed should be applied before consent is given to the
erection of advertisements on road lands or structures adjoining
roads. They also cover the case where advertisements on private
land adjoining & road may destroy amenities or otherwise may be
a public nuisance. .

3. PRINCIPLES OF ADVERTISEMENT CONTROL.
3.1. What may be considered as objectionable
3.1.1. In general, advertisements should not be permitted ;
(1) at or within 350 ft of any road junction or crossing ;

[Note :—The safe stopping distance for a vehicle travelling at
a speed of 30 m.p.h. is 200 ft. This should be the
‘“uninfluenced distance’ for a driver approaching a
junction. Assuming that 3 seconds is the time during
which the influence of an advertisement board persists
the distance travelled in this time will be 132 ft. The
sign should, therefore, be more than 332 ft away from
the junction. Hence 350 ft suggested.]

(2) at places where the line of vision of the driver of a
motor vehicle is obstructed, thereby creating a hazard,
48 on curves ;

(3) within 30 ft of the edge of a carriageway ;

[Note:—A distance of 30 ft may be taken as the normal mini-
mum set-back from the edge of the carriageway, the
maximum area of the advertisement being one square
foot for every foot set-back.|

(4) within 150 ft along the road, of any sign board erec-
ted for the regulation of traflic under the orders of a
Public Authority such as a Trafic Authority, a Public
Transport Authority, or a Local Authority :

[Note :—This is intended to keep trafiic signs and signg,ls clear
from all advertiscment boarfs. As traffic signs are
generally planted 6 to 8 ft from the edge of the carriage-
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way, the set-back of advertisement boards should be
such as not to obstruct these sign boards.]

(6) in such a form as will obscure or render difficult of
interpretation the signs erected by the Public Authori-
ties. For example the advertisement should not
correspond in colour representation to the standard
legal traffic signs or use such words as STOP, WARN-
ING, etc. in such a size as to correspond with the
same words as used on traffic signs ;

(6) on boards or placards hung across a road as they dis-
tract the attention of the driver and are, therefore,
hazardous.

3.2. What may be considered as Affecting Amenities

3.2.1. From sesthetic considerations the display of commer-
cial advertisements should be strictly controlled where either the
general characteristics of the locality are predominantly those of a
residential neighbourhood or where natural scenery or public
improvements are thereby likely to be depreciated.

3.2.2. The frontage of buildings of.a dignified and subdued
character such as hospitals, educational institutions, public offices
memorials of national importance, etc. should be protected from
the vandalism of commercial advertisements.

3.3. Relaxations

3.3.1. In the public interest advertisements are permissible
in the following circumstances :

(1) Official warning signs, traffic directions, sign posting,
and notices or advertisements posted or displayed by
or under the direction of any public or court officer in
the performance of his official or directed duties. For
example notices of the sale of Improvement Trust
Lands, direction signs to petrol filling station, repair
shops, and garages etc.

(2) Signs relating solely to any city, town, village, or his-
toric place, shrine, places of tourist interest, subject to
the proviso that they do not obscure any trafic warn-
ing signs and conform reasonably with the require-
ments of para 3,1.1.

(8) Signs, notices, etc. for the information of members of
the armed forces or the public erected by the Defence
Departments. '

13
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Table 1 (4) Signs or notices, 2 sq. ft. in area or less, placed so as
— } ) to show direction to a residence or place of business,
] . ' .3 . ) ;
Adel:.Zi;fent Mafrigum‘tffc:gh;f “2};;:": Nb‘;f‘" g 'g é and planted sufficiently away from the carriageway.
Ty ‘ board v }(ECZ’ K 4. DIMENSIONS OF ADVERTISEMENTS.
1. Functional. 41.  General Rule. The general rule for the maximum
(Public Notices) permissible area of advertisements should be one square foot area
Local for every foot of set-back from the edge of the carriageway.
ST‘;‘T’ISON Authorities  eeeerereeeeNO LIMIT oocioiiennnen, 4.2.  Table 1 gives permissible dimensions in particular
P.W.D. ete. cases.
2. Advertisements
on Buildings. 5. CONDITIONS ATTACHED TO PERMITS.
2.1 Identification, 5.1.  The following conditions might be attached to permits :

Warning, etc.

T Vixo TaE| 2 sq. f6. Not more Only As re- 1 £ (I) (.)Télr:ads;g:nx?mst be maintained in a clean, tidy, and safe
StER than when quired ‘
12f¢ night (2) If the Road Authority requires the removal of the sign,
service it must be removed forthwith ;
. exists
2.2. Personal Business. (3) The sign must not be put in such a position as to
aM LaL axp l 3 sq. ft. —do- —do- One on -do— obscure or hinder the ready interpretation of any road
CoMpANY each traffic sign, railway signal, or any other public notices ;
2.3. Institutions frontage (4) The grant of permission is not to be taken as operating
Residen ’ to discharge any obligation or liability imposed or
ces etc. Must incurred by any other enactment in force in relation
CoLLEGE oF 12 8q. ft. -do- —do~ -do- -do- have to any operation or other matter in connexion with
[ENGINEERING entr- building bye-laws or any other laws or bye-laws
ances o concerning roads, buildings etc.
w v
l:;i: The Standards & Specifications Committee of the Indian
played. Roads Congress recommended that a provision for controlling
3. Temporary Advertisements advertisements on private property abutting roads should be

inoluded in the Model Highway Bill and that the conditions

3.1. Temporary Notices. enumerated in para. 5 should be followed until such a provision

HoUSE FOR 20 sq. ft. _do- Nil One -do- is made.
SALE but pro-
jection from

“To buildings

L not more
| 2L than 3 ft T
3.2. Sales. S y

e 12 sq. ft. ~-do- Nil One -do-
TH1s WEEK




‘“ Roads in New Zealand *’
By
B. G. NAIK, B. E., A.M.LE.

1. INTROCDUCTORY.

1.1. Under the Technical Assistance Scheme of the Colombo
Plan the Author had an opportunity of studying the Road System
of New Zealand last year. In the following paragraphs an
attempt is made to cover briefly the interesting points seen from
a Road Engineer’s point of view.

1.2. New Zealand is a small country consisting of two large
and several small islands lying in the South Pacific Ocean, 1200
miles south of Australia. The two main islands are known as
North Island and South Istand with an area of about one lakh
square miles. In the South Island the central portion is mostly
mountainous and on the east coast there are alluvial plains. The
west coast gets very heavy rainfall, varying from 100 in. to 200
in. On the eastern side the rainfall is much less and it varies

from 12 in. to 25 in.

1.3. North Island is voleanic with some active volcanoes in
the central portion. The annual rainfall in North Island is much
_better distributed and varies from 25 in. to 50 in. As the rains
are spread all over the year, the whole country appears to be
covered with a green carpet all the time. The scenery is grand
and romantic. The abundant rainfall results in luxuriant growth
of vegetation of all types. Most of the trees are of the evergreen
sort. Hills with green slopes and streams of crystal clear water
are special features of this country.

1.4. The population of the country is about 18 lakhs and the
traffic consists mostly of trucks and cars. The registered number
of vehicles in the country is about four lakhs. No trace of iron-
tyred traflic is seen an ywhere. The islands have a ‘temperate
climate and the temperature generally varies between 40 deg. ¥
and 65 deg. F. Two-thirds of the population of the country live
in North Island which has generally 8 warmer climate than South
Island. The population is spread throughout the country, with
big sheep and cattle farms and small towns serveq by small-sized
dairy, fruit, and wheat farms. The main cities with a population
of more than one lakh are Auckland, Wellington, and Christ

Church.
2. THE ROAD SYSTEM

2.1. The roads in the country are divided into the following

main categorioes :—
(1) State Highways (Financed wholly by the State).
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(2) Main Highways.
(3) Public Roads.

2.2, State Highways are constructe »
Ministry of Works while the Main Highwa;lsm::e ﬁr;‘:in::adingg %e
the Counties and Boroughs and the State gives a subsidy in thy
proportion of 3 to 1. Public Roads are totally ﬁnancegy b the
City, Bor9ugh, or County Authorities from their own revenuesyF N
extr&~ox;dmary repairs of damage done by storms or floods tgr
State gives special agsistance to the rural or local muthorit's’ be
way of some subsidy or grant. ’ o8 by

2.3. There is » Highway Board to advi :
and policy, The Board consists of six meml;::s.o ! '[fgfge Oﬁ;n&lnce
are appointed by Government, two being officers of the Pub?n
Works Department. Two representatives on the Board are f "
the County Councils, and one from the Automobile Associatr'om
The Boar_d has full powers of taking decisions in the ma,ttemnf
construction, reconstruction, improvement, maintenance, re e
a._nd cgntrol of {l.ll State and Main Highways. No new c’:ong:gg’
glfo:;l};e gri’ziv;:;r.m actually commenced without the prior consent

2.4. For the purpose of road maintenance .
divided into twenty Highway Districts, each Dis:r}ilgt %2‘111? trgrouf
posed of several counties grouped together according tog their
geographic situation and community of interests. For each Hj }i
way District thet:e is an advisory body known as the Dist;gi ;
Highways Council which is constituted to include an engineer gf
the Works Department and one representative of each constituent
county. The principal funetion of these councils is to recommend
to the Board each year asto which roads within the District
should be declared Main Highways and which s ecial :
works should be undertaken. p repair

2.56. Government assists in the constructio
bridges in counties and Highway Districts Wherevgr zfezz:;i:ran‘d
the national interest after taking into consideration the I'ecy .
mendation of the Board. Wherever possible the County Counor‘lll. '
arrange to finance their road construction from their own rev e
but as a rule the construction of roads and bridges necess't? ntue
the raising of loans. Buch borrowing is subjected to the a.pplr:v‘;?

‘61 the Government Loans Board.

3. FINANCE,

.31 Only State Highways are totally finan

‘ . . d .
ment. For Main Highways the Government paycse . l;{l bg?iver:t
the rate of £3 to £1. The revenue accrues mainly from {oad
users, from the motor spirit tax, the mileage tax on non-petrol-
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consuming vehicles, motor vehicle licensing, and the tyre and
tube tax. Fees levied on drivers’ licenses and heavy traffic (over
two tons) are retained by the local authorities. The law
requires that an amount at least equal to the above-
mentioned revenues will be provided in the budget for
expenditure on highways in any one year. This amount normally
comes to a high percentage, as much as six per cent, of the tot,a_l
budgeted expenditure of the Government. Again, this expendi-
ture is incurred on about 15 per cent only of the total mileage of
roads as Government finances only State and Main Highways—
the latter only partly. The balance 85 per cent of the roads are
financed wholly by County Councils who collect their revenues
by rates on property. Thus, a major portion of the expenditure
on roads comes from the general tax payver.

3.2. The Government also pays subsidies to cities and coun-
ties for the construction of footpaths, pedestrian crossings, centre
line marking, and other improvements wherever necessary.

4. ROAD MILEAGE

4.1. Table 1 sets out the mileage of roads and highways and
the type of surface as on the 31st March 1950

Table 1-—~Milage of Roads in New Zealand

| Cities
Surface State | Counties* and Total
Boroughs
* B o i Cost} 2903 2693 2467 7g63
(¢} Concrete 35 13 — 48
(d) Brick & Block — — 6 6
(e) Other all-weather surfaced 2290 34386 1467 38153
Total mileage surfaced 5228 37002 3940 46170
Mileage graded and drained — 7289 244 7633
Total mileage improved 5228 44291 4184 53703
Total mileage unimproved — 22665 349 23014
~ Grand Total 5228 66966 4533 76717

* These figures include the following Main Highway mileage.
(a) and (b) 1385
(c) 13
(d) 5898 Total 7296,
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5. MOTORWAYS

3.1. Wherever the traffic intensity has exceeded 2000 vehicles
per hour, the Government have planned the construction of motor-
ways on the lines of turnpikes or freeways of the U.8. A,

52. In addition to providing the most efficient and economic
transport service, the main characteristics of a motorway are the
control of access and a total elimination of ribbon development
with a resultant improvement in road safety. '

5.3. In many respects a motorway resembles a railway ; it
pyovuies no property frontage, and access to it is limited to sta-
tions located at intervals to serve townships and settlements.

5.4. Motorways are generally four-lane routes, with a central

hedge or a wide plot separating the two up-lanes from the two
down-lanes.

5.5. Pedestrians, cyclists, horse-drawn vehicles
are prohibited by legislation from entering the motorsw;a?;[.‘d cattle

5.6. A six-mile section of the Wellin ton-Foxt
has been_completed and, during the twelvg months el
service, it has been free from accidents.

¢ otorway
it has been in

5.7. Further construction of m
the following sections : —

(1) Avuckland to Kumon
(2) Auckiand to Hamilton
(3) Dunedin to Waitati

otorways is in progress on

6. PAVEMENT DESIGNS

6.1. A striking feature of pPavement design in
is the elimination of the boulder soling and thge macggrmzt%al:%%
top course. Instead flexible gravel base and top courses wit,I},l a
admixture of clay matrix are provided. This is found m n
economical. ore

- 6.2.  Apart from the high cost of macada ion it i
found that for bitumen surfacing it is essenti:; :gxl)lsa?::c:lgg];ttlﬁ
base which it is not possible to obtain with the roller-com aeg d
macadgm'. In the opinion of Brigadier Hanson the ]§)e i
Commissioner of Works in New Zealand. a surface com p!;eg
with & smooth-wheel roller, no matter how ;mooth it is imlll)la‘(}i'
tely - after construction, will not retain its smoothness ele. A
smooth-wheel roller has a mutilating effect on the a.ggrega,t;es a 3
pauses greater compaction at the surface than at the bottom of tl}lle
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metal crust. A roller also rides on slightly high spots and leaves
the rest of the area with much less density.

Again, the macadam type construction requires hard stone of
high quality to stand the crushing effect of the roller. A rough
road surface (which a roller-compacted road ultimately turns out
to be) requires a greater thickness and a better subgrade to distri-
bute the high impact stresses caused by heavy traffic.

6.3. Further, the development of low-viscosity bituminous
primers has done away with the necessity of a hard well-rolled
macadam surface as a base for an asphalt wearing surface, which
was supposed to be very essential at one time. For all these rea-
sons preference is given in New Zealand to gravel base and top
courses compacted with pneumatic-tyred rollers.

6.4. Base Course. This generally consists of a dense, graded,
mineral aggregate-mix including cohesive clay, laid on the sub-
grade, bladed, sprinkled with water, and compacted with pneu-
matic-tyred rollers to a true finish. The mineral aggregate
consists of either natural pit gravel or an artificial mixture of
river shingle, crushed stone, sand and an approved clay binder.

6.5. The thickness of base course generally varies from 5 in.
to 7 in., depending upon the subgrade and on whether the aggre-
gate is well graded or not. When the depth of base course is 5 in.
or more, the aggregate has to satisfy the following sieve test :

Per cent
Passing 24 in. ( circular screen ) 100

’s 1% in. ( do ) 75-85
. din ( do ) 55-65
’ }in. ( do ) 30-40
’ 10 mesh ( B. S. Series ) 20-30
. 50 mesh ( do ) 10-20
., 200 mesh ( do ) 5-10

6.6. Besides the sieve test it is necessary that the aggregate
retained on 10-mesh sieve, should be of stone having a French co-
efficient of wear of not less than 3.5. So also the tension of the
binder fraction passing 50-mesh sieve should not be less than
10 1b per sq. inch and the lineal shrinkage should not be more
than 5 per cent.

6.7. Top Course. This is similar to the base course except
that the size of aggregate is  in. and less. The thickness of top
course is generally 13 in. to 2 in. and the aggregate has to meet
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the following requirements.

Per cent

Passing } in. (Circular screen) 100
'  in. do 60-80
’ No. 10 mesh (B. 8. Series) 40-60
. No. 50 mesh do 25-35
No. 200 mesh do 10-20

1

The porvion of aggregate retained on the 10-mesh sieve should
be of stone or rock with a French co-efficient of wear of not less
than five. The quality of binder fraction passing 50-mesh is the
same as that required for base course.

6.8. The approximate top course mixture of stone screenings,
sand, and clay is generally :

3 parts of metal screenings graded from % in. (circular)
down to 10-mesh—i.e., graded screenings without sand,
as is often the practice for producing screenings for
concrete work.

Plus 2 parts of graded sand, i. e., coarse sand from 10~
mesh down to fine sand.

Plus 1 part of clay, i. e., plastic material mostly pass-
ing the 200-mesh sieve,

In short, this stabilised gravel mixture may be considered
asal:2:3 mix.

6.9. From the foregoing description it will be clear that the
pavement design is based on the principle of correct gradation of
aggregate and the strength of the clay binder as opposed to the
mechanical interlocking of the macadam type of construction.

6.10. Wearing Courses or Surface Treatments. Roads
which have a daily traffic of more than 200 vehicles are mostly
gealed by surface dressing. The sealing coat consists of the
application of an asphaltic road-oil covered with stone chips after
priming the gravel surface with tar primer.

6.11. A special feature of the surface dressing system is the
use of a one-size aggregate conforming to the following specifi-
cations :

Passing 1 in. circular screen, not less than 45 per cent.

Retained on } in. circular screen, not less than 95 per cent. -

6.12. The bitumen comes up approximately to half the
height of the single layer of chips, thus leaving a rough surface

14
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with open interstices. This system gives a saving in bitumen,
since only half the surface area of each chip is coated with bitu-
men instead of the whole area coated in the normally close graded
surface dressing used in India. :

6.13. The large sized metal (i.e., up to I in.) used in New
Zealand gives a greater thickness of wearing surface with a life of
up to 10 years. The rough surface ensures good grip between the
road and the tyres and the risk of skidding in winter is much
reduced. It, however, makes driving noisy and increases the
wear and tear of tyres.

7. BRIDGES

- 7.1. Due to the very hilly and undulating nature of the
country, it is difficult to adopt straight alignments. This has
necessitated the construction of curved and skew bridges
which are very common. In all recent constructions no effort
has been made to obtain right-angled or straight crossings. The
bridges ‘are laid according to the natural crossing whether on
curve or skew. The curved bridges are also adequately super-
elevated for the design speed of the road.

7.2. Old bridges in the country are mostly single-lane
wooden truss bridges constructed out of Australian hard wood.
Many such bridges are still serving the needs of traffic, though on
the Main and State Highways, they have been replaced by
modern R. C. and steel girder bridges.

Where swift streams, flowing in deep valleys and carrying
much drift and ice, have to be crossed, single lane suspension
bridges are constructed.

7.3. In general the trend of modern bridge construction in

the country shows that

(1) the existing single lane wooden bridges are gradualfy‘

being replaced with two lane bridges;

(2) steel l-beams and plate-girders are being used in
diverse ways in combination with concrete Hooring for
spans up to 100 ft;

(3) R. C. girder bridges are used for spans up to 80 ft ;
(4) Concrete flooring is replacing timber flooring ;

(5) alignments are being improved and proper grades,
sight distances, width of roadway, and superelevation
are being provided to cater for specds of the order of
60 miles per bour.
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Photo: 1 .
A view of a State Highway,

Photo: 2
Top course being dressed
and compacted by a grader.

Photos"8
A Main Highway sealed with
one-size aggregate,

Photos 4
An old wooden truss 80 1t
Span bridge
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Photo: B
A typical wooden stringer
bridge

Photo: 6
Suspension bridge on the
Karang River, South Island
(420 ft)

Photos 7
Karangna River bridge—View
of the roadway,

Photo: 8

R. C. Bowstring girder bridge
on the Balchan River in
South Island—Six spans of 120 ft.
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7.4. Materials used in bridge construction. Principal
materials used are timber, concrefe and steel. Stone masonry is
almost extinet as, due to high labour charges, its cost is prohibi-
tive. Timber is extensively used for foundation piles, floors, and
railings. Recent bridges are constructed mostly of reinforced
concrete or steel.

7.5. Bridge Design. As regardsloadings for bridge design,
the practice is to follow the A.A.SH.O. Specifications of 194},
H 20 - 8 16. Provision is also made for earthquake stresses as
North Island lies in a seismic area.

7.6. Foundations.—:When open foundations are not feasible,
the common practice is %o drive piles. Precast reinforced
concrete piles, varying from 20 ft to 60 ft in length, are used and

are driven with a hammer operated by gravity, steam, or air.

7.7. Use of Bailey Bridges.—To meet emergencies when
bridges are damaged, the Department has a large stock of Bailey
bridges. The Author saw many Bailey bridges functioning in
place of old damaged bridges, while new permanent bridges were
being built.

8. WORKSHOPS AND PLANT ORGANIZATION

8.1. This forms a very important part of the organization
as, on account of a great scarcity of labour, almost all
works are done with the aid of modern mechanical equipment,
mostly imported. There are three main Zone Workshops situ-
ated at Auckland, Wellington, and Christ Church respectively,
which look after the maintenance, overhauling, and supply of
machinery to the Districts. Besides these zone Workshops there
are District Workshops under the District Engineers to look
after the routine maintenance of machines,

8.2. The equipment used on different types of road work is
listed out in Table 2.

Table 2.
Type of Work Equipment used
1. Ordinary Earth Roads or Fair Weather Roads
(1) Shaping of road, Tractor-drawn and motorised
‘ C graders.

(2) Cutting down shoulders Tractor-drawn and motorised
and disposal of surplus graders. Trucks and scrapers
material. S are used for disposing of sur-

plus material.



286

NAIK ON -

Type of Work

Eqﬁipment used

(1)

(2)

3

(1)

(@

3)

(4)

()

(2)

2. Gravel-Surface Type

Blinding or
cover.

topping

Removal of iron scrap
and waste from the road
surface.

-Stock.  piling, trans-
porting, loading, and
unloading of materials.

Dump trucks with chained tail
boards or graders.

Truck-mounted units of lifting
electro-magnet outfits arc used,
energised by generators of up
to 5 k.w. capacities.

Belt conveyors are used on

stock piles, and cranes with

chain buckets are used for
loading and unloading work.

3. Treated Surfaces

Spreading of aggre-
gates, = '

Surface cleaning.

Application of bitumen
to the road surface.

Mixing of bituminous
materials and aggre-
gates.

Aggregate handling and
distributing.

Chip spreaders
types.

of wvarious

Rotary power brooms.

Distributors mounted on trucks
with capacities of 800 to 1,200
gallons, attached with power
spray are used.

Mostly portable asphalt plants
are used. On small jobs, tilt-
ing drum concrete mixers are
also used.

Belt Conveyors, bucket conve-
yors, and truck cranesare used,

4. Major Excavation and Hauling

Shallow cuts and side
borrow pit construction.

Heavy cuttings.

Towed or self-propelled gra-
ders, tractors, and angle dozers.

Elevating graders, elevating
loaders, and tractor-drawn
SCrapers,
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Photo: 9
A modern R. C. girder
super-elevated bridge on
a curve,

Photo: 10
Pile driving in New Zealand

Photo: 11
A Bailey Bridge

oy
L PN - ~¥',‘
S - !

Photo: 12
Center line marker
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Photo: 13

A veiw of a construction camp

Photo: 14
A married road man’s
quarter

Photo 2 15
Single workers’ quarters

Photo s 16

Temporary work-site quarters
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Type of Work

liquipment used

(3) Excavation on side
hills (ghats) where the
material is to be hauled
laterally.

(4) Rock excavation.

(5) Hauling excavation
material.

(6) Excavating trenches.

Power shovels of tractors with
bulldozer or angle dozer
attachment.

Power shovels and bull dozers.

- Scrapers and trailers pulled by

Crawler-type tractors.
Rotary ditchers.

5. General

(1) Cutting and disposing
of weeds and grass on
berms.

(2) Field garages for main-
tenance of equipment.

(3) Rolling.

(4) Shifting heavy machi-

nery.

- (p) Centre line marking
.on roads.

Motor drawn powers.

Wrenches, chain hoist, air
compressors and usual kit of
shop tools.

Tandem steel wheel rollers;
tractor-drawn sheepsfoot roll-
ers, and pneumatic tyre rollers,

(a) Heavy duty trailers pﬁlléd,
by trucks. .

(b) 5 ton, 6-wheel truck which
can transport any machine
up to 25 ton load.

Centre line markers - with - 60-
gallons spraying tanks and-
side-wheel attachment mount
ed on 2-ton trucks.

9. LABOUR CONDITIONS

9.1. The country is very short of labour. The labour regu-
lations require & 40-hour week with two holidays. Overtime is
aid at & ¢ time-and-a-half”’ on working days and all work is
paid at twice the rate on holidays. Employment conditions for
labourers are very liberal. Most of the workers are members of
New Zealand Workers Industrial Unions,

16
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9.2. The prevalent rates and wages for certain classes of
workers are given below :—

{1} Labourer Rs  2/2/- per hour
(2) Skilled labourer Rs 2:5)- ,,
{3) Mason, carpenter, black-smith,

electrieian, plumber, etc. Rs  2/8/- ,,
{4¢) Road gangmen Rs 2/7/- ,,
(6) Truck driver Rs 100/-/- |, week
(6) Steam road roller or Tractor

driver ' Rs 110/-/- ,, ,

9.3, When working wunder special conditions, the workers
are entitled to various types of allowances such as, Dirty Work
Allowance, Cement Allowance, Coal Allowance, Wet Weather
Allowance, Gumboot and Protective Clothing Allowances, ete.

9.4. On construction works, accommodation is provided for
married and single workers separately. Facilities for recreation
are also provided by the Department.

9.5. Married Workers Accommodation Scale —Minimum
three rooms, 2 x 10 f6 x 11 f6, and 1 x 10 x 12 ft, with 7 ft sheds,
shelter parts and a suitable combined wash house and bathroom.

0.6. Single Workers’ Accommodation.——Huts or tents are
provided for single workers. The minimum sizeis 10ft x 8 ft
width at least 6 ft shed lined with timber and equipped with
ecanvas bunk, small table, stool, shelves, and fire place.

Other facilities include, hot and cold water supply, washing
platform, drying places, and canteen, efe.

10. CONCLUSION,

The observations made above relate to only & few of the
impressions obtained and are by no means a detailed or complete
account of roads in New Zealand. The colonisation of New
Zealand was started in 1840 only and, therefore, few would expect
$0 see much of development in this country. But it has to be
admitted here that the progress made by this small country in
a short span of hundred years is amazing. The credit goes to the
New Zealand engineers, both past and present, who, facing many
adverse conditions, have built up this beautiful country.

RESEARCH SECTION

THE COMPACTION
OF SOME
ALLUVIAL SOILS OF INDIA

CenTRAL ROAD RmsEarcE INsTiTuTE

OxXHLs, Dpuup:,



FOREWORD

In 1950 the Road Research Laboratory, Harmonds-
worth, London, published a particularly useful
study in its Road Research Technical Paper No. 17,
““ The Compaction of Soil. A Study of the Per-
formance of Plant.”” The main object of the British
investigation was to study the compaction effects of
different kinds of rollers and of other compaction
plant on different soils. Their research extended
over four years.

In India similar problems to those of the United
Kingdom have arisen in the compaction of alluvial
soils encountered in engineering construction.
Accordingly, the Central Road Research Institute
here has investigated the problems on similar lines.

The initiative taken by the Engineer-in-Chief’s
Branch of the Indian Army in regard to this investi-
gation, as well as the supply of plant and personnel,
are acknowledged.

The studies were conducted as a part of the
research programme of the Central Road Research
- Institute and were executed collectively by the
staff of the Institute. The Director wishes also to
acknowledge the help given by Mr. J. M. Trehan,
Honorary Secretary, Indian Roads Congress, in
editing this note.

Central Road Research Institute E. ZIPKES
Okhla, Delhi. Director.

16



oo W do=

;oo W

© » =

CONTENTS

Introduction

Field Experiments
Laboratory Compaction Tests
Experimental Results

Derived Results

Photographs (at pages 317 to 320)
Discussion of Experimental Results
Summary
References
Tables

TABLES

Physical and chemical characteristics of soils
selected for study

Characteristics of the 7-ton smooth-wheel roller
Characteristics of the pneumatic-tyred roller
Characteristics of the sheepsfoot roller

Comparison of maximum dry densities and opti-
mum moisture contents obtained for the four
soils in laboratory tests and with various types
of compaction equipment

Comparison of dry densities obtained in the full
-in. depth and the upper and lower halves of the
compacted crust

Number of passes of plant required to obtain 80,
9y and 100 per cent relative compaction on the
four soils at the optimum moisture content for
the plant

Efficiency of compaction of plant after various
numbers of passes on the four soils compacted at
the optimum moisture content for the plant

il

Page
297
298
303
304
306

308
312
314
315

315
316
321
322

323

324

325

320

10.

10.

11.

The output per hour of the plant to obtain 80,
90, 100 per cent relative compaction at the opti-
mum moisture content

Recommended plant for particular soils and
number of passes for sufficient compaction

FIGURES

Particle size distribution of the soils used in the
investigation

Cross-section of layout for soil compaction tests

Effect of moisture content on the dry density of
the clayey soil fully compacted in 9-in. loose
layers by 64 passes of different types of plant

Effeot of moisture content on the dry density of
the clayey soil compacted according to three
different laboratory test procedures

Effect of moisture content on the dry density of
the silty soil fully compacted in 9-in. loose layers
by 64 passes of different types of plant

Effect of moisture content on the dry density of
the silty soil compacted according to three diffe-
rent laboratory test procedures

Effect of moisture content on the dry density of
the sandy soil fully compacted in 9-in. loose
layers by 64 passes of different types of plant

Effect of moisture content on the dry density of
the sandy soil compacted according to tl&ree
different laboratory test procedures

Effect of moisture content on the dry density of
the sand fully compacted in 9 in. loose layers by
64 passes of different types of plant

Effect of moisture content on the dry density of
the sand compacted according to three different
laboratory test procedures

Effect of the number of passes of the plant on
the dry density of the clayey soil compacted at

the optimum moisture content for the plant in
9-in. loose layers

205
Page

327

328

329
299

330

331

332

333

334

335

336

337

338



296

12.

13.

14.

15.

16.

[
—

[
1

PO XIS TR W

———

Ny

Effect of the number of passes of the plant on
the dry density of the silty soil compacted at
the optimum moisture content for the plant in
9 in. loose layers

Effect of the number of passes of the plant on
the dry density of the sandy soil compacted at
the optimum moisture content for the plant in
9 in. loose layers

Effect of the number of passes of the plant on
the dry density of the sand compacted at the
optimum moisture content for the plant in 9-in.
loose layers

Comparison of the relationship between dry den-
sity and moisture content for three soils when
compacted in 9-in. loose layers by 64 passes of
the 7-ton smooth-wheel roller, using the top and
bottom halves

Comparison of the relationship between dry den-
sity and moisture content for three soils when
compacted in 8-in. loose layers by 64 passes of

the sheepsfoot roller, using the top and bottom
halves

PHOTOGRAPHS
(Pages 317 to 320)

7-ton Smooth-wheel roller

Pneumatic-tyred roller

Sheeps'foot roller

Ballasting the pneumatic-tyred roller with bricks
General view of the layout

Preparation of the soil beside the track

Laying the soil on the prepared subgrade

Taking samples for determining the dry bulk
density

View after 8 passes of the sheepsfoot roller

View after 16 passes of the pneumatic-tyred rolley

Page

339

340

341

342

343

THE COMPACTION
OF SOME
ALLUVIAL SOILS OF INDIA*

1. INTRODUCTION

1.1. For the proper use of soil in highway engineering cons-
truction it is very essential that the soil should fulfil & number
of primary conditions expected of a road material. A very impor-
tant condition is that it should be capable of being properly com-
pacted. During the process of compaction the soil particles are
forced to draw close to each other and this results in a lower
percentage of voids and a higher density. It is well known that

soil improves in its all-round engineering properties as the degree
of compaction increases.

1.2. Compaction is generally brought about by mechanical
means and therefore it is desirable to study the effect of various

types of compacting units to find out their suitability for
particular types of soil.

The objects of this study are :

(1) To investi‘gate the performance of the types of
plant available in Delhi in compacting some of the
alluvial soils met with in Indis ;

(2) To_find out the number of passes of the plant re-
quired for a desired compaction of the soil ;

(8} To find out the effect of moisture content of the soil
on its compaction ;

(4) To compare the results of some laboratory compac-

tion tests with those of plant compaction in the field :
and ' ’

(6) To determine the output of each plant in terms of
the volume of 80il compacted per hour.

1.3. In order to obtain. a comparative study of the effect of
compacting plant on Indian and British soils, the present

*In comparison with & study of the performance of plant eptitled: ‘“The
Compaction of Boil. A Study of the Performance of Plant.”” Road Research Tech-
nical Paper No. 17, Road Research Laboratory, Harmondsworth, England,

The content and sequence of this study follow the British study.
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investigation has been carried out on lines similar to those
described in Road Research Technical Paper No. 17 of the Road
Research Laboratory, Harmondsworth, London, on ‘ The Com-
paction of Soil.” The Figures and Tables in this study generally
follow those in the Road Research Paper and it will therefore
be advantageous to the reader if he compares the results of the
two studies side by side.

1.4. 1In the British investigation the degree of compaction
has been measured in terms of dry density, which means the
amount of dry soil per unit volume. This can be expressed either
as kilograms of dry soil per cubic metre or pounds of dry soil per
cubic foot. In the present study the relationship between density
and moisture content has been expressed in both the systems.

2. FIELD EXPERIMENTS

2.1.  Soils used in the investigation

2.1.1. It may be seen by comparison that the soils used for
the study are, in their grading properties, between sand and
silty clay (vide Fig. 1). The reason for selecting only these
soils is that the main soils met in the northern parts of India
belong to these categories. It was not considered necessary to
collect more soils with a well distributed grading to cover a similar
range as in the British Paper. Therefore, the present study
has been purposely confined to soils covering the most interesting
range.

2.1.2. The four soils used in the investigation were a clayey
soil, a silty soil, a sandy soil, and a sand. Information concern-
ing their particle size distribution is given in Fig. 1, and their
physical and chemijcal characteristics and plasticity in Table 1.

2.1.3. Besides the sand content (i.e., particles bigger than
0'05 mm) given in Table 1, the four soils had the following
contents of clay and silt :

| Sand Silt Clay
N f soil 2 mm to 0-05 mm to | Less than

ame 01 501 005 mm 0'006 mm 0-005
% % %

Clayey soil 32 48 20
Silty soil 52 30 18
Sandy soil 62 24 14
Sand 100 — —
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The. names given to the soils in the study do not comply
fully with the usual textural classification. They have been

selected to indicate the main properties of the soils in comparison
with each other.

2.2. Compaction Equipment used

2.2.1.  The performance of the following types of plant was
studied :

1. 7-ton smooth-wheel roller (Photo 1); the leading
dimensions and loadings are given in Table 2.

2. Pneumatic-tyred roller (Photo 2); the leading
dimensions and loadings are given in Table 3.

3. Taper-foot Sheepsfoot roller (referred to simply as
““ Sheepsfoot roller”” in this study), (Photo 3); the
leading dimensions and loadings are given in Table 4.

2.2.2. The smooth-wheel roller was self-driven and the other
two machines were towed by a tractor (D-4) of 43 H. P.

2.3. Layout of the road track for compaction trials

2.3.1. A straight length of about 400 ft was prepared by
compacting the subgrade with a 7-ton smooth-wheel rolier. The
width of the track was kept at 10 ft and the sides were lined
with brick-on-end, giving a finished height of 6 inches. Since a
9-in. layer of loose soil was taken for compaction at a time,
planks about 9 to 10 ft in length, with a width of 9 in., were
used to support the soil on the sides. The planks themselves
were supported by the brick-on-end edging (see Photo 7).

After the layer of 9 in. loose soil was levelled on the surface
with a straight edge, the side planks were removed and used for
subsequent lengths.

2.3.2. A cross section of the track is shown in Fig. 2.

' I
10 —+
Brick- — -}
m-cni\{- 33 i} Layer of soils to be tested.
L " ﬁ‘l Base of compacted densitl)?
100 Lbs/cu. ££. //1602°8 Kg. /m3

WWWWJI} Natural sabgrade.

FIG. 2-CROSS SECTION OF LAYOUT FOR SOIL
COMPACTION TEST,
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2.3.3. The working speed of the smooth-wheel roller was
kept at about two miles an hour and that of the pneumatic-tyred
and sheepsfoot rollers between three and four miles an hour.
The effect of the speed of the plant on the compaction of soils has
been studied by Maclean, Bailey and Hunt! and it has been
shown that a variation of speed between two and five miles an
hour makes no appreciable difference to the resulting density of
the compacted mass.

2.3.4. The so0il required for the experiments was stacked
close to the track to minimise the possible evaporation in handling
the soil. The track was kept uncovered so as to correspond to
actual field conditions.

A general view of the entire layout is shown in Photo 5, and
the preparation and laying of the soil in Photos 6, 7, and 8.

2.3.5. The moisture content desired in each case was added
in all tests before compaction began. As some evaporation was
expected to take place during compaction the initial percentage
of the moisture added was kept a little higher than the moisture
content nominally under test. The extra moisture to be added
was calculated from the experience of the previous day, i.e., from
the amount of moisture which had evaporated during compaction
on the previous day. As the weather conditions were expected
to be uniform from day to day, this computation was easily done.
In spite of these precautions some unforeseen variation took
place but was found to be within tolerable limits. The moisture
content was always determined before starting compaction.

2.3.6. The track differed widely from the one used for similar
tests at the Road Research Laboratory, Harmondsworth,
London. The test track in London was circular in form and pro-
tected against rain by being covered. In addition, the roof redu-
ced evaporation. The tests could be carried out under the same
conditions because all the plant could be made to run exactly on
the same circular path, being driven by a machine fixed outside
the track, at the centre of the circle.

2.3.7. The track at the Central Road Research Institute in
India was kept in the open because, during the time of the
year in which the tests were carried out, there are usually no
rains. As the track was exposed to the direct sun, the tests were
carried out in the early morning hours. It was further considered
advantageous to have the test track in a straight length and the
site permitted this. Since each unit of the compacting plant was
either towed or self-driven, it was not possible for it to move
every time exactly on the same path during the compaction. As
a result each compacting unit made a t;ail wider than its rolling
width by about 1 ft on each side.
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2.3.8. It would, however, appear that the conditions men-
tioned above are not disadvantageous. They are very similar to
those prevailing in actual practice and, thercfore, the experiments
are expected to give a more realistic picture of a large scale ficld
test than those done in a covered place.

2.4. Measurement of Compaction

2.4.1. The degree of compaction of a so0il has been expressed
in terms of its dry density. It is calculated according to the
following formula:

Dg = D, (L) ‘
100 4+ m/
where Dy = dry density, 1b per cu. ft. or kilograms per

cubic metre (weight of dry soil particles in
a unit volume)

D, = bulk density, b per cub. ft. or kilogrémé
per cubic metre (weight of one unit of soil
including solids, air, and water)

m - = moisture content (per cent) (i.e., loss of
weight of the soil when dried to constant
weight at 105 deg. C., expressed as a percen-
tage of the final weight.)

2.4.2. The volume of the hole in the track, out of which the
goil samples to be tested were removed, was determined by the
gand replacement method as described in the * Procedure for

_ X

testing soils?’, ) '

Two density tests for each investigati werg. m";’;ﬁ,,t
arithmetical average of the two is given g Fabte 5.
; t )

. ’ '
. Field Test Procedure i \
2.5.  Fie [ a8 L3

9251. Since the final dry 'd.ensity‘o a 80il as a result bf
compaction depends on 'the initial loosendgs of the soil, ev »
attempt was made to attain the same degree \of pulverisatiof in

each soil before compacting with different Pw
e ¢

densities were also determined.

e

-

2.5.2. To enable the results to be compa.redmh % e men-
sioned British study, a 9-in. thickness of loose soil, as in that
study, was adopted. The reasons for selecting a thickness of 9-in.,
as discussed by Maclean, Bailey and Hunt,! were that the dry

17
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density of a compacted layer of soil decreases with the depth from
the surface and that this ddcrease in density becomes excessive
when the compacted thickness is more than 6 inches.

2.6. Investigations

2.6.1. A study of the effect of moisture content on the
dry density of the soils when compacted with each type of
compacting plant.

Each soil was laid in a number of equal lengths in which the
moisture content varied from 5 to 16 per cent. Theso lengths
were then compacted with the plant under test. The dry density
was determined after G4 passes. A series of curves (Figures 3, 5,
7, 9) were then drawn to find out the optimum moisture content
of each soil in the field with a particular plant.

2.6.2. A study of the effect of increasing number of passes
on the dry density of soil at different moisture contents.

The four soils were compacted at different moisture contents
with increasing number of passes of the three types of plant under
test. The cffect of the increasing number of passes on the dry
density was studied. For the 7-ton smooth-wheel roller and the
preumatic-tyred roller, the depth of density holes was 6 inches.
In the case of the sheepsfoot roller, a loose muleh was left at the
top and the density was obtained after removing the loose mate-
rial. In regard to the values of density at different depths, when
the loose layer was removed, attention is invited to the study
mentioned in para 2.6.4. below.

2.6.3. A study of the effect of increasing the number of
passes on the compaction of soils at optimum noisture.

Each soil was given the optimum moisture content for the
plant under test as determined from study (see para 2.6.1 above).
It was then compacted with an increasing number of passes of
each plant and the densities were determined (Figs. 11 to 14.)

2.6.4. A comparison of the dry densities in the upper and
lower halves of the compacted layer of soil.

In carrying out this study, the procedure given in the men-
tioned British Paper No. 17 was modified. The layers of all the
soils (except sand) compacted with the three types of plant were
considered. In the case of the smooth-wheel roller and the pneu-
matic tyred roller, the whole compacted erust was taken out and
the dry densities of the upper and lower halves were determined.

-The crust was cut horizontally into two parts of nearly equal
thickness. In the case of the sheepsfoot roller, the loose layer

CoMracrioN OF ALLUVIAL SoILS 303

(about 2 to 2.5 inches) was removed and the whole e.ompacted
crust (about 5 to 5.5 inches) treated like the crusts relating to the
two other types of plant.

This method differs from that chosen in the British study,
where out of the determined densities of the top 4 in. and the
eutire 6 in. depth of the crust, the densities of the bottom 2 in.
were calculated.

3. LABORATORY COMPACTION TESTS

3.1. ‘The dry density/moisture content relationships obtained
in the field were compared with those obtained from three labora-
tory tests, using the same soils as in the field.

3.2, The B. S. Compaction Test (B. S. 1377 : 1948, test
No. 9)-(also known as the Proctor Test)®

About 4 1b oven-dried soil passing through # in. B. S, _sieve
was mixed carefully with water and compacted at a ]O\Y moisture
content in & mould 4 in. in diameter and 1/30 cu. ft. in volume.
The compaction was carried opt.m three equal layers with a ram-
mer 54 1b in weight. The striking face of the rammer has a dia-
moter of 2 inches, and falls freely, along the s1de‘ of the mould,
through a height of 12 inches on to the soil surface. The mould con-
taining the soil is turned round gradually so that the whqle soil
gurface is covered by the rammer b}ows. Each layer receives 25
blows during compaction, apd the soil compacted over and above
the height of the mould is trimmed off after removing the exten-

sion collar.

The dry density of the soil “was determined and the experi-
ment rcpe&-ted with increasing percentages of moisture.

3.3. Modified AASHO Compaction Test*

The test is similar to the B. 8. compaction test except that
the soil is compacted in five equal layers instead of three, w1th.25
blows on cach layer from a 10 I rammer (instead of 54 1b) falling
through a height of 18 ine}.les instead of 12 inches. Tlle rammer
has the same area of striking face as the B. S. compaction rammer,
The dry density/moisture content curve is obtained as in the B. S.

compaction test.

3.4. 'Test with the Abbott Cylinder

34 1. This is atest well-known in India, developed and
introduced by an Indian Army officer, named Abbott.
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The test itself represents none of the international standardised
tests; therefore, the number of blows are not limited. In this
study the number of blows are always 10, 20, 30, and 40, so that
the resultant compaction can be adjusted to the compaction
obtained with different plant It has been considered worth while
to add this test to the other two because it allows further compari-
sons to be made and conclusions drawn.

3.4.2. Against the two methods described above, where a
constant volume of wet compacted mass is used for the determina-
tion of the density of the mass, the test with the Abbott cylinder
uses a constant weight of dry soil to find out the change in the
volune of a compacted mass brought about by the addition of
known moistures. The original eylinder used by Abbott was
slightly modified in so far as the diameter was changed from 2 in.
to 2.5 in. The change in the diameter was made in order to
adopt the standardised size of test blocks of some other testing
apparatus. A brief description of the method, which remains
unchanged in principle, is given below.

3.4.3. Two hundred grams of oven-dried soil sample
passing through No. 10 U. S. Standard ASTM sieve are used.
The soil is mixed with a known quantity of water and compacted
with a rammer 5} lb in weight, in a brass cylinder, 2.5 in. in
diameter, fitted on a detachable base plate. The resultant
volume is read off from the scale provided on the sliding rod
after compaction. The process is repeated with increasing
percentages of moisture.

4. EXPERIMENTAL RESULTS

4.1. Relationship between dry demsity and moisture
content of soils fully compacted by the plant and
in the laboratory.

4.1.1. The moisture/density curves of the four soils used in
the study, namely clayey, silty, and sandy soils and sand
with the three types of plant, are shown in Figures 3, 5, 7 and 9.
The moisture/density relation curves obtained with the three
laboratory tests for all the four soils are given in Figures 4, 6, 8
and 10. The figures for maximum dry density and the optimum
moisture content obtained from these curves are recorded in
Table 5.

41.2. It was found (Fig. 9), as at the Road Research
Laboratory, Harmondsworth, that the sheepsfoot roller could not
effectively compact the sand. Further study on the performance
of this roller on sand was not made.
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4.2.  Relationship between dry denmsity of soil and
number of passes at different moisture contents

4.2.1. Experiments with increasing number of passes of all
the three types of plant for different moisture contents of all the
four soils were carried out with the exception of the sheepsfoot
roller on sand. The results were similar to those obtained in the
British study and are therefore not recorded here.

4.3. . Relationship between dry density of soil compact-
ed at optimum moisture content for the plant and the number
of passes of the plant.

.4.3.1, The curves showing the effect of compaction at the
optimum moisture content and increasing number of passes of
the three types of plant are given in Figates LL—14 for the clayey
soil, silty soil, sandy soil, and sand respectively. The densities
were taken at the end of 4, 8, 16, 32 and 64 passes.

4.3.2. F’_\‘he vahies of densities oblained in these investigations
(sho‘wn 11nh gures 11—14) are sometimes considerably Yower than
those obtained in the study of relationship between dry density
and moisture content of soils, fully compacted by the plant in

the ficld (Figures 3, 5, 7 and 9). 'This is due to the fact that the
same moisture content could not be easily maintained during the
investigations,

433 A further deviation in moisture content occurred on
account of the longer time which was needed to take densities
repeatedly at different passes which led to evaporation and
resulted in values of lower densities. Moreover, during this time
evaporation of moisture took place to a varying degree for each
goil.

4.3.4. The curves in Figs. 1114 show an almost horizontal
tendency after about b.’oo'l(i passes of the plant. This may have
been due to the deviations mentioned above, As this is an

important fact it may be discussed here briefly, including the
possible correction.

4.3.5. The most notable individual cause of deviation was
the evaporation of the moisture content during compaction. As
the soil bec&me drier and drier it was impossible to compacf it to
the maximum density (as given in Figs 3,5,7,9) even by more
passes of the plant,

‘ 4.3.6. Before compaction started the soil was deliberately
given some extra moisture so that it might have the exact noming]
moisture content after the first few runs (say 8 to 12 runs) of the
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plant. The effect of this precaution could vary, as well as the
density obtained after 64 passes, according to the speed of the
plant. The loss from evaporation would, thus, be greater with
the smooth-wheel* roller than with the two other plant which

moved faster.

4.3.7. The actually obtained curves (full lines in Figs. 11—14)
had therefore to be corrected as suggested below :

The part of the curve up to about 8 to 12 passes can be taken
to be correct and unaflected by evaporation. Beyond that the
curves show much too flat a progress. From igs. 3,5,7, and 9
the approximate real positions of the last points of the curves in
Figs. 11—14 are known, namely the maximum density expected
after 64 passes, With these three elements known viz., the
position of the initial portion of the curve, its general character,
and the last point on it—the correction could be made. The
corrections are shown as dotted lines in Figs. 11-14.

4.3.8. This deviation was foreseen and could be corrected as
suggested because the data for carrying out the correction were

available.

4.4, Comparison of dry densities obtained in the upper
and lower halves of the 6-in. compacted crust obtained after
compacting 9-in. loose soil with the 7-tomn smooth-wheel
roller and the sheepsfoot roller.

4.4.1. Samples of the erusts of different soils compacted at
optimum moisture with the smooth-wheel roller and the sheeps-
foot roller were taken. These were cut horizontally into two equal
parts and the densities of the two parts along with the density

over the total depth are given in Table 6.

4.42 To permit of ready comparison of the dry densities
when taken separately from the upper and lower parts of the 6-in.
crust, compacted with the smooth-wheel roller and the shecpsfoot
roller at various moisture contents, the results are reproduced in

Figs. 15 and 16.
5. DERIVED RESULTS

5.1. Comparison of performance of plant

There is no simplc basis for comparing the performance
of the different plant owing to the many factors involved.
1t is, however, hoped that the behaviour of each type of plant in
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compacting soils can be derived from the following three values:

5.1.1. Number of
passes
moisture content to obtai
80, 90, and 100 per cent n valy

required at the optimum
es of relative compaction of

The relative compaction of a soi] ig defined as :

o (Field Dry Density) x 100
Maximum dry density in labomtory compaction test per cent

The laboratory compaction test used i i
| HLOT s n 7

Be.rSO. (Jc;znpa(z;r.lf)n Test, and the densities vtléiz fg;glr:lszswda? the
I‘I)‘a,bl/u‘7 'i"tl in kg. per cubic meter. The figures are ie i
. sgmétimesnlf'byhhappen that the densities obtained ingtggr}i ig
D omotimes igher tha,n' the densitics indicateq by the 1ab :

y test.  This resulted in a relative density of m han T
per cent; it can vary between 95 to 105 per cent ﬁe than 00
tions depend on the type of laboratory test appardtué cﬁzge:a“a-

It is therefore seen that a value of 100

necessarily represent full compaction under fiel per cent does not

d conditionsg.

Moreover the relative compact;
tion of ils i
1093e state was about 80 per cgnt, as a,oga,gﬁﬁtsglol e
soils used in England, probably owing to e
to the method of laying the soil on the track, which might hav
> €

resulted in a higher rvelativ i
brought on. © oompaction before the plant was

The influence of the initial moisture content on the

before compaction started in the case of sand density

18 given below :

luitial % of moisture Density of sand

e Jb/rcu.ft. kg/m?®
5 84.00 136
8 87.50 1402
11 89.75 1438
13 92.76 1486
15 94.00 1506
16 95.62 1532

réain
nt for

Table 7 shows the number of passes required to obtain ce

values of relative compacti . .
the plant. paction at the optimum moisture conte
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51.2. Efficiency of compaction obtained after different
number of passes for soil compacted at the optimum moisture
content of the plant

The efficiency of compaction is defined as:

#,199@1@@1&493@&:@9&9r_yiej?_m,y> « 100 per cont
(Maximum dry density in

B. 8. Compaction Test)—(Loose dry density)

This gives the scale for the amount by which a goil is com-
pacted ranging from zero compaction to0 full compaction which
is approximately about 110 per cent. Like relative compaction,
the efficiency of compaction is partially dependent on the type of
soil (Table 8).

5.1.3. Output of plant in terms of soil compacted per hour

The output has been expressed as the volume of loose soil
(when laid in a 9-in. loose layer) compacted to a relative compac-
tion of 80, 90, and 100 per cent at optimum moisture content for
the plant (Table ). The speed of the plantin each case has been
assumed as 2 miles per hour; and the number of passes required
to obtain the various relative densities was obtained from Figures
11-14. In the case of the sheepsfoot roller, an average density of
the compacted mass only has been taken into consideration for

purposes of calculation.

6. DISCUSSION OF EXPERIMENTAL RESULTS
6.1. Effect of moisture content on the compaction of soil

Ceneral : As in the corresponding British study, it is obser-
ved that moisture content is the main factor affecting the compac-
tion of soil. There is & definite relationship between moisture
content and dry density, and it is further observed that compac-
tion is easier at higher than at lower moisture contents.

6.2. Comparison of maximum dry density and optimum
moisture content 88 obtained with the plant and in the
laboratory

¢.2.1. From Table 5 it may be seen that in most cases field-
compaction plant units do not produce as high densities as are
obtained by laboratory compaction tests.  Laboratory tosts
should, therefore, be taken only as a guide for compaction in the
field. It should be noticed that each plant-unit has its own
conditions for attaining optimum results.

6.2.2. An approximate relationship is, however, observed in

the following ca8es.
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6.2.3. The optimum moi

.2.3. isture content, for exampl -

}Aobr;;iola;gs t;’optl,)};e dl:bou;t(iroy btlest with the B. S. eompactigne,te‘;?;r;zsd
. ratus at ows approximately equals th i

mum moisture content for the sheepsfoot lly e e o with

T anet tha olay sheepsfoot roller. This is true with

yey soil, vide Figs. 3-4 and 7-8
the results of these tests corres ’ o given b o
S pond to those given by the sh
foot roller. Ho i g Yont of dey
foot rolle wever, there is only a rough agreement of dry

Similar relationship ma i
y be observed in the
?&Egm:; ;hougg;lcqlrtx?pletelly satisfactory agreement is g.?:fay(;{ 10;2121‘
ing, e.g., with silty so@ when the sheepsfoot roller ‘
leb((l)igsn;y ta,nd.‘0 }i)gt(j)lmll)llm moisture content to thecogssi(;m(i)éfl
s test wi ows. This shows that b ing

number of blows laboratory tests can be modified ys(:r :gylil;]og 1}he
results comparable to those yielded by any plant. Bve

6.3. Effect of moisture content on dry density of soil

6.3.1. The moisture-density curves (Fi '
‘ ' s. 3,5,7,9) f

generally the parabolic shape. There are e%(ceptions IZOW%I\lrz:V
due to slight variations in the moisture added. , ’

6.3.2. The smooth-wheel roller gi i

‘ ' : gives the maximu -
tion with all the soils. The sheepsfoot roller gives alrlgo:torzfll)::l
results, as far as the compacted crust alone is considered.

6.3.3. The sheepsfoot roller is a i i

: poor compact

san;l_ (lFlg.tﬁ). fBe:}ca.\}s:hof the lack of cohesion betpwee:lngthl;n:;t;,gg
particles, the feet of the roller hav

P e compacted. e a tendency to throw up the

6.4. Effect of moisture content on the
pum
required to compact soil. ber of passes

6.4.1. During the initial few passes of the pl :

i ; ant th
mcg‘(’;segfmtl’}:dly ’ tl,loenba.t a decreasing rate, tl:ll ﬁnalel)y (flstr]:}llg
Pas e X

cli)ensity. plant brought about practically no change in

It may be generally observed that there i i o
ture content, sometimes above and sometinfe;sb:lfc)):;tt:ﬁ: lgrtirtlxllom-
moisture content, at which the plant under test gives the rg uiu';n
compa.c(non_ with the minimum number of passe;. It ma qthSl °
fore, sometimes be economical to work on the wet or dr)y ’sidzrg;

the optimum moisture content as the case may be.

6.4.2. With the smooth-wheel a

‘ ; ] - nd the pne ic-

;31::;: :éntllgﬂ I]:?le’ll‘llin compaction was obmineg wlilt[}?a;ll)fnfg r(;(é
; "the roller. o results, how i i i

the smooth-wheel roller on the clayeyezg;‘l’. were inconclusive with

18
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6.4.3. The sheepsfoot roller gave the maximum density with
about 8 to 16 passes on the clayey soil and the sandy soil. How-
ever, over the silty soil about 32 passes of the roller were re-
quired.

6.5. - Effect of moisture content on the effective depth
of compaction

6.5.1. The curves in Fig. 15 represent the densities of the
top and bottom halves of the compacted crust in relation to
moisture content. For this the compacted crust was cut horizon-
tally into halves, whose densities were determined. With the
smooth-wheel roller the densities of the two layers tend to
equality beyond a moisture content of 12 per cent in the case of
silty and clayey soils.

6.5.2. Similar tests were carried out with the sheepsfoot
roller (Fig. 16). The results obtained showed that the ecffect of
. compaction was reversed.

6.6. Relationship between dry density and number of
passes of the plant for soil compacted at optimum moisture
content.

6.6.1. The curves relating to the number of passes and dry
density at optimum moisture content are given in the Figs. 11-14.
For the sheepsfoot roller, the densities shown are the averages of
the compacted crust and the loose mulch. Therefore they appear
very low here.

6.6.2. With the smooth-wheel roller, full compaction was
obtained with all the soils (except the sand) with about eight
passes of the roller and any further passes did not affect the
density materially. In the case of the sand, about 32 passes were

required.

6.6.3. The pneumatic-tyred roller gave full compaction

" after about 16 passes. Beyond this, even when there was a

tendency for an increase in density, the additional density obtain-
ed could not be economically justified.

6.6.4. The sheepsfoot roller gave full compaction with 16

passes. Any further passes did not affect the density materially.

6.7. Effect of the thickness of the compacted layer on
compaction of soils.

6.7.1. Tests were carried out with the different plant by
compacting loose layers of 9 in. at optimum moisture content

CoMpacTION OF ALLUVIAL SoILS 311

6.7.2. The compaction of thé sand wa i i
otio 8 not possibl th
the sheepsfnot roller. ~ Similarly, sandy soil creates pdiﬁiculet;v lin

compaction, but to a lesser extent. With al i
muleh of 3 in. was left behind. i all the soils a loose

6.7.3. The effect of factors like soil type, moi
, t
and type of plant are discussed below. P isture content,

(a) Soil type :—There was a reduction in density with
depth in the case of all the planst, except the sheeps-
foot roller. The difference in density was greater with
the clayey or silty soil than with the sandy soil.

(b) Moisture content :—Fig. 15 shows that the c i
density with depth was greater when compac?ﬁ)rﬁgiég
carried out at moisture contents on the dry side of the
optimum. On the wet side, there was a tendency
towards uniform density throughout the depth.

(c) Type of Roller :—From Figs. 15 and i
seen tha@‘. with the smooth%wheel rollerlﬁthl:rem:'ﬁsb:
decrease in density with depth. But with the sheeps-
foot roller, the density increased with depth on soils
on which the plant could effectively work. This was

the case with the clayey and the silt .
with the sandy soil. yey sifty soils, but not

The latter result is in keeping with the

o generall

opinion that the sheepsfoot rollers compact from bottoﬁn e;}?;?r?g
Tho(‘;.gh tge_sq r;:sl‘)llts are contrary to the findings in the corres-
ponding British Paper, they indicate that the

opinion may be correct. generally expressed

6.7.4. With the smooth-wheel and shee
. ‘ E psfoot roller
differences in density were the largest with the silty soil a,xfd :lﬁ:

clayey soil. In the case of the sandy soil th .
was more uniform. Y e degree of compaction

6.8. Performance of Plant

6.8.1. Smooth-wheel Roller:—Tables 7, 8 ‘g
that the smooth-wheel roller was better suited ’tlf‘;llii 2111;1 d;:l?te
plant tested for compacting the silty soil and the sand e.ll‘
because of the small number of passes required to attain Zai('n
factory compaction. Its higher efficiency for compacting can ll?‘
seen :ﬂ;’: OF{:gs. 11—14. When the moisture content is a littlg
g:;l; ! ptimum, the smooth-wheel roller will compact more
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6.8.2. Pneumatic-tyred Roller :—Table 9 shows that the
pneumatic-tyred roller is best suited for sandy soils. Though the
compaction obtained is not as high as that with the smooth-wheel
roller, its ease of negotiating such soils is largely in favour of
its use.

6.8.3. Sheepsfoot Roller :—The sheepsfoot roller is not
effective with sandy soils but is a useful compacting unit on
clayey soils at low moisture contents (Fig. 16). Tt is, therefore,
specially useful for compacting for example puddle cores and
embankments laid with suitable soils in relatively thin Jayers. The
top layer has then to be finished with a smooth-wheel roller. The
main disadvantage with a sheepsfoot roller is the large number
of passes necessary for complete compaction. This is to some
extent offset by the speed at which the roller can be operated.

6.8.4. A comparative study of the different plant is given in
Table 9.

6.8.5. Table 10 gives recommendations on the plant best
suited for particular soils to give sufficient compaction with
the minimum passes. Owing to the fact that the sheepsfoot
roller compacts more densely to a certain depth than any other
plant (compare Fig. 16), especially in the clayey soil, a combi-
nation as shown in Table 10 may prove advantageous.

7. SUMMARY

7.1. A study of the compaction of three alluvial soils and
n sand of kinds generally available in north-west India has
been carried out with three kinds of compaction plant—a 7-ton
smooth-wheel roller, a pneumatic-tyred roller, and a taperfoot
sheepsfoot roller. The investigation was carried out on a straight
open test track. In all tests a 9 in. layer of loose soil
was used.

7.2. The object of the investigation was to compare the
performance of three types of compaction plant on the different
soils and to determine the effect of moisture content and the
number of passes of the plant on the resultant dry density of the
gsoils. The optimum moisture contents and the corresponding dry
densities in the field tests were compared with the results of
laboratory tests, viz., the B. 8. compaction test, the modified
AASHO test and the test with the Abbott cylinder.

7.3. The 7-ton smooth-wheel roller was the most effective
in compacting the differentsoils, even with relatively fewer
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passes. The resultant density varied in a descending order of
magnitude from the top to the bottom of the crust. Compaction
at a moisture content a little higher than the optimum moisture
content of the soil for the plant leads to economy, but results

in lower densities, and consequently smaller bearing
capacities.

‘ 7.4. The pneumatic-tyred roller was found to be best
suited for the compaction of sandy soils at all moisture contents
because of the case with which it negotiated such soils. However
the resulta.pt compaction is less than that obtained with the Othel:
plant. It is useful when high densities are not required.

7.5. The sheepsfoot roller was found to be ineffective in
compacting sand. In the case of the other soils, the results were
satisfactory and the density of the crust increased with the clay
content. The density in the lower layers of the compacted crust
was higher than in the upper layers. The sheepsfoot roller leaves
a loose mulch of about 2 in. with all soils, which calls for the use
of a smooth-wheel roller for the final compaction.

7.6.  With all the plant, there was a rapid rise in density
during the first few passes and further passes did not affect the
density materially. With the smooth-wheel roller, almost maxi-
mum density was obtained with about 16 passes as compared
to 32 - 64 passes and 16 - 32 passes with the sheepsfoot and
pneumatic-tyred rollers respectively.

7.7. Working on the wet side of the optimum moisture
content is to be recommended where high density can be
gacrificed for economy. This brings about compaction with com-
paratively fewer passes and results in a more uniform density
throughout the compacted mass.

7.8. No single laboratory test can reproduce conditions
obtained in field compaction tests, but it is possible to develop
one or more methods in the laboratory to obtain results compara-
ble with those yielded by each plant. In general, the laboratory
metlliods are, therefore, suitable only as a guidance for field
work.

79. With the exception of the effect of the sheepsfoot roller
these results comply with and confirm, in general, the resulté
obtained at the Road Research Laboratory, Harmondsworth
They shoyv that the conclusions drawn at Harmondsworth s.u;
also applicable to some of the typical alluvial soils met with in
the northern parts of India.
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Photo 1.

Table 2

Characteristics of the 7-ton Smooth-wheel Roller

Metric Units English Units

Gross Weight 7112 tor'xs
Weight on front roll 1.778 ¢ ''1.75 tons Smooth-wheel
Weight on rear rolls | 5334+t  5.25 tons roller, 7-ton.
Diameter of front roll 100.7 em ' 44 in.
Width of front rotl ' (2x)50.8 cm ‘ (2%x) 20 in, Photo 2. - . ’i:
Diameter of rear rolls . 140.9 cm : 55} in. h e
Width of rear rolls ~~ 50.8 cm | 20 in.
Rolling width | 182.8 cm ‘ 6 ft
Wheel base 289.6 cm "9 ft 6 in.
Load : TFront roll ‘ 35.8 kg/em. width | 98 Ib’'in. width

Rear rolls 105.0 kg/om. width | 294 b in. width

Load on roll .. Pneumatic-tyred
Width of roll X Dis. of roll | roller.

Front roll 0.3556 kg/cm? l 2.2 lb/sq. in.

Rear Rolls 0.743 kgjem? 5.3 1b/sq. in. . Photo 3.

Sheepsfoot roller.
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.Photo 4

Ballasting the
pneumatic — tyred
roller with bricks.

Photo 6.

Preparation of the
soil beside the

track.

RS U &1'4-'!451‘:’.

57 /|

b

..

Photo 5.

General view of
the layout.

319

Photo 7.

Laying the soil
on the prepared
subgrade.

Laying the soil
on the prepared

subgrade.

Photo 9.

Taking samples for
determining the dry
bulk density.
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Photo 10.

Taking samples for Table 3
determining  the

dry bulk density.

Characteristics of the Pneumatic-tyred Roller

Photo 11. \ Metric Units English Units

Tare weight 3556 kg . 34 tons (7840 lb)y -
Laden weight . 8428 kg ‘ 18,665 1b -
Number of wheels : 13 (6 front, 7 rear) | 13 (6front, 7 rear)
Size of tyres ‘ 26.7 cm X 50.8 cm i 10.5 in. x 20 ln
Spacing between wheelus;!| 12.7 - 20.3 cm 5 in. to 8 in. ’

View after 8 passes Rolling width: Front ' 213 6m z 7 ft

of the sheepsfoot - Rear 258 cm § ft 6 in.

roller. |

Tyre inflation pressure  1.756 kg/om® - 25 1b per sq. in.
b

Load per tyre 646.5 kg. | 1424 1b (average) .

Wheel mounting - ~ Pairs of wheels fixed to
oscillating axles

View after 16 pas-
ses of the pneu-
matic-tyred roller.
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FIG. 3 — EFFECT OF MOISTURE CONTENT ON THE

8

DRY DENSITY OF THE CLAYEY SOIL
PULLY COMPACTED IN 9-IN. LOOSE
LAYERS BY 64 PASSES OF DIFFERENT

TYPES OF PLANT.
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FIG. 4 - EFFECT OF MOISTURE CONTENT ON THE
DRY DENSITY OF THE CLAYEY SOIL COM-
PACTED ACCORDING TO THREE DIFFERENT

LABORATORY TEST PROCEDURES,
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FIG. 5 - EFFECT OF MOISTURE CONTENT ON THE DRY

DENSITY OF THE SILTY SOIL FULLY COM-
PACTED IN 9-IN, LOOSE LAYERS BY 64
PASSES OF DIFFERENT TYPES OF PLANT,
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FIG. 6 - EFFECT OF MOISTURE CONTENT ON THE
DRY DENSITY OF THE SILTY SOIL COM-
PACTED ACCORDING TO THREE DIFFERENT

LABORATORY TEST PROCEDURES.
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ACCORDING TO THREE DIFFERENT
LABORATORY TEST PROCEDURES .
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Fig. 15 - COMPARISON OF THE RELATIONSHIP BETWEEN
DRY DENSITY AND MOISTURE CONTENT FOR
THE THREE SOILS, WHEN COMPACTED IN 9-
IN. LOOSE LAYERS BY 64 PASSES OF THE
7-TON SMOOTH-WHEEL ROLLER USING THE TOP

AND BOTTOM HALVES.
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CONCREIE

PAVEMEMT CAN BE DESIGHED
FORANY CONDITIONS
OF LOAD AND SERV/ICE

e T T ]
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[
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PN . o
Bombay-Poons Road

Whether for national highways, farm to market creteways
or aerodrome runways cement concrete pavement can be

economically designed to carry safely any anticipated volume
and weight of traffic.  For free advice on the uses of cement

and its correct application write to The Concrete Association
THE CEMENT MARKETING COMPANY
OF INDIA LIMITED

of India, 82-84 Queensway, New Delhi.
- ACC
= = = - Sales Managers of

THE ASSOCIATED CEMENT COMPANIES LIMITED

$ITAS-CMI- Q.
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@urmah-Shell

will be glad to give

THE IDEAL o Lason SO
RELIABLB

ALL-PURPOSE
INDUSTRIAL
CHASSIS

&lpg
® NEGLIGIBLE MAINTENANCE

you free technical
advice on the use of
Bitumen for your road

development

Laying o
programme. ying of

. precoated sand seal coat \ AT S _ ; 1
A T on 1"’ Shelmacadam M’ERMAN \ ,
R | on the Factory M O o n R
e ' ' ;'b . Roads of Messrs. T c T

Spencer & Co. Ltd., MUNICIPAL U’E

Madras.
POWER & DRIVE UNIT:—

8 H. P. Single Cylinder Air Cooled Engine,
with clutch and four speed and reverse gear-
box : all mounted on single front traction
wheel. Heavy duty Tractor-tyre gives

steady pulling even through mud. Car type

CESSPOOL CART steering with generous lock.

Carrying capacity 250 gal- BODY :—

lons, all steel welded con- g L . .

Structlon front seat and side upphed either with fixed or tipping body or
latf chassis only. We can build bodies to suit

platform. ; . . :
specific requirements of client.

CAPACITY :~~-14 Tons,
Reliability and ease of maintenance are.
important features in Motor-cart. The cart
is specially handy in confined spaces and
crowded arcas. Unique stop start hand con-
- . - trol enables driver to move it a few yards
. . _ RET R T at a time, for leading or dumping, without

BURMAH -SHELL... S L 4 REFUSE CART even getting into the driving seat.

XS LIFE o : Aqesbeel welded construction . ,
|N lNDl ﬁ d on tlpplng t,ype car, S‘ENI) YOUR ENQ(/IRIEAS
AND PART OF IT : with six side openings and
one bhack opening.

BSY-616 o L Branches ; —

26 Errabalu Chetty St., G.T., MADRAS n

Cox St., COIMBATORE. . JACQL CIRCLI POMEAY 1

§ Garlick s Co Ltd




WE
SERVE

For years our roofing and waterproofing
materials have been utilised to treat
millions of square feet of roofs; our road
tars tosurface and maintain thousands of
miles of roads—a vital and essential link
for trade and transport; our other products
to preserve timber, steel and items of
daily necessity. All these products are
manufactured in India from indigenous
raw materials. We are proud of our
contribution to the progress of industry
and individual towards the goal of pros-
perity for one and all.

4

Shaluonar
TAR PRODUCTS
(1935) LIMITED

6, Lyons Range, Calcutta

DAYA Bridge 13 Spans
of 716" on Screwcrete

Cylinder Piers, for the
Orissa  Government

near Bhubaneswar,

BRAITHWAITE & CO.,

(INDIA) LIMITED.
HIDE ROAD, KIDDERPORE, CALCUTTA

BT-49 '
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Build smoother roads with

Stanvac
Asphalt

STANVAC

ASPHALTS

Below a view of Chowringhee Rood,

Calcutta laid with Stanvac Paving Asphalt.

For hard-wearing, long-lasting,
smooth-running roads use STANVAC
ASPHALTS . . . tried, tested and
proved in use to be completely
suitable for climatic conditions in
India, Burma and Ceylon. ASPHALT
. . . and Standard-Vacuum'’s Free
Technical Service . .. can help you
build better and smoother roads.
Write to us for expert advice

or assistance.

@ STANDARD-VACUUM

Marketers of Quality Asphalt Products

vii.

For

PILING aw

SIMPLEX concrere pies cwomy wmo,

CALCUTTA

FOUNDATIONS

- .
5
»
:

4

Consult :

MADRAS




viii
rs & Suppliers of:
o COMPRESSORS
AIR LIFT PUMPING PLANTS
DIAMOND DRILLING PLANTS
ELECTRIC TOOLS, A.C. & D.C.
HICYCLE ELECTRIC TOOLS
MINING EQUIPMENT
PNEUMATIC TOOLS
VACUUM EXHAUSTERS
VACUUM PUMPS, &c., &c.
THE

Consouioateo Pneumanic
TOOL COMPANY LIMITED

Contractors to the
BRITISH ADMIRALTY, WAR OFFICE, AIR MINISTRY, INDIAN
GOVT. & RAIL\VAYS, FOREIGN GOVTS,, RAILWAYS, eote.
BOMBAY CALCUTTA KARACH! LAH ORE MADRAS
P.0. Box 205. P.0. Box 85, P.O. Box 179. P.O. Box 185, 1"O. Boy 1282,

MILLARS’
MACHINERY
Concrete Mixers—T'ilting and non-"Tilting Ty pes.
Asphalt Mixers—for Hot and Cold Mix,
Roller Pan Mixers—for Mortar,
Diaphragm Suction Pumps—for effcctive lift up to 25 ft.

Self-Priming Pumps—for handling Seepage at lowest
possible cost,

Tower Hoists—for speedy construction.

Complete Wellpoint Pumping Equipment—for dewater-
ing the only successful method of combating running

sand.
TIMBER

HARDWOODS - SOFTWOODS - PLYWOODS

MILLARS’ TIMBER & TRADING CO. LTD.

1 INCORPORATED IN ENGLAND
Victoria House, Victoria Road, BOMBAY 27.
Telephone: 41077 Telegrams: JARRAM
Branches and Agents throughout the World.

USE 100/ INDIAN ROAD TAR

FROM INDIAN COAL MINE

THROUGH
INDIAN

CHEMICAL INDUSTRY

2" TARCRETE WORK iS IN PROGRESS
KRISHNAGAR - HRIDOYPUR ROAD

AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LTD.
94, Chittaranjan Avenue, Calcutta - 12



FOR
ROAD SURFACE TREATMENT
One of these four bitumen products will meet most
economically the requirements of all modern road surface
Under D.G., S. & D., Contract Rate

HOTFIX 80/100 Penetration

Forall types of Standard Asphaltic Construc-_

tion—single and double surface painting.
HOTFIX 30/40 Penetration :
For Grouting purposes.

HOTFIX 40/50 Penetration
For Pre-mix Jobs.
HOTFIX 180/200 Penetration

For surface dressing—a specially prepared
low temperature Bitumen for use in ordi-
nary boilers. Suitable for waterbound or
COLFIX bituminous surfaces.
Regtd. —Don’'t “ Hold-up " Traffic.
Manufactured at Titaghur,i West Bengal.
Coated macadam provides an ideal surface for
Roads, Footpaths, Club Compounds, Playgrounds etc.

Total length of bridge
21'-0” and 25'-0” long. The

bridge rests on R.C.C. piers over 13'-0” diameter masonry well

foundation.

Slab type with overall width 25'-67,
1—90°-0").

with 3 spans (2—68-67 &
and two R.C.C. abutments

BAKRA BRIDGE—This bridge is of Beam and
227:-0"

Xi

J. C. GAMMON LIMITED

BOMBAY-1

BALLARD ESTATE

HAMILTON HOUSE
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212 ANTIA ON

(d) Other considerations by which the use of soil-cement
can be justified are its lasting and trouble-free service
with very low maintenance costs,

() Theuse of a cement stabilised sub-base under a concrete
surfacing ensures that the sub-grade is water-proofed

f:.nd protected from damage by traffic during construc-
ion.

(f) The thickness of the concrete surfacing and the amount

of cement used in its manufacture are considerably
reduced.

(g) The infiltration of water through the joints in the
con}tlzrete surfacing to the sub-grade is prevented‘
with consequent reduction in the risk of '
near the joints. of breakage at or

(b) The amount of cracking in th i
minimized. 51 Mo conerete slabs iy
(i) The need for steel reinfo

. rcement in the i
obviated. concrete is

(i) The most important and vital ar
so_ll-cement is that it is an engi
eliminates all guess work regar
performance unlike other low cos
tests in the laboratory and the
in building roads that last,
tests ensure the performance
extremely adverse conditions

gument in favour of
heering material that
ding its quality and
b pavements. Control
field assure ity success
The freezing and thawing
c?f soil-cement under the
in Himalayan tracts,

: d life of soil-
ate such that that oo o y and i cemept Pavements
ro Suoh that thi thﬁg hjthgg?:.tructlon should be tried in India

In th_e followfing discussion, the technolo
the technique of its construction are briefly
the various aspects of this form of road con

gy of soil-cement and
dealt with to elucidate
struction.

2. PROPERTIES OF SOIL-CEMENT

2.1. The classification of soils for highway purposes

2.1.1. Factors affecting quality of soil-cement

The quality of soil-cement ag a
v const i .
pends on several factors including type nosf r:c?itlmnca:m?nai;te;a:}teii-
* ’
?

Sorr-CeMENT IN Roap CoNSTRUCTION 213

moigture content, and density. Of these the most important is the
soil type. The remaining factors affect the properties of soil-
cement made from any given type of soil, but do not provide ways
and means of improving a soil that is inherently unsuitable.
Fortunately most soils are suitable for soil-cement construction.

2.1.2. Classification of soils

Soils may be classified directly on texture and on physical
properties : but for soil classification to be of practical value,
it must be correlated with the engineering behaviour of the soil.
This behaviour depends on conditions obtaining at the time of
construction and also on the climatic conditions of the locality.
These vary widely and make it difficult to devise any soil classifi-
cation scheme of universal application.

There are six main classification systems as follows :

1. TUnited States Public Roads Administration classifi-
cation. ’

2. Textural classification.
8. Casagrande classification system.

4. Civil Aeronautics Administration (C. A. A.) classifi-
cation system.

5. Compaction classification.

6. Burmister’s method of descriptive soil classification.

An important adjunct to soil classification for the success of
s80il-cement work is the establishment of soil profiles wherein are
indicated changes in the nature of soil, depth of various strata,
and level of water table. These details help in determining the
availability of suitable soil for soil-cement work in the locality
and the drainage conditions on the site. They are usually
gathered at 300 ft. intervals along the centre line of the proposed
construction.

Since most of the published data on soil-cement tests are
based on U. S. Public Roads Administration Classification
System, a brief summary of its salient points is given below.

This system was adopted in 1931 and revised in 1942. It
was further revised and simplified by a sub-committee of the U. S.
Highway Research Board in 1945. Since then it has been in use
with the U. S. Bureau of Public Roads and various State Highway
Departments in the U. 8. A.

6
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ComMPACTION OF ALLUVIAL SoILs

COMPAOTION OF ALLUVIAL SoOILS
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TOURNAROCKER

DRIVES AND STEERS ON FRONT WHEELS

Model E-I8 Tournarocker

No rear-wheel drive truck
can ensure safety under such

conditions.

TOURNAROCKER has been
designed from the drawing §&

board for hauling rock, over- &
burden, coal, etc.
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