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SYNOPSIS.

Tho Papor describes tho alignment, survey, and construction in  1948-—49 of
a road in Assam from Shitlme to Silchar (212 miles) throurh previously
unsxplored mountains, and tropical forests, The necossity for the work arose
after the puartition «f India when long stretches of the previjus road from
Shillong to Silchar via Sylhet passed into Pakistan,

The estimated coxt of the work with & 16 ft  formation aud a 12 f¢ carriage-
way was about Rs 1,20,000 per mile. Notwithstavding the vory ardous condi-
tions of work, the whole length of the new construction (163 miles) was
comploted in 18 months—nine miles of now rowd per month,
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1. HISTORY

1.1. In the year 1874 the province of Assam, which for the
previous 40 years or so had been part of the province of East
Bengal, was constituted as an independent administration under
a Chief Comunissioner. The tract thus united under one Govern-
ment was made up of three naturally distinct portions-—the
Brahmaputra and Surma Valleys to the North and South and
the intervening hill tracts—each- of which in former times
- possessed a separate history.

1.2. The Brahmaputra valley alone covers about half the
ares of Assam and has for centuries been closely connected with
the main course of Indian history though it has never formed an
integral part of any of the previous Indian empires. Not .nuch
is known of the early history of the Surma valley -which s {aegely
an alluvial tract still in the process of deltaic formation and still
subject to -heavy floods though these are not so disastrous as they
were at the end of the eighteenth century. - :

1.3. The hill tracts intervening between these valleys
stretch east-west and comprise the Naga, - the North Cachar, the
Khasi, the Jaintia, and the Garo hills. Since they were.. first
formed ages ago the Brahmaputra and Surma valleys have
remained isolated from each other as the intervening hills are
covered with unexplored and dense tropical forests infested with
wild and déngerous animals.

1.4. A railway through the hills was commenced in 1891 but
was not finally completed till 1903 because of the exceptional
difficulties - met with during construction. It is recorded that
sections of the railway run through . :

‘“shale of the worst description...which swels when
exposed and causes heavy slips or exerts immense
pressure on the sides of the tunnels...Apart .from the
special engineering difficulties, great inconvenience was
experienced owing to the absence of loeal labour and
food supplies, and to the unhealthiness of the country
traversed...At one time...food for more than 25,000 men
had to be carried......”

Thié description has particular relevence with respect.ﬂto' what'
is said Iater in this Paper on the difficulties met with in construc-
ting the Shillong-Silchar road. \ ; -

.1.5. A road through the hills to. Shillong &‘ pears to have
been built in the last century byt it -was not $ill 1933 that an
excellent motor road (60 miles) was built f“‘)m Shi“’ml‘g vis
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Pynursla to Jaintiapur* in the rich, rice-growing plains of Sylhet.
This road extends, via Sylhet, Karimganj, and Badarpur, to
Silchar, the headquarters of the Cachar district at the extreme
south-east end of the State of Assam.

1.6. Within less than 15 years of the construction of this
road, road communication between the Cachar district and the
main part of the State was again severed—this time by political
barriers. In August 1947 when Pakistan was created, 60 miles
of the Shillong-Sylhet-Silchar road, viz., the portion Jaintiapur-
Sylhet-Karimganj, passed over into Pakistan. The district of
Cachar and the adjoining (erstwhile ¢ Indian ) State of Tripura
were completely isolated from the main Indian territory. The
only link left was the circuitous railway from Gauhati via
Lumding and Badarpur—a total distance of 363 miles by a slow,
metre gauge, mountain railway. (See plates I & II)

1.7. Immediately after the partition, the Government of
India decided upon the construction of a road link from Shillong
to Silchar and on to Agartala, the capital of Tripura.

1.8. Reconnaissance was carried out from November 1947
to March 1948. Work started in April 1948 on the basis of a
preliminary rough estimate of Rs 1.92 crores, and a fair weather
jeepable road was cut in October 1949,

2. PHYSICAL FEATURES, CLIMATE, ETC.

2.1. The alignment between Shillong and Silchar covers two
civil districts—the Khasi-Jaintia Hills District and the Cachar,
District—and traverses the civil subdivisions of Shillong, Jawai,
North Cachar Hills, and Silchar. © The entire country is mountai-
nous, rugged, and broken. The hills are covered with dense
jungles and thick undergrowth of evergreen bush, bamboo and
kail. On the Borail Range, trees are very old and big and yield
excellent timber for building wooden bridges.

2.2. The mountain ranges rise from the plains (200 to 250
ft above sea-level) to as much as 6,000 ft in places in this region.
On account of the broken nature of the country only a saw-tooth
alignment is possible, repeatedly rising and falling. (Plate
No. III)

*The constrnotion is described in the Indian Roads Cungress Paper
No. 30 * Constraction of the Shillong Jaintiapur Road in the Khisi
.l’inls, ]Asaam » by F.P. Cormack; published in Volame 1I of the
ournal,
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Photugraph No. 1.

Dense tropical forests {
n the Borail Range
(The newly made road is seen in the picngu'e)

2.3. Rainfall,

all of 905 in,| in 18

\g, finally selected ho manimi s

?,:d'mxlrg‘irgum annual rainfall over 18 years Jr?gfs,g lgl:‘.) nwlaxnlnum

in. in and 71.7 in 1944, the average figure being 95erienc%1(<)a.3
8,

At the same station, the maxi ; :
was 9 in. in 24 houxfs. aXimum intensity of rainfall on record

2.4. Climate.

On the whole the climate durin i
I 1 g the rainy se i
z?ouS§£ti$iber, 18 very moist and malarious.y Taifﬁzrll(’ ffg:vn i&I'ml
Clouds re tl}llee ]YlSlblll'ﬁy, impede movement, and h(;ldu Wylliig
orherwise t n(i climate is temperate and there are no viole t?l b
perature. The following room te ures wors
recorded at Haflong in 1949 . _ Tperatures wero
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Minsmum Temperature.,

Max. ... 75 deg. F. on 18th-20th Sep. 1949 R
Min. ... 52 deg. F. in December 1949 (several days} "

Mazimum Tem perature.

Max. (Summer) 86 deg. F. on 3.9.49
Max. (Winter) 64 deg. F. on 21.12.49

 Mazimum Range of Temperature.

3.9.49 14 deg. F. (86°-72°)"
December 1949 10 deg. F. (64°-54°)

2.5, Winds.

There are high winds during the monsoon months ffpm'- Apifii
to September. During April, May, and June, these winds often
attain cyolonic fury. '

.-2.6. Agrléultnn, Forest l"'rdilucea,‘ ‘Population, -

'9.6.1. 'The area is thinly populated and cultivatiofll isvl‘imi}.;d}
but wherever it has been undertaken the resulting deforestation
has given rise to considerable soil erosion,

2.6.2, The rich forests on the Borail Range have been practi-
cally unexploited so far. The hills are infested with white ants
and the timber trees here seem to have developed an immunity
against this pest. They are, therefore, a source of valuable
timber. With the construction of the road the export of timber
for building construction, sleepers for railway tracks, light
timber for plywood industry, cane, bamboo, and thatching grass,
is bound to increase. The Forest Department will be one of the
biggest beneficiaries of this project.

2.7.. Geology.

2.7.1. The geological map of India shows that the North
Cachar hills, parts of the Naga, Lushai, Tippers, and Chittagong
hills are Tertiary formations and consist of alternate beds of
sandstones and carbonaceous shales. The sandstones vary from
hard blue and green textured stone, very good for building
purposes and for road metal, to yellow, soft, and friable stone
which is liable to ‘disintegrate on exposure to the weather.

2.7.2. The availability of the better type of stones is very
limited. Good stone is large_ly met with ‘in the lower rgsohes of

the hill faves, .
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27.3. The composition of the shales vari
) ales .varies from '
;la.tg stones to a .sof‘t variety, only slightly harder vt?}fg,,nhfzﬁg
t'M en;‘d_‘ blue mud. All Yarielties of these shales, without excen-
lon, aisintegrate very quickly and easily when exposed to t.lra)e

astmosphere. Some of th i
readily whon ormme & ® types had to he blasted but perished

2.7.4. Nearly all these sh“ales; hé.d a s
] ; b b reat c i
:ggg;‘giﬁg uvllmstureﬂ This p}r}ogerty created endgless 6rgzll)>?§ l:.z f(;)r:
ater, they swelled and th it is of
caused enormous landslides, °n shaftered.  This often

2.7.5. Blue shale is the most tfe-;cherous of 3 it

) J of all as it

very considerably. In some box cuttings in blue shale l&r::se llii

was noticed that the road surface which had.been cut to the

ggqggz fofn?;tloxé rose t4 tlo 5t on absorbing water, Perhaps the
i of the adjacent slopes also’ in s ing' u

s o o P 50 helped in sgueezing up the

2.8. The area is also frequently ro
7 ‘ cked by earth
tremors. The shock which octturred on'ythel 5th Au)éust 11‘95‘(1)11;12:13
one of the severest earthquakes experienced at Haflong in living

memory. Most of the stone buildings.
Guring This carthauere uildings at Haflong were damaged

3. ALIGNMENTS EXAMINED AND RECONNAISSAI;ICE

3.1. There was ah existing bridle pat ing Shi
wit:h vSilchar Via Jawai, Garampani, Ii-?a}f‘l:r?; n?;an%gfglloln 5
This bridle track was divided into the following éectionS’ : o

Shillong to Jawai 40 ;ni]es
Jawai to Garampani _ 35
Garampani to Haflong = 55
Haflong to Borkhola .. 70

Borkhola to Silchar 12, (already a motor .road)

Total 212

I

vy

. '8.2. The. portion of this bridle. i)ath from Shi , i
(40 miles) was, when the work. described in this %Z;grtgtg:tzgl‘
already being improved into & motorable road.and the last lél
miles were already a motor road. Thus a length of 160. miles
only from Jawai to Borkhola, remained to. be.buils. "if;?was’
proposed to improve this into a motor réad. A estimate of
Rs 1,92,47,527 for 160 miles was submittédto the Government
of India. : -

Loty Lot

3.31. It was, however, decided to "éxp"lof'e': 'ot,hei', npoééiblé
routes ajso before finally selecting any particular alignment, =
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3.3.2. One of these alternative routes demanding examina-
tion was: Jawai - Sutnga - Serpai - Harangjo - Damcherra -
Chandarnathpur - Silchar. The portion of this route from Jawai
to Harangjo lies through virgin country.

3.4, The two alignments were studied on the 1910 2in.
topographical maps of the Survey of India, the largest and most
up-to-date available maps of the area, which showed in general
outline, rivers, hill ranges, spot levels of high peaks, trigno-
metrical survey points, and approximate contours at 100 ft
mtervals. Obligatory points were decided upon from these maps
along each of the alternative routes.

3.5. Detailed study on the spot then followed. The maps
were found to be substantially correct but many streams and
gorges were missing on them. Some villages had disappeared
while others seemed to have sprung up subsequent to the prepara-
tion of the maps.

3.6. The first route followed a well-established bridle path
with inspection bungalows and tribal villages all along it. Touring
along it was not very difficult. Much information was obtained
from the P.W.D. officers in charge of the roads.

3.7. The reconnaissance of the second route, however,
needed elaborate arrangements and strenuous efforts. The

Photograph No. 2,

A “Recce » Officer in
difficulties.
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portion from Jawai to Harangjo (about 60 miles) passed through
dense reserved forests and uninhabited country. There were no
known paths in this area, and therefore no guides. Rations and
all supplies had to be carricd from the base. FElaborate arrange-
ments had thervefore to be made, as for a military expedition,
equipped with all necessities of life. The principal requirements
of the survey organization can be summed up as follows :—

Camp Equipment.—An austere supply of tents, tarpaulins,
camp furniture, lamps, crockery, etc., had to be taken for
the senior members in the party. Temporary improvised
shelter was made at each camp site for the others It was
proposed to provide the party with blankets, jersies, socks,
patties, boots, etc., but actually nothing but blankets
could be obtained.

Rations. —Every item of essential rations had to be carried
by the party—rice, ¢ dal’, salt, oil, spices, potatoes, and
for labourers ¢ gur * and ‘ chira’ as emergency rations,

Essential Tools and Instruments.—Besides surveying
instruments like prismatic compasses, binoculars, aneroid
barometers, clinometers, tapes, scales, set-squares, and of
course topographical maps. a small supply of tools for
cutting jungle, making paths, and rigging up the daily
camp was also carried.

Medical Aid.—A small quantity of essential medicines and
first-aid equipment was carried in the charge of a
compounder attached to the Recce party. The whole party
was Vaccinated and inoculated against cholera hefore
setting out. ‘

Transport.—As there were no mule paths in the area,
everything had to be carried by porters. As the area is
uninhabited, the porters were all outsiders and many of
them had elaborate kit of their own, Every two to three
porters needed one for their own kit. This swelled the
total number of men needed. The load carried by a porter
was 40 1b in the initial stages of the expedition but
progress from camp to camp was very slow and many
porters straggled behind every day. The load was there-
fore reduced to 30 1b. Porters cost Rs 1-8-0 to Rs.€ per
day with free rations (of a few essential iterns of food.)

Efforts were made to secure some clephants for transport on
a hire basis. The usual daily hire is Rs £0 to Rs 25 per
elephant. The elephant carries about 10 maunds (7 ewts).
But no elephant owner could be persuaded to accept the
job because travelling on steep hill tracks with back-loads
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gives rise to sore backs and sometimes injures the animal
permanently. Moreover, as the country traversed was
‘¢ elephant country >’ the owners feared that on seeing their
native land the domesticated elephants might develop
‘“ home sickness >’ and refuse to return to civilisation.

The whole party, workers and porters taken together, was
150 strong.

Base Camp.—A base camp was established at a rail head or
a motor-road head for despatch of rations and other
requirements of the survey party. '

- Mails.—A well organized mail runner system was maintained.
This was necessary to keep up the morale of the party who
might otherwise feel cut off from the world and lost in the
jungles. It also helped to keep the authorities informed
about the progress of the survey work.

3.8. At one stage, for 11 days, the Recce party was lost in
the jungle country—it sighted no paths and no human habitation.
The Recce officer reported, however, that the route presented no
serious engineering obstacles, the soil encountered was generally
carth and soft shale, road construction would be fairly easy but
maintenance would be correspondingly difficult and costly on
account of land slides.

3.9. On many occasions, the ‘Recce’ parties or their
porters came across wild animals and tigers. If left undisturbed,
these animals usually leave the human being alone. In such
chance encounters *‘ ahimsa *’ is good, but it is better to have a
few guns and some ammunition. ‘‘ Ahimsa >’ of the strong, not
of the coward !

3.10. On one occasion a gang of about 20 porters were
returning after they had delivered supplies at a forward camp in
the Serpai area. They found a previous wayside camp trampled
down and destroyed by wild elephants. The leader of the herd
sighted the porters and gave chase They saved themselves some-
how but on reaching safety they refused to move until an armed
guard was detailed to escort them.

4. ALIGNMENT SELECTED

4.1. At this stage the Government ruled that Garampani
and Haflong must be touched by the proposed alignment. With
these ruling points further search for radically different routes
was dropped and the first alignment was then examined in detail,
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4.2.  While it was found that the construction of a motorable
road from. Jawai to Garampani along the existing bridle path was
quite feasible, the rest of the track presented difficultios for the
reasons described in the following paragraphs.

4.3. Bet_ween Garampani and Haflong the bridle track
crosses the Diyung river twice—once at Derebera, almost midway
betweed Garampani and Haflong, and again near Lower Haflong
Town, some 4} miles from Haflong. In both these places the
river passes through deep gorges. The bridle path is very stecp
at these locations ; for intance, from Lower H&flong railwa'v
crossing (R. L. 1505) to the suspension bridge over the Di un:g
river (R. L. 1000) the road descends by 505 ft in 1] miley—an
average grade of 1 in 13, but much steeper in many plla,ces There
are as many as 13 zigzags in a short length of about a mile.

Photograph No, 8.

The Pedestrian Suspension
Bridge over the Diyung
near Lower Haflong,

4.4. Crossing the river in the
complgte re-alignment of long lengths of road—sometimes about
five miles on either hank. Moreover, as the gorges Wwere narrow
and the streams fast in these places, bridges would be needed
immediately. Otherwise no traffic would be possible as ¢ Marboat ”’
ferries could not ply in the rapids in the vicinity of these
crossings.

se gorges would have meant
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4.5. Between Lower Haflong and Chotto-wapu (135 miles)
the bridle path passes over a hill face liable to heavy landslides
at about seven miles from Haflong. Taking the road over these
slipping hills would mean leaving a perpetual defect in the road.
Diversion was, therefore, decided upon and the bridle path was
abandoned between Chotto-wapu and Haflong.

4.6, It was, however, found subsequently that there could
not be any guarantee that such unstable areas conld be complete-
ly avoided in the North Cachar hills. The composition of soil is
very much the same all over these hills and such slips occur in
many places after heavy and continuous rainfall.

4.7. Between Haflong and Borkhola the bridle track crosses
the Jatinga river twice. This is a furious, mountain river which
falls into the Barak a few miles after leaving the hills. Between
Jatinga village and Borkhola the bridle track follows the Jatinga
valley very close to the river bank and crosses a large number of
its tributaries very near to their outfalls into the Jatinga. Some
of these tributaries are as wide and as deep ab their outfalls as the
main river. There are also numerous deep ravines. To follow
this bridle path here would mean the construction of many lgng,
high-level bridges and viaducts. An alignment along the river
valley, that is, on the lower reaches of the range, would run on
unstable and difficult slopes and would be a source of pe?petua,]
trouble.. The railway on the opposite bank is still experiencing
such difficulties although it was built more than half a century
ago.

4.8. Taking these factors and local administrative require-
ments into consideration, the following changes in the alignment
from the bridle track were finally decided upon.

49. Diversions From The Bridle Track

4.9.1. The Diyung crossing at Derebera, where the bridle
track has a sheer drop of about 1,000 ft in about a mile, gradients
like 1 in 6, and a succession of 15 hairpin bends, had to be
avoided. It was decided to cross the river about 8 miles down-
stream of Derebera, at Dihangi Arda, where the river has rocky
banks and the channel is stable and narrow, At the same time
there are pools for plying a * Marboat ** ferry until a bridge can be
put up. The banks rise up gradually and the ascent from the
river can be easily provided. This, in fact, is the only suitable
crosging in the middle and lower reaches of this river. As a
result of this proposed diversion the bridle track was abandoned
from Bagha (mile 102) to Thana Lumbra (mile 126).

4.9.2. To avoid unstable ground and the difficult Diyung
crossing at Lower Haflong, the alignment was diverted from
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Chotto-wapu (136 miles) to Mahur which was now declared a ruling
point, and thence to Jatinga Saddle (166 miles) along the west
slope of the main Borail Range.

Photograph No. 4.

Another view of the
Pcdestrian Suspension
Bridge.

(Note the waven matting
floor).

4.9.3. It was not possible to run the alignment closer to

ga.lfll;ggnagx.ld an approach road was proposed from Jatinga saddle

4.9.4. From Jatinga Saddle the bridle path was again given
up for reasons described in para. 4.7, and a new alignment was
reconnoitred. At Dawheng Saddle (2200 ft) the new alignment
crosses the main Borail Range, runs up the southern slopes of
the Range to Dolia Saddle (3800 ft) and then descends to the
plains of the Cachar district at Amarnagar Tea Gardens (451 1t),
From Amarnagar to Silchar, motorable Tea Garden roads
existed.

4.10. Taking into account the detours and re-aligned
portions, the distance from Shillong to Silchar, along the finally
selected route, worked out to 218 miles. The length of new road
was about 168 miles from Jawai to Amarnagar, which included
72 miles along the bridle path (Jawai to Bagha 61 miles, and
Thana Lumbra to Chotto Wapu 11 miles). The remaining 91
miles were altogether new. (See Plate II). T '
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5. LAYING OUT

5.1, When the alignment had been tentatively fixed and
the main obligatory points settled, the next step was to lay out
the alignment on the ground.

5.2. For this purpose the permissible gradients were first
decided npon, These were :\—

In halls
Ruling gradient 1 in 15
Maximum gradient 1 in 12 for lengths not
exceeding 330 ft

In plains and rolling country
Ruling gradient 1 in 30.

5.3. The selected route was then marked on a contoured
map, from one obligatory point to the next, according to these
gradients, The difference in the levels of these obligatory points
was found from the maps and checked by aneroid barometer
readings where possible. The distance between the obligatory
points was measured as accurately as possible on the map along
‘the " alignment marked. From this data the possible average
gradient between two successive obligatory points eould be
worked out.

54, A “line’ was then run along the hill slopes at the
pre-determined grades. Laying out such a line between the
obligatory points gives the shortest length of road hetween these
points. )

5.5. The quickest and the best instrument for laying out a
.line on ‘any given slope is the De Lisle clinomater.  If properly
and correctly used it gives very accurate results. Other
instruments used on the work were :—

(1) Ghat tracers
i (2) Tangent clinometers
(3) Abney’s level
(4) American compass clinometers

.. 5.6. Ghat tracers too give good results and the Abney’s
level is useful for obtaining Il-vel lines along precipices and
sidelong ground.

. 5.7. Sometimes while running the line obstacles like broken
country, deep gorges, landslides, very steep or vertical hill faces,
heavy rocks, etc., are met-with. These obstructions can easily
be dealt with locally. In order that the tracing party, who are
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at the moment *slaves’’ of the clinometer, may be forewarned
of these obstacles, the officer-in-charge himself should move a
few furlongs ahead of the party. This is particularly necessary
when the vision of the tracing party is limited by thick jungle.
This procedure avoids waste of energy, labour, time, and
money.

5.8. When detected in time the obstacles can be avoided
by varying the grade within the permissible limits and by
changing the position of level stretches if any. The most difficult
case is when the line is running at the ruling gradient throughout
between two obligatory points. TUnless the two adjacent obli-
gatory points can be joined by reasonable grades, avoiding all
real bad spots, one of the ‘¢ obligatory’ points may have to he
bypassed or changed.

5.9. Zigzags.

5.9.1. As far as possible zigzags should not be intro-
duced as a means of avoiding bad spots or for gaining length.
All possible alternatives should be tried before adopting a zigzag,

N

Photograph No. 5.
A zigzag in mile 198,
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as what may look like bad spots at first sight may, on closer
examination, turn out to be not so. It may rather be possible
to make an ultimately economical and stable road at such a spot.

5.9.2. Zigzags do not advance progress towards the desti-
nation. While height is surmounted, distance is not overcome
and, on the whole, an alignment with zigzags is generally longer
than a straightforward line.

5.9.3. If suitable natural ledges are not found for turhing
places the hair pin bends of zigzags involve very heavy cutting,
filling, and a toe or retaining wall. (See figure 1).

R\ \J
\ EXTRA CUTTING S\
T Vs EXTRA FULING

S0\ Y , CENTRE LINEOF ORIGINAL ROAD —w—

CENTRE LINE OF IMPROVED ROAD  —see

FiG.

'5.9.4. Travelling on zigzags is dangerous and very uncom-
fortable for passengers of fast moving motor vehicles. In the
case .of slow bullock-cart traffic, hopeless traffic jams ocour when
strmgs of bullock-carts travelhng in opposite directions meet at
& zigzag.

5.9.5. A slip on one arm of a zlgzag generally dlsturbs the
adjacent arms as well, , :

If the drainage cannot be taken clear of the road b the end
of ea.eh arm; a-succession of culverts has to be built for taking the
same ‘ nalla’ under the various arms.

The spoil of cutting from the upper arms falls on the lower
arms and is to be removed agam and again. This further adds to
the expenditure,

3
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5.9.6. If absolutely unavoidable the turning places of zigzags
shonld be level and not at a gradient. '

5.9.7. Unfortunately, on this alignment zigzags could not be
avoided and had to be introduced at many places. The turning
points were made easy as for as possible.

5.10. Final Lay-Out—After marking one trial line the
officer-in-charge should again examine the hill face, both above
and below the trial line and see if there is any room for further
improvement, by reducing length, avoiding costly cutting, or by
avoiding bad spots. Wherever possible, other trial lines should
be run before accepting one of them"finally.

5.11. Time devoted to careful location is well spent.

5.12. In road making, more than in anything else, ‘* more
haste means less speed, ”” and * incalculable expense. *’

6. DETAILED SURVEY

6.1. The Trace.— As soon as the alignments has been finally
selected by the officer-in-charge, a grade pathor a trace, about 14 ft
to 2 ft wide, is cut all along the alignment from obligatory point
to obligatory point. At the same time undergrowth is cut down
to give a clearing 5 ft to 6 ft wide all along the trace. This
increases visibility and the grade path makes for the easy
movement of survey parties and inspecting officers.

6.2. 1In rocky places the trace is marked in the correct posi-
tion with whitewash or red paint. In such places the path is
made above the line for the use of the survey party. Such diver-
sions are also made when the line comes up against big trees or

thick bamboo clusters.

6.3. The grade path ‘“fixes” the alignment against any
intentional or unintentional shifting by the contractor or his men.
Labourers are required to stand on this path and cut inwards.

6.4. This path also serves as a permanent mark if the
execution is delayed by a few months.

6.5. Longitudinal Section.

8.5.1.. The detailed survey is carried out along the trace.
The longitudinal section is taken along the line of the probable
finished road and not necessarily along the trace. Even apart
from the places where the trace is unintentionally diverted on
account of -obstacles (e. g., rock or trees) there is almost always on
appreciable difference between the trace and the location of the
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probable finished road is to follow correct slopes and is to be
straightened out as far as possible, avoiding sharp curves round
nallas and spurs.

6.5.2. It will be evident from this that the length of the
finished road will necessarily be somewhat less than that of the
trace. The original trace should therefore be laid out to an easier
grade than that intended for the road when complete. The
allowance made varies with the nature of the ground. In general,
1 in 22 will work out to 1 in 20, and 1 in 17 to 1 in 15.

6.6.3. As the longitudinal section has to follow a pre-deter-
mined gradient, ground levels and formation levels are identical,
except where ‘‘through’’ cuttings and fills are introduced for the
sake of straightening the alignments or easing sharp curves.

6.5.4. While taking levels for the longitudinal section a
continuous chainage is measured, as usual, and a new series of
pegs are driven in at all necessary points. Old pegs used at the
time of tracing should be removed at this stage in order to avoid
confusion later on.

6.5.5. Al points of change of grade are marked with special
pegs.

6.5.6. All these pegs are taken up in the chain and compass
survey and shown on the land plan.

6.6. Cross Sections.

6.6.1. For calculating the quantity of excavation involved,
cross sections of the hill face are taken at suitable intervals, at
the same time as when the longitudinal section is being run. The
chainage of a cross section and the letters * CS' are noted in
the field book as well as on the peg fixed at the point of the cross
section, _

6.6.2. These pegs also are taken up in the chain and compass
survey,

6.6.3. No definite rule can be suggested for spacing thess

cross gections, The spacing depends on the nature of the hillside.
The general principles observed on this work were to take cross

sections :-. . . ' .
(i) at obvious places of maximum and minimum.

_ cuttings; Y .

(ii) at close intervals where rock cutting was involved ;'

. and . . . o

(lit) wherever the soil classification changed'déﬁnitely.
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6.6.4. Cross sections were taken by the * stepping method *’
using tapes and marked rods and this procedure was considered

accurate enough for the purpose of estimating earthwork (See
para. 6.6.9.).

6.6.5. An estimate of earthwork before actual excavation is
at best an approximation, as the back slope cannot be determined
correctly before the nature of the soil is known, Also, the
appropriate rate cannot be applied. Very often it was found
that where nothing but soil or moorum was visible at the surface,
solid, continuous rock was met with below.

6.6.6. A cross section should extend 30 to 50 ft (measured
on the slope) above the road level and about 15 to 20 ft below it.

6.6.7. When the cutting is high, the profile of the hill slope
is seldom a straight line. In such cases care has to be taken in
the method of measuring, otherwise rather big mistakes are
likely to creep into the estimates.

fe——16-0"
AREA OF A ABC :lpxiexwl = 114 SQ.FT
w o ABB =z Yx26% 32/3;43 T
FIG. 2.

6.6.8. In figure 2, for example, an, intermediate reading
at B’ is called for, otherwise an error of about 40 per cent
would occur. The dimensions given on the figure illustrate an
actual case.

One method adopted on the work for avoiding such errors is
described here. (Fig 3.)
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DI I RA
- 0 ————=
kG, 3.

Standing at A, hold the target at B ; read the vertical angle
DAB, and measure AB with a tape.

Then transfer the target to C, read the angle DAC, and
measure BC. The cross section can now be plotted accurately

and a correct configuration of the hill face is obtained.

MARKED BAMBOO
N PQLE

:‘G‘ Q.
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6.6.9. But the ° stepping method ”’ of taking the cross
section with a tape and a marked bamboo pole is quick, accurate
and more practical (Fig. 4) and, as stated before, this method
was adopted extensively on this work (para. 6.6.4),

6.7. Making the Plan, -

6.7.1. Compass Survey.—A compass survey was carried
out after the longitudinal section had been prepared and checked
up again for any unsuitable gradients. The distance between
compass stations was necessarily small because long sights are
generally not obtainable in hill road work. Special attention
had therefore to be paid to accuracy in plotting the bearings as
well as distances.

6.7.2. The plan showed all permanent features near the
alignment, the trace line, the line of the finished road, the
location of the cross sections, bridges, culverts, important retai-
ning walls, mileage, camp sites, the uphill and the downhill sides
of the road, the direction of flow of every strcam and nalla, and
the boundary for land acquisition.

6.7.3. Where land acquisition was not involved, the plan
was made on a scale of 100 ft to an inch,

6.7.4. The plan and the longitudinal section were made on
the same sheet of paper for ready reference from one to the
other.

6.8. Soil Surveys.——Soil surveys, .in this case, wero
confined to classifying soils according to the nomenclature used
in the schedule of rates. The following classification was
adopted and noted on the longitudinal section :—

Rate per 100 cu. ft.

Rs
1. Soil not requiring the use of pick axe or
crowbar ; 40
2. Hard soil requiring the use of pick axe and
crowbar ; 52
3. Hard soil mixed with moorum, gravel, and
boulders up to 6 in. dia., requiring the use
of pick axe or crowbar; 70
4. Hard soil mixed with moorum, gravel, and
boulders exceeding 6 in. dia., removeable
with crowbars ; 80

‘-
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Rs

o1

Hard soil mixed with shale, requiring the
use of pick axe, crowbar, and wedges, but
not blasting : 85

6. Soft sandstone or laminated rock, remove-
able with pick axe, crowbar, and wedges,

but not requiring blasting ; 95
7. Medium stone requiring blasting ; 112
8. Hard stone requiring blasting. 200

6.9. Cost of Surveys.—The total cost of setting out the
alignment, carrying out the detailed survey, and preparing the
estimate for 89 miles of road in the Haflong Division came to
Rs 47,700, or Rs 535 per mile,

7. SPECIFICATIONS AND STANDARDS
7.1." The following specifications were approved for this
road pgoject -

1. Formation width 16 ft, with widening at curves
(Maximum widening 4 ft).

2. Carriageway 12 ft

3. Gravolling of 2 in. thick, or 10,000 cu. ft. per mile.
carriageway

4. Metalling (not 9 ft wide, b in. thick water-bound
executed) macadam over 4 in. to 6 in.

thick soling coat.

5. Major Bridges Single lane No such bridges were
: actually built. Ferry
arrangement have been

made on the Diyung

river at Dihangi Arda.

6. Minor Bridges () 12 ft wide carriageway
{b) Timber construction
te) Class 12 loading

7. Culverts Full formation width (Armco or timber)
for 12 ton loads.
8. Gradients (a) For hilly portion :

Ruling 1 in 15
Maximum 1 in 12

(b) For plain & rolling country
Ruling 1 in 30
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9. Curves

10. Sloping back

Par, aNxD Das ox

areas

Minimum radius in hilly] 40 £t
In plain or rolling 1
J

country 100 ft
Extra widening at
curves } 4 ft

Ng sloping back where the height of
cutting did notexceed 5 ft. For heights
from 5 ft to 10 ft the cut was sloped
back only where the nature of the soil

warranted it.

For heights exceeding 10 ft the cut
was necessarily sloped back to avoid

slips.

Maximum limit of sloping back. (Fig. 5.,)

Class of soil

Ordinary or Hard soil
Soil mixed with gravel

boulders, shale, ete.

Soft sandstone or laminated

rock
Hard Rock

g Vertical Horizontal
. dimension dimension
2 1
4 1
8 1
Vertical

In the first instance all outtings were to be made vertical.
Sloping back at any particular place was to be ordered in writing

after determining the soil classification at the point. :

SLOPES FOR YARIOYS S0l S,

LIAEIA NJOB AUVYR
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8. CGONSTRUCTION

8.1. Construction started in April 1948 and it continued up
to October 1949 when further work was postponed,

8.2. Ior the execution of the work three P.W.D. divisions
were set up with headquarters at Shillong, Haflong, and
Silchar.

8.3. The Shillong Division extended from Shillong to
Khorungma (mile 90), the Haflong Division from Khorungma to
Dawheng (mile 174), and the Silchar Division from Dawheng to
Silchar (mile 218).

8.4. Besides 84 miles of the main road the Haflong Division
was also responsible for the five mile approach road to Haflong.

8.5. The longitudinal section of the road in the Haflong
Division is given in Plate III. The scale of the plate is too
small for details to be shown on it, but it gives a clear idea of
the rise and fall in the alignment and the overall gradients
adopted.

8.6. Earthwork.

8.6.1. In general, the formation cutting in hill road work
consists of sidelong excavation along the previously established
traces. This was the case on this project also. Through cutting
was done in some places to ease the curves while going round
spurs. Embankment was very rarely necessary as flat ground
was rarely met with.

8.6.2. The formation width was cut in three stages. In
thefirst stage a 10-ft wide strip was cut. The spoil was deposited
on the outer edge. The changes of the spoil staying put depended
on the slope of the hill face, which varied from 30 degrees with
the horizontal to nearly vertical. On the steeper slopes the spoil
generally rolled away downhill and did not add to the width of
the formation. On comparatively ecasy slopes, or on thickly
wooded hill faces, the spoil was more stable, particularly where
it had a fair amount of stones in it.

8.6.3. This 10 ft track was quickly cut as it made only
small percentage of the total volume of earthwork. A 16 ft road
cut into a hill face with a 45 deg. slope, in soil requiring a back
slope of 3in. in a foot, has a cross-sectional area of 171 sq. ft.
A 10 ft track with the back vertical would have a cross-sectional
area of 50 sq. ft — merely 29 per cent of the total work,

4

by
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Photograph No. 6.
A 20-ft deep through cut.

8.6.4. Cutting such a track was of immense help in the
execution of the work as it provided facilities of transport for
inspecting officers, labourers, stores, and rations.

8.6.5. Another advantage was that in s_itua.tions where'the
hill slopes was easy and favourable and the spoil added to the width
of the formation, it was possible to reduce the width of su.bse-
quent (second stage) cutting by '2 to 4 ft. Wherever possible,
advantage was taken of this in saving excavation.

8.6.6. Moreover, this procedure gave scope for rectifying
defects detected at a late stage, Minor deviations of the align-
ment, straightening unnecessary curves, easing of sharp curves,
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and such other improvements were possible besides saving on
earthwork.

8.6.7. In the second stage the 10-ft track was widened to
the full formation width—16 ft. The back was still kept
vertical.

8.6.8. In the third stage, back slopes were cut according to
the nature of the soil actually met with.

8.6.9. The nature of the soil and the extent of the back
slope could not be decided upon unless the composition of the
exposed soil and the dip of the strata were known. A very
careful determination of the back slope had to be made as the
cost involved in cutting was very heavy.

£6.10. A table showing the percentage increase in the
volyme of earthwork for a few typical natural hill slopes (assumed
upiform at a particular cross section) with different angles of
hank slope is given below :—

Percentage increase in the volume of earthwork
by back slope cutting.

Width of roadway - 16 ft.

Percentage increase
Slope of |-———- ooy T e —
hill face (1} in. hori-
Horizontal :[zontal to 12|
Vertical |in. Vertical
1/8: 1 Jl/(i:l (IR VR NI A BN B B §

Per cent Per Per Per Per Fer Per

cent cent cent cent cent cent
!

2:1 7 10 15 20 32 56 102
141 10 15 21 30 35 110 215
1:1 14 21 34 50 98 304

§:1 23 33 60 84 20 .. ..
ol 34 54 104 200 .. .. ..

8.8.11. To avoid unnecessary cutting the back slope was cut
last of all after a careful examination of the soil. Generally the
slope was 3 in. to 4 in. per foot (that is, }:1 to 1/3:1), but in
soft shales a slope of even 1: 1 was made.



176 - PAL AND Das ow

‘Above and below

Photographs Nos, 7 and 8.
Two views of the completed Road,
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8.6.12. In the beginning excavation of the full formation
width was started and back slopes were also allowed to be made,
butas the number of labourers employed was very large the
supervision was not as effective as it should have been. The
contractors took advantage of the temporary absence of the
supervisory staff and did some unnecessary cutting. Mistakes
also occurred in deciding in advance the correct slope to be cut.
1t was, therefore, made a strict rule that, at the initial stage,
the back should be made vertical and the back slope should be
made subsequently on the written instructions of the officer-in-
charge. In the absence of written orders, any cutting done for
sloping back was not measured or paid for.

8.6.13. Where any contractor objected to. undertake cutting
for the back slope, because he considered the system inconvenient
or for any other reason whatsoever, he was not forced to carry
out the third stage of the excavation. The cutting was then left
vertical for the time being.

8.6.14. The object of sloping back is the avoidance of slips,
but the cost of original cutting for sloping back is much higher
than that of clearing slips. For one thing, these slips did not
necessarily ocour everywhere and for another, the rate for slip
clearance was much cheaper. :

8.6.15. At a place where sloping back was proposed, the
top boundary of the cutting was marked with strong pegs, their
horizontal distance (from the central line) being noted down
graphically on a chart signed by a responsible officer as well as
by the contractor. This chart formed the basis of measurements.
The upper limit of cutting was spit-locked from peg to peg.

8.6.16. Even after making suitable back slopes it was felt
that some sort of further, positive, protection against slips would
be necessary in the form of pitching, breast walls, or toe walls,
This work has not, however, been done yet. In places where
the spoil was clayey soil with (or without) an admixture of
stones, temporary methods of retaining it in position were tried,
when the slope of the hill face was favourable. One of the
methods consisted in the use of a series of bamboo palisades at
suitable intervals on the slope with the spoil filled in between.

- The palisades served to check the spoil from flowing down during

rains. Eventually, the stuff got stabilized when vegetation took
root in the spoil,

8.6.17. The total quantity of earthwork in the Haflong
Division (89 miles length) amounted to about 58 million cu. ft.
or on an average, about 6,50,000 cu. ft. per mile, and 123 cu. ft.
per lineal foot of road. Between Mahur (153 miles) and Dawheng
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(174 miles) this average works out to 168 ¢t ft. per lineal foot.
Earthwork accounted for about 67 Per cent of the expenditure
incurred in this Division (see Appendix IT).

8.7. Measurement of Earthwork,

8.7.1. Great importance must be attached to recording
correct measurements of carthwork as actually excavated. This
is a difficult matter in hill road work, and correct methods of
measurement should be discussed by all concerned and then
uniformly adopted.

Photograph No, 9.

Measurement of Excavation,

8.7.2. The cross section of a road in the hills js likely to

vary appreciably from point to point. It was found praotically
impossible to maintain ‘ witnesses” or *“ deadmen > at olose
distances. This was particularly so in rocky portions. It is,
therefore, essential to take accurate cross sections of the entire
rocky area at suitable intervals before starting excavation. The
cross sectional areas were recorded in advance in the measure-
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ment book and were again verified when the cutting had been
completed. Payment was made on the basis of these
measurements.

8.7.3. When hard rock or large boulders were encountered
in an otherwise softer variety of carthwork measurements of the
rock or boulders were taken in advance before blasting or
removing them. Unless this is done no trace of the boulder
will be found afterwards.

8.7.4. Care had to he taken to record the exact location
of such boulders or rocks so as to be able to deduct the quantity
from the total quantity of cutting at the cross section concerned.

8.7.5. When boulders stood on the surface of the soil to be
excavated and their volume was not likely to be included in
the measurement of the excavation at the corresponiding cross
sections, advance measurement of such houlders was taken and
recorded under ¢ surface boulders,”

Photograph No, 10.

‘“ Witnesses »»
(Seven “ witnesses” are
seen beyond the bridge).
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8.7.6. These measurements were veri i
_ rified by responsible
c9ntroll1ng officers before permission to blast theyboulgers was
ig};ve;rﬁé AC;:;u]a%r }})roc_edur(]a of measuring in advance was followed
c o1 clearing slips, cutti i )
removing bamboo clust;%rs. ! 118 froos, uprooting stumps, or

n .
o So8.7.‘7. ﬁ%xpept In rocky areas, where it was not possible to
» & sullicient number of “‘ witnesses ’ were maintained until
the measurements had been taken and until written orders were
given for the removal of such * witnesses.’’

8.8. Soil Classification.

8.8.1. The classification of soil in hill road work varies from
point to point. As the rates of payment varied considerably for
various classes of work, it was necessary that the classification
should be clearly understood and uniformly recorded by all
measuring officers. An incorrect classification of the earthwork is
likely to have & much more serious effect than a slightly incorrect
measurement and it is, therefore, most necessary to classify th
work meticulously. y the

8.8.2. ' Detailed explanatory notes on the j i

the various cla_sses of excavatio)rlx were issued b;lt;x;apze:::;g?lir? .
officers. Practical demonstration was provided by askin a]gl
measuring officers to measure up a typical length and to rgcord
the measurements according to the accepted classification. These
measurements were then checked on the spot by the controllin

officer and a wrong classification, if any, was brought to the noticg
of the measuring officers. The process was repeated until all
misunderstandings were removed.

8.8.3. The surface of the back slope seld i indi
cation of _the correct classification of tl?e spoilm:leg:\?:da:t l?l?;;
cross scetion. It generally presents a much higher and costlier
type of earthwork than that of the spoil removed. The sectional
elevation of the “ witnesses ’ indicates fairly accurately the com-
position of the soil actually cut. The measuring officers were
therefore, instructed to be guided by the soil in the * witnesses ’>
and not by the surface appearance of the back slope,

9. DRAINAGE
9.1. Side Drains.

9.1.1, A side drain was provided on the inner si
[ side where
the road was on sidelong ground and on both sides in through
cuttings. The drains were -shaped, one foot wide at the top
and 6 in, to 1 ft deep, They were unlined, ’

ft from the edge of the road.
in. wide and 1 ft deep, leading t

culverts. (See fig. (.)
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9.1.2. The drain was made at a clear distance of one foot

from the toe of the hill slope so that any scour in the drain might
not undermine the slope and give rise to slips.

9.1.3. Cross drains were provided at suitable intervals to

carry off the water from the side drains.

9.1.4. The side drains were taken clear of the roud at

hair-pin bends wherever possible.

9.2. Catchwater Drains. : _
9.2.1. Itis proposed to provide catchwater drains at 20 to 50
- 1o of th pThey will consist of trenches 2 £t 6
he rain-water towards the nearest

son?

- ""“

CATCH WATER DRAINAGE
riG. 6.

9.2.2. These drains are sometimes & potential danger, partit
cularly in shale areas, and unless correctly sited and properly
looked after, they give rise to slips instead of preventing them;

9.3. Cross Drains.

At intervals of 10 ft or so cross drains, a few inches in depth_,
were made in the berms to lead the surface water off the road,
either into the side drains or out at the outer edge of the road, and

thence down the hillside. .

9.4. Culverts, .
9.4.1. Properly placed and built culverts are one of the mos-
important features of hill road construction. A culvert is required

b
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at almost every re-entrant for the water coming down the ravine or
for the water brought down to it by the roadside and catchwater
drains. ) ; o

9.4.2. It was found that an average of eight oulwverts per
mile was a fairly accurate estimate of the number required on this
hill road. In some seotions, particularly where the road passed
along the lower reaches of the mountain face, as many as 16 to 20
culverts per mile had to be provided.

9.4.3. All the culverts provided for in the designs have not,
however, been built as yet. Only about Jth the number had been
built when the work was suspended in November 1949, -

9.4.4. The types of culverts adopted were ;-

(1) Slab drains

(2) Armco culverts
(3) Stone culverts
(4) Timber culverts

9.4.5. Plate No. IV shows the plans of a typical stone
culvert in mile 139, ‘

9.4.6.  As building stone was not available in most places
and as Armco culverts were in short supply, timber culverts had
to be resorted to.

The designs adopted are illustrated in Plate No. V.

9.4.7. The total cost of culverts (mostly of timber) on the
completion of the work is expected to be Rs 5,000/- per mile in
the Haflong Division.

9.5, Bridges.

9.5.1. Under this head are classified. all structures with
spans of 10 ft and above, o

9.5.2. Altogether 101 bridges with spans varying from 10 ft
to 22 ft were built in the Haflong Division (length 89 miles),

9.5.3. For want of time, materials for constructing perma-

nent bridges could neither be got together locallly, nor obtained .

from outside and transported to the site. Timber bridges were,
therefore, designed and built. The best hard timber available
locally was used in the construction.

9.5.4. The maximum span allowed was 22 feet.

9.5.5. As the bed of most of the waterways consisted either
of rock or of big boulders at the surface or a few feet below it,

5 A
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Photographs Nos. 11 and 12,

A Timber bridge under
construction,

The bridge is 18 ft long,
40 ft high, has 9 spans of
20 ft each,

“ Witneses are seen In
the background in photo.
No, 12.

Photo No, 10 is also a
view of the same bridge.
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pile driving could not be adopted successfully. A trench, ftto
12 ft deep—according as the soil permitted—was dug. A wooden
beaw, 14 in. by 12 in. in section, was placed at the bottom of the
trench. Special hard timber was selected for this purpose so as
to resist the ravage of white-ants and the action of water. Wonden
piles stood in recesses made in this ** silt*’ beam.

9.5.6. Further details of a 13 ft span tim ber bridge are
given in Plate No. VI and may be seen there.

9.5.7. The reason for putting the piles over a gill beam was
that if, at the time of scour, & vow of piles were struck by a
floating tree or by a boulder, the piles should not be free to give

way individually.

9.5.8. Except in a few cases, no signs of deep scour have
been noticed yet. Some of the bridges have seen three monsoons
and others two.

9.5.9. Most of the streams on which these bridges have been
built are deep and narrow at the bottom. They are dry or nearly
dry during the winter and carry heavy discharge during the rains
and bring down floating timber and rolling boulders. In con-
structing the timber bridges, care was taken that no row of piles
was put at the centre of & channecl where scour was likely to be
the deepest and flow the strongest, Thus, for a waterway of 22 ft
or less, only one span was provided but if the length of the
bridge was to be greater, one span was placed centrally and other
spans added on the sides. The centre of the channel was thus
kept unobstructed as far as possible.

9.5.10. In no case was a two span bridge, with a row of piles
in the centre of the channel, constructed.

9.6. Drainage by Percolation.

9.6.1. In many places in hill road construction sharp and
narrow re-entrants are met with and the road cannot possibly
follow the configuration of the hill face at such places. Very
often there is little or no continuous flow of water at these re-
entrants even during the rains. At such situations the road is
built on spoil dumped from the excavation done within the
minimum lead included in the rate. This serves to straighten
the alignment and save unnecessary expense on cutting into the
re-entrants.

9.6.2. The small discharge in such places is dealt with by

placing big boulders to an appreciable height at the bottom of
the fill. The rain-water ponded up by the fill percolates
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through the boulder. If necessary, a very small ¢ i
provided in the 1. Y ¥ small - culvert iy

Photograph No. 13,
Drainage by percolation.

9.6.3. This method was devised by Major K. E. L. Pennell,
M.C,,1.8.E., late Chief Engineer, Assam, and has been used
successfully in many places and has saved much expensive
bridgeworlk,

9.7. Ferries.

. 9.7.1. There is only one river crossing on this road—the
Dlyung river at Dihangi Arda—where a major bridge, about 250
ft in length, will be required. The flood level here shoots up by
36 t0_40 ft during rains and the river brings down large quantities
Ef drift timber. A timber bridge will not, therefore, be suitable

ere.



SHILLONGf—'SILCHAR Roap 187

186 PAL aAND Das ox

Photograph No. 16.

Temporary hut made of bamboo
and thatch on bamboo
“ machan? floor,

{Photograph No. 14, : Photograph No. 15,
A “Marboat ” in midstream on the A rubber boat at Dihangi Arda
Diyung River at Dibangi Arda. (Displacement 1,000 Ib; Cost
Rs 100/- ; Useful on “ recces '7,) '

Photograph No. 17.

Temporary shed. Everything
made of bamboo. An elephant
head is seen in the foreground.
Local belief is that elephants
come to this place to die, Other
heads and bones available
nearby.

9.7.2. At present a ferry, with a 6-ton ferry boat, has been
set up at this crossing. A smaller boat for casual pedestrian
traffic has also been provided.

10. MISCELLANEOUS
10.1. Accommeodation,

10.1.1.  Great difficulty was experienced on this project
in providing suitable accommodation for the field staff. Proper
materials and labour, even for erecting temporary sheds, were
not available. Improvised sheds of a ver poor type, with no an
furniture of any sort, were built and the sga]e of acgg;nmodation 10.1.4. The to?a,l ?3815 c:: s};:rﬁniluarters,
per head was very low indeed. buildings for officers’ resi 027 0(’)0/_

Haflong Division was Rs 3,67,000/-.

ent and semipermsnent

10.1.2. In the Hafloug Divison some semi-pernmnenﬁ build-

ings with stone plinths, cement or plank dooring, split bamboo 10.2. Rations.

walls plastered over with 1:8 cement mortar and whitewashed, - . to labour camps on this pro-
and bamboo shingle roofing, were constructed at Haflong, Mahur, 10.2.1. The supply o.f fmttl 0:1 iy Instances were occasionally
Gunjaon, and Bagha. . ject was not always satisfac ody’. left the work, and went away

reported where some men starve

10.1.3.  Almost everywhere else the temporary shelters had 1022 When the only means of transport available were

bamboo ‘“ machan * floors, 11 1t to 3 ft above the ground, bamboo

and mat walls, and mat or thatch roofs. The occupants were ex- human porters an : X ihicult problem to
posed to rain during the monsoon months and to bitter cold in stages of 10 miles each, it beca,ln_le;i a iltia‘l;,)h dtlheir reguirements-
the winter. An adequate number of tents or tarpaulins was not keep the labour force well supp 1ekez;vt for the transport of rations

available at any stage of the work. - ) At every stage some porters Were

offices, etc., In the

d when the distances involved were ten or more
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only and as these porters formed a considerable force in them-
selves, further porters were needed to keep them supplied. The
estimates of the number of porters varied very considerably.
There i3 no wonder then that sometimes rations ran short and
people had occasionally to starve. Wrong calculations of the num-
ber of porters required seemed to be the cause of shortages rather
than a scarcity of rations at the base.

_ 10.2.3. Appendix 111 gives a table and a formula for deter-
mining the number of porters needed to carry rations for 100
labourers working at any stage, up to ten stages from the basc.

10.3. Water Supply.

10.3.1. The supply of drinking water was very scarce
because the alignment ran for the most part on the upper reaches
of the mountain ranges. This scarcity was particularly marked
during the winter months—December to April. Except for a few
Perennial water springs, situated at long intervals, all springs in
the hills dried up in the upper reaches although the same sources
continued yielding water at lower levels, KEven at such places the
discharge became scanty and hardly sufficed for drinking purposes.
Bathing and washing in such places was often out of question.

10.3.2. labour camps had to be Jocated near the springs,
often a considerable distance away from the alignment.

10.3.3.  Where this was not possible, special gangs of men were
employed to bring water from the springs to the camps, and large
containers had to be provided ut the camps. Springs were pro-
tected against pollution by fencing off their precincts and appoint-
ing chowkidars.

10.4. Medical Aid and Sanitation.

10.4.1. Very satisfactory arrangements were made for
medical aid and sanitation on this project. Hospitals and dis-
pensaries were established at several convenient places along the
alignment and were adequately supplied with drugs and equip-
ment. No serious accidents occurred, nor was there any outbreak
of infectious or contagious diseases. The incidence of sickness
was comparatively low because proper precautions were taken in
time.

10.4.2. As the climate of the locality is very moist and warm
in summer, the most common ailment was malaria. Sporadic
cases of malaria are found up to elevations of 4,000 ft above the
sea and most of the alignment lies at much lower altitudes.
Malaria oil and DDT solution were extensively sprayed round and
in the camps. Though the labourers could not be educated or
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persuaded to give up some of their primitive habits all at once,
frequent spraying of these solutions and the use of Paludrine, as
a preventive against malaria gave good results,

10.4.3. Some places, for instance Garampani and Dihangi,
are infested with troublesome pests which made life at these places
miserable. Teeches, sandflies, ‘kutkis’, rats, white-ants, and
mosquitos, are but a few of these pests. The Dbites of s'fa.ndﬂles
and ¢ kutkis * gave rise to blisters which festered in a moist and
warm climate.

10.4.4. The insidious leech is noticed only after it has sucked
a large amount of the blood of its unfortunate victim. Repeated
attacks by a leech can cause great harm to a man's vitality and
capacity for work. Leeches have been known to go through shoe-
eyelets and open textured socks. Vigilence is the only means of
escape from this danger,

10.4.5. The smell and fumes of burning rags were f?\md
to be effective means of keeping away sandflies and ‘ kutkis °.

10.46. In the Haflong Division there were 17 deaths during
18 months, though no fewer than 4,000 labourers, contractors,
and Government officers were at work at a time

10.4.7. In this Division there were two medical units with
two Assistant Surgeons and five compounders, and they treated
13,249 patients.

10.4.8. The ailments, the number of patients treated, and
the number of deaths, are tabulated below :—

Incidence of sickness in the Haflong Division

No. of
Disease patients| Deaths
| treated
1. Malaria 5,525 10*
2. Dysentery 1,770 2
3. Diarrhoea 378 -
4. Other intestinal troubles 842 -
5, Ppeumonia 71 2
6. Debility - 2
7. Accidents - % 1
8. Other petty ailments 4,663 -
Total 13,249 17

* Due to cerebral malaria.
t Not known; probably included in item 8,



190 N PaL Axp Das ow

10.5, Labour,
10.5.1, As the country through which the alignment passes

is mostly uninhabited, no local labourers were available except
a few for jungle cutting and constructing temporary sheds.

10.5.2. The bulk of the porters were muslims who hailed
from East Pakistan, particularly from the Noakhali, Tippera,
and Sylhet districts. They were good at hill excavation but
rather inclined to do unauthorized extra cutting.

10.5.8. Skilled labour for timber and stone work came from
Manipur, Khasi Hills, Nepal, and, in a few cases, from the
plains of the Cachar district.

10.5.4. Nepali and Bhutia labourers were the best on
excavation work.

10.6. Transport.

10.6.1. On those sections between Shillong and Haflong
which followed the old bridle path, pack animals were used for
transport. All other sections of the alignment depended entirely
upon porters for the transport of supplies and materials. In the
early stages of the work, transport became a serious bottleneck
because everything such as rations, building materials, tools and
plla.nt, camp equipment, etc., had to be carried by manpower
alone. :

Photograph No. 18.

Naga labourers have no kit
of their own,

. 1()_.6.2. Men from the plains proved to be quite unsulitable
for this job., Gurkhas from Nepal, Bhutias, Khasis, and tribal
people were suitable for porterage.. Beside the . fact that they

are experienced mountaineers, their great merit is that they are
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very simple in their habits and carry little or no equipment of
their own. Compared to them the Bengalee porter is useless as
he is a bad hill climber and is fastidious in his habits. He
cannot do without his bedding, spare clothes, pillows, utensils,
otc., and can carry little besides his own paraphrenalia.

10.6.3. In this connection attention is invited to Appendix
111 where it is shown that to keep 100 men working at the end
of 10 days march adequately supplied with rations enly, a chain
of 158 porters is needed along the suply lines. More men would
be needed for carrying stores and materials required for the
work.

10.6.4, In order to overcome this difficulty of transport a
10 ft track was excavated as the first stage of the work (see
para. 8.6.2). This track was used for pack-animal transport.

10.7. Protection.

10.7.1. Wild animals and tigers were often encountered
during the reconnaissance surveys as well as during construction.
A reconnaissance party working near Chandarnathpur was once
roused at the dead of night by the roaring of tigers. A bright
petromax lamp hanging from a tree, and a bonfire which had
not quite died out and was quickly replenished, restored
confidence in the camp. A few shots were fired and the tigers

retired.

10.7.2. Tigers were often seen near water springs but
fortunately, no party oame across a real maneater who is a wily,
animal and seldom gives warning before attacking.

10.7.3. No special protection against wild animals was
provided at camps or work sites, but some officers and contrac-
tors provided themselves with guns and these came in handy on
many occasions. They were used more often to frighten than
to kill, but they helped to keep up the morale of the staff and
the workmen. S

11. WORK INCOMPLETE

11.1. On account of financial ‘stringency, and for other
reasons, the work was suspended from the lst November 1949,
Before that, on the 25th October 1949, a jeep carrying the Chief
Igit;gineer and a small party had travelled right from Shillong to
Silchar. : ’

11.2.  'Fhe sudden stoppage of the work left it incomplete in
many pla.ces and in many -respects,
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‘11.3.  Over stretches, totalling about 3 miles, the bridle pa'th
was-hardly. improved at'all. BRI

. 114, In certain: miles, after execution, the gradient turned
out to be ‘steeper than was intended-—though, generally, not
steeper than 1in 12. In & few places, however, it is as steep
as 1:in 8. This could have been avoided if the work had not
. been-done in great haste and if more time had been available for

- attending to details.
. 11.5.° Drainage remained defective.- Side drains, catchwater

drains, culverts, and bridges have not all been finished according
to plan. )

11.6.. Slips have oceurred in numerous places. They can bo
tlassified as ’ : o ,

(1) Ordinary slips which can be norinally expected on
any new hill road ;

(2) slips caused by the lack of adequate drainaye ;

~_Side drains and - catchwater drains could not be
made in all places before the work was suspended. A
case in point was mile 188 which was subject to heavy
slips but was subsequently improved completly by
providing proper drainage.

(3) Slips due to faulty strata (for example, at miles 165.5
and 157.9. An = alternative alignment bypassing
these bad spots was not found feasible).

(4) Slips due to want of retaining walls, etc,

‘1L.7.  Full formation width has not been cut in many places
some of which are as narrow as 8 feet. This defect, however, can
be rectified easily.

11.8. Beyond Haflong, towards Silchar, a large number of
zigzags have been made—sometimes even five in ong mile. The

s

hillsides or Precipices involving very high cutting. Neither of
these objects was, in fact, attained. On the other hand, a
permanent defect in the form of zigzags was introduced. :

11.9. There are many bad corners where a vehicle has to-
manoeuvre and reverse two or three times before it can negotiate
the corner (or zigzag bend). T hese corners and hends are heing
improved and eliminated gradually. .
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Photograph No, 19,

Zigzags in mile 189.

(Three arms are seen in the photo.).

11L.10.  Practically no retaining walls, toe walls, or
revetments, were built and the road remains subject to damage
and heavy slips for want of these protective measures.

12. COSTS

12.1. The amount originally sarctioned for the project (160
miles of new construction) was Rs 19.2 millions, or about
Rs 1,20,000/- per mile. This does not include metalling and

surface dressing.

12.2. Details of the expenditure incurred in the Haflong
Division are incorporated here (Appendices I & I.I). and may be
taken to be representative ef the other two Divisions also. On

completion according to the design thq r.os;td is expeoted to cost
Rs 97,000/- per mile in the Haflong Division.
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13. CONCLUSION

When work was suspended in November 1949 the road was
only a fair weather road, but the primary object of re-establishing
communications befWeen the two parts of Assam, ‘cut off from
each other by the Partition, had been achieved. Had the work
not been suddenly-suspended, most of the shortcomings mentioned
in the foregoing pages would not have been there. Gradually, as
some of the essential items of work like side and catchwater
drains, cul¥erts, and bridges are completed, curves .improved,
and narrow sections widened, the road will develop into an all-
weather road. 1t will then bring to this backward and undeve-
loped area all the benefits that a good motor road alone can

confer.
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Appendix—I

= iSerial No.

Item of work

Quantity &j:.okst a8 estimated

Quantity & cost as executed

Quantity

Rate per
1000 cft.

Cost. Less
:contingency

Quantity

Rate per
1000 cft

Cost

Hill cutting

Soil not requiring
the use of pickaxe
or crowbar.

Hard soil requir-
ing the use of pick
axe or crowbar.

Hard so0il mixed
with mocrum,
gravel, boulder
upto 6" dia. re-
quiring the use of
pick axe or crow-
bar.

Hard soil mixed

with boulder

above 6" dia.
removable by
crowbar.

Hard soil with
shale not requi-
ring blasting.

Hard shale requir-
ing petty blasting.

Soft stone & lami-
nated rock, not
requiring blas-
ting.

Medium stone re-
quiring blasting.

Hard stone requi-
ring blasting.
Embankment

Earth work in

Embankment.

cu. ft.

13,109,082

96,96,871

1,29,32,226

1,28,43,314

1,21,94,315

44,968,522

50,02,126

2,24 488

59,76,493

75,58,245

J

'
[N

3610
49/12

68/14

74/5

81/12
102/10

91/2

142/13

211/7

50/-

47,524/-
4,82,382/-

8,90,913/-

9,55,213/-

9,96,866/-

4,61,387-

4,55,937/-

32,059/

10,77,865-

37,869)-

|

cu. ft.

694,938

96,15,938

1,12,31,075 .

1,14,48,527 -

1,41,79,793

35,51,780

32,16,585

4,38,772

34,31,681

68,600

g
|
‘i
|
|

35/4

49/9

66/2

75/2

80/3

97/11 -

94/11

126/14

167/15

50/0

24,480
4,76,849

7,42,391

8,60,397

11,36,816

3,47,004

- 3,04,616

55,664

5,76,244

3,433

6,54,44 613

54,38,016/-

5,78,77,689

45,28,054
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Appendix II
Details of Expenditure in the Halflong Division
1) 2 3 (4) (8) (6) (M
B . =
e | o S5 ~
598 B2 | 5, |528E3|iss
T T & WE (Pog=<eie-au
Sl oEG T BT R e PR
Item of works [3E S =] » = < R
No. 5558 58 | 8% |8S=ci|eEEa
=9
BuS2 G5 | 5P |5EEsfEgs”
b~ Eo < ¥ g Bk & =]
o
1. Earth work 57,09.9 45,28.0 95% comp- 47,66 4 53,5565/ -
lete.
2. Gravelling 6,92.3 98.9 15% ,, 6,60.0 7,415/
3. Bridges 10,74.8  6,12.4 90% ,, 6,805  7,646/-
4. Culverts 6,97.5 1,11.4 25% ,, 4,455 5,005/
5.  Stone works 8,86.8 1,70.9 25% ,, 6,836 7,681/
6. Maintenance
during cons- 2,865 1,11.1 100% ,, 111,31 1,248/-
truction
7.  Miscellaneous 5,46.2 5,33.3 90% ,, 5925 6,667-
Medicine 58.3 34.5 90% ,, 38.3 430/-
Work
Establishment 1,24.4 1,03.4 80% ,, L2992 1,459-
10. Accommoda-
tion 3,83.5 3,068 80% ,, 4459  5,011/-
11.  Service Path  17.5 6.3 100% ,, 6.3 71/-
12, Level crossing 11.7  Nil Nil 15 132/-
13.  Mar-boat 31.5  28.9 100% ,, 2.9 325/-
14. Compensation
L.A 66.2 64.3 100% ,, 64,3 722/
T Lessro 61618 %81 97351,
per mile,
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Appendix 111
Requirements of Transport.
) The problem is to find out the tot

i al number of porters
required to supply rations for 100 workmen at a distance of 10
days march from the base.

Assumptions:

(1) A porter can carry a total load of 25 seers of rations
(50 1b) including his own ration.

(2) The ration requirements of one man are 1] seers per day.

Let x, porters be employed at the first stage.

The first day they carry 25 seers each and come back the

next day, i.e., in two days they consume 242z, seers and deliver
22} z, seers at the second stage, ,

‘At the second stage there are g;%xl = Z; porters. They
consume 2} z, seers and deliver 22}, @, seers at the third stage.
‘At the third stage there are
Z, = (22% g = (%é—)’ %, porters and so on,
At the ninth stage there are

8
2—22—3—)- z, porters = z,.

They deliver 22} z, seers, which should su

flice to feed . .
workmen at the tenth stage. At 224 seers per ma. - \

n
22% z,
2%

= 9&‘,.

DA 2P =

ie.,, Total number of porters to maintain

z,, workmen at the
- tenth stage (excluding the z,, workmen the

mselves) .
- et () ek (B

= X, say,
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- Total number of porters required to maintain one workman
at the tenth stage :

v

1-¢2
_ox U e
2o ' 22h (=) ore ' 10
2p
9 9 .
_ - (10) 1 10° - 9°
Ty g8 = BT
(‘- ° (o)
= 1_(? ’ 1
= (9 -
= 1.68.
No. of porters needed at each stage to No. of
carry rations workmen to
. . be fed at
t z, 5 x4 T, x, Z; T3 x, [the tenth
SR stage i, _

1 9 81 729 656 .590 .531 .478 .430 3.872

.26 28 .21 A9 17 152 137 123 .11l 1

26 23 21 19 17 15 14 12 11 100

Total = 158




Par AND Das oN SHiLLoNO—SILCHAR Roap.

g
294
Gl

I\ ‘ h
O g £
~ SHILLO! LSS sy — n,u PANS

} ‘\ \/N \ JOWAI - - -
: summ\‘
i .g:_.«-—— o, DAL lTlA::: qors
H \/‘3 SYI.HE 6 HILLS
25967
KARTRGANJ £ ’, /MPNAL
r 2 p
PAKISTAN ll
[ :\‘ "
\% ]
ofud |
4
{
!
! .
Do
v
' BURMA
1
INDEXPLAN
wtmieen oad ___ i~ §mwne-su.cm ROAD
UN+sMETALLED ROAD:  agm woiur = ‘i .
R, T —————————_

IxpiaN Roaps CoNgrEss JOURNAL, Vor. XVI—ParT 2.



PaL AND DAs oN SHILLONG—SILCHAR RoAD

200
S 3 N i = Z ..
PLATE Il /}?‘35 o ey gﬁf (- (:fsn ¥
l P AL -
\?f '3/#\/%"“ ’j ﬂ’éz M ade \° 2353 )7 59'
&6 Ly »5;’;& § ! 4 3 4 £
@) \&gne

?

METALLED ROAD

Y
‘h“' .
N

l/{z HORUNG IINADN‘ ()
=
3 ~

oW LAHGRARAPU
\

 \L. SHILLONG-SILCHAR ROAD

UN-METALLED ROAD ===
3 o \
BRIDUE PATH - P g3 )
"FINALLY APPROVE ~~ w
D ALIGNMENT e -

—ALIGNMENT —

INp1AN Roaps CoNGREss JourNAL, Vor. XVI—Parr 2.



201

PLATE 1

PAL AND Das oN SHILLoNG-SiLcHAR Roab

—

e e

SHILLONG.

A

N ,.
62-5¢CE wmton sT-SEC€E LI. 000'90°¢ =

% < 730

\"
\

>V‘3‘ 29 7 96 <t 23 s r08 —LSH.‘ t134 skepdessde 120 Aetover e sonde 14 Ak 133 e, "j;r e ’1

e SIPE 7Y
Q
<
O
(04 o
o 3 b
< mﬂpm
o T
=
9
9 ol
mMLqu
-
a 3
z <

()
(ép)

08.1lm
wor
© 3
z ¢
c 2

of
O 2
uw <.
V) "W

5
- « 8
L - a
£ 2%
o iyt
=) oo
| o Ml
o 83
4 S ¥
O T >
|

cz-86LT

$5008¢C —1

e 20 >4 /G 8 ,‘/.-3;,p[,k;,=_‘l,’.,><,"5 e ’;41! e S 349 >4 162

9€-008¢ —f— %¢:007 ——

w29

2€-66/E —1— 2¢-665C —1T,

a8
P

 [nscaspunva’owp |

(DG NBRREY 113

¢« 122

‘126
v/

M.

—— OSbI:T Y

- P03

-— ©4°268F

S 65-26/f —F— €5-86LF —d—

l— %0-T8St—1—v0-CESF —1—

« 000015

-00-00/1 }— o0 -00ft —4—

<1 =61 02
. -6t <09

=

BRI L T YR
< = 2N resoes

89-co9%f —L4— 8

4

9 NOW\IlJ'I

-0 09—

¥/-009/

- (€ T06/
— 8o0-c067

ZL- 0002 —4—

(74 -7 4

9L 00k

9/-00%¢ I.TI

(rorlT —b— L7060 0T —f—

(

SILCHAR ~at———

rrowary 13 &

de

9286ST—1— 9L-86S7 —f—

To-66FT —+—0.662¢C i]:

]

19-S005 —— 19-5C1T

-08IT 7

849088 ~—1—8C-902Z —4—

WADLSA 146

J1msr0R B adomy Leves

KHASIA IRTINGA JUNC r/0N + 166

72041172

DAWHANG SEPDLE: 174
RE

\

AN\

/B:;-ﬂLl"/nI')9-r/,-25>;5,-,5 NSk Hrou 1 18

L-e- Gortiry

S0-8¢58 —4—— S0-8£5C —4—

80 6672 —— 20.662T ——

66-6€/8—F 66-6CI7 ——t——

Sr0¥e8 —t— Sp-0riC ———

—~ 69-864f —~—F— 69°86(f ——t——m

NI PO SOL! ~—t—w $O-$ObE

T 65. Cott —t— 69 -£0L 1 —f—

LT €O6/ —— L% S06[—t—
$65608 —t— £rS607 ——

OT 4LCT ot OT /(G T ~—f—

0§ £00T = 0§-€007 ~—p—w

157

093 €87 —— 09 pegr—|—

I YUIVE RV ES

RAWARPLPY

o9l 72

v A 160 lﬂﬁ

P

—=00{1 7Y

LAIKY, 164
‘o
3
o
a
&
r

7:28 kb ososa

— 0F CTOL vt O 2 L0 e

— 08509/ —— .om.hoau PR

[~ 62869/ et 6956 9/ mrgrem

o0 .OmONL.Ilu 00-066) ~4—

e 4314 -1

25-€061 —p—
86 L8 —fomm

F8 £LO6)~——t— yg.i06/ —

~— OTIT" ?w\

DG NG et @0C.B14L g

85666 —4— tZ 6612 L1|

68 Sré —p—

— ILTHT —— (20—

F— %0 662 —4—

- 26889 ]

969616 —t— 6 264€ —4—  B6'0EC

< T-01EE —+— mN.me.II.....hshNn.m

0$ 00F € ~—— 0500 € —1— $65(6°C

219657 —— T sT —— 05 'WU'Z

€T-96¢T —— SE-F6ET——1— 00885 % =

€666 C——t— €6-66PT —1—TLSIS'C

6156 8F ——t— 060°LT°C

—00-00¢f ——-,

NQ o FO G [ wrmmmrmm. .

28 JOET —t— 98 f0ST —4—,

L060°€T L —

800072 ——— 800078 ———
o o6 L
€5 T8 —

oLt 1L —

040 °(9 —f

, 0988y —

0St P Iuj
—

092 't InlL

L0095 98 ~—
088608 —f— 08-869C —— o

08 -7/l —1— 086018 —1— ,

609 'S¢

,Z86'9¢ —¢ |
T 6088 ——tf 08< TH JT

2600/l —}— 000 06 -—]

009507 —

06665 —f— 088 07 —

tS-P89r —L— 960647y

L

- ot L1TE —1— s\.bwm.lll..nv«.mnﬁ

9%

078662 —— 04 §6 67 ——— 00506'C

€786z~ — L(arP8T
b— mﬂ.oou«Ll.oeo.on.«.

105 102 01

107

816’z T
20.6¢°F

1208

11

oo8 61’z

73

60T T

us

m

121

~
n
A\J
©
9
-~
)

123

12§

L LOOES 7
KVVR\%

681 $1°f —

127

ooc 8¢ 7 —7]

oot TE T —

129

vl
»

131

$9¢ g0 r —
SiE Pl ~—

1

133

Y L)

gZ0 €01 ——
00T 66 —

/135

—

1
e8]
137

139

1

141

1
06g§9 —p

143

L S4S°Ss

145

096 /% ~
X

149

151

153

OLL 6 ~—

-

.00tc 0T IJM

02T T —

157 155

159

H

ool g —

161

oot be —i

163

028 62
o006 "{& ~—

o2¢s ¢L L
=

o8 8 l.w

-

169 167 165

YA

173

-

-2z T2o T

W LEK P -

DisThMncE Frosr

MAHYR LEVEL CROSSING
£ITHER s

NYOUS 1/LES Foom evieone V15

£

e ————

INpia¥ Roaps CONGBLESS.JOUBNAL, VoL. XVI—Pazr 2,

-—

-



PaL AND Das oN SHILLONG-SiLoEAR RoaD

pLATE NO. IV

i
- GISENE PR
erememroemeeny Uy

T [ANE]
.u@ﬁw_ B NON S

i
°
1

- O Ot wer R ]

o sy I : ;
SOTC SB0YT J I3y O NT TINININER \v

Tiaew] IoH 11039 94 NIT i

(B3 ) GIRVR ~ —+ h&\\\.“y\\\\\\ % c\\\\&h ,

]

o

202

OIS THIaR ¥ 20 SIVLI]

Al 34v1d

v

%

i

)¢
t
£
%

-t - IIOISTUH X7 )0Y
M P

e
rrrirT A (e R AN
oS

%

R
b
A

e W

Inpiax Roaps Coxarwss JOURNAL, VoL. XVI—Parr 2.



203

PaL aND DaAs oN SHILLONG—SILCHAR RoAD
]

|

TimBER CvrverT:OF 2°0 Wik TRENCH.

Rorp Levee e -0 —uy "va PLANMING OF IST CeASS 10CRLIVODD .
p— 5'_0“—>4
N2

i’
COMPLETH riTH Tivo (OATS OF NOT (OAL-
TARRING

o T

‘p1n L06 BEAM G" O LONG OF 1SECLASS

LUCAL WOOD PRESSED 10 HEARTWOOD

K ? RAND TWO_CQATS OF HOT CORLTARRING.

St - B'Din munnER 160 LomnE DE ISTCLASS docae

. - w000 DRESSED TO HERRT WOOP BND Mplodn
LLHQY. CQAUTARRNG

X

L'2'0’1
’
6'0"

e - 2% l:ﬂ'z'?sz“'*v 276 2!
o' —————=

=

By

[mBER CuvERT OF 30 Wipe @m@ - DEsien_OF IimBer CyLVERT, 5 FT; SPAN.

(N-B:ALL WOOD WORK _T0 BE CORLTARRED Tro(GATS(HOT) BEFOS € s !
0'x4" PLANKING OF IST.CL A5S LoCAL WooD

—_—5nxEs 8 topg
g ?F\gla"ﬁ/ﬂ 4

RORp LEVEL

AN LA
e— 7-0 ——»f § x& PLONKING OF IST CLAs3s [0CAt woop
. ‘:o.. i COMBETE ”vlra rﬁs (04.7&; OF MO T DRI T2 RANY <
' ~ 8. D14 106 BFAr1S 7°0"LONG OF 45T CIAS \}‘i\\ e
S e <4 7 L0C AL W00 DRESSED To MEARTHWO0D %3 DOVBLE coriAR
—F~ B L06864r1 pF 5T C1455 Lotpa WOOR

W DRESSED TO MWERRT WoOD.
.~ . [
T~ 8"om Pues o IST C4ASS {oca wool .

ORES3£D To Hener ppon.

AND _THQ COATS OFHOT £IRLTRRRIE
’ D
88 Powrvem 16-0'L0NE OF /ST Ce RS
LOCAL WooD DRESSED TO H op AND

TIWQ_CORTS OF NOY COALTARRIN G

ul

1 4
62"

N
L
b
=
5

' 2“,;“—'——:.#:_;—’“'.

-

-

(%E_cz,.egr.mw,&i_ww . — -
SIDE AX4" AND 1 DEEPLR TN | |, 26" & 2'6"+-2'6"4 2°6™- ¢ 276" + 26" ‘
TWE BED LEVEL OF JHE TRENCH l ke fre—4+26y , "T 2 .l <
- 160 L
‘- » v . L P I
< 2 22 26 2 6 2™
r————— 160" e

NOTEy~THESE CULVERTS RREMEANY 7€ BE CONSTRYCTED IN PLACES WHERSE
CRO33 PRAINS ARE WNECESSARY & WHERE TRERE ARE NO REGULAR DEER Y
CN, TME TR THE Sor!, MRY/ON, 2" ﬂﬁ’
10 | 0 FEET Y
FEET 0 0 I T ,
. ‘ > | PLAN
———— _ mm—

INp1iAN Roaps CoxarEess Journar, VoL, XVI—Part 2 |



- 004 PAL aAND Das oN SHILLONG—SILCHAR Roap

PLATE VI =

‘ q - ..
Desiy For TiMeer Bribge 15 FT. Span |

(To Carry "Ciass 12" MIUTARY VEeWiCLE)

s:hwg INES
£X3" sTR0T.
S DA BATBNYT.

Y Rosd :
u'im_n.m_»zu_am
Lz_u_'amm

[ —&%3 Po_.“_!lfm
//\M_—M PHE

Yen' Duesonae B

s o M - T Lt
W poidoinob
SPrsArt [ Ve R ']
% R o
TR =R AR e £ T
Lo-’VGITUD]AmL SECTION. ts"a&s" #' 5:98'{' P
—  17-d S —

CROSs SECTIaN,
i

INniaN Roaps CoNGREss JOURNAL, VoL. XVI—ParT 2.



Paper No 159.

* The Importance of Organization '’
By
R. P. CaAaNDA

CONTENTS
Page
1. Introduction . 205
2. Establishment, Personnel, and Training 207
3. Materials, Tools and Plant, and Transport ... 211
4. Execution of Works 214
5. Miscellaneous 217
6. Conclusion . 221
SYNOPSIS

The Paper dosoribes tho presont day ditticultios in the executivn of works.
and the handieaps undor which the engineering profession has to work now-a-days °
and suggests that foresight and propor organization on the part of congineers ean’
overcome most of these handicaps. The Author has made various suggestions to’
improve the preseut state of alfairs. :

1. INTRODUCTION

1.1. The two world wars—particularly the Second World
War—have made every intelligent man conscious of the impor-.
tance of organization in all human activities. A very large number
of men have come into contact with the army in one capacity or
another and seen the army methods of work at close quarters.
They feel that if some civilian institutions took a leaf out of the
army’s book, it would do them immense good. They are con-
vinced that a properly organized work runs smoothly and objec-
tives are achieved without an unnecessary strain on the energy
and nerves of the workers.

1:2. It is essential to realise that men in the forefront of
activity—those who bear the brunt of the battle, be the battle’
against an enemy ‘or against the forces of ‘nature—cannot give
much forethought to the future. They are always too engrossed
with the present. There must be some organization at their back
which will forestall their probable and possible needs and make
provision for fulfilling these needs when they arise, ‘

T
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1.3. Like the army, the railways too have a vast organiza-
tion at their back. To support their major constructions they
have their stores department, machinery and plant depots, work-
shops with highly experienced foremen and crews, field dispen-
saries and their doctors, their detailed instruction manuals,
1.8.R. standards, and even their own police force. They have
very voluminous catalogues giving detailed description of spare
parts and stores. They have their own organization of communi-
cations—telephones, telegraph, etc.—and transport.

1.4. 1In contrast to this, the state highway departments in
India may often be said to have no organization worth the name.
One of the main reasons for this apathy is that the jobs connected
with more organization are not spectacular. Most of these jobs
are behind the scenes and, therefore, thankless. As long as all
goes well, the men who execute work get all the praise, but as soon
anything goes wrong the men at the back are made the scapegoats.
0Odd men who are supposed to be good for nothing else are placed
in the charge of those behind-the-scene works on which much of
the success of the whole project often depends.

1.5. In the post-war period the highway construction pro-
gramme in every State has expanded to bursting point. But the
supporting organization has not been strengthened proportiona-
tely.  The young engineers and subordinates who have no pre-war
experience of the management of works are greatly handicapped
by being suddenly confronted with unusual situations and saddled
with unknown responsibilities.

1.6. 1t has become almost an everyday experience to find
that young and immature officers are sent out to survey projects
or to start constructions. They often have had no previous train-
ing and no experience of handling men or contractors, and no real
acquaintance with plant and machinery. Their ideas on specifica-
tions are hazy. Their knowledge of accounts and departmental
codes and procedure is often next to nothing. Some of them do
not eéven realise the need of these things: their ignorance is
colossal and pathetic.

-V 1.7. It is, therefore, necessary to give expression to and dis-
cuss the need for a good organization in the interests of efficiency
and speed of execution of works, particularly inthose States where
a heavy construction programme has been launched and whiech,
even in the pre-war era, were not known to possess a. sufficiently
big baseline organization. '

1.8, The question arises: Is the situatioh unavoidable.?
Perhaps it is so in certain places and in certain circumstances
People are suddenly becoming conscious of the importance
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of roads and clamouring for more and more of them. Ex-
perienced personnel to take charge of the expanding works
cannot be created overnight, and use has to be made of
whatever material that comes to hand. But a more important
question is : What are we doing about it so that the situation
does not become chronic and the period of these teething troubles
is shortened as much as possible? In the following pages the
difficulties experienced by the divisional, sub-divisional, and
sectional officers are discussed. If not relieved, these difficulties
are likely to lead to discouragemen$, pessimism, and general
frustration.

1.9. The problem of organization has many aspects and will
be discussed here under the following heads :—

(1) ZEstablishment, Personnel, and Training ;
(2) Materials, Tools and Plant, and Transport ;
(3) Execution of works :

(4) Miscellaneous.

2. ESTABLISHMENT, PERSONNEL, AND TRAINING

2.1. Establishment and Personnel.

2.1.1. In almost all the States large post-war road develop-
ment programmes have been undertaken. The Public Works
Departments in some of the States have had to be expanded to
unprecedented scales. In such States it has become unavoidable
to put a large number of inexperienced engineers and overseers in
the charge of works really difficult for beginners to handle. These
beginners have not been in the department long enough to have
the benefit of even routine training on specitications, constru ction
practices, maintenance routine, accounts, and so on. They have
not had sufficient contacts with their more experienced superiors

2.1.2. Not unoften it happens that as soon as a subdivision
or division is created, the engineer is the first man to be appoin-
ted and sent out into the wilderness, so to speak. He does not
know where he will set up his office or live. In very few cases,
indeed, has he even barely adequate camp equipment. He
gets strange men as his staff who, before even reporting on duty,
start going on leave. There i8 no knowing when he will have a
reasonable quota of men to assist him. When his staff do turn
up in the end, they are often found to be a set of inexperienced,
and raw, ignoramuses.

_ Nevertheless, the engineer is promptly faced with problems
big or small according to the job in hand. Contractors with
hundreds of labourers start reporting to him. Naturally time
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is wasted and the contractors, as well as the department, suffer.
Efficiency is at a low ebb and the engineers get a bad name.

2.1.3. A divisional office may require, in these days, a
year or even more to settle down and equip itself with office
space, some sort of furniture, stationery and forms, and
personnel for accounts, technical assistance, and routine clerical
work. The town or village where the headquarters might be
located is, more of.ten than not, overcrowded and the staff seldom
know where to live. That is why transfer from one place to
another is now-a-days looked upon by some as one of the worst
forms of punishment and expression of displeasure.

Yet the department (and the public) expect these silent
sufferers to produce resules.

o I_s it too much to ask that, like the army division, a P. W. D.
division should be fully equipped before it is sent out ?

_2.1.4. In newly set up offices even minor troubles assume
serious proportions. There have beeu instances when it took @
year (or two) before a sweeper or a night watchman was permit-
ted to be employed, or before sanction was received to obtain
stationery, typewriters, or instruments. There is seldom a central
store to come to the rescue in such cases and yot the weekly and
monthly reports and returns must be submitted. muster rolls
and accounts must be maintained, indents must l’)e issued, and
a thousand and one other similar functions must be perform’ed.

o1 = . .
21.5. Even to obtain stationery for normal official use,

engineers have had to resort to questionabl ich, i

‘ e means which, if
detected, could be interpreted as dishonest conduct. Do the
autLorities realise that this is insidious training ? Do they realise
that from such little beginnings bigger abuses arise.?

216, De'ays in the communication of financial sanctions
arise from ° red tape’’ and from the long and tortuous course of
the ‘* proper channel’’ with its backwaters and whirlpools where
things get stuck up or sucked down. Do those ** chair-borne ’’
officials who sit in Finance or Audit offices realize the ill effects

of their slow procedure i Lo
realities ? P s and their lack of appreciation of

2.1.7. A division or subdivision generally has n rd
reference books.. Even the depa.rt.men%u.l codei, or W(())rli?(l:lciaeld
have become things of the past. In some States these publi:
cations have been out of print for a long time. Thus, a new
entrant, who is robbed of all opportunities of guidanée from
senior officers, has no opportunities of self-help even. Has
Government no printing presses ? '

L
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2.1.8. Some suggestions to improve the situation are given
below -—

(a) Central stores should be established and should have
reasonable stocks of stationery, forms, important items
of furniture, (cash chests, almirahs, blue-printing
frames, etc.), drawing and survey instruments, first-aid
kit, map cases, camp furniture, and so on.

Even a modest stock would be of great help to a new
unit, and to established units in critical periods.

(b) A central library should be set up in each State. This
should supply to new units codes, section books, general
data books, specifications, selected Indian Roads
Congress publications, all Indian Roads Congress stan-
dards, manuals of construction and maintenance, and
such other books as are required frequently for the
efficient and quick execution of works.

Apart from this, the central library should afford
facilities for consulting other reference books, important
text books, magazines, journals, and research
publications.

The keen young engineer may then be able to train
himself by his own efforts. He deserves to be given a
chance at least.

(c) State and Central Government should arrange to publish
their own codes, specifications, and construction and
maintenance manuals. Where these were published
and are now out of print, they should be re-printed, or
revised and new editions brought out.

(1) Minimum scales should be fixed for a new division or
subdivision in regard to the contingent staff, stationery
and forms, office equipment, instruments, and library
books. Steps should be taken to equip every unit, on
creation, according to these scales.

(e) Scales of residential accommodation should be fixed and
such accommodation should be invariably provided.

Specifications for this accommodation, if newly
built, may be commensurate with the expected life of
the division or subdivision.

(f) For maintenance personnel, cheap but durable huts

may be presoribed and provided, say one hut at every
8 to 10 miles..

3
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When a project is in the coustruction stage these
huts may accommodate supervisory staff.

Some arse, adjoining such huts should be fenced off
as a store-yard for keeping storks of bitumen, steam
coal, tools, etc.

'In sparsely populated areas, gang huts, with we))
equipped stores, are a fair beginning. ’

2.2, Training,

22.1. The young engineer fresh from college needs to be
encouraged to study the practical side of technical processes.
The Indian Roads Congress Journals have, by now, published a
paper or two on most of the subjects connected with highway

-engineering. These Papers have been written by experience:
engineers, and a careful study of the Journals would impart to the
young engineer some of the ‘ know-how > which he needs.

2.2.2. Some of the older issues of the Indian Roads Congress
Journals are now out of print. It is suggested that the more useful
Ps.xpers published in these Journals should be printed again along
with the discussions on them. It would be a good plan to print
the various Papers on the same or allied subjects together. For
example, one volume may contain Papers on bridge construetion
anot.her on bridge failures, a third one on all the standards and

- specifications and so on. These volumes would then be placed
in {L]l subdivisional office libraries for the guidance of young
engineers. '

223. In trginipg personnel, practical'courses of intensive
study should be instituted. These courses should be conducted in
the slack season when outdoor works are generally slowed down.

2.2.4. The courses should be held under the auspices of the
specialist branches of the department—Ilike the planning divisions
designs divisions, stores divisions, workshops, etc. Instruetion
should be imparted by actual demonstration and by allotting
tasks to the trainees. '

2.2.5. Accounts, audit, indenting on stores, use and main-
tenance of tools and plant, emergency bridging, labour control
all these should form part of the syllabus of these training c()urses,,

2.2.6. During such courses current or typical engineering
problems should be discussed and the trainees should be required
to produce their individual solutions, :

.2.2.7. 'Tests should be held at the end of these courses and
the results of individual officers should be taken into considera-
tjon at the time of promotions and confirmation. .
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2.2.8. Where results are below standard, the officers con-
cerned should be required to repeat the courscs at another suitable
opportunity.

3. MATERIALS, TOOLS AND PLANT AND TRANSPORT

3.1. Materials.

3.1.1. Ttis well known that in these days a hand-to-mouth
existence is led by most of the P. W, D, divisions in the matter of
supplies of materials. Generally, there are no central stores or
depots to fall back upon as is the case in the army or in the rail-
ways. And, there is a limit to improvising or scrounging.

3.1.2. A divisional officer considers himself lucky if he can
somehow, in the course of a working season, scrape together just
cnough materials for his work. Progress reports are full of com-
plaints about shortages of cement, steel, bricks, coal and timber-
forming the main bottleneck responsible for the delays in com-
pleting works according to schedule.

3.1.3.  Under these circumstances there is no possibility of
laying by something for emergencies. In easily-flooded, low lying
areas, where roads and road structures are vulnerable, it is desi-
rable to have stocks of sleepers, rolled steel beams, some light
bridging units, built-up steel cribs, derrick posts, strong flexible
wire ropes, heavy duty winches, hydraulic jacks, and so on.
Such a pool should be maintained at divisional headquarters or at
strategic points.

3.1.4. No doubt some useful articles or pieces of equipment
are available in many places, but almost nowhere are there
enough of them. Some of these items, for example rolled steel
beams, light steel cribs, crabs, and winches, should belooked upon
as indispensable and provided generously to all divisions.

3.2. ‘Tools and Plant,

3.2.1. Details of tools and plant needed to be acquired,
specially for bridge work. The characteristics and performance
data of earth-shifting machinery have appeared from time to time
in the Indian Roads Congress Journalg*. If funds are available
acquisition is an easy matter. What is really difficult is to main.
tain the equipment in proper working order and to get over break-
downs when they oceur.

3.2.2. In this connection it is necessary to emphasise the
importance of a programme of inspections and maintenance, It
is not often realised that ‘¢ a stiteh in time saves nine” is parti-

T Vol 1, p, 195203 ; Vol X1—3, p £78~16; Vol, XIV~8, p 84609,
7
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cularly true of equipment scattered along long stretches of road
and working in places which are not easily accessible. By merely
tightening a few loose nuts, replacing a fow washers or oil-seals,
considerable potential harm can be prevented.  But it is only a
trained eye and a trained ear which can detect such little defects.
It is, therefore, all the more important that such little jobs should
form a part of the daily and weekly maintenance.

3.23. It .is surprising how the maintenance programme
gradually falls into disuse, and a major breakdown comes as a
rude shock to the crew as well as to the engineers on the job.

3.2.4. Most of our operators have not yvet developed a real
sense of responsibility. A mere motor mechanic will, with un-
warranted confidence, take charge of unfamiliar machinery and,
having ruined it, go back quietly and become a motor mechanic
again, Only men with good references should be taken on to
operate equipment and officers should be very careful that they
do not recommend or give ¢ chits >’ to undegirable and inefficient
operators.

3.2.5. An over enthusiastic mechanic or supervisor may find
particular delight in undertaking difficult repairs. This is not,
however, something to be commended or recommended. There
should be a clear demarcation between what can, and what may
be, attempted in the field by the operating staff and what should,
on no account, be undertaken by them.

~ 3.26. Technical inspecting staff should go round periodical-
ly, or-on receipt of an *“ SOS”, and inspect the equipment. The
upkeep of costly cquipment should not be left to people who are
not competent for the job.

3.9.7. Another important problem is the supply of spare
parts and accessories. Indenting for these is generally left to
the operators who are often obsessed with the immediate troubles
and requirements of their machines. In every machine there ure
parts which wear out more quickly and require replacement more
frequently than others. Every mechanic does not know such
details, and every road engineer is not machine-minded. The
indenting and stocking of spares needs to be placed on a better

and sounder footing than is the case at present.

3.9.8. The selection = of lubricants-—oils and greases is
another specialist job. A bewildering variety of lubricants, with
different trade names, is available and only tends to confuse the
uninitiated. There are not only different grades of lubricants for
the different parts of a mac.hltne but also diﬂerr?nt grades \yhose
use depends upon variatjons in the weather or in the conditions
under which a machine is operated. ]

IMPORTANCE OF ORGANIZATION %1%

3.2.9. Lvery driver and cleaner should be trained by actual
demonstratwn to use the correct variety and grade of lubricants
in every machine and in every part of a machine.

3.2.10. And, W}}en all is said and done, it may so turn out
that on a particular job there is only one greasegun, or oil can
for administering every kind of lubricant. ’

3.2.11. The care of equipment, when idle, is as important as
when it is working. That is the time for thorough repairs. After

repairs the machinery should be properly stored and occasi
ropatrs the properly nd occasionally

3.2.12. Surveying and mathematical instruments often go
out of order and no quick repair facilities are available. The
National Instruments Factory or the Roorkee University Depot
cannot be expected to serve adequately the needs of this vast
country in this respect. Kvery State should have some central
repair establishment for such instruments.

3.3. Transport.

3.3.1. Departmental vehicles are not always well looked
after. One of the reasons is that officers have a tendency to drive
themselves and relegate the driver to the back seat most of the
1tsiime. The driver’s interest in the vehicle naturally begins to

ag.

3.3.2. On the other hand, when more than one officer go out
together in the same vehicle, it is an advantage that as many
officers as possible should sit at the front. But the driver also
should be given an opportunity to drive for a part of the day’s
journey. .

3.4. Suggestions.

3.4.1. A few suggestions to remedy the. present state of
affairs are made here :

(i) The State central stores should have a stock of ma&,ri&ls
and tools and plant for emergencies. o

(ii) The central stores should have an adequate supply of
spare parts for all types of machines in use in the State
Some spares should be kept in the divisional stores also.

 Standard lists of items to be stocked in the central storeé
“and in the divisions should be compiled. With such
ready stocks, idle periods caused by breakdowns ‘in 'the
midst of a busy season will be reduced to the minimum,
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A mechanical engineer should be made responsible for
looking after the job for ensuring that sufficient spare
parts are held in stock at the central store.

(i11) In the central stores there should be stocks of mathema-

tical instruments and facilities for their repairs and
maintenance.

(iv) Similar to the regular inspection of boilers there should
be a periodical inspection of all equipment, at least once

& month in the working season and less frequently at
other times.

This should be a regular routine and the inspecting

officers ghould have a log book for every piece of impor-
tant equipment.

Such inspections should be followed immed;
‘ tely b
effective steps to remedy the defects observ:clle. ey

(v) Indepts for spare parts, accessories, working tools, and
lubricants required by the divisional unit should be
prepared at least once in six months by a mechanical
foreman in consultation with the machine crews and the

storekeeper. Such indents should be sent to the central
depot.

(vi) Every. division should be encouraged to keep a stock of
materials, and tools ‘and plant, as would be required to
meet an emergency within its area, These stocks should

be in addition to the s ecial requirem ;
i nt; \
projects. p q ents of sanctioned

(vii) All engineers and overseers should be
t}lrough a short course of training at the
Such a course will make them take som
interest in the machines,

made to go
plant depot.
e intelligent

4. EXECUTION OF WORKS

4.1, Works are executed either b
through contractors. The 1
new works.

! ¥ departmental labour or
atter is the more usual method for
4.2. Contractors.

42.1. There is a general impression that
ces of the country for road works are not ad
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to bid for concentrated forms of work like a big bridge construc-
tion. Petty contractors can be had, but they often lack financial
resources. Delays in the payment of their bills or in the refund
of their securities completely upsets these small contractors.

4.2.2.  As competition for road work is not keen, the rates
tendered are not competitive.

4.2.3. Mcans should be devised of making the work
attractive to the better class of contractors as well as of assisting
the petty contractors to tide over their own peculiar difficulties,
The Indian Roads Congress may consider setting up a Sub-
committee to consider the contract rules of every State, initiate
discussions, and standardise the rules for adoption throughout
the country.

4.3. Departmental Execution.

4.3.1. Meanwhile, every Public Works Department should
take steps to train their own personnel to carry out works by
departmental labour. Departmental execution of works calls
for a different type of training for the engineers in charge than
that which they get normally. The department’s engineers may
be very good at supervising contractor’s works or issuing instruc-
tions and getting them carried out, but, without special training
they are not likely to be good works managers.

4.3.2. They may not know the requirements of manpower,
or tools or plant, needed on a job. It needs a great deal of
experience, resourcefulness and foresight to collect men and
materials in correct numbers and quantities for the successful
and timely execution of a work. The peculiar mental outlook
and the routine nature of the duties of the majority of depart-
mental engineers are a great handicap in the direct execution of
works.

4.3.3. Steps should be taken to train all engineers on
carrying out fair sized works efficiently and economically entirely
by their own efforts. Every Public Works Department should
have a unit for carrying out works departmentally and its
personnel should be changed from time to time 80 that the
technical personnel, properly trained in the unit, may serve as a
leaven in the whole department. In times of emergency this
unit can be expanded quickly.

4.3.4. There is a nucleus of such a set up in the roads
maintenance staff. This should be developed further. .

4.3.56. An important and urgent requirement in this respect
is the development of a highly trained foreman class of workers,
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The erection of girders, laying cement concrete pavements,
premix work with bitumen, emergency bridging, etc., need
supervision which only persons with long experience can exercise.

4.3.6. As an experimental measure a road maintenance
gang, led by a good foreman, and staffed by specially chosen
men, each of whom should be skilled in more than one trade,
should be told to carry out all works on a sclected length of
road. No work on that stretch should be given out on contract.
Transport should be provided to carry men and materials to
work. The necessary tools and plant should be supplied. ‘The
gang: should function fully as a contractor’s labour force would
do. The technical officer in charge (generally a ‘¢ supervisor’’)
should be ‘“a man with a mission *’, practical, and determined.

4.3.7. After some experience the unit should be sent out
to take charge where a contractor has failed, or where no contrac-
tor offers to work.

4.3.8. In order to afford a fair comparison, full details of
cost must be maintained. On this data would depend the success
or failure of the scheme. .

4.3.9. Mobility is an important factor in the success of such
a venture. All efficient contractors realise this and provide trans-
port for their labour, where labour camps cannot be established
at or near the site of the work. At present departmental main-
tenance gangs loose half their time and energy in going to and
returning from the work site. :

4.3.10. Mobility is also important in keeping up an adequate
supply of materials so that the labour and the equipment on a job
do not waste time or stand idle for want of supplies.

4.3.11. In this respect, however, foresight is even more
important than mobility.

4.3.12. Only as many direct labour units should be organized
as can be kept busy continuously, otherwise when work is not
available the tools and plant will remain idle and the men will
‘soon be out of practice and loose their skill. It is not uncommon
to find, in every division, long lists of almost useless tools and
plant. These were probably purchased for some direct labour job
long ago but lie forgotten except at the time of preparing periodi-
cal;reports.

4.4. Engineer-Contractor Relationship.

4.4.1. - As practically all works are at present donhe through
contractors the young engineer needs some instruction and
guidance as to how to deal with contractors of different types and

K
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ability. Should he be severe and unbending? Should he be
friendly and familiar¢ Or, should he be distant and aloof ?
Should he be affable or inaccessible ?

4.4.2, Should he follow specifications rigidly according to
the letter, or can he use some discretion and follow them according
to the spirit? Can he sometimes relax the specifications in order
to speed up work ?

4.4.3. If heis unduly lenient he will be reprimanded for
defects or deficiencies in the contractor’s work. If he is severe
and exacting, he may be accused of impeding the progress of the
contractor, who may intentionally slow down and start marking
time.

444 Impos‘ing penalties or taking extreme steps may not
always solve the problem unless an alternative agency or a depart-
mental direct labour organization is there to fall back upon.

4.4.5. Contracting resources are sometimes so poor in some
places that, instead of being driven a contractor may even have
to be humoured by the engineer, if he feels that the former is
willing and good-intentioned but not pushing or resourceful
enough. This actually has been a very common experience in
the recent years.

- 4.4.6. The problem is a complex one. What the young
engineer really needs is a lesson in tact, which may not be easy
to impart, but senior officers can, by their timely advice and
encouragement, help considerably.

5. MISCELLANEOUS
5.1. Preservation of Highways.

5.1.1. Roads are built at a high cost and effective measures
should be taken to ensure that they are not used except for the
purpose for which they are meant. Temporary or permanent
encroachments, ever-growing ribbon development, indiscriminate
parking of vehicles on the road, the use of the road for ¢ bazars **
weekly markets, local fairs, and even as store-yards and work-
shops, are common abuses of the highway and tend to choke it
off. The public are both the offender and the sufferer.

. 5.1.2. ““Haats” and ‘ bazars’’, that is, weekly or more
frequent markets, spring up along most of the important routes.
In built up areas, shops with balconies, porches, and open air
sitting arrangements squeeze out the road user. Peripatetic shops
on wheels compete for space with the legitimate traffic. The road
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with a well-looked-after surface becomes a playground for child-
ren and an open air club for adults. To authorities (other than
road authorities) these may seem to be signs of growing prosperity
of the neighbourhood and ‘‘ popularity * of the road. But the
road becomes practically nseless for traffic.

5.1.3. At the first signs of encroachment, engineers may be
furious and run to the civil authorities. But there they do not
get much encouragement or quick redress. The continued exis-
tence of some encroachments encourages others.

5.1.4. Damage to road property like mile and furlongstones,
road signs, etc., is a common experience. Very few of the sabote-
urs are caught red-handed and brought to book.

5.1.5. Practical remedies have to be devised to reduce such
malpractices and vandalism. There are some regulations existing
almost in every State to deal with such matters, but it is pertinent
to ask how far they are, or can be, enforced? Two suggestions
are made here for cansideration :

(i) Education—Better relations should be established with

the public through intensive propaganda. The public.

should be made to feel that the highway belongs to all of
them and, therefore, should be left free for all to use, It
does not belong to a few who usurp others’ rights by
encroaching upon it or monopolise it by making it their
business headquarters.

(ii) Highly mobile special highway police units should be set

up, particularly in the vicinity of important urban
areas-——more a8 & preventive measure than as a prosecuts
ing agency.

5.2. Highway Police.

5 2.1, The Indian Roads Congress may give special thought
to the sccond proposal made above. Such a police force, as is
suggested here, will be able to remove encroachments as soon as
they begin to appear. They can educate the public to observe
rules, framed for the safety of the public, and stop indiseriminate
parking and other temporary misuse of the road.

5.2.2. In the discharge of their functions the police should
act in close co-operation with the engineering department and
should accept guidance from the latter. Highway property—
land, signs, milestones and other amenities—should be the special

charge of this police force. In built up areas (but outside muni-
cipal limits where land is very valuable and traffic heavy, such &
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police force is likely to justify the additional expenditure by the
timely detection and prevention of anti-social activities of some
members of the public,

5.2.3. This police force will be the prosecuting agency where
neecessary, and should relieve engineers of this unpleasant task
for which they are not temperamentally suited.

Pilot schemes should be started in selected areas.

5.3. Oftice Routine.

5.3.1. The Statistical Awakening.— In rccent years
large demands for statistical data have been coming in from
all soucres. Reports are demanded continuously by the
higher authorities in larger and larger numbers. Lengths of
roads, classification according to which authorities responsible
for maintenance, classification according to surface types, bridge
particulars (even about bridges which have been there since the
Moghul days), all these and many other kinds of data are called
for periodically. Mostly it is the sectional officer who has %o
bear the brunt of this statistical awakeniug. '

5.3.2. Some people scem to think thatfilling in forms is easy.
This may be so in certain departments where data are to be
compiled from office files. But in the case of highway statistics
the material lies scattered all over the country and is being
constantly created or altered. Discrepancies, are therefore, bound
to occur, and then it falls to the lot of the sectional officer to run
about and find facts.

5.3.3. The collection of statistics should be placed on a
scientific basis by devising forms in which data should be
continuously maintained, which may be easy to fill, and on which,
information may be entered by jotting down a few figures, or by
simply marks—dots, dashes, or ticks—instead of long narra.
tives.

5.3.4. Voluminous Cierical Work —It is a common
experience that clerical work has increased very greatly in all’
offices. This increase may not be resented where that is the only
work to be done. But an engineering department has to do real,
tangible work. Not only have they very little time for clerical
work but their working conditions are not conducive to' such
work which requires tables, chairs, ink stands, and typewriters,
A stone under a tree may be all the furniture that an engineer on
the job may be able to command writing pads, carbon papers,
and copying pencils are the stationery which would suit such
environments. Their use should be recognised and encouraged.

8
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5.3.5. A sufficient number of copies of important orders or
instructions meant for being passed on to subordinate offices
should be issued by the office of origin where facilities generally
exist for duplication. These copies would be merely cndorsed
and passed on without adding to unnecessary clerical work at
every stage.

5.4.* Periodical * Refugees”.

In the interest of work the engineering staff are transferred
frequently, and, very often, to out of the way places. - Every
such transfer inevitably means some breakages, some
‘‘left-overs >, and some expense to set up afresh in a strange
place. The travelling allowance rules take no account of such
things. ‘The transfer T. A. rules provide for fares for the trans-
feree’s family, as defined in the rules, and freight for luggage up
to an upper limit by weight. “T. A. must not be made into @
source of profit,”’ say the rules. The net result of all this iy that
a transfer becomes a source of inconvenience and considerable
financial loss. There is a strong case for a ‘¢ rehabilitation
allowance for these periodical ‘‘ refugees. ’

5.5. DBetter Public Relations.

5.5.1. Inrecent years some of the tortuous village streets
have becom highways. Where previously only a few bullock-carts
plied, convoys of fast, dust-raising, and mud splashing motor
vehicles pass. The villagers have been aroused from a peaceful
slumber and are face to face with a nightmare. Quite a natural
reaction is to curse and to pray. Such prayers and petitions for
relief are received daily from the suffering inhabitants. The
engineers can do a lot to mitigate the sufferings of these people in
order that these new means of fast movement may be properly
appreciated and better relations may prevail between the officials
and the public. Roads should be properly designed within built
up areas. Some suggestions are made here and recommended
for adoption, particularly in such built up areas which are not
big enough to have their own municipal or local organization.

(i) Roads passing through built-up areas should be
widened to 2-lanes at least.

(ii) In such areas the whole width of the road, from kerb
to kerb, should be made dust-proof.

(iii) Intersections should be properly designed. In small
localities traffic police would not be justified and
traffic islands or other such simple features should be
provided.
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(iv) Road signs should be put up.

(v) Horticulture should receive special attention and
groves of trees should be planted along the roads in
the vicinity of towns and villages.

(vi) Small roadside parks, with benches, should be provi-
ded. Even a few well maintained grassy plots would
be appreciated.

5.5.2. Some of these amenities can be provided and main-
tained by the road gangs without much cxtra expense. This
expenditure is, however, repaid manifold in the form of the
goodwill earned.

6. CONCLUSION

6.1. The object of this Paper is to emphasisc the need for
re-organising properly the Public Works Department and its
activities. This need for organisation has always been realised
and since engineers by their training and profession have to be
methodical, the Public Works Department in every State should
be highly and well organized. But the times arc out of joint
and the organization requires a little shaking up. New ideas to
suit new circumstances have to be discussed and adopted from
time to time. The conditions under which men live and work
have become difficult—extremely so—of late. Accommodation,
food supplies, construction materials, in short everything is
difficult to obtain through ordinary trade channels. Since a
contractor is not handicapped by any departmental rules, he can
still get things done. The department has, however,to pay
a heavy price for his services.

6.2. Every State should have central stores for office equip-
ment, and libraries of reference books, and should publish {or re-
publish) codes, specifications, and manuals which have become
things of the past, and are no longer available. Materials for
use in emergencies should be stocked at strategic points.
Efficient arrangements should be made for the maintenance of
surveying and mathematical instruments, tools and plant, and
vehicles. The engineering staff should have to go through
special training courses in the maintenance of equipment.

6.3. A nucleus staff should be trained for direct labour
work so that the contractor’s rates may be kept within
limits.

6.4. Cumbersome methods of office work should be
overhauled.
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SYNOPSIS

Light aurface dressings for roads were tested at the Oalcutta Road Pest Track
during 1989-41.-* As aresult of this study modified specifications were laid ont in
1045 for field tests on s main road near Agra, With the main object of investiga-
ting the need for and: the utility of primers. Samples were ont out of the orust
after the rond; had been six years under traffic. These were analysed in the
Central Road Research Institute, Okhla, Delhi, for their residual bitumen content,
This report discusses the specifications and the oondlti.on of the road after six

ludes that primers might be useful with bitumen but not with tar.

years. It como A )|
As the specifications adopted were considered too high, further tests with

reduced guantities of binders and ‘primers are suggested,

* Report to the Test Track Committee of the Indian Roads Congress,
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GLOSSARY OF HIGHWAY TERMS
e As defined by the
INDIAN ROADS CONGRESS

Base-Coat An intermediate coat between the base course and
the wearing surface.

Base Course That part of the construction resting upon, and
through which the load is transmitted to, the sub-
base or, in the absence of a sub-base, ‘to the sub-
grade or supporting soil.

Binder A material used for the purpose of uniting mineral
particles and assisting cohesion.

Bituminous Pertaining to, or characterized by the presence of,
tar or bitumen.

Carpets: A type of surfacing formed with a binder and an
aggregate, applied as a complete thin layer and
generally described after the type of binder used,
such as, asphalt carpet, tar carpet, etc.

Grouting  The act of pouring a binder in a liquid state on to a
partially consolidated surface or a layer of a road
metal, so that the binder penetrates the interstices,
the consolidation then being completed with- the
addition of sand or fine stone. '

WatenBound Macadam; Black-Top Carpets: Surface Dressings (Paintinge>

SURFACMG (WEARING SURFACE[Hate~Bound Macadam; Black-Top Carpats: ngs (Puetings
! - WaterBound Macadam; Any old ing surface over which & new
BASE-~COAT we:::\g :urflc: 13 :ddhzd. wearing

- Boulders: Laterites; Moorum; Brick: Slags Building Rubbish; -
BASE CQJRSE Stabilized Soil; etc : .
SUB~ BASE Cinders; Sand;'ﬁc._(harel_y built In lndh)‘ -
SUBGRADE Natarsl Soil

“THE ROAD STRUCTURE
Fig, 1 N (As defined in the IR, C. Spgcmc_atlom')

b
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Painting  The wearing coat resulting from the application to a

(Surface road surface of a film of bituminous or other bind-

_ Painting) ing agent on which has been spread a layer of chipp-
(Surface ings or other fine mineral aggregates.

Dressing)

Primer A liquid bituminous road material of low viscosity

which, on application to a non-bituminous surface,

"is completely absorbed. Its purpose is to waterproof

the existing surface and prepare it to serve as a base

for the construction of a bituminous surface dressing

or carpeting. ‘

Sub-Base A layer of material placed between the foundation or
 base course and the formation, usually for a special
purpose, such as S :
(a) drainage, IR RS
{b) replacing undesirable soil, o

(¢) increasing the area of the soil over Which
the load of the pavement is distributed, -

(d) decreasing the cracking of the pavement.

Subgrade The earth foundation as prepared and shaped to
receive the actual construction forming the carriage-

way. .

Surfacing A wearing surface laid upon a base-coat (¢. v.) in the’
(Wearing . form of a continuous surface layer and without open
Surface) joints. ‘

Surface Same as Painting (g. v.). \
Dressing ‘ . ;
' Tooohat gy
1. INTRODUCTION ey g
o
1.1. ‘The significance of surface-dressed road surfaces onf
highways in India.

To improve road crusts—to make them strong enough to.
withstand the strain of the ever growing and varied traffic they;
carry, to mitigate dust, and to decrease the -possibility of
accidents—these crusts have to be covered with some sort of
wearing surface or surfacing. This surfacing inocreases the cost
of a road considerably. Many kinds of surfacings are possible— .
they vary from simple surface dressings with. bituminous
materials (paintings) to compact, scientifically developed surfapings .
to bituminous carpets or grouts, aoncretes, ete.. - . .
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The cheapest specification, which may not necessarily be
the most economical, would probably be provided by a surface
dressing or painting. In the usual case in India this surfacing
wo_uld be provided by spraying a bituminous product over stone
chips spread over a well consolidated and even waterbound
mx‘a,;:a.dam road surface, the whole being finished with a layer of
grit. '

The terms, surface dressing, painting, wearing surface or
sqriacmg, base coat, etc., used in this Report are illustrated in
Figure 1, and definitions are given of the more common terms as

prescribed in the draft Indian Highway Gl .
Roads Congress. ghway Glossary of the Indian

The decision on what kind of surfacing should be laid o
part of a road depends on the administlitive or other cl:lsgir;i}j
catlo_n.of the road, the kind of traffic it carries, the local weather
congltlons, and, not least, the funds that can be made available
for its improvement.

The problem facing Indis is to decide on what kind of
surfa..cgng should be given to the country’s roads to improve their
condition to the greatest possible extent at the minimum cost
Factors to be considered are, that a very great milage of earth
roa.dg will ha.vgs to be converted into all-weather roads; that, for a
co'nmderab‘le time, traffic on the great majority of India’s’roads
will remain average or light relative to the traffic in more
developed countries ; and that the funds available for road
development are very limited.

The surfaced milage in the whole of India is & small | -
tion of the total existing road milage. To mitigate t,hi;l k%;(zipo;f
ungler-development with the very limited funds available, that is
to increase the milage of surfaced roads or even to make ,the mort;
heavily trafficked roads dust-free is a difficult problem. Experience
in India has shown that under all kinds of middle and light
traffic surface dressings are the cheapest. The following pages
therefore examine and discuss a design for this method of
construction: :

All other surfacings, black-topped carpetings

concrete surfacings, etc., that are beigg used eibens%v’elygir:?l;fé
Western countries are very expensive and suitable in India for
only the very heavily trafficked roads. At present the funds
available for road development do not even permit of extensive
surface improvement of the large milage of waterbound macadam
surfaced roads. Therefore, we shall have to be content at pre-
sent with limiting this improvement by providing a surface which
gives a relatively efficient service with low initial costs at the
expense of some additional cost of maintenance. ’ ‘
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1.2. The Test Track Committee of the Indian Roads
Congress.

Fully aware of local conditions, the Indian Roads.Congress
has been studying this problem for many years. The construc-
tion of a Road Test Track at Alipore, Calcutta, in 1938 gave an
opportunity for acceélerated testing of surfacings and the first
series of tests in the three-year period 1939 to 1941 were devoted
almost exclusively to testing light surface dressings, the subject
discussed in this report. After studying the results of these tests,
the Test Track Committee recommended in 1943 that field tests
according to modified specifications should be carried out on the
Delhi-Agra road and elsewhere.

Mile 736 of the road (near Agra) was selected for one of these
field tests and 12 sections were laid in 1945 as described in the
following paragraphs. These were inspected every year on bebalf
of the Committee and the Committee itself met at the site on the
9th and 10th April 1951 to discuss the results to date. The three
types of binders used in the field tests represented the same types
as were used in the tests on the Alipore Test Track in 1941 with-
out any variations in the quantities of the binders used. The
coarse aggregate consisted of Delhi and Jhansi (Bharatkup)
stones.

The Committee found that the condition of the surface dres-
sings was reasonably good even after six years’ service. At this
meeting it was decided, on the suggestion of the Director, Central
Road Research Institute—s member of the Committee—to request
the Central Road Research Institute to take out samples of the
crust from all the sections and analyse them for their residual
binder content and other characteristics in order to investigate
the need for and the utility of a primer.

2. FIELD TESTS ON THE BOMBAY-DELHI ROAD,
MILE 736—DESCRIPTION AND PRESUMPTIONS

2.1. Layout.

In May 1945 a length of 5 furlongs and 305 ft of the Bombay-
Delhi Road from mile 735-1-380 to 736-6-635 was surface treated.
The traffic which moves over this part of the Bombay-Delhi
Road is from average to light in intensity, i.e., about 465 tons
a day including lorries, cars, and bullock-carts.

. The whole length was divided into two parts each with the
game layout but the first part was given a base coat of Delhi stone
(75 per cent 14 in. gauge and 256 per.cent } in. gauge) and the
second part a base coat of Bharatkup stone of the same sizes.
Table 1 gives construction data for each of the field-test lengths.
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Condxtlfms stated by the Executive Engineer, Provincial Division, Agra.
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3. SOME OBSERVATIONS ON SURFACE DRESSINGS

The appearance of the test surfaces did not show any
differences between themselves on observation of the sections laid
with the same binder with or without primer. As & matter of fact,
there was vory little visual difference between the three groups
of surfaces. After six years uander normal road traffic it could
not be said merely from appearance whether it would be advan-
tageous to use primers or not. This could only be found out by
investigating the condition of the body of the different surface

dressings.

Before going into this matter, an important principle might
be mentioned. A surface dressing, with and without primer,
laid in one or more layers, has some peculiarities as compared
with a normal compact bituminous or tar carpet. As against a
uniformly and homogeneously constructed compact corust, &)
surface dressing is irregular and heterogencous; that is to say,
there might be great differences in the distribution of the binder
and the fine mineral material in each small area of a surface
dressing and no regularity and uniformity might be found

anywhere.

ing might seem to be regular but in
gure which part of the surface has_
received surplus binder and therefore will be liable to get soft
under traffic or which part will become dry and get rigid sooner
than the rest of the surface. These characteristic properties, these
irregularities of the surface-dressed road, created a problem that
had to be solved before the altimate behaviour of different test

sections could be estimated.

4. INVESTIGATIONS

In appearance the surfac
reality the engineer is never

4.1. Samples.

The test surfaces were laid in exactly the same way for the
¢wo different types of stone. As the main problem was to examine
the behaviour of the binder, with or without primer, and not the
behaviour of the two types of stone with different binders, only
samples of the surface where Delhi stone was used were taken
out. Results with the same binders when used with other stones

are expected to be essentially similar.

Samples, about one square foot in size, had to be cut from
the road up to a depth where no binder was present, that is to
say, it was essential to excavate the road crust to an appreciable
thickness. These samples had to be brought unbroken to the
Central Road Research Institute for further investigation. To

10



232 TAR - with Primer . TAR - without Primer 233

Sample 1 Sample 2

Binder : Tar No. 3 Binder: Tar No. 3
Primer : Tar Primer No. 2 Primer : Nil

Photo 1 (above) — shows the =
depth of penetration which

Photo 2 (above)—shows the
depth of penetration which

is 40-50 mm. is 30-40 mm.

Photo 7 (centre)—- showing the Photo 8 (centre)—showing the
underside, limit of penetrat- underside, limit of penetrat-
ion of sample 1. ion of sample 2,

Photo 13 (bottom)— Surface Photo 14 (bottom)—Surface of

of the road, sample 1. the road, sample 2.
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BITUMEN (SOCONY) . with Primer

Sample 3

Binder : Bitumen (Socony)
(Pen. 80/100)

Primer: 50% Bitumen (Soc.)
Pen. 80/100, 50% Kerosene
-}-Diesel oil.

Photo 3 (above)—shows the
depth of penetration which is
20-30 mm.

Photo 9 (centre)}—showing the
underside, limit of penetra-
tion of sample 3.

Photo 15 (bottom)—Surface of
the road, sample 3.

BITUMEN (SOCONY) - without Primer

Sample 4

Binder: Bitumen (Socony)
(Pen. 80/100)

Primer : Nil

he
to 4 (above)—shows th
Ph(;)epth of( penetration which is

10-25 mm.

ing the
Photo 10 (centre).—showmg
underside, limit of penetra-
tion of sample 4.

f
to 16 (bottom)—Surface o
Fho tlfe road, sample 4.

236




BITUMEN (MEXPHALT)-with Primer

Sample 5

Binder: Bitumen (Mexphalt)
(Pen. 80/100)

Primer: 30% Bitumen (Mexph.)
Pen. 80100, 70% Furnace oil.

Photo 5 (above)—shows the
"depth of penetration which is
45-65 mm. o

Photo'11 (centre)— showing the
underside, limit of penetra-
tion of sample 5,

Photo 17 (bottom)—Surface of
the road, sample 5,

BITUMEN (MEXPHALT) - without Primer 237

Sample 6

Binder: Bitumen (Mexphalt)
(Pen. 80/100).

Primer: Nil

Photo 6 (above)—shows the

depth of penetration which is
15-25 mm,

5 Photo 12 (centre)}—showing the
underside, limit of penetra-
tion of sample 6.

Photo 18 (bottom)—Surface of
the road, sample 6.
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avoid having to work under an April sun and to avoid the break-
age of samples if the work were done on a dark night, the excava-
tion had to be done on a full-moon night and was carried out
between the 20th and the 21st April 1951,

From the crown of a road surface some free binder could
possibly flow down towards the sides on account of the camber.
Near the flanks there is the possibility that the binder might flow
into the berm or stagnate near the edge of the surface. A sample
taken at either of these locations would probably not contain the
average quantity of binder originally provided according to the
specification adopted. To reduce the probable variations on this
account 0 a minimum, the samples were taken from parts of the
surface near the quarter line of the surfaced width, which appeared
to have gradually worn themselves to a more or less average con-
tent of binder and in which, after the original placing, no further
redistribution of binder was likely to have taken place, see Fig.

i CAMBE 4 BERM

Cross seotion of the road,

4.2. Depth of Penetration,

The effect of theuse of a primer can be observed by measuring
the depth of penetration of the binder in the samples.

4.3. Content of Binder.

The content of binder after six years’ use in the road can be
found by extracting the binder in the laboratory.

The results obtained in these extractions are to be considered
carefully because the binder was not distributed in the aggregate
in any specified proportion by volume or by weight as in a premix.
It was distributed by spraying over the previously compacted
aggregate (waterbound macadam) in a specified quantity by
weight per 100 sq. ft. of surface area. As the spraying operation
js not susceptible of very accurate control, many variations of the
binder content as derived from samples of relatively small areas
might be expected.
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5. RESULTS

5.1. Penetration of Binder.

The depth of penetration of the binder into the road surface
could be olearly seen in the samples becaunse the oily particles of
the binder penetrated more or less to an average depth in each
sample and it was easily possible to measure the depth even after
six years. Photographs 1to 6 show the penetration in the six
different samples and photographs 7 to 12 show the appearance
of the material at the limits of the depth of penetration. The
penetration could be easily traced by the brown colour of the
road material caused by the bituminous oil which had soaked into
it. - The figures of penetration were found to be between 10 and
65 mm and are given for each sample in Tables 3 and 4.

5.1.1. Tar Treated Sections (Samples 1 and 2).

The depth of penetration of tar (Tar No. 3 as a binder or
low Viscosity Tar as & primer) is igﬂuenced, firstly, i by its
higher specific gravity as compared with the average bitumen-
based binder (this makes for easier and deeper sinking into the
base-coat) and secondly, by its greater fluidity—or lower
viscosity—at the normal temperature of use. These temperatures
appear to-have been relatively high for the tars found in the sam-.
ples examined because of the presence of small quantities of an
organic filler insoluble in carbon bisulphide, which would comply
with authorised practice now-a-days.

1t is, therefore, only natural that there should be relatively
deep penetration (46 mm in sample 1 and 35 mm in sample 2, on
the average) in these samples. Also the fact that tar and its oils
become very thin and fluid in the normal summer conditions in
India acoounts for the small difference in penetration in the
samples with and without a primer.

Beoause of its higher specific gravity the volume of tar is
about 10 per cent less than that of bitumen. This fact should
not be overlooked because tar is added normally in the same way
as bitumen, i.e., by weight whether it is a premix or a surface
dressing.

5.1.2.; Bitumen Treated Sections (Samples 3, 4, 5 & 6}.

With bitumen, Which has a tendency to stay near the surfacs
or to tlimb to the tob"of the road under the influence of the gun’s
heat, different results are obtained. Those test surfaces thas wers'
laid without the use of & primer showed & very small depth of
penetration {17.56 mm in sample 4 and ‘30 mm in sample 6 on the

13 S
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Table 3.

Results of the Investigations.
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EXAMINATION
Table 4
T
0
(73
g
L
HY
\
!
w74 e
F - S
Tar Bitumen (Socony) Bitumen (Mexphalt)

@ Binder content extracted 1951 (cale. to 1b% sq. ft.)
) Primer content 1946 (1b%, sq. ft.)

€22 Bitumen or Tar content 1945 (1b% sq. ft.)

B3 Depth of penetration 1951 (average in mm)

63} Concentration of binder in 1b% sq. ft./mm depth
«+ Lost binder between 1945-1951 in %

average). It seems that most of the binder remains at or just
under the surface and the result is a very rich and fat surface.
While such a surface, because of its dens_it.y, prote(_:ts the bqse
courses against infilbration of water, it is liable to be more easily
damaged on account of its thinness. :

When a primer is used this tendency of the bitumen binder
to remain at the top would not entirely disappear, but its gﬁeotq
would be less marked. In both the samples containing blpumi-
nous binder, the primer used had a high content of liguid oil 450
per cent for sample 3 and 70 per cent for gample 5). w"hx.ch
Penetrated easily into the wearing coat owing to its low visdosity
(256 mm'in sample 3 and 55 mm in sample 5 on the average).

The figures in Tables 3 and 4 and Photographs 1 to 6 clearly
show the dgifference of penetration of the two types of bmder.used,
nsmely, tar and bitumen, and the effect on the penetration of

using a primer. ...
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5.2. Content of Binder.

Relatively big pieces of the surface dressing were taken to
extract the binder. The content of binder when obtained had
then to be correlated not only with the surface area of the selected
pieces but with the average area over the whole thickness of the
sample. This had to be done because of the typical characteristic
properties of a surface dressed road as mentioned in para. 3.

The results have been compiled in Tables 3 and 4. Apast
from the present binder content, the binder lost during six years
of use is noted as a percentage. Where it is not gpecially men-
tioned to the contrary, this means percentage of the total binder
and primer taken together. The Tables also give the concentra-
tion of binder in pounds per 100 sq. ft. surface per mm depth of
penetration.

5.2.1. Tar.

It seems that in the case of tar (samples 1 and 2) the quan-
tity of binder lost increased with the depth of penetration and the
fluidity of the black material. This might have happened because
of the comparatively large amount of oil used which could not
remain in the surface dressing for a long period. The presence of
this additional oil appears to have helped the naturally included
tar-oils to evaporate quicker than was the case when no primer
was used (sample 1 against sample 2).

5.2.2. Bitumen.

Taking the same facts in the ease of the two types of bitumen
and primer used, the results are the reverse of those observed in
the case of tar. The percentage loss of binder on the primed
surfaces is much less than that on the corresponding unprimed
surfaces (see Tables 3 and 4).

Considering the properties of bitumen, it seems that the
climbing tendency of ordinary bitumen already referred to was
offset to some extent by the penetration effects of the oil in the
primer. The oil appears to have carried the bitumen down into
the base coat and distribute it better. After the evaporation of

the oil the bitumen stayed put and there was no further loss
during the period of the field test.

5.2.3. Observations,

The results appear to indicate that the addition of & primer
has a totally different effect when considering the loss of binder
content of tars and bitumen respectively. The following factors,
however, are relevant i—

Because of the difficulties pointed out in arriving at the exact
aversge of the binder content, the results obtained from the

ey

BxaMINATION OF Brack-Tor SURFACE DRESSINGS 243

samples cannot be accepted as uniformly applicable to the whole
surface of the corresponding test section. In other words,
although the binder content of a sample can be found fairly
accurately, the result cannot apply to the whole road surface with
any degree of certainty, as the sample might not be exactly
representative. .

As mentioned above (para. 5.1.1 and 5.1.2) the penetration of
binder in the six different treatments seems to be clear in
comparison with the effects of the binder used. 8o, an attempt
was made to correlate these results with the present binder content
and the guentity of the binder lost in the course of the past six
years. These correlations can be taken in & general way only
on account of the particular properties of surface dressings.

6. EVOLUTION

The question now is to find what should be the normal
content of binder for the kind of surface treatment considered and
especially to determine when an ordinary surface dressing should
be combined with the use of a primer. Furthermore, it is to be
decided if the use of & primer will be of any advantage at all for
o surface dressed road.

The Test Track Subcommittee found when they inspected the
field tests in 1951 that, even after six years under traffic, all six
surfaces were good. This seems to be due to the large amount of
binder used.

6.1. Content of Binder.
6.1.1. Bitumen.

Comparing the instructions of firms like Shalimar Tar
Produots or Burmah:Shell who supply binder materials and who
normally are interested in serving the profession in the best way
we find on page 29 of the Burmah-Shell publication® that the firm
recommends a binder content of 40 1b per 100 sq. ft. with & wastage
of 2} per cent. This quantity probably corresponds to present
normal practice but it might still be possible to save some
percentage of binder. .

On the other hand, there is no doubt that the special and
typical user of most roads in India, viz., the bullock-cart whose
steel-tyred wheels are especially hard on black-topped road
surfaces, would require & surface where a little more binder had
been provided than would otherwise be required. On this con-

v nsndboo’k‘.r,of‘ Bituminous Road Construotion®  published by M/S,
Barmah+8Shell. . ’ ) -
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sideration it may not be possible to reduce to any great extent
the quantities recommended by the supplying firms.

6.1.2. Tar,

Similarly, when tar is used instead of bitumen, some reduc-
tion in the binder content may be feasible in spite of the smaller
volume of tar. 1In this case, however, the percentage of reduction
might be found to be less than for bitumen.

6.1.3. General Deductions.

From the discussion in the foregoing paragraphs and having
regard to relatively large quantities of binder still left in the
surface dressings after six years’ service, it would seem that the
specifications used in the tests were too high and especially so
when a primer was used. The traffic on the road was admittedly
light but not less than that on the average black-topped road.
The general conclusion is that all six surfaces were too rich in
binder content for an average road of the type tested. Moreover,
the specifications were too expensive.

The road surface dressing is no doubt of a good quality and
will last for some more years. On the other hand, the rich mixes
employed might have led to patches on the surface (compare the
statements in Table 1) which have not only disturbed the unifor-
mity of the texture but are likely causes of dangerous slipperiness.

The correct binder content varies in very narrow limits bet-
ween a too poor and a too rich specification to give a clear opti-
mum to cover all cases. Much will depend on the special charac-
ter and locality of the road, the average and extreme tempera-
tures, the aggregates used, the kind of traffic, and the nature of
the binder in question - in short, on what are called the local condi-
tions. Photographs Nos. 13 to 18 show the texture of the surface
of the six samples. There is room for further research on this
question and no conclusion is therefore attempted in this report.

6.2. With or Without Primer.

The question whether a primer should be used or not is com-
pletely independent of the fact whether the surface dressing has to
be done in one, two, or more layers. :

6.2.1. Tar.

Due to the nature of tar it does nob seem hecessary to use a
primer because this material is able to penetrate deeply enough
by itself. The use of a primer would only incresse the cogt with:
out helping very much the purpose for which a primer is used.
The samples themselves prove that no appreciable advangsage
appears to have been gained by using a primer with tar., . .. .
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6.2.2. Bitumen. et g
ther hand, in the case of bitumen, it will be of advan-
tage ?(;1 :rlll:u(r)ehbetter penetration of the binder with the h(ﬂip of t,a
rimer. In the conditions prevailing under the 1945-51 field tests
b remarkable reduction in the bitumen content of the -bmd’er was
8abserved when a primer was not used. The exact specifications to
(l:e adopted in any particular case will, of course, depend on the
gpecial conditions, traffic, climate etec., prevall_mg_a.t the site bu:
the addition of a primer would appear to be indicated in mos
cases. Further research on this is, however, necessary.

7. CONCLUSION

7.1. Specifications Used.
i i i ilt in 1945 were
specifications used in the test sqrfa.ces built in
too hr[{‘é‘}? a?\d, therefore, it was not possible to get clear results by
merely looking at the surfaces.
. 3 3 P -dua.l
m a study of the result of investigations into the resi
bindf: ?:ontent ofythe surface dressings after they had been under
traffic for six years it seems probable that at least an equa.l!y good
# surface dressing would have remained at the end of the six year
eriod had a smaller quantity of binder (both bitumen and tar)
Ip;een used both when a primer was or was not used.

7.2. Primers.

7.2.1. Tar.
With tar a primer should not be necessary.

7.2.2. Bitumen,

combination of a bitumen binder and & bitumen_ primer
is bb?il:usly of advantage as compared with a bitumen without a
primer. By using a primer it should be possible to save bitumen
by getéing a normally deeper penetration than would be obtained

without a primer.
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(i) CEMENT-—AGGREGATE REACTION IN CONCREATE.
(A SURVEY OF RECENT LITERATURE
ON THE SUBJECT).
By
Binpau Ransax SN, M.Sc., C.E., M.8.
Sur1 Krrsuna Mirran, M.Se., and Amarn CHaARDRA
Bawersi, M.Se.

1. INTRODUCTION

1.1. Deterioration of concrete in service . is divisible into
four distinet types with respect to their causes (9), viz., deterio-
ration due to

{8) gradual or normal weathering,
(b) accelerated weathering,
{c) chemical attack from outside, and lastly,

{d) abpormal expansion, a question that has, during the
last decade, aroused considerable inferest among
scientists in America and Australia. Chemiocal
reaction between the aggrogates and the cement
in conerete is the main osuse of this abnormal
expansion. Many instances of failure in concrete

structures brought about by such unfavourable ‘

reactions have been reported.

1.2. The purpose of this note is to give a hrief review of the
existing facts known about this cement-aggregate reaction and to
advocate the necessity of conducting research on this problem in
view of the large number of dams and other concrete structures
proposed to be built in this country.

2. BRADLEY PAVEMENT FAILURE

2.1. In 1938, a series of concrete pavement failures in the
form of expansion, resulting in buckling at the expansion joints
and severe cracking throughout the structure were noticed in the
western states of America (21). The first failure which attracted
notice was a section of concrete pavement north of the town of
Bradley, California. The Californian Divigsion of Highways
conducted systematic research to determine the causes of such
failures and to find ways of preventing them. The results of the
investigation were published in 1940 by Stanton (21). In the
course of the investigation, Stanton observed that failure had
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taken place predominantly in those portions where local fine
aggregate, “ Oro Fino”, had been used. It was also observed
that the same fine aggregate when used with a different brand of
cement had behaved 1n & perfectly normal manner. At ecertain
places Stanton came across structures which had been built with
aggregates from a different source and the same brand of cement
that had been used in the construction of the Bradley pavements.
On a close examination of these structures no sign of any abnor-
mal expansion was observed.

2.2. These observations led to the belief that chemical action
between certain ingredients in the aggregates and the cement used
were responsible for the failures. Chemical analysis of various
brands of cement revealed that not all cements contain the same
amount of free alkali in the form of Sodium Oxide and Potassium
Oxide. The cement used on the Bradley job contained 1:14 per
cent of alkuli as Sodium Oxide. Experiments conducted with
cement containing only 05 per cent of the total alkali as Sodium
Oxide and ¢ Oro Fino *’ sand showed no expansion at all. Alkali
in the cement was thus supposed to be one of the probable cause
of the excessive expansions.

2.3. However, all aggregates do not cause severe expansiou
with & high-alkali cement. It was observed that aggregates rich
in opal, shale and chert were highly reactive in this respect. Ex.
periments with opaline shales and cherts revealed that these
minerals were readily attacked by caustic alkalies. Consequently
it was suggested that a basic factor responsible for the failure of
the . structures was the chemical reaction. between the alkalies
released during the hydration of the cement used and the mineral
constituents, e.g., opal., shale, phyllite, etc., of the aggregates.

2.4. The aggregates containing the above-mentioned minerals
were considered as deleteriously reactive, while the reaction itself
was called ¢ Cement—Aggregate Reaction *.

. .2.5. Research conducted by Conrow revealed, that in certain
cases even low alkali, cements were capable of producing marked
expansion when used with reactive aggregates (3). Similar expan-
sion has algo been observed by those who have taken up this
problem in Australia (24).

2.6. Conrow, however, held the opinion that the predominant

* “reactive ingredient in the cement-aggregate reaction was calcium-

hydroxide and that sodium and potassium oxides merely acted as

‘ catalyste.

TR
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3. CRITERIA OF CEMENT-AGGREGATE REACTION

3.1.  Only experienced petrographers can determine whether
or not a specific instance of deterioration is mainly due to cement-
aggregate reaction. The adequacy of the sample of concrete, the
character of alteration products, and the extent to which the extra-
neous substances have developed, play an important part in the
suocessful recognition of the cement-aggregate reaction.

3.2. Siliceous Gels :—Gel formation takes place between tho
minerals of the aggregate and the alkali .in the cement and is on®
of the most important criteria of this reaction (12). These gel8
might be watery, viscous, or brittle, or all these types in close
association. They fill the voids in the cemont paste and are also
present as exudations on the external surfaces. Some of these gels
being open to the atmosphere, get carbonated. Sometimes these
gels are visible to the unaided eye but mostly they are visible
only under a petrographic microscope. Occasionally the slide
prepared for microscopical examination does not include a portion
of the concrete containing silica gels or sometimes they goet
destroyed while preparing thin slides. Either case may lead to a
wrong conclusion. It is, therefore, safer to prepare flat surfaces
of the concrete by fine grinding. They can then be examined for

gel bodies with a hand lense or a microscope and the slides
Prepared accordingly. i

3.3. The gels encountere
ally of alkali and silica.
in Table I.

d in cement concrete consist essenti-
A typical chemical composition is given

Table 1. Chemical analysis of beads from ‘¢ pop-outs ”
(From A, S. T. M. Proc. Vol. 47, 1947, p. 988 ).

[
Constituents i % Constituents %
Si0, 50-00 Loss on ignition 11.04
R,0, 0.50 Na,0 24.67
-Ca0 2.75 K,0 8.16
Mg0 0.15 CI Traces
S0, 2.59

,. 3.4. Another gel from the interior of the concrete gives as

much as 81.9 per cent of silica and 6.0 per cent of alkali. However,
the chemical difference seems to be only quantitative and not

qualitative. :
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efractive i ili i low and
3.5. 'The refractive index of siliceous gels is very
varies with the water content. The average range is between
1.46 and 1.49. The gels give a cloudy appearance }1~nder a
m'icroscope probably owing to the presence of fine inclusions.

3.6. Reaction Rims:—Another criterion referred to by
McConnell (12) is the presence of reaction rims. Quotl.ng
McConnel, “the occurrence of altergtxon rims on aggregate gra.ltr‘xs
of certain rock types, when properly.mterpre‘ced, may be d1a.gxlms 1(;
of cement-aggregate reaction ”’. ’I_‘hls souqu plaus1ble'but. ta, mt?tf
gimilar rims are also found in certain rocks owmgf 0 . e
weathering of ferromagnesian mlperal in them, and therefore ; is
necessary to show, while examining these rims for the re.acf 1:1111,
that no such rims existed in the representative samggz ot‘ e
un-used aggregates. However,‘ from various considerations
mentioned below, it may be possible to decide easily the origin
of the rims.

() The rims may be significantly different in cha_racter
which can only be decided by a very experienced
petrographer.

(b) Only certain types of minerals in nature are deleteri-
ously affected by cement alkalies.

Gel deposits are usually found close to the aggregate
© gr(:,ins Showing altered rims and, thereby, establishing
the reaction.

. The peripheral zone of aggregate particles gets
wea.lféfxed ?)y intgra.clt)sion with cement alkalies and qhe vou} thuz;
caused usually gets filled with silicious gels. A thin section o
such & rock, when examined under a petg‘ographlc microscope,
ghows & narrow rim separated from the main bpdy a.nq. this rim
ususlly has a higher transparency than the interjor portion of the:
‘rook particles. This has been attributed to two probable causes :
:he removal of some rock particles by dissolution, and the
increase in optical homogeneity as a result of .the penetrathn of
alkali silica gels inside the rock. These reaction rims have beeIn
noticed more prominently on glassy andesites and phyllites. . It
has been observed that these reaction rims and gel deposlts oftan
occur in close proximity. :

' i : I hich
. 3.8. There are, however, certain other phenomena w
occur .in concrete ’aﬁected by cement-aggregate reaction. But
'they are not criteria for cement-ag_gregqte reaction, in so for as
they are also associated with deterioration of concrete by other
causes. . These phenomena are : :
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.. (a) embayment, encroachment, and penetration of aggregate
grains by cement paste, (b) microfractures in the concrete, and
(c) deposits of fibrous calcium sulpho-aluminate, and (d)
carbonation of the cement paste. -

4. PHYSICO CHEMICAL INVESTIGATIONS AND
MECHANISM OF DETERIORATION

-4.1. The deterioration of concrete caused by the reaction
hetween the aggregate and the alkali of the cement is purely 4
physico-chemical reaction, but the mechanism by which this
reaction produces forces capable of producing severe oracks in
the conorete is not clear. However, Hansen’s ‘* Osmotic Pressure
Hypothesis ”’ (7) is supported by many investigators of this
problem. It is believed that the silica of the reactive aggregate
reacts with the alkali-hydroxide in the cement paste to form
alkali-silicate, which may be represented by the equation :

2 NaOH +8i03  =Na,8i0,-4+H40

. 4.2, The alkali-silicate is in the form of a gel, whose silica-
ions assaciate into complex ions. These complex ions are not
capable of diffusing out through the hardened cement paste.

4.3. McConnell and his co-workers have demonstrated the
semi-permeable nature of this hardened paste. A hollow concrate
cylinder was filled with water-glass (Na,S8i0,) and was totally
sealed except for a small-bore glass tube &t the upper end. On
immersing the cylinder in water, the liguid level rose from zero
to'240 om. after 195 days. The cancrebe thus permits the inward
penetration of water, but inhibits the outward movement of
water-glass. The magnitude of the osmotic-pressure, messured
by these workers was about 550 1b per sq. in., & wvalue of about
the same magnitude as the tensile strength of the concrete.

44. Owing to this foroe, the cement paste immediately
surrounding the reactive particle is ruptured and the gel
sccumulates in the fracture thus formed. The continued
inhibition of water by these gels, cause the enlargement of these
fractures. When the fractures are located near the surface, the

gels exude in the form of beads. A reference to these besads hss
already been made in para. 3.3. )

4.5. According to Parson and Insley (17), the silica gel
permeates the cement matrix in the vicinity of the reactive
particle and fills the adjacent air-voids through channels in the
cement matrix of high permeability. A reaction then takes piace
at the walls of the pores filled with liquified gel, to form a semi-
permeable membrane. Osmotic pressure finally ruptures and
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i i the. active

ms a crack in the concrete, extending. away from the.
g:rticles. As the pressure is released the - liquified gel bursts out
through the erack. Thus, the origin of the: cracks, - accor(dmg_ to
these authors, is the original air-filled pores and. not the active

mineral sockets.

4.6. In spite of a large amount of research work, the. exact
nature of the semi-permeable membrane is not yet clearly
understood. Tt has been suggested by Parson and Insley that a
reaction between the alkali-silica gel and the calcium-containing
products of the cement, produces the sem{pprmeable membrane.
Kalousek suggests (10) that a soda~11.m,e silicate gel, ‘& reaction
product of sodium oxide, calcium oxide, and water is probably
the essential material constituting the semi-permeable membrane.

5. SOME RECENT INVESTIGATIONS

5.1. Research work in Australia on cement-aggregate
reaction has resulted in the .a.dva,ncer_nqnt of some unique theog'les,
which have been summarized by Vivian (24) and are described

here briefly. o
(a) Changes in the tensile strength of mortar:.—

It has been observed that microscopic. cracks are formed in
the conorete, prior to the development of abnormal eﬁpatxzsgp_rll.
In certain cases these microfractures. have reduced tTt;I x{:fs_;] z
strength of the mortar by as much- a8 75. per cent- 5 et; i ne
interval between the commencement of the reduction in the ene;xh
strength and the expansion of the concrete, depends on the
alkali content of the cement.

(b) Effect on expansion of void space in the mortar :—

It is known that the amount of void space in the mortar
can be inoreased either by decreasing the proportion of -cement 173
regate or by decreasing the water-cament ra tio. It-was found
that when the void space in the mortar exceeded 7-8 per Ho;ent.vby
volume, the mortar did not expand abnormally, 4wherqas.-:~whén
the &méunt of void-space was 1ess;t&i)an£7-811per -oens*tl;% ::mé
i very large. In both the cases -
g'he ::gg::: 12:;:;8:“;]2'6(1 bg the alkali in the cement. Therefore
ibg %vas- conoluded that void spaces in mortar are veryrm?drtant
in combating the cement-aggregafte ‘reg.ohfa?..-‘_ . Cer B
.\ & TEST PROCEDURES AND THEIR CORRELATION
ST wrrH FIELD EXPERIENGE -, 7
el hsive s revealed 8 tong list of minerals
SRR A ive” research hag revesled a Tong list of miner:
whic‘ix.llueh::;:g}: :': reacting with He alkali of the cement to
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form alkali-silica gels of the type described in section 4. Thus,
apart from opal, shale, and chert, the presence of minerals like
obsidian, andesite, phyll or chalcedony in the aggregate is also
considered as deleterious for the concrete.

6.2. Realizing this, various investigators carried on research
and developed simple test procedures for detecting deleteriously
reactive aggregates, prior to their use in concrete. (13, 15, 16,
19, 25). Some of the tests are described here :

(a) Mortar Expansion Test:—

The mortar expansion test procedure was devised by Stanton
in 1940, to trace the causes of the Bradley pavement failures
mentioned earlier (para. 2). Mortar bars using the same brand
of cement, and coarse and fine aggregates that had been used in
the construction of the pavements were cured under various
conditions for one year. It was observed that bars contained in
sealed containers with a little water at the bottom has developed
cracks similar to those observed in the pavements. Later, the
test was further developed at the U. S. Bureau of Reclamation.

) Morta.r bars (1 inchx 1 inchx 11} inches) are prepared in
triplicate using a mix of ene part of cement to two parts of the
aggregates under test. The net water-cement ratio is maintained
at 0.40 by weight. The ingredients are properly mixed and bars
fabricated in the moulds in & manner similar to the fabrication of
bars in the Autoclave Expansion test (20). The specimens are
then cured in a moist room at 70 degrees Fahrenheit for seven
days, the moulds being removed from the bars after four days.
After the curing period, the lengths of the bars are measured in a
comparator and the bars are then placed vertically in a container
with a little water at the bottom to maintain the humidity. The
containers are sealed and kept at 100 degrees Fahrenheit. The
change in the length is determined at monthly intervals. If at
the end of one year, the expansion of the bars is found to be more

than 0°20 per cent of the original length, the aggregate is consi-
dered as deleterious.

Excellent correlation between the results of mortar expansion
tests and field experience has been observed in & number of cases
(21). Mortar expansion tests showed that sand and gravel from
Cowliz River, Washington, were harmful with a high-alkali
cement. However, with a low-alkali cement very slight expan-
sion of the bars took place (23). When these laboratary results,
obtained by the mortar expansion test, were compared with the
service records of bridges built with high-alkali and low-alkali

CEMENT-AGGREGATE REACTION IN CONCRETE 253

81 |
COWLITZ RIVER SAND
-
z
w
(9]
@
w
o]
H
z
Q
2
g
»
w
NG20 EGUIVALENY O:267%
o 4 8
AGE:YEARS ]
1G. 1= EXPANSION OF MORTAR BARS N SEALED STORAGE AY TO F
Fié. #ROM PROC. A.S. T, M. VOL.48, 1948 P. 1008,
o]
COWLITZ RIVER GRAVEL
é’
w
o
z Y
(-4
@
z
[ 9
o
w

) 2

AGE-YEARS

FIG.2 - EXPANSION OF MORTAR BARS N SEALED STORAGE AT 7O0F
FROM PROC-A,5.T,M. yOL. 48,1948 P.10@ S,



254 SEN, M1TTAL & BANERJI ON

cements and the same aggregates, excellent correlation was found
to exist. Thus the group of bridges made with a high-alkali
cement had developed severe cracks, whereas the other group
made with a low-alkali cement were normal (Figs. 1 and 2). The
expansion in the first group was dbout 0-2 per cent which agreed
w1th the laboratory results. .

A setious drawback in this test procedure is the time required
for the completioi of\thghiest

S -v.,\_‘l}\

(b) Chemical Test Procedure :—

A chemical test procedure for detecting the potential delete-
riousness of the aggregate has been developed by R. C. Mielenz
and others at the U. . ;Bureau of Reolamation. These workers
have ‘made a detailed study of the effect of alkaline solutions on
aggrogates and also the effect of aggregates on alkaline solutions.
The,-gesults. of their. earlwr works and also of other’s have been
summarized ,by Mielenz’ '{16). The Bureau of Reclamation ulti-
mately established that, * The dissolution of silica from aggre-
gates by I N NaOH solution and the concomitant reduction in the
alkalinity of the solution are closely related to deleteriousness.”

The test is performed by first crushing the aggregates to the
No. 50 ~ No. 100 size. It is then immersed in the I N NaOH
solution at 80 degrees Centigrade for 24 hours. At the end of
this period the solution is filtered and the filirate analysed for
dissolved silica. The reduction in the alkalinity of the solution
is measured by titration. to the Phenolphthalein and point. For
deleterious aggregates, the ratio Sc/Rc is greater than unity
where Sc. represents millimoles of silica dissolved per litér and
Re. represents reduction in the alkalinity of the salution
expressed as millimoles per liter...

About 71 aggregates were tested at the Bureau of Reclama-
tion by the chemical test.procedure and these aggregates were
also subjected t6 the mortar expansion test. These two test
procedures gave excellent correlation in their results as shown
in Table II. The chemical test takes three-man-days to com-
plete. - :

[N
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Table 1I,

2565

Dissolution of Silica from rocks and minerals by a.
N. NaOH solution: and the concomitant reduction in
alkalinity of the solution,

e—

l

|

30

52
39

28
5b

57
66

60

P61
32

Results of Chemical

g &
te Material Test with NaOH Solu- |.S £ 8
Ageross tion No. 500100 |& 38 &
— T T T TR 2 ‘ g ¢ @me
> EUQJ 2 Q:S\ l o ga 2
—5 - - ﬁ ) o = 0
282 2> 2 |BSEE
Designation Source A ‘ég g '-é : E g h.g =
s O = o et B
'.-24 g Sl é"g g g‘é 8
B8 = Ll
o Obsidian | Lake County, |- 97| 30 |323 | 0.261
‘Perli Near Superior
Perlite { Ariz. 229 108 2.07 0.254"
l
Flint | Crown Point, 205 53 | 2.87 | 0.352
Andesites | N. Y .
: Sand Joagin
River Calif. 660 168 | 3.93 0.477
Brown NearGeorgeTown,| 208 97 | 2.14- | 0.516
Obsidian gzlod Py
don ad Pipe-
Chaloedony Springs 840 203 | 3.29 0.940
Opal Near Quincy 1040 | 307 {331 | 1.613.
' ‘ ‘Wash. ,
Quartz | Near Denver. 31 31 |1.00 | 0.033
» | Colo.
: ’ . ‘
i Pridge Canyon, ,
Lime Stone A'll“liz.g v 2.4 15 | 0.16 0.021.
Marble | Yule, Colo. 23| 12 |o019 | 0.022
’ li . Castle Rook,
Rh_yol e Colo. 850.0 381 |2.23 | 0400

(Prom the Jéurnal .of‘Ameriosn:Conorete Tnsk., November; 1947)

13
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{¢) Petrographic Examination:

Petrographic' examination of aggregates by potarized light or
by the,immersion: method is also helpful in' identifying. and
establishing the physical properties. of minerals which are likely
to cause expansion of concrete (18, 13).” The procedure adopted

by the.U.S..Burean of Reclamation has been desoribed by Mielenz. -

Some of the minerals whose presence in the aggregates are un-
desirable are “opal, chalcedony, tridymite, cristoballite, zeolite,
heulandite, rhyollite, andesites and certain phyllites. It has been
obsarved that the immersion method is very useful in identifying
minerals similar to opal or chalcedony. Mather has given (11)
a valuable list of the optical properties of sowme of ‘the above-
mentioned minerals. The method of determining the refractive
index pub forward by Dodge (4} is very useful identifying guartz
from-chalcedony in a mixture of these two substances.

Among the various test procedures, the above three are the
most important. The Bureau of Reclamation has inctuded the
sbove-mentioned procedures in the list of tests which have to be
perfctmred oiuiaggregates prior to their use.

L L
-, :

7. SUGGESTED REMEDIES FOR CEMENT-AGGREGATE

REACTION

71, From sll that has been written above, it appears that
the safest course for the engineer would be to discard sggregates
which are diaggpsed a8 deleheriougly active. But in many 08508
this may not bs économical and such aggregates will have to be
used. Hence from time to time remedies have been suggested,
aimed at preventing an abnormal expansion of concrete, even’
when a deleteriously active aggregate has been used,

7.2. Obviously one of the safest practice would be to limit
the alkali content of the cement. The conclusion that can be
drawn from the works of various authorities
that 06 per cent of total alkali is the maximum Yimit that can be
permitted in coment. The U. S. Bureau of Reclamation has used .
(2) Yow-alkali cement 85 a precautionar :
their projects, like the Davis Dam, the Hungry H
Tt fdyust be pointed out that this messure is not a' remedy, in &0
far s it does mot ighibit the cement.aggregate reaction, bub
simply delays it. Vivian and others in Australia made a study of
the "¢ Mobility. of slkalies in hardened morter ", and their. conehis’
sion, in'the words of Vivian, is that *'jt is reasonable to assame

P t

‘on_this problem’ is '

EXPANSION - PERCENT

y measure in a number, of .
orsé Dam, eto:

CpMENT-AcoRECATE REAGTION 1% CONORETE apy

] i iti i itable, sufficient
that ided moisture conditions remain sul , :
3lka’li fxi?g‘;-ation and consequent expansion will ev'entua,lly occur
in mortars made from low-alkali cel.ne_nt and re&ctixw_a aggregatesf.
Thus the adoption of an arbitrary limit for the alkali .cogtem; o
the cement for use with reactive aggregates may be inadequate,
since it may not prevent serious reactl_on, ,and abnormal expansion
of mortar and concrete but only delay it ”’ (24). . ‘ |

i orted by Hanna where
7.3. Two instances have been repoxt : ¢
concrete structures built with afhlgh-g}l(;};sswrrg;g:e a,:xi mr?:::gg
had shown no sign of any di . _exa; .
zg%lligzgftsmtures revealed thaet both of them had rece‘Wed a ?OM‘;' of
water proofing paint (B). : . |

N

«,PESSIMUM .

ile di i -ag te reaction Stanton
7 hile discussing the cement-aggrega
has iggfoduwce:i s word * pessimum ”’, suggesting thqreby thgt foz
a good concrete the aggregates must cont&tm t.llle ﬁes:ﬁrix;ug; :ﬁxgzﬁl
i i : ates lac
of reactive particles.. .Where the aggreg Jack this possimum
ition of small amount of ground pozzol
Z;:)lugé ?)ggrlxt;uggesbed,_ (6). In some cases 30-40 per cent of the

i ! .
. . : . o [
.. . .3 5
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[
#I03: RRACT 6 SpALED STORAGE ON EXPANBION €Y WRATTUTING POT20LANL PORCOHBRS
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FIG.4~-ErrECT OF SEALED STORAGE O

cement has been replaced by pozzolanas. The beneficial effect of
pozzolanas has been discussed (6) by Hanna. The results of ex-
periments conducted for four years with calcined Phillips Shale
88 & pozzolanic material is shown in Figs. 3 & 4. (5). In fig. 3 the
cement employed contained 1'16% alkali (as Nay0) and in fig. 4
the alkali content was 1'02%. The marked effect of the admixture
of pozzolana is clearly shown. Good pozzolana must be able to
react with solution in the concrete and at the same time give pro-
per workability and strength to the concrete. Jordan had develop-
ed a test procedure to measure the pozzolanic activity of various
varieties of pozzolana. Quoting Jordan, * Various investigators
have found that in Portland-pozzolena reaction, the alkalies in
the cement act as catalysts. Some of the reactions may be as

follows ;—

2N80H+Si02 =Nal.0 SiO, +H’O

Na40 8i0,+-Ca (OH), = Ca0 8i0,+2 Na0H

Ca0 Al 203 2 SIOQ +2 NaOH=Na’0 CaO A1903 2Si0’+HgO

Na,0 Ca0 A1,03 2 8i0,4-Ca (OH), =2 Ca0 A1,03 2 §i0, +2Na0H

7.5, From this it follows, that the extent of & reaction bet-
ween pozzolana and an alkali such as sodium ‘hydroxide would
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of its pozzolanic activity . The U.S. Bureau
:}BOR:SA;?tgzzuflis thereI;ore used Phillips shale and Monterey
shale as additions to combat abn‘prmal expansion in ‘th.e co_nstr;ll-
ction of the Davis Dam (2). Besides combating expansion in the
concrete, the use of pozzolana imparts other beneficial effects to
the concrete which have been summarised by Blanks (2),

ini i i 1, chalcedony

7.6. Rocks containing minerals like opal, 1y,
andesites, and phyllite are by no means confined tg America
alone. In India too, many varieties of rocks contain some of

these minerals.

8. CONCLUDING REMARKS

" '8.1. The works of various investigators quoted above reyeal
the foilowing basic facts known about cement-aggregate reaction :

Deterioration of the concrete takes place as a rqsult of
®) tlfe interaction of the alkalies relea.sqd duru}g the
hydration of the cement, and some minerals in the

aggregates.

: Comparatively, deterioration is more predominant and
(b OcClllI‘)s earlier with a high-alkali cement than with a
low-alkali cement.

(c) Concretes deteriorated by the cement-aggregate reaction
contain alkali-silica gels round the reactive particles,
in the air voids, inside the cracks and also appear as
exudations on the surface.

(d) Deterioration can be prevented by th_e use of some
pozzolanic materials, in a finely divided form,
containing reactive minerals like opal, shale etc.

re, however, many problems associated with
cemesﬁ'.agrgx}-l:gr:t: reaction whi.ch have not yet been solved
tisfactorily. Thus the beneficial effect obtained by the use of
sazzolanic material containing the same minerals which are
ﬂcr)xown to cause severe expansion, has not been explained.

It has not yet been possible to fix the maximum limit of the
alkali content of cement.

Similarly the exact nature of the semipermeable membrane
has not been explained clearly.

Solutions to these problems will only come through intensive
research.
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: 83 - Since many important concrete structures and roads
are hkply to be built in this country in the near future, it is
-essential that research work on this problem of cement- aggregate
reaction should be taken up as soon as possible.

8.4 The Building and Road Research Station of Uttar
Pradesh, Public Works Department at Lucknow, has now been
completely equipped for carrying out the mortar bar expansion
test, chemical tests, and petrographic examination of aggregates
as descn'.bed in this note. Work on this problem has been started
with a view to investigate the probable incidence of cement-
aggregate reaction in concrete structures in Uttar Pradesh.

8.5. Some of the important facts known about cement-
- aggregate reaction have been presented briefly in the foregoing
paragraphs. Insuch a treatment, it i8 not possible to devote
~much space to any one topic. For the benefit of readers
interested in the subject a list of references is given which may
be consulted for more detailed information. '

8 6. This note forms a part of the work doneat the Building

' und Roads Research Station of the Uttar Pradesh Public Works

Depar_tmenf. (B & R) at Lucknow, and is being published with
the kind permission of the Chief Engineer, Uttar Pradesh.

N Jackson,
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(if). THE NINTH INTERNATIONAL ROAD CONGRESS,
' : LISBON

September 24th to October 3rd, 1951

Thirteen years after the Eighth Congress held at the Hague
in 1938 the International Road Congress met again at Lisbon in
September-October 1951. According to its constitution the
Congress is to be convened at intervals of four years and even
this interval has been held by some to be too long. But a long
war and the post-war difficulties prevented the Permanent
Committee from convening the Ninth Congress earlier.

On account of the long interval of thirteen years numerous
technical problems connected with highways were awaiting dis-

cussion and the vast experience acquired during these fateful
years awaited expression.

The Lisbon Congress afforded a unique opportunity for this
purpose when about 1,200 delegates representing more than 40
cduntries took part in the Conference. Some countries like the
United Kingdom and France sent more than 100 delegates each.

.i:-India became a permanent member of the Congress in 1913
when the Third Session of the Congress was held in London.
Since then” most of the Congress Sessions have beon attended by
Indian delegates. The delegates to the Lishon Congress were :—

Government Delegates
1) Shri M. L. Champekar,

Chief Engineer, Leader of the
Public Works Deptt., Delegation
Bombay.

2) Shri H. P. Sinha,
Deputy Consulting Engineer to the (fovt. of India (Roads)
Ministry of Transport
New Delhi.

?

Non-official Delegates

1) Mr. W. A. Griffiths, representing Burmah Shell (India).

2) Mr. H. S. Batlivala, representing the Concrete Associa-
tion of India.

Mr. Batlivala could not attend the Session,

The Preeident of the Republic of Portugal inaugurated the
Session on the 24th September 1951, The business meetings .wero
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4th upto the 29th September. The -technical
E‘l:}li‘(i)rtfrsrogc:i}'tr(:adzfrdni Sg\fgra.l countries all over the world were
considered and discussed at these meetings. These reports had
been summarized and compiled by the Repqrte}‘s a,ppomtefi _fqr
this purpose. Printed copies of thes.e compll.a,tlons were distri-
buted to the delegates. - The conclusions arrived at after the
discussions were confirmed at the final meeting held on the 29th
September. These conclusions formed, the most 11npor§ant out-
come of the deliberations, : '

" In order to acquaint the_ldelltlagagas with the progn;iess n:la;(:ieou;;
ineering in Portugal, the Congress arranged excursion

::ﬁld v?gigt;ng?ongg important highways, both in the nglghbou}-hoqd
of Lisbon and in other parts of Eortuga,l, The inspection of
works which included several large brldges,.a tunnel, a.}xto-estrada
(the expressway of Lisbon), a fly-over crossing, two airports, the
national stadium, and several newly developed areas, was most
illuminating and revealed how Portugal had been making a rapid

dvance on the engineering side, although.xt is & country very
s 1l in size. Its- area is 86,621 square miles, which is about 3
sr:ra cent of the area of India and somewhat less than the area of

Punjab (I)." R :

he delegates were also invited to visit the Civil Engineering
Lab(;rra:ary §gf’ the' Ministry of Public Works, Portugal, Lisbon.
This laboratary is equipped with a large number of up-to-dato
instruments “&nd it appears that the Portugese Gov'ernplent is
;3lly -plive to ‘ﬁfe, great ‘necessity of scientific investigations on
the subject of road engineering.

ing the business meetings, lasting more than si.x da.ys, it
Dl(l,?gtilgle to cover a very large field of road engineering as
W&:,ngements had been made for simultaneous' translation of the
:;f,eches. into three languages, viz.,, English, French, and

Portugese.

Two separate meetings, were held simultaneously so that two
quesﬁions could be discussed at one time.

addition to the discussions carried 'o_ub d.uri_ng busi_t}e_si},
meet‘,Iilrllgs and the visits to works and laboratorles,‘ it was possible
for the. Indian- delegates to make contacts during the Congress
with mzi;ny;' eminent engineers and scientists connected with road
work, = - : Coeny

~All the impottant countries in the world, with the exdeption
of the United States of America, were represented. OWmQ to a
devigion” by the United States Congress, no engincer from that
country participated. The United States Government holds the
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view that only government-appointed delegates should partici-
pate in the Congress. As the International Congress did not
subscribe to this view and did not exclude all but government-
appointed delegates, the United States engineers stayed away.
Hope was expressed at the Session that some means will be found

to enable the American engineers to be represented at the next
Congress.

Almost complete unanimity was achieved on the technical
conclusions which were adopted formally on the 29th September.
These conclusions are reproduced here in full.

The Permanent Commission will shortly cons.der the date

and place of the next Congress and it is hoped that it will be
possible to hold it in 1955,

CONGRESS CONCLUSIONS
SECTION 1-CONSTRUCTION AND MAINTENANCE,

First Question .—Progress made since the Hague Congress in
’ 1938 concerning the (A) Use of cement and
other tpecial materials on road pavements

and aerodrome runway surfaces ; (B) Prepara-

tion and use on roads and runways of plastic

binders (tars, bitumens, powdered asphalt
fillers etc.).

General Reporter ENGINEER ANTONIO Comruo, SaLLEs HENRIQUES,

Direcror OF THE Roap BuiLpine SERVIOES OF
THE " JUNTA AUTONOMA DE EsTRADAS ¥,

GENERAL

No new materials : (a)
ed in regard to the surfacing
Hague Congress, in 1938, and
almost exelusively with the i
the materials and constructio
ed at that date: there are no
time, nor even any new type.
which definite conclusions ¢

The progress which has been regord-

of roads and runways since the
up to the end of 1950, is concerned
mprovement of the characteristics of
nal methods which were being appli-
new materials in use at the present

8 of surfacing in connection with
an be drawn at the moment.

- The war pre#ented any further advance in this fleld during
the course of the past 12 years,
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(b) General Use of Investigations an;d ’iIr‘mestt}?é ggl ;:alol;::;-_
has been made
ved that remarkable progress has , made in the goner et
i cial laboratory investigations : »
glfgrrgsesnfsocfozgeerned not only with binders and aggregates, but
also with compounds.

it i tial that research on
t from laboratory tests, it 18 essen .
the rﬁfg‘: and runways themselves should be carrledfout azxr(}l ct;}ilgl‘i
these investigations should relate both to metho‘;isb(l{S hc:(;ui bruction
nd to the behaviour of surfacings. It is an es a,b 1f od rulo thot
?a,bomtory work should always be complemented by full-
carried out on the site of the work.

(¢) Mechanisation of Operational Me_thotfls. (:EhizZthggz
b a noticeable development in the mechanisation [Of mathods
eer;he reparation of materials, the manufacture of_t. e ¢
fm(;nrd thepconstmcbion of the various types of surfacings.

.d Foundations. The

for Firm and Well-draine :

need(df)or 1ci)‘:les(iiaructing firm and: well-drzlunedl found:txr(;t;ulio 01;0:;11‘:
y been emphasised largely as

?;l(g‘e;‘sl:?n&%ﬁe lvlva(;sight;ss and numb_ers of motor vehicles and planes.

(A) CEMENT AND OTHER SPECIAL MATERIALS.

I. Cement.

/i v t pavement is the

'he most widely used type of cement p . o

tanilltzrd'lplzl:vement of concrete slabs, with or without reinforce
)

ment.

i ' dam has not been
tilisation of cement-grouted maca. :
deVe'II;l;)Zdu tll.lthough it is considered that use can be made of it,
especially for foundations.

i lly to
inforced concrete is recognised genera
@ ﬁslt::g:sg hitr: -luse has been restricted for economic reagox}s
b:; dbveag;usge unr:ainforced pavements have been constructed in
a .

gome cases With good results.

for surfacings constitutes
se of pre-stressed concrete soin, titute
i(3)0v3tlil§nuin roa?dwa.y technique, and a'lso this sy stem is ,st,ﬂ]
Eim tl?: experimental stage, it would be advisable to continuo in-
vr;stigations into its use as it would seem likely to play an impor.
tant part in the future.

f Portland .cement has
The use of the standard type o :
'beoo(r‘rix)e gen:ra.l, but it is expected that bla,sr,is-fl_lrnp,cclz1 pimﬁnt will
‘become of considerable importance in countrxgg yv ich ] a.vve‘a.n
extensive iron and steel industry.
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(5) A tendency towards the reduction of the proportion of
cement is observed and this may be attributable to the improve-
ment in the characteristics, and an increase in the power, of
modern mixing and vibrating machines.

(6) Rough-textured broken stone and gravel aggregates have
given similar results.

(7) In view of the results of trials which have been made, it
would seem that there should be no hesitation in using discon-
tinuously-graded aggregates.

(8) There is an apparent tendency towards the usc of con-
crete of uniform composition, even where the applieation is made
in two layers.

Despite the increase in thickness and the reduction in the
water-cement ratio, the use of a single layer, without detriment
to the compactness and the final strength, is tending to become
general owing to the technical developments which have taken
place in the construction of vibrators.

(9) It is observed that there is a clearly marked tendency to
lay slabs of uniform thickness, that is without additiona! thick-
ness at the edges or on the corners.

(10) Progress continues to be made in the development of
mathematical analyses for calculating the dimensions of rigid
surfacings ; the question is considered to be still in the course of
solution.

It is regarded as absolutely essential, however, to carry out
direct tests under the conditions which the projected types of
surfacing will have to withstand.

(11) Although the problem of joints has been the subject of
detailed investigation with a view to obtaining improvements in
methods of construction, or to a reduction of the number of joints
to & minimum, or even to their complete elimination, a satisfac-
tory solution which has been confirmed by long experience has
not yet been reached, nevertheless certain joints have given pro-
mising results over a period of a few years,

Today, joints are still the weak point of these surfacings both
from construction and maintenance points of view.

(12) The use of central concrete-mixing plants has become
general, since they ensure a uniform product and enable the mix-
ing to be controlled. :
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11I. Other Materials.

(1) Stone-sett Paving. No technical progress is reported in
respect of these surfacings, which continue to be employed in
certain countries, although only on a limited scale. The.\, problqm
of filling the joints does not appear to have been solved in a satis-
factory manner in every case.

(2) Rubber. Many lengths of asphalt have becn laid with
rubber-bitumen mixtures during the past 15 years, but so far no
definite general conclusions have been reached regarding any
improvement produced by the addition of rubber in tho road-per-
formance of the asphalt. Further systematic investigations in
laboratories and on roads are required and the result should be
reported at the next Congress.

(3) Gast-iron, Steel and Other Materials. No reference is
made to the use in recent years of cast-iron or steel for pavings,
nor of other materials deserving mention,

(B) PLASTIC BINDERS.

(1) The most widely used plastic binders are still bitumen
tar, bituminous emulsion and cut-backs.

ency is noted for the use of cut-backs to become

nef':l tglnagnlyyin countries where the bitumens employed are
e 'ved’ from the distillation of petroleum. The use of cut_-backs
e nts no difficulty in surface dressing, but in paving mixtures
?{;reizenecessary to select the type of cut-back most suitable for the

grading of the aggregate.

(2) Generally speaking, it is observed that reses.rchqs on tars
have led to important improvements with regard to their manu-
f ’ ture, as a result of which certain modifications have had to be
‘a: udn’ced into corresponding specifications. New oharactgns@ws
;1!;:: been established with obvious advantages in the utilisation-

of this material.

s bitumen, emulsions and .cut-ba.cks' are conc_erned,
il t}ﬁ:t ft?llt‘ax: is to note are some appreciable modifications in the
2haractéristics and specifications for cut-backs where the introduc-

tion of types with higher viscosity is reported.

he problem of the adhesion between binders. and aggre-
ater§3l)1asTbeZI}1) the subject of extensive research but it does not
gppear that any satisfactory conclusions have yet been reached,
and, on that account, it is to be hoped that these researches wil

be actively pursued,



270 INFORMATION SERVICE

(4) The addition af activators to binders, for the purposo
of ensuring their adhesion in the presence of moisture, is a
question of the very greatest importance, chieflv in countries
with & wet climate. It is for this reas»n that the hope is
expressed that researches which are in hand will result in
establishing suitable types of activators and technical guidance

for their application, so that the use of these products may be.

made practical and economic. Nevertheless some roports say
that the problem has been solved for surface-dressing.

(5) Among the most widely used types of surfacing, based
on the application of a plastic binder—types which include
surface treatment, semi-penetration treatments, tar macadam
and pre-mixed carpet—special emphasis must be given to the
remarkable extension which has taken place in the use of the
last-named type of surfacing since the Congress of 198,

(a) Bitumen ecarpets and stone-filled asphalt, laid hot,
continue to be regarded as very good material for
wearing courses based on plastic binders, as far as
strength and wearing qualities are concerned.

(b) The technique of pre-mixed surfacings, in conjunction
with the general use of fixed mixing plants, and of
mechanical means for spreading, etc., has developed
in a remarkable manner and reached a high level of
perfection. As a result of these improvements, the
use of thin carpets has become general, either on
the old surfacing, or directly on macadam founda-
tions. There is a movement towards the replacement
of surface dressings by low-cost pre-mixed carpets
which is resulting in improved riding qualilies with
less risk of bleeding.

(¢) It is to be hoped that the technigque of the manu-
facture and application of cold mixes may make
such progress as will enable low cost carpets, posses-
sing the necessary properties for withstanding the
action of traffic and water, to be laid with confidence.

. (6) ' It would appear desirable to recommend that investiga-
tions into the effects of the characteristics or fillers on the
various types of surfacings should be continued.

(7) It is to be hoped that steps will be taken to standardize,
as far as possible, the terminology used in connection with
plastic: binders and the methods for testing the various materials
employed in- road construction. It would be advisable for :the
problem to be studied by a permanent committee functioning
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under the aegis of the Permanent International Association of
Road Congresses, as was in fact suggested in this connection
at the Hague Congress in 1938.

(8) In view of the failures observed in some countries in
the application of bitumem derived from petroleum, z?lthough
the product complied with the standard specifications, it would
seem essential that this question should be thoroughly investi-
gated by & Commission under the Permanent International
Association of Road Congresses in collaboation with the
manufacturers of bituminous road materials and with . the
refineries, since it is possible that this may lead to the
determination of additional characteristics which would enable
the quality of bitamen to be controlled satisfactorily.

(9) In the reports on the lst Question, frequent reference.'s
arc made to the non-skid qualities of the surfacings. It is
considered that a Committee, under the aegis of the Permanent
International Association of Road Congresses, should proceed
at once to investigate the various types of machine desigped for
measuring road-skid qualities with a view to the determination
of the characteristics to be adopted for these ma.chipe_s and to
the specification of minimum values for the coefficients of
friction of road surfacings. These investigations should be
undertaken as soon as possible, and the results should be
discussed during the periodic sessions of the Permanent
Committee and during the next Congress.

(10) The IXth International Road Congress records with
satisfaction the great improvements in road construction plant
whioh have been effected by manufacturers and which have
enabled the standard of workmanship and finish to be raised
appreciably.

ccond ion : Progress made since the Hague Congress in

$ Quest 1938g in the study of road sub-grades.
(A) Determination of the properties of sub-
grades; testing methods, and measurement
apparatus. (B) Stabilisation of the soil for
use in road foundations and surfacings.

@eneral Reporter: ENGINEER EDUARDI DE ARANTES E OLIVEIRA,
DirEOTOR OF THE CIvIL ENGINRERING LABORA-
TORY.

16
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(A) DETERMINATION OF THE PROPERTIES OF
SUBGRADES ; ETC.

(a) General Properties of the Sub-Soil.
Exploration.

(1) The methods of direct exploration by trial holes and
borings are relatively slow and expensive and there is sometimes
an advantage in combining them with other exploration
processes of a more expeditious and cheaper nature such as
penetration tests and geophysical exploration.

(2) The development of dynamic penetration methods,
especially suitable for firm soils, demands that the complex
pPhenomena affecting the penetration of the probe should be the
object of more precise experimental research.

(3) It would be a great advantage to develop a light and
handy probing equipment for determining quickly and cheaply
the structure of the upper strata of the sub-soil.

Identification Tests.

(4) It is recommended that the search for better methods
of analysing the fine component of clay soils than those at
present available should be continued.

(6) The Atterberg limits give a means of identifying
cobesive soils yielding more useful results than the mechanical
analysis of their fine component. '

Search should be made for perfecting the methods of
determining these limits with the object of reducing the influence
of the human factor and above all of establishing a closer
relation between the test results and the mechanical properties
of the soils.

(b) Water in the Sub-Soil.

(6) Previous knowledge of the moisture-content values of
the sub-soil which will exist after the construction of a road is
a very important factor in its design, since the principal
variables which govern the strength of the sub-soil depend on
the moisture content.

(7) The distribution of moisture in the soil involves complex
phenomena for the explanation of which it is necessary of
undertake research principally outside the field of the classig
theories employed in soil mechanics,

%G
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(8) In the practical field it is recommended that investi-
gations should be continued into methods of measuymg‘those
properties of soils which will permit the easy determination of
the moisture distribution in subgrades of roads and airfields.

(9) It is recommended that investigations shogld continue
into the correlation of the suction properties of .soﬂs_v, and other
properties capable of easier and quicker determination sp.ch as
the liquid and the plastic limits.

(10) For information purposes the results gf the systematic
observation of water in the sub-soil of existing roads are of
particular value. In this respect, it is reccommended that work
should be instituted with the object of perfecting the apparatus
for measuring moisture content and the pore water pressures,
both positive and negative.

(11) On the subjects of freezing and thawing, it is ack-
nowledged that appreciable progress has been made in the
understanding of the phenomena and also in phg_hxmg ‘of
standards for the assessment of the frost susceptibility of soils
and in the precautions to be taken to avoid harmful effects on
highways.

(12) The continuance of research in the field of the problem
of movements of the sub-soil due to the shrinkage or clayey
goils by excessive reduction of their moisture content is conmdg-
red desirable. Observation of existing roads is very helpful in
this connection.

(c) Compaction of the Sub-Soil.

(13) The compaction of the sub-soil has been increasingly
employed in the construction of embankments and of road and
airfield foundations and structures.

It is desirable to continue the efforts for perfecting the
theories, the methods of construction, and the equipment
on which the efficiency and the economy of the compaotion
depend.

14) The method of sudying the compaction properties of
soils( w)hioh is most generally followed is based on the Proctor
test.

ience in the use of this test reveals, hqwey_er, that
"umgx:'per:lservations are necessary as to its reliability and
significance in some soils. -
.The existing tendency is to ma:ke use of the Proctor test
_principally for the classification of soils.
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- (18) The modifications introduced in various countries in
‘the compaction test routine, intended to produce either a greater
homogeneity in the samples, or to obviate the disadvantage of
the repetition of the compaction operation on a single specimen,
or to increase the particle-size limit of the specimen, are consi-

dered worthy of attention without losing sight of the merits of a
uniform standard.

(16) Site tests with compaction plant, when the nature of
the work makes them practicable, can furnish very interesting
information as to the most suitable kind of plant and as to the
-most appropriate method of use.

(17) For the continuous in situ checking of the compaction
‘operations on earthworks, more rapid methods than those
involving finding the dry density must be developed.

The usefulness of,thepenetration needle in this respect seems
very limited.

Interesting results have been obtained with the manual
conical penetrometer.

(d) Stability of the Sub-Soil.

_ (18) In the last decade there has been a very useful advance
in the development of rational methods for designing roads and
airfields. At the present juncture, however, the methods giving
the most reliable results are still wholly or partly empirical and

depend upon judgement of the stability of the sub-soil by means
of laboratory or site tests.

The most general tests are the test for the determination of
the California bearing ratio—for the design of flexible pavements

—and the plate-bearing test, on the site—for the design of rigid
pavements.

- (19) The original technique of the C. B. R. test is capable of
.being perfected in particular as regards a more accurate repro-
duction in the test sample of the actual sub-soil conditions,

-2 In particular, the original routine for the soaking of the
-sample gives a conservative result in many instances and there

would be an economic advantage in replacing it by a test routine -

which would impart to the specimen moisture conditions equi-
:valent- to those existing effeetively 4n the sub-seil after the
construction of the pavement, where it is possible to forecast
them with a satisfactory degree of assurance. ‘

In the interpretation of the results of the C. B. R. test in
situ it is necessary to bear in mind that the natural meisture
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conditions of the sub-soil at the moment of the test may be more
favourable than those which will be met with in the sub-soil after
the construction of the pavement.

20) The tediousness of the test, and the bulk of the equip-
meng m)acessa.ry, constitute objections to the plate-bearing test on
the ground. 1In addition, the test is not usually performed under
the most unfavourable conditions of moisture content of the
sub-soil.

(21) It is agreed that there is advantage in expressmgh .tlile
results of the plate-bearing tests by means of parameters whic :
unlike the reaction modulus of the sub-soil, can represen
properties of the sub-soil under test.

In the application of the results of plate-bearing tests
to t{12e'2)design of I;Ii)gic:l pavements by Westgaard’s theo(;'y ltt l:s
pecessary to consider in addition .th.e stresses'produce_ 1r‘:h .g
concrete slab by temperature variations—particularly in 13:1
vertical gradients—and also by the eventual variations 1.11t e
volume of the sub-soil resulting from fluctuations in its moisture

content.

i i f road
23) The method of calculating the thickness o .
ave(me)nts on clayey sub-sails from the shear strength. of the soil,
g simple compression testing on the site, has been tried success-
ﬁflly in certain countries. It is recommended that the attempts
to perfeot it, on whioh its more widespread use depends, sh9uld
be continued. :

ting
The attempts at the devplgpment \_of new tes
etlgzi)s applicable to the design of rigid or flexible pavements,
l:vlhioh would supplant the defects of the present methods, are
worthy of attention.

"1 that the new solutions should be addpted, it.is

eoe:};:;dg subject them to confirmation by systematic appli-
:ation to real problems as far as .possible in conjunction with
.the actuel current techniques. ‘ L

S (26 formulation of simple and precise rules, prinoi-
vﬁal'l;z?z:r'?;;lioation to secondary roads, deduced from more
complete studies of soils with similar properties which would
ermit the determination of the charao_tenstws of the road by
fimple tests of the soil properties is considered very useful.

thod of designing pavements, founded on the
elss;sti(ifsﬁt);heE:lyfa ax.;;liedto systems of several superimposed layers,

* hits been substantiated in a satisfactory manner by experiments

Y i his ¢an-be
in the laboratory and on the ground, and at present ¢ ‘ -
wnlid::egl;;e r:’x;ost‘ satisfactory theoretical method.
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It is desirable to pursue investigations to obtain a better
explanation of the real behaviour of the sub-soil and puwvement
under the action of traffic loads and other superimposed loads,
taking into account their frequency of application, to make it
possible to perfect the existing methods, or to introduce new
sound theoretical methods for the désigning of roads and
airfields.

() Roads on Soft Sub-Soils.

(27) In order to limit the deformations of roads resting on
peaty sub-soils, it is desirable that, before construction, a reduc-
tion, as for as is possible, should be made in the moisture content,
and the carrying capacity of the sub-soil improved by drainage
and consolidation. With the same object the sub-soil should be
compacted by an adequate process. :

As far as is possible the subsequent variations in the moisture
content of the sub-soil should be prevented, in particular, by the

infiltration of rain water, thereby necessitating the adoption of -

impermeable surfacings.

(28) When it is necessary to replace bad ground by a
suitable filling material, founded on an underlying stratum of
good ground, the use of explosives will, in general, constitute a
satisfactory solution with a possibility of very considerable
economy compared with the usual earthworks practice, at least up
to depths of the order of 6 metres to a firm stratum.

(29) For greater thickness of bad ground the choice of the
solution. to be adopted should be made after special investi-
gation. .

. The cheapest solution will in general be that of the use of &
‘mattress of fascines.

If the ground features do not permit this solution, it is
necessary to choose, with a predominating oriterion of economy,
between replacement of the bad ground by a suitable material
and the construction of a supporting structure resting through the
.medium of piles on the firm ground. '

. (B) STABILISATION OF SOIL.
4a) - General.

- 1) The method of soil stabilisation applied to the construot-
ion.of the foundations and of the surfacings of roads and airfields
has aroused an increasing interest in all countries.
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This circumstance, allied to the important progress achieved
in the last decade in the technique of design and construction and
to the advantages of economy and speed, leads to the prospoct of
an appreciable development of the application of soil stabilisa-
tion in the years to come, in places where local conditions do not
especially favour traditional methods.

(b) Principles.

Classification.

(2) It is considered desirable that the classification of the
different stabilisation methods and the relevant terminology
should as far as possible conform with uniform standards in the
different countries.

Methods of Investigation.

(3) The stabilised mixtures using clay as a binder are very
sensitive to moisture. Therefore in the use of such stabilised
layers the road should be designed in such a way that there is no
danger of the stabilised layer being soaked and made unstable
by sub-soil water. It will be essential to adopt a superficial
impermeable coating in districts where the evaporation precipita-
tion balance, over a suitable period, will be unfavourable.

(4) For the study of the composition of soil mixtures,
satisfactory empirical rules are in use, depending on the
mechanical analysis and the Atterberg limits of the mixture.

Continuous grading is not, however, essential to obtain gooed
eompaction.

The maximum conditions of compaction and the mechanica-
-resistance of the stabilised soil can be advantageously investigal
ted by combining the normal compaction tests and the C. B. R.

test.

It is considered good from the practical point of view that
the moisture content for optimum compaction should not be
critical. -

(5) The determination of the minimum admixture of cement,
when this is the binder used for the stabilisation of the soil, ought
to be made on the basis of the results of simple compression tests
and resistance to weather (wetting-drying and frost-thaw).

. There is, however, a tendency not to make weather-resisting
tests-—as & routine procedure—since such tests, add little infor-

mation to that provided by ‘mechaniocal stren;t.h tests,
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_ (6) Bituminous binders can be used in the construction of
stabilised pavements, either as soil-stabilising agents or for
forming the superficial protective coating of the stabilised base.

Por the good performance of a protective coating on &
mechanically stabilised base, the preliminary process of priming
with binders of appropriate properties is considered essential.

(7) In the trials of the behaviour of stabilised soils with
bituminous ,binders, the North American technique has been
used. . :

The conical penetrometer has been found very useful for
checking the mechanical strength of the stabilised mixtures
especially in the case of sandy soils.

The efficacy of water-proofing agents can be checked by a
capillary water absorption test on a sample appropriately
compacted. .

. (8) The results of the most recent research justify the trend
towards the adoption of the combination of the normal compac-
sion test methods and the C. B. R. for the determination of the
compactness and mechanical strength of stabilised soils whatever
may be the stabilisation process adopted.

(c) Methods of use.

(9) The stabilisation processes ought to be adapted in a
well-considered manner to existing local conditions, not only in
respect of - the properties of the natural soil, the estimated traffic
and the climate, but also the available resources in materials and
plant. ‘

Ih the interpretation of the results obtained in other coun-
tries, account must be taken of these factors.

(10) Among the most common stabilisation processes, the
mechanical stabilisation of soil mixtures has the largest applioca-
tion  in the foundations of roads of all oategories and in the
surfacing of roads with moderate traffic. Exocept in very favour-
able conditions of climate, an adequate seal coat is essential.
The use of hygroscopic materials is common. o

The use of cement as a binder is increasing in countries
where there is an abundanoe of this material.

" Stabilisation with bltuminous binders tends to be oonﬂﬁed to
eases where other cheaper solutions would not be permisaible, . -
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Other chemical processes, using lime mixtures, lime pozzo-
lane and cement-pozzolane, natural or synthetic resins, industrial
rgsndues, ete., can be used suecessfully in particularly favourable
circumstances. ‘

(d) Conditions Affecting use.

(1) The method adopted for mixing a stabiliser with soil
is an important factor in the stabilisation process. Mixingin a
central depot possesses appreciable technical advantages, . but
the relative output and cost of mix-in-place and central plant mix
1sl, atbove all, dependent upon the actual design of individual
plant.

(12) The lack of adequate equipment has sometimes becn a
serious obstacle to the extension of the use of soil stabilisation in
road constrnction.

Although there has been some useful progress in the develop-
ment! of plant for soil stabilisation, this has lagged behind
developments in the technical aspects of the processes.

For this purpose, close collaboration is desirable between
the administrations, the laboratories, the contractors, and the
plant manufacturers.

(e) Prices.

(18) The cost of soil stabilisation is considerably affected by
factors of importance differing from one case and another—such
as : the size of the programme to be undertaken, the kind of
equipment available, the distances of the sources of supply of
the materials, the cost of transport, ete.

It can be affirmed, however, that when they are used in the
proper manner, soil stabilisation processes in-.many cases'can
lead to much lower costs than those of the traditional methods
taking into account not only the constructional costs but also
those of the upkeep of the road. : _

This advantage will naturally tend to increase as the désign
and construction methods undergo progressive improvement,

16
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SECTION 2 - CIRCULATION, EXPLOITATION AND
ADMINISTRATION

Third Question . (A) Basic elements for road design. (B)
Determination of traffic and of the conditions
by which it is influenced; especially: Speed
of the vehicles; Type of traffic ; Overtaking:
Design of intersections.

General Reportar: ExciNErr MANUEL MOREIRA DE  AMARAL,
PROFESSOR AT THE FacuLty oF ENGINEERING OF
THE QPorTO UNIVERSITY.

(A) BASIC FACTORS IN ROAD DESIGN.

(1) The guiding rules for the construction of Toads should be
related to the purpose which the roads are intended to serve
(long-distance traffic, local traffic, tourist traffic, etc.)

(2) The geometrical characteristics of the road should enable
vehicles to travel in comfort and safety at the speed for which

the road is designed.

(3) From the point of view of economy itis advisable to
construct roads suitable for the traffic densities to be expected
for a reasonable number of years. ,

At the same time it is essential that the plans should make
provision. for widening the carriageways, or if found to be meces-
sary, the comstruction of dual carriageways, cycle ‘tracks,
modification of junctions and any other features required for
the safety and efficiency of the traffic to be expected in the fore-

seeable future.

(4) It does not appear possible to specify numerical values
(for general application to every country) for the geometrical
characteristics of roadways such as the radii, widening and
superelevation on curves, gradients, sight-distances, ete., since
the determination of these values depends on the climate the
principal types of vehicles employed, the individual abilities of
drivers, the types of road-surfacing, the economic circumstances,

ete.

These are the data on which the determination of such
characteristics should be based in every country, when consider-
ing the factors which jnfluence the driving, running, and =afety

of vehicles,
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_ (5). When fo(r a .givcn section of road it is economically
1mp0ss1ble to maintain at the desired standards the value of the
deSIgn characteristics indicated in the preceding paragraph, tho
section should be provided with the necessary traffic signs.

(6) The separation of local trafic from through traffic is
recommended.

() Railway level-crossings should be eliminated, where
traffic and safety considerations justify the cost.

o8 It is advisable to exercise care in the design of junctions
in order to ensure the safety of traffic and the saving of time as
weﬁlltas to prevent accidents which frequently occur at these
points.

Crossing at diﬁqrenp levels (fly-over junetions) shouldA be
carefully considered in view of their high cost and the space they
ocoupy. :

Roun@aboubs, provided they are of adequate size, have
proved satisfactory for dealing with high densities of traffic.

(9 questigations should be made into the causes of aceci-
dents attributed to road conditions, in order to eliminate them
as far as possible.

(B) STUDIES OF TRAFFIG AND OF THE CONDITIONS
~ WHICH INFLUENCE IT.

(1) In order to determine the daily and hourl -
gities, and the nature of the traffic, o)(,)servation gogﬁﬁ;rg (;21;
up, and observers stationed at these points to count the nuimbers
of the various types of vehicles passing. Counts are made for a
certain number of days, which are usually spread over the whole
year, so that the traffic on each day of the week is counted at
jeast twice at different scasons of the year. Separate counts of
shorter duration can be of great value. ‘

" (2) In‘order to obtain other data, such as distance covered
speed, passengor-miles, ton-miles, etc., the methods may includef
(8) & questionnaire by which a form containing simple questions;
is handed to drivers to be returned to the control point after

completion ; (b) direct interview of the drivers who are stopped

at control-points and asked a few simple questions; (¢) observers
in a control car who record data such as traffic speeds, traffi
densities, etc. ’ ¢
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(3) Electro-mechanical apparatus and car registration plates
(when the latter indioate the canton or province from which the
vehicle comes) are of considerable assistance in determining the
various data relating to traflic which are mentioned in conclusions
(1) and (2).

(4) Roads should be constructed so as to permit traffic to
circulate freely during the peak hours which normally occur, and
should also allow for future increases in these peak values.

(5) No practical conclusions are reported as to the effects
of speed, the nature of the traffic, overtaking, and the crossing
of traffic streams, except in certain very special cases, but some
indication is given of the factors which must be considered in the
investigation of these important problems.

(6) Traffic statistics should be internationally comparable
and to secure this the problem should be studied by a Sub-
Committee of the Associati_on. :

Fourth Question: Road Exploitation.

General Reporter: Encingrr Mario Josg pE ABREU E SiLva
DIRECTOR OF THE CENTBAL SRERVICES OF THE
GENERAL DirkctioN oF Roap TRAYFIC.

(1) Road works are to be considered as economically sound
if they are capable of producing, for the community, a total
annual reduction in motor transport cost and other economic
advantages which are greater than the annual charges for cons-
truction and maintenance.

(2) It is recognized that economic soundness in the sense
given to it in Conclusion (1) is an important element on the
evaluation of road-work schemes, since it enables a measureable
economic value to be attributed to road improvements to the
extent to which deficiencies in the highway sare prejudicial to
‘motor traffic since this value is an index, although not necessarily
the only index, of the practicability and expedienoy of under-
taking the proposed road work.

An element may consist in certain ciroumstances of the
enhancement of the economio activity of certain regions and th
linking up of backward areas. .
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(3) Economic. soundness is closely connected with the state
of the road-surfacing and conditions making for safety. It is
recognised that it is not easy, at the present time, to estimate
accurately the effect of these factors on the cost of road transport.
In order that the suggested concept may lead to really useful
results, it is essential to carry out research and surveys to clarify
this concept. '

(4) Factors which influence the economic soundness of road
works include modifications in the technical characteristics of the
roadway which lead to:

More rapid transport,

A reduction in operating costs,

A reduction in running costs, and
Increased safety.

However, such modifications are, in themselves
economically sound if there is a certainty of a mini;nu
traffic to justify them.

only
m of

(6) The standardisation of methods of roa i
and rapair should be investigated with a view tg zfl(:fitfgu?.:gﬂ
operations as cheap and rapid as possible ; so that results pre-
dicted in regau‘l to the economic soundness of road schemes should
not be prejudiced. It is generally anticipated that, on heayv
trafficked roads, standardisation can only be aéhieved g )
complete mechanisation of construction and mainten y
methods. ance

(6) ~'1‘hebeiv"fec1; of the cost of road work in
economic soundness shows how essential it is that t
rules should be applied :

determining
he following

(a) The technical and economic functions of highws
- administration should be in the hands of a sp:egcl;x‘i}ﬂ
organization. This organization should be free t
admin}ster dt-hehfunds %ntrusbed to it by the State, becausz
-it is found that such a system leads to ien
flexibility. efficiency and

(b)> Such an organization should be given a definit ;
centage of the total taxes and dues imposed (:ne r%ir(i
users in order that it may be aware, sufficiently far in
t?l?vsnlfe,,of the funds which will be at its disposal and

us be in a - position to organise its annu i
most effective manner. O #l work in the
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(7) It is acknowledged that there are other conceptions of
the rentabiiity of road work bLased on difierent ideas from those
which have been discussed in the preceding conclusions as, for
example, in the casc of rcntability regarded from the angle of
special taxation for the use of a particular road, or on the enhanced
value of adjacent land. '

(8) It is also necessary to consider, with a view to financing
road work, the rentability of a road system which takes into
account the relation between the annual outlay on roadways and
the revenue derived from their use, or from activities related to
that use.

Fifth Question : (A) General road features (B) Urban road
features; Surfaces allowing easy repair of
unde: ground mains; Pipes; Tramways;
Smoke (exhaust gases, etc.); Visibility;
Longitudinal gradient; Restrictions on
frontage with regard to future building.

General Reporter: ENGINEER MANUEL MOREIRA DUARTE DE Sa E
MELO, GENERAL DIRECTOR OF THE BOARD OF
‘TowN PLANNING.

(A) GENERAL CHARACTERISTICS OF ROADWAYS.

(1) Roadways constitute one of the most important factors
in the economic life of a country and they are essential to its
progress. Consequently, the maximum efficiency, must be
obtained from mechanically-propelled road traffic and the layout
of the road must be used to the best advantage.

_ The characteristics of the roads must be designed with this
object in view, unless there are reasons to the contrary arising

from the topographical features of the terrain, the probable traffic
density, or the high cost of the road work.

(2) Roads are grouped in various classes and categories
according to the purpose they serve. The tochnical characteris-
tics vary with the category and class of each road.
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~ (3) The characteristics of roadways should he determined on
the basis of following factors :

Density and type of traffic
Maximum speed of the vehicles
Characteristics of the vehicles.

(7) In caleulating the density and type of the traffic,
cconomie, social, and strategic factors, which may exert an effect
on the volume and development of the traftic, must Le taken into
account.

It is advisable to take into consideration the probable effects
of the economic development of the country and of changes in
population, the relation between the number of motor vehicles
and the number of inhabitants, and also of the conditions under
which the trafiic moves on the roads.

We recommend that traffic censuses should be taken periodi-
cally, in order that the development of the traffic, and the condi-
tions under which it operates, may be ascertained.

(8) The technical characteristics of roads should be deter-
mined by taking into consideration, in addition to the characteri-
stics of the vehicles, the value at which the basic speed is fixed
and the traffic density. In determining the maximum permitted
speed, due consideration should be given to the increasing
percentage of motor vehicles using the roads, the category to
which the road belongs and the topographical features of the
country.

(6) The technioal characteristics of the layout in plan of
the roads should be modified according to whether they are
intended exclusively for motor ‘traffic—e.g., motorways—or for
mixed traffic.

On motorways, separate carriageways should be provided
for traffic in each direction and crossings on the same level should
be eliminated.

The minimum value of radii for the road bends should
be modified according to the topographical characteristics of
the ground. They should not, however, be less than 250
metres.

Normal speeds should be fixed at 100 to 150 km. per hour,
according to the density of the traffic and the topographical
features of the ground.

On roads carrying mixed traffic, the characteristics of the
layout in plan shonld be determined on the basis of maximum
speeds of 70 to 125 km. per hour, according to the relief of the
terrain. ’ ' '
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| (7) The t<;chnipal characteristics of the longitudinal section
s'lou‘ld be modified in accordance with the class of the road, the
traffic, the speed and the topographical conditions. '

On motorways the longitudinal slope may be as much as
6 per cent.

~ On roads carrying mixed traffic the maximum gradient may
range from 5 to 8 per cent, and may even be 10 per cent for the
less important roads or in hilly districts.

In hilly country, a minimum longitudinal slope of 1.5 to 2.0
per cent should be provided in order to ensure adequate
drainage.

(8) The width of the carriageway on th
related to the l<:las.:~1 of road and the nun);ber ofet::t?i%s ?:g:;(:;hgz
1?}:: z:g;il:ad, aving regard to the density and specific nature of

Every carriageway on which there i
18 one-way traffi
should have not more th , i Y ©
shoul an three traffic lanes, each 3.50 metres
On roads having a single carriagewa i
) ; and i i
both directions, there should not be8 morz than t;cr;gwtr?;i‘(ranllgn:ag

in each direction, which is equival h ’
14 metres for the carriageway. q ent t0 a maximum width of

(9) The characteristics of the vehi i

T ) cle runnin

:5?1 different countries should be controlled, particgla(:-rlly tg: fr -
e; maximum dimensions, the maximum weights per two-wharlas

:;:ee ;oliﬁ; e};gr (iveli)mleéhand laaslso the maximum number of tr:i(ieis

are ed, by the ultimate adoption of isti

md}(:ated by the Ec.onomic Commissioﬁ for Eurf)l;l): cgaraope]rlstlos

main roads or heavily-trafficked roads. > ospecially for

(10) Adequate sighting distance, i
i » in pl i
should always be provided, and the goVernme?n:‘:sxnofa:\j]erl;l cgfx?\filre);

should make the necessary lega
roquiremonts e o y legal arrangements to ensure that these

" (1) Cycle paths are i .

: particularly advisable i iatri
where their construction is justi y 18able in distriots
traffic. ton 18 justified by the volume of this special

- (12) Road crossings at different | |
f evels, -
ways and trunk roads with a considerable flow :n:ﬂlﬁiogr?zmlr
adv1sa.'ble when the traffic movement justifies it d’ it looal
conditions permit. » #nd if local

 The solution advocated by Holl : i '
lovel is. worthy of _recom;nend}; tionyand for orossings at the same
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(13) Merginal access should be the subject of regulation
and it is essential to arrange for the demarcation of zones in
which building is prohibited, the width of such zones being
varied according to the nature of the traffic and the class and

category of the road.

In the particular case of motorways there should be no
direct communication between marginal properties and the
roadway. : .

The making of appropriate legal provisions for this purpose
is a matter of urgency. :

(14) The adaptation and transformation of the existing net-
work of roads, in order to render them suitable for motor traffic,
together with the characteristics which are advisable under
various ciroumstances, are deserving of study in the form of a
general plan, based ou the results of the traffic censuses which
have been carried out, and on the class and category of the road.
The plan should be drawn up in relation to the economic and

financial resources of each country.

(15) Attention should be paid to the aesthetic appearance
of roadways which should be harmonised with the landsoape
without detriment to the natural beauties of the district.

(B) CHARACTERISTICS OF URBAN THOROUGHFARES.

(1) The orossing of built-up areas by main roads carrying
heavy traffic is inadvisable. Such roads "should skirt the
town as closely as possible and without any modification
of the characteristios which they have in the open country. These
charavberistios must be maintained snd adequate legal provision
should be made to prevent the future construction of marginal
buildings which would prove detrimental to the flow of long-dis-
tance traffic along the road. :

(2) Connection between the general traffic highways and
urban centres should be effected by means of approach roads, in
the form of branch roads linked to the main (State) roads, the
charactepistics of which allow of the movement of the heavy traffic
which ubilises them. The layout of these approach roads should
be studied at the time the town-planning scheme is drawn up and
should be in accordance with the town-planning standards which
govern the organization of the arban centres, in such a' manner as
to avoid interference by looal activities with the traffic passing
.on to the main roads or entering from them. :

(3) The characteristios of urbsn thoroughfares must be sub-
-ordinated to the needs of the: population "in their activities as
citizems, whether for work, Health, social relations, education,

17
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pleasure, or the parking of their cars, etc., or whether such.!' acti-
vities have as their object movement from certain specialised
districts to others within the limits of the same urban centre.

The layout and cross-sections of urban roads must comply
with the aims fixed by the organization controlling the life of the
urban centre and determined by -the criteria of town-planning
ddopted by the city authorities, and provide the traffic foreseen on
such roads in the town plan. :

"It is essential, determining the characteristics of such urban
thoroughfares to conform to the stipulations enumerated below :

.- (8) The minimum width of the roadway - should not be less
D than 8 metres. :

(b) The longitudinal slope should not exceed 5 to 6 per cent ;
_higher values up to 10 per cent are' only justifiable when
- topographical conditions render them necessary.

‘ (¢) Good visibility“should.be ensured on urban roads, espe-
cially at road crossings.

(d) The construction of urban thoroughfares, together with

their characteristics, their maintenance, and their cleans-

. ing, must satisfy the legitimate requirements of the popu-

" lation, but they must, neverthless, be subordinated to the

financial resources of the municipal authorities who may

impose conditions prior to the solution of the many eco-
nomie problems connected with local traffic.

- {¢) The removal of the surfacings from urban thoroughfares

- and the opening of trenches in such surfacings should be
reduced to an indispensable minimum, and it is of the
very greatest advantage to establish-plans of road work,
drawn up by the municipal authorities in agreement with
the undertakings holding the concessions for public
services, who maintain the conduits in the sub-soil of the
streets, so that advantage may be taken of a single open-
ing up of trenches for carrying out work covering the
greatest possible number of buried mains.

v

" (f) . The expenditure involved, and the time during which
traffic is suspended, owing to the removal and re-laying
of the surfacings resulting from the opening of trenches
in urban thoroughfares, must be kept” to a strict
minimum,

In these thoroughfafes the fouﬁd&tion should be of lean
concrete whenever possible and it should, preferably, be

(h)

(i)

G

‘- B - »
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" laid in slabs of adequate size with sloping joints in the

area corresponding to the width of the trenches.

The materials to be used for paving urban roads must
have all the qualities considered indispensable for such
a purpose (such as adhesivity, roughness, strength, suita-
ble appearance, etc.) and lend themselves toeasy, rapid
and economical repair so as to reduce the period during
which the traffic is stopped as a result of opening the
trenches ; this work should be done in such a way that
the paving retains its original characteristics.

It is also to be recommended that local conditions
(such as the presence of regional materials and the cost of
labour) should be taken into consideration.

Mains should, as far as possible, be installed in accessible
underground galleries, particularly where streets with
dense or fast-moving traffic are concerned.

In cases where they cannot be housed in accessible
galleries, mains in the sub-soil should be installed, as far
a8 possible, beneath the footways of urban thoroughfares
and arranged in accordance with installation schemes in
which the position of mains of each kind is always the
same in relation to that of the others, and determined in

- accordanee with the frequency and ease with which ins-

pections are carried out,

The quality and the type of the materials used for buried
mains, as well a8 the technique and the system governing
their installation, must be as near perfect as possible, in
order to minimise the frequency of inspection of the in-
stallation, whether for reasons of current operation or on
account of fortuitous repairs.

The installation or mains in the sub-soil, particularly
where - telephone .and telegraph cables are concerned,
should be carried out by passing them through ducts or

" special tubes of suitable dimensions, which allow of their

replacement and which are provided at intervals with

- manholes for. inspection and for junctions.

k)

The construction of sewers for domestic waste, when
they do not form component parts of accessible unders
ground . galleries should be carried out in a completely

-~ and permapently water-tight manner, and it should be
- possiblé to’undertake the cleansing, or-freeing from
* ‘obstruction, of such sewers without it being necessary to

- -proceed to the opening of trenches in the paving.
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Tram tracks in urban thoroughfares should be laid on a
continuous slab of concrete, with or without reinforce-
ment, according to the nature of the soil, which should
extend over the entire width of the street in order to
serve algo as a foundation for the surfacing.

Ballast, preferably consisting of concrete made without
sand, may be laid on the slab, and wooden sleepers then
laid on the ballast.

When there are special reasons for laying the rails on
a concrete foundation, an elastic pad of wood should be
inserted between the lower part of the rail and the
foundation.

The problem of urban tram tracks, in relation to the
need for maintaining the surfacings in good repair, in-
volves the study of the charaoteristios of the rolling
stock, as well of the need for impervious surfacings and
& well-drained soil.

This problem cannot be regarded as having been
solved ; it should again be the subject of disoussion at
the next Road Congress.

(m) In order to protect public health, which is affected by the

(n)

(0)

existence, in the atmosphere of urban centres, of too high
a content of carbon monoxide, it is desirable that an
official service for the control of combusion should be
instituted, the function of which should be to check and
correct the toxicity of the products of combustion in
industrial establishments which burn coal, and in the
petrol engines of motor vehicles. As a measure which is
more practicable, and can be applied immediately, it is
recommended that motor traffic in narrow and badly-
ventilated streets in urban centres should be restricted.

In order to improve, as far as possible, the conditions of
visibility in urban thoroughfares, it should be recom-
mended that the frontages of buildings situated at the
corners of main thoroughfares should be rounded off, or
the corners cut off, ‘

1t is advisable, in drawing up town-planning schemies
for new urban centres, or for making new roads through
existing built-up areas, to arrange that in the construc-
tion of the streets the longitudinal slopes shall be main-
tained within the limits: 0'2 per cent and 10 per cent.
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(p) The easements with regard to future building to be
imposed on the owners of properties bordering on urban
thoroughfares should be determined according to the
regulations for: town-planning schemes approved by the
Government, or in default of such regulations, according
to the general legislation of the country, with the object
of enabling the municipal authorities to undertake, in a
suitable manner, the defence of the interests of traffic
and, generally speaking, of the health, well-being and
amenities of all the inhabitants.

(q) On those sections of main roads, beyond the urban
limits, which serve centres of population and are outside
the belt which is regarded as urbanisable, the defence of
the interests of traffic and of those of public health, as
also of those of the general amenities of the population,
should be the responsibility of the government depart-
ment which administers these roads and which should
also be competent to authorise marginal building and to
fix the building line when there are no regional town-
planning schemes approved by the government. ‘

Sizth Question: Construction and maintenance of roads in
thinly populated or undeér-developed regions,
with special reference to available resources
and to the traffic to be carried. Allocation

"~ of .funds to the construction and maintenance
of these roads. Co

General Reporter : ENGINEER MARrio Jose FerrEIRA MENDES,
Heap or THE DEPARTMENT oF PuBLic WORKS oN
THE COLONIAL DEVELOPMENT SERVICES. '

(1) Tne adpatation of countries or. regions which are still
underdeveloped economically to present-day needs and :those
which can be foreseen in the near future, neocessitates- ‘the
improvement and extension of their road systems.. :

(2) Since the financial resources of these countries are fairly
limited, every endeavour should be made to reduce the cost of
constructional work on new roads, as well as the outlay on
maintenance, major repair and improvement of existing poads.
It is’ ’essential, therefore, to solve the prablem of the « low-cggt
road ", , ’ R Lo
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(3) The roadway is a progressive creation which passes
in succession through a series of intermediate stages.

(4) This progressive transformation requires s minimum
period for its completion and this, as a general rule, will take
several years.

(6) The construction and improvement of a low-cost road
are intimately connected with its maintenance.

(6) The solving of the problem of the low-cost road does
not consist of working to a standard plan, which is applicable to
every road, but, on the contrary, calls for the adoption of a more
flexible method which may be defined as follows :

{a) Endeavouring to provide routes which are uniform from
the point of view of traffic movement ;

(b) Making the best use of the material and financial
resources available.

(¢) To seek solutions, adapted to the present state of road
development, which economically and technically ful-
fill this condition and do not prejudice the future.

(7) Without. detriment to the rules stated above, allowance
must be made for the fact that, in many cases, the road replaces
the railway and, consequently, it must, when necessary, be
constucted in such a manner that it is fully capable of serving
that purpose. '

(8) The carrying out of an important plan of road construc-
tion must be adjusted to the economic and social resources of
the country.

_(9) It is advisable to proceed cautiously and to set limited
objectives at the outset; the rate of execution of the road work
can afterwards be accelerated as and when resources permit.

(10) The introduction of equipment for undertaking the
work should be preceded by the setting up of means for surveying
(which are essential) and the engaging of qualified staff.

(11) For carrying out the. road work, use should be made,
as far as possible, of local man-power which must be trained so
that it is converted into a useful labour force. '

(12) The work of oiganization should not be confined to
the -road sites omnly, but should also be concerned with .those
ancillary activities which govern the progress of the work, - '
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(13) The mechanization of road construction is becoming
absolutely necessary and indispensable, more especially in the
regions where labour is scarce or of poor quality.

(14) Mechanized plant must be carefully selected and be
provided in sufficient quantity for the work which has to be
performed.

~ (18) The operation of the machines and the repair of planﬁ
are factors of. outstanding importance for .the successful
mechanization of road work. '

(16) The surveying of new roads, or of improvements to
existing roads and tracks, calls for particular care. It is there-
fore recommended :

(a) That it should be entrusted to a highly qualified staff ;

(b) That the work of the survey.teams should be preceded
: by cartographical surveys, preferably carried out by
means of aerial surveys. : E

(17) In certain circumstances, the survey teams should be
entrusted with the execution of rudimentary construction work
and such teams should, therefore, be provided with suitable
equipment for this purpose. ‘

(18) Exoept in special cases (tracks constructed in countries
with an extremely dry climate and which meet, more or less
satisfactorily, the needs of a small volume of traffic) it - is
recommended that earth roads should be so constructed that
they are fit to receive a permanent surfacing when this is deemed
to be necessary. '

(19) There is general agreement w»ith'ﬁregard to the adva.ntagg
in constructing ‘earth roads, from the outset, to their final align.
ment and gradients. . :

(20) The same agreement is no longer obtained in regard to
whether it is appropriate to give such roads a definite cross
gection. A few national reports having emphasized the danger
there would be of adopting a too narrow carriageway (consider-
ing 8 m. as the ‘ normal optimum’) it is recommended that
this question be examined at the next Congress.

" (21) The technioal characteristics of low-cost roads vary
considerably from one country to another. o

"' (22) The study of the characteristics of bridges, bart‘i_cularly
as regards height, yseful width and loading capaocity, is of utmost
jmportance for the solutjon of road problems, -
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It is also recommended to put on .the agenda of the next
Congress the question of small scale works (calculation of outlets,
calculation of capacity of catchment area, standardisation of
small scale works).

It is also recommended that a committee be entrusted by
this Association to study these two questions and to submit a
Report. '

(23) The need for a permanent surfacing on low.cost roads
arises when the traffic density reaches a critical figure, which
varies according to local conditions, but exceeds 50 vehicles per
24 hours. - '

(24) Generally speaking, light types of surfacing a.l;é
sufficient for current requirements.

(25) (i) Types of surfacings, together with wearing courses
and methods for their construction and application are, at the
present time, the subject of experiments, the results of which
must be awaited.

(25) (i1) The study of laterite soils, which constitute an
important fraction of the soil met with in tropical and equatorial
countries, is recommended particularly in regard to the possi-
bility of impregnating them with the appropriate cut-backs.

(26) The width of the paved carringeway is in terms of
traffic intensity, of the nature of the paving, of the visibility of
-the shoulders and of the more or less hilly nature of the layout ;
there is no universally accepted formula to establish the width
of a carriageway. It is recommended that this question should
be put on the Agenda of the next Congress.

(27) The lower the .cost' of construction of a roadway, the
greater the care which must be given to its maintenance.

(28) (i) The system of upkeep must be suited to the type of
foundation and surfacing.

(28) (ii) No definite conclusion appears in the national
reports in regard to the protection of oarriageways against
erosion. It is recommended that this question be put on the
Agenda for the next Congress.

(29) (i) The problem of maintaining low-cost roads should
be made the subject of further investigation and extended
trials.

(29) (ii) The necessity for adequate and precise statistical
data is generally recognized ; it should be gathered and presented
in an orderly manner for the information of the next Congress.
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(30) Financial means for the construction and maintenance
of roads are administered in a different manner in each country.

(31) It is observed that, generally speaking, the fupds
placed at the disposal of the highways departments are insufficient
to ensure the execution of the plans for the extension and
improvement of the road networks, and this is likely to prove
detrimental, not only to the economy of each country, but also
to world economy.

(32) The financing of a low-cost road should not be
considered from a fisoal standpoint but exclusively from the point
of improving the local and general economic conditions of the
region concerned.



(iii) INTERNATIONAL CONFERENCE ON SOIL
MECHANICS AND FOUNDATION ENGINEERING

Thé Thirﬁ International Conference on Soil Mechanics and
Foundation Engineering will be held in Switzerland in 1953,
The tentative dates are the 16th to the 26th August 1953.

Participants :—The main participants of the Conference
will be the members of National Societies*, but all engineers
or groups of engineers interested in soil mechanics and
foundation engineering will be welcome to participate in the
Conference. Such engineers, whether practical engincers,
research workers, or teachers, may register as guest-participants
and may join in discussions by previous arrangement with the
National Society.

Programme :—The first part of the Conference, from the
16th to the 20th August 1953, is to take place in Zurich and
includes the opening of the Conference, eight technica) sessions
of about two to three hours each, lectures on general and specific
(Swiss) problems, one or two short excursions, and daily visits to
the soil mechanics laboratory. From August 21 to 24 the
Conference will conduct an excursion through the Alps. The
closing session will take place in Lausanne on the 25th August.

Papers.—Only those Papers will be printed which :—

(a) are a real contribution to knowledge of the fundamental
properties of soils, or

(b) indicate new methods of application of soil mechanics
which have proved satisfactory in practice, or

(¢) contain case records and measurements in connection
with a detailed description of the soil, and include
comparisons between measurements and calculations.

Technical Sessions.—The titles of the sections under which

Papers will be accepted and discussed during the eight sessions
are —

Scssion No. Subject

1 Theory and hypotheses of general character, soil
properties classification, engineering geology.

2 Laboratory investigation (including compaction

tests and improvement of soil properties).
* For India, the Indian National Socfety of 8oil Meohanios and Foundatiop
Engineering, Oarzon Boad Barracks, New Delhi, o
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3 Field investigations, compaction control, soil
stabilization, technique of field observations.

4 Foundations of buildings and dams, bearing capa-
city, settlement observations, regional subsi-
dences.

5 Piles and pile foundations, settloment of pile
foundations.

6 Roads and runways, airports (flexible and rigid
pavements and their foundations).

7 Earth pressure, retaining walls, earth tunnels, and
pits.

8 Stability and deformation of slopes and earth dams,
research on pore pressure-measurements, ground-
water problems.

Submission of Papers.——All Papers from members in India
must firss be submitted to the Secretary of the National Society.
Preliminary selection of Papers will be made by the National
Committee. Final selection, however, rests with the General

Reporters.

Submission Dates.—Three copies of the summary (not
exoceeding 300 words) of each proposed Paper should be submitted
to the National Society not later than the 30th April 1952

Detailed information about the last date for submitting
complete Papers, the length of Papers, sizes of figures and photo-
graphs accompanying them, addresses of General Regorters, etc.,
etc., may be had from the Secretary of the National Society.



BOOK REVIEW.

«« Quality Concrete’ published by the Concrete Associa-
tion of India, 1, Queen’s Road, Bombay, 218 pages, 172 illust-
rations and diagrams, 42 tables, size 93 x T4, price Rs 7-8-0.

The Concrete Association of India are to be congratulated on
the production of a well-conceived, profusely illustrated, compre-
hensively -written, and exceedingly well got-up treatise on
concrete.

The book deals with the properties of the materials used in’

concreting their tests, and the methods of storing and handling
them on the job. ' '

" The manufacture and Chemistry of cement are only briefly
touched upon but the various types of special cements, (such as
“rapid hardening ¥, ‘‘low-heat’’, ‘‘air-entraining’’ and many
others) and the conditions under which they are used, are des-
cribed in detail. Results of research such as that on the expan-
give reaction between cement and aggregates are given. Under
‘“ aggregates >’ besides recounting what constitutes soundness,
strength, resistance to abrasion etc., the book goes into details
. about their geological characteristios and there is a most useful
chapter on the classification of rocks for aggregates.

A complete chapter is devoted to the proper designing of
concrete mixes. All steps in the making of concrete, from mixing
and transporting to placing in the forms, compacting and ocuring
are dealt with lucidly and fully. Modern machinery such aa
orushers, truck mixers, batching plants, buckets, hoists, chutes,
belt conveyors, concrete pumps, and tremies (for placing concrete
under water) which are coming more and more into use are
described and illustrated with photographs.

The book ig-a valuable contribution to the production of
quality concrete and should be a useful guide to engineers,
students and contraoctors.

ARCRITECTS « ENGINEERS » CONTRACTORS « P.W.D. OFFICERS
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The high standard of its editorial
content, the wealth of practical
and useable information cone.
tained in each issue, and the helpful facilities offered
through The Concrete Association of India make “The Indian
Concrete Journal’ indispensable to technical men in the

building and allied professions, who desire to keep abreast

of the latest developments
in concrete engineering. Ny A
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ORDER FORM

The Manager, NAME
THE INDIAN CONCRETE JNL.,
I, Queen’s Road, Bombay |. ADDRESS

Please tend me THE INDIAN CONCRETE
JOURNAL for | year, ® ) enclose Rs. 9
by chequejp,o,fm.o,

® {Buemy, Ceylon & Foreign subseriptions Rs. 12, post free), Sgudents are enrolled at half rate.

TEVEREST VG

ICR/1.
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- PAVING ASPHALTS o s

| INDUSTRIAL ASP ‘
C:J“I'BACK ASPHALTS @ EMULSIFIED ASP::I':;:
8ad for technical assistance and sdvice without obligation

write to:

(The Liability of the Members of ihe Company s Limited)

w.m-mu-ﬂnpdﬂ-wwanum-lu,m -

SEAHDARD-VACIIUM OIiL CO. |

beb
11

1762-1952!

For Nearly Two Centuries

BREITHAUPT

(Germany)
“have been delivering

THEODOLITES
AUTOREDUCTION.-
TACHEOMETERS
TRANSITS
ALIDADES

PLANETABLE
OUTFITS

GEOLOGICAL-AND
MINING-COMPASSES
USUAL ACCESSORIES

for all Surveying Work

L

CONTACT DEALERS:

OR _
THE SCIENTIFIC INSTRUMENT CO., LTD.

11, Esplanade East, 29, Regal Buildings, 240, Hornby Road,
CALCUTTA - 1. NEW DELH!-|. BOMBAY - I.
1 6, Tej Bahadur Sapru_Road, 30, Mount Road,

ALLAHABAD - 1. MADRAS - 2.
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WARSOP

_ The most modern
ROCK DRILL

self-contained One

Man power-tool for

. Stone Quarrying

. Surface Mining
Prospecting

. Trenching for power,
water & sewage lines

:_ 5 y ¥ 5 i sl e H
. Breaking concrete & ,!gmmmmmm,w
i

[ ] B —

general demolition = U =iy

BENFORD

CONCRETE MIXERS

Mixers from 5 c.ft. max.
input and 3} c.ft. max. out-
?ut to 10 c.ft. input and
c.ft. output—with Diesel,
Kerosene, Petrol or Elect-
ric drives—available fro
stock. ,

PEGSON

ROAD & QUARRY PLANTS

The full range of Pegson machi-

nes includes:

1. Jaw Crushers & Granulators

8. Gyratory Crushers

3. Vibrating & Rotary Screens

4. Complete Crushing & Screen-
l‘no% plants, capacity from 3 to

tons per hour. ,

78
¥You need tough equipment for road making and other grading jobs, and you can't
“asgemble” toughness into 2 machine. You've got to build it in. ‘Caterpillar’ Motor
Graders are completely built by one manufacturer. That's why ‘Caterpillar’ Diesel
Motor Graders make light work of ditching, levelling and all those tasks where big
power is wanted. They are designed
to give the maximum performance '

4 [ ]
4 Pply far?details tor— with the lowest fuel consumption. c t I I’
i Branch 00’:068 N Ask your nesrest Distributor about ‘Cater- a %,! E!m q r
) pilla’ Diesel Equipment. He will be glad , .
P, O, Box 168, NEW DELHI to give you a demonstration and show you ﬁ L4 / ANGINIS . TRACTORS
Y MOTOR GRADERS
26, Errabalu Chet(y St., it's the best in the field! M( / LARTHMOVING L@UIPNINT
G. T. MADRAS Pladis
Cox St.,, COIMBATORE.

‘Caterpillar’ Distributors in Irdia
CALCUTTA BOMRAY DE L

TRACTORS (INDIA) LARSEN & TOUBRO WHLCOX (Buckwell-

Limited Limited India) Limited
P O Box 323 P. QO Br. 278 PO Box 1408

SISTA'S—G. 15.B.

Sates and <Service
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ALSALES LIMITED

USE

axwels

Guaranteed

LTI

BEST FOR R.C.C. WORK

Available with
ALSALES LIMITED,

9, Wallace St.,, Fort, Bombay.

Caleutta Branch : Madras Agents:
30, Bentinck Street, Messrs. Bomgbay Co., Ltd,,
CALCUITA. Post Box No. 109,

169, Broadway, MADRAS,

vii -

and it can be hitched
on to ANY tractor !
Equipped with heavy duty SKF roller
bearings, extra hardened steel spind-
les, special heavy duty DANA hubs,
replaceable bronze bushings on ali

.moving parts and mounted on two
7.00- 16 pneumatic tyres.

Platform: 12°x6' Ground clearance: 14"

The trailer will be supplied without
woodwork but with all woodwork
[ixing accessories.

&

ADIDIATDY.

INTERCONTINENT ( TRAVANCORE ) LTD .

‘. CALTEX  HQUSE, 8 BALLARD ROAD, FORT, BSOMBAY.
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GANNON DUNKERLEY & CO., (MADRAS) LTD.

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

SPECIALISTS IN DESIGN AND CONSTRUCTION
OF R. C. C. STRUCTURES, BRIDGES, BUILDINGS,
' WATER SUPPLY AND DRAINAGE SCHEMES,

SANITARY INSTALLATIONS, ETC.

*
Registered Office :

14, BOAG ROAD, MADRAS- 17.

« VITOPUS ", Madras

Telegrames:

88316

Telephone:

USE 1007 INDIAN ROAD TAR

FROM INDIAN COAL MINE\
/7 ‘-? R
AX =R

THROUGH
INDIAN

CHEMICAL INDUSTRY

]

| ' IN PROGRESS
» TARCRETE WORK 1S
! KRISHNAGAR - HRIDOYPUR ROAD

‘ ECONOMY
AND HELP THE NATIONAL
MACEUTICAL WORKS LTD.
BENGAqu’HE:iI;g:a:ia:HAA\:‘enue, Calcutta - 12
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3. Adequate soling.

sciffication.

4. Stable formation.

/%

Managing Agenes ;

\‘&
N

2.7 %

I

TURNER MORRISON & CO,LTD.

6, Lyons Range, Calcutta,d,

Z@
Y % Y%
sneiiim

TAR PRODUCTS

(1935) LIMITED

e

/ 7 THE COMMER SUPERPOISE RANGE IS NOW POWERED BY

“\\\\~

WZ ARIINMIMIBRE: S

APYI

Ever in the forefront of progress, Automobile Products of
India Limited announce important improvements to the
COMMER Superpoise Range. COMMER engineers have
now provided these sturdy trucks, which have proved their
worth under Indian conditions, with an entitely new
6-cylinder OHV Engine of immense pulling power giving
amazing performance. Other new features include
strengchened chassis frames; more powerful hydraulic brakes
servo-assisted on heavy duty models together with major
suspension improvements.

BHANDUP, BOMBAY

DISTRIBUTORS
Bembay Dadajes Dhackijss & Delhi Allied Motors Limited Madras Simpson & Co. Led.

Campany Limited.
Bareilly Gopaldas Motors

(Bronches at Bangalore,
Ootacomund ond Trichinopoly),
Jaipur Rajputana Trading Co Nagpur Combine Motors.

Indore Vinod Motors.

xiti

THE

AUTOMOBILE PRODUCTS OF INDIA LTD.

AN INDIAN ENTERPRISE ASSOCIATED WITH THE ROOTES GROUP

{Branch ot Agra Cantt.). Rajkot Coronation Motors
Calcutts Walford Transpore Led. Lucknow Talwar Motors {Branches at Jamnogar & Ahmedabad).
(Btanch at Gauhati). (Branch at Kanpur). Secundcrabad Patny & Co. Limited.
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MILLARS’
MACHINERY

Concrete Mixers—Tilting and non-Tilting Types.

Asphalt Mixers—for Hot and Cold Mix.

Roller Pan Mixers—{sr Mortar.

Diaphragm Suction Pumps for effective lift up to 25 ft.

Self-Priming Pumps {or handling Seepage at lowest

possible cost.

Tower Hoists for speedy construction.

Complete Wellpoint Pumping Equipment for dewatering—
the only successful method of combating running sand.

TIMBER
HARDWOODS - SOFTWOODS - PLYWOODS
MILLARS’ TIMBER & TRADING CO., LTD.
(INCORPORATED IN ENGLAND)
Victoria House, Victoria Road, BOMBAY 27.
Telephone: 41077 Telegrams: JARRAH
Branches and Agents throughout the World.

EVERY WELL-PLANNED ROAD LAID IN
REINFORCED CONCRETE
IS A STEP NEARER TO NATIONAL
HIGHWAY ,PERFECTION

Is Reinforcement At Its Best For Roads.

SOLE, AGENTS:

HEATLY & GRESHAM

€5TABLISHED 1892 LIMITED INCORPORATED IN ENGLAND
P. O. Box 190 P. O. Box 226 P. 0. Box 228

CALCUTTA BOMBAY MADRAS
L-18, Connaught Ciroun  No. 4, Weat Wharf Road, P. O. Box 45
NEW DELHI KARACGH1 2 LAHORE

BRO is manufactured in India under license from The British Reinforced
Concrete Engineering Co., Ltd., Stafford, England.
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MADRAS

LAHORE
P.O. Box 205. P.0O. Box 805. P.0. Box 179. P.0. Box 185. P.0. Box 1282..

BOMBAY CALCUTTA KARACH!
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PILING v
FOUNDATIONS

N
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Consult ;

SIMPLEX concrere pies qnomy L.

CALCUTTA MADRAS

. Xx§

ANSALDO

WITH CRAWLER
ALFA ROMEO TRACTORS
DIRECT INJECTION , TCA 70 AF 8

DIESEL ENGINE

S /
N,
L

? T \
BULLDOZER - ANGLEDOZER - ROAD RIP

already at work in India at the

ER
WORE WMKE yﬂ/zuogf;rﬂ

with Five speeds forward and Four
in reverse the ANSALDO TCA
70 with s Drawbar Horse Power
of 60 and the AF 8 with Drawbar
Horse Power of 125lesd the Ffield

in earth moving.

Bombay ‘I) 1 WAD OFHCL
MOHANW! CORPN. LTD.
MOHANWI COR.PN‘ L'I’D,. 26K, Shershing Bullding & S, RADHA BAZAR LANE,
Co-vperative Building Cannaught Circus
Sir Phiroashah Mehta Road. New Daih,
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AL YUTHU, TINWEY,

SPECIAL INTEREST
FOR

ROAD ENGINEERS
for

Road Economy
OUR

HOTFIX-HOT BITUMEN-ALL GRADES
COLFIX-COLD EMULSION

‘Please write to :— |
Messrs. McLEOD & CO. LTD.,
3, NETAJI SUBHAS ROAD
CALCUTTA

H-SHEL|
ma o LOIL STORAGE & DISTRIBUTING €O. OF INDIA LTD,, (Incorporsted in England.) AGENTS
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9-H MOTOR GRADER

( Made in the United Kingdom )

ALL-WHEEL

A Motor Grader with All-Wheel Drive hzs 30%

more power at the blade than one with rcar

drive only, and with All-Wheel Steer is twice

as manoeuvrable

ALL-WHEEL as one with

front steer only.

IAXX
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