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APPENDIX L
REPORT

OF THE
TECHNICAL SUB-COMMITTEE
TO THE

COUNCIL OF THE INDIAN ROADS CONGRESS
FOR THE PERIOD
December 1939 to January 1941

(Considered by the Council vide vesolution *No 29 of 1fs Proceedings dated
the 28th January 1941 and accepted with remarks at Annex VI page 233)

1 The Committee appointed by the Council at its Meeting
December 1939, consisted of the folloning members, with power to
co-opt

P Mr K G DMitchell c1g (President)
Mr J A Stem
Mr W L Murrell, oBE
Mr Ian A T Shannon
Mr Syed Anfuddin
Mr A Lalshminarayana Rao
Mr H M Dunbar
Mr X S Raghavachary (Secretary)

2z Meetings The Committee has met five times 1n Calcuttan
Apnl June, Septembe. and December 1940 and tn Delli at intervals
duning the Council Session 1n January 1941 The meetings in Caleutta
were con enied sometimes at short notice, as the noth on the Test Trach
required A list of the members and co-opted members that attended the
several meetings 1s attached  Anmex I

3 Test Track at Majgerhat Calcuita (1) Progress so far has been
slow, and no defimte results can yet be pronounced, because of

{a) mtsal dsfficulties with the equipment

(b) the dufficulties of testing surface treatments which on the road

depend on traffic for their completion

(¢) the undue seventy of the tests first made and

{d) the neces<ty of stopping work duning the monsoon

{2) The equipment designed by Mr Gilmore without pretvious ex-
pernience of any simifar mstaffation 1n India and for a purpose someshat
different to that of test tracks elsenhere has on the whole proved remark
ably effictent  But unexpectedly severe stresses deieloped in certain
parts which had eventnally to be replaced and adjustments have had to
be made to the oscillating gear to give the pitch of the lateral * throw ”
found mn practice to be the best Changes have also been made 1n the test
carts—ino of them having to be fitted with poneumatictyres These imtial
dificulties now appear to have been overcome, but owing to the war
demands on mechanical workshops, delays will be inevitable if further
alterations or replacements are necessary

(3) Surface treatments are, n practice, usually applied after the
waterbound macadam has been subjected to traffic for a fen weels, some
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finl convolidatie n and closing of the pores belnye due to this trafhe After
treatment the dup ss drven it the binder and the rond ** sitefaces up ¥
under traffic Vairous deviees hve boen tned on the test trck to
reproduce the consolidation and  wwonfnp  cflect of teafic on the test
strips  [he hitter can siow be done seeonibly vell but the former ¢ innot

<0 that a surfrcc treatment his to be applicd to a moge “open * e i
than 13 often met with in prictice and the test strips probibly have lees
Iteral support than they woul d tn a road  We hwve bowever deciled to
earry out a further set of tests of surfice treatment, which fs abont to fm
started because of the wide apphc it of this form of constrnction and
because 1t 13 better to pet the equipment perfected an 1 to obtain expetience
10 ats operation on the less expensive speaificitions hefore attempting
precise tests on the more expensive

(4) The cart tyre lowd per inch width varles greatly thronshout
Indin from 1 few hundred prunls to 1 509 med more  The fitst tests on
the track were male with 2 load of 1 oon pounls per inch width  Thie,
anlleviited by the amomn,  effect of liphter tralfic proved ton severe
and ay ravate] by heavy rain brousht the firsd eorirs of tests toa
suflen an! somewhat sn onclusive fulure  The londing fres nows been
redured to 550 pounds per inch wadth
(5) Surface treatment particularly as reproduced on the test tricd
13 10t water proof anl as already stated the first sat of test Iongths fidled
suldenly under test after heavy ram  ‘The whole of the sub grade at
this eite 13 lable to become water logysd and an efabwotite  drafnape
system has been put sn despite which st was at one time foured the
falure of the test lensths was dus to yielling of the foundation  The
Commutter are satnfied that this was not the caw to any subatantid
depres  Pyen after the sovere test with 1 con prounds per inch welth of
tyre dunn~ or after the runs the settlrment shown by anitaber of cec tle gs
cutacrres the track was tafiny  What st these was, materrses, mny
0o b arrumed for all practical pairperes o have besn final  In shent,
the f madatioms ars abesve surpteion  Dievertheless surface treatments are
it vater {oonf the har} Pakur stons rojuires aeomu lerable amount o4
hapgin Tre read crust may becomes water byzed aftes heavy sain, anl
reliabls trets car-ct then be made
() Tets carmed oul  Tre fot ertof toxts were ummmesced in
Decembor 1729, the test Senzths breaking dewn duning the monvem of
1%y {2 rmawmy alimdy given  The tecte husiiy been gresmefnuse
prteniissarr et g sen | The wesk they semairad n abegarce for &
tima pentirz 2 deess o onf pther the Teat Track el be chmed dunry
the wae Whsa tte Comimntier 1+t A}n 1 1940 0¢ mas deessd oy
et mue by pepeaticg the ot et with cettain e eatir s an
{ “rwy —
t1) TH= gl el onm 2t rrom ra Urrk # oriVd poe-ain as fmfege at
35 Meet rat et aettorbonranrrera b, 47 (oot (19 01 %1 tn
atrrra At g Uh st furty tese A ¢ rr sl i

(1) e cas ey 1™ Cark 1o be Ynded tn 00 goree Ay por 1o ey mfth
el gorel tyom lodlvos ef tytot boemw charfaredyard romeart to i
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{sv) The test strips to be roned out before test by the use of pneuma
tic tyres only

The stones as before were Pahur Pathankot Delbi and Jhanst

These tests were not concluded before the monsoon and work was
frequently stopped after 1t broke There were lonever considerable
breaks when testing could be continued and the various lengths had been
tested practically to destruction by the end of September 190 when the
Commuttee mspected the trach and recorded certain provisional findings
(v1de \inutes of the Meeting on 3oth September 1940) (Aunex IV) The
Committee decided to repeat another sertes of tests with certamn further
modifications and 1s not 1n the meantime prepared to report amy provi
sional conclusions They believe however that the mutinl difficulties
have been overcome and that valuable and reliable results should now be
obtammed At the date of the report the next set of tests which they
recommend had not been commenced owning to delay m the supply of new
geanng to mcrease the pitch of the throw on the second track to 43 feet
They hope that this will be supplied in time for this set of tests to be
completed before the monsoon  On completion the Commuttee will report
the conclusions which they have reached

4 Correlation between Test Track resulls and those of experiments on
the soad At one tume the Commuttee recommended that the tests made
on the Test Track should as a chech be reproduced 1 a number of road
trals throughont India On con<ideration they feel that the number of
vartables 1mvolved of trffic clmate standard of workmanship and
quantities of binder required by these local condstions nould Jead to more
confusion than cotrelation and they propose to limit the control  road
tests to that already being laid down 1 Delh: and to one comparnng the
behaviour of the various primers and binders 1n combination with Delln
and Jhanst stones under conditions as nearly identical as possible whch
Mr Mahabir Prasad Chief Engincer Umted Provioces has undertaken to
carry out at some place where the cost of both the stones 1s approxmmately
the came

5 Expersmental work on the Greal Nosthern Trunk Rosd Madras

(1) An extenstve senies of test lengths consisting of cement concrete
premrxes and surface dressings with tar and with Mexphalte and
Socony Brtumen amounting 1n all to about 73 miles were lad
m 1937 38 and as part of the cost was defrayed by the
Government of Inda the Committee nas asked at its meeting
1n Apnil 1040 to consider a report on these experiments and
m particular the cwuse of farlure of certain sections The
Commttee was handicapped by being unable to nspect the
road and could only put forward (1sde Minutes of the Meeting
on 1rth Apnl 1940) (Annex II) certan very general
Ppropositions

(13) The width of the carnagenay vaned between 20 and 23 feet
The traffic nas of the order of 1 400 tons per z4 hours with a
lugh proportion of steel tyred bullock carts  Tracking by
carts and q locahised wear was The hghter
types of work particularly surface dressing had generally failed
by 1940 and the tar sections appeared to have faired worst but
the Commuttee Were not 1n view of the success of tar elsenhere,
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prepared, on the information before them, to condemn that
materal and found 1n general terms —

(a) The value of large-scale experiments of this mature depends
very largely upon the various surfaces being adequately
mamtained until abandoned as bemng too expensive At
the end of a period of years, 1t would then be possible to
estimate the total cost of each section 1n respect of first cost,
maintenance over a peniod of years up to the time of
replacement, and cost of replacement

(8) In thisit1s intended to keep the recprds upto 1943 only
but 1t 15 suggested that they should be hept for such longer
period as might be necessary i order to furmsh a refiable
comparison between the different speafication,

{c) Inadequate maintenance and observation of and lack of
careful attention to experimental surfaces, are too common
They are due partly to Jack of contimmty 1n personnel, lack
of systematised records and lack of funds for maintenance
The latter difficulty 1s often due to budget technicahties
The Committee recommend that, as a general rule, no
experimental roads should be laid unless special arrange-
ments are made to reserve funds at the disposal of the
Chaef Engmeer or, if necessary, the Supenntending Engmeer
to ensure that everything which s necessary 15 done
promptly If after a year or two it appears that the
maintenance of certain surface 1s too expenstve, 1t can, on
those grounds, be rejected and replaced by something else
But 1t 1s not a fair trial of specifications of different strenpth
and varymng first cost under the same intense traffic, unless
the weaker specifications are mamntained at the cbviously
higher cost necessarily involved 1n keeping them 1 repair

(d) The Commttee further recommend that in such cases there

should be prepired tn advance an estimate of the annual

penditure 3y for and renewal of the

various secttons approsed before the evperimental work 1s

put in hand  The sums necessary, and not those provided

s1 the estimate, should be expended on mantenance and

renenal as required and there should be an anoual report

of the actual expenditure compared with the advance
estimate,

{¢) Where any experimental length1s Jud on a public road to
the speaificition or on the advice or suggestion of the
suppiter of the bituminous or other matenal the time and
matter of treatment of the road n the course of
maimntenance and renenal should normally be dectded 1o con-
sultation with that supplier  The latter 1s clearly interested
19 proving that hus matersal has stood a certain intensity of
traffic over a penod of years with the minimum muntenance
expenditure and 1s the party most interested 1 avoiding, on
one hand, lavish expenditure and, on the other, starvation
leading to the premature destruction of the surface
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(f) The Commttee felt itseli unable to offer defimte comments on the
various fatlures except that obviously suggested by thevery low
* Trench co-efficient” of the stone when wet which clearly
requires constant attentton and careful maintenance to protect
the stone from direct action by the traffic durmg the monsoons

Asa corollary the Committee remarked that the possibility
of developing the Chikrayapuram quarry might well be further
v estigated

(112) As a general recommendation adopted at a subsequent meeting
(25th January 194r)the Commuttee suggest

(a) that 1o “ binder " or ** pnimer ** should be described, 1 reference
to any expenmental or other work, discussed by the Commttee,
by 1ts trade name unless there 1s no record with the Congress
an adequate specification of the nature of the matenal, and

(b) that all bituminous matenals (includimg tar) used in experimental
work should be sampled and tested <o as to ensure that the
matenal satisfies the recorded specifications and that departures
from that specification are brought to Iight.

6 The use of primers wath surface dressing  The Committee 1s
indebted to Mr \urrell for reports on series of interesting tests with cold
primers for the use before surface treatment of waterbound macadam parti-
cularly if m poor and ravelled condition  The Committee beleves that it
15 generally accepted that it 1s often advantageous to use a penetrating
matenial which among other things, provides a ‘ shaded’ adheston
between the surface of the macadam and the binder rather than a plane
of cleavage But in view of the many hundreds of miles of unprimed
surface treatment with a non penetrating material that have given good
service the Commuttee 1s not prepared to say that the mechanicalnterlock
between binder and macadam in those surfaces would m practice be
improved by the addition of a primer  Nor does the Commuttee at present
believe that there 15 any ment, other than possible convemence of applica
tion 1 cold primers as compared with those that have to be heated At
the same time thev comsider that Mr Mursells suggestions should be
followed up and that the value of primers—whether cold or hot—should
be further examimed This they propose to do both on the Test
Track and on any ** control ” road tests made 1n correlation with the Test
Track ‘They have also accepted an offer by Mr Stemn to device and carry
out certain tests to this end on the JHENIDA CHUADANGA road at
present under construction 1n Bengal

7 Standard Specification of sizes of stone Mr Lakshmunarayana Rao
has pointed out to the Commnttee that the specifications adopted by the
Congress do not reject ‘needles’ and are 1n that respect defective Doubt
has also been expressed whether the specifications sufficientls accord in
other respects with accepted good practice  The Committee (11de ttem 4 of
the Minutes of the Meeting on 11th Apnl 1940) (Annex II)are inx estrgating
these questions but are pot yet 1n a position to make any recommendations

. [8ﬂ i{aﬁom? b)i}h A K Datta that ceriain tests should be carried
ont at the Alspore Test House and at the Test Track. Mr Datta’s
mncluded the testing of — proposals
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(1) Bonded brick and boulder concrete as a subshiule for all concrete tn

read slabs  In tlus connmection the Committee believe that the
saving m cement that can be effected by the use of stone or
brick *plums” 1s often more than offset by the extra labour,
cost of laying and by the nish of failure at planes of cleavage
This type of work depends matnly on the ease, 1 practice, with
which plum concrete can be laid n actual working conditions
and that there 1s no precise problem for solution by test under
laboratory or sem laboratory conditions

{2) ““Shaded ’ concrete for road slabs (A weak muix below shaded to

(3) Mr Datta also proposed that ‘silica cement  * village cemelnt",

a nich mix above) In theory this proposal 1s sound In
practice 1ts success depends upon supervision and field working
conditions. Small scale precise tests will not, in the view of
the committee, help They amait a report from Mr Stemn
1n due course when any conclustons can be drawn from the
behaviour of such concrete Iaid on the Ranaghat-Jaguli road
11 Bengal

<

bamboo stnip and ¢ ime
concrete should also be tested The Committee cannot
T d that these q should be investigated erther
at the Test House or on the Test Track

Soil Resecarch At its meeting on the 25th January 1941, the

Committtee sitting with certam members, recetved a report separately
presented to the Council—on the progress made to date with this matter
The commuttee observe that it appears that, in this matter also, progress
has been retarded because of the mability of the Consulting Engmeer to
find time to supervise and stimulate this work 1n person  Thts matter 1s
referred to belown

10

Need for more adequale Orgamsation

() The Committee feel that throughout the field of research and

experiment there 1s an unfortunate lag in progress Whether
on the Test Track or 1n relation to Soil Research or m pursu-
mg the various recommendations of the Commuttee or of the
Counail 1n a number of other directions the value of the work
of the Commuttee and the value of the Congress 1tself 15 being
nopawred by Jack of dnre  The Committee feel that 3ts mem
bers give up much time and thought to the questions brought
before 1t but that the transl of their d mnto
Practical use 13 neglected  They understand that the time of
the Consulting Engimeer 1s already filled and that he can per
sonally do no more than he 1s domg They are, therefore of
the opmion that 1t 15 necessary to have a whole time Officer
added to the Office of the Consulting Engineer to assist im to
conduct aud control research and to co-ordinate the experiments
bemng made m the different Provinces and to make the results
zeadily lable, if sut 1al 15 to be d

prog

{13) The Commuttee further consider that for this work 1t 1s more

important to select the nght man than to pre-determine the
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grade an1 scale of pay of the post Irom the Central Road
Fund alone about 1} crores of rupees are provided annually
for road constructton and precice considerations of cost should
not prejudice the important requirements of research and
mtell gence  The quabfications necessnry are adeqguate ex
penience of practical road engieering 1n India (say 7 years)
exceptional theoretical hnonledge and sound judgment  The
terms should te <uch as to attract and retam the best man
avatlable

The Comunttee recommend that long term planning 1s 1 pre
<ent circumstances tmpracticable but they feel that whatever
the future the results of recearch and expeniment properly
conducted now cinnot fail to be valuable

The Minutes of the Proceedings of the Comnuttee at 1its vanous
are appended Annex II to \ (with the exception of the

proceedings at the meeting on the 24th and 25th Jaouary the substance
of which has been wmcorporated 1n this report  the minutes have already

been circu
the Counc
Conneil)

List
Commuttes

lated to members of the Comnuttee  They are not circulated to
1f at this stage but will be printed with the Proceedings of the

ANNEN I

of members who attended the meetings of the Techmical Sub

(a) Held on 11 4 40

1

S0 o~ aw s W

Ix
12

(8) Held
1

PR

Mr K G Mitchell c1r President)
J A Stem
W I Murrell
Ian A T Shannon
Syed Anfuddin
H M Dunbar
M E Lloyd
C J Tielder )
I F G Gimore } Coopted members
N N Sen Gupta |
Dr A N Chowdhary ’
Mr Jagdish Prasad (Sec eiary)
on 86 40
Mr K G Mutchell c1r (President)
J A Stem
Ian A T Shannon
H M Dunbar
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Minutes of meerss of tke Techrical Sub-Commy o
Roads Corgress Feld on the rrth dpnl 1949 and gt o e
Coureil House Street Calen' 2 i

‘

ltem 1  Toconsider a ne'e on the warking of the Tey T
Commuttee discuc<ed the history of the test trach. to dateamd 4
posttion and adjourned further diccuscion pending exan -
track 1n the afternocon

Item 2 Toconsuder a note reproduced at
expersmental surfacings laid on the Great
with notes thereon by Mr Campbell Gray an
respectizely  Mr Dunbar mentioned that on certain sectinny
where there 1s a <trip of cement concrete on one sida of the y
bulloch carts sn bo*h directions tend to use that strp and g T
the 1raffic figures for the remawder of the road are unm::h
figures are of course affected in this way whenever o road 4
wide to permit of sgregation of different types of vehyele €en
1ts proper <ide of the road  But the Cougress has already reqq
clusion that taking all factors tnto consideration the mMost acey
fecording statistics 15 11 total tonnage per 24 hours the \\u]g‘;
being stated) The Committce decrded to ack the Cluef T'ng,,
to venfy the fact Bin

{ nnex |,
Northern Trunk g
4 Col Sop.nlh.puﬁl;

e o

After o me disrus ton the Commuttee recorded the f°“<“\mg
0]

Piten
(1) The value of large scate cxperiments of ¢

his natyre
largely upon the varous surfaces besn

€pendy
g adequ: Ve
untd abandoncd 19 heing tao expensive Auatel A

Y

Aty ihtane,
of years 1t would then be possible to esty "¢ end of 1

mate th,
each section 1n respect of {a} first cost (b) ma“;t;ota
periad of years upto the time of replace Nane

meat g Covery
replacement nd o) of

(2) In this case it 15 intended to heep the records upte
but 1t 1s suggested that they should be kept for su“)
period as mught be neccssary 1n order to furmish ©
comparison between the diffcrent specifications 2

{3) Inadequate mamntenance and obeervation of and lack
attention to experimentil ~urfices are too commap
due partly to lact of contimuty in personnel lack of
tised rtecords and lick f funds for muntenance
difficulty 15 often duc ts P udpet technicalities The
recommend that 1% 4 g, teral rule no experiment:

Cost

h43 only

longe,
!ehab]e

al Toaqg rittee
be laid unless spectal 1rran, ements are made to

at the disposnl of the Chief Fngineer or

i necessayy,
Supenintending I nginecr to ensure that everything N

necessary 15 d me promptly  If after a vear or two 3t
that the mamtinance of 1 certin sutface 13 too ey

Teserye shougq

Tungg
the
:Hch 1§

pensy e

ary
on those grounds he rejected ind replaced by some hin. ey,

th
But 1t 1s not 1 fur tnal of speaifications of different stren,

g el i\
z
ikt

N
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varymg first cost under the same intense traffic, unless the
weaket sp tons are d at the obviously higher
cost necessanly 1mvolved 1n keeping them 1n repair

(4) The Committee further recommend that in such cases there
should be prepated in advance an estimate of the amnual
expenditure necessary for maintenance and renewal of the various
sections approsed before the experimental work 1s put in hand
‘The sums necessary, and not those provided sn the estsmate, should
be expended on maimntenance and renewal as required and there
should be an annual report of the actual expenditure compared
with the advance estimate

(5) Where any expenimental length 1s lard on a public road to the
specification or on the advice or suggestion of the supplier of the
bituminous or other materal the time and manner of treatment
of the road mn the course of maintenance and renewal should
normally be decsded 1n consultation with that supplier The
latter 1s clearly interested 1n proving that his matenal has stood
a certain ntensity of trafic over a pertad of years with the

pend and 1s the party most mter
ested 1n avoiding on the one hand lavish expenditure and on
the other, startation leading to the premature destruction of the
surface

(6) The Commttee would be grateful if the Chief Engineer, Madras

could supply a few photographs of the failure of certamn sections
by rutting for comparson with failures elsewhere

(7) The Commuttee ventured to suggest that, m conformuty with its
general recommendations above, the Chief Engineer, Madras,
mght be ashed to see that the repairs necessary, however exten
stve, are now carried ottt on the varous <ections of this expen
ment, 1n order that, as far as may now be possible, comparable
results on the basis of mamtenance cost should be available

{8) The Comnuttee expressed great interest i these expeniments but
felt itself unable to offer defimte comments on the various
failures except that obviously suggested by the very low ¢ French
co effictent * of the stone when wet nhich clearly requires cons
tant attention and careful maintenance to protect the stone from
direct action by the traffic duning the monsoons

As 1 corollary the Committee remarked that the possibtlity
of developing the Chikravapuram quarry might well be further
1 estigated

{9) The Comnuttee further decided that, if possible, 1ts next meeting
shouid be held at Madras as Members would welcome an oppor
tumty of p 1 D and d of this important
expenment nith local officers

Item 8  To consider Mr A K Dalta’s proposals for certarn tests fo be
carnied ont at the Test House and on the Test Track  Mr. Datla’s proposals
fall under the following heads —

(1) Subsiintion of bonded brick and boulder concrete rouds for thick
cemenl concrete voads for the sake of economy ‘The Commuttee
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conesdered that 1 view of recent developments of tlun concrete
crusts on sound waterbound macadim bases, \Mr Datt1’s propo-
calhad no application to that case which 15 at present the most
common 1n which cement concrete 1s being used

As regards laying of boulder concrete on an earth subgrade,
A1 Murrell <tated that sn lus opinton the volume of plums used
could not exceed 10 per cent of the total volume nd that there-
fore the <aving was negligible 1n proportion to the difficulties
\r Syed Anfuddin aleo remarhed that he had found great
difficulty 1 consolidating the boulder plums into the subgrde
before laying the concrete and that failing such consolidation
the boulders were ltable to rock and lead to falures

As regards brich, bonded concrete Mr Dunbar reported that
a length had been laid 1n Baroda State at Navsan and, he
believed on an earth subgrade The Committee decided to ash
for particulars* of that expenment

{

K

Apphication of weak cement concrele hardenel at the surface  The
Commuttee considered that, for reasons above-stated,
shaded concrete would have no application w the case of
<labs laid over old macadam, As regards this specification laid
over an earth subgrade Mr Stein promised to furmsh informa-
tion 1 due course about the behaviour of a section recently
laid on the Rapaghat Joguh road Cateful records of cost and
specifications had been hept and when some records of behaviour
were available particulars will be supplied to the Congress

In tlis commection Mr Murrell mentioned the question of
rolled concrete and the Commuttee decided after some discussion
that there were other more tmportant matters to be pursued at
present It was generally agreed that rolled concrete does not
give a good riding surface and 1s more suitable for the founda
tion of a two coat concrete road or 1n the case of a toad to be
covered with some black top

(3) Application of stlica ceme tt and village cement  The Commuttee
considered the note by Mr Chowdhaty which 1s reproduced at
Annex B page 217 and decded that the quality of village
cement must necescanly vary according to the quality of the
local clay and that no centralised experrments with selected mate
rials were likely to give any valuable mdication s to the possiby
lities of manufactunng village cement at different places The
Committee was further of the opimion that any form of road
surface 1s m India subjected to extremely hard and intense
wear and that the ianable nature of village cement would
render 1t unreltable for use 1n a wearing surface whereas as a
foundation st mught not have any definite advantage over weal
cement Or even rammed lune concrete

As regards silica cement the Commnttee felt that the use of
this would open the door to the adulteration of cement by the
addition of sthicions matenal and were not comvinced that the
manufacture of this matenal which s used 1o other countries

*These patticutws have since been received and are reproduced at Annex VII
pames 233 and 234
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mataly for marine purposes would be likely to contribute to the
advance of road construction

(4) Application of Bamboo strip resnforcement —The Committee did
not consider this matter which would require elaborate treat
ment of bamboo to render it mpervious to water and free
from volume changes to be worth pursuing

(5) Application of pu-zolana mol. Dime concrele lo road construc

tion —The Committee did mot consider that lime concrete fu
any form woula furnish a sustable all purposes road surface and
were 1ot prepared to recommend any investigation

Hem 4 —To consider an amendment to_the Standard Specification* for
stzes of stones vide memorandum at Annex C page 219 —It was ponted out
that the normal method of screening stone on road work was by mclmed
screens A grading analysis made on such screens would depend
considerably on personal  element and the thoroughnmess with
which the screeming was carred out The Commttee decided
that any standardization must be based on ordinary small scale
steving through a hand sieve shaken generally horizontally and that this
should be clearly stated After considerable discusson the Commttee
further decided not to record any recommendation regarding the
correlation of the standard sizes determined by this method and the
results obtained from road side sereeming on inclined screens

(2) The Committee were unanimousls of the opimon that standard:
zation of stone sizes 1 India 1s essential for the purposes of definition sc
that all members of the Congress would refer to and understand references
to stone sizes by a standard defimtion  In attempting however to extend
this elementary requirement to a standard spécification iacludmg
tolerances as to maximum length and minimum thickness difficulties at
once anse since any specifications which would result ;n the rejection of
aggregates at present bemng used and successfully used (not so
much on merits as 1n an attempt at standardization) would be ignored
and be useless

Subject theref to further by the Committee at its
next meeting and to tests to be carried out on samples 1n actual use both
by the Test House and on works elsenhere by local officers 1t was
suggested that the following additions to the Congress specification be
constdered —

{a) The defintion of sand sbould be deleted and the Joner it

for } inch standard size chip be changed from ﬁ mch to

3 nch
() For all sizes not more than 20 per cent shall exceed 1 1ts

greatest fength 14 times the nomtnal size and no stone shall
exceed 1n 1ts greatest length twice the nominal size

{¢) No stone shall be less along 1ts shortest dimension for a width
exceeding one third of the length or width measured at night
angles to the shortest dimension than o4 times the nominal
size

" Frlegagesl 6a d 17 Proceed g of the Ind an Roads Congress Vol IT
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(d) The following Table of Comparison of round and square meshes
to be added to the defimtions for the purpose of reference

Circular openings which correspond closely to square screen are
given below —

Size of square screen as Size of crrenlar <creen corresponding
specified approximately to sq screen specified
78 1nch I 1ach
34 mch 2/8 1uch
58 1nch 3/4 1ch
1/2 1nch 5/8 nch
38 1och 1/2 1ach
14 mch 5/16 wch
336 wch 1/4 1nch

NOTE —These defimtions will require vers careful consideration and
wording  The foregomng purports to express the ntention of the
Committee

Item 5 Considered My Murrells Repuort on trial use of primers
vide Annex E pige 221

(1} The Commuttee expressed their appreciation of the prompt
ness with which Mr Murrell had carned out this investigation and
expressed the opimion that the use of primers was likely to be most
benefictial  They noted that \r Murrell mtended to construct nine mules
of cold primed surface treatment and suggest~d that much useful informa
tion would possibly be obtamned 1if Mr Murrell were to lay as a control
check on lus different spectfications and i different places throughout
this length a number of short lengths using the binder without primer to
the heretofore accepted specification with careful records It was also
decided to try out these primers ot the Test Track

(2) The Commuttee accepted Mr Murrell s further suggestion (Annex
D page 220), that the Congress standard nomenclature should be further
extended to include defimtions of many more terms now 1n common use
road wotk  Mr Murrell will make sugg dingly for ref to
the Commuttee by correspondence

Item 6 Test Track The Commtttee recommended as follows —
{1} The nork on the Test Track should be continued

(2) The difficulties 1n test:ng on the trach surface treatments which
rely 1n practice on completion by the iromng effects of distn
buted traffic are much greater than those with other specifica
tions which are fimshed by rolling Nevertheless the tests pre-
viously made*—the object of nhich 1s to determune the relatine
behaviour of different types of chips with different types
of binder—should be repeated with the following modifications

(a) To start with the tests should be run with one cart of each
set on the bullock cart type wheels and the other on
poeumatic bullock cart tyres The bulloch cart wheels

* T de Specifications pag » 20 0 23 of \ppendix I Proceedinms of the Indian Poads
Congress Vol V'
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marnly for manne purposes would be hkely to contnbute to the
advance of road construction

Application of Bamboo strip remnforcement —The Commuttee did
not constder this matter which would require elaborate treat
ment of bamboo to render 1t impervious to water and free
from volume changes to be worth pursmng

(4

(5} Appltcation of purzol /f lLome concrete (o road construc
tion —The C did not der that hime te 1m
any form would furmsh a <witable all purposes road surface and
were not prepared to recommend any 1nvestigation

Item 4 —To consider an amendment to_the Standard Specification* for
sizes of stones vide memorandum at Annex C page 2rg —It was< pownted out
that the normal method of screening stone on 1oad work was by tnclhined
screens A grading analysis made on such screens would depend
derab! P \{ 1 and the thoroughness with
which the screeming was carned out The Committee decided
that any standardization must be based on ordinary small scale
steving through a hand sieve shaken generally horizontally and that thus
should be clearly stated After considerable discussion the Committee
further decsded npot to record any  recommendation regarding the
correlation of the standard sizes determined by this method and the
results obtarned from road side screeming on tchned screens

(2} The Cotnmittee were unanimously of the opion that standarde
zation of stone sizes in India 1s essential for the purposes of defimtion sc
that all members of the Congress would refer to and understand references
to stone sizes by a standard definition  In attempting haowever to extend
this elementary reqmrement to a standard specification including
tolerances as to maximum length and mmimum thickness difficulties at
once anse since any specifications which would result 1n the rejection of
aggregates at present being used and successfully wused (mot so
much on merits as 1n an attempt at standardization} would be ignored
and be useless

Subject therefore to further 1on by the C at its
text meeting and to tests to be carried out on samples 1n actual use both
by the Test House and on works elsenhere by local officers 1t was
suggested that the following additions to the Congress specification be
considered —

(4) The definition of sand should be deleted and the lower imit

for } inch standard size chip be changed from 3’5 mch to

3 inch
(8) For alt sizes not more than 20 per cent shall exceed 1 its

greatest length 1} times the nominal size and no stone shall
exceed 1n 1ts greatest length twice the nomnal size

{¢) No stone shall be less along 1ts shortest dimension for a width
exceeding one third of the length or width measured at nght
angles to the shortest dimension than 04 times the nominal
s1ze

“Veleyages1a d 17 Proceedit,, of the It diin Roads Congress, 3ol 1T
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ANNEX (1) A

Brief Note on Expensmental Surfacings lasd on the Great Northern
Trunk Road, Madras from M 45 600 to M 12/0

1 Object of the Scheme —No reliable data as to the weanng qualities,
first cost and cost of mantenance being available for the improved types
of road surfaces previously laid 1n this Presidency, these exp were

carnied out locally to have a reliable and comparable data

2 Selection of Road —The Great Northern Trunk Road from
A 4/5 600 to M 12/0 that nas selected though maintained previously at a
cost of about Rs 2200 per mile was not up to the traffic requrements of
about 1400 tons per 24 hours

3 Cost and how Financed —The scheme cost Rs 2303500/ Half
the cost was met from the share of the Government of India and

);_alf from the share of the Madras Government in the Central Road
und

Location and Particulars of surfacings —*Chart R D No 18/38
shows the particulars of the different types of surfacings laid

Binder inlerests represented —The work was divided mto four
sections represented by the firms supplying the binder as mentioned below
and was carried out under the jomnt supervision of the Public Works
Department and the Road E of the cor ding firms

x Socony Cut back Section—The Standard Vacuum Oil Co
Contractors—V R Ranade & Sons Ltd

2 Shalmar Tar Section—Shalmar Tar Products (1935) Ltd
Contractors—The Wardle Engineering Co Ltd

3 Burmah Shell Asphalt Section—Burmah Shell O: Compans
Contractors—\chenzies Ltd

4 Concrete Section—The Concrete Assocration of India Ltd
Contractors—Gannon Dunlesley and Co 144

6 Preliminary work and alignment —~The metal crust and founda
tions were first examuined by cutting trenches across the road for half
width alternately and the follow g depths of new sub grade were decided
on and provided —

(a

(8

4% depth of metal for surface dressing

3" depth of metal for bituminous carpets (14 to 3 tluch) and
bonded concrete (thin concrete 2 to 23 thick remforced }

{c) 14" depth of metal for all the remammng cement concrete (3%
to 6") surfrangs

* Mot reproduced
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The 3 asphalt carpet laid over the bridge at M 10/7 was directly
laid on the Retnforced Concrete Deck

The 1 dinal and cross were first taken to enable the
surface bemng made up to specified gradients and levels but during execu
tion this was found costly and difficult to adopt  The surfacings generally
followed the existing contour fimished true 1o a straight edge about 10 feet
long along the road the nse or fall not exceeding 1/4 1n 10 feet

The orig nal waterbound macadam not bemng straght i straight
reaches and not curved 1n bends the alignment of the new surfacing was
set out neatly and the foundations and subgrade made up as neces
sary with extra metal

7 Waidth and nature of sub grade

(a) For surface dresstngs 23 0" width was generally adopted the 1dea
being that the 1 6 estra on therr side of the zo wide surface
would serve to prevent the edges breaking off

() For bituminous carpets, the subgrade was zo feet and carpets
also 20 feet wide

{¢) For concrete the subgrade was made 21 feet and the pavement
20 feet the extra 6 on either side serving as a base for forms

The subgrade 1 all cases was first class gramte metal waterbound
macadam blinded with gravel sturry The subgrade except n places
where  Cement Concrete sand msulated was provided was ironed out
under traffie for 4 to 6 weeks for effective consolidation

8  Camber of Subgrade and Surface  [he camber of the subgrade
was generally the same as the surface except where varying thickness of
surfacings were required  The different cambers adopted are described
*Chart R D No 18/36 and connected drawings®

9 Particulars and Cost of Surfacsngs *Chart P N No 22 1940
read with *Chart R D No 18/38 furnishes full particulars regarding
{a
(5) Depth of subgrade

Location length width and area

(¢} Type of surfacings and section

(d) Date of commencement and completion

{¢} Matenals used

(f) Actual cost per 100 sq ft with and without leads

{g) Average volume and mtensity of traffic per 24 hours trom Aprl
to September 1938

(k) Remarks regarding the present condition and repairs carnied out etc
* Not reproduced
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Detailed Remarks

10 (1) Soconmy Cuf back Sectron M 45600 to X[ 5/t and W
e 5t and M 130t0

The following cut backs were used —

(1) Liquid Asphnlt No 2
{7} Socofix For surface dressing
(3} Socofalt For carpet

The surfacings laid from M 4/5 600 to M 5/t both surface [i}
and 1" Carpet oser granite metal subgrade have fuled P

teseng
hand to relay this portion with 2 to 21" thick asphalt carpe

Toposals are
n
ts

The surfacings laid from M 13/0 to M 13/2
using the above cut back having proved 1 total fai}
to 13/2 has been handed back to Distrct Board

over latente
sut gra g
ure the reach fmmhlg (c]

() Shalymar Tar Section

M 51 fo M 5/3 M 6/4t0 M 7/0 M 83 10 M g
M ofst0M 10j5and M 11 4t0M 116 /7 Lept half

The following tars were used (Heated to 250° to 270° [ )

Road Tar No I Tor surface dressing first coat and
Road Tar No 2 Tor surface dressing second coat Broutir g

Road Tar No 3

Road Tar No 3 A Tor carpets and sealing
Hivis Road Tar

Coal Tar Patch Tor grouting

The two coat surface dressings from M 5 1to M s/3and 3
M 11/6 having worn considerably are being repatred by N
pot holes and deep ruts with premixed metal and sand and
wearmg course of Hivis Tar at 22 Ibs per 100 sq {t bhud
and chips

to
Patching 4y,
va.mﬁ e
ed with sang

The 2z Tar crete Carpet from M 6 4 to M 6 6 has been re;

at
a seal coat of Tar No 3 A at zo lbs per 100 sq ft blinded mth[;a;gd with

The 21~ 1% and 2~ Tar Macadams from M 66 toM 70 N
M 8/5 and M 97 to M r10171e pectively require patch re;
materials have been collected and repairs are 1n progress

Pasrs ::,:3

The two coat Tar Surface Dressings from M §/5 to A 85 482 ang
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M 8/6to M 8/7, left half, have developed pot holes 1n wheel tracks
Arrangements have been made to repair these also

The Tar Pitch grout from M 9/3 to M g/71s not so durable as 1t
ongnally appeared tobe Ar have been made to patch repair
this surface also

The excess wear 1 Tar Carpets 1s due to the low attntive value of
the Pallavaram stonme, which does not wear in Asphalt carpets and
concrete

{113} Buymah Shell Asphalt Seclion
M 5/3toM 6/4 M 8/1 to M 83, Left half, M ofx to M o5,
M 10/3to M rof7 165 and M 11/6to M I2/0

The following binders were used —

Mexphalte z10/20 For Hotmix
20/30 For Grouting

Shelmac B S Tor Shelcrete Shelsheet and
Shelmacadam

Colas Tor Armour coat Surface Dressing
and Sealing

Colas Mix A Far Colasmix A Presnx

Spramex  8o/100 For Surface Dressing and Sealing

Shelf Prymer No 1 For Surface Dressing

Shelmac S 1r0/150 For Sealing

The Hotmix asphaltic concrete from M 5/3 to M 5/4 1s standing
very well and 1s the best asphalt surface lmd  The costly plant required
for this work males 1t difficult to use this type except close to cities

3~ and 2+ Shelcrele from M 5/4 0 M 6[4 Partly due to excess of
asphalt and the bad weather dunng execution wheel tracks and depressions
had developed These have been repaired by cutting and re using the
old materials adding necessary aggregates to utilise the excess asphalt
The surface after repairs 15 1 a fair condition

3 Colas Armour coal from M o[rioM 9/5 This surface though having
the facility of using the emulston 1n a cold state avoiding extensive plants
1s not as durable as the 11” Shelsheet and costs more Repairs are betng
carried out to depresstons and pot holes

3" Shelmacadam from M rof3 to M 1o/6250 This 1s the best
macadam laid,

3" Mexphalle grout and 3" Colasmx “A’ Premsx over bndge
and sis approaches from M 10f6 250 to M Io/7 163 These carpets are
standing well

Spramex Surface Dressing on Prumer from M rrf6lo M 1rj; No
advantage by using a primer, the surface being inferior to single coat surface
dressing  This surface bas been patch reparred
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Spramex Surface Dressing Single coat, from 2,

Ly 2T I TI (
best surface dressing laid on the road, thongh P Lo w0l

Edging for Asphalt and Tar Carpets 41 S ey
been provided with swmitable gramite, cerment s, cas J l"l'n
edgings No edging 1s provided for Tar Carpets, § you,e, t~‘! /]
that Tar Carpets also require edgmg Granmite grvp,a’ e ”'”M
matenal for edging carpets near Madras -+ 1s

(+v) Combined Shalimar Tar and Burmah Shell Aghaly
M. 8f7 to M 9|t Left half The two cont supf,ep Arore

coat with Tar and second coat with Spramcx or ¢,
than two-coat Tar Surface Dressings, are not very saye

Yoett my

1 1y
|‘¢‘ 11,
hv{mymv" Tty

(v) Concrete Section M 7/0 10 8/1, M 87 fo 1, K,
M 10/7165 to M 1rjg Nilgiand Sha i Talf, g

thhad rags)
cements have been used for the pavements J ’"‘”‘f!:h 7

All concrete surfacings are standin

g well, except (hye
from M 7/z to 7/3 330 which 1s wavy r 1l enpr ey,

No appreciable difference ts seen between Nilgin ordinag
and Shahbad rapid hardening cement pavements ¥ rmery

The cement macadam surface from M 11/3t0 11/4 14 1,
as the cement concrete surface hand tamped 413 not ay lory,

No difference 15 seen 1w behaviour between

ceent
base bonded and cement concrete sand insulated COncrets

11 Metal berms  Metal berm, 5° 0° wide generally, on eithe,
of surface has been provided to protect the edge of the surfacing “'Idr Kl
as a useful addition to the road width for occasional use terve

12 Mamtenance of records  The works were comme;

1-7 37 and completed by about the middle of May 1938 The surfn:°°<l on
marntamed by the respectiye contractors till the middle of Noes Werp
1938 when they were handed over to the Department for malntenanv €Mbey
3131943 I'ull records of experiments are bemg kept 1n the stce ]
form recommended by the Indian Roads Congress The Cﬂndltl:ndal’d
behaviour of the surfacings, their maintenance with details anq n ang
particulars of traffic and other details nill duly be recorded il March Costy,
for comparing properly the ments of the different types and dec’ 3
which of them are switable, considering their first cost and mldmg
matntenance St of
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NOTE BY MR T CAMPBELI-GRAY

Summarised Notes on Experimental Seal Coats with Shalimar Tar
after g months service.

1 These experimental sutfaces were laid 1n March 1939 with the
permission of the Madras Public Works Department at Mile 6 6 where the
adjomng  surfaces were 27 Tarcrete and 2}* Tar Premix Carpet
Reference to plan attached, page 212, will furtish complete details of each
experiment

The cause of the unsatisfactory behaviour of the weanng course
on certamn tar sections, particularly those surface-dressed, having been
examined constructively 1n detail, the purpose of the experiments was to
nvestigate the behaviour of surfacings laid to specifications considered
more likely to st the local aggregates and existing conditions

2 The expenimental stretches were 12 1n number and comprised
of the following —

(a) Premixed Sand Seal
With and without spot pnming
Umt quantsty of tar for premixing sand varted
Five Expeniments —‘A’, B’, ‘C, 'L’, and ‘M’
(0) Ligusd Seal—Tar Sand and Tar Chup Sand
Two Expeniments — D" and ‘E’
{¢) Tar Mats—(Thin Tarcrele)
Spot priming with varying umt quantity of tar,
Grading of chips also varied
Five Experiments —F’, ‘G’, ‘H’, ‘J’ and ‘K’
See page 212 for full Specifications

3. Resulls establsshed at date.

() There appears to be a marked advantage in using High
Viscosity (Hivis) Tar for surfacings, over other grades

(:) Spot pniming with Hivis at not less than 6 Ibs per To00 sq ft
followed by premixed chips and sand, produces an excellent
wearing course with the local aggregates which on Heavy and
Iaght Traffic sides shows no wear at date

{d) Sp ‘F'is dered the most satrsf: y The sur-
face 15 mosaic_but 1f a still smoother finish 1s required, other
experiments indicate a slight 1ncrease 1n the umit quantity of
spot priming will give this
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(tv) Speafications ‘G*, *H' and *J" are also quite satisfactory at date
as mught be expected on accaunt of thetr clase smilanty tn
Specification ‘T wiilst Speaification k. shows clearly by the
surplus tar on surface and uneven wear that 18 1hs tar per
100 sq ft for spot priming 1s too much

{v) The Tar Sand Seal (Specification D ) 15 exactly the same ay given
to the 2 furlongs of 2* Tarcrete and wlilst satisfactory st must
be borne mn nund its application 1s limited as 1t gives no facylt,
to rectify unevenness 1 the road surface Y

4 Reasons attributed for successful resulls oblatned —

Hvis Tar was not used for any of the weating courses of the oppyy, 1
surfaces because at the time these expermmental surfaces were l:m;; :
suitabihity dunng a Madras hot weather had not been established Sml y
1t has been found that even when used for a liquid seal with sand o !a"]'
and chips 1t has given good results nd

The excessive near on the second coat of the tar sugfac
sections was undoubtedly mainly due to the chips having crushed bad!
and the provision of cushioning by means of mixing <and with clups a4 J, X
been dote mn the present expeniments and as recommended by the Gene 28
Manager to tins Compawny (Col G E Sopwiths Noter op ¢ 1al
Northern  Trunk Road Esperiments—Shalimar Tar Section—of '?a!
February 1939 ) has definitely proved adyantageous 9th

e dreesed

1t may be argued that the period the present experimental surfy,
have been under traffic 1s il to draw 1 but it mus:m *
recollected that the original wearing courseson the surfice dresseq be
tions are reported to have shown excessive weat within a short '.nm:“c
laving The small areas constituting the experiments may also b oo, of
dered insufficent to permit of reasonable judgment being mage 251
from the knowledge gained of the behaviour of the omnginal surfacingr. u
the Great Northern Trunk Road and from results obtained since tq g’ on
fications revised on the basis of that Lnowledge and applied elsewlpm
we Dbeheve the results so far obtmmed will be mamtameq andXem
recommend with confidence that a weanng course to Specification e
possible shight vanations to suit local conditions will restore the surfacw“h
the tar secttons and provide a lasting weanng mat ¢ of

*Not reproduced
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Expertmental Seal Coats with Shalimar Tar—Laid March 1939
Traffic allowed—1 to 2 days after completion
Tar Mat gl 5 F Tar Mat
Spot Prime Hivis at 4 ths Sl 5 Spot Prime Hivisat 4to 6
per % sft 3 to & chips 4z ibs per % sft 3to}chips
premixed with Huwisat 4 ] premuixed with Hivis at
bs per cft Sand premixed T 3} lbs per cft Sand
at7lbs percft Spreadat,, S e premwxedat 6 Ibs 4 cft
6 oft per %, sft Consolidated & % - chips and 2 cft sand sp
H Tar Mat O e, S| read per 7 sft Consolidat
Same as above but 107, “E g ed Fimshed with pre
hme filler added by vo S[HE| S{w mxed sand at 4 cft per
Y 28l &8
ror “E T Oip a0
J Tar Mat U E Tar p-San
Spot Pnme Hivis at 4 Ibs § |8 o Hivis poured at 20 to 22
per % sit fto 1/16 chips ST E[E jo L pl:' a9, sit  1hcft
premixed with Hivis at 492799 &  pips and 1} oft  sand
Ibs percit Sand with hme ,|» S 8I8  spread per o0 sft
filler premixed with Hivisat @15 2 D Tar-Sand
7 Ibs per cft Spread at 2 T}, =[=
cft chips 1} oft sand and N[ || Hivis poureﬂd atf 20 to 2;
} cft lime per % sft ot Ibs per % sft  San
K Tar Mat o I spread at 3 cft per , sft
ar Z
Spot Prime Hivis at 18 1bs & EE E s € Premixed Sand
per 4, sft § to } chips pre S @ o w|& Sand premixed with Hivis
mixed with Hivis at 41bs | o S5 at 3 lbs per cft and
percft and sand at 7 bs = | ® spread at 4 cft per ¢, sft
per cft 4 cft premixed [3 No pnming Coat
aggregate spread per % sft K] ;’3“ %_| B Premixed Sand
Consohdated EEBIET|w
L Premixed Sand olf & 55 $  Sand premixed with Hivis
Spot Pnime Hivis at 4 Ibs Lo <!Q a7 Ibsftper Cﬁ; ar;:] spread
per 9 sft Sand premixed [Z 1o @] at 4 cit per % s
with Hivis at 7 1bs per cft u A Premixed Sand
and spread at 4 cft, per %, EB|e  Sand premped with Huis
sit  Consolidated BB|S a6 ibs percit and spread
M Premixed Sand bl % at 4 cft per % sft No
Spot Prime Hivis at 4 lbs A primiog coat
per % sft Sand with 10% 5“’ -
shell ltme (by volume) pre 3} L
mixed with Hivis at 7 lbs Sl
per clt and spread at 4 cft o O™
2, sft Consolidated
§ |South
°
2]
A
g
g
1

Note —The roller used for the above experiments was a one ton hand roller
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NOTE BY COLONEL G. E SOPWITH
Great Northern Trunk Road Expeniments

(1) Swuggestions 1 1939 In a Note dated 8th February 1939, wrtten
after an wspectton of the various expenimental Road Tar Sections, I st
forth my personal views on the causes of partial farlure of certain sectione
and the action which T considered would correct them

The three methods I adyvocated were —
(a; Sand and chips (instead of chips only)
() Liquid Seal with sand bhinding

{c) Pre mixed sand mat

The last named I wished done on a very small scale as an expenment
pure and simple It was not successful since 1t rolled up under traffic 1
am not satisfied that a modified specification for this type of worl would
not be successful but in view of results, the Great Northern Trunk Road
1n present circumstances 1s not the place on which to continue expeniments

The other tno suggestions, however, came very much 1nto practical
consideration  The 1dea of chips and sand was to create cushioning as 4
guard agamnst the obvious attrition and abraston that was gomg on

I expressed my opinton that, since attrtion and abrasion appeared 1o
be the greatest evils, the best solution of all was the apphcation of a liguad
seal with sand blinding to protect completely the surface of stone and
chips from direct contact with the 1ron tyres of bulloch carts

The objection made to this was that some of the sutfaces were
not then even-riding and that <and alone would not level them y
1, therefore, advised a trial with both methods and was under u‘,’e
umpression that 1t was agreed that, after visual examunation of Tesult,
for a month or two, the whole of those portions of the muj
surface which were showmng stone or chip wear, nould have a clup angd sand
of 2 liquid seal and sand treatment, as results of expenments might deter.
mune, applied and that any fusther surfaces, that mught later on shoy,
wear of this type, would be similarly treated

On mspecting the road m March 1940, I found however, that, though
thie expeniments as suggested were carried out 1n March 1939 over a total
length of 60 feet on one half and of 121 feet on the other half (t1de
page 212), pothung beyond patch reparrs had been done to the section
surfaces as a whole

It 1s definitely unfortunate that I misunderstood the intention, as
expected, when re-visiting the road, to find the whole surface treated
whereas naturallh much deteroration has also occurred 1n lesser or greater
degree on cettain other sections making the problem of overcoming the
defects now more difficult and more expensive
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Expertmental Seal Coats with Shalimar Far—I aid March 1939
Traffic allowed—r to 2 days after completion
Tar Mat & 5 F Tar Mat
Spot Prme Hivis at 4 ths Zl % t I 6
e e B 3 firfeses
premixed with Hivis at 4 8 premixed with Hivis at
Ibs per cft Sand premixed —— -
b v 3} lbs per cft Sand
at 7lbs per cft Spread at |5, premixedat 6 lbs 4 cft
6 cft per % sft Consolidated § 05 - clups and z oft sand sp
H Tar Mat [t M read per % sft Comsolidat
Same as above but 1095 1% 1] ed Fimshed with pre
lme fitler added by vo gjl—*:é & B m xed sand at 4 cft per
lume e 9, sft
J Tar Mat — || E Tar Chip Sand
Spot Prime Hivis at 4 Ibs 5[5 .
e Bl dlge | Rt 6
premixed with Hiwis at 4™ (@& opnetand “1f oft sand
Ibs percft Sind with lme |y |24 4§ spread per 100 st
filler premixed with Hivisat ¢ RS = D Tar-Sand
Zfibf:hfpesr Cx‘; csffngdata;}i 5 M_s - Hivis poured at 20 to 22
1 cft lime per 4 sft ] ] lhs per 7 sit Sand
K Tar Mat B 2 - spread at 3 cft per , sft
Spot Prime Hivis at 18 Ibs = g 2l g C Premixed Saud
per "d sft]}f{o 1 chips Ii{)ﬁ SR @|l&  Sand premixed with Hivis
mixed with Hwvis at 41bs s at 3 lbs per cft and
per cft and sand at 7 Ibs i ST spread at 4 cft per 7, sit
per cft 4 dtd P"e‘zﬂxid - E ] No prmung Coat
sgpmmcresd e st g2l preminad Sond
L Premixed Sand ] ,E,;’, 55 f:’i Sand premuxed with Hivis
Spot Prume Hivis at 41bs | Muole aty ibs per cfS and spread
pet % sft Sand premixed |Z—[o @ N at 41 Cfdt sPe"d » st
with Hivis at 7 1bs per cft M Premixed San
and spread at 4 cft per % EE +  Sand premixed with Hius
sft  Consolidated o 2 at61bs percit and spread
M Premixed Sand mg%‘; at 4 cft per 9, sft No
Spot Prime Hivis at 4 Ibs = primung  coat
per % sft Sand with 105, 4
shell Tlme (by volume) prlep 5? §
mixed with Hivis at 7 Ibs ~ ol
per ?lt and spread at 4 cft PEAL]
a, sft C d
South

Notz —The roller used for the above experiments was a one ton hand roller
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NOTE BY COLONEL G F SOPWITH
Great Northern Trunk Road Expeniments

(1} Suggestions tn 1939 I a Note dated Sth February 1939 written
after an mspection of the varnous experimental Road Tar Sections I set
forth my personal views on the causes of partial failure of certain sections
and the action which I considered would correct them

The three methods I adyvocated were —
(a) Sand and chips (instead of chips only)
{3) Liqud Seal with sand bhnding

(c) Pre mixed sand mat

The last named I wished done on a very small scale as an experiment
pure and simple It was not successful since 1t rolled up under traffic T
am not satisfied that a modified specification for this type of work would
not be stuccessful but in view of results the Great Northern Trunk Road
1n present cireumstances s not the place on which to continue experniments

‘The other two suggestions however came very much mto practical
consideration  The 1dea of chips and sand was to create cushioming as a
guard agamnst the obvious attrition and abrasion that was going on

I expressed my opinton that since attrition and abraston appeared to
be the greatest evils the best solution of all was the applicatton of a liqud
seal with sand blinding to protect completely the surface of stone and
chips from direct contact with the 1ron tyres of bullock carts

The objection made to this was that some of the surfaces were
not then even nding and that sand alone would not level them up
I therefore advised a tral with both methods and was under the
impression that 1t was agreed that after visual exammation of results
for 1 month or two the whole of those portions of the road
surface which were showing stone or chip wear would have a chip and sand
or a liquid seal and sand treatment as results of experiments might deter
e applied and that any further surfaces that mught later on show
wear of this type wonld be similatly treated

On mspecting the road 1 March 1940 Ifound however that though
the expeniments as suggested were carried out mn March 1939 over a tota]
length of 60 feet on one half and of x21 feet on the other half (vide
page 212) nothing beyond patch repars had been done to the section
surfaces as a nhole

It 15 definitely unfortunate that I misunderstood th
expected when re vistting the road to find
whereas naturally much detenoration has also
degree on certain other sections maling the
defects now more dificult and more expensive

e 1ntention as |
the whole surface treated
occursed in Jesser or greater
problem of overcomung the
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(2

Causes of partial failure Before discussing remedies I should

like to give my views on causes  They must necessarily be to some extent
hypothetical as certamn data are imdefinite

1)

)

As regards surface treatment, the climatic conditions at the time
were abnormal and very wet I understand that the tume
factor was regarded as pressing but this 15 no excuse for us if we
allowed such work to proceed before the road was thoroughly
dried out  If this was a fact, suffictent penetration would not
take place, the first coat mstead of binding the crust into a sohd
mass would form httle more than a film on the surface and the
waterbound metal below would, under the heavy traffic,
almost certainly be free to move and to disintegrate and lose
mechanical interlock  The surface would then break, dust get
m and sersous rutting occur Such rutting certatnly occurred
1 mle 5 and the suggestion here given may be the explanation

Be that as it may, 1t was visually obvious 1n February 1939
that the chips of the second coat and many of those of the first
coat 1n the traffic lanes had crushed into sand, in other words,
the chips needed support and protection aganst this tendency

As regards carpets I am of opimon that the specifications should
have been modified T am not using this as an excuse but as ope
probable reason for any partial failure that has occurred and
solely 1t order to clanfy the position and so to see the best way
to effect remedies When the draft specifications were made ont,
1 understood wrongly as 1t turned out that the stone was of ex-
cellent quality and not brittle or unduly subject to abrasion or
attntion

Had I fully realised 1ts real charactensties, I should have
mcluded filler in the premixing of the main body, sand with
chips for the topping and a liquid seal with sand for the final
surface treatment

But more serous than that 1s the probability that wrong tem
peratures were at times worked to and that the mixing was not as
scientific as 1t might have been Improvised apparatus instead
of mechamcal mixer was used and this led to a want of umfor-
mity 1n batches of mix I am informed that on one occasion at
least, the contractor was not only heating the aggregate befare
heating the Tar, but pouring the Tar in cold on to the heated
aggregate and then heating for zo0 minutes or mote to get a
thorough coating  As this occurred with Igh viscosity Tar, the
result could not be satisfactory, and 1if it occurred often, 1t
would account for many unsatisfactory signs wluch I found 1o
disintegrated portions and 1o sections cut out of the road

This seers to indicate that mechanical mixers are very desic-
able for Jarge works of this type

Resmed, ‘Turning to dies for the existing state of affaus,

the difficulttes Lave, as already stated, been greatly increased by large
scale action not having been done before the last monsoon
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It 15 40 axiom both with surface treatment and carpets that imme
diate action when rpair to even the smallest aren 1s visunlly necessary
<hould be taken I'ulure to do this certunly as fir as thin carpets are
copcerned mav lead to fairly rapid deterioration and even eventually to
brealing up and the loss of the whole investment

Ruts and pot holes are the first stems to deal sath and these 1 found
were being repatred correctls with premied clups and sand  Tius having
been done there remains the general surface stself Mr Campbell Gray
advocates a spot prime coat with pre nuixed clups and sand {Spectficrtion
F uide his note)

I agree after 1nspection that the result has proved satisfactory after
12 montbs wear Ot was laid 1 March 1939) but I noticed that the chips
were defimitely 1f shghbtly abrading and wn sure that to get a lastmg
result a iquud seal with sand should also be applied

Thus 1s obviously expensive I thwbk honever m such expeniments
that what 15 required 1s a solution for the future regardless of comparative
costs If a solutton s found it 1s easy to calculate what the cost would
be were the work to be carnied out de novo to a spectfication which would
mcorporate the methods proved successful and the cost of which would
obviously be considerably less than that of a carpet completed to 1 spect-
ficatton fanlty mn the local conditions prevailing plus what amounts to an
additional thin carpet

If the surface of the road nfiter fillng the ruts and pot holes 1o
sufficiently even then I consider thata hqwd seal with sand blindin
should be applied over the whole surface one fortmight after completion
of the patch repurs and I believe that o be the solution

If the surface 1s not sufficiently even then there appears no alters
to applying sand and chips to even up and subsequently a hqmd sealm‘:l,r}a,
sand That I believe to be the solution and I shall be surprised 1f ap
further treatment 1s necessary before the end of the pertod of obsewmoy
m March 1943 n

I would however emphasize that I consider that whatey

er 1s
shonld be done now to prevent further detertoration done

(4) Grade of Tar for final surfacing A powt of great 1

1s the grade of Tar to be used MNr Campbell Gray 1s xg;fa\ ulxxx:po(}';:{!ﬁcf
for surface treatment 1o the chmatic conditions of Madras I do not fe;
so confident as 1ts composition lends itself to the possible eventual deve
lopment of bnttleness »f n direct contact with the air and 1 personal
advise Road Tar No 3 A \Whether if chups and sand are used Hyygs Cou]é’
be confidently used with safety assumung 1t not to be covered by a Iy uid
seal 1 should hike My Fielder to give hus opimion on {For the stope used
on the Great Northern Trunk Road I have tn these Notes gien my defimte
view that 2 hquid seal should be grven and it should be with Road Ta;
No 34) ™
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(5)  Powntsn Annex A, page 205, placed before the Commitice —There
are one or two powts which I wish to refer to

On page 207, Coal Tar Pitch 13 named as the matenal for Grouting

The matenial 1s actually Pitch plus Tar This 1s of importance, as some

through d d mght order Pitch alone and endeavour

to carry out work with 1t with disastrous results both for hm and the

manufactuter (Thus has actually occurred tn the past on several occastons,

because the Indian Stores Department, until I got them to alter the word-
1ng, used to put down 1n their contracts ““Coal Tar Pitch for roads™)

At the bottom of page 208, 1t 1s stated that “Tar Carpets also require
edging  This 1s a fact but personally I am against stone sets, concrete or
brick edging as 1t 15 very difficult to ensure that the top of the edging will
always be at the level of or below the surface of the edge of the carpet
If 1t ts not, water wilf collect and, 1f 1t does not do great harm, 1t certainly
ts not an advantage  If there 1s sound ground on which to bottom 1t, I
prefer for Tar Carpets, a buttressed shoulder, with an outer slope of 45°,
which 15 intimately incorporated with the mass of the carpet itself and
wlich from long experience I know to be completely satisfactory

(6) General remarks —In conclusion, I should ke to say that this
Note has been wntten in an homest endeavour to find causes and
remmedies In my opwnton, there have beer mistakes i spect
fications and 1n methods and no effort to conceal them, as
this Note proves, has been made Without the most intensive
thought on every aspect, 1t 1s impossible to produce not only the
remedues for present application but a specification which will not require
such remedies for, failures, complete or partial, are due 1n g9 cases out of
100 to fault in methods of construction or application and not to the
material itself  Lach one of the specifications used on the Great Northern
Trunk Road have proved successful elsewhere and clearly, modification of
the spectfications to suit local matenial and climatic conditions 1s all
that 1s necessary to ensure equal success 1n Madras

Sections of the carpets and other samples are being obtaned from
Madras for Mr I'elder to examune and analyse If they arrive mn tume,
Mr Fielder will no doubt be able to give the Sub Commuttee more scienti-
fic views than mune on causes
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ANNEX (I) B.

Notesby Dr A N Chowdhary on a paper* read by My Dalla re-
garding “Village Cement” and “High Silica Cemtent’ al the Ssxth meeling
of the Indian Roads Congress Bombay, 1939

Two hnds of cements are described 1 Mr. Datta’s paper One of
these he calls “Village Cement' and the other he calls “High Silica
Portland Cement”.

My comments on these two cements are given below —
Village Cement

The method of manufacturing “Village Cement”, as described by
Mr Datta 1snot a new ome This method was used in England by
General Sir C Pasley for manufacturing a hydraulic cement from the
blue alluvial clay from the nver Medway near Chatham In India, a
cheap cement vwas sought to be manufactured for nse n counection with
the construction of the Lloyd Barrage by a sumlar process but was found
to be unsatisfactory A cement siumlarly manufactured and designated
“Thistle Brand cement came into the Indian marhet some jyears ago,
this cement was brown 1 colour and was for all practical purposes an
artifictal hydraulic ime having similar physteal properties

The cluef drawback of burning such a cement at any required site
would be the unknonn charactenstics of the clay and the quality of the
lime that would be locally available

Moreover, manufacture would have to be carned out under crude
and uncontrolled conditions with the assistance of nespertenced staff
The result will be the production of cements which will be so un untform
11 quahity as to be thoroughly unreliable for use in any engieening work
In this connection 1t has to be remembered that the CaO and the Mgz0O
contents of different hmes vary widely and that there 1s an optimum
temperature for brushing each clay tn order to develop 1ts best puzzolanic
properties, when mixed with lime  As much care, shill and technical work
would be necessary to produce a reliable cement of the hind described
above as 1n the case of ordinury Portland cement  Such cement cannot
therefore, be produced cheaply 1n competition with Portland cement, where
the fatter 1s readily available at a reasonable cost ' e

No useful purpose will be served by undertaking laborator:
ches to deternune the physical properties of * Village Cement °, \{hn:ise::-
Lpown to depend on the chemical charactenistics of the ingredients um;
and the temperature of burming, so long as Portland cementis read]
available at a reasonable cost v

High Silica Cement
Trom the description grven by Mr Datta 1t appears that the 'y, h
Silica Cement” 15 nothing more or less than a Puzzolamic cement, \\bog
charactenstics have already been studied s

* Vide Proceedings of the Indian Roads Congress Vol VI pages 1 (¢) to 23 (c).
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The important poit about a puzzolanic cement 1s that, as stated by
Mr Datta, the puzzolana m the cement combines with the free hydrated
lime set free by the cement during setting, and forms a lLme puzzolana
compound 1ts chief value lies mn the fact that 1t has icreased 1esistance
to attacks by chemical agencies and in particular by sea water Such a
cement 1<, therefore, more smtable for use 1n marne work than an ordmary
Portland cement

The various test results quoted by Mr Datta at the bottom of page

5 (c) of his paper should not ordinanly be parable, as the tests di
by Scott and Granville were obviously carried out 1n a colder country

Moreover, such tests are usually carmed out mn a laboratory on
mortars of dry consistencies, mn which case unchanged or increased tenstle
strength may be obtained by substituting Portland cement by Puzzolana
m small amounts The effect of such substitution of Portland
cement by Puzzolana tn small amounts on plastic miortars or concretes as
ordinanly used 1n engtneenng works 1s to decrease the strength at the
early ages though the ultimate strength may be higher  Such a cement 1s,
therefore unsuttable for use in making roads where a cement of the
rapid hardening variety 1s required

The name High Stlica Cement 15 a muspomer The figures for
silica coutents of cement of this type, as shown 1n the fast two columns of
the table on page 5 (c) of Mr Datta’s Paper, are misleading i that they
include hoth soluble’ and *insoluble’ silica, the former of which ouly
takes an active part 11 combining with liberated liydrate of hune during
the setting of a puzzolanic cement  As a matter of fact, 1t 15 belteved that
the actwvity of the puzzolana 1s due not only to 1ts combination with what
1s known to analy tical chenusts as “soluble silica’” but to the presence of
alumina and also possible alkaltes  Although the total silica content of
a puzzolamc cement is necessarily higher than that of an ordinary
Portland cement, only a portion of thts stlica and other constituents of
the puzzolana take an active part 1n giving 1tits charactenistic qualities
It 15 theref d ble to desig; thts matenal by 1its generally
accepted name of Puzzolanic cement rather than “High Silica Cement ,
the name givento it by Mr Datta We may, perhaps, m this country
call this cement ‘Surks cement ’ but I am not 1n favour of any change n
the 1 e to avoid conf;
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ANNEN () ©

It has been pomted out by Mr A Lakshmmarayana Rqo that a
Jiteral interpretation of the Standard Specifications for the sizes of broken
stones as jmd down by the Indian Roads Congress (Mide page 177
Proceedings of the Indian Roads Congress Volume II) allows long stones
being supplied by contractors and these cannot be rejected if they pass the
appropriate square meshes He suggests that a proviso be 2dded to the
specifications that  the stones used should be fauitly cubicalin size

(2) In this connection a typical spectfication for gauges of broken
stone may be quoted from the British Standard Speaification—.

3 tnch Gauge Broken Slone
Broken stone specified as 3 inch gauge shall all pass through a
as per ge:

3 1nch Ting and shall consist of the foll g sizes exp d
by weght —

Not more than 15 per cent passing through a 23 mch nog in
every direction

Not less than 65 per cent over 2} inches and not exceeding 4
mches 1n greatest length by measurement

Not mote than 20 per cent over 4 tnches tn greatest length by
measurement

{3)_ The Technical Sub Commuttee when recommending the present
Indian Roads Congress Specifications did der the Brtish Standard
Specifications but thought that they were complicated by tolerances and
not suitable for India where stone was mamly hand broken and because
1n actual practice square mesh sieves were used for grading stones

(4) It however appears as pointed out by Mr Rao that there 1s no
check 1n the existing specifications to prevent lorg stones being supplicd
where fanly cubical ones are intended and therefore 1t 1s suggested
that the follon1ng proviso be added under the said table 1 Volume I ~

Provided that

(a) 1 the standard gauges of 2} zand 1} inches not mote than
20 per cent of any sample shall exceed 1n its greatest fength the
standard size plus one mch and

() 1n the standard sizes T  and } 1nch not more than 20 per cent
of any sample shall exceed 1n 1ts greatest length the standard
size plos 3 mch

The Committee might consider whether this 15 too

severe o
lement '



220 APPENDIX 1

ANNEX (I) D

Copy of letter No 3236 XLV M 51(r), dated Muzaffarpur, the 1st April
1940, from W L Murrell, Esquire, 1 SE, Supernintending Engineer,
Norlk Bihar Csrele, lo the Secretary, Indian Roads Congress, New Dells

1 have the honour to suggest that M E Lloyd, Esquire of Messrs
Standard Vacuum O1} Company, of No 6, Church Lane Calcutta be co
opted for any meeting of the Techmcal Sub Committee held for the dis
cussion of bituminous work

Mr Lloyd 1s really filling the place of Mr C D N Meares, 2 member
of Jast year’s Technical Sub Committee Both Mr Lloyd and Mr Shannon
of Messrs Burmah Shell, assisted me 1n the primer expertments on which
I submitted my report recently (Vide Annex E page 221)

2 1 would like also to suggest that the Techmecal Sub Commuttee
should draw up a glossary of terms for the guidance of members of the
Indian Roads Congress

eg —

“Priming (cold)’ —~Treatmentof a waterbound road, whether metalled
gravelled, or stabilised earth, with thin binder,
generally cold so that absorption 1s generally
complete within 249 hours The object 15 to
penetrate the finer matenals and make them hold
the larger more securely. The use of sand or
other fine blotter exceptional rather than the rule
Preparatory to other treatment

‘Tack coat’ —A thin film of binder spread over a bituminous,
portland cement or other higher type surface with

a view to providing surface adk for diate
further treatment Penetration 1snot a function
of the tack coat

There are a good many people still ignorant of the real meauing of
cut back, road oil, fluzing and cutting back oils cleaning oils binder,
blinder, primer, body coat, flush seal surface treatment, premux, drag
b g, drag spreading, subgrade and so on

Such a glossary 15 a logical mecessity 1n any policy of standard
1sation
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SMALL S2aty
TRIALS OF COLD AND SRty 7 Ty g«

R TIPS

—

Extract.—' It was thought that for durey poaty 4.
District Board roads a cold {-;’——n..‘,' /',’: LG
that 1t would, 1n all cases, h:n:u.u.,:_/f. ":l-u... s .
apphication of the man pamt gay g . 0 7T e
Mr Murrell to get tuals made 3n Chta 3 gp..
supplied through Messts Shanane and et
to the Techmical Sub Commttee *

s
L AT

]
[

Report

As Mr Meares who has always beena stron
was absent on war duty, and as the Standarq vﬂ?cu;?nl;’r' 4y 'y
thus not represented 1n the supply of ptimers 1 Whiong l' Gy gn P
Technical Sub Comnuttee collaborated also with vy y 1 MOt
Company Mr Lloyd and Mr Shannon botl ““tndu}' " ¥4 of 4y,
and afforded the utmost assistance # 2t gy
Owing to betng very busy m North Bihar, T ¢oyy,
Nagpur but most fortunately there happened to“ (%,eh"" 9 i Clogg
within a nule or so of my headguarters on which to maye

an exceyy,,
tnaly M1

The portions of the Muzaffarpur District Roaggd
Muzaffarpur to Sitamarii were metalled as a Road Dev el Touds frem
The metal was of Palur stone to Indian Roads Congress mc":‘}k“\ Wary
consolidated to a depth of 41" on brick soling  Pakyy Stone " alagg y .,
a gneiss tery tough and hard, with no cementitioys (’mpeltu:: tV"“'l\ly
Chips could therefore not be used solely for fmshing

After dry rolling the metal was blinded with a 50
fine sand 1nd Gorpa Mooram the latter itself a muxt

S0 mixtyye
gravel and clay

ol I
ure of wey; :,,’:.:,yl
The work was done 1n the monscon of 1939 USINg a 10 t
road roller on steam

Almost as soon as the dry weather started, the surface bepan

loosen and the metal began to get thrown off the road though the traffic to
by no meansheavy  Not only nould the loss of the work be serioys “')"As
the metal cost Rs 43 per 100 cubic feet and it must not be lost > but

So far, the District Board have been mimmising the disruption of
the waterbound by spreading, esery few weeks, 1”to §” of soil (Norty
Gangetie silt) over the waterbound mcetalled surface  The metal 1550
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loose that one can move many peces slightly between thumb and forefinger
By pushing pieces of metal from above with a small screw driver, first on
one end and then on the other, one can make most of the metal see-saw or
roch  In the tests described, this 1s called the ¢ yocking test’

Ths road, therefore, 1s gmte a good example of road which 1s scarcely
suitable for a direct surface treatment of hot tar or bitumen, and
stone chips

A great thing about thus mnvestigation 1s that the results, 1f any can
be arnved at should be of considerable 1nterest to any engineer looking for
an earth stabiliser for kufcha roads, aerodromes, etc A stabiliser of this
type would have considerable recuperative properties compared with ngid
stabilisers like cement

The whole sertes of 13 tests has been descnibed on the chart attached
to this report, page 225  Lxcept where otherwise stated, the observations
are my own

Babu Gaurt Shanker Rana, Overseer of the Muzaffarpur District
Board gave much assistance with the work and with later observations

‘We are looking for a preparation that will sink nto the waterbound
surface within 24 hours or so, so that no blotting with sand or other fine
material will have to be done—to any extent—before the mam work of
surface treatment with chips, carpetting, or other work can be proceeded
with

The primer must also be such that absorption of it must make the
waterbound material below much tougher and more resistant to distur-
bance or disruption by traffic A little of the primer should remain on
the upper surfaces of the pieces of metal to act as a tack coat

The prices at which Shell Experimental Cold Primer, and Shalimar
Tar Primers Nos 1 and 2 could be put on the market are not yet known
In no case do the firm interested divuige the recipe for any of the primers
This 1s an unsatisfactory condition of affairs as engmeers can scarcely be
expected to place orders unless they are enabled to give a definite speci-
fication so that they may, 1f necessary, check deliveries aganst contract
specification

General Observations as a Result of the Expetiments,

(1) Coversng capacity «_The rate of application was chosen arbitrari-
ly Most of the application was done froma Lerosine tin with the top
half of one sule perforated the opposite side having a handle Complete
spreading was effected with brooms

1t seems certatn that, for the thinner primers, Shell Experimental
Cold Primer, Liqud Asphalt No 2, and Socofix Primer, Tar Primer No 1,
and perhaps Shell Pnmer No 2 and Tar Primer No 2, could be put on at
betseen 15t0 20 1bs per 100 sq ft  The loner limit 1s possible 1f moistening
the dry road be done, also if the earth blinder ts not swept out from
betseen the preces of road metal too thoroughly when cleaning (not more



AprrvDIX 1 223

than what 1s enough to prevent the primer runmng off the waterbound
surface owing to camber)

Moisteming the surface first as 1in G, I, and I, seemed to have no effect
on the unltimate abcorption andstrength exceptin the case of the tar I,
and even m this case the deleterious effect 15 very shght, if 1t does
actually exist

(2) Blolting or sanding resorled to on account of delayed absorption —
This was done only 1n the case of Liquid Asphalt No 2, tests G and H
Subsequent observations show that Laquid Asphalt 1s too long mn bemng
absorbed to fulfil one of the main qualifications of a good primer

(3) Absorption —Quick and satisfactory results folloned with Shell
Expenimenta) Cold Pnmer even with heavy applications, al<o with Socofix
Primer and Tar Pimer No 1

In this connection, however, it may be pomted out that the parh
cular binder used—sand and mooram 1n this case ~wiil probably have a
good deal of influence There bad been rain a day or two before the

expertment and 1t may be that the clay in the mooram had not fully
dried out

Further experiments are really required where chips or fines only are
added during wet rolling as 1 Chota Nagpur Public Works Department 1f
1t 15 decrded to give up No 1 Hot Road Far and Sand Priming as has been
in force there for a good many years The substitution of 15 to 20 Ibs
of cold primer for 28 32 Ibs of No 1 Road Tar may lead to saving i
matenal costs also the cost of heating and maintenance of boilers

(4) The general appearance of the surface —The dislodging of stones
by traffic 15 a sign of lack of requsite toughness of the primed
sutface This was notwced only 1n secttons A and B It almost seemed
that the crude kerosine or whatever cut back o1l was used was acting as

a lnbricant hke water rather than as a viscous hindrance to disruption
like bitumen

This 1s shown also ta the rockmg test and by the depth to which
the primer crept along the surface of the metal—more than 1t penetrated
the sand clay blinder

It 1s also shown 1n the lack of stickiness of the surface matenals

This 15 a great pity as this 1s a good quick primer

(5) Rocking test —Tlisis of course a very approxtmate cr

te
and one might eastly be 10% outma comparative test Except fl:ro?\
and B, it gives fairly uniform results C D and M gne the best results

Evidently quick absorption and a good tough surface ar
compatible op g g € Dot quite

-
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(6) Penetration —This also 15 a very approximate quantity as
observed  In one and the same surface the depth of penetration vares
from, say, 1/4 to 1/2 mch It depends on the grouping of the metal and
sand clay binder on whether the primer lodged for a long or a short time
and on the depth of primer  Observations were taken half way between
the crown and the edge and what was evidently the average depth over
30 to 50 square inches was taken

(7) Depth to whick primer crept along the surface of the metal, even
below the level to which the sand clay was penetrated ~This 1s taken as
a measure of the wetting power of the primer on stone with such a smooth
surface as this Pakur metal presents It will be seen that the low grade
kerosine or other cut back used in A, Band to aless extent in E and F
and 1 I and J, gives the primer high penetratiug power, though whether
1t takes a proper share of bitumen with it to effective depths below the
surface remaimns yncertain Evidently not much was taken to a good
depth 1 the case of A and B,atfeast The cut back oif 1n the tar
primer, however, does not seem to act 1z this way

Two pieces of road metal from each section to show this creeping or
wetting action, are kept with the records

(8) Smetl —The low grade kerosine u the cut back pumer, and the
diesel or similar o1l in the other primers using tt as a flux are typical
Both the Bitumen Companies are apparently using the same fluxing o1l

(9) The stickiness of the tar sections 15 easily superior to the others,
but 1t 1s really not all necessary  Any of the other surfaces could receive
further treatment without a tack coat

Final Conclusion

The work has been very successful For this particular type of
waterbound surface 1t can be said, even with such small areas under
observation, that Socofix Primer, Shell Expenimental Cold Primer, and
Shalimar Tar Primer No. I are all reasonably effective primers

Shell Primer No 2 and Shalumar Tar Primer No 2 are possible if
trafic reqmrements allow of delay, and if the use of sand fo- blotting
purposes 1s not objected to

I would like to see Liquid Asphalt No 2 on a waterbound surface
with different blinders
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ANNEN () T

Mintites of a meetsng held at the Government Test House Alrpore on
the 16th January 1940

Present -
¥ Mr L T G Gilmore Indan Stores Department
2 Mr N N SenGupta Sujermtendent (overnment Test
House
3 Dr AN Chowdhary Phyvsicist Government Test House
4 Colonel G L Sopwith Co Messrs Turner Mornson and
Co Ltd
5 Mr lan A T Shaonnon Burmah Shell Company Calcutta
6 Mr J A Stan Spectal Officer Road Iund Works Calcutta

7 Mr K G Mitchell Consultin; 0
India (Roads) g Engineer to the Government of

- It was decided that the work on the track should now proceed as
ollows —
(1) Loosen old surface between trachs spread metal to the
onginal depth as before and consolidate

(2) Concolidate over the ruts before the pant coat is applied
with 61inch iron tread wheels of about 3 feet diameter
fitted to an under carnage under tno of the exsting to ving
carts the wheels bemng so staggered s to sneep out a track
of approximately 1o inches each  The cart to be loaded to
6000 pounds giving an intensity of pressure on the wheels
of 500 pounds per 1nch width

(3) Apply pat coats as before but using chips only xg th§
strips which will come under test apply say I mct
wide over each strip Blind the rest of the fp;\ma
coat with sand and brush off surplus sand and after
few days . ead

¥

(4) Surface up the chips and pamnt coat with 6 wch iron
Tollers as before starting with lighter foad and gradually
inereasing to 500 paunds per mnch width + wheels

N B —Inboth cases (2) and (q) tn using the 6 snch 1ron tread w
the carts ave 1o be towed strarght without any sde throw o rabber
{5) Provide for use 1f pgSSI}Jle ou[ uundexc“al;ngfgeﬂfemtmc::m o
heels for finals surfacing
z;:;ld ¥ Ii:e stlu: ease 1t will p;cbnbly be necessary to
provide a hittle side throw s to
(ble 1n time e arrange the geanng
© ll‘en‘;ﬂ:nwﬁ: ;\tch of the side throw of the carts to about
o feet

@ C‘;mml'er the tyres on the test carts at the edges } mch by

3 wch and round the edges al<o
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ANNEX IIT

Proceedsngs of an nformal meeting of the Members of the Technical
Sub Commutiee of the Councsl of the Indian Roads Comgress present in
Caleutta, held at ihe Test Track on Saturday the 8th June, 1940

The Committee carefully examined the gemeral condition .of the
Track which was promising of niore definite results and information than
was obtawned from the previous tests A number of samples of the surface
dressing were cut out in the p of the C for subsequent
extractton and sieve analysis of the mineral content The Committee
further noted that

(1) the latest detailed report on all sections would shortly be
ready for their information ,

the ramnfall had been neglgible throughout most of the tests
up to the sixth instant when there had been aheavy shower
From the beginning of the month the rubber tyres had been
taken off of the test carts on both tracks and iroen tyres substr-
tuted with loading of 500 pounds per mch width  On or about
the fourth 1nstant, the load on the test carts had further been
mcreased from 500 to 750 pounds per inch width and movement
of the surface dressing and the formation of cracks tn 1t had
commenced With the exception of the Delht stone, the water-
bound macadam appeared, from the places where the samples
of surface dressing bad been cut, to be sound and not moving,

(2

owing to this cracking 1n the surface dressing water had pene-
trated after the ram on the sixth and the macadam below was
definitely wet Where primers had not been used this appeared,
at least with the bitumens to have somewhat broken the bond
or adheston betneen the mamn body of the stone macadam cotrse
and the surface dresstug—thus probably accentuating the
tendency to movement in the surface dressing  The bond 1n the
primed sections appeared to be better, but this was cancelled
by the apparent shortage of binder,

1 the case of Delln stone, the waterbound macadam had
farled completely 1n several places This was attnbuted to—

(3

(4

(a) the use, oning to shortage of full size stone at site of 20
per cent of 1§ nch and 8o per cent of § inch stone instead
of the standard of 75 and 25 per cent respectively,

(b) excesstve rtolling of the waterbound macadam resulting in
the rounding of the stones, and possibly

(¢) the use of excess amount of hoggsn (although a large

proportion of the finer matenial appeared to be stone
crushings)
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Unprimed Sections

(5) Subject to the analysts of the samples cut out, 1t appeared that
there was <o far little to choose n the behaviour of the different
binders with Pathankot and Jhaust stones . In both cases, there
was au appearance of considerable dust from the crushing of the
clups but no signs on opeming up the sutface of the binder
having been overloaded with the resulting filler In botl cases,
the surface dressing showed surface cracks and, in some, aslight
Iocal sloughing off of thin films of binder overloaded with fiffer
Movement of the surface dressing appeared to be more marked
with bitumens than with tar,

[©

In the case of the Pakur (Bengal) stone the chip being very hard
and tough and not easily crushed the surface still presented m
the mait an open appearance and 1t appeared that for the binder
used the chip nas excessively large or excesstve 1n quantity

Primed Sections

(7} The appearance of the sections which had bee:

been considerably reduced, and the tentative conclusion of the
Committee was that, as far as the Test Track shoned the use of
a primer did not enable the quantity of binder to be reduced to
any great extent

General

{8) On the outer track the width swept out by each whee] was
considerably less (7} inches) than on the inner (15 1nches)
The outer track had not been tested for an equivalent number
of revolutions to ge the same amount of wear Per superfiea]
area as had the inner and 1ts appearance was generally better

2 The Commuttee decided to continue the t
to replace the 1ron tyres by rubber tyres on one cart on each track Joadeq

to about 6 000 pounds giving a wheel load of 3 000 pounds or about 1} tons
which 1s less than that of an ordimary 25 seater bus

ests on both tracks byg

The Commuttee decided that after completion of this set
a further similar set of tests should be
surface dressings as before b 1t

of tests,
carried out after the monsoon on

(1) 1t no longer appeared to be necessary to use each different Lingq
of chip with 1ts owy stone 1 the macadam and that the nearest
avatlable stone namely Pakur should be used for the whole
penmeter, the top or macadam coat betng relaid aft
the existing one, to the full width and without camber,
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(2} 1n view of the shight difference between the behaviour of different
binders 1t would suffice to test anly two types of chips represen
tative of the bard and tough and the buttle thatis to say the
Pakur stone and the Jhansi stone

one trach would be primed and the other unprimed the quant:

ties of prmer and binder being determined as before upon the
advice of the suppliers after the completion of the existing teste

This would give longer lengths for test than before

(3

Nole —Mr Mitchell wishes to teserve two short lengths of track of
about 25 feet each partly on curve and partly on straight
for certam spectal tests which he proposes to specify (A plan
of the track showing these and allocating the remainder to
the different tests will be prepared and airculated mn due
course)

The tests to be commenced tn October and run continually to des-
truction with one rubber tyred and one tron tyred cast on each set

Note —In view of the lighter tractive effort which 15 required than
was estimated 1t would be possible and probably desirable to
add a third cart and to use a tram of two tron tyred and ome
rubber tyred on each track  The loading of the rubber tyred
cart 15 less thap actval Joading of a norral 25 seater bus or an
equivalent lorry and this proportion would be nearer actual
toad conditions

Addendum

The Track was taspected by Messts Mitchell and Stein on the after
noon of Monday the Ioth Jun~ when one of the carts on each track had
been fitted with rubber tyresloaded to 3 0co pounds each and had been run
for a relatively small number of turns  The effect of the rainfall of the
p weel had disappeared and this combined with the effect of the
rubber tyre had vastly tmiproved the sections and gave the impression that
they ssould last vers much Jonger than appeared to be probable on Saturday
It may nat iadeed be passible ta complete this serics of tests to destruction
before the monsoon and they may therefore have to be Lept for completion
of the test thereafter The Members of the Commuttee present in Calcutta
will doubtless visit the track from time to time and form their own
1mpressions
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ANNEX 1V

Proceedings of the meeting of the Technical Sub Commuttee of the
Indian Roads Congress held 1n the office of the Dsrector of Industrial Research
Burean Alspore, Calentla on the 3oth September 1940 at 12 noon

The Commttee first inspected the Test Track Majherat and examin-
ed the condition of the trachs which had been tested practically to
complete failure

The top coat 1n the outer track for a width of one foot was removed
1n section 7 where Pathankot metal had been used

Mexphalte sectson. No  matenal bstd of the d
metal coat was observed In section 15 where a sumilar examination was
made the Delhi stone had been dnven mto the intermediate coat and no
line of cleatage was apparent The whale was stripped to the bnck soling
which was found to be 1n perfect condition

The Comuuttee then adjourned to 11-B Judges Court Road and sat
fromIra m toxp m and from230p m to6-00p m
The minutes of the discussions are —

1 The Miutes of the previous meeting on the r1th Apnl 1940
{Annex IT page 199) and of the informal meeting of certamn
members on the 8th June 1940 (Anmex III page z26) were
confirmed

2 The Commttee were of the opinton that the foundation of the
Test Track 1s sound and that no further apprehensions need be
entertained on this score  They desired however that the
top coat be stripped m tno or three more places and that where
the mtermediate coat 1s found to be depressed or damaged the
latter should be stripped to the bnck soling  This would set
the matter beyond doubt  (This was subsequently done 1 two
more places In section 3 the soling was found to be perfect
In section 20 the mtermediate coat was practically perfect the
maximum depresston measured bemng 3/8 inch)

3 The Commuttee considered the suggestions made by Mr Dunbar
that 1 tell tale lnyer of paper or light hessian should be 1n<erted
1n future tests betneen the wtermediate and top coats It swas
felt that any layer sufficiently strong to survive sufficiently
well to gwveany indication would be hable to 1mpede the
bond between the twocoats  Asa tnal two or three strps of
t)aned hessian should be la:d from side to side of the track 1n

places for q 1on

4 The Committee considered 2and accepted 1o prnciple
Mr Murrell s suggestion that the results of the tests should be
plotted to scale of numbers of non trips giing for any particulay
stone or bnder or primer a <enes of points the majonty of
which could be expected to fall mithin a definable area the
centre of which would gne a general relatne evaluation
Dr Chowdhary agreed to draw up the necessary charts for future
tests At the <ame time the Comauttee agreed that hasty con
clusions should be avorded
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5 Upon the completion of the present set of tests i a few days 1t
may be possible to find some correlation between the rate of
wear of the 74 inch and 151nch wide test strips This if
possible may throw light on the correlation between future
tests on the 15 inch strips and the total tonnage of traffic on a
ro-foot road The Committee decided that i1t would be
desirable if possible to exhibit future results 1o terms of the
approximate equvalent tonnage per 24 hours plus the umt
weight of carts

6 The Committee having read Dr Chowdhatys very mformative
report* for the period 6 7 40 to 3 § 40 remarked —

(a) that i future copies of these persodic reports should be
sutpphed by the Congress office to the members of the Com
mittee as soon as possible after receipt

(b) that with reference to the failure of the Delhi stone test
lengths (sub paragraph (1) under tentative conclustons )
the Commuttee wished to add after smaller <ized the
words and partly rounded (worn)

{c) that the results so far obtained reveal qualitatively and in
the climate of Calcutta no difference 1n the behaviour of
different stones with different binders

7 Future Tests —These should be continued for one tral more on
surface treatment as follows —

(a) Both tracks should be swept to identical widths on the
long 48 foot wave

{3) As before the specifications will be laid for the test strps
only with margin the remainder being merely sealed

(¢} The test straps to be surfaced up by prehminary runmng of
the rubber tyred and ordinary iron tyred carts lightly
loaded to 15inches or 18 inches if posstble When sur
facing up 1s deemed to be satisfactory, the width swept
will be reduced to 13 1nches or 10 inches and the tests
commenced

(d) Half the test stups to be primed and half unprimed on
each set of tracks ~ With the exception of the slight differ
ence 1n fength the outer tracks (A and B} are to be an exact
repltca of the mner (C and D) as a control

() The runming of the tractors should be adjusted so that the
total ton tnps over each set of tracks shall be identical
over any period not exceeding one week (The outer
tractor will have to be started up first and continued longer
each day)

(/) The weanng coat will be all Pakur stone The chips used
will be Pakur and Jhansi only

(g) On the inside of the end curved sections con<ohdation of
the wearing coat will be againsta buch-on edge herb

ter lid. this will be removed and replaced by a
Ppre cast cement concrete herb 12 inches deep and 6 inches
wide cast in convement say 3 feet lengths well punned
and supported behind

*Not rprod teed
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(k) The weanng coat nill be laid without camber  The imnter
mediate coat will have to be picked up on the haunches and
metal added to bring 1t up to a flat section  Where there
are grooves as under the Delln stone the same will be
necessars  (Note should be Lept of the places where the
mtermediate coat has been wholly relaid or extemsively
repaired)

(1) The quantities of materals per 100 square feet to be used
are as follons —

1  Prmer 23 1bs + 1 lbs
2 Binders the same both with and
without primer 55 bs £ 2 Ibs

\ B—The above ne ghs of jr merand b nder referto btumen A
correction to be nade1  the cae of tar ac-ording to specfic
gravity at air tempersture to get the same volume

3 Chips 5cu ft + o025 cu ft

(7) A regards the blinding with sand I feet on the curve of
the 5o feet reserved for Mr \istchell to be placed at
Mr Shannon s disposal for a test of sand blinding to be lad
to hus own specification which he will record

(k} The use of one 1ron tyred and one pueumatic tyred cart to
be continued 1n each track The preumatic tyred cart ts
to be loaded to 3000 pounds on each wheel (total 6coo
pounds) and the tron tyred cart to be loaded to 500 pounds
per nch width of tyre {total approximately 1750 pounds)
Laghter loadings may be used 1f necessary for the prehmi
nary surfacing referred to i sub-para (c) above Provided
that the surfaces hold out the tests at this load (6 0co
pounds and 1 750 pounds} are to be continued up to a total
of 10 000 ton tnps

() Mr Stemn will comvene penodical meetings of the local
members of the Committee to examine and report progress
“dheue\ er the Superintendent of the Test House wishes for
advice

The Comnuttee recerned Mr Vurrell s suggested glossary of addi
toral road terms and decided that mdividual members should
submit their comments to the Secretary of the Indian Roads
Congress 5o that a summan can be prepared for the next meet
mg  Mr Shannon undertool to obtamn a copv of the Glossary
recently 1ssued by the Bntish Standards Iastitution and to
refer to this 1 his comments,

The Co \{ y d ttegq of holdmg th=
nest Indian Roads Congress regarding which the Secretary 1s
shortly addressing  the Counasl The Commttee favoured
holding the Council meeting only possibls at Ranchi due to
congestion m Delln
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ANNEX V.

Minutes of Informal Meeting of certasn Members of the Technical
Sub-Commuttee of the Indsan Roads Congress and co-opted ‘members, held at
Calewitia on the 16th Decenmber 1940 af the Test Track.

I Size and proportion of chps for sei of lesis now fo be carried out.
Decided for all test lengths two thirds of §* and one third of }”, applied
separately

2 Parallel or control tests on roads. Decided :

{1} The tests at Delhi to be proceeded with

{1} The tests at Ca and elsewhere not to be ded
. iy P
wi

{112} To get contralled tests under identical road conditions with
same standards of consolidation, etc. Chief Engmeer, Unsted
Provinces, to be asked to carry out the following on the Agra-
Delhs road near Agra (or some sumilar road where both Jhansi
and Delhi stones are about equi distant for lead) The work to
be under the supervision of the suppliers of the binders Half
furlong each of Delht and Jhanst stones with and without
primer—hot or cold—using Tar, Mexphalte and Socony
Metalling to be same as clips and road to be newly metalled
with at least a 2}-1nch loose measurement, graft coat

Quantltles *—(a} Unprimed sections
Binders — s50lbs. + 21lbs
Chips — 5to6cft. 2z/3rds of 5/8” and ird of 1.
() Primed seclions

Primer — 221bs £ 21lbs

Binder ~— 401bs. + 21lbs.

Chips—s5 to 6 cubic feet of grading as above but this
quantity cait be depacted from if the suppher of the
binder considers necessary.

The standard records of experi 1 work already spectfied by the
Congress and regular traffic counts to be made.
The length will be:—
3binders X 2 stomes X 2 sections (primed and unprimed)
=12 lengths of } furlong each = 6 furlongs

Consolidation to be to ordmary United Provinces 1st Class
specification,

. The road to be closed to traffic from the commencement of cousolida~
tion unt:! the whole is fimushed and drred, the consolidation work being
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Lept watered so as to ensure asfaraspore oy o - o
content when opened to traffic

‘The road should be opened to trafic {3 ¢
(the officer m charge will use his judgment) 2~ ¢¢

.

.
D)
g Al will be opened to traffic at once e s e, ,
Work to be done so that panting 1s dore 14 [P
of temperature Ve .
ANNLX VI

Exbract from the Minutes of the Seventeenth M,
the Indian Roads Congress held at Delhs on the 28 cling of 11, ¢

th ]mmavy ry4r ur tef
* * . .
29 Consideralion of the Report* of the Techy
After some d the Counat 4 cal Sul ¢,

the Reyo me iy,
Sub Committee subject to the deletion of tle \}m;:h'l(”" Ie )T/
oceurnng on page 197 paragraph 10 (1) of the Repart YT vy,

* * * .

ANNEX VII

Report regarding Brick Bonded Concrete Road construcle N
VS 4

The old metalled road was observed to rut very Iy
developed pot holes uunder modern mixed trifhe of bullack, é‘ ly any
motors which required thorough repatrs every second or llu:\]‘ oy
In order to maintmin the surface m a satisfactory condition ‘t)’nr
decided to treat a sectton of this road about 1730 feet 1y lenlu Way
16 feet wide on the road from Tata A V Schoil to Poum§ el
Bndge with brneh bonded concrete surface to obtam a modern s e
at economucal cost and suttable for modern trafhe rface
2 The work was done in October 1937

3 Delads of brick bonded concrete road work —The old mety

road surfice had no proper alignment nor grade nor camber 1ty !
aleo rutted and the surface was wavy At certoin places the tlncln,:
¥ 1ie Page 191 to Paze 107 T
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of metal was not enough but the subgrade on the whole was found
to be unywelding Re sectioning work with gravel and metal, therefore,
had to be dome to bring the surface to a camber of 11 72

The thickness of brick bonded road was 4} inches Bricks g’
by 4} by 3 were lad flat after applying thick cement wash to the
prepared subgrade, with r}” wwide joints alround each brick This
cement wash was discontinued further as expanston jomts were decided
to be kept at every 30 feet The bricks were thoroughly soaked
water before use About 220 bricks were required for every 100 square
feet sncluding wastage at ro per cent The proportion of concrete
used for fillmg up jornts was T 3 6, and migture of gravel and stone
keplehs was used as coarse aggregate  The top 1}/ thick concrete was made
of 1 2 4 with coarse aggregate as above

Transverse expanston jomts § mch thick, which were provided at
every 30 feet, were subsequently filled with sand and bitumen No
longstudinal jont was kept as the sidth of the road so treated wasonly
16 feet

Tamping screedng, fnushing and cuning were done as per standard
practices for roads  The surface was finally treated with 3 coats of silicate
of soda, 1 to 5, after the curing period was over

4 Cost —The cost of the re sectioning work, including the cost of
materials required, was Rs 2/12/- per I00 square feet The cost of
4% inches brick bonded road surface was Rs 26/4/- per 100 square feet

5 Nature of Traffic —The traffic on this road 1s of mxed type with
bullock carts, as well as motor lorrtes and buses, etc The intensity of
traffic per day of 24 hours 1s about 600 tons

This brick bonded road surface behaved quite sattsfactorily in the
beginniag under this traffic, but subsequently pot holes and cracks were
developed  No particular reasous can be attnibuted to these cracks but
probably they may be due ta the soft subgrade or due to not allowing one
monsoon to pass over the re sectioned subgrade for proper consolidation
and settlement under traffic  The development of pot-holes may be due to
the part use of gravel as coarse aggregate as expenence shows that gravelis
most unsuitable for neanng surfaces  Anyhow, the surface became rather
bad after about 2 years from its construction, and, therefore, it had
to be treated with 1-inch asphalt carpet, which work was executed 1n
Tebruary 1940 The asphalt carpet 1s observed to wear well under
the traffic



APtENDIX I 235

APPENDIX II

TOURS AND OTHER F'UNCTIONS HI I,D DURING [HE COUNCIL
\EETING OF THE INDIAN ROADS CONGRI'SS
DELHI JANUARY 194t

Thursday January 23 1941

After the group photograph with the Honble St A G Clow
€SI crIL 1cs and the Honble Mr § N Roy €SI CIE,1CS
and other guests the delegates assembled at the New Dellu lown Hall at
11002 m whenMr A W H Dean mc EDp Supenntending Ingineer
Delht Province briefly mtroduced the Notes on worhs to be visited
1 Delby Province He was folloned by Mr Mahabir Prasad Officiating
Chief Engineer United Provinces who introduced the portion of the notes
relating to Ghaziabad Buland<lahr road

At 1130 a m the delegates proceeded 1 taxis to inspect the
folloning worke —

T INCH PREMIY SOCONY MACADAM ON PARI IAMENT STREET

(1) PoRTION M 2TO 0 4

This 1 mch carpet of Socomy Asphalt grade ror was lad m
June 1934 at a cost of Rs 98 por hundred square feet (mde
IR C lroceedings Volume ] page 33)

In 1937 1t nas noticed that the stone aggregate of carpet was
exposed and was getting worn awas by trathe A seal coat with
liquid asj halt was therefore provided 1n 1938 1lus was done at a
cost of Rs 1 1> per hundred square feet using Liquid Asphalt at o
pounds nd Badarpur saud [heroad 15 good order Traffic
consists mostly of rubber tyred v ehicles

(1) cirevs u 2

This Circus recetved the same treatment as the portion referred
to above  the treatment was also given at the same time Subse
quent treatment was found necessary 1n 1939 when re painting was
done using Hot Socony Grade 105 at 25 pounds with stone chips
The cost was Rs 2 4/ per hundred square feet

E\PERIMENT OF SMOOTHENING COAT WITH DRAG SCREED

by appphication of re pumting coats does not.
26 th Pé?enne:s 1s concerned In fact 1if the
sutface has become wavy or corrugated the defects areh if anything
accentuated by re puntmg If a carpet s Jaid m;‘ suc‘ha 'm:\d bthc
undulations repeat themselves 1n course of ume: {Emni"‘ ere 0.: Ee,n
the practice to re-metal the road when the sur

Repauirs to road surfac
1mprove the surface so far as the



236 ApPENDIX 1I

uneven This process 1s not only expensive, as nothing less than two coats
of panting on the new waterbound surface are satisfactory, but also causes
a great deal of mconventence to the public, as the road has to remain
closed to traffic for a long ttme  This apphes specially to roads in a town
It has, therefore, beent attempted to repatr uneven road surfaces without
Tecousse to the renewal of its metalling

Expensments for applying smoothening coats have been performed on
Irwin Road New Dellit (see plan on page 237} ‘The road surface had
become quite uneven having been pamted and re painted four times simce
1920 The expertment was carried out as below —

Painted road surface was cleaned as 1s done for ordinary work of
surface dressing A tack coat of Bitumen (Colasmix Indospra or Shel-
spra) was given using 8 to 16 pounds of material per hundred square feet
Stone gt of size § mch downwards was premixed 1n hand operated revolv-
g drums  using 5 to 7 pounds of Colasmix per cubic foot of gnt or 3}
pounds of Shelspra or Indospra per cubicfoot of grt Shelspra was
heated to 250 degrees I'ahrenheit and Indospra to 225 degrees Fahrepheit
before premixing The pre coated gnt was laid on road surface by the
help of a Drag Screed, mn which the blade was adjusted so that it just
cleared the high spots ‘The pre coated gnit was loaded in the space
front of the blade and the screed was pulled forward by about 8 men
The gnt was thus spread to form an even surface as shown below —

T ey

Ihe surface so prepared was then rolled with a light roller  In the
case of Colasmix, the rolling was done 3 hours after Jaying 1 order to let
the emulsion break  In case of Shelspra and Indospra rolling was done
soon after laymg The road was kept closed for 48 hours after rolling,
so that the surface could become hard

It was observed that the first smootheniong coat formed slight de-
pressions after being opened to traffic for a few days The depressions
appeared where the tlickoess of gnt wasmore as that thickness com-
pacted forther under traffic A second smoothemng coat was therefore,
apphied 1o certain sections to see the effect  The work was done exactly
n the same way asin the case of the first coat except that the tack coat
was hghter, consisting of 4 pounds of Colasmix per hundred square feet,
diluted with an equal quantity of water

The treatment as described above was done in 12 sections, each
15 feet by 50 feet  The details for each section are given 1n the statements
facing page 238
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2} INCH SOCONY CARPLI' CONNAUGHT PLACE
PORTION FROM IRWIN ROAD TO CHLLMSFORD ROAD
This 2! 1nch carpet was laid 1n 1936 using Socony Asphalt Grade 101

The work was done n two coats  1he following matenals were used per
hundred square feet in the first coat — M

2 to §” stone chips 15 cubic feet
Socony 37 45 pounds
Socosol 6 per cent of asphalt

In the second coat the following materials were used per hundred
square feet —

Stoue Chips (3*'—1") 10 cubic feet
Binder (a) Socony Grade ror 3035 pounds

() Socosol 6 per cent of asphalt
Blinding Stone Dust 2 cubic feet

The cost was Rs 16/ per hundred square feet

Light re pamting was found necessary i 1940 and this was done
with Socony Asphalt Grade 105 at 20 pounds per hundred square feet and
stone ch ps  The cost was Rs 2/6/ per hundred square feet

Th~ condition of the road 1s good Traffic 1s heavy and consists of
both motor vehicles and bullock carts

2} INCH SHELCRLTE QUTAB ROAD
FROM CONNAUGHT PLACE TO 1T5 JUNCTION WITIL PARARGUN] (ABOUT } MILE)

This was latd mm October 1934 at 1 cost of Rs 21/ per hundred square
feet (vide I R C Proceedings Volume I page24) The surface was given
a senl coat with F 70 1n June 1937 {vtde I R C Proceedings Volume IIT
page 48) Traffic 1s heavy = specially willage carts The following
expenimental seal coats have since been applied on three sections of this
length —

(1) Irom Connaught Place Junclion lo office of the Diisional Superinten
dent North Weslern Rathway

Seal coat sith I’ 70 at 20 pounds bhnded with Badarpur sand at
2 culnc feet  This was applied 10 May 1940 at a cost of Rs 2/6/ per
hundred square feet The central portion of the road 1s exposed and
czacks are shoning

A
(3) Trom ofice of the Divisional Supersniendent North 18 estern Radway to
Exut of Indian Railuay Conference Association

m June 1940 with Digbot Indospra (400—500) at 20 pounds
with B1larpur <and at 2 cubic feet at a cost of Rs 2/14/ per
The surface 15 1n good condition
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2}-INCH SOCONY CARPETR, CONNAUGHT PLACE
POR1ION FROM IRWIN ROAD TO CHELMSIORD ROAD

‘Tlis 2! -mnch carpet was Jaid 1 1936 using Socony Asphalt, Grade I0I.
‘The wotk was done 1 two coats The following materials were used per
hundred square feet in the first coat — °

2" to 4” stone chips..... IS cubic feet

Socony.... ... .....37-45 pounds

Socosol.. ... .. ....6 per cent of asphalt

In the second coat the following materials were used per hundred
square feet —

Stone Chups (3"—4§") . . .....

Bmnder (a) Socony, Grade 101.. ..... 30— 35 pounds

veen...10 cibic feet

(8) Socosol . ... ... . .. .G per centof asphalt
Blinding, Stoue Dust ... . . ...2 cubic feet
The cost was Rs 16/~ per hundred square feet

Light re-panting was found necessary 1m 1940, and this was doae
with Socony Asphalt, Grade 103, at 20 pounds per hundred square feet, and
stone chips  The cost was Rs 2/6/ per hundred square feet

The conditton of the road 1s good  Traffic 1s heavy, and consists of
both motor vehicles and bullock carts

2} INCH SHELCRETE, QUTAB ROAD
FROM CONVAUGHT PLACE TO ITS JUNCTION WITH PAHARGUN] (sBOUT } MILE).

This was lad m October 1934 at a cost of Rs 21/- per hundred square
feet (ttde I R C Proceedings, Volume I, page 24)  The surface was gven
a senl coat with I' 70 1n June 1937 (mde I R C Proceedings, Volume I,
page 48) Traffic 1s heavy, specially willage carts The followios
]c(pc;mxemal seal coats have since been applied on three sections of this

ength

(1) T'rom Connaught Place Junction fo office of the Divisional Supersnien~
dent, North Western Rasliway.

Seal coat with T* 70 at 20 pounds, blinded with Badarpur sand at
2 cubiic feet  This was applied 11 May Ig4o at a cost of Rs 2/6/- per
bundred squate feet The central portton of the road 1s exposed and
crachs are showing

(2) Trom ofice of the Diissonal Supersntendent, North Western Rarheay lo
Lxif of Indian Raileay Conference Associalion

Sealed 1 June 1940 with Dighar Indospra (400—500) at 20 pounds
and blinded with Badarpur <and at 2 cubic feet at a cost of Rs 2/14/- per
hundred square feet  The surface 1s 1n good condition,
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(3) Trom Exstof Inran Rul 1y Cenferer ¢ Me 12t m 12 4+ centee of
the sime

Sealed 1a June 1040 wath hgboy Inla 11 (1w =5m) At o3 panla
and blinded with 2 cube feetcfluichc e gntatac *of Re 21y
per hundred <quare feet  The surficc 15 11 pood conn itian

The remaunng length fron th» contze of Infian Kula . Cyaference

Association to its junction with Iahar,ung hicnn bren tiented  Ite
curface 13 showing erachs tnd pateh reg 1rs have Veavnie pece iy

SOCONY ON MUTINY MIVMORIAI ROAD

This treatment lies 1n the section from (1) Pot to the Laly Reading
Health School  The oniginal <urface was a re punt with Ht Socony done

1 1935 36 at the 1ate of 23 pounis and 3 culnc feet stone ynt at 1 cost
of Rs 3 3 per hundred s juare feet

The portion from (1) Pomnt to Idgah was wilened from 15 fuet 1o 24
feet 1n 1937 38 using 6 inches <tone sobng and a 4 mches wearing cot
of stone metal  The widened portion was pnven 1 first coat of Socony
liqud Asphalt at 25 pounds and bhinded with 2 cubnc feet of Badaepur
<and per hundred square feet  This was followed by a second coat of
Hot bocony at 30 pounds and 3} cubic feet stone gnt per hundred square

feet The cost of this two coat treatment was Rs 5 1./ per hundred
squnare feet

The central portion or onginal road width was treated at the same
tinie with a single coat of pawnting of Hot Socony at 25 pound:

cubic feet stone gnit at a cost of Rs z 14 per hundred square feet ‘The
surface 1s rough and wavy and 1t 1s proposed to reconditon 1t 1n 1941 42
using 4} inches new metal and double coat pamtmg The length from
the new Shidipura Circus which fies in the Model Basts s proposed for
widening and 1improventent mext year The road width be
increased to 32 feet

s and 3}

The portion from the Lady Peading Health School to the Jutction
with the Grand Trunk Road to Karnal 1s cement concrete (12 4)

75
section laid sn 1938 Only mumor repatrs to pot holes have been fouu7d
necessary

13 INCH BITUMEN ARMOUR COAT ON GRAND TRUNK ROAY
' TO KARNAL

Turlang 2 ¢ to Turlong 2[7

e orginal treatment of x4 inches Armour Coat with Tar Bityme
‘\Il\tu’ﬁl(\hxzure A Tat 75% and Bitumen 25% and Misture B Tar 7052
and Bitumen 30°%) was lud 1n October 1934 at a cost of Rs 15 8/ ‘per
hundred square feet (z2de pages 30 31 of TR C Proceedllug, Volume 1)
The road 1s subject to all hinds of traffic especmllyT'l.llage carts ang
tongas intensity bewng 237 tons per yard width te surface by

ol ¢Came
very uneven (u1de page 90 T R C Proceedings Volume and g

.
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covered with 21inch Shelcrete 1 October 1937 (vide pages 4849, I R C
Proceedings Volume III) Since this was done, the maintenance has been
negligible  The ongtnal treatment was a failure

Turlong 2{8 and Furlong 3/1

The original treatment of 1} mches Armour Coat with Colas Emulsion ~
was Jaid 1n September 1934 at a cost of Rs 12/- per hundred square feet (vide
page 30, I R C Proceedings Volume I and page 41 I R C Proceedings
Volume IIT)  Furlong 2/8 was covered with 2}-mnch Shelerete 1 October
1937 ‘The ongmal t: was a ve fallure It gave less
service than 1ts cost warrants Furlong 3/1 has been re treated with 1}
mches Bitumuls Armour Coat 1n June 1940 at a cost of Rs 12/-/- per
hundred square feet

Furlong 3/2 and Furlong 33

The onginal treatment of 1} 1ches Armour Coat with Bitumuls was
Jaid 1n October 1934 at 2 cost of Rs 14/ /- per hundred square feet (vide
pages 28 and 29 I R C Proceedings Volume I and pageq4z I R C
Proceedings Volume III) It commenced to show signs of disintegration
and ectensive patch repairs have been carned out Furlong 3/2 was
re-treated 1n June 1940 with the same matenalat a cost of Rs 12/- per
hundred square feet ~ This1s certainly better than any other ‘Armour
Coat tvpe of service

Turlong 3/4.

14 nches Tar Bitumuls Premix was lad m November 1934 (vide
page 29 I R C Proceedings Volume I) Sutface 1s wavy and extensive
patch repairs are necessary

I'srlong 3/5 to Furlong 3/8

This 1s 2} inches Shelcrete done 1n October 1937 (vide pages 24 25
I R C Proceedings, Volume 1, and page 49 T R C Proceedings Volume III)

TWO COAT PAINTING AND SOCONY
W sdened portion Grand Trunk Road to Karnal

Tius extends from mile 7 to the border at mile 16 The road was
widened throughout 1n 1937-38 from 12 feet to 16 feet with 6 mches stone
soling and 4} inches wearing coat of stone metal The widened portion
was treated with I 1qmd Asphalt late 1n 1937 38 using 25 pounds of binder
and 2 cubic feet of Badarpur sand at a cost of Rs 3/8 per hundred square
feet This was followed early 1n 1938 39 (¢ ¢ after 5 months), by a second
coat of Hot Socony Asphalt over the full nidth of 16 feet using 25 pounds
of binder and 3§ cubic feet of stone grit at a cost of Rs zp14/ per hundred
square feet  The surface 1s standing up satisfactonly

TAR CARPLT OPPOSITE MAIDENS HOTEL

Thus 1 1nch Tar Carpet Sealed with Tar was laid :n March 1934 (vide
pages 2627, I R C Proceedings Volume I} The surface was found to
Tequire treatment and the Jength from Wall Street junction to Yurlong 3 §
was re-painted with Shalimar Tar No 2 at the rate of 25 pounds, and 3

:;K:l\ic‘;::t stone gnt 1n September 1940, at a cost of Rs 2/6 per hundred
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At 13-30 p. m the delegates returned to their lodgings.

The delegates re-assembled at Windsor Place at 14-30p m. and
proceeded to Muttra road, to see the Drag Spreader and the Drag Broom’
at work,

DRAG SPREADER AND DRAG BROOM

(1) Specification for smoothenng and laying of new weartng surface of
1 wnch pre coated chipprugs carpet wth Colasmix over a pauted and
Reformed read surface by means of the *'Drag Spreader”

1 Smoothemng calls for one or more appheation of a tack coat of
Colastix at the rate of 10 potnds per hundred square feet The Colasmix
should be applied over the previously cleaned pamnted surface

{mch size stome chippiogs pre coated with Colasmux at 6 pounds
per cubic foot should be spread evenly by means of the Drag Spreader
over the tach coat The quantity of chippmgs to be used depends on
the condition of the exasting surface’  After laymg and spreading, rolling
should be done 1 the evening, not before,

2. If the road 1s m suffictently bad condition to require a second
smoothening course then the second operation would be to give a tack
coat at 4 pounds per hundred square feet and, 1n order to do this, an equal
quantity of water may be added to facilitate spreading after which
ﬁ;ndch gre coated stone chippings as above should be spread and con-
solhidate:

After both or either of these operations, the road can be opened to
traffic after 24 hours and 1t 1s of advantage to allow the traffic to use the
smoothening coat for at least a week, as by doing so 1t can be seen, before
the final wearing coat 1s given whether the defects in the onginal surface
have been completely remedied

Wearing Coat :—A Dight tack coat of Colasmix 1s necessary and this
should be given as for operation 2 above

2 mch to § mch size stone chippings pre coated with Colasmix at 6
pouads per cubic foot should be spread by means of the Drag Spreader and
this course should be rolled 1n the evenmng with an 8 to 1o-ton roller.
The road can be opened to traflic after 48 to 72 bours

It <hould be noted that tlus speaification can also be carried out with
400-500 Shelspra B §

() Specsfications for Mix 1n Place Work wiih Drag Broom, (over a pre-
viously butwmenszed surface)

General {—This specification 1 recommended for use in hen of
ordinary re-pamnting on bitumenous surfaces which have become rough or
uneven and require a certam degree of correction 1t can also
adopted for unp d <urfaces by quantities and using large
aggregates
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Materials —

Aggregales —The mineral aggregate shall be Delht stone
chips and the vartous suzes required shail be stached separately after
to all dust and foreign matter before start
ing the wocL Tor the prehmmar) mixing the aggregate shall passa } mnch
mesh and retained on a } inch screen and for fillng up the voids the
aggregate passing {anch screen and retained on § inch screen shall be
UISEd cgfoznse sand or stone screenings shall be used for final fling up of
the voids

Binder —The asphaltic material used as a binder shall be SOCONY
SOCOFIX a cut back asphalt with about 8o per cent bitumen dtssolved
light distillates  as marketted by Messzs  Standard Vacuum  Oif
Company

Procedure —The surfice to be treated shall be true to grade and
camber 1nd any depressions exceeding ! inch in depth shall be repaired
with a micture of Socofis and chips at least 2—3 weeks 1n advance

The surfice shall be cleined as for pamting and Socofix applted
through distributing tins at 15—17 pounds per hundred square feet and
the binder brushed out umformls and immediately covered with | inch
chips at 5 cubic feet per hundred square feet

The surface shall be rolled once or taice and then gnena further
application of Socofix at 13—16 pounds per hundred square feet No
attempt shall be mnde to brush out

Drag brooming to 1nd fro shall be continued until the clups present
a uniform pepper and salt appearance Any lght spots remaining
on the edges shall 1f necessary be mived by coolies with hand bass
broowms

The surface <hall then be rolled and drag broomed simultaneously
by using the roller to tow the drag broom and rolls hept damped to pre
vent piching up  Whereyer the drag 1s found not bearing on the surface
1t shall be touched up with a very hght apphcation of fresh chips and
Socofix

The surface shall be rolled without the drag broom tnd on bare
patches  #inch chups  prestously premixed with Socofix  shall be
spriokled

The whole surface shall then be covered with g inch chips at 2
cubte feet for hundred square feet and rolling and draggieg continued until
the surface closes up

The surfice shall be finished off with a final appheation of coarse
sand or stone screenings at 1 cubie foot per hundred square feet rolfed and
opened to traffc the follomng day

The delegates returned to their lodgings at 16-00 p m
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2} INCH SHELCRETE
MILE 2 PARTS OF FURLONGS 6 AND 7 AND MILE 4 TURLONGS 4 AND 5

2} inch Shelerete was laid  during November 1934 and 1935 at a cost
of Rs 21/ per hundred square feet (vide pages 24 25 I R C Proceedings
Volume I and page 50 Volume III) Minor patch repatrs have had to be
done Dunng July 1937 a seal coat with F 70 was given to the surface
(vide p1ge 50 1 R C Proceedings Volume IJ  Another seal coat with the
same matenal has been given during June 1940 The surface 1s standing
up well  The traffic 1s leavy specially of four wheeled carts the 1atenstty
betng 287 tons per yard wmidth

SOCONY PAINTING
MILE 2 PART OF FURLONG 6

In March 1932 the road surface was given a pant coat with Socony
(vtde pages 2122 1 R C Proceedings Volume I and page3z I R €
Proceedings Volume III) The surface was re panted with Spramex
during July 1937 and was re pamted during July rgjo with the same
mater al using 25 pounds of binder and 3 cubic feet of stome gnt at
a cost of Rs 2/14 per hundred square feet The ong nal treatment was
quite satisfactory

23 INCH HOT SOCONY PREMIN
MILE 2 FURLONGS 2 AND 3

This treatment nas laid during November 1934 at a cost of Rs 17/8/
per hundred square feet (vide page 46 1 R C Proceedings Volume I and
page 50 I R C Proceedings Volume I1I) Patch repairs have been
carnied ont and the surface 15 shghtly wavy A re paint coat will be
necessary 1n the near future

2! INCH GROUTING WITH MEMPHAT TL 30—40
MILE 2 TURLONG I AND MILE 3 FURLONGS 2708

This 1s the ong nal treatment that was done in March 1933 (vide
page 22 IR C Proceedings Volume I) Patch repairs have been cartted
out to this surface A re-pamt coat will be necessary in the near future
The treatment has stood well Traffic intensity 15 287 tons per yard width

~} INCH GROUTING WITH HOT SOCONY
MILE 3 FURLONG I AND MILE 4 FURLONGS 6 7 AND 8

Tlus 15 also the onginal treatment that was done 1n March 1933 (wide
pages2z23 I R C Proceedings \olumeI} Patch repaurs have been
carned out  The treatment has stood well Intensity of traffic 1s 287 tons
per yard width
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21 INCH TRINIMAC
MILE 4 TURLONG 3

This 1s the onginal surface done i November 1 .
I RC Proceedings Volume I and page 45 Volume 111) gjiu(\";'a?er;:;cﬁ?
to be patchied up at several places but has stood well Re paint (‘hls had
be necessary n the near future Intensity of traffic g5 287 tog will
yard width 1S per

ENPERIMENTAL BRICK TRACKWAYS ON
DELHI MEERUT ROAD

Several miles of new roads to take occasional heay
have to be constructed expeditiously as an emergent measure
where road materials are not available for construction and water ’l Places
Bricks could honever be manufactured at some distance from ys Scaree
carted and 1t has been proposed to adopt brick trackways g an e;?d and
measure  Before adopting any particular specification for the byl etrgent
ways which have not so far been tried on any large scale 1t vy cons 5:&\
destrable to have experimental stretches of these laid to different el ered
tions on a road subjected only to motor traffic and see how thesepbc‘lﬁm
under traffic Delhi Meerut road between Dellt ang Shahdar, ehaye
specially selocted as on this stretch of road there s segregation ufnt Was
the cement concrete road being reserved for cart and tonga traffic :méaﬂ‘m
asphalt road for motor traffic only Further the places Very near the
where the specifications could be ngidly enforced under Proper ge elhy
meutal supervision  Two sections were chosen on the motor 1024 ngnrg
300 feet near Badshahi bridge and another of 600 feet nesy the cne of
Duning construction all motor traffic was diverted by means of 5 nal
on to the concrete road now reserved for carts and tongas Ampg

3 motor trafrq

To make the experiments conform to the actual construction
roads  the metalling I:de soling on the Delht Meerut road were ?:m?;lh
and the formation level brought up by earth filling dressed watareq aed
consohidated 1n layers by sheeps foot rammers and rollers gt 1 nd
mossture content  Irenches were then excavated to the Tequured wx:tm
and the bottom consolidated agam with sheeps foot rammers he trackh
ways were then laid  All the trachways have been completed by 3rd Jo,
unry 1941 Traffic will be allowed over these after conerete 15 cureg o0

The trackways consist of two tracks each 2 ¢ nide and spaeeq
centre to centre  The designs ndopted are shonn 1n the plans ODPosite
and the specifications are detailed below —

Experlment No I b .
Bnck on edge laid with } joints the jouts to be sanded to ithig

of the top and thegn grouted with as much as they will take of H

1 {a) larNo 2 s0 feet length lierring bone bond

(5) Bitumen 50 feet length herriug bone bond | Doy

” > 25 feet
2 (&) Tudo z 5 tee | Header and Stretcher bogy
() Bitumen 25 feet l
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Experiment No IL
Brick on edge taid with bricks half dipped 1n

b4 (a) TarNo 2 50 feet length
Herrnng bone bond
(b) Bitumen 50 feet length

2 {a) TarNo z 25 feet
} Header and Stretcher bond
(3) Bitumen 25 feet

Experiment No IIL

Cement concrete trackways with brick ballast (1 gauge) Badarpur
sand and cement 1n the proportion of 421 lad m 25 feet lengths joints
staggered each jomt § with pre cast bituminous jont filler

1 ({a) 6 thuck with cantilever end remnforcement 75 feet
{8) 6 thick without any reinforcement 75 feet
2 (a) 4~ thick with cantilever end remnforcement 75 feet
(8) 4 thick without any reinforcement 75 feet

Cantilever end remforcement to consist of 4 nos 3/8 duameter mild
steel rounds z 6~ long

Experiment No IV
Brick bonded brick ballast cement conerete (Shetch No 2)

With flat bricks bonded with brich ballast cement concrete I24
Total thickness 6

(a) 50 feet length with cantilever end reinforcement
(6) 50 feet length without any reinforcement
Experiment No V
Brick bonded brick ballast cement concrete (Sketch No 3}

With bricks on edge bonded with brich batlst cement concrete 124
thickness 61"

{a) 50 feet length with cantilever end remnforcement

(8) 50 feet length without any reinforcement

Experiment No VI

Brick bonded brick ballast cement concrete (Sketch No 4

ith specially 1 5. batlast
cement conerete 'h’ncl).::;; éfrm chiptical bucks with 124 brick balla

(a) 50 feet length with cantitever end reinforcement
(b} 50 fect length without aoy remforcement
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Expenment No VII

Dry Brick Trackways without any grouting
{a) 50 feet length Herning bone bond
) 30 feet length Header and Stretcher bond

In experiments Nos 1II to VI half of each experumental length has
been done with selected blue ‘Jhama brck ballast and the remaming half
withassorted brick ballast 2 ¢, brick ballast from which only honey combed
or under burnt matenal has been eliminated

The work 15 estimated to cost Rs 3,200 Accurate records of alf
quantrties have been kept for costing

GRAND TRUNK ROAD

The section of the Grand Trunk Road between Bulandshahr and
Ghaziabad was upto the yeir 1933 ina very bad condition iuspite of
continued renewals and maintenance The Dfe of the waterbound
kankar surface was on an average only 2 years and the expenditure on
matntenance high

The proposal, first sanctioned, was for reconstruction with a 41 inch
coat of Dellm stone metal and surface dressing with bitumen  The actual
reconstruction was to he completed 1n two years and the contractor was
made responstble for maintenance for ten years after the completion  The
length of the section was 30 miles and the contract was given on the basis
of competitive tenders at a cost of Rs 3 52 7ro and for the maintenance
for a period of ten yeats atacost of Rs 293250 The totalcost of
reconstruction and maintenance for ten years would thus have been
Rs 6,45 960/ for 30 miles of road 1 ¢ Rs 2,153/ per rmle per jear

Five miles were reconstructed according to thece proposals but
as the muntenance cost of the painted surface was expected to be higher
than that for a concrete pavement, the contractor offered to reconstruct
the road with cement concrete for the same cost payable i ten years
mclusive of mamtenance, This was made posaible with the co operation
of the Cement Marketing Company of India Lumted who agreed to accept
deferred payment for the cement supphed

The result up to date has fully justified the change and st 1s expected
that even after ten jears we would be left with a satisfactory road and
Government will have a saving on maintenance.

DETAILS OF COST

As the work nas done by contract on a lump sum basis exact
details of matenials etc,are not avalable The cost mas Rs 3/- per
square yard

The slab 15 12 feet wade throughout and 53"—3}"—5}” thick Jad
on an insulation layer of fine sand and cinders as nas avallable  The
pavement was lud on the alternate bay system without any expan
sion joints Themixwas124 The conerete was machice mixed apd
laid wath the help of handnorled templates and the surface was hasdened

with a <olution of <odium silicate  The work was complet ng
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Some interesting details were printed in the Indian Concrete

}gisnfzfl of February 1937, Pages 43 48 and Proceedings of IR C  Volume

111, pages 237 and 238
TRAFFIC
The mtensity of traffic on the section vanes greally and 15 the

test as we approach Ghaziabad In mile 851t which 1s practiclly
ﬁ:i?:: sm(ddleof the section the atensity of the traffic 1s as follows —

Motor Non Motor

1934 1939 1934 1939

Tons Tous Tons Tons

Mile 851 237 428 720 481
Mile 874 594 1268 329 385

1t will be seen from the statistics given above that since the road
was constructed the traffic of motor vehicles has gone up and that of the
non motor traffic, 2 ¢ bullock carts has a tendeuncy to go down

FURTHLR REMARLRS

tWinle the surface of the pavement has been satisfactory some crachs
which are considered up to the present to be due to expansion
and contraction have occurred mn this section Such crachs are not
general on the other cement concrete roads which hive been
constructed 1o the Umted Provinces and 1t has not been possible yet
to fully determune the reasons of the cracks  The slibs at a joint
which 15 affected press agamst each other and grudually nse up
m an angle The mnse has been noticed to be as much as
6 inches and 1n one cse 18 inches As traffic passes over this
raised portion the slabs get cracked transversely and  before
fong the T sed portions breal into pieces Two photographs showing
the nsen slabs and the cracksare appended  The mse 1n the ends of the
slab 1m the case of mile 848 was5 18 nches and the ends of two bays stood up
for more than 60 hours and then fell to preces  Scyeral theories have been
ut fornard for this phenomena but 1t has not been possible to deter
nmne the causes correctly For the present it 1s considered that 1t 1s due to
the expansion of the concrete <fabs which are free to move due to the
wsulation Iyer which w1s giien between the slabs and the sub-grade
There 15 no doubt that the cracks are due to the expansion but the cunous
tkeng o5 that it 15 only 1 2 parteeular section that it kappeus so frequentls
Duning the summer of 1940 there were some half a dozen such cracks
and this has hippened every year since the construction of the road
Obseriations have shown that the msulation layers in places where these
cracks have occurred have been rather thick and 1n some places it
was found as much as Tinch It may be that the thickness of the
wsulation layer has got something to do with the cracks

To avoid such expinsion crachs 1n future works the sulation
lager has been omitted from the speaifications for thin concrete slibs
Tt 13 const lered that the bonding of the tiun slibs with the sub grade will
frevent unusually high expansion or contriction  The results up-to-date
tave been satidactary but the slabs Iud on the new speafications he
not been in existence for a sufficiently Jong period to establish the ad
rantage of bonding over the 1nsylation system
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Iigure r Showing the nsen slabs in mile 851



ligure 2 Showng the crached slabs i mile 851



ArpENDIX II 249

This year the bursts have occurred amongst others n the following
miles —

Date  Mie Furlong Bay No Temperat Time of e
25 41940 835 7 27 106° T 4 PM
29 41940 834 1 154 107° T 4 PM
304 1940 848 4 8g and go 108° T 330 PM

Rai Sahitb Han Chand, District Lngineer, Concrete Assoctation of
India New Dellyr circulated to the members of the Council the folloning
note as a possible explanation of the bursts for their consideration at
the time of 1nspection of Mile 851 —

* It has been mentioned on page 248 —

There is 1 0 doubt that the eracks are due to expwnsior but the conous thing
15 that it 1s only 1 & par tecrnlar section

For research into the causes 1t mught be mentioned that the
conditions of road subgrade method of comstruction the cement water
rtio and quality of matenals was umiform 1 the whole length of the
road, but with one exception The cement used in the length of the
conicrete road from mile 872 to 853 was stored for some tune in the
godown before use but n the section beyond mile 853 fresh cement,
as 1t daily arrived from the factory, was consumed Thts was probably
done to save double transport charges and also perhaps due to shortage
of stored cement

Now, 1t 15 2 well knoswen fact that

Fre<h cement contuns a small amount of free or loosely combined lime, which
does not slake frecly ke ordmary himes and causes expanuion endanguring the
structure A moderate amount of seasoning in weather tight sheds however ts often
hielpful to recure good results  rede page 491, REINFORCLD CONCRF1E CON
SIRUCTION YVolume 1I by HOOL

The wrnter of this note 1s therefore, of the opinion that the cause
of this extra-ordinary expansion 1s the use of fresh cement without
alloning 1t to season by a moderate storage, otherwise there appears no
other explanation for this extra ordinary phenomenon

It might be mentioned that otherwise the quality of the concrete
15 very good, its weaning quality 1s perfect and the proportion of aggre-
gates as determined by the chemical analysis of a sample, 1s also exact *

The delegates were entertamned to tea at Bulandshahr by Rai
Salub Lala Munna IalGowilla Engineer and Contractor, Benares City,
and thereafter returned to Delhr reaching back therr lodging at about
19-00 pm
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INDEX MAP SHOWING
DELHI ROHTAK, GOHANA SONEPAT, GHAZIABAD & BULANDSHAHR

SCALE 1"=16 MILES
.
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Monday 27th January 1941

The delegates assembled at the Tonn Hall at 1000 when Mr S R
\ehra gave an interesting talk on soil stabilization A summary of this
talk 1s reproduced 1o Appendix III page 274

At r1oo the delegates proceeded to the Asmanpur road wnear the
Jumna bridge to see a field work demonstration of soil stabilization

In order to 1llustrate the various stages in construction of a stabilized
soil road a length of one furlong on this unmetalled road had been
selected

This road 1s subject to normally heavy traffic consisting mamly of
bullock carts

The length selected for demonstration was rather sandy and subject
to quick disintegration 1n the dry weather uunder traffic

The laboratory analysis of the sandy soil 1s as follows —

Retained on No qosieve A 8§ T M* o per cent
Retammed on No 200 sieve A § T M 74 9 per cent
Passing through No 200seve A S T M 25 I per cent
Liqud Limit b 257
Plastic Limt 195
Plasticity Index 62

The analysis showed that the soil had a large excess of fine and
and required an admxture of coarse sand and clay for the weanng course
Both these matertals were atalable near the selected site and were
consequently used Clay was obtained from « deposit nearby and sand
was collected from the bed of the Jumna

The laboratory analysis of the admixture 1s as follons —

Clay

Retained on No qosieve A S T M © per cent

Retained on No zoosiete A § T M 172 per cent

Passtng through No 200 <tiese A S T M 828 per cent

Liqud I umit 489

Plastic Limut 216

Plastiarty Index 273

Coarse Sand

Retained on No 40 sieve ASTN 81 0 per cent

Retained on No 200 steve ASTNM 12 4 per cent

Passing through No 200 sieve AST M 6 6 per cent,

The mixture selected for use 1n the wearnng course was as follows __
Road soil Three parts
Jumpa sl . One part
Clay Trwo parts

Tor the foundation course the existing <ol was conadered to be
<utable and was loocened to a depth of five inches and compacted by

*Ameriean “xi1 ty of Tests g Matenals
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means of sheeps foot roller, after adding optimnm mossture to the soil

Cost —

The details of cost of the demonstration are not tvpical of this kind
of work, as the work had to be done 1n abnormal circumstances and mn a
great rush  These have therefore been left out

Procedure —

‘The details of procedure were the same 2s described for sumilar
details 10 expennment 11 Mr  Mehra’s paper entitled, * The use of soil
stabilization 1n unmetalled and metalled roads 1n India-II," wvide pages
141-145 of part 1 of this volume

‘The demonstration was divided 1nto the following stages —

(a) Collection of clay

(b) Dryag of clay and breaking 1t by means of wooden thapts

{c) Dry myxing of sand, clay and soil

{d) Addition of optimum moisture

{e) Preparation of bed

(f) Compaction of foundation course at optimum moisture

{g) Spreading of wearing course material ready mixed at optimum

motsture

(h) Rolling the wearing course by power Roller

(1) Fushing the surface

{3) Curing the surface

The members of the council were taken round the work stage by
stage by Mr Mehra who explained the practical considerations nvolved
and the difficulties met with in this expertment at each stage

The delegates then proceeded 1n taxis to mspect the Trackways on
the Badli Railnay Station Feeder Road The details of this work are
given on page 48—50 of volume I (r934) of the Proceedings, and on pages
56 and 57 of part I of this volume

The delegates then proceeded to the Sonepat Rest House and were
entertained there to a picnic lunch by the President,

After the lunch, they proceeded wa Rohtak Road and WVestern
Jumna Canal Roads to Gohana Trackways on the Somepat Gohana
Katchha Road

Particulars of these trackways are given from page 59 of Sir
Kenneth Mitchell's paper appeartug wn part 1 of this volume,

‘The delegates walked along the trackways for about a couple of
mules and the subject was well discussed at stte

The delegates then proceeded to Rohtak via Gohana where they
were entertained to tea by Sardar Bahadur Captan Dalpat Stngh, OBI,

IOM,MLA {Central), Member of the Standing Commuttee for Roads
and Chairman, Distnict Board, Rohtal,

After the tea, the delegates returned to Delln arnving at thew
lodgings at about 19 30 hours
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Tuesday, 28th January, 1941

The delegates assembled at Windsor Place at 9-30 hours and
proceeded 1n taxis via Panchkum Road and Mutiny Memoral Road to
the New Rohtak Road to visit the test stretches laid there

Lxperimental lengths, each a 100 feet long and 24 feet wide,
had been laid with binders and primers supplied by each of the following
three manufacturers —

(x) Messrs Burmah Shell Oil Storage and Distributing Co
(2) Messts Standard Vacuum Oil Co, of New York
(3} Messrs Shalumar Tar Products (1935) India Limited.

Two lengths one witha primer and the other without had been
la1d with the maternals of each of the above firms who were also given
the discretion to use such quantities of binder and chips as they considered
would give the best results The experimental stretches had been lard 1n
a continuous Jength on the New Rohtak Road with the same kind and size
of stone chips and same standard of workmanship and each of these
will obviously be subjected to th- same intensity of traffic and sumilar
climatic conditions  Although therefore the tests were laid 1n exteremely
cold weatber, 1o December 1940 (the temperatures in sun dunng laying
varying from 72° to 76° Fahrenheit only) 1t 1s expected that they would
yield farrly comparable results

The folloning were the quantities of materials used n the different
stretches and the cost per hundred square feet of treated surtace —

{1) Burmah Shell
{(a) Single coat painting

Mexphalte 8o;100 F 535 pounds
38 stone gnt 5 cubte feet
Cost Rs 6/12/

{b) Double coat panting
Shell Primer No 2 17 pounds
Stone gnt or sand .. Rid
Mexphalte 8o 100 F 48 1 pounds
38 stone gnt 4 7 cubic feet
Cost .. . Rs 713/

(2) Shalimar Tar

(@) Single coat painting

Shalimar Tar No 1 479 pounds
3 8" stone gnt 5 cubic feet
Cost Rs 56/

(%) Double coat painting
Shalimar Primer No 1 17 3 pounds
Stone gnt or <and il
Shahmar Tar No 2 31 7 pounde
3/8" stone gnt 4 5 cubie feet

Cost . . Rs 510-
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(3) Socony

(a) Single coat pamnting
Socony Asphalt 105 J 39 7 pounds
3/8 stone gut 5 cubic feet
Cost Rs 5/10/

{b) Double coat pamnting
Socofix Primer ! 216 pounds
Stone grit or sand Nit
Socony Asphalt 312 pounds
3/8 stone gnt 4 cubic feet
Cost Rs 7/~

‘The wotk was too fresh for any conclusions to be drawn

The delegates then praceeded to the old Rohtak Road and imspected
the following road works

CEMENT CONCRETE ON ROHTAK ROAD MILESz& 3

Mile 2 Fuslongs x to 6

This cement concrete 6 4 6 sectton was laxd 111938 {for specifica
tions see Indian Roads Congress Proceedings page 44 Volume I and page
51 Volame III) The surface was 1 good condition repaes were mecessary
near joints

Mile 2 Portion of Furlong 7 and half of Furlong 8

The original treatment was 2} tach Tar Carpet with seal coat
applied at once matenal bemng Shal mar Tar No 2 laid tn November 1934
(vide pages 25 26 Volume I and page 46 Volume I1I) It was subjected to
heavy traffic especially village carts intensity bemng 486 tons per yard
width  The surface became very uneven ias removed entirely m
Novemb 1937 and replaced by cement concrete (1z4) 775" 7"
(specifications on pages 37 44 Volume I)

Half of Furlong 8 Mile z and half of Furlong x Mile 3

Cement concrete 6" 47 6 waslaid 1 October 1934 at a cost of
Rs 34/ per hundred square feet usiog Bundi Cement Badarpur sand
(Budhya Nafa) and Jhandewala aggregate (vide page 44 Volume I and page
51 Volume IIT) Tt 1s subjected to heavy traffic especially village carts
intensity being 486 tons per yard width Some pot holes appeared and
have been repaired

Half of T'utlong 1 Futlong 2 and half of Furlong 3

Cement concrete 77 5 7” was lad 1 June 1934 at a cost of Rs 58/
per hundred square feet using Bund: Cement Badarpur sand and Jhande
wala aggregate (vide pages 37 44 Volume 1 and page 51 Valume III)
Traffic tutensity 1s 486 tons per yard width consisting of heavy and
mostly village carts  Some pot holes had appeared and the surface had
crached both longitudinally and across the slab
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Half of Furlong 3 and half of Furlong 4

The ongmal treatment given 1n April 1934 was surface painting with
Tar No 2 and Chandigarh ballast at Rs 6 per hundred square feet (vide
page 29 Volume III) The surface became very bad and in 1937 after
the meeting of the Roads Congress the treament was replaced by cement
concrete (124) 7 5”7 (for speaifications see pages 37 44 Volume I)
Very httle maintenance has been found necessary since then and this has
been confined to filling of expansion joiuts with tamen

Half of Furlong 4 and half of Furlong 5

The onginal treatment consisted of 24 inch water bound tar macadam
{Shalimar Tar No 2) laid 1o Apnl 1934 1t a cost of Rs 6 8/ per hundred
square feet (z1de pages 45 46 Volume I and page 44 Volume II1)  The
traffic intensity 15 486 tons per yard width By 1937 the surface had
becotne very bad and extensive patch repairs were carried out Lven
tually 1 November of that jear cement concrete (124)7 5”7 was
laid (specifications on pages 37 44 Volume 1) It 1s stinding up very
well and requires practically no maintenance The orgipal treatment
was a complete failure

Half of Furlong 5, T'urlong 6 and Furlong 7

The mitial treatment given tn VMarch 1933 was Mix m Place the
binders being (A) I' 70 and Mexphalte 30/40 1 the proportion of 3 1 1n
Furlong 5 and T'urlong 7 and (B} Colas Emulsion 1n Furlong 6 (vidz pages
34 35 Volume I and page 34 Volume ITI} The cost of treatment was
Rs 15/ per hundred square feet Traffic nas heavy especially of village
carts 1ntensity being 486 tons per yard width  The treatment prosed a
complete farlure as the <urface developed deep tuts and broke up badly
Cement concrete (1 2z 4) of 7 5”7 section was lard in Nosvember
1937 (specifications on pages 37 44 \olume 1) since which time the
maintenance has been confined to joint filling only

2} INCH SHELCRLTE MILES 3 & 4 ROHTAR ROAD
MILE 3 FURLONG § MILE 4 FURLONGS T & 2

This 2} 1nch Shelerete was laid in April 1934 at a cost of Rs 21
per hundred square feet (v:de page 49 Volume III and pages 242,
Volume 1)  Itis subject to the same intensity of traffic as the rest of
this mile  The surface crached at a number of places and extensne patch
repairs have been done  The surface nasgiven a repaint 1 VMay 1040
with Spramex at 25 pounds,and stone gnt at 3 cubic feet at a cost of
Rs 2/r4/ per hundred square feet

MILE 4 FROM FURLONG 4 TO FURLONG 8

Shelerete 2} inch was laid 1o 1938 (page 46 Volume III) at the rate
of Rs 18 & per hundred square feet  This 1s generally 1n good condition
and no repairs have been necessary ever smee 1t was lad
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CEMENT CONCRETE SIDE WIDTHS, ROHTAK ROAD

The stde widths are 8 feet wide The mix used 15 1 2 4 lad to
a7’ 5"-7' section (specifications on pages 37-44 Volume I) The work
was carried out 1n 1938 at Rs 38/ per hundred square feet

Except for repairs to a few pot holes and brealages near jomts, the
surface has not required attentton The junction of the Shelcrete and
cement concrete has required levelling 1n spots where depressions had
developed .

The delegates then returned to the janction of Rohtak and
Najafgarh Roads and proceeded to wisit the road berms mn Mie 3/4
to Mile 3/8 of the Delln Najafgarh Road, which had been Stabilized
with Cement

In the summer of 1940 this work was undertaken with preliminary
laboratory study of soil compaction and of the ressstance of soil cement
mixtures to repeated wetting and drymg  From these tests it was decided
to use 7 per cent of cement by weight of soil This percentage included
one per cent for a loss of cement 1n the various operations of placing and
mixing 1n the execution of work

Tests were also conducted to determinte the motsture density relations
of the raw soil The optimum moisture content of the soil was found to
be 14 per cent of oven dry weight of the sorl

The work was started 1o April and completed 1n May 1940 Weather
condittons 11 these months were far from satisfactory, the temperature
rising to 109 and 110 degrees Fahrenbeit and hot winds blowing away
considerable amount of cement and motsture Field tests were carned
out and an allowance was made for the loss of moisture

Except for mitial pulverizing, each section was constructed complete-
ly duringone day  This procedure was necessary because of the rapidity
at which the cement hardened after water was applied and the necessity
for compacting the mixture at the optimum moisture content before the
cement had set The method consisted of mixing 1n place cement and
so1l, adding and mixing water, compaction of the damp mix and rolling to
fimshed surface

It was executed entirely by departmental labour, The treatment
was carried out on the 6 feet wide berms on both sides of the road from
Mile 3/4 to Mile 3/8 The total length treated was 2655 feet on both
sides or 5310 feet of 6 feet width, of which 3255 feet was done to a
depth of 6 inches and the balance of 2035 feet to a depth of 4 inches

I Prelimnary Laboratory Tests

The satisfactory percentage of cement as based on compacted oven-
dry soil volume was found to be 7 per cent by weight The soil weighed
a hundred pounds per cubic foot” The soil density test gave the Optimum
Moisture Content of 13 77 per cent  As the soil was found to contamn 377
per cent mosture in 1ts natural state this fixed the proportion of water to
be added dunng consohdation at 10 per cent
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Spotting cement bags, spreading cenient and mixing,

Figure 2.
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II  Construction

The construction 15 summanzed below —

(1) Pulverizing the sosl  The existiug road berms were scanfied to
the required depths (4 inches and 6 inches) by meaws of the toothed scart
fier attached to the Caterpillar Tractor (mide Figure r opposite page 256)
This was accomplished 1 three or four trips The bottom surface was
brought to the required depth and camber by hand using phaoras  All
clods were broken by repeated trips of the sheeps foot roller Foreign
bodies such as stoune ballast bricks etc were removed and only
homogeneous soil passing through a2 No I0 steve was retatned

2 Spreading Cement ‘The pulverized soil was spread evenly on the
berms to recerve a layer of cement of umform thickness The cement bags
were then spotted in accordance with the area calculated to be covered by
one bag of cement at the pre determined ratio of 7 per cent by weight of
the cement to so1l (vide Figure 2 opposite)

Mixing cement with dry sl Each bag of cement was spread
entirely 1n the area commanded by 1t and then mixed with the soil by
means of phaoras untl umformity 1n colour was obtarned (t:de Figure 2
opposite)  Special care was devoted to the mixing to ensure this
desideratum before applying water  The mix was then la:d back on
the berm to a umform level

Application and muxing of water The quantity of water required
for each section was calculated on the pre determined basis of 10 per cent
and this was controlled by means of hand watering cans eachofzs
gallons capacity These cans were fitted with a rose The reqmired
quantity of water was applied and the mizing done 1 two equal batches
to ensure umformity When a umform mux free from lumps had been
obtained the sheeps foot roller was drawn over the surface at lugh speed
by the tractor (1:de Figure 3 opposite page 258)

5 Compaction and fimshing  The compaction was done with the
sheeps foot roller pulled by a 30 horse power grader The roller was
ballasted by filling earth 1o the drum aud was worhed slowly at first {so
that compactton could start from the bottom) and then speeded up so that
the dy namic forces would assist m the compaction  The roller was worked
for 15 munutes over a length of about 300 feet and further rolling was
stopped when 1t was fouud that except for a small quantity of materrals
on the surface (which remained loose) the entire thickness of the layer was
well compacted The final compaction and shaping to the correct cross
sect)mu was done ath an 8 ton tandem roller (:+de Figure 4 opposite page
259!

6 Curing  The finiched <ection was protected fro
of the sun for 24 hours by coverng 1t with d‘;te mats wh:?h'aeerg’l\xgct ra);s
This covering prevented evaporation of moisture from the sm{ap wed
permitted the roadwat to harden The work was Lept watered fce s
complete week until the berm was hard <et and £t to carry the tmfﬁzr one

Traffic was allowed to pass over the surface a
completion  After a few davs when the traffic
loose pochets were observed 1n the surf:

fter a fortnight of sts
was on fine cracks
ace These were picked oyt :gg
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te treated with richer cement sorl mixture (cement To per cent} separately
prepared for the work  The results were satisfactory

7 General obserialions  The treatment has stood well and 1s still
hard ard capable of carrying traffic  The section treated to 6 ches
depth 1s standing up better than the 4 inch section

The present indicat on 1s that the treatment of soils with Portland
cement has special ments and 1s comparatively economical  If the surface
1s treated with a bituminous treatment 1t will add to its Lfe very
constderably

Four photographs depicting the various stages of the work are
reproduced

8 Cost —A detailed statement of expenditure” incurred 1s given
below —
I FIXED CHARGES ON TOOLS AND PLANTS AND TESTING APPARATUS
(@) Tools and Plant

Sheeps foot Roller complete with Rs ap

coupling arrangement 1663 o ©
Coupling arrangement on one side 38 8 o
Coupling arrangement on the other side

found necessary in use 55 0 0
Templates water cans thermometer

sieves lanterns etc I50 0 ©

1906 8 o
(b) Testing Apparatus

Testimg Operations 40 4 ©
Penetrometer for soil testing 1008 0 o
Supplementary attachment for above 115 0 ©
So1l Testing Apparatus 50 0 0

313 4 ©

Total fixed charges == Rs z220 0 ©

2 RECURRING CHARGES
1 Cost of Treatment to a depih of 4 snches
Leagth = 2zo55 feet Width =
Area = 12 330 <quare feet
{a) Materials
Cement 260 bags = 13Tons @ Rs. 38 494 0 ©
{Average rate inclusive of carting to site )

(b) Deparimental Labour

Mates 2z Nos x 15 days = 30 C /11/ per day 20 TI0 ©
Beldars 345 Nos @ /7/b each 161 12 ©
Mason for fimshing 1x 13 @ 18 per diem 19 8 o
Mason s Beldar 1X 13 @ ~/7/6 per diem 6 2 o
Bhisties for cunag and

applytng water 4X 15 days = Go @ - 7/6 per day 28 2z o

Tatat 236 2z 0
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(¢) Recurning expenses of Caterpullar

Hire charges 12 days @ 2/8/- perday. .. 30 00
Dniver’s wages 12 days @ 3/-/- perday . 36 0o o
Assistant’s wages 12z days @ -/10/- per day. i 7 8 0
Chowlidar's wages 12 days @ -/7/6 per day. .. 510 o
Materrals ¢ g Diesel o1l, Mobil Otl, Petrol, Cotton

Waste etc. .. 60 0o

Total ., 139 2 o
{d) Recurnng expenses of Tandem Roller

Hire charges for 11 days @ Rs. 5/To/- per diem

clhsive of pay of dniver, chowkidar etc .. 6114 0
Materials ¢ g Petrol, Kerosine Ol ete . .. 60 0 o
Total .. 121 14 o

(¢) Sundries e g mats etc for paich reparrs. . «. 80 0 o
TOTAL OF (a}, (B), {¢), (d} AND {¢)=Rs. 1071/2/- say 107 0 o

Therefore, rate for 4 inches depth=Rs 8/11/- per bundred square feet.

(2) Cost of Treatment to a depth of 6 1nches
Length = 3255 feet. Width=6 feet
Area=19,530 square feet.

() Matersals

Cement 610 bags =30 5 tons @ Rs. 38/- per ton ..II55 0 o
(B) Departmental Labour

Mates =2 Nos X16 days=32 @ -/11/- per day . 22 0 0

Beldars =458 Nos @ -/7 6 each. .- .. 214 I o

Mason for fmshing 1 X 16 days =16 @ 1/8/-perday .. 21 ¢ o

Mason’s Beldar 1x16 =16 @ - 7/6 per day . 7 80

Blustues for cuning and applying wate?
=5x16=80 @ -fp bperday. .. 37 § o
Total 305 IT o

(¢€) Recurning expenses of Calerpillar

Hire chatges =16days @ Rs 2 § - per day. < 40 © o
Driver’s wages =16 days @ Rs. 3 - - per day. -« 48 0 o
Asustant’s wages =16 dnys @ - 10 - per dav .. I0 o o
Chowhidar's wages for 16 days @ -/7/6 per day. -« 7 8 o
Matenals, Desel Oil et .. .. 8 o0 o

Total .. 185 8
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(@) Recurring Expenses of Tandem Roller
Hire charges mcluding wages of dnver and chowladar
=16 days G Rs §/10/- . .. g0 0 o
Matenals ¢ g Kerosine o1, Petrol ete, .. 80 o o
Total .. 170 0 o

(e} Sundries

Matersals for cuning, patch repatrs ete . .10 0 O

TOTAL O (a), (b), (c), (d) AwD (¢) . ..I920 3 ©
Therefore, rate for 6 1nches depth =g/14/- per hundred square feet

The delegates then proceeded to Najafgarh to see the mew rural
toad from Najafgarh to Delhs Gurgaon Road wa Basant This work
was 1ncluded 1o the Delln Province Rural Road Programme

General  The construction of new rural roads i Delln Province
1s designed to open up the rural areas to an extent which has, perhaps,
not been attempted 1n other parts of India Itis definitely believed
that the correct treatment of a suburban rural area 1s to provide a
really good system of communications which coupled with widespread
con<olidation of holdings, should enable the people to take the fullest
advantage of the urban markets lying withm a few miles of their
villages ‘There 1s no doubt that the work so far done s greatly
appreciated and that the further extensions to the rural road
programme will be valuable not only from the economie but also from
the administrative point of view

For the coaostruction of the new rural roads, the labour bas been
drawn largely from the surrounding villages The fact that the work
bemng done was entirely for their benefit was quickly appreciated by the
men employed and after a few weeks traming they adapted themselves
to the task, and offered the most willing .co operation With the
exception of the construction of masonry and concrete works, the entire
scheme was carried out by local labour and thus thetr iuterest has been
maintaned throughout

The entire rural road programme vide Annex I opposite, has been
financed from the Road Development Fund. Oning to the depression
smce 1932 ordinary revennes have suffered and large grants to local
bodies, a feature of the previous decade, could not be made The
Road Fund came theref asa timely and the develop
of communtcations 1n Dellt Province 1s being financed from this fund

Land Acgwsitsion  The new Roads have followed largely the
algnment of the old District Board Roads (as noted below), the
nomenclature of the estimates being ‘ Raising and Metalling” of old
District Board Roads

1. Najafgarh-Bahadurgarh Road

2. Nanglot Dhandasa Read wa Najafgath

3 Chiragh Delhi Road
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4 Magbara Paik Auchandi Road
5 XNajafgarh Mehrault Road 1ia Kapa Sera and Mehpalpur
6 Narela Bawana Gheora Road

The total width of land acquired was §o feet throughout except where
the road pasced through villages or shere religious buildings came within
the road width  The cost of acquisition varied with the nature of the
land and this valuation was undertahen by the Land Acquisition Collector
Thbe earth for the embanhment was dug from land temporanly acquired
ountside the permanent land nidth of the road  In co operation with the
Ant1 Malana and Health authorities, the maximum depth of these borrow
Pits was restricted to one foot. As soon as the bank was completed to
the full height and <ection the land temporanly acquired was handed over
to the cultriatars for ploughing  This resulted 1a 1ts betng levelled and
obliterated the depressions or borrow pits so that no source of mosquito
breeding rematned  With few exceptions, the rural roads constructed or
under construction pass through cnitivated areas The land on which
crops stood was not touched until they had been harvested and the bank
1n the<e reaches nas built later

Wode of Construction The actual mode of construction of these
rural roads 1s dealt with in detatl Jater Like most of Indins roads they
bave been built of stone and ballast comsolidated whilst wet, ( water
bound macadam as 1t s technically termed} The foundation soling
for the rural roads was Delh: Quartzite hard stone procured from approyed
quarries  The wearing coat consisted of 1§ inch gauge ballast and was
laid 1 two layers of 41 inches each the second coat bemng laid several
months after the first

After the bank had been consolidated with a heavy roller (ro or
12 tou) and the surface graded longitudimally down the centre lme with 1
level and an undulations removed the soling coat was spread It w
carefully hand packed and the mterstices filled 18 sith smaller jreces of
the same matensal  The soling was then rolled  On the complctim «f the
cousolidation of the soling bunds about 12 mches in % 1dth and 6 inches
1o height were first constructed atong each edge of the wilth to be
metalled 46 confine the edges of the metal and preveot its spreading out
®ards durning consolidation  These bunds were made of damp cly,
carefully aligned and compressed with rammers to present any escape of
the wafer used 1n consohdation

1 was then spread between these cly
fillets to the camber of the template—the metal before spreading Letng
carefully freed from all extraneous matter The steam roller was ¢y py
Passed over the whote <utface dry startiog from the edges and gradually
working 1a towards the centre The balance of the metal was later spyran
where necessary to correct the camber fter which the whole syrface was
kept thoroughly watered and the roliing continued uniformly g the
surface wus fard and compact <o that a light cart m1de 10 impreceson

About go per cent of the meta

After thoroush consohdation the blinding matenals waze spreaq oI
the surface  Theee were moorum and bayrt which were eyenyy spread
aud watered and rolled The object of these blinding Materyls 4o to £

-
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the interstices between the metal and prod an even wat g

surface  When complete, the surface was watered daily for 14 days and
traffic kept off the road

The earthen sides were then brought up to the required height,
rammed and neatly finished off 1 straight haes at the juaction with the
metal and along the outer edge, with a slight outward slope The earth
for these berms was burrowed from the continuous side drains of the
boundary of the road width and not from mts

All these rural roads were bemg treated with surface dressiag In
Annexes II to V, brief descriptions of the matenals used and their
specifications are given  The firms carrying out the surface treatment
supply all the tools and plant themselves

The side slopes of the embankment have been kept at 1 12 5
throughout except where the bank was above five feet 1n height This
slope was adopted as 1t has proved safe for cart traffic, and all fear of
overturming of bullock carts has been entirely obviated The height of
the embankment with few exceptions, has been kept at two feet above
the adjoumng field levels This was necessary to prevent the mundation
of the roads during the monsoon  The rain water now runs off the road
nto continuous storm water dramn provided at the edge of the road
boundaries and flows to the nearest dramage cut 1In the rare cuttings
pucca brck pitched drains have been provided  Kufcha earth dratns have
been found from expertence to be useless in such cases as the earth from
the sides of the entting drops back and blocks the drain and necessitates

cleanng and at much expense  Pitched drains have
also been provided where the road passes through willages Culverts are
buiit at smtable pomnts and the drammage from the village passes uuder
these to its previous outfall The beds of such culverts are piched and
provided with a small cement plastered cunnette for sullage water

It kas been observed in the past that the heavily laden traffic coming
on to the mam roads from the willages tends to damage the edges
of the pacca 10ad  To avord this, 1 these rural roadsthe willage
10ad approaches were metalled within the road boundaries and a
maximum grad of one 1n 25 adopted  These iled portions are of
great lielp to the draught ammals in_drawiag their loads up, on to the
pucca road  In cases where the road crosses irnigation channels or divides
the fields of the Zemsndars, syphoas have beert proveided under the road-
way These are built of reinforced concrete “Hume” pipes with masonry
chambers at each end, cement plastered instde The diameter of the
syphon depends on the dischage tt ts required to carry The chambers
are placed 4o feet apart where the embankment 1s not very high, and the
syphons are laid at an easy gradient

Rural Roads constructed

The roads which have been built from the Road Iund are detatled
13 Annex I facing page 260 All the roads are open to traflic but work on
the <ccond coat of metalling on the Narela Glieora Road has just been
completed and surface dressing will now be taken 1o hand I'rom the
statement, 1t wiil be seen that the average cost per mile vanes due to
the following causes —
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(a) Vanation in the tendered rates
(8) Value of the land acquired
(¢} The number of bridges culverts, and syphons necessary

In surface dressing thece macadam roads the first coat applted was
a pemetratne one  Specifications of the meterrals used for this work
will be found 1 Anaexes 11 to VI, pages 268 to 270

On the plan of Delly Province facing page 261 the roads reviened
in this note have been shown  Lhe total mulage of the roads completed
and under construction s 673 miles

The following figutes may be of <ome nterest —

India as a whole has one mile of metalled road for every twelve
square miles or one mile for every 3200 acres under cultivation  In both
these calculations urban roads have been excluded

Dellu Province onthe same basts had before this Rural Road
Programme was started one mile for every 1920 acres and with the roads
now teady has one mule for every 1215 acres and on the completion of
the whole scheme 10 1947 the figure will be one mile for every g6o acres

These statistics show a 1ety encouraging tmprovement, but even so
1n the respect of her roads India has far to go before she reaches the

stapdard of Great Britamn, which has at present one mile for every 135
acres

Under the orders of the Chief Commussioner the District Board
Warks 1 the Delht Province were transferred to the Public Works
Department 1n abont June 1938 Amongst these works were the upkeep
and matntenance of village earth roads

The length of District Board earth roads 1s 47 miles 2 furlongs
Besides these there are mauny mules of village approach roads

Tnspections of these roads revealed that at all seasons of the year
they wete difficult for traffic and dunag the monsoon this difficulty was
aggravated  The low level of the roads and the deep rutting cansed by
heavily laden carts made them streams durng the rams and the traffic
problem for the willagers was one pot capable of easy solution

These difficulties have been lessened to a great extent by the use

CATERPILLAR DIESEL NO 10 AUTO PATROL l\YIACHINEDf
This Machine nas purchased at the b g of the fi Iyear 1939 at
a cost of Rs 18022 by the Distuict Board The purchase was made
through the Indian Stores Department It was transferred to the Public

Works Department for the maintenance and upheep of the D
and village earth roads uphecp of the District Board

a

The delegates saw the machine at work

Larth Roads —The tendency of earth roads to develo
costugated surface furmshes one of the most difficult problgmas :;‘ZYQE;
;ngmeer has to face  When this Department took over the roads 1t was
ound that the roadways had been allowed to become deeply rutted ang
very wavy under the action of traffic  The surface bad therefore, ¢ b
scanified aud bladed into proper shape E Ptobe
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Generally speaking the term Mamtenance refers to the work re
quired to preserve something tn 1ts onginal condition Satisfactory
maintenance of road surfaces espectally of the earth type «calls for
smoothening operations at frequent intervals Tlnus may be weekly or at
more distant 1ntervals depending upon the ts pe of surface and the amount
of traffic  In this progtamme for the District Board roads the operator
was assigned a defintte length of roads which he patrolled at regular
ntervals

Caterpillar Aulo Patrol —A brief description of the performance of
this machine now follows  The Auto Patrol 1s a combtoation of tractor
and grader  The advantage of the power controlled umt 1s that no great
physical exertion 15 needed to operate the varnious controls of the cutting
blade (turmng lLfting tilttng) and the scarifier Inall the operator has
before hium five controls for the operation of the blade besides the usual
controls for the engine gears clutch brake etc It is a fast machine and
travels quickly from job to job

Under the chassis of the machine a cutting blade 1s fixed This 1s
controlled by the operator and can be lifted and tilted at will to any
augle within the range of the machine  With the engine located over
the dnving wheels the operator has a clear view of the blade and the
work betng done The mechanical coatrols are simple trouble free
posttive and accurate 1 action

If the road materal 1s packed too hard for the blade to handle or
the sotl 1s excessively hard 1t can be loosened with the scarifier and then
regraded and reshaped with the blade Briefly the scanfier consists of a
number of teeth fitted into a bolder fixed at an angle so that the ponts
stuke the surface obliquely Its function is to tear up the hard surface
prior to blading This scanfier 1s fitted to the chassis of the machme
and the teeth are very important If they are to retain their cutting
point for a reasonable length of time they must be made not only very
hard but also very tough They must neither bend nor break and to
fulfil these requirements are made of special steel

Lstablesh t —The blist with the hine 15 one 1
operator and a capable fitter cleaner  The latter helps to clean and ol
the machine daily for the operator who cannot be expected to do thisin
addition to his ordinary work Some extra deldars had to be engaged
nhere very deep rpts were encountered as these had to be filled with
earth prior to the passage of the Auto Patrol

Cost of working —The machine commenced notk on the zgth Apnl
1939 The detatled expenditure from that date to the 31st March 1940
his been notedn Aunex VII page 27t The machme was 1dle for 100
days 1n all for overhauling operator s absence on leave and on sundays
The machine worked for 241 dave  The total mulage of roads matntarned
was 374 miles ude Annex VIIIpage 272 Diniding the total expendi
ture for this period by the number of mules of roads maintaiged we
get Rs 105 asthe cost per nule—a sutprsingly low figure It may
be noted that this should not be taken as the best performance of the
macline  The comparatively slow progress made in the first year was
due to the very bad condition of the roads It is hoped that better
progress will be made dunng the current year
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Fuels and Lubricants —The following 1s a list of fuels and lubricants
which used on the Auto Patrol have given satisfaction —

Fuel High Speed Diesel O1l
Lubricating Oit Shell Ardol

For the engine the firm recommends any good quality o1l with a
viscosity of SAE 20 Castrol Ol was used  For the gears Burmah
Shell Oil was uc=d

The two serious disadvantages which have been observed in the
working of this machioe are the absence n the equipment as purchased
of means of

{a) Concohdating the road
(b) Watering of the prepared surface

It 1s intended when funds permit to purchase the additional
equipment

1t has been found that unless there 1s a certain amount of mossture
1 the soil the working of the machine produces a somew hat dusty surface
There 15 a roller attachment which 15 a standard part and can be fitted to
the Auto Patrol itself ip place of the blade Such 1 roller filled with
water neighs about 3340 pounds but the ground pressure obtained nhen
using it 1s equivalent to about 10 ooo pounds on account of the downward

Prﬁ(sme from the machine stself This would make for extremely good
rolling

No standard watering attachment 1s manufactured but one can be
built locally  An ordinary watering cart device can be attached to and
toved behmd the Anto Patrol and water sprayed wlile the rollng s
being done  With this the dust nuisance would be over come and better
consolidation obtatned 10 the earth roads thereby considerably improving
them [here s already an attachment At the back of the macline for the
towing of a water tank device

The delegates next 1nspected some experiments with Dighor bitumen
to the following specifications  The matenal 1s straight bitumen supplied

by Messts Burmah Shell Company and 15 an Indian product obtained
n Assam

(1) Specsfication for single coat Local Digbos Bitumen 6ojyo

The worh was started on 196 40 wmd completed on 206 40
The 10ad surface was cleamed with soft brushes to Temote the
surface dust It was then cleaned with wire bru hes to loocen the
mud and moorum from the interstices upto a depth of }inch The
surface was then cleaned with soft bruches to remove the dust Produceq
by the aboy e operations  This nas afternards dusted by BUNDY bags apg
the edges of the road denned by means of |inch thich rope 100 feey
long “Depressions on the 1oad were made good by patching before the
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commencement of work  On this cleaned surface Dighot Bitumen 6o/70
heated to 350 degrees Fahrenhett was applted by means of a sprayiog
machine at the rate of 45 pounds per hundred square feet and blinded
over with 51 cubic feet of 3inch stone chips and rolled with a
:o :I(im steam road roller  After this operation the road was opened to
raffic

(33} Specificatson for double coat Local Dighor Bitumen 6of70

The work was started on 206 4o and completed on 21 6 4t
The road surface was cleaned with soft brushes to remove the
surface dust It was then cleaned with wire brushes soasto loosen
the snud and moorum from the interstices to a depth of at least
11ch  Then the road surface was cleaned with soft brushes so as to
remove the dust produced by the above operations This was afterwards
dusted by gunny bags and the edges of the road defined by means of
4 tnch thick rope 100 feet long  Depressions on the road were made good
by patching before commencement of the work On this clean surface
Digbot Bitumen §o0/70 heated to 350 degrees Fahrenbert at 35 pounds per
hundred square feet was applied with a spraying machine and blinded with
3} cubic feet per hundred square feet of fine §inch hard blue stome
ballast 1n the first coat and rolled with a 1o ton steam road roller  After
this the entire painted surface was again thoroughly cleaned and all sur
plus loose matetial and dust ete removed

The panted surface was agan treated with hot Digbor Bitumen
heated to 350 degrees Fahsenheit at 20 pounds per hundred squnare feet
This was apphed with 2 spraying machine and blinded with 3 tnch Delln
quartzite chips at the rate of 3 cubic feet per hundred square feet for the
second coat and rolled with a Yo ton steam road roller The road was
then opened finally ta traffic

(133) Specsficatron for single coat Local Dighos Btumen 8o/too

The work was started on 22-6 40 and completed on 23 6-40
p 1on and the p d are the same as for {1} above except
that Local Digbor Bitumen 8o I00 was used instead of Iocal Digbor
Bitumen 60/70

(sv) Specsfication for double coat Local Dighos Bstumen 8o/100

The work was started on 23640 and completed on 246 40 The
specifications and  procedure are the same as for (15} abotve except
that Local Digbon Bitumen 8o/100 was used mstead of Local Digbo
Bitumen 6of50

A census of traffic to which these treatments have been subjected
was taken for a period of about one month  The results are attached
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TRAFFIC COUNT

Milage —\ile 24 3 near Level Crossing on Mehraul Najafgarh road.
Nature of Road Surface —Painted with Digbor Bitumen
Width of Road Surface —10 feet

Wadth of Formation —30 feet

Tot ORI WS | W eht 1 tans per

Daring 24 | vad width of bard
hours ¢ nding Motor | Others | Totl <urfiec Total

o I | | Moter_|_Others
25 11-40 560 | 2720 | 4370 477 J 816 12 93
26 11-40 49 20 1555 64 75 1476 466 19 42
27-1T 40 2245 | 10350 \ 3295 673 315 988
28-11 40 68 45 18 70 ‘ 87 15 2053 561 26 14
29 11 40 104 GO I 1560 | 120350 3147 468 3615
30-IT 40 50 20 ‘ 4400 | 9420 1506 1320 28 26
I-12 40 28 05 1070 3875 8§41 321 1162
2 12 40 65 8o ‘ 1470 \ 80 350 1974 | 44T 2415
3-12 40 348 | 1685 | st 65 10 44 505 15 49
41z 40 28 00 16 35 44 35 8 40 490 13130
5-12 40 1390 3565 4955 417 1069 | 1486
612 40 27 55 15 0o 4255 826 450 12 76
712 42 2155 1395 | 3550 647 418 | 1065
812 40 31 60 3655 68 15 948 10Q7 2045
9-12 40 22 45 630 28 75 673 1 8¢ 862
10 12 40 28 80 32 GO 61 70 864 987 18 51
11 12 40 28 6o 26 05 54 65 558 781 16 39
12 12 40 3325 | 4870 8195 997 | 1461 | 2438
1312 40 2330 18 30 4x 60 699 549 12 48
14-12 40 2485 1960 | 4445 745 558 | 1303
15-12-40 2170 | 2370 45 40 651 1 g1 1362
16 12 40 1225 | 2500 3725 367 750 1117
17 12 40 2700 | 4045 67 45 810 213 2013
18-12 40 16 50 20 35 3705 495 616 1121
19-12-40 930 | 1945 3875 | 11751 58 | o
20 12-40 35 28 30 4663 5350 ‘ 849 1369
_’rﬂ!ir‘.ﬁ days SJS}'L boobo 1459 30| 257 57 [ 17984 [ 43741
Average per day | 3303 2310 5613 991 693 16 84
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ANNEX II
SPICIFICATION FOR TWO COAT PAINTING WITIL BURMAM SHELT MATERIAL

1 The road surface will be thoroughly cleaned of all dung dust,
etc by swing wire brushes and country whips

Matersal to be used per hundred square feel —

2 Tirst coat T' 70 or Shelspra @ 20 pounds
gnt @ 2 cubic feet

Second cont Spramex @ 30 pounds
grt @ 4 cubic feet

3 The work to be rolled carefully with a power roller

ANNEX III

DOUDLE COAT SURPACE PAINTING PRIMING COAT WITI! SOCONY
LIQUID ASPHALT NO 2, AND SUBSEQUENT COAT WITH
SocoNy Hor ASPHALTUM

General —Thts specification covers the treatment of water bound
surfaces with a priming coat of Socony Iiqud Asphnit No 2z, and re-
treatment with a subsequent coat of Sccony Asphalt

Matersals —The primer used shall be Socony Ligmd Asphalt No 2
wlhichis a cutbach Asphalt 70 per cent b by weight
and 1s applied without heating The subsequent punt coat shall be
Socony Asphalt, Grade 104 or T05

The cover coat for the primer shall be Badarpur sand, stone chips
passing §” steve blinding the hot asphalt coat

Procedure —The sutface to be tteated must be 1 gaod condition
true to grade and camber Any depressions shall be made good by
patching before the commencement of work

The surface shall be thoroughly cleaned with wire brushes bass
brooms etc and the interstices opened up to a depth of at least } inch

First Coat —On the cleaned surface, Socony Liquid Asphalt No 2,
shall be applied at from 20 to 25 pounds per 100 squate feet This
primung application shall preferably be alloned 24 hours to penetiate
and shall afternards be covered with Badarpur sand at 2 to 3 cubic feet
per hundred square feet  No rolling 13 necessary and the road can then
be opened to traffic

Second Coat —After the priming coat has been under traflic fora
petiod of at least seven days and not exceeding two months the surface
shall be clewsed of all surplus sand focse matenals ete, and given an
apphication of Socony Asphalt, Grade 104 and 105 leated to 375 degrees
Fahrenheit at 25 pounds per hundred square feet. Tlus shall be blinded
with stone chips (1" to }”) at {rom 3 to 3} cubic feet per bundred squuze
feet, and after rolling shall be cansidered as complete and opened to traflic
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ANNEX IV,

SPECIFICATIONS FOR TWO COAT PAINTING ON WATER-BOUND MACADAM
{IST PENETRATIVI COAT AND SECOMND OEDINARY HOT
PROCESS COAT) WITH SHALIMAR TAR No 2

Furst Coai —The road surface shall be cleaned with ordinary brooms
or soft brushes with long handles to remove the surface dust 1t
shall then be cleaned with wire brushes so as to loosen the mud
and moornm from the mterstices of the road Then the surface shall be
cleaned with soft brushes so as to remove the dust produced in the above
operation Inally the fine dust shall be removed with gunny bags
When the sutface has been thoroughly cleaned the edges of the road shall
be defined by means of ' inch thick ropeseach 50to 100 feet long
Shalimar Tar No 2 (heated to 200 to 220 degrees Fahrepheit) shall be ap
plied at the rate of 36 pounds per hundred square feet and blinded with
stone chips at the rate of 3} cubic feet per hundred square feet (in two
operations) Immediately after the chippings bave been spread the surface
shall be rolled to set

The traffic shall be opened 24 hours after the work has been
completed

Second Coat —Second coat shall be appled within 3 to 6 months
after completion of the first coat (it depends on the census of the traffic)
After cleaning the road surface thoroughly Shahimar Tar No z (heated
to 200 to 220 degrees I'ahrenheit) sball be applied at the rate of 24
pounds per hundred square feet and blinded with stone chips at the rate
2} cubic feet per bundred square feet I diately after the ch
have been spread the surface shall be rolled to set

'Ping.

The traffic shall be opened 24 hours after the worh has been
completed

Total matersal to be used per hundred square feet

Shalimar Tar No 2 60 pounds

Stone chips 6 cubie feet

ANNEX V

SPECIFICATIONS FOR PAINTING ROAD SURFPACE COMPLETE W ITH TWO
COATS ON WATER BOUND MACADAYM (BOTH WITH HOT PROCESS)

1 The road surface nould be cleaned of all moorum 2ad mud with
wire and broom brushes 1n order to expose the stone metal

2 When the surface 1= thoroughly dry and clean Hotfix beated to
360—400 degrees Fahrenhert should be applied at the rate of 30 pounds
per hundred square feet and covered with 3} cubic feet of 1 inch stone 5,
chips and thoroughly rolled
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3 When sufficient length of road has thus been treated, a second
coat of Hotfix should be sprayed over at 20 pounds per hundred square
feet and topped with 2} cubic feet per hundred square feet of stone chips
£ mch and downwards

@ The surface should then be hghtly rolled and the road apened to
traffic

ANNEX VI,

TW O COAT PAINTING ON WATER-BOUND MACADAN SURFACE
(FIRST PCNETRATIVE COAT AND THE OTHER
ORDINARY SURFACING COAT)

Bulumuls Wearsug Surface y-snchdepth

Cleau the surface of the roadway thoroughly Fine material should
be removed from the interstices of the base metal to a depth of at least
 inch for a water-bound macadam road  Patch any loles or depressions
with crushed metal and Bitumule H

Sprinkle Road Surface with water.
Per 100 square feet

On the dampened surface, Spray Bitumuls IT @ 23 pounds
Immediately after spraying, spread § — J-inch

chips .. .. . .. G 3% cubic feet,
Wait 1 hour or longer, Dragbroom and toll

hightly, Spray Bitumuls H- ., .. (27 pounds.
Immediately after spraying, spread } — }-inch

chips . . «.  {+ 20 cubic feet,
Wast 1 hour or longer, Dragbroom and rolt

to fimish

Total materials per hundred square feet .—

Blue Delhi Stone gnt T . 5 5 cubie feet,
Bitumuls H. . .- . 50 pounds.

The above specthcation was folloned tn a portion of Mile 12
Najafgarh Roal as an experimental measure in 1934 i the Provineinl
Division aud has since been adopted on several 101ds in the Central Public
Works Department. This 1s an idel specibication for nater-bound 10ad>
on which there 1s heavy traffic,



Arpenpix II 27t

ANNEX VIL

ATATE OF EXPENDITURE INCURRED ON RUNNING EXPENSES OF AUTO PATROL
MACHINE DURING THE FERIOD TROM 24 4 39 TO 3I-3 40.

(A) MATERIAL
Seril No  Description of material used Quantity Cost Remarks
T T — |77 | Rs _
1 | Diesel O for high speed
engines . | 798 gallons 702
2 Mobil O1l Castrol C 20 gallons 73
3 Shell Ardol go gallons | 196
4  XKerosine O1 24 gallons | 30
5  Petrol 3 gallons 5
6  Grease . 64 pounds | 32
7 Cotton Waste ‘ 47 pounds | 9
8§  Country soap 39 bars 3L
g | Pettv purchases ‘ Ls 50
w | Sparhing plugs \ 4 Nos 9
ir | Hand pump \ 1 No. 5
1z | Gear 01l B O C Burmah
) Shelt _ |90 gallons 175 _
_ " Total ! 1317 T
(B) ESTABLISHMENT.
1 Payof Auto Patrol Drrver, 11 months Rs
from 24 4 39to 31-340 & 7 dass @ Rs. co/- PM =1011/-
2 Pay of Asstt Operator, 11 months

from 24-4 39 to 31 3 40 & 7 days @ Rs 20/ PM -223/-
3 Pay of five beldars to work
with the machine

7 11 months
5X”X( "+3o ) & 7 days @ Rs 14- PV =786 -
Total expenditure for establishment = Rs z02z'-
TOTAL EXPENDITURE (A)+(B)=1317 + 2022 Rs. 3339 -
Say Rs 3340 -
Expenditure 1incurred on runmog and maintenance

of Auto Patrol Machine duning 1937 40 Re 3340

Number of mules dressed by the Auto Patrol Mlachine =324 mules,

EXPENDITURE INCURRED PER mu::‘?:: or Rs 20 5/ per mile
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ANNEX VIII

LIST OF ROADS MAINTAINED BY THE AUTO PATROL MACHINE DURING
THE PERIOD FROM 24-4-39 To 31.3-40.

Senal
No

N

o s W

Nane of Raads dressed

Thana

Mehrauli to Mehrauli Buad

Mehrauli Gurgaon Road to

Gadipura .

Mehrault Gurgaon Road to

Ghatorm .

Mehrauli Gurgaon Road to

‘Yahyanagar

Tughlakabad Encamping gmund
to Khirkee

Hauz Ram to Qutab Road vla
Begampur .

Hauz Khas to Munirka vmage

Tughlakabad Kalka Road

Badarpur Jaitpura Road

Rangpuri village Road

Shamalka Rajokn Road

Delht Gurgaon Road via Ba=aut
to Nangal Dewat

Palam Railway Station to kak-
1aula bridge

Najafgarh to  Kichaun kalan
willage

Najafgarh to Pindwala Lalan
via Paprawat

Najafgath to Dhasa Road to
Mundbels and Kair

Najafgarh to Ujwa willage }ul-
kapur Roata and Jhantikra ..
Naogal Raya Palam Road ..
Shahdra Lont Road .
Shabdra Ghonda via Batarpur..
Ghonda to Jumna Bridge .
Jhil Kulanja Khureji Patpargunj
Patpargun) to Shahdra .
Narela Bawana Road .-
Narela Khankhoda Road .
Nangh Poona Khera Kalan &
Khurd

Khera Khurd to Hulimbt Khurd
Barnala village to Khera Khurd
Auchand: Rcad tail to Mang-

ashpur ..

Mehraull
Mehrault
Mehraull
Mehrault
Mehraul

Mehrault
Mehrauli
Mehrauh
Mehrauh
Mehrauit
Mehrault

Mehraul
Mebrauli
Najafgarh
Najafgarh
Najafgath

Najafgarh
Najafgath
Shahdra
Shahdra
Shabdra
Shahdra
Shahdra
Narela
Narela

Narela
Narela
Narela

Narela

length of road

Approximate
1m miles

1}
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\ 11k
2% 2% |3
2 — 2o =1
:eg:l | Name of Roads dresced | Thana é:; ; s |EZ| 4
3 22z |20, (28| &
i EEEIEERIES] £
| ‘ asslisR|E | &
30 | Daryapur Kalan to Nangal
Thakran . | Narela I I I
31 | Mangeshpur to Jaunti willage Narela_ 9 I 9
32 | Nanglor Pemban Bridge Road.. J Nangloi 5 1 5
33 | Mundka Rani, Khera and Karela| Nanglot 4 I 4
34 | Pemban bridge to Punjab Khera| Nangloi 14 T |14
35 | Gheora Bawana Road .. | Nangloi 8 I 8,
36 | Tikn Kalan, Jbarauda Ralan
Khair .. | Nangloi 7 I 7
37 | Approach foad to Tekhand vil-
age . I b I
38 ‘ Approach foad to village Alt .. 1 I s
39 l " . ,, Deol .. 2 3 6
40 | Mehrauli Dera Mand1 Road upto
\ Punjab Boundry .. 8 3 2
41 | Approach road to Patwarkhan:
Mehpalpur . 1 1 I
42 | Approach road to Patwatkbana
Kotla Mubarkpur . 2 I H
43 | Approach road to Cemetery at
Alipur . I I I
44 | Approach road to Dispensary at
Ojwa from Qazipur . 2 X 2
45 | Approach road from Dhasa roa 3 1 3
46 | Apprcach road from Mittroan
mile 20/2 . 3 I 3
47 | Approach road to Cemetery at
Patparguny . 4 2 8
48 | Approach road to Deoli Bund to ’
Tughlakabad .. 5 2 | 10
49 Approach road to Khera Khur 3 H 6
50 | Chawla to Qazipur, Isapur . I 1 T
5T | Pindwala Kburd to Pindwala
Kalan . 8 2 16
52 | Narela Mandt to Hal-Rafiam
High School . 1} 2 3
53 | Alipur to Narela Mand: .. I 1 I
54 | Pindwala Kalan to Shahpur vil-
lage . 7 1
55 | Mebpalpur to Rangpuri .- 2 2 7
56 | Mehram Nagar to Mehpalpur 4
O pucea bund . 2 1 2
57 | Doonda Heri to Rajkori . 2 1 2
58 | Kapa Sera to Rajkori - 2 1 2
59 | Palam road Tthar Bund e 1 1
60 Mghr‘éuh Palt road upto Asula *
o - 513 |35
209 3233
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APPENDIX III

A TALK ON SOII, STABILIZATION*
BY
S. R MEHRA, AsSOC M INSTCE,
Executine Engineer, IIT Lahore Provsncial Dinsion, Lahore

I am very glad to have been asked today to address a representative
gathening of Highway Engitieers, on a subject which 1s not only gosag to
OcCtpy a very emvious position 1n the science of Highway Enguneenng 1n
the “cear future, but which has also given me personally, a great deal of
anxtous thought for over 3 years now

I bave used the words “‘anxious thought’ because every time I have
tried to discuss the ecomomic possibilities of soil stabilization with a
Highway Engipeer in this country, the engmeer has given me the
impression, that he 1s talking to me with lns mind already made up
that st1s impossible to economically nmprove a soil for use on roads

There are many reasons of course, for the existence of a general
“bias” against soil stabilization, 1f I might use the word

Furstly, theidea 1s not only new but 18 1lso revolutionary 1n character
and 1s_therefore subject to the general opposition that such ideas
naturally get

The revolutionary nature of the 1dea ltes 1y the fact that whereas
b fore we have been dering the actual road crust as the essential
feature of the road demign, and the sub grade or the natural soil has been
considered 1n a very general and vague manner f at all 1n future, the
entire design of a road w1l have to be governed principally by the nature
of the sub grade

Many farlures of roads have i the past been attrnibuted to poor
workmanship and bad design of the pavement, although they were directly
due to unsuttable sub grades It 1s the sub grade, which 1s to ultimately
carry the traffic loads M the sub-grade 1s firm and capable of umformly
good bebaviour 1n changing mosture conditions a thin flexible pavement
15 all that 1s required over it 1f, on the other hand, the sub grade has a
neak supporting power and 1s also subject to Jarge volumetric changes with
changing moisture condittons, 1t will probably be necessary to have a
fairly strong, rigid pavement over 1t, something Tke a thick remnforced
concrete slab with a definite “beam strength™ So that, before the pature
or the thickness of the road crust can be determined, 1t 1s absolutely
necessary to Lnow what the sub grade 1s going to be

Mont T talk s Liven by Me Mehra at the Dew Dl Town Hall 1000 on
ondny 27th Tanuary 1941, and 15 referred to on [ 1 204 Appendix 11 of 1hs book
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The <econd reason for this bias 15 the complete failure of past
exp tuments on soil stabilization Expenments haye i the ptst been cam;d
out by 1ndividual engineers who owing to insufficient knonledge of the
subject of sotl <crence have had to depend entirely on the speclﬁcatl}«:ns
gien by the various firms manufactunng stab lizing matenals  In t e\lr
efforts to boost their own matenals the firms seem to have unwisely
advocated the tse of one hind of stabilizer tndiscriminately for all hinds of
soils and their matn concern seems to hiave been not the improvement of
the saul but the u e of their products  Th s short sighted policy naturally

reculted 1n the treatments beiog unnecessanly expensie and also mvery
discousagiog farlures

Thirdly there 1s a general scare of the bullock cart 1n this country
and the imptession seems to be that <o long as all butlock carts do not use
pneumatic tyres (whuch 1s an tmpo sibility } 1t 1s no use trytrg toimprove
the unmetalied road becanse no unmetaled road will stand bullock cart
trafic W hereas the bullock cart 1s certainly a menace to any kind of

1 ght pavement the problem 1s not so hopeless as 1t 1s generally considered
o be

‘To begin with the intensity of the bullock cart traffic on the road has
to be considered  On the one hand there mav be only 5 to 10 bullock
carts a day runmug on a road ou the other hand there mway be as many
as 500 of more on another road \Whereas 1t may not be poseible to
improve the <oil soffictently to take up the heavier traffic it may be
worth vhle trying to do so for the I ghter one  Agamn the bullock carts
in all areas are not iron tyred  About go per cent of the bullock carts 1n
most Punjab districts have wide wooden tyres and there seems to be an
1acreasing tendency to give up the 1ron tyre

Taling the above two points mto consideration 1t can be sately
assumed 1 think that there 1s a large milage of roads immediately
avalable which 1f provided with cheap stabil zed soil pavemients can
withstand prevailing traffic this milage will of course go on ncreastng as
the agricultunist and the eaglacer get 2 better comprebension of their

lefsyectlv: respons hilities 1n the solution of the problem 1n course
of time

Yet another reason for the biasis the lack of a common code of
practice for soil stabilization 1n this country and the general confusion

which has been created in the minds of the road enguaeers by the varions
<chools of thought

Th* only system of <oil research which 1s both consistent apd
practicable 1s the one called The American System  This system 1s used
with modifications of course to swit local requirements 1a all Western
countries where soil science 18 the craze of the day I have been working
on this ssstem myself for about five years mow andat 13 my Pleasant
duig today to try and comvince you of what I have just said about thia
system

America was the first coustry many years ago to start a_systematiq
study of coit and 1n 1924 on the creation of the Centsal R esearch
s

Buteau soil science was Lept as one of 1ts branches. = “fiean
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research was onginally based maiuly on laboratory tests of the physical
properties of the top soil

The Russian attempts to establish scientific principles for sub grade
mvestigations onginated at a very much Jater date than the American
ones The Russians made use of American experiences and 1mproved on
their methods It was 1n Russta where for the first time a systematic
study was made of the mtimate relations which exist between the soil
the phystographic character of the landscape and the climatic conditions
Present American research on soils recognizes this relationship

P sol h 15 now being vig ly carried out, besides
Amernca and Russta 1 England, Germany, Switzerland Sweden, Nornay

Holland and Belgium, etc, where I was able to discuss soil stabilization
problems at length, with soil physicists and soil engineers, both 10 the
laboratortes aud out 1n the field during my 18 months’ tour 2 1936 and
1937, and 1t 1s umversally accepted that a sotl must be stadred both 1
the laboratory and in the field, before 1ts behaviour under traffic can be
anticipated to any degree of accuracy

The time at my disposal being short, I shall today confine myself
only to the technique of stabilized soil roads

According to the American system a soil 1s a conglomerate of sand
silt and clay 1n much the same way as cement concrete 5s a conglomerate
of shingle, sand and cement A soil has 1ts coarse matertal 1ts filler and
1ts binder 1n much the same way as concrete, and the grading of the mix
has an 1mportant effect on the behaviour of the soil 1n the same way as the
grading of materials affects the strength of concrete

The sand provides internal friction to the soilin the presence of
mousture, the silt provides embedment of the sand gramns and the clay
provides cohesion 1 the dry weather

The very first thing to do when a soil raad 15 to be improved, 15 to go
out at stte and to travel alopg the road, making field investigations The
local people ar preferably the old road coohes and mates, etc, should be
closely questioned about the behaviour under traffic n varying weather
conditions 1n each “reach” where visual imspection shows a change of
soil texture Ifa *“reach’ 1s reported to behave badly 1n the dry weather
but 1mproves 1n the wet weather, the field conclusion 1s that 1t 1s nchin
sand but deficient 1n binder clay If on the other hand a reach behaves
well 1n the dry weather but breaks down 1n the wet, 1t 1s too nich i clay
and deficrent 1 sand A road which behaves badly both tn the dry and
the wet weather, consists of a soil which 13 predominant in cohesionless
silt and 1s therefore defictent both 1n sand and binder clay

The pext step would naturally be to look for the deficient ingredients
1n the close vicimty of the site Pit sand or sand from the beds of 1rrigation
channels having a bed width of more than 1o feet 15 generally sutable
for soil stabilization work  As regards clay, you will find many a time
that your men will tell you that there 1s mo possibility of getting any clay
fiear this viemity or that, but takeitasa tip from a man who can clam
to have a fauly wide expenience in this matter, that those people should
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not be taken at therr word and that you should

personally try and look for
clay deposits

I have carried out detailed soil survey of over 700 miles of 1024
the Punjab but I have not come acress a single mile of road where g (],
deposit does not exist within economic distance The largest distanee JEt
to go for clay was 2 mules, which 15 not too much, considenin, i
ordinanly only small quantities of clay are required to be addeq

Having collected samples in the field they are then broy
the laboratory for analysis  The sample baving been arr
up 1nto small frag acd a rep ative fraction tal
mixing st up  This fraction 1s then pounded with a
taking care not to break any roch fragments The
passed through a nest of sieves, consistiug of Nos 10 40 and 20044 ) 3
(American Society for Testing Matenials) the shaking being done for Al
1o minttes or <o The matenal retained on the No 10 sieve 1s the mm
matertal, existing 1n the soil that retained on No 40 sieve 15 coarse hh’;
that retained on No 200 steveisfine sand, and the material Pass
through the No zoo steve 1s a mixture of silt and clay ty

git dowg
dried, g9 beobe
hen out of 5y 2t
pestle and 3 mortar
pounded so) 18 they

So that, the sieve analysis gives us the percentages of w2

matenal, coarse sand and fine sand in the sample and also the tr“T
percentage of stlt and clay It 1souly fine sand which goes to mnke}u
the soit mortar  This should be about 33 to 55 Per cent of ye t,“y
fraction passing through the No 40 sieve  The coarse stuff goes to n "
up the grading of the granular material ok

Now for binder clay there are various ways of separating the
fraction from the mixture of stlt and clay passing through No 200 lc‘lzy
These methods are all very laborious but ignoring that fact, even d‘ o
exact percentage of clay in the soil sample 1s determined 1t1s 1neq w
of gining by itself an ndication of 1ts eflect on the behaviour of thgm ‘:
Clay may extstina so1l ma completely dispersed state or m vy o,
degrees of flocenlation and as such unless the degree of ﬁucculah'y"l
also known 1n addition to the total percentage of clay 1ts behavmu;’"{
be indeterminate Further the binding properties of clay are witt
governed by the quality of clay and 1ts own grading Thus the effect ?19:
certain quantitv of clay 1n a soil 13 governed by so many unknown faco 2
that 1t would serve no useful purpose to find out the percentage of :;’a’;
as such

The cohesive property of a sal or, e resyl,
effect of the quantity the quality the grading and the degree any
flocculation of the clay present 1n 1t 1s therefore determined from jts Plastse, of
sndex which 1s the numerical difference between the liguid lomyg a‘{y
plastic lumt of a soil and represents the raoge of moisture cgmn;‘
within which a <o1l retains its cohesis e properties *

1z other words th,

The Iigtad lumst and the plashic limit of a soil are determineq y,
means of simple laboratory expeniments which are descnibed on Page 3 (,J’)
of my paper entitled * The uce of Soil Stabilization 1 Metall
Unmetalled Roads 1n India”, read before the 5th Indian Roads Co
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193y at Calcutta, and printed 1n the Proceedings of the Indian Roads
Congress, Volume V

For wearing courses which are not intended to be surface treated

plasticrty sndices of about 8 to 14 are dered suitable, depending on

the weather and traffic conditions of the locality, the lower number being

used for wet places and the higher number for dry ones For foundation

courses, a plasticaty index of 4 to 7 1s considered suffictent as 1t 15
'y to preveat sof from below by capillary notsture

In practical designing the plasticity tndex required 1s therefore first
to be fixed upon, tn consideration of the traffic and weatber conditions
on the road ~ The proportions of admixtures to be added to the road soil
1n the shape of sand silt or clay as the case mav be, are then to be
determined 1n the laboratory to give the required plasticsty sndex
Heretofore this has been done by the trial and error method  But I have
been trying to evolve a simple formula for cotrelating plastscrty ndex with
the percentages of 1ogredients of the soil mixture and this 15 caleulated to
make the designing of mixtures very straight forward I hope to publish
n the near future a paper on the results of my investigations on these
lines as soon as I have completed the work

So much for laboratory design As regards the purpoce of sotl
stabilizalion, 1t 1s to provide unmetalled roads with suffictent abrasive
resistance and shear strength to accommodate prevailing traffic under
changing weather conditions without detrimental deformation  The shear
strength 15 provided by the soil mortar w1z, the fraction passing through
the No 40 steve No stable soil however, 15 capable of withstandiog the
abrasive action of traffic to any appreciable extent It 1s therefore
necessary to add a small quantity of hard granular materral 1a order to
provide abrastve resistance to the soil  About 30 to 40 per cent of such
naterial will geaerally be fouad sufficieat and will also give additonal
shear strength to the road erust .

The materials suitable for use as granular materal, ate stone chips
gravel or kaokar, 1f available at site, or fine brick ballast

The granular matertal should be well graded aund the following
grading 18 recommended as a general gutde —

Percentage

by weight

Retawned on 1" screen . o per cent
Passing 1” screen but retained on 3 screen 10 per cent
Passing §° screen but retained on $* screen 50 per cent

Passing }” screen but retatned on No o sieve 30 per cent
Passing No 10 sieve I0 per cent
It will not always be possible to get this grading economically 1

actgal practice and therefore this 13 to be used only as a general rough
guide
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In most places, due to non availability of natural granular matenal
at stte, fine brick ballast 1s to beused  The suag mthe use of fine brick
metal, however, 1s that the hand breakiug of 1t to the required size and
grading 1s an expeusiie affair and further research m this direction 1n
burning soil 1n the form of thin sticks which are easily breakable orin
crushing brick bats with special mechamical crusbers, 1s necessary If
means can be found of obtammng fine brick metal cheaply on the road side
1t will help the soil stabihization problem greatly The present average
cost of such material 1s in the neighbourbood of R< 14 per hundred
cubic feet on the road side, but there 1s no reason why 1t should not be
possible to produce 1t for Rs 7 - or Rs 8/- per hundred cubic feet

In poorly graded soils such as silt, etc, 18 which 1t 1s not possible to
provide the necessary grading due to inasailability of matertals locally, the
use of nsoluble binders like bitumens, tars bitumastic emulsions tar
emulsions cement and the like 1s necessary for providing them with shear
strength T'or surface abrasion however 1t would be necessary to give
some kind of bituminous or tar surface treatmeant to a soil thus stabilized,
The addition of granular matersal 1 this case will not solve the problem,
because the soil mortar bound with an insoluble binder has no
fecuperative value

Coming down to actual construction the most umportant poit is the
mosture 1n the soil at the time of compaction For every soil mntare
there 1s a defimte moisture at which that particular tnisture can recene
the maximum possible compaction  This mossture 1s called the Optimum
Morsture for a soil muxture and should naturally be mamtatned as near as
possible during compaction

As regards compaction tself by far the best way of dotng 1t 1s by
means of a Sheeps Foot Roller Whereas 1 the case of an ordinary flat
roller the compaction 13 maxunum at the top and falls rapidly with every
inch of depth due to dispersion of lod w 1ith a Sheeps Foot Roller the
compaction strts from the bottom upnards and the whole thichness of the
crust recetves umiform compaction lora description of the theory and
practice of optsmum moisture  1ts method of determmation and the use and
design of Sheeps Foot Roller you will please refer to pages of and rof
of my paper entitled bilization of the Unmetalled Berms of Metalled
Roads read by me at the sixth lndran Roads Congress 1939 at Bombay
printed 10 the Proceedings of the Indian Roads Congress Volume VI

The Sheeps koot Rollers which are on the market are very expepsine
and have to be dnven by a tractor and are, therefore, usable only on very
big projects 1he design of a Sheeps Fool Roller given 1in the reference
above 1s capable of local manufacture and will cost only about Rs 200/
This rolleris very suitable for small scattered projects and can be easihs
pulled by a pair of bullochs

Tor the stabilization of narrow stnips of Berms etc nhere a Sherps
Foo? Roller cannot be uced, a Sheeps Foot Rammer as <hownat = ff

of my paper referred to above (rde Proceedings, Volume VI
useful
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For compaction of nuxtures containing a fair proportion of granular
materals 1t 3s pot pecessary to use the Sheeps Foot Roller  The varnous
steps m the construction of a stabilized soil crust are fully described 1z my
paper entitled The use of So1! Stabilization 1n the Metalled and Unmetaned
Roads 1n India II* accepted for the present Indian Roads Congress
Tt mav be repeated honever that the curing of the crust for a fen days
and 1ts final compaction under traffic both to be under controlled mostare
conditions are extremely mmportant aud should be carefully done

As regards the maintenance of stabilized soil roads  a techmque will
have to be evolved from actual experience So far it seems that 1t 1s
necessary to give the crust a heavy spnnkling of water once 2 month but
unless several hundred mules of road have been maintamed for several
yea‘ris 1t will not be possible to lay down any rules for maintenance of such
roads

The use of hy D for purposes 1s
e sentially a local problem  The use of calcium chlonde 1s prohibitive due
to 1ts lugh cost  As regards common salt or sodium chlonide which ts not
hygroscopic by 1tself but has certain hygroscopic tmpurities the chief one
being maguesium chlonde 1t could be suitably used 1a places which do
not suffer from long spells of dry non humid weather The action of
common salt1s that 1t forms a hard thin layer of crystals on the road
surface and as a result the rate of evaporation of moisture from the road
crust 1s considerably retarded Asitis now posstble to obtain comwmon
salt free of duty 1t1s for consideration whether 1n places which are not
very dry and where water 1s not easily available on the road stde common
salt can be used economically for 1ncteasing the atervals between
perodical watenings of the road

There 1s one aspect of unmetalled road construction that I must
touch upon before I go on to the economucal possibilities of so1l stabilization
pamely the presence of detrimental salts in the sol By far the
most important of these salts 1s sodium sufphate which 1s generally
recogrizable from the loose and fluffy condition of the sotl in which it
exists The theory of this detrimental action and the remedies proposed
are dealt with fully 1 the reports of the Punjab Itngation Research
Institute published 1n the special Soif Roads Number of the Indian Roadst

n its Apnl 1939 1ssue

Before a so1l 1s ever put on the road it 15 very necessary to be sure
that 1t does not contatn detnimental quantities of sedum sulphate For
this 1t 15 mecessary to have a simple method of finding the approximate

of sodium sulph: 1 asoll Idothisin my laboratory by
what I call the Banum Chloride Vethod and I find it very usefuland
simple  Barsum chlorsde reacts with sodum sulphate forming a wiite
precipitate of barum sulphate the thickness of the precipitate depending
oo the quantity of sodisim sulphate present The soil 1s shaken for a
couple of hours with water Icoc ¢ of water being added for every
10 grams of soil and filtered out  Suffictent arsum chloride 1s then added

* Innted in the Iroceed ngs of the Indian Roads Con,re « Yolune VII part ]
¥ Indisn Roads No \V pages 50 43
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to the filtrate to precipitate out all the sodsum sulphale The thickness
of the precipitate 15 then compared with a series of precipitates produced
with hnonn quantities of sodium sulphate and keptn 2 senes of test tubes
the percentage varyieg by 5 per cent from 5 to 5 per cent By
comparnson of the precipitates 1t 1s thus always possible to find the
percentage of sodium sulphate present in a soil correct within o025 per
cent which 1s all that 1s required for practical purposes

As regards the o of sail 1on whereas
beretofore there has been omly either the fair weather unmetalled road
or the expensive metalled road you could now have a senes of roads of
varying costs between the two extremes all these roads being fit for use
mall weathers The usefulness of this to the vanous local bodies wha
canpot afford to construct metalled roads in lengths which are not heavily
trafficked and yet which must be provided with all weather roads to
enable the agricnltunist to get his produce to the market as soon as
possible can better be imagined than described

The diagram attached gives an idea of the vanous lkinds of crusts
that can be used for different traffic conditions alomg with thewr
approximate costs

Another use of soil stabilizatton 15 on the unmetalled berms of
metalled roads The bulk of our metalled milage has a metalled width
of g to 1z feet the rest of the formatton being Rachhs and with the
increasing speeds of motor traffic  the over taking or crossing of vehicles
s b g Iy d: both in the dry and the wet neather
Ata cost of about Rs go/ per foot mile 1t ts possible to provide a
stabilized soil crust about 5 feet on each side of the metalled sidth fora
small total cost of Rs goo/ per mile as agamnst Rs 12000/ per mle for
widening the metallng A detalled des nption of this kind of work 15
given on pages 149 to 151 of my paper* enutled Use of Soil Stabiltzation
m the Metalled and Unmetalled Roads in India II  accepted for the
Seventh Indian Roads Congress 1940 beld at Delh1

Stabilized soil could also very economncally be used as a foundation
for metalled roads m place of ordinary brick soling at about 25 per cent of
1ts cost and conld give much better distribution of load

Refore Lalse Lo gong toomalke whet il wpprze 24 Smtto e a
staggering statement My feeling 1s that a stabihized <01l road 15 not only
mapy times cheaper than the water bound macadam road but also provides
a better crust for surface treatment than does the water bound macadam
1 as much as 1t 15 much less hiable in course of time to the formation of
local depressions and resulting unevenness of surface thanp is the water
bound macadam

The reacon for this 15 obvious lo water hound macadam the
crust depends for 1ts strength on the interloching of the adjoiming preces
of broken stone  In course of time under the vibraton of trafie the
sharp corners of adjoiming stones by rubbing agamst each other gradually

* Proceed »gs of the Ind sn Roads Congress Vol ime VIT Part 1 PIges 40 - < ¢
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get worn and the crost bemng cellular and full of woids, the pieces of
metal with worn rounded corners, start selthing down to new figurations,
which cause slight depressions on the surface These depressions are m
tarn accentuated by virtue of the bumpmess thev cause i theroad In
the case of stabilized soil, on the other band, the soil baving been
compacted at optimum moisture to the maximum possible extent to start
with and all pleces of granular matenial baving a thin padding of soal
round them, the phenomena of rubbiag and cansequent depression cannot
possibly take place and the surface, therefore, stays comparatively much
smoother  The day 1s therefore not far, when we shall replace our water-
‘bound macadam entirely by stabilized soil

The surface treatment of stabibized soalys a fanly straightforward
process, the only essential bemg the use of a tack coat of cold penetration
bitumen or tar, over which the surfacing can be done 1n the ordinary way.

Having already obtained two extensions through the kindness of the
president, Iam afraid I cannot enlarge upon the various aspects of soil
stabilization as much as [ should like to, but 1f 1o this short talk I have
consnced some of you, gentlemen, that the Amenican System of soil
research, as applied to roads, 13 not just an empincal method but 1sa
practical consistent system with a scientific background and that itis
worth giving a second thought, I shall feel that Ihave had a successful
day

Before we go on to my demonstration road under construction, to
see the vartous stages in detml under actual execution, I would hke you,
gentlemen, to have a look at the cottings taken out of my varous
expermental lengths, after these lengths have been under traffic for about
ayear The traffic on one of the roads 1sas high as I300 tons per 24
hours conststing manly of bullock carts and heavy motor trucks

1 thank you for a very patient heartng
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