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The Indian Roads Congress as a body does not

hold itself responsible for statements made, or for
opinions expressed, in the Papers, Research and Infor-

mation Sections or discussions in its Proceedings, ete.
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INDIAN ROADS CONGRESS

NOTICES AND ANNOUNCEMENTS

I. CONTRIBUTION OF PAPERS FOR THE TWENTY-
FIFTH SESSION OF THE INDIAN ROADS CONGRESS

The next General Session of the Indian Roads Congress will
bo held at Bhopal from the 3rd to the 10th January, 1961. (Pro-
gramme printed on inside front cover). Members are requested to
contribute Papers on any subject connected with Highway Engineer-
ing for discussion at the Session.

2. Procedure: Members who intend to contribute Papers on
any subject connected with Highway Engineering are requested to
infimate the fact to the Sccretary, Indian Roads Congress, and to
send a short synopsis of their proposed Papers as early as possible.

On receipt of acceptance of the subject matter of the Paper,

i the Member concerned should send his contribution to the Secretary,

Indian Roads Congress, complete in all respects and with original
drawings, photographs, etc., as and when ready. At least three
copies of the typescript matter should be sent, typed (double space)
on one side of good stout paper of foolscap size.

3. The complete Paper, if intended to be read ab the next
Session, should preferably be submitted as early as possible.

From past experience it is observed that most of the Members
send in their contributions at the last moment, when thq Congress
Office is busy on work connected with the Session. As it takes a
long time to get Papers printed in the Journal and as it is desirable
that Members should have time to study Papers, well in advance of
the date of the Session, it is hoped that Members will make an
effort to send their contributions as early as possible.

Members may please note that Papers received late in the year
are likely to be carried over to the next year.

4. The younger engineers are particularly req}lested to
contribute Papers which, if required, will be suitably edited before
publication,

2
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(1]

Medals:  The following Medals are availublo for award :
(i) The Mitchell Medal :

]‘ox' (,xg()sptu)zhml‘i) pood Papers contributed to  the
Indian Roads Congress moany year. This has been
instibuted to perpetuate Sir Kenueth Mitchell’s connec-
tion with the Congress.

(i) The Indian Roads Congress Medal :

4‘ i3 \ SIS ] ¥ M q .

For Papers considered by the Council of the Tndian
\ . )

Joads Congress to be of o decidedly more than average

merit,

) o (¢ vy VY PO 3 IO

6. The Couneil have veserved the vight to award more than
one Medal in uny year or to withhold the award of a Medad in any
year without assigning any reason. ‘Al Members are eligible for the
award of the Medals.

7. Rules and Regulations for the contribution of Technical
Papers and the award of the Medals are published on pages 11 to 16

II. RULES AND REGULATIONS FOR THE
CONTRIBUTION OF TECHNICAL PAPERS AND
THE AWARD OF MEDALS

1. The following Medals are available for award :

(i) The Mitchell Medal:

This is a bronze medal to be awarded annually for exceptionally
good Papers contributed to the Indian Roads Congress in any
year. This has been instituted to perpetuate Sir Kenneth Mitchell’s
connection with the Indian Roads Congress,

(ii) The Indian Roads Congress Medal :

This is also a hronze medal to be awarded annually for Papers
considered by the Council of the Indian Roads Congress to be of a
decidedly more than average merit.

2. PROCEDURE FOR CONTRIBUTION OF TECHNICAL
PAPERS

2.1.  Our procedure in the past had been to invite Members to
contribute Papers a few months before the holding of the General
Sessions of the Indian Roads Congress. On reccipt, the accepted
Papers were circulated in advance to Members for prior study
& month or «o before the date fixed for discussion. This procedure
resulted in the receipt of a large number of Papers all at one time
and cditing and printing had often to be done very hurriedly.
Also Members often found that one month did not give them .
sufficient time to study all the Papers before the discussion at
the Congress Session.

2.2. Tt has, therefore, been decided by the Council that
Members should be invited, to contribute Technical Papers
throughout the year, as and when they are ready, and that the
accepted Papers should be published in the Journals of the Society
which, it is hoped, will be issued quarterly in future.

2.3. The Council consider that this will give Members more
time to study the Papers and will also facilitate editing and printing.
A record of the discussion and the comments received by correspon-
dence will be published with the Authors’ replies in the Journal
issued after the General Session.

24. It will be realized that it will only be possible tf)
give effect to this new scheme if Members co-operate. The Council
makes this special appeal to members to contribute Papers for
discussion throughout the year at their convenience.
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3. RULES FOR THE CONTRIBUTION OF TEGHNIGAL PAPERS

a e.?.l. 'I-‘he S’mpding lules  for guidance when contributing
apers, are reprinted bhelow. Tt is requested that Memberg

read these rules and ol
g § werve them  when submitting Paper
the Congress. B Topen o

3.2.  Members intending to contribute Papers to the Tndian
Ron‘(.ls Congress on any subject connected with Highway Tngi-
neering are requested to send their contributions to the S‘um‘(*h ry
Az 'aml when these are ready without waiting for »n g X
mvitation. ' "ospeciad

3.3. Final acceptance of the Pa i
pers rests with the (! i

In (_)rder, however, to avoid disappointment through th(;\ (E?"nm!.
having to reject Papers owing to an excessive number beinlr ,/Ol‘m_ml
R/}l anby one sub;ect or fo.r any other reason, it is requested i}‘ﬂlﬁmn
M em iar' intending to write a Paper should intimate o tjl . Q 1:}»?, any

10 subject on which he wishes to write and encloge g }’11(/-‘ oy
of the proposed Paper. He will then he informmi t} q ot A
can be accepted. 0 whether his offer
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the manuscript copy of the Paper as se v the
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inspection by interested Members, ‘
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abstract form™

nt by the Author will he

ary and made available for
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ary member,

apers from non-Members

3.6. The Council have ex
when choosing subjects for co
ml‘nd the fact that there is ofte
failures than from success.

pressed the opinion t
ntributing ]’a?pers, ¢
1 a good deal more t

at members,
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4. SCRIPT

4.1. The following i i
of Papers g mstructions are for the gnidance of Authors

(a) Al contributions should be drafted in the third pe
rson,

(b) Papers should be typed on one s

of foolscap size, double SPaciide of good stout paper

ng being used and an
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ample margin (not less than 2 inches) should be left on
the left hand side. At least three copies of the
typescript matter should be sent.

(¢) The Author’s full name, designation, academic qualifi-
cations and correct postal address should be given
helow the title of the Paper.

5. ILLUSTRATIONS

5.1. Tlustrations fall into two classes, viz.,
a. Line drawings.
b. Half-tones.

5.2. Line drawings should be made in black Indian ink on
superior white drawing paper or tracing cloth., Blue prints are of no
use for reproduction and black line prints are also unsatisfactory.

Line drawings are generally classified into two categories
a. Diagrams which go into the body of the Paper.

b. Plates which are generally on separate large size sheets.

5.3. Diagrams: The matter for the Journal is pyinted in 10
pt. size type (nearly ,'s in. in height) : therefore, the written matter
in diagrams should be so made that the size of the letter when
reduced for reproduction should be about 1 /16 in. The printed area
of a page measures 6% in. deep by 4} in. wide. Therefore, the
ultimate size of such drawings will not generally be more than
5in. X 4in. Thus, if a diagram is to be reduced to one quarter of
the size submitted by the Author, the lettering on it ghould not be
less than } inch in height.

5.4. Plates: Plates should preferably be prepared in widths
that are multiples of 7} in. The size of letters used in the plate
should be so chosen that after reduction no letter would be less than
1/16 in. in size. Thus, if the width is 15 in. the minimum size of
the letter should be } in. The thickness of the letter should also
stand corresponding reduction. The title should be in the right
hand bottom corner in letters of such size that when reduced the
gize will be at least k in. The name of the Author may be printed,

if desired, at the bottom right hand side.

5.5. Scale should be drawn in the plate below the title to
admit of reduction of drawings without altering the correct
relation of the gcale to the drawing. Mere mention of the scale
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5.6, Coloured inks should not be used.  When it is desired t
> sirea to

(] i.' rin( ui h. ]inc 3 g i 88 1 l S q(‘(l
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5.7.1. In drawin i
) drawing diagrams or gr: ‘ i i
deserve the considoration of Authors graphs, the following points

) Al
5.7.2. From the st: int i
rom the standpoint of pleasing appoearance, a rectan

gular graph or drawing with proporti
is to be preferred to a squa‘rcponé, véions Dbetween 3 by 5 and 3 by 4

5.7.3. The appeara i

. , sarance and effective

: > ness i

a Jarge measure on the relative thi Tines e D ocbond in

o Jarge mensite on the ative thickness of lines used in its ¢

ne %evoml. . . 1 thickest line should be used for the prinei ) ]lompo-

Lf scvers cur\tm‘ e‘ql are presented on the same graph, the lIi;\ \N:'WO.
sed for Ces should be less than that used when L,sin/ 1 e

senvea. ,_"‘ . a single curve |

29“ PI‘inc..o 1oulumte ruhr}gs should be the nnyrl‘()wof‘;('(,m"c .

th'm othe ‘1%)514 reference lines such as the axes sho 11 1}“ th'mk-

ﬁ(;ﬁ th ;‘r rulings but narrower than curves For the (i of redo

tion 1]1: t;s. 1;&11111)./ adopted, for the T.R.C, Journals i‘og'”L Ny

211 ks vickest 1}710,71-/1(‘73' Smally veduced should not lh e
3 points, i.e., 0.035 inch in width. ot bemore than

5.8, TFinished illustrations
s strations should not 1
desmmin sl } e folded for IOY 3
])o:}:v(\ltvphl ‘ V]‘) h{ n mailed flat, they should e stiifonc(df}OI, purposes of
I 1 s or rollec with the drawing outside to prev g cad-
ndian ink lines and seewrely packed prevent evacking of the

5.9. “ Half-tones” ar 1
[ es’’ are ordinary pl
to sou that ' : nary photographs and it is neces
o P}l(f)tl;)lnF-s }a}e clear, slightly over ]H-I'mtnd ll:: 1“‘ necessary
glazed. P ographs which are dim or out of foous 1(’ d preferably
Sh.ould (Ly in reproduction and make a bad “ half t:) ( O”m)t Gty
o l( (]mom]mny the photographs whenever T]'c - Nogatives
desired, he returned when done with v possible, and wil, if
. 3

on the back of prints in soft peneil. Captions  should be written

6. BRIDGE DETAILS

6.1. Members i :
o-u'ri(}\i({\lg (;ontubutmg Papers on any bridege work
ledh oub - are requested to give inter C Work actually
details ey alia the following

(a) A site plan showin
\ plan g the road ; i
either side of the bridge site ; @ and riverfor two miles on
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M A dimensioned cross-section of the roadway :

¢) The loading on which the design is hased ;

(d) The cost per square foot of the clevation arca comprised
by the formation jevel and the bottom of the foundationg;
and :

(e) The ratio of the total cost of the gubstructure to the cost of
those parts of the superstructure as are subject to variation

with variation of span.

—_—

7. UNITS
7.1. Members are particularly requested to use the standard

units of weight, measure, and cost given below !

STANDARD UNITS OF WEIGHT AND MEASURE

Description of works Units to be adopted

1. Road material such as metal
gravel or moorum, sand 100 cu. ft.

9. Binder in surface dressing
and grout

3. Binder in premix, carpets,

1h per 100 sq. ft.
1b per cu. ft. of aggregate.

ete.
4, Cement By weight and not by volume.
5. Water-cement ratio gallons of water per

cu. ft. of cement:
(assumed a8 90 1b)
In Indian Standard cur-

6. Cost and rates
rency (Bupees, ete.)

8. FORMULAE

$.1. Mathematical formulae should be drawn carefully by hand
and not set out with the typewriter.

9. ABBREVIATIONS

01. The usc of symbols should be avoided. For example,
6'-2" x 3'-3" should bo written 6 feet 2 inches by 3 feet 3 inches.
Similarly, 225°C. chould be written as 225 degrees centigrade,

and 80 on.
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TECUNICAL Pariis

lo. ITALICS AND EMPHASIS

10.1. Only those words and phrases which

are to be printed in
italics should be underlined,

1. PARAGRAPHING

TLE. When divisions  and sub-divisions  are designated by

numbers and  letters, the following symbols may Lo used in the
arrangements indicated,

1.
11.

[N

12, ACKNOWLEDGM ENTS

121, Nources of quotations appearing in the P’
stated and  acknowledgment should be made  for
culled from  books, periodicals,  and
Societies, ete.

apers should be
all information
proceedings  of - sigtor

II1. PROCEDURE REGARDING THE DISCUSSION OF
PAPERS AT THE ANNUAL SESSIONS OF THE
INDIAN ROADS CONGRESS

1. The order in which Papers will be taken up for discussion
will be decided by the Council and intimated to members attending
the Session.

2. The Chairman will introduce the Author and vyill call upon
him to present his Paper for discussion. The Paper will be taken
as read. Introductory remarks shall not ordinarily take more th'a,n
10 minutes and, unless the Author had something new to say which
came to his notice since the submission of his Paper, the 1r_1tr0duc-
tion should be limited to 250 words. After the introduction, the
Paper will be open to discussion. :

3. To facilitate the conduct of business and the fixation of
time for various sittings and individual Papers, those desirous of
raising questions or offering comments at the meeting should 1nf9rm
the Secretary well in advance (af least 24 hours before the meetmg)
about the Papers on which they would like to speak _and the time
they would take. Those who have not given the required mtlmatmg
to the Secretary may, at the discretion of the Chairman be a,llowg
to take part in the discussion if time permits and after those who
have intimated their intention to speak in advance have spoken.

4. A copy of or the nature of the comments which a member
intends to make should be sent in advance to the Author of the
Paper and a copy endorsed to the Secretary. :

5. 1f the comments are likely to take more than ten minutes
or if they involve lengthy mathematical matter or diagrams, it
would be desirable to send a copy of these to the Secretary at least
2 weeks before the date of the meeting so as to enable him to have
them printed and circulated to all members attending the meeting
before the discussion on the Paper takes place. These commenltlas
may, at the discretion of the Chairman, bp taken as rgad and the
members making them will thus only be required to expl.am generally
the nature of his comments. The Author will, if possible, reply at
the meeting as if the comments had been made orally.

6. Members who do not want to speak but want clarification
of any issues arising out of the discussion or the uit‘;roductory
remarks of the Author should write out their queries on ‘‘ Comment
Slips *” which will be provided for the purpose while the d'lBOuSleIl;
are in progress. Volunteers will be deputed to distribute an

3
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collect these slips at frequent intervals.  The slips will be sorted out
by the Secretary and at the end of the talk by the Speaker or
Speakers, the Chairman will read out the queries and tho Spoeaker
or the Author will give o reply.

7. Members who are unable to attend the Session and who
desire to comment on any Paper should send one copy of a note of
their comments to the Author of the Paper and two typescript copies
to the Secretary. A gist of the comments together with the Author’s
reply thereto will appear in the Proceedings.

8. After all members wishing to do so have spoken on a Paper,
or when the Chairman considers that beeause of lack of time the
discussion must be brought to w close, the Author will be called
upon to reply.

9. If the Author of a Paper is unable to be present, he should
depute another member to introduce his Paper and to reply to the
discussion and should inform the Scoretary aceordingly.

IV. LIBRARY

1. Information and books on loan from the libraries of the
Consulting Engincer (Road Development)  and the Indian Roads
Congress are available to Members of the Indian Roads Congress
and can, on application, he had of the Secretary, Indian Roads
Congress, New Delhi, under the following arrangements :

(a) For Members of the Indian Roads Congress who are in
the service of the Central or State Governments.

Specifically named books or literature in response to
enquiries on technical subjects will be sent to officers
of the rank of Executive Engineer and above. Others
should apply through their Executive Engineers or
officers of equivalent rank.

(b) For Members of the Indian Roads Congress who are not
in the service of the Central or State Governments.

Applications for specifically named books as well as
enquiries for literature on technical subjects should
clearly state the member’s roll number, his correct
postal address, and the title and author of the book.

2. The library is intended primarily for reference. It is the
source of information from which the Secretary, Indian Roads
Congress, is enabled to answer enquires addressed to him.

3. Books are loaned for reference only and not for continuous
use. The library cannot be expected to relieve officers of the

necessity of purchasing books required constantly or for long periods
of time.

4. Ordinarily not more than two books will be issued at a
time, but in special cases a larger number may be issued at the dis-
cretion of the Secretary.

5. The following rules will be strictly enforced :

(a) Books are issued for one month in the first instance.
If a book is required for a longer period, an intimation
should be sent to the Secretary, Indian Roads Congress
for renewal before the due date of return. The book
may then be re-issued for another month at a time
at the discretion of the Secretary but in no case
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(e)

(f)

Lisrary RULES

will any book be issued for a total period exceeding
three months.

If & member does not return library hooks w.hon tho
period of loan has expired or in any case within three
months of the date of issue and thus deprives other
members of their use, he will be liable for a fine at
the rate of one anna a day for every day of reten-
tion upto three months and two AnNas a day there-
after upto six months. The Secrotary will also have
no power to issue any more books to the memher
until all the books already issued are returned. .If
all books are not returned within six months, twice
the cost of the hooks will be debited to the horrower
in addition to the fine referred to above.

Current issues of Journals cannot be issued to mem-
bers outside the Consulting Enginecer (Road Develop-

ment’s) Office, but back issues of cortain Journals may
be sent on loan for a limited period.

Books arc issued strictly subject to the condition, in
all cases, that they will be returned promptly if
actnally required and called for by the Secretary,
Indian Roads Congress. Retention of a bhook after
it had been recalled will render the member liable
to the same penalties as if he had retained a book
beyond the period of original loan.

Borrowers are requested to take every care of books

while in their possession, and particularly not to
mark, underline, or note on the pages.

1f, during the period of issue to a borrower, any book

is lost or so damaged as to be unservieeable for future
use, the Secrotary shall recover from the borrower
a sum equal to the cost of obtaining another copy
of the book.

6. Instructions:

(a)

()

No acknowledgment is required other than the postal
acknowledgment card.

While returning books, care should be taken to get
them adequately packed to prevent damage in transit,
They’should be sent ““ registered and acknowledgment
due.’ ' ?

LirrARY Runms 21

7. General:

(8) Rare or specially valuable books and certain books of
reference will not be sent out of the library.

(b) Any book may, however, be consulted in the library
during office hours.

(¢} Members who retain books for longer than a month
after they have been called back or for longer than six
months from the date of original issue and thus
selfishly deprive other members of the use of the books,
will be fined andfor charged subject to the penalties

stated in these rules and deprived of all the privileges
of membership until the dues are paid.

"NOTE: Al Members
sybsoription for more than

of the Indian Roads Congress, not in arres
80 days, are entitled to borrow books,
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Serial] Roll Name Address
No. ' No. A ) v B B
1 1707  B. N. Gupta Execcutive Engineer, P.W.D., B. & R.,

Jhunjhunu Division, Jhunjhunu
{Rajasthan).
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SYNOPSIS

An investigation on tho evalustion of an airfield has been carried

u lunti f irfi i

out by using the LCN system of classification wit}l)ri‘hcla olgject 1:)f i
ﬂBBBSEing

its structural adequac j i

y to carry the existing type of
. of S i i
tions would be useful for other airfields also - raffc.  Sach fnvestiga-

The invostigation s} isti
owerhe N numger. wwed that the existing pavement failed due to

The designs for the oxisti
traffic have beon given. oxisting w5 well as for the antioipated future

Such investigati
of roads. gations should be oxtended 4o the evaluation and design

1. INTRODUCTION

1.1. A number of -airfields were co
> . e constructed i i :
g::vii:z WSOilnl((;le VY&I‘ to cater to the emergency negzlsI nc()lfla];h;rmg
o uée e apft?(il of_ construction was the biggest co eience
obse,rved ki lt ily available _muterial was made it h-nmdem_
O the n large number o‘t cases, where stone .W'Ls o bqen
B e os r‘:m;n.waysi) were invariably built with (brigl(:t rondiy
premixed b{tun‘ }‘émg etwecr_)l 9 to 6 inches and cover dCOn_crete
to guard ara'nl‘ltno-uh'(im‘pet 1 n thick. The carpet I'e Wlt.h &
pa.Vementsé inst rapid abrasion of brick aggregat " Drovided
' were put to a limited use, the » gates. Since such
service. ’ unways gave satisfactory

1.2. At the end of the war, a nu
4 . . 4 m . i

handed over 10 e & ware e Authorities for sommeoniner®
These airfic Os wb‘1c1 were used mostly by light air Onémercl.a'l use.
with tho result 1 jected to Dakota traffic (weighing abor t 0 o
with inVOlVilrll ’ }la.t quite a_few of these runwa § atou 30’000.lb)

¢ heavy repairs, which also did Y o arted cracking
smooth surface for a long time. 1d not give the required

2. HISTORY OF THE AIRF
D IELD UNDER INV
ESTIGATION

2.1. One of th irfi

1. ose airfields which

et se _which was tak ivi

det&ilé(ibrilr(llvseizgtrer%‘glvmgnunsatlsfactory Servw:nwovertfcg Cup o

stigation, g airfield consj s saken u

one rUNway as s in t s gy 0 . Fnd

way as shown in the layout plan given inf Ft_wo lt&Xlways and
/ ig, 1. '

2.2. This airficld had all alon
e : Jhad - all along been use
;:;lf: 12.;\{ :;&;l;i?lfto (J'xvﬂ z\ym’oion Authz)rlilt?i;d by pitkotus only
middle of 1956 1}1}9{;31301‘)’ Eel‘vwe for couple gf o bt b(;
concrete slabs of cracks started appearing at yoars but in the
s of one of the taxiways, Thesi J;I'a,f,}li(“ corners of the
K spread over to
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LEGEND

~worst_ Affected Portions
Cracked and Settled

in the Process of Deberio-

ration
Location of Test Sites

rome showing the general

Fig. 1. Lay out plan of the aerod
4 the location of test sites

condition of different sections an

the whole of the slab in subsequent years. A little later, gimilar
bserved in the gecond taxiway. When

process of cracking was also o
he cracks ab places

these slabs were further subjected to traffic, t _
i Although heavy maintenance

widened out to almost % in. opening.

was carried out by providing 2-3 in. of premLxed carpet over
cracked slabs, yet it was observed that such slabs further settled
only within a couple of months. The conditions of the pa.vemen'o
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TasLe 1
. =
Showing the general characteristics of the subgrade soil, a
Q
2
both under the pavement and berms of the airfield &
El'j
Fraction Natural E
Section . iquid Plz;:h ' retained on | moisture Zg"‘“'.’:‘ ! £ 304
. Location | “yinj Iﬁ d g‘ i No, 200 sieve | content ex:st g =
| % i per cent per cert s gms/c.c. “ 25 + X Liaud Limit
B : N
o Znd n X
2 | Berms | 192 | 65 31.5 13.5 1.63 &
4 L o208 | 80 | 342 150 1.65 &
| : LR
6 .o 223 B4 02 62 1.80 2 e 'u:\c\w NDEN
3 L1106 | s2 280 | 133 158 E 5 4 ~~x
[} s 21.1 6.0 318 118 1.61 A AL A | SEn s aune 2 yo—
’ b 202 22232425227 1 2 5 4 56 7 &
1 " 193 | 54 33.4 10.5 1.60 3
~
. . 182 | 49 3.7 8.3 167 &
| _ X
15 ” 184 | 3.0 B1 92 | 184 Ezs
17 ” 19.6 \ 6.8 313 \ 114 \ 150 Ezo_
) . \ [ &) ’(\x\
19 » 200 8.7 20.7 15.5 1.63 i X
‘1 ﬁ 1S o /x-——-x
21 . 201 70 28.6 195 164 E x N
H - {0 -
23 R Y 19.0 1.62 S
= B
95 | . 23.3 | 87 \ 817 180 | 186 = ®
w { 3
5 23.6 8.2 | 9 g —r—r—r— Y v prmpu
CU l 9.8 178 1.68 €20 222324 2826271 2 34 5 & 78
| der | 207 1.2 32,
3| javement | 8 148 1.70 SECTIONS OF THE TAXIWAY AS PER LAY OUT PLAN
\ i
7 » 205 | 62 ! 30.7 12.8 1.68 Fig. 2. Showing the plasticity characteristics and the
43 8.8 \ natural moisture content of the different sections of
22 ”» 24. : 20.4 10.8 1.70
| the taxiway (soil samples taken just below the pavement)
11 » 24.9 6.8 }\ 28.9 8.6 1.08
" . 196 | 54 313 05 L and, therefore, no special consideration need be shown in selecting
. . the various test sites. For the purpose of testing, the airfield was
17 ” 20.8 | 65 30.0 12.4 1.80 divided into various soctions, each one thousand feet in length, The

| exact locations of these sections are shown in Fig. 1.

5.2.2. Taxiways: Since the taxiway had failed badly almost
throughout the length, it was rather difficult to pick upa length
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SECTIONS OF THE RUNWAY AS PER LAY OUT PLAN

Fig. 3. Showing the plasticity characteristics and the naturai
molisture content of the different sections of the runway
(soil samples taken just below the pavement)

which could be called better than the other. Sections No. 3, 7

and 22 which appeared equally bad from visual inspection were,
therefore, selected for study.

5.2.3. Runway: Except the ends of the runways where most of
the landings take place, the rest of the runway appeared to be fairly

sound. Section No. 14 was melected amongst th
Sections No. 11 and 17 amongst the bad leglgths.e good langths and

6. SOME CONSIDERATIONS IN THE SELECTION OF A DESIGN
METHOD FOR THE EVALUATION OF AN AIRFIELD

6.1. A number of methods are in vogue for the design and
evaluation of rigid pavements. The general principle of a rigid

;
.
%

Photo 2.
Condition of
section No. 3

of the taxiway

Photo 1.

Plate bearing
test performed:
on the main
runway of the
airfield under
investigation

Photo 3.
Cracked corners
of the taxiway
section No. 22



Photo 4.
Showing the
settled portions
of the runway
at one end

Photo 6.

Cracked runway
section No, 17

Photo 5.
Corner cracks
of the runway
slabs section

No. 17
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bavement design is to provide adequate thickness of concrete in
relation to the strength of the subgrade or base so that the stresses
developed in different layers of the pavement, as a result of imposi-
tion of load on the surface of the crust, do not cxceed the ultimate
strength of the particular layer.

6.2, Some of the design methods generally used for concrote
pavements are :

1. Westergaard’s Method 3,80

2. Portland Cement Association Method 7

International Civil Aviation Organization Method *
Civil Aeronautics Administration Method of Design ?

5. United Kingdom Method of Design usually known as
LCN 1o,

(2

<

6.3. A brief description of the first four methods has been
given in Appendix 1 to serve as & ready reference to the reader.
According to these methods, for purposes of evaluation, the pave-
ment has actually to be broken fo carry out tests for the flexural
strength of the crust ag it exists, and also the bearing value of the
natural subgrade. The advantage with the last method, namely, the
LCN is that the pavement can be evaluated by carrying out test
on the surface of the existing pavement, without destroying
the slab. The same system has, therefore, been selected for
evaluation of the Pavement and it will, therefore, not be considered
out of place to describe this system in a little more detail. This

system can be better understood if some of the fundamental
principles involved are explained.

6.4. Tmagine an aircraft with a tyre which can be inflated to
any pressure from 0-cc, The effect of the wheel on the surface can
be varied in two ways. The load can be increased or decreased
while area of load is kept constant (by changing the pressure of the
tyre and consequently ares of contact) or the load can be kept
constant by changing the area of contact and the failure is brought
about. It means a x P = failure load, where ‘a ’ is area of contact
and ¢ p’ is pressure. The two variables are load and contact area.
It is now necessary to find out if there is any relationship between
the two. By finding out the failure of a certain pavement with
variable sizes of plates, a curve can be drawn which can be read off
at all combinations of failure loads and contact areas.

6.5. The method was developed after extensive testing of
existing airfield pavement and co-relating the thickness and the
pressure with the behaviour of the pavement, The same size of

5 .
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plate can be loaded to different int
classification numbers. The maximum load which can be put on

particular size of plate to bring in the failure would, however, depend
upou the thickness and strength of the pavement,

ensities to give different load

6.6. From the load contact area curve, it should be possible
to plotload/tyre pressure curve for failure, and from this it should

be possible to find out which of the aircrafts can be accepted on a
particular airfield.

6.7.  For carrying out plate bearing tests on concreto pave-
ment, very heavy loading of the order of about 40-50 tons is
yonerally required to bring about the desired deformation of an air-
field pavement. A number of devices for heavy loading have been
suggested and the one normally adopted in the U.K, consists of a
cranked bridge with low level platforms which can further be
loaded to increase the total weight. In case, still heavier loads of
the order of 75-80 tons are required, trailers used by the army for
carrying heavy equipment are employed.

6.8.  Inthe present investigation, it wag not
heavy loading arrangement, and use was,
locally available trucks, which when loaded
12-13 tons, and for the same reason smaller
12 in. instead of 18 in. which should normall
corresponds to the contact area of the Dakota wag selected for testg
These values were later on changed to 18 in. diameter plate to corre.'
spond to the exact contact area of the aircraft. The pPlate bearin
tests were carried outin Sections 3, 7 and 22 on the taxiwa u.mél;
No. 11, 14 and 17 on the runways. The test results for the sa.ljxlle ar
given in Table 2 and reproduced in Figs. 4 and 5. ¢

bossible to procure
therefore, made  of the
could give a reaction of
size of the plate, ie.,
y have been used as it

Average curve

6.8. Tt has been found out th
sq. in. the failure load/contact ares curves \
form irrespective of thé type of pavement, Raﬂigghfmfﬂﬁﬁ. gfléglal
were performed ! in the United Kingdom on runwa, so st
different sizes of plates and it was observed that the curveg’ f ﬁlsmg
general form as shown in Fig. 6, It will be seen from theo ‘gwa
Figure that the curves in rigid and flexible pavement coincida ove
each other at a contact area corresponding to 26 in diameter ) ‘lmth
It was, therefore, felt that as far ag possible in ev&.lu&tion f Dlate.
field the plate of this particular size should be uged Whereothan Bir-
mixed type of traffic comprising of heavier and medium erfe 88
crafts. However, for reasonable accuracy the aver&geﬂ:l r.;r ealirx;
Fig. 6 which follows the general relation (H’l) = (A1)

W)= \a (where

2

TaBLE 2

Showing the results of load bearing tests on the pavements and the subgrade

of the airfield under investigation
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**K , is the modulus of subgrade reaction at natural moisture.
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*K is the modulus of subgrade reaction at saturation moisture.
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/ NOTE.
Entension of pavement curves for contact areas
less than 200 sginches are temtalive only but

/ have been reasonobly praved {or 25 ¢q.inches
contact ares at peoints shonn thuy @

N

FAILORE LOAD EXPRESSED ASPERCENTAGE OF FAILURE LOAD ON CONTACT AREA OF 530 5@ e

!
0 L n ' I
(] 100 200 300 100 5¢0 Py o
LOADED CONTACT AREA" SQUARE INCHES§
Fig. 6. Failure load/contact area relationship curves

for typical pavements

QQ

W, and W, are failure loads and 4, and 4, are the .
aréas of contact) can be employed for evaluation of (;?gifigOndz?g
ments. This has the advantage that by carrying out the tesls)t? “on
any diameter of the plate for failure, the values for other lot?;
diameters can be attained. Ifan airfield is being used extensp &1

by one type of aircraft, it will be helpful to select the plate of 1;’}? y
particular area which corresponds to the contact area of the ¢ a
the aircraft for which the runway is designed. Though the ﬂtfre of
of pavements may vary, the shape of the curves will alwa . r ength
the same and the various test curves will, therefore, be gl‘all elma.m
means, & number of curves of different pavements can Ee d ol. Tt
the same chart and a classification can be worked out as q;"'Wn on
Tig. 7(a). A number of simple charts have been develo ed. tOWn o
out LCN and one of these is shown in Fig. 7 (b). ped to work
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Tasre 3

Showing the general characteristics of Dakotas using

the airfield under investigation

Wing span 95160 in,
Overall length 64 £t 0 in,
Overall height 17 £ 0 in,
Wheel base 37 £t 0 in,
Track (distance between ceutres of iain

wheel groups) 18 {4 6 in.
Number of engines 2
Type of engine PISTON

Type of undercarriage TAIL WHEEL
Arrangement of main wheol group Single
Tyre pressure (constant/variable) 60 p.s.i,
Tyro dimensiong 45 in. X 6.0 in,

Unladen weight + crew =+ 4 fuel load

24,100 1h,
Maximum operationa] weight 29,000 1b.
Maximum loagd pPer main wheel group — 13,000 1b.

small wheel at the rea
The latter takes about 1

rto p
of the aircraft with 60 p.s.

rovide support,
0 per cent of the total load. The I%)é)WL
1. tyre pressure iy 13,000 11,

7.2, The LON of thege Dakota
contact pressure of Go Psi,

S with KSWL of 13,00
from Fig. 7 (a) or Fig. 7 (v

01b and
| works out tq be 10, ag determined
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ENT
8. EVALUATION OF THE AIRFIELD PAVEM

te
i the data of the pla
i : It will be observed from e g
'8'1"(126.}8;7‘- ?g:‘vllsg'bion 3 in Fig. 4 that the fallure; 105;;1. ((’)G;x 6% P
!)earmgf ation) on this section is 4.2 tons pe; tltll. 1 O ot ooon of
ot ?; ?;mdiameter plate. As the 1du;m(;neter ?2 ine e rertod
the. airorat i i jlure loads on 12 in. v

i t is 18 in. the fai . e,
EEGISa;;c.rgifameter by using TCAO formula given in Fig

in. di leulated will
ilur on 18 in. diameter thus ca w0
et 'I;?e farllsmeirlloa;&d the total failure load I;v!ltl'sge}?rlalc’ﬁice
T e the £ Gwa gﬁd the runway according to the tl;; ;l raaingt
Shouid }the ta;: l:‘t;ac}t]o(r of safety of 2 and 1.5 5031)1?0 A g}irves e
ShO}lld ?v'elure load, the above load vivhen divide " %78-511. vos 5,050
o as the ;M' d bea,rir’lg capacity. This load ondat S ol Ton
Dot 1Jhed iy ontact pressure of 44 Psi correspon st }?at the tymo. of
P in g‘r(())m ;&l‘liel‘ discussion it will aggea;‘ R i ey
%ml? tas of erating on this airfield has a L(JNtho e coming
tl:z;,t(;he str;ength of the pavement is poor for the t;
on it.

this sec-

8.1.3. Section No. 7: The failure load on t(};g ;ulx;i?'ce %’I;m el

i fth avement is 4.0 tons per gq. ft. or ; .t 18 in. diameter

tion o 12e 1pr; diameter plate wag convert_e(hm % he bosring valuo

]()l&%eo:nd a factor of safety of 2 was -aPI;he s the pavement &

o t to be 5,400 1b(10800/2). This also g led that this section

WO%{S (f)l; 88 th'\“n 4 Tt can, therefore, be concluc eratiin g on the air-
{:Ss a;)so ?H‘Ld(:(tluate thickness as the aircrafts ope

field have an LCN of 10.

i Section 22
8.1.4. Section No. 22: Similar tests car?egl :ut&(‘)rlér::&lis id
d that the failure load on the surface o ) 1‘;1})19 load bearing
o fa 68.44 Psi. By similar calculation the pavement
tons}s%y 2611(1);8 out to be 5,925 Ib. Tt therefore gives
apaci > 5,
;;é)N of 4.0 for this Section algo.

8.2. Evaluation of runway pavement

; mel
8.2.1. Tests on three different sections of the runway, namely,
17, 14 a'nd 11, were carried out.

i rface

8.2.2. Section No. 17: The plate bes}rm% 'te::setg? ;ll;zes:s e

f the rﬁﬁway was performed with a 12 in. dia Rt agag

P ocedure discussed earlier. The load for 0.2 né, o Toad

gx;) tons per 8q. ft. or 124.44 Psi on this plate.t dig.rnln g e ait-

t<.> 18 inch diameter plate which is the conta: e O Lho tota]

raft wheel, the ultimate failure load comes ;)b A lying & factor

) d on theyplate would come out to be 20,800 1b. pt;he N
z)c?sa.?ety of 1.5 as suggested earlier for the runway, !
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required to consolidate the saturated specimen to the same extent,
as the load intensity of P when applied to the sample moulded at
its natural moisture and density, K « 18 the modulus of subgrade
reaction as determined in the field at natural moisture,

11, MODULUS OF SUBGRADE REACTION

11.1. The modulus of subgrade reaction for an airfield pave-
ment is normally determined by studying the load deformation
characteristics of a soil on a plate of 30 in. diameter. The load at
0.05 in. deformation is converted to per unit deformation and ix
called modulus of subgrade reaction. As already described, for
want of proper loading arrangement only 12 in. diameter plate
was used and the values were deduced to 30 in. diameter plate
according to Stratton’s curve'®, The curve is an  empirical
relation derived after an extensive study of plate bearing tests per-
formed on various types of subgrades. This relation helps in
converting the < K’ values got on one size of the plate to. another,

11.2. For section 3 of the taxiway the value of modulus of
subgrade reaction K, for a 12 in. diameter plate works out to be
594 Psifin. as per Fig. 4. By using Stratton’s relation for couverting
the value of K on 12 in. diameter plate to 30 in. diameter plate, the

x
504 .
value of K, works out to be 215 Psifin.  These values are reduced

further for complete saturation of the subgrade g

Engineers’ formula given above. The value of p
soil works out to be 14 and 11 Psj respectively.

8 per Corps of
and Ps for this

12. LCN SYSTEM OF DESIGN FOR UNDOWELLED
PAVEMENTS

12.1. Tncqrpomting these values in the ahove formula the ¢ k
value at saturation for a 3(-in. plate comes out to be 217 Psifin
As the rigid bavements normally huilt a4 present for airfield in India
are neither reinforced nor dowelled, the weakest point of the slab ig

] any stressey

variations. In the L(N system of ;‘llesigr:%;"or(lxchgv::lr{elbger;;:z
ments only, corner case loading g considered, and therefore, the
design should not he confused by bringing in ad&itional ft;.ctor
of temperature gtresses, which iy important only when applyin
formulae for centre and edge case loading., The rigfd pavemen{ ig
the present cage i, therefore, designed on the empirical modification
made by Teller & Sutherland in Westergaard’s Corner case Formuyla,

v ~ - ?
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as suggested in the LCN system, Teller & Sutherland’s modified
expression is

W

- . Tk
NGO
i

where W is applied wheel load in 1h
h = thickness of the slab in inches

I = the radius of relative stiffness in jnches

_ 4J I
N 12—

r = radius of cantact ares in inch

=
i

modulus of subgrade reaction in psi/in.
L = modulus of elasticity of concrete in Psi
# = Poisson’s ratio for concrete

9. = flexural strength of the concrete in psi.

12.2, In order to introduce LCN, the British Practice
suggests that the value of W in the above formula be taken as the
load which when put on a 12-in. diameter plate is equivalent to the
LCN of the aircraft wheel. Incorporating this value of W in Teller
& Sutherland’s formula, the value of A (thickness of pavement) can be
obtained. The value of W for plates of 12 in. diameter was chosen
as the designs based on this assumption agreed closely with the
results obtained from plate bearing tests on concrete slabs of varying
thickness on different types of subgrades in the United Kingdom,

12.3. The LCN of the aircraft in the present study is 10 and
if a plate of 12 in. diameter is used, it should have an overall load

“of 10,000 1b, to produce LCN of 10 [as per Fig 7 (a) suggested

by ICAO.]

The radius of relative stiffness ‘1’ of the slab can be worked out
from the following formula :

l = 4J, EW
12 (1—pu?)k

when £ = 5x10° psi.
r o= 0.156
k = 217 psi/in.

h = assumed a3 6.5 in. and incorporating in the
formula.
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middle ¢ e owards 4 \
comlitionzld-\?:) m towards the. ends for the existing subgrad
Lo 8, WMo mq\.uwd as against the present thi(-kno:‘ g%llzjg
- In caso of taxiway, the same thickness as ]n-ov/ideélb hfO :}‘1“

8 1 or tho

ends of the runway, ie., 7.5 in. i

! Y, 1e, 7.5 in. i8 required a i isti

» ot o _ as agai

thickness of 5.5 in. of the pavement of very mu h 1 nw% ot
trongth, ch lower flexural

1. DESIGN OF ALTERNATIVE FLEXIBLE PAVEMENT
OF THE RUNWAY FOR THE EXISTING TRAFFIG

14.1. On account of complete failure ;
suggested that it should be rolavigl uiilflilh;lg O'f '
a minimum Hexural strength of 500 pbs i e
naturally be expensive and it should I;e' W
there can be an alternative specification.

axiway, it has heen
; concrete slah with
Such a thickness would
orth while finding out if

14.2. 1t has, therefore, been felt i .
flexible pavement design, under the gi(\izfllzilr)llgi:? dlsiuss a typical
strcngth,rto knon the comparative cost of the tons % oud and soil
ments. The flexible pavement can be built y inWO types of pave-
depending upon the type of material ewwila,blit3 at i mer of ways
carlier, flexible pavements are usuall > 4% site. As discussed

o | met designed b i

tests such ag California Bearing Rati y n Saked o out
st st rnia Bearing Ratio test on ¢

soil. The un‘der]ymg principle for designing a ﬂzgcisl?ﬁsked Subgra,d.e
to build up CBR progressively from botfom to top pavement 1s

14.3. 1In thig case, the subgrade soi
val}xe of 3 per cent at natural gglensitys?llg}gagm:/c . .
moisture. Agcordmg to CBR curves as modifi ﬁ.) {)w saturation
Ministry of U.K. for aircrafts of various LON? B Y the Alr
require 16 in. thick flexible pavement ovey thisséu%}g a“bgmdc will
rade,

laboratory C¢BR

14.4. 16 has been suggested by Maclean
in airfield construction, %réx’inimullﬁl lxyrl:lﬂe(m s
sgrength ;nl wet conditions must be
gtresses of load transmission from the surface
b'yrthc sao Authors that sub-base :llll(;ft‘lb&ee.itﬁcexl'm}? becn suggostod
(‘JbR of 20 per cent, or compressive streugth of 195 ave a minimum
Lesults of the tests carried out on local soils 1 P81 From the
5 pef' cent cement to a'» density of 1,75 gmsfo. ﬁef’dbgg}bactl:lg with
agi;'ﬁeflt is obtained (60 per cent of the luvborat;)ry ros ltR of 90 to 55
1 ‘(,urvx'as it will be seen thatan 8-in, layer of thi ultg). From the
;wf(‘ as & sub-base. Over this sub-base 5 in. eong l,!{s material can be
.a‘ in. gaurg(a, can form the base and thig 'w,il] ;r(_’ Ic B«tefi stone metal,
per cent, I.’l_xe su_rfucc coat can consist of 3  81ve & UBR of 80-9¢
crete, resulting in a total thickness of 16 11111l ' Zf ulell’hilalt;ic oon-
« 48 the CBR of

Robinson 14 ¢}
at

‘dle for CBR or compressive

adhered in order to resist the
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the subgrade at its natural density is as low as 3 per cent, it is
important to first excavate 9 in. of the subgrade soil and roll it back
at controlled moisture to get density of at least 1.75 gms. per c.c.
This will help in not only increasing the CBR value of the subgrade
but also attaining uniform strength of the subgrade, which is very
essential for satisfactory behaviour of the pavement.

14.5. The total cost of this type of pavement per 100 sq. ft. of
the finished surface works out to Rs 155. As against this 7.5 in.
thick concrete pavement would cost about Rs 200 per 100
sq. ft. :

15. THICKNESS OF THE PAVEMENT FOR FUTURE
HEAVIER TRAFFIC

15.1. With the increase of air traffic in future, it was quite
likely that heavier type of aircraft even of international services,
might have to nge this airfield. The ESWL of such aircrafts was
likely to be about 45,000 1h with tyre pressure of 160 p.s. i,

15.2. These types of aireraft will have LCN No. of about 60.
This requires a total thickness of 13 in. of concrete pavement with
flexural strength of 500 pounds per sq. in. in one single slab. Since
thickness of more than 12 in. cannot be conveniently laid for want
of proper vibrating machinery, it shall be laid in two layers. The
total thickness by using Skinner and Martin’s curves comes to be
14 in. which can be-laid in two layers of 8 in. and 6 in. each. It is
quite possible to lay a lesser thickness in a single slab by providing
necessary reinforcement and dowels but it is not the intention of the
Authors to go into the details of this aspect of the problem here.

15.3. Flexible pavement

15.3.1. According to the LCN curves, a flexible pavement of
425 in. thickness is required for the type of traffic mentioned
above. The advantage with flexible pavement is that even weak
materials can be made use of in various stages of pavement and
thereby economise the cost of construction. The weak materials
may be local soil, or any other soft aggregates such as kankar,
moorum, laterite, etc. The local soil can further be stabilized with.
coment or lime and used in the base coat. It is for this reason that
floxible pavement in spite of greater thicknesses is invariably cheaper
than the concrete pavement. The choice can, however, be made
depending upon the economics of the two methods of copstruction
at a particular site, ’
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Appendix 1
Westergaard’s method

Westergaard’s original formulae whj
o o5 § : ich w
t}f::; twoi)llgeipgga?{n;;ulletrtlon the stresses in theepr:veme tb
subsequently b;:éri eﬁgﬁ{;gﬁg&txgd‘{?iri?tliom' The ?Omﬁfﬁg‘}l:;‘tg
X A ‘ inec )
Elg(alae;taig;]ll eIr):ZZ on‘ 1:;he basis of Practical ngfi‘lifl é‘eﬂd S}ltllerlul}(l,
o onts. ]cstergaard s formula deals with thgmne(.l with
it ‘v&;hee load on the slab, ie., when it j ree differont
observe(i t}n't thhc ;} oentrq, or close to the edge or oox'n: ?W&y from
wheel is either on .:)I‘ess(;rs in the slab are normally h'rr.l i beon
wh m(;re/ m,m | ,whe ge or on the corner. Ag {he l;’ll “foen the
venience qo‘mclz)f :ht f;n the central case formula, ’f(;l‘ prac f.Ol‘mlllao
the central caso fornrl ]‘le]d Engineers determine the tﬁl_‘&(!tlea.l ith
to get the thickness ; a and apply an ad hoe increas fleliness ith
bo got tho thie tﬁs'xs (2)rthe slab to stand edge Stl‘eqq:; 0 120 per cent
ige
due to the temperature gradient are a‘aﬁega{;?tf}?; H:ltlxl'gé Th; ﬂtresse;
§ ses developed

as a result of loading and the thi
for the total stresses. tickness of the pavement determined
' C

purely mathemati-

Portland Cement Association Method

The desitn curves for thij
. o i
influence chart: developed by Piikle}:f);ﬂ;()d;i
types of undercarriages of the aircra,ftn
gayl Eurf(iie]d pavements, these are ginsgll:
o o hact et ooy stem. . Simplified charts h
loped for thos ree types of aircrafts, takin 18 have been deve-
the total I a ca,:ped by each gear, pressure in i;gh H‘:to consideratiop
centr&%r c&gerelaz)ca é(:gg T};e tl(lilckness given by thz g:zha%d wodulus

so oading. n dowelled pa punod is for th
:(c))rrte}elcg aé)e; 1f(lave:re IS‘S a provision for the Er::;}l‘;ng; lthm condition iﬁ
to the othe :. 't‘ llr:ce the charts developed by Pj (l’(&d from one gla}
mod%ﬁcations’ f(l)rEr m:lld b?lpdo ssible to use they sa,lr(;l ettfand Ray aro
undowelle . e atte i
tructed in India at present. pavements which are commg“?;’llggg]e
" ' 8-

are based on the uge of
Ray. There are three
ostly using the Present,
wheel, dual wheel and

KVALUATION OF AIRFIELD PAVEMENT

1.C.A.0. Method

scientific design method was
‘Heavy Bomber’ or ¢ Very
the type of aircraft that 1t

In the beginning when no proper
adopted, runways were classified as
Heavy Bomber’, etc., depending upon
can take with safety., These terms were only arbitrary and became
out of dute when aircraft with high tyre pressure and multi-wheel
undorearriages, came into operation. Later on the runways were
divided into soveral categories depending upon the type of aircrafts

likely to land on it. These were cxpressed in terms of single wheel
load, varying between 100,000 1b to 5000 1b and tyre pressure
between 120 P.s.i. to 35 Psi.  This is shown in the following Table.
The runways loading index is & valuable criterion of the strength

required of the runways.

1.C.A.0. Strength Classification

Whoeel
Class Load Tyre pressure ML_*LM
W (1) P.s.i. = A/W[P
1 100,000 120 3460
2 75,000 100 2740
3 60,000 100 3450
4 45,000 100 2120
5 30,000 85 1600
8 15,000 =70 1030
1 5,000 35 420
n Method

Civil Aeronautics Administration Desig

The design charts have been developed by Civil Acronautics
Administration taking into consideration equivalent gingle wheel
load of the aircraft and deriving the thickness required for the base
and sub-base to stand satisfactorily under a given wheel load.
has been assumed in this method that the thickness

pavement required is same for any type of soils and it is only the

of concrete
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Appendix 2
ESWL on a fiexible pavement

1 is no single
i /et in practice there is Single
' rh sory it is true yet in P e T foront Tny
1‘11011}_,1}1 lr‘lufl;rogucc exactly the samT eﬂfecw}leels e o,
ek W]'“C 1 C'( vement as the whole assembly o wheels In of seve}'al
of & ﬂcxlbletp&thé fact that the flexible puverln?n%rcss s of scvoral
This is (%“fiifgren{ materiads and, thcre]{;)r.i, tt;:;\r.eforc assumedhtlﬁa,t
e o e l‘ cr to another. ) 19, T 3 A h the
| At thes mos s that, a wh
(’hih{lge_»‘; lfr()":\lr(-:i‘i:-br\t:{ll(e most imp(n't-:mt; del;ﬁl(li lt‘;le ot R (;;hl;;,t
in flexible pavement: s with the subgrade, o
i3 in contact with t o subgrade, 2 s 8 o
Bt which | l'n l((:l(lq the same efiect on the sult;,(l)futhe s procucec 1Y
load which ])L(,)( ‘11‘)1' of the wheels on one goall) O the airoraft, | he
o s %?m'nn{)y a dual wheel on a flexi y t]h T 1 e
e tmn;?m;llobc scen from the Figure&hatdxi | tho thidkhess * twlo
in Fig. 8 w e hero d Cis the ‘ etween oo
is lo n d]2 (whe ' e iy
b;;.verlno)nttl lsll;f%&lﬁ of t{he carriageway ;s tgjnlgi?& T s wl(lzgl.
duo to the non-i ce of the stress tran: oack "
- Bty i ater than 2 time
due to the non-inter oot grenter th s 0 (e
- 1th0 tfl l;l;; Ill: ﬁlo?ffntih: I“Iig. 8) then the ESWL is equ
valuey o 8
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loa;lhon the whole gear.  Between these two limits the KSWL arises
a3 the logarithm of the thickness of the pavement.

ESWL on Rigid Pavement

The ESWL on a rigid pavement is caleulated by finding out the
bending moments under the centre of one of the wheels of the
assembly as a result of the adjoining wheels. After working out the
total bending moment the calculations are made to determine a
single wheel load which acting ot the same contact pressure wil} pro-
duce the same bending moment. A number of simple charts have

AREA OF CONTACT ON
PAVEMENT OF ALL

WHEELS IN ONE
e UNDERCARRIAGE
SOSSASSEMBLY: SQ: INCHE S

210
x
w
<
ol 09 \
< [ws \
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— =
i \
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SYNOPSIS

The Paper deals with the investigation of common types of road-
failures associated with subgrade, the embankment, and the natural gr‘ound
on which embankment is built. Typical oxamples of some road failures
which have recently occurred in West Bengal have been studied with
particular referonce to the principles of soil mechanics and reomedial
measures necessary for proper design and construction of an embankment
have also been described.

1. INTRODUCTION

1.1. In recent years, cases of road failures have become more
frequent causing much worry and embarrassment to Highway Engi-
neers and inconvenience to traffic using the road. The causes of
such failures should be thoroughly investigated and necessary
measures taken to reduce their number to a minimum.

1.2. The intensity and wheel-load of present day traffic has
increased enormously causing excessive stress in the subgrade beyond
its safe bearing capacity as a result of which roads which have stood
well for years in the past are now showing signs of failure.

* Chief Engineer, Dovelopment (Roads) Deptt., Govt. of West
Bengal, Calcutta.

*» Agsistant Director, Road & Building Research Institute, Govt,
of West Bengal, Caloutta, ;
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1.3, As the consequences of a road failure are less severe than
those of a foundation failure of a bridge or a building, adequate
attention is not given to proper designing of road foundation in many
cages. It is, however, high time that more attention is given to the
safety of a road foundation duving design and construction. TDue o
the recent advancements in the science of soil mechanies, the
behaviour of the material under & pavement is botter undorstood and
with the help of modern testing technique in the ficld and in the
laboratory it is now possible to detect with fajr amount of accuracy,

the factors responsible for & voad failure. After proper diagnosis
of the cause of a road failure,

it iy possible to suggest necessary
steps to prevent such types of f

aihire and take effeetive remedial
measures for repair and reconstruction of the affected road.

1.4, Tt is proposed to discuss in this Paper the common causes
of a road failure and their method of inve

stigation, Some typical
examples of road failures which have recently occurred in West
Bengal have been described in this Paper and suitable remedial
measures have leen sucgested.

2. COMMON TYPES OF ROAD FAILURE AND THEIR

CAUSES

2.1, The failure of a road may be of the following types :

(a) Shear failure of the

uatural ground on which tho
embankment is built.

(b) TExcessive settlement of the natura ground on which
the embankment is built, i

(¢) Shear failure of the embankment itself.
(d) Excessive settloment of the embankment.
{e) Subgrade failure.

(f)

Failures due to excessive swelling or shrinkage of soil,

2.1.1. Shear failure ofjthe natural ground on which the embank-
ment is built may cause suddon heavy depression of a portion of
the road or wide cracking of the embankment. Such failure occurs
when a high embankment stresses the foundation beyond its
capacity. Failures of this kind are generally associated with heaving
up of the natural ground beyond the toes of the embankment. The
cause leading to the lowering of the shear resistance may be ingress
of water through cracks, and causeg leading to the increase in stross
may be (a) sudden draw-down of the water-table causing excessive
capillary pull, (b) removal of surcharge weight due to excavation
close to the embankment, ete. A typical example of sudden founda-
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ihati- i dpur-
tion failure was ohserved, Photo 1, on the_Rgnlhaiils)le(I{I?;;:i\.da P
Amta road, in the District of Howrah, and is descr

2.1.2. Gradual settlement of aroad embanl;}r:lerztorlia:ﬁfi 3;&':3)1:1113;
for several ycars after construction, duel‘tokmee:m or‘ e b
compressible layers located below the em nmh O et load,
zone of cffective pressure-distribution of & ede ke e o
This type of settlement should not be confuse vr: e s
shear type failure described in the prekus'pz{mr(bg ;Ix)ny pheaval
case the settlement of the road is not accom])'fmm(;(_ ?;SG S omarily
of the swrrounding ground. The settlement in this (i;ent s primany
caused by the squeezing out of water and Gon}sle(%leembankment.
the voids ratio of the compressible layer beneat fl I e
The rate of settlement depends on the nature o e o oseap.
compressible layer and the distance the water has to'lr o ot
A layer of granular material in the foundation soil wiil &
the rate of settlement.

2.1.3. The above two types of failures ma)f' 9100‘11' ::naeggilll;
up embankment also. In this case, however, theteaila, ;u‘znd e
be avoided by judicious selection of the fill m&f rtors P
construction procedure. Unfortunately, these 1;a.cin S Tk
neglected and the occurrence of slips or settlenkllen sil e of
mgnt itself arve, therefore, not infrequent. T ﬂ? 8 e axeousive
embankment may be caused by (a) heavy traffio caof Ly plastio
stress in the soil beyond its safe limit, (b) _exwtencgf e e ough
clay layer within the embankment, (c) m_gro;s o6 slope of
cracks thereby softening o thin layer, (d) inadeq e v porkot
embankment, (e) excessive pore-water prossure 1
ete.

2.1.4. Settlement of embankment may also result fx('ioz c:;?s%:lllc'e
tion in the voids in the fill material by expulsion of aiﬁr a.igc ]
by the weight of the pavement, higher soil layers, tra
also possibly by the action of weather.

2.1.5. Subgrade failures are those in which thefsoﬂhzxgnigg&agﬂg
below the sub-base fails due to combined action o fw o o mon
weight of pavement. This type of failures is o v%hs; o
occurrence in clayey subgrades just after the monsoc;ln. e slonaaide
effects are depression in the wheel path and il)ﬁ :gs o o
causing breaking and rupture of the surfacing, Photo od el
general depression of the flexible pavement issog:)am o esos
widening or upheaval of the flanks, Fig. 1. The OO il ot
are (a) inadequate thickness of pavement, (b) poor‘iudglater )
Several cases of subgrade failures have been describe .

i i lays, such as black-
.6. Pavements on highly expansive ¢ . !
f‘Ot-t02ﬂ']§(:i19 r:ay fail due to the excessive. differential swelling ar
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3. PROCEDURE FOR INVESTIGATION

n ( e “ ¢ ‘(“et} l f t f
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essential to make a sclentific i igati

> a sclentifie investigation of indivi

srontis ake a stigs individual [
f(ulm(is and ascertain the cause of such failures TheCaseS of
I{r(?(e"( ures to be adopted for the different types of f’milugeneml
described in the following paragraphs. FHes aro

3.1.1. Shear failure of the nat :
failurq is _ attributed to shear faihrr;alofg r:hl:andn.mtlfl“gllere tho roud
1nvgstxgatlon .should inclade thorough soil exclor ti grO_und, ’phe
bo_rmg, sampling and testing thoroughly the soil go)ratz iy }lpVOIVmg
fa}lure has taken place. In addition to the phyqiml r:)n th'mh e
soil encountered, the shear strength should he .degerglin%?{ eli(ﬁlzf t}‘)m
3 3 r by

direct or triaxial shear test or, in the cag i

:;EpfeSSlon test. These t.esté shoul({ll S%é) fcf)llﬁllfglt(szgl](’) . lngOUﬁned
samples as gulekly as possible after the failure. « el 1st}1rbed
natural moisture content and density. The nc;,xzo 28 o atain tho
:;I}il:t uf:t)cltr?r fof‘ Hafctx with respect to the resiJOI'?neé) flosrctez C'OmI')ute
n(;rmal c(gmg}é:.cs. Terzaghi im(l‘ Peek! have suggested thatdgamSt
normal <o i 1lons, the foundation conditions are mot con %nder
durin y unless the factor of safety with respect 1 .'OnSl _ered
g or immediately after construction i at leagt e((;uz:\,l )t‘m{i f"a'llure

8 al to 1.5

3.1.2. The above factor of s i |
normal conditions only. There m:f:;e,tyinls:Sui;ll(l):gevgz’mzpplic?lbtlf’ to
s conditions
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lowering the factor of safety resulting in sudden slip of cu}bankme_nts,
which stood satisfactorily for years. One guch case is described
under para 4.1.1.  However, these are gonerally igolated cases
involving short stretches and special remedial measures as called
for may be adopted.

3.2. Settlement of the natural ground

3.2.1. The investigation of foundation settlement on a clay
strata requires the testing of undisturbed samples from  that strata
at different depths below the embankment. The depths upto which
the weight of the embankment gransfers an eflective stress and the
values of the stress, at different depths may be computed by any of
the precedures described by Terzaghi and Peck!. In addition to
the physical properties of soil, a consolidation test is conducted to
determine the change in void ratio with increasing pressure on the
soil as well as the rate of this change.

3.2.2. Ray Webber” has suggested a simplified procedure for
predicting fill settlement using void ratio. The computation of the
amount of settlement involves the average void ratios of the natural
ground before loading with the fill (e,) and after loading with the
fill (e,) and the thickness of the layer, or:

Settlement = thickness of layer X [al . —G‘]

1 4e
Knowing the total scttlement expected and the settlement
already taken place it is possible to judge, with fair amount of
accuracy, the amount of further likely settlement and necessary
preventive measures which may have to be taken. The rate of
settlement depends on the ability of the soil to drain away the
excess water in the soil under the pressure caused by the fill load.

The basic formula used to estimate the time of settlement (¢) 1s:

152

§ = 1 CZL when t=time to settle.
v

T =Terzaghi timec factor [depends on
conditions of loading and dra,lr‘lage
values given in charts in reference (%) of
the Bibliographyl.

h=Length of drainage path.
C,=average coefficient of consolidation.

33, Shear failure of the embankment

3.3.1. Procedure for the investigation of this type of failure is
moro or less similar to that described in para. 3.1.1. Obvious
remedy for this type of failure is the provision of adequate slope of
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the embankment consistent with the requirement of tho factor of
safety. When, however, thi

$ 18 not possible due to want of sufli-
cient land, latera) support of the embankment by bamboo piling or
some other improvised method may be adopted. Use of soil-coment
blocks on the slopes may he effective,

3.4. When fill materia] consists of clay and js fully saturated,
settlement takes

solidation and can ho osti-
mated in the same way as described in para.3.2 2. Tf, however, fill
material contains appreciable amount of ajir void then consolidation
theory cannot be applied for predicting the

$ 1o proved laboratory method of ostimating the
probable increase in density of unsaturated fill under loag, Investi-

gation may, however, be carried on actual embankments and data
collected 50 as to establish some sort of relationship between nature

of the £l material, degree of compaction at which the f£ill
was placed, time elapsed and settlement taking place,

3.5. Subgrade failures

3.5.1. Road failures due to the
place as a result of the loss of bearing
on increase of moisture content. The
such cases is to determine the Californ
subgrade under the conditions i

yielding of the subgrade take
capacity of the subgrado soil
procedure for investigation in
ia Bearing Ratio value of the

n which failure hag occurred and
determine the required thickness of pavement for the particulyy

traffic intensity on the road. If the existing pavement, thickness
be less than the required thickness, a subgrade failype may occur.
One of the main difficulties encountered in investigntin(r causes of
defects in roads is the absence generally of information relating
to the conditions of the subgrade at the time when the road was
constructed. To overcome this diﬂiculty, the Road Research
Laboratory of England® has suggested a procedure in which a
‘comparison is made, of the conditions of the subgliade of both
neighbouring failed and sound sectiong of road carrying the same
intensity of traffic. This procedure has heen adopted in the investi-
gations described in this Paper, ‘

3.6. Failures due to excessive swelling or shrinkage of sojj

3.6.1, Thig type of failure ig associated with vor
sagging of the pavement in one portion of the road 1
portions causing serious cracks in the surface, As th
failure is the difference of moj ‘

: > s ¢ sture content, of the soil. the I

mvestigation should be to determine the moisture conter{t o}flet%ll: Zooifl
at different dep@hs under both the affected ang the unaffected paye-
ments. In addition to the moisture content it ig also neccssa,lry :0

tical lifting or
elative to other
€ main cause of

Photo 2.
Typical subgrade
failure

Photo L.
Foundation failure on
Ranihati-Harishdadpur-
Amta road

Photo 3.

Depression of wheel path
and rupture of surfacing
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determine the swelling and shrinkage properties of the soil and the
swelling pressure.  The mineralogical composition of the clay also
gives uselul clue in this matter.

4. TYPICAL EXAMPLES OF ROAD FAILURES

4.1, Shear failure of the natural ground

4.1.1. A failure of this type took place in a length of auhout
100 16 on the Ranihati-Harishdadpur-Amta road in the district of
Howrah in March 1960, Photo 1. The road constructed ahout two
years back was behaving well, the land slide took place suddenly
causing a settlement of about four feet in half of the width of the
road for a length of about 100 ft. This half of the road was
originally a part of a pond which was partially filled up by soil of
fairly good quality to construct the embankment, The natural soil
in the bottom and sides of the pond was, however, of clayey type
(L.L. = 43.5 per cent; P.I. = 23 per cent). The shearing resis-
tance of this clayey soil was originally just sufficient to withstand
the stress developed by the weight of the embankment. Water from
the adjacent pond was pumped out almost completely by the owner
of the pond a few days before the slide occurred. This caused down-
ward capillary pull in the soil below the embankment which resulted
in additional stress on the clayey soil which was still saturated.
The factor of safety was thus lowered below unity and a land slide

occurred all of a sudden pulling down with it half of the width of the
Pavement,

41.2. When the water in the pond dries up slowly due to
natural evaporation, the level of water goes down slowly and the
soil below the embankment gets time to slowly loose moisture content
and thereby gain in shear strength., So failure had not taken place
previously due to such drying up of the water. In the case of
pumping out of water, however, the soil had no time to gain in
shear strength. As a result of the shear failure of the soil below th_e
embankment there occurred a significant upheaval of the soft soil
about the centre of the pond.

4.1.3. As the failure of the road was apparently due to the
pumping out of water, the most essential step to be taken to
prevent occurrence of any such failure is never to allow any such
pumping. The remaining part of the pond should better be ﬁl.led
up. If, however, this be not possible due to acquisition difficulties,
the alternative remedy would be to drive piles deep enough to take
them below the zone of active pressure distribution and close enough
to withstand the horizontal thrust of the soil.

9
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4.2, Subgrade failures

+.2.1. Berai bridge approach road (Dt. Bankura) : 'The western
approach road to the Beral bridge, constructed on hish cnihmnlunvni'
a few yeurs back had been damaged very lmdfy ‘ ()l‘l-—“l(‘-%v)(l}:
investigation disclosed that the main cause of d‘nn'u‘fc W‘H‘ ".Mll‘
ment of the high cmbankment consisting of (-,l:»\(fov( Zt;il ‘lviot'\(i'u,l?-
compacted before laying the pavement. The damagoe w"w DYUTAV: tcﬁ
by the penetration of boulder solings into the @ofbt/ S 1(1 l(rl"mT-‘L ‘Ll r
heavy traffic.  Undisturbed samples of soif ;Jvcl'c ‘ lw)]hllbz t‘l u;:'(ofn
'b'e]ow the subgrade and were subjected to detailed fal (/: Lf tests
Table 1. From the data the desived densit 1)‘ )Oifld" . (\bl\’
subgrade can be calowlated! by the formulemv Y Pa) for o stable

Dy = 1"66(1)1) - DL)+])L

= Jop 112 = 76) + 76

I

105 b per cu. ft.

wlere, UR = compaction ratio = 53 4 l)r’ = T7.0
3.9 '
Dy = maximum density attainable
by Texas Highway Dept.
compaction (' D —83) = 112 1b per cu. ft

Dy = loosest density
B SR x 62.5 19 x 62.5
= LIL-SL = 448
| LL=5. , 8150
T gy XSE L4 x 19

= 76 1b per cu, ft.

4.2.2. The test vesults indicate that the suber ‘ ade
clay whose natural moisture content, even in Stlli;%?;}ix:‘(‘inm? (11;1! of
was above the plastic limit. The dry-density of thel qolil (?02 »’ul%,}’
per cu. ft.) was lower than the desired dry-density of 105 lb‘d )
cu. ft. for a stable subgrade indicating that the subgrade w Pot
adequately compacted. According to the (BR 'valﬁe of 13v}V1aS n;)t
grade, the pavement thickness required for the volume of t (fa’ﬁ?u :
the road was about 15 in., whercas the thickness actuall o (:dog
was 10 to 11 in.  This cxplained the cause of penet ty ey
boulder solings into the subgrade. : ration of the
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Tasre 1

Results of tests on samples of subgrade soil from
Berai bridge approach road

o

23

10,

11.
12,

Location of sample

Height of embankment

Existing crust at the location of
spmpling

Natural moisture econtent of
subgrade soil (in May 1960)

Natural dry-density of subgrade
soil

Liguid limit

Plastic limit

Shrinkago limit

Plasticity index

Material retained on 200 mesh
(B.8.))

Type of soil

Direct shear test cohesion
angle of internal friction

CBR value after 4 days complete
immersion in water

Moisture content after 4 days
immersion in water

Lineal shrinkage

Shrinkage ratio

Damaged portion of Bankura
side approach

6 ft

Ahout 6 in. boulder soling,
about 2 in, compacted late-
rite and few scattered stone
metals (originally there was
about 2 in. compacted stone
metalling and surface paint-
ing which was damaged
and lost)

20.3 per ecent
1.64 gmsje.c. {1025 Th peren. ft.)

44.8 per cent
17.6 per cent
13.0 per cent
27.2 per cent
14 per cont:

Aqee (P. R AL
¢. 1. (Casagrande)

6 th per 8q. in.
120

4.3 per cent

23.1 per cent
13.2 per cent

1.9

subgrade and replace by sandy soil (
avatlable sand from the river bed) well compac (
moisture content and reconstruct the road providing

4.2.3. Construction of embankment with such clayey soil
should have been avoided and the embankment should have been
rolled in layers to facilitate satisfactory consolidation. The remedy
at this stage would be to remove at least a foot depth of the clayey

pavement thickness,

or soil stabilised with

locally
ted under controlled
adequate
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4.2.4, Baruipur-Uttarbhag-Canning road : miles  of
this road, towards the Canning end, pass through low-lying areas
subjected to flooding. Due to the proximity of the Bay of Bengal,
salinity of the soil is also a factor to be " considered. The type
of the soil is clayey. All these factors combine to male road failure
& very common phenomenon. An investigation wag undertaken to

ascertain the causes of the road damages and to suggest suitable
remedial measures. .

Several

A badly damaged portion (in 14
unaffected portion (in 9/2 miles),
cutting suitable strip
seen from the section
subgrade and not du
erust,

/5 miles),
Fig. 2, were opened out hy
across whole width of the road. Tt iy clearly
of the profile that the failure was due to weak
e to any weaknoss in the materials used in the

Brick Epaing.

Dousre Brick Fuar Soumme (")

Juama.(s7)
\ \Snm € @)

Section Turouch UnpAMAGeD PorTiom O Roso.
(9 Mice 2 Furiong OF Baruirur-Uyras

_Fia. 2.

BUAG - CANNING Ron!)

N

4.2.5. Undisturbed samples of subgrade gojl both from the
damaged and undamaged portions of the road were collected and
subjected to laboratory tests as shown in Table 2, 1t appears from
the results that the subgrade failure might be due to the combined

~effects of (a) relatively more clayey nature of the soil, (b)
moisture content, (c) higher expandin
water, all of which lead +o lower the CBR value.

soluble-salt content was also thought to be one of the causes of the
damage to the road.

426, It is seen from the CBR valueg of the
even for a traffic intensity of 15 to 45 vehicle

subgrade that,
day, the pavement thickness in the (

8, exceeding 3 tons per
amaged  portion ghonld

Fig. 1, and an

TABLE 2

i ing Road
Results of tests on samples of subgrade soil from Baruipur-Uttarbhag—Canning

Samples collected on 26-2-60

73

RoAD FAILURES
- e
+ :-‘
';,E Surqom E-E 2 gg
£% wems [ 28§ g
I n B E—
[ -~
w 5 ,_‘
B8 |sueruoo Q8% g’,&g
2.5 lerngsroly | N A § R
mEs| | o
Q oy o Q u =]
SET| e | g3 28§
°© ad | T Res
= _ o
e
[ ° 5
Ttos jo ed4j, ) “
< i
-
+ o = 2]
w543 24
~u0d 9188 o[gNiog 3
B — i
ysow 0% uo 51750% _g
pewiBlel [BIIONB]Y | Lz
—————— - AR -l
xoput fpontenry | N | =
]
yrung prabry | 3 o B S
S - ~ s
E 8 Ep 3 ==
1108 oy} Jo L918 uocé;_‘i.“-: Q3 g
-uop £Lap [einjeN | & °R g T = O
o = 7
-~
) 1<
09-3-93 uo s -8
[ios  epwvadqns &5 &7
81 JO Juequod B g
0INYSIOW [BINGBN i -
A - 2
(09-2-95 4; B § gag’gg
U0  pealos Q,ﬁgg,}: QS‘”&E
-qo s8) o[qus} '33"-’,8 (- <~a%~3
-1098M Jo yjpde(y @ . —
1
: 2 8 $5y
g3 = @ g&g
%3 Fw g2 Hek
%3 A 88 3§ g.3 .
@ B 2= o8& o584 3
~%8 8§ 58 T8 Tae [ g
& Py -~
g § g gg R 35 A T3
80'R AT ®o ®mod
58 e g £
- B +
juswyuBq = 4
~we jo 1ydey | e«
St A i - 9 =
. ST e -]
Bt.SsaEan %
e ; ey
b 0= R ]
peox jo wonrpuoy | & 8 & S5 gfg S £
SETRRESES | g
A -STSE8
— = ¥
§ s
unigenor =

14 mile
5 fur-

9 mile
2 fur-




74 GUPTA AND DE on

have been 14 in. and that in the unaffected portion about 11} in, As

only 11 in. of pavement has been provided, failure had taken place
in the weak subgrade areas.

4.2.7. The CBR values of thig type of soil can generally be
improved by stabilisation with lime. The results in Table 3 indj.
cate that the CBR values under saturation can be increased to
about 17.7 per cent with only 3 per cent lime and to ahout 29 5Aper
cent with 5 per cent lime, the dry densitios remaining nearly the
same as the natural dry-density of the existing subgrade. '

Tasre 3

Results of stabilization with lime

Per cent of ' Dry density to
Sample from lime used | which

CBR values after
2 days air~drying and
4 days immersion in

{per cent) compacted water
S w1 per cent)
14 mile 5 fur- 3 I 100 1b per cu. ft. | 177

|
|
long © Baruipur- ( (1.6 gm per ac.) |
Uf,ta,rbhag-[
Canning Road }
1 1
’ s 100 Ib per cu. ft. 29.3
[ (1.6 gm per c.c.)

Do.

4.2.8. It was suggested that in the damaged portions the
pavement be removed and at least 6 in. (compacted) layer of the
subgrade stabilised with 5 per cent lime laid on which crust be laid
as before. The crust thickness could even be reduced to 8 in by
increasing the thickness of the lime stabilised base to 9in. (compa.cte'd
in 2 layers). The detail procedure for the lime stabilisation jg giv(;n
in Appendix 1. '

4.2.9. Several other cases of rosd failures
grade were studied by the Authors and described elsgxle;egz gg‘:li Sll;).
reference, some salient data on thege studies are given in A eai(‘)j
2. Typical view of subgrade failures are i Photos 2 and 3 ppIetn( -
be seen from these data that the subgrades were of hi hl ] can
clayey soils with low CBR value and that the thiekneq§ ofyﬂp a«_s;ilc
pavements provided was less than thicknesy required f 0‘1'. t(.)Xl le
traflic conditions, and that no gspecig] treatment to | Particulay
subgrades was given before the Pavements were lajig umprove the

-F
o
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3. SUGGESTED MEASURES AGAINST
POSSIBLE ROAD FAILURES

9.1.  Several remedial measures for the treatment of _road
failures have already been described for individual types gf f.iulurcs.
However, it is necessary to adopt measures during designing and
construction of a road so that failure may be avoided. Such
neasures are described in the following paras.

5.2. A preliminary soil survey along the proposed alignment
of a new road is necessary. This should furnish information about
(i) the nature of soil strata within the zone of effective pressure of
the embankment, (ii) cases of water-logging, (iii) depth and seasonal
variation of water table, (iv) sources of usable embankment material,
cte.

5.3. An embankment should be compacted with specified
moisture content and should attain the specified dry density. _In
constructing a highway fill satisfactorily some amount of mechanisa-
tion along with engagement of manual labour, for providing greater
cmployment, is necessary in our country.

5.4. A suggested method is to dig earth from borrow pits and
throw them in layers in the embankments by manual labour and
simultaneously compact the same under optimum moisture content
by mechanised method.

9.5. The use of highly clayey soil should be avoided as far as
possible for high embankments. Where the use of shrinkable soils
(c.g., black-cotton soil) is unavoidable, the embankment should be
as low as possible consistent with the requirements of drainage.

5.6. A proper design of the pavement thickness consistent
with the expected traffic intensity and the worst subgrade com.ilt}on
is the essential prerequisite of a road project. = If _the e;ustmg
subgrade be very poor requiring an uneconomically high thickness
of pavement, some method of improving the subgrade should be
adopted. These methods are :

(i) Stabilisation of the subgrade by lime, sand, cement,
etc., or a combination of two or more of these stabi-
lising agents,

(ii) Provision of sufficient drainage so that the subgrade
may have no chance for saturation.

(iii) Provision of bituminous sealing at a convenijent depth
of the subgrade by removing the soil and recompacting
the same on the bituminous treated layer.
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(iv) Provision of impermeable thin film (e.g., Alkatheno
film) to kecp off the water from the subgrade.

2.7, Various other methods of subgrade surface treatments
had been tried with success in other countries. Some of the methods
a3 adopted in West Bengal have been deseribed in the Authors’

Paper published in the Journal of LR.C, Vol. XXIV—Part 1
October, 1959, ’
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Appendix 1

Procedure for Soil Stabilisation with Lime

The following specifications are tentatively sqgges‘oed forf 1(})111
stabilisation with lime The central width (2 {t in excess o 3
intended width of stabilisation) of the subgrade is to be looseng -
upto a depth equal to the proposed depth of lime treatmept bly
harrow discs, country plough, kodalies or any other suita de
means. The loosc carth is to be stacked on both sides of the road.
The box-cut bed is to be rolled hard to proper grade and camber
with sprinkling of water, if necessary.

About half the calculated quantity of lime required is to be
mixed with water and the mixture is to be sprinkled on the dug
out carth. (are should be taken to see that the moisture content of
the treated soil does not exceed its optimum moisture content. The
lime-water is to be worked into the soil lumps by turning the stack
with kodalies and the stack left for a couple of days. When fairly
dry the soil lumps are to be broken and pulyensed yv1th wooden
mallets to size not bigger than } in. The pulverised soil may now
be spread on the subgrade uniformly.

The remaining half of the calculated quantity of lime (in (llxliy
powdered form) is to be spread on the loose soil and thoroughly
mixed dry with kodali or rotovator.

The moisture content of the soil-lime mix is to be determined at
this stage and additional water required to reach the optimum
moisture content of soil-lime mix (determined, before hand, by
proctor’s method) is to be sprinkled uniformly. The wet soil is to
be mixed thoroughly again and left over night.

Next morning, the moisture content of thq migr is to be deters
mined and additional water if required to maintain the O.M.C. is
mixed up again, The mix is to be spread to proper grade and
camber and rolled with 8-ton -power roller till the desired density
(as determined before by Proctor’s test) is attained. Prelimihary
rolling by 3 to 4 ton loaded truck before the use of heavy roller
may be advantageous.

After the final rolling, the density and moisture content of the
compacted layer is to be measured by sand-density method for
every day’s work. The data should be recorded in standard charts.

© After the rolling of the first layer, the subsequent layers, if
any, may be compacted in the same manner.

10
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Note :

(1) The lime to be used must be fresh]
. 1 L _ y slaked “ Hydr
ifme l which is a dry white powder oObtained by treatin}; (iﬁfgl(:
ime ( umps) with enough water to satisfy its chemical a,ﬁi;it for
water under the conditions of its hydration. Tt should be in ﬁynely

(2) A field laboratory must b i
conducting the following tes{s : 1% e St up ab the site of work for

(1) Moistu e content,.

(2) Procter’s moisture density rolati i
roc at y
mining O.M.C. and Proctor’g’ densit)lr())nShlp (for - deter-

(3) Field density by sand density method

CRR tests may also be conducted). (1 poasible, fleld

Appendix 2

Data on Some Typical Subgrade Failures

(i) 56th and 57th mile of Grand Trunk Road (Dt. Burdwan)
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“STRENGTHENING THE SUBGRADES AND
FLEXIBLE BASES OF ROADS BY THE
USE OF HYDRATED LIME ”

By
R. N. Dogra*, 1. 8. UppaLt & P. N. VASUDEVA?

(In pursuance of the decision of the Research Organization Committee,
the Paper received was referred to three referees for advice on its suita-
bility for publication. The comments received were sent to the Authors
for their reply. The Paper along with the comments and the reply of the
Authors thereto are now published for the information of members.]
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1. INTRODUCTION

1.1. During the last few years, it has been observed, that a
large number of roads particularly those situated in waterlogged
arcas have failed due to heavy sottlement of the base and disintegra-
tion of the crust. The investigations carried out by various Road

Yescarch Laboratories so far have revealed that the failure of such
roads is generally due to the subgrade failure. Tt has also been
observed that such failures are directly related to the height of water
table and the clayeyness of the subgrade s0il and that in areas with
higher water table the settlement and deterioration of the roads is
generaly greater. The maintenance of such existing roads and also
the construction of new roads in waterlogged areas have, therefore,
become big problems for the Highway Engineers,

1.2. Apparently the remedy for the protection of such roads
aguninst the detrimental effects of high water table, is to completely
cut off the capillary rise of water from below and from the sides, and
keep the road crust almost dry to a sufficient depth. Even in that
case, it iy necessary to properly design the thickness of the road

crust, keeping in view the high water-table, traffic intensity, nature
of subgrade soil and climatic conditions.

1.3.  Various waterproofing treatments for this type of work
have been suggested by different workers,

e t One of these is to
spray’ bitumen primer at the rate of 40 1b per 100 8q. ft. below the
sub-base, while another? suggestion is, that the requisite quantity of
bitumen cutback be thoroughly mixe

d in a properly graded soil whic
should then be compacted in 1 to 1} inch tlll)ickplay);rgon the subg?;dl;
below the sub-base course. Both these treatments are very expen-
sive, in addition, such waterproofing treatment being of organic
nature dnd buried, is liable to decay in due course. Also
due to its continuous contact wit wet soil around, the moisture is
likely to- penetrate through the waterproof layer and in due course
attain an equilibrium with the mojs

1in an eq ium ture of the surrounding subgrade,
which is fairly .hlgh In waterlogged arcas. Such g treatment, %ilere-
fore, besides being Very expensive, might not be a Permanent solution

for protecting the road from the detrimental effecty of water, and
more economical and durable treatment with which the strength of
the wet subgrade could be improved was needed. It was, therefore,

considered necessary to find out cheaper methods of improving the
s}lb-base to take the desired traffic loads even under satuf‘)a,ted cgondi-
tions. One such method of improving it is to add some inorg,

chemjcal admixture in the soj ﬁ

nic
used for the construction of th
and the sub-base courses of the road. o hase

1.4. Some work has alread

the use of coment > aad y been done in thig Laboratory on

admixtures for stabilisation of soils

]
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and it has been found, that addition of both thege maignal:f 1;(:&1;}5
soil considerably improves its resistance to softening ac 15onhaS ator
and reduces volumetric shrinkage. Lime stabilisation pas been
successfully employed in America for the last 1§ yealrs. oi%; Qs
covered that the lime was eflective generally with ¢ ayey; ' and
the addition of small quantity (2 to 5 per cent) cm}seﬁ suc_ls e
reduction in plasticity that they behaved like fria et s(;lm o
experience in that country shows that the lime treale 8 ctions
of the roads and landing strips exhibited remarkably inc
durability compared to the untreated sections.

1.5. The Labhoratory investigations® madg .by fA2 &Io;gztll‘
Johnson at Purdue University also show, that addition o 2 i\lr)en
cent lime increases the penctration resistance of the soﬂi at a lg ver
moisture condition and the addition of lime to natura gr&vg Sring
gravel binder mixes lead to increase in the CBR values or bea
capacity,

H 7
1.6. Recently some work had also been done in t%hgl %chE'ttIon
to see the effect of lime on the engineermg propertl_es o o aim ottor
80il and they found that the addition‘of lime con%xg%av {ue Pof T
the bearing capacity, determined in terms of alue,
black cotton soil under saturated conditions.

9. OBJECT OF THE STUDY

As the Punjab is also facing serious problefm of, flzl;\&:e ;)lf
roads and their repairs, and the construction o tlllx(zawLaboméory
waterlogged areas, investigations were u_ndertaken i:il L toaly
to see how far the use of lime admixture fCO.Ltl ime ectivey
employed as a permanent remedy. In view 0h ld ] ?or I:l eterln;ining
of handling and being reliable, the CBR metlo o e s
the bearing capacity of the soils was followe
investigations.

3. GENERAL PROCEDURE

3.1. The laboratory study was first coil)dut}:;a)d a,::(liﬂt:hg e?ecéz
different types of soils generally mfmla;ble in 1 unjuch o5 extont Of
of lime on their various engineering properties s ressive strongth.
compaction (determined by measuring density), com%er iry and wet
registance to softening action of water, Stablh%’Runalue o dted.
conditions and bearing capacity in terms of CBR v Tt with regards
As the addition of lime showed very iavourable r{esu&tm&1 silty and
t0 the inorease in bearing capacity, a number o na.terlo ot arons
clayey soils from below different roads situated 11131 Izvva.lue %ot Xy
were obtained and the effect of lime on their C .

11
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penetration under saturated conditions was studied in  the
laboratory. Results of all these investigations are presented in
this Paper. Kreshly slaked lime way used, as it is most convenient
to handle. This was first mixed dry with soil, the mixture was
then moistened with requisite quantity of water (optimuin ag
determincd separately for each mixture) for compaction. Specimen
1.)1091\5 for the determination of density, compressive strength and
resistance to softening action of water were prepared as usual in the
modified Abbot’s compaction apparatus®, .

3.2. The soils selected for the various laborator s
the following characteristics ratory tests had

S. No. ‘Type of soll L.L. PI. S.C.
1 Sandy loain 10.8 5.3 56.7
2 Loam 251 9.2 35.5
3 Silty loam 28.6 10.2 14.3
4 Silty clayey soil 37.2 16.8 10.5

3.3, The density of the specimen blocks was i
usual by mercury displacement IEethod while comp1~es§§$eer1§‘olrl‘lcai(ll &g
was tested by means of Laboratory Carver Press. In orderg:
determine the resistance to softening action of wate'r blocks w '(?
immersed under water and their time of disinteg’ration te:ib
In the case of blocks which did not disintegrate for 24 h, urs. :
more, pet cent loss in their weight was determined aftep dr iy
.welghlng t}mm. The results of these tests given in Table 1 S'}}'lmg s;lnd
the addition of increasing proportions of lime genemll‘ 0“(,11; "
‘ghe densx‘;y ‘;f all the soils and this cflect wag more p¥oxf§ugggg
in case of clayey aud silty soils than in soils o ini i
proportions qf sand. Similarly the addition ozﬁiiilec?élri;:xf:lllng 1211gher
!;he compressive strength of the clayey and silty soiél,s Tl; : fle u(}ed
In compressive strength of the soil hlocks conﬁnin'e o Egt;}on
quantltxes_of sand was not appreciable. Howover, the H:i%i't' v
lime eons_xder&bly Improved the resistance of al’l t . fl oils of
t_he sof’cenmg action of water, and the addition of 2yI;;eS ?’, ol o
lime, by weight of soil, was found quite sufficient tg mgizcz}?:

blocks remain stable, :
, and not show anv gj s

g igns i
when immersed under water for a few d:l,yqy #igns of disintegration

4. STABILITY TEST

4.1. TFor this test 4 in. diy i
: ~dia., 1 in. s 1 .
wors propared b Sompuction i ok g,
static loa'd in 4 specmll mould, The locks were a.l’l d per gq. in,
for a period of a fortnight as usual ang then tlested foo\:e sti%iﬁ;tlg;
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using an indentation test similar to the Hubbard Field Stability
Test for Bituminous Carpets. For this purpose, an apparatus
consisting of a 4 in. high cylindrical mould open on both sides and
having 4} in. inside diameter with } in. alround projection on the
inner side near tho bottom to support the specimen was used. The
block was placed in this mould resting on the projection and load
applied by means of a loading frame of the CBR apparatus through
a plunger having about 1 sq. in. surface area. The load at which
the block failed was noted.

4.2. The stability results in Ib per sq. in. both in wet and dry
condition of the blocks are shown in columns 5 and 6 of Table 1 and
graphically represented in Fig. 1. They show that the stability of
the resultant blocks in dry condition generally decreased with the
addition of lime while in the wet condition, it steadily increased
with the increasing quantities of lime.

DRY WET
TGaJ
o 1. Sandy Loam
g o 2. TLoam Soail
. 3. Clayey Soil
g se0 4. Silty Soil
&
[«
x 400
[
)
E 300
wl
)
< 20Q ’
g oA
’ ‘/K//« 2
" T R
L%
© 1 2 3 4 5 6 2 T 2 s e 7 6 7
FER CENT LIME PER CENT LIME

Tig. 1
5. EFFECT OF LIME ON THE BEARING CAPACITY AS
: DETERMINED IN TERMS OF CBR

8L ’I.‘he la.borp.tory method for determining the CBR of
different soils and soil-lime mixtures was followed during this study,
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TaBLE: 1
Por- . Stability | Time of dis-
Soil type “‘;’im&’“ é)':“;S/“'." } mt;-glr;‘;;t'h thfsa.bn i(%f?gr)mon
8. oo v m, or
_ © (Ib/sq. in. !
ased | (1h/sq. in.) Dry Wet “c}))serf:ontngc
R | e loss in weight
Sandy 0 2.03 756 283 — 14 Mi
LL. 198 1 2.0 690 — 15 -
) - 2,
P.I. 5.3 2 2.01 485 136 36 18
8.C. 569 3 2.0 768 144 48 6 p,o'l cont
' eon
4 2.0 804 184 48 12
2 - - 200 52 —_
6 - — 192 59 -
Loam 0 2.04 1,056 542 _ 25 Mi
L.L. 251 1 2.05 1,188 487 1 -
J— 00 .
PI 9.2 2 2.03 1,116 480 88 2.5 per cont
$.0. 3.3 3 2.03 996 480 129 0‘3
4 1.95 972 460 132 . ——,.
5 —
) - 466 144 —_
_ —_ 466 160 —_
Clayey 0 1.04 1,675 672 — 30 Mi
LL. 372 2 1.82 1,300 495 43 -
PI. 168 3 1.79 1,233 482 74 _
S0 105 4 177 1,300 436 134 _
5 1.76 1,150 504 139 _
6 175 1,125 614 175
7 1.74 1,066 540 168
Silty 0 1.90 1,041 600 25 M
) - 5 Min.
LL. 28.6 2 1.82 312 288 79 30 "
PL 102 3 1.80 375 02 96 7osm
8.C. 143 4 1.79 292 314 96 o
5 178 364 336 06 _
6 1.77 323 336 06 B
7 1.77 417 24 108 _
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The soil-lime mixture was moulded in the standard CBR moulds to
the desired density using requisite quantity of moisture (optimum
moisture) for proper compaction. Load was applied by means of
loading frame at standard rate of 0.05 in. per minute and readings
of load at increments of 0.1 in. penetration upto 0.5 in. were taken,
the surface arca of the phinger being 3 sq. in. CBR value at 0.1 in.
penetration immediately after moulding at optimum moisture and
after saturation for 4 days by immersing the moulds under water
was determined. In case of soil-lime mixture, the requisite
quantity of freshly slaked lime was first well mixed in the dry
soil before adding moisture.

5.2. Kffect of increasing quantities of lime on the CBR value
of three types of soils, viz., sandy, graded and silty was studied. In
the first instance the soils were compacted in  the ('BR moulds at
optimum moisture to the maximum density by applying static load
through a 100-ton compression machine. The results are indicated
in Table 2. The optimum moisture at which the goil was com-
pacted, the saturation moisture obtained after immersion for four
days and maximum dry density in Ib per cu. ft. are also shown in this
Tgble along with CBR values. The results are graphically given in
Fig. 2. They show that CBR of all the three soils at optimum

Or'1, MOTSTURE A, Sandy Loam SATURATION

B. Loam Soil MOISTURE
{00 C. Silty Soil

PRE CENT CBR (AT 0.1” PENETRATION)
-

o 1 2 3 4 §

PER CENT LIME BY WEIGHT
Fig, 2
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TaBLE 2
‘ !Maximum (‘J(‘)}‘)'lRmnt | Mgifstz;re gflifr
Sofl type. PRI o, | drydon | penotm. S| altor
Ih/eu.ft. O.M, |Saturation, saturation.
{ (Per cont) Per cent | Per cent
Sandy 0 3 128.5 48,5 12.3 18.5
L. 20.3  0.25 9.2 128.5 66.8 11.0 35.1
I 5.0 03 9.7 127.7 66.8 10.2 4].8
Per cent.
S0 660 1 9.8 126.3 74.3 10.3 54.3
2 0.8 125.5 86.8 11.1 75.1
3 9.8 124.8 92.6 11.8 74.3
4 10 124.7 88.5 116 69.3
5 10.2 1241 86.0 11.7 69,3
Loam 0 10.5 1239 20.5 14.3 7.8
L.L 244  0.25 10.5 123.3 25.1 14,9 10.4
P.I. 9.0 5 10.5 123.3 32.6 4.0 21.0
Peé'.gfant%() 1 10.5 123.3 42.6 12,7 41.0
2 10.8 120.8 51.0 12,5 47.6
3 11.8 120.8 54,3 4.5 44.3
4 12.4 119.0 40.3 14.3 45.1
5 124 119.0 47.68 13.9 47.6
Silty
Clayey 0 12.1 «19.6 28.0 22.6 0
L.L. 375 0.2, 12,4 1175 28.5 21.6
P.1. 16.5 0.5 13.2 116.0 27.6 20,2 5.6
Per cent )
8.C. 1.0 1 13.4 115.0 27.6 19.1 128
2 15.0 1141 36.8 18.3 22,6
3 15.0 112.5 44,3 18.2 26.8
4 16.0 111.3 38.5 19.1 32.6
bt 16.4 109.7 37.6 19.0 34.3
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" inte 3 per cent
moisture improved steadily with the addition of l(llmz Ul(’lté’cgeﬂie the
and further increase in the lime proportion tcnd‘er R 0 adue of silty
CBR. In the case of saturated samples, (J,?,tie;f (:)f )lime upto
soil steadily improved with the increasing .qm}gl i s,maximllm Sk
5 per cent, while in the casc of other two soils, 1 wa ture) conditions.
2 to 3 per cent lime as in their dry (optimum ";‘f)tl.“ of even 1 per
In the case of sandy and graded soils, the ;Llik i rw?f o TS ol
cent lime increased the CBR valuc from 18 to );l]ini elr quaﬁtity of
respectively, while in the case of silty clayey “‘;‘ b(:'iﬁ(; up the CBR
lime (at least 2 per cent) was found necessary to g

value to a desired figure of about 20.

NT OF THE
6. INFLUENCE OF SAND CONTENT OF SOIL ON
EFFECT OF LIME ON ITS GBR

6.1. The above observations indicated, that the tsg;l f;;c::rtﬁg
sand content responded better to the lime ti‘eat'mer;nother set of
bearing capacity was concerned. Accordingly fm il with varying
eXperiments, the effect of lime on the same type o So'llt; clayey soil
sand contents was studied. For this purpose the si }ll)ienged with
of 16.5 P.I. and 11 per cent original sand content ‘fia{fluﬂ and after
different quantities of sand of 1.17 fineness ‘mo b'e(;ted to CBR
moulding at 1.8 density with optimum moisture SufJ lime. The
test as before with and without the addltlpnt}(-) case even the
results are given in Table 3, which shov.v that in lll'sme admixturo,
addition of equal quantity of sand, without a,nydxl saturated con-
did not at all improve the CBR value of the SOllcllf;leI;ralue decreased
ditions, while at the optimum moisture 0()ntent>‘ ddition of 1and 2
with increasing proportions of .s%md. The‘ addi inoreased the
per cent lime to the various soil-sand mlxtur‘esl, ost the same
CBR value considerably, but the ﬁgure was gms i rrespective
under saturated conditions for all the soil-sand H;‘x(g 1:646 and 50 : 50
of their sand content, except in the case o 1)1 -or OBR. OBR
mixtures containing 2 per cent lime which showe(f t}ci::ame or’del‘ as
of mixtures at optimumn moisture content _was of e b once duo 50
that without lime, though the figure was higher in e
the presence of lime.

d was
nsidering that, probably the type of sgand‘ use

too ﬁ(iiz'toci(:nprove tlgle CBR \?alue of the resultant mlxt:ilne, a;t;:thsg:
set of experiments was conducted on the same lu}es (;1 efe el
sand of 1.8 fineness modulus, but the results obtaine wv'ement o
to those obtained with finer sand and there was no unprct)1 pment in
CBR value by increase in sand content as can be see !
results given in Table 4.
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TasrLe 3

Type of soil used = Silty clay
.M. of sand =1.17

Density of
moulded sample = 1.8

Soi l' N Oéj)lni:.b ) Moisture CBR 1 Moisture
oq: sand | lorc.cptdge | penotration afb0r4t.1ays afte1~4d'ays sontent,
mixture i of lime “1 at O.M. s&}gum‘tmn. saturation, f,grl (,::mt
l ' Por cont er cent Per cent
100: 0 0 16 24 0 121
80: 20 0 12.8 22.5 »s
70 : 30 0 11.2 22 0 ’
60 : 40 0 9.6 21 0 ’s
50 : 50 0 8.0 20.5 0 .
100 : 0 1 28.5 20.7 15.6 ”
80 : 20 1 25.1 17.2 16.8 »
70 : 30 1 23.5 16.6 13.6 .
60 : 40 i 226 17.4 144 '
50 : 50 1 19.3 15.2 15.6 .
100: 0 2 36.8 18.3 226 15
80 : 20 2 28.0 17.4 21.0 15
70: 30 2 24.3 16.2 21.8 ’e
60 : 40 2 21.8 16.4 18.0 '
50 : 50 2 16.8 16.2 15.2 .
6.3. However, when the same soil-lime mixtures

. X were
compacted to the highest density at optimum moisture content
determined separately for each mixture, their CBR value steadil
increased with the increasing quantities ' y

of sand as would be
seen
from Table 5. There was also more appreciable improvement in

CBR value of such mixtures with the addition of lime Fig. 3
¥ . .

§rRENGTHENING THE SUBGRADES & ILEXIBLE DASES -
TABLE 4
d = 1.8
Moisture = 15.0 per cent F.M. of sand use
iature

cerat | ol | g

: Percentage din, fror 4 days Yion.

Soil type \ of limo penotration. {Lat?uratiox{. Sf;f:;‘zz;og‘

‘ Por cent Per cent
Silty clay :
sand Y 0 144 20.0 2.4
80 :20

80 : 20 1 26.8 18.5 18.5
70 : 30 1 24.3 17.7 18.8
80 : 40 1 19.3 16.0 12.8
50 : 30 1 19.3 139 16.0
80 : 20 2 28.5 17.1 22.2
70+ 30 2 21.0 18.2 185
60: 40 2 16.4 19.5 14.8
50 : 50 2 12.8 20.7 12.8

=)
£ 60
= .
2] S 2¥ lime
Q %0
2. lime
E 40
(2

0
% 2 limue
&)
5 20 lime
é .
g 10 lime
B o
e 20 30 a0 50
PER CENT SAND IN SOIL-SAND MIXTURE

Fig. 3

12
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“ TaBLE 4
Tasre 3 4=18
. F.M. of sand used = 1.
Typo of soil used = Silty clay Moisture = 15.0 per cont
F.M. of sand =117 CBR ab Moisture CBR after
Donsity of P . (J)-l in“ c(mte(rilt 4 days
moulded sampls = 1.8 . ercentage . '. after 4 days aturation.
Soil type | " of lime P%n"t'mﬂon' saturation. isPer cent
‘ CBR at ; er co \ Per vent -
l 0.1 il"l Moisture CBR Moisture ¥ [— ,(’,,_,_,M*,‘,” e T T T T
Soil: sand | Pcrcont:»gcl oo |ofter 4days|after 4days|
. y . ' penetration o p content.
mixbure | of lime ab O.M. saturation, | saturation. Por cont Silty clay : 2.4
\ Por cent Por cont Per cent sand 0 144 20.0 ¥
N . _ - . e S 80 : 20
100: 0 ) 16 24 0 12.1 80 : 20 1 26.8 18.5 183
80 : 20 0 12.8 22,5 0 . 70 : 30 1 24.3 1.7 i8.8
. 12.8
70 : 30 0 11.2 22 0 . 60 : 40 1 19.3 16.0 2
.5 13.9 16.0
60 ¢ 40 0 9.6 21 0 . 50150 ! 19.8
50 : 50 0 8.0 20.5 0 . 80 : 20 ) 98.5 17.1 222
70 : 30 2 210 8.2 183
100 : 0 1 28.3 20,7 15.6 . 60 : 40 9 16.4 19.5 14.8
80 : 20 1 25.1 17.2 16.8 " 50+ 50 9 12.8 20,7 12.8
70 ;30 1 23.5 16.6 13.6 .
60 : 40 i 22,6 17.4 14.4 .
50 : 50 1 19.3 15.2 15.6 "
%)
100 : 0 2 36.5 18.3 23,6 15 5 60
B . lime
80 : 20 2 28.0 17.4 21.0 15 2 2%
o 50
. < ) 53 L]
70 : 30 2 243 16.2 21.8 . = lime
60 : 40 2 21.8 16.4 18.0 R % 40
50 : 50 2 16.8 3 - ~ °
0:5 6 16.2 152 . - lime
o (&
E = 40 lime
g 10 B
» - X 4 . . ) ) o me
6.3. prevu, ' when th same  soil-lime mixtures were o
compacted to the highest density at optimum moisture co 2 07
. . § ntent; &
determined separately for each mixtur

: : . . ture, their CBR value steadily o 20 30 a0 50
increased with the increasing quantities of sand as would be seen

from Table 5. There was also n Labl | | e R
a . ere was also more appreciable improvem i S
CBR value of such mixtures with the addition of lime,p Fig 3ent " -

12
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TaBLE 5
Sand used 1.17 F.M.
\ 1
' Percon.] Maximum| CBRat 0.1 | Moisture | CBR after
i {;:re ol O.M ‘ dry . penetra-| after 4 days| 4 days
! ligme | density vion Cft. |saturation. | saturation
i i Ibjeu. ft. | Moisture Per cent Per cont
| |
NN - 1 R " - e e —
Silty Clay: !
Sand “ ‘
80 : 20 — | 121 1 1197 | 204 19 3.0
70 : 30 — \ 113 | 1223 o 17.3 4.0
60:40 | — & 105 \ 125.5 27.1 15.3 6.4
50:50 | — 105 % 125.8 27.6 14.2 8.4
80:20 | 0.25 | 121 | 1203 22.6 17.3 5.6
70:30 | 0.25 116 | 1236 24,3 16.7 7.1
60:40 | 025 | 108 125.5 33.5 13.5 13.6
50:50 | 0.25 | 108 | 1251 33.5 12.5 16.0
- - 1 “H\>—ﬁ—~m—~_—-_
80:20 | 05 | 121 1214 - 276 15.8 104
70:30 | 0.5 | 114 1230 | 310 13.5 16.0
! i
60:40 | 0.5 11.0 1246 | 335 15.0 20.1
- | otaisd
50:50 | 0.5 | 1.0 | 1251 | 343 119 543
80:20 | 1 135 | 1164 24.3 170 | a2
70:30 | 1 12.5 % 119.2 31.0 155 26.4
|
60:40 | 1 12,0 | 12L7 39.3 13.0 39.3
{ * 36.8
50:50 | 1 11.1 1227 46.8 13 46.8
SRS R R N S * 410
80:20 | 2 13.6 117.2 36,0 16.4 93
70:30 | 2 12,6 118.6 38.0 14.1 39.3
60:40 | 2 12.0 121.2 41,0 12,2 * 543
e
50:50 | 2 11.4 1230 44,3 12,0 54.3
* 543

* Without surchage Wt,
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7. EFFECT OF LIME ON THE CBR VALUE OF SOIL MASS
AT LOWER DENSITIES

7.1. In the field, the desired maximum compaeylon is no(ila
always obtained partly on account of lack of proper equlpr?(:lnt airtl;
partly for want of proper supervision. Otherwise also ﬁpl(d gnsth%
is generally recommended at 95 per cent of that obtained In the
laboratory, It was, therefore, considered des%rable ’co'exalfn;h
whether addition of lime would improve the bearing capacity ot the
soil, if compacted only to 90 or 95 per cent of the ma?clllr]l.uné
density obtained in the laboratory. Accqrdmgly ;che SOI()O m:;r
mixtures were compacted to these densities, viz., 9(),. 95 and 1 tP
cent of the one obtained at optimum moisture in the labora t?try
and the CBR determined at moisture of compaction as Well. as a beir
saturation. The results on the three soils tested are shown in 'l;a e
6 and graphically represented in Fig. 4. It vyould be seen tl}11erel ro:}r;
that although CBR at 90 per cent density was muc . (iyv r
than at maximum density yet the addition of even 1 per cen gﬁn
to all the three soils onsiderably improved the bearing capacity.

Sandy Loam Soil Silty Soil Loam

A - 1009 Lab Densiiy

B-93% .

C-90%
=)
5
B~ &
z A
<)
=
P ‘: A )

: s
3] n
o 40 .
gg 20 s ¢ s °
O w
[ » 3

E 1_ a 3 [
g PER CENT LIME PER CENT LIME PER CENT LIME
o Fig. 4
= .

Whereas the CBR value of the wet silty clayey soil without
lime admixture was almost nil, it increased to about 12 per cent
when 1 per cent lime was added. Further addition of lime
at this density in this case, however, did not show any impro-
-vement in the CBR value. When the same soil was comgacted to
95 per cent of the maximum density, there was steady .1mprox.re};
ment with the increasing quantities of lime and CBR obtained wn‘-,
2 per cent lime was about 22, per cent i.e, almost the same as in
the case of 100 per cent maximum density.
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TABLE 6

Effect of lime on the CBR of low density stabilised soil work

' v OBR at Moisture

Por 0.1in, |contonts at) CBI after
il AN Dr . B tost timeo ays
ti’opfe c?rll'tage O.M. dc\nS%ty pé;rtl;efr(;alt}on after saturation,
of limo P Pr c.en;; saturation, | Per cent
‘ Per cent
100 per cent of Maximum Density.
Sand 0 8.5 1285 48.5 12.3 18.5
P.1.=5.0 1 9.8 126.3 74.2 10.3 54.3
sand 56.0
per cent 2 9.8 1255 86.8 1.1 75.1
3 9.8 124.8 92.6 11.8 74.3
95 per’ cent’ of Maximum Density.
0 8.5 122.075 32.2 15.2 4.8
1 9.8 119,985 41.3 12.4 39.3
2 9.8 119.225 53.5 15.2 45.1 Photo 1
3 0.8 118.56 61.0 16.4 50.6
90 per cent of Maximum Density,
0 8.5 115.65 18,9 15.3 2
1 9.8 113.67 23.6 13.3 21
2 9.8 112,95 28.5 21.8
3 9.8 112.32 31.0 16.9 21.8
160 per cent of Maximum Density,
Silty Clay 0 121  119.8 26.0 22.6 0
P.I.=16.5 13 115.0
Send 11.0 1 ~.4~ 3. 27.6 19.1 12,8
per cent 2 15.0 114.1 36.8 18.3 22.6
3 150 112.5 44.3 18.2 26.8
4 16.0 111.3 38.5 19.1 32.6
95 per cent of Maximum Density.
0 12.1 113.62 22.6 23.0 0
1 13.4 109.25 23.5 190 12,2
2 150 1084 28.0 10.0 21.8
3 15.0 106.875 28.5 20.3 25.1
4 16.0 105.7 310 20,7 25.1

(Contd. on Page 99) Photo 2
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TaBLE 6 (Contd.)

| .
Moisture
Per- 1 ‘ %BIR. at contents | CBR after
Soil :trn OM Dry | . .t ";ion at test time 4 days
type fff' 1.’ g0 e density !pe 1te VE)aM aftor saturation.
me i {;’l : f' saturation. | Per cent
( ‘ Fer cent Por cent
90 per cent of Maximum Density.
0 12.1 107.64 15.2 23.9 0
1 13.4 103.5 16.2 21.3 12
2 15.0 102.7 17.2 21.6 12.8
3 15.0 101.25 17.2 21.6 12.0
4 16.0 100.17 16.8 224 11.2

100 per cent of Maximum Density.
Graded soil

PI.=90 0 10.5 123.9 20.5 14.3 7.8
sand =35
percent 1 10.5 123.3 42,6 12.7 41.0
2 10.8 120.8 51.0 12.6 47.6
3 11.8 120.8 54.3 . 14,6 44,3
95 per cent of Maximum Density.
0 10.5 117.703 19.3 171 3.6
1 10.5 117,135 36.8 14.2 27.6
2 10.8 114.76 49.3 15.8 27.6
3 11.8 114.76 51.8 14.81 32,8
90 per cent of Maximum Density.
0 10.6 111.53 17.6 18.8 1.6
1 10.5 110.97 28.5 16.0 16.8
2 10.8 108.72 31.0 17.7 16.8
3 11.8 108.72 35.1 16.3 26.0

In the case of sandy soil even at 90 per cent of the maximum
density the addition of 1 per cent lime improved the CBR consi-
derably, viz., from 2 with Nil lime to 21 with admixture of 1 per
cent lime. Further addition of lime at this density did not show
any improvement as in the case of silty soil. At 95 per cent density
in this case, however, the addition of 1 per cent lime made very
‘marked improvement as the CBR was “increased from 4.8 to 40 in
the case of soil containing no admixture, CBR at this density:
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steadily incrcased with the increasing quantities of lime upto
3 per cent, Similar results were obtained in the case of loam soil.

8. CBR VALUE OF NATURAL SOIl. SAMPLES
FROM ROAD SITE

8.1. About 40 natural soils obtained from different roads in
waterlogged areas were also tested for their CBR value at saturation
moisture with and without the lime admixture. The specimens in
this case were moulded at 1.8 density. The results are given in

Table 7. Atterberg Limits of the soils used are also shown in this
Table.

8.2. The perusal of these results will show that except in the
cage of a couple of soils, the CBR generally improved from 0—2 per
cent to 14—30 per cent when only 1 per cent lime was added to any
soil.  Soils tested in this set of experiments were generally of silty

type with P.T, 10 to 17 per cent and sand content about 10 to 20 per
cent.

8.3. Some of the sandy loams tested in this s i
fair initial CBR (without lime), did not show any rgzr%v{g(llc?nihgxi
ment with 1 per cent lime as compared to silty soils. The addi%)ion of
.2 per cent lime further improved the CBR of all soils to a considera-
blewextent. Even soils of P.I. 26 to 27 and having sand content
about 6 per cent in CBR value improved from 2 to 21—80 per cent

when 1 per cent lime was added and with further additi
1 per cent lime, the CBR increased to 30—35. rer. addition — of

8.4. Ttis not always the case that soils wi .
content and low P.I. respond to lime treatment “l’ol:‘gce:'“%{ller‘\ Fm'lld
with low sand content and higher P.I. The individual Sm‘si
(a representative sample from particular stack) should, therefor s%l
always tested in the laboratory for det;ermihing t’he minie, ¢
percentage of lime required to improve its bearing capacit tmx:}rln
desired value, before applying this technique in thep ﬁel(}i, oThe
general conclusion drawn from these observations, howeyv . th :
the addition of 2 per cent freshly slaked lime in arfy soil iser, . 1?
sufficient to improve the CBR value of the saturated mag gfenerat hy
very poor to over 20 if the mixture is compacted well ag r‘i;n e
moisture. This figure is quite adequate for use in th 0%’ imum
of base courses of roads. e construction

9. EFFECT OF LIME ON THE GRA
IN
DISTRIBUTION OF SOILS S1ZE

9.1. 'The previous study (Loe. Cit o .
stabilisation showed that the plasticit Jon the use of lime in soil

v Y index of t :
goils generally decreased with the increasing quan}tl?t;::};?a;;f vsllllfl};
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in the case of sandy soilg, there was no appreciable effect of lime on
this value. These observations had also been confirmed by A, Morgan
Johnson (Loc. Cit) in his report. In the present study, the effect of
small addition of lime on the coagulation of clay particles of the
soil has been studied. The following four soils were accordingly,
analysed for their grain size distribution before and after admixture
with 1, 2 and 3 per cent lime.

L. Silty clayey soil with P.I. 165 — 3 .
2. Clayey soil with P.I. 22.0 e WY e A
3. Silty clay with P.1. 10.2 M\ ) A

: (ol
4. Loam with P.I. 9.0 ' Nb

The results given in Figs. 5 and 6 show that soil No. 1,
contained 60 per cent of fine particles below 015 mm. and all
of these were coagulated to a bigger size by addition of 2 per cent
lime. Soil No. 2 contained 75 per cent fine particles smaller than

X—X—X  Soil without lime admixture
0—0—0 Soil with 19 lime ”
A—A—A Soil with 20 limo

“/a

GRAIN SIZE—MM.

:oﬂ L4 ;«.

%o

PERCENTAGE.PASSING SU MMATION

PERCENTAGE PAS

GRAIN SIZE MM,
Fig. 5.

0.01 mm. and all of these coagulated to bigger size with addition of
2 per cent lime. - Similar were the results in the case of soils No. 3
and 4. In all the four cases particles of gize lower tha.r} 0.03 mm,
were affected and the curves for the sizes bigger than this remained
almost undisturbed.
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108 Doara, UrPPAL AND VASUDEVA ON

high x 1.5 in. dia. were moulded in the requisite moulds at dry density
of 1.8. The results are given in Table 9, the stress and strain
curves are plotted in Fig. 8. It would be seen from these results
that, as in the case of CBR method, the bearing capacity determined
by unconfined compression test method also appreciably increased

OPTIMUM HIGHISR MOISTURE

1o MOISTURE 1. No lime admixturo (20%)
2, 19 lime ' ,
3. 29 lime ' '
1) & 4. 59 linmie "
2
%
5
o
g
|
w2
w0
=
—
=
an
1
a6 Y 992 004 096 0-08 of
STRAIN—INCHES

Fig. 8

with the increasing quantitics of lime both at optimum moisture as
well as at higher moisture of 20 per cent. Whereas the bearing
capacity of the soil without lime at 20 per cent moisture was only
0.63 ton per sq. ft., it increased to 1.1 tons per sq. ft. when only
1 per cent lime was added and further increased to 1.43 tons per
sq. ft. when quantity of lime was increased to 2 per cent. The
steady improvement of bearing capacity with the increase in lime
is graphically represented in Fig. 9.
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Results of unconfined compression test on silty soil containing
varying percentages of lime

P.I. of soil = 16.5 per cent
8and content = 11 per cent

Size of cylindrical}

specimens
Dry density

= 3in, high
% L5 in. dia.
=18

[
|

Per cent«\ O.M.

Bearing oapacity

At 20 per cent moisture

Stress | Strain Bearing capacity
lime b inches b/ tons/ Stress | Strain T
{ sq. in. | sq. ft. 1b (inches)] Lb/ Tons/
| 8q, in. | sq. ft.
NIL 12.1  3.428  .003 — — 3.428 09 . — —_
10.284 009 —_ —_ 5.142 .19 — —
20.568 .024 —_ — 6.856 265 — —
30.852 .036 26.7 — 10.284 .350 11.6 —
41136 050 @ — 1.47 13712 415 — —
47.306 .075 Fail- 15.426 465 —_ 0.63
’ ing pt. —
17.140 545 —_ —_
20.568 600 F.P —
1 13.4 3.428 .002 — — 3.428 019 - —_
10.284 .0075 —_ — 10.284 078 —_— —_
20.568 .02 — — 20.568 174 20.3 1.1
30.852  +028 _— — 30.852 378 — —
41,136 .038 32,0 — 35.994 410 F.P. -
51,420 .051 —_— 1.81 — - - _
58.206 075 P, —_ — - - -
2 15 3428 001 @ — @ — 8 o — o~
10.284 048 — —_
10288 006 —  — o3 a1 0 —  —
20.568 .014 — —_
30.852 .024 — —_ 30.852 .190 26.1 143
41,136 .034 37.7 2.07 41.136 285 —_ -
51,420 046 — —_ 46.278 370 F.P. —_
61.704 062 — — - — — -
66.846 081 F.P, — —_ — — —

(Contd. on next page)
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STRENGTHENING THE SUBGRADES & FLEXIBLE BasEs i
TABLE 9—(Contd.) 12, EFFECT OF LIME-CONTENT ON THE BEARING
P.I. of soil = 16,5 por cent Sizo of cylindrica1}= 3 in. high CAPACITY OF SANDY SOILS AS DETERMINED
Sand content = 11 per cent specimens, X L5 in. dia. BY THE DIRECT SHEAR TEST APPARATUS
Dry density =18 '
1 g ! Bearing capacity At 20 por cent muoisture 5 In this case, tests~were performed on sandy soil with a P. I_. of
| } e ‘ 5 and sand content 56 per cent, using 0 to 3 per cent lime.
or con | M . Stress | Strain _ |Boaring capacity Density (dry) in each case was kept at 1.8 and the specimens were
time | OM! 1 |inches | b/ | tons/ | Stross | Strain |-y emo moulded at optimum moisture (9.8) and a higher moisture (15 per
\ | gq. in. | sq. ft. 1b (inches)l 1bs/ | tons/ cent). Requisite quantity of soil was statically compacted in the
L o 8q. in. | sq. ft. shear box and subjected to test in a constant speed motor driven
B direct shear test apparatus. The stress and strain curves were
15 3.428  .001 — — 3.428 ol _ _ plotted and peak values were taken for drawing shear stress and
10.284  .004 _ — 10.984 05 _ . normal loagl gl.'aphs to get values of ¢ and C. The r(_asults s?lown in
20.568  .009 . . 20.568 115 292 _ '.l’able 10 indicate th_at the gohgsion qf sandy's_oﬂ cox}s1derably
) ‘ improved at both moistures with increasing quantities of lime. The
30.852  .015 — — 30.852 .180 — 1.6 results of cohesion in lb per sq. ft. are shown in Fig. 10.
41,136  .024 474 — 41136 .260  — —
51.420  .033 - 2.61 51.762 355 F.P, _
61704  .047  — — — _ _ _
71.988  .058  — — — _ _ .
82.572  .085  — — — - _ _ loao
83.986 .092 F.p. —_ —_— — — — . At Dot Moistut
e ~ & ht. Moistut'e
= 8o 0 :
: 16 3.428 .00l  — — 3428 009 — - g °
10.284 .005 —_ —_ 10.284 .043 — — o4
20.568  .0l4 —_ — 20.568 105 — - = o
30.852 .02  — — 30.852  .160  30.6  — )
4136 020 —  — | 4113 o135 — 168 0
51.420 .038 47.4 — 51.420 .286 — — Z
61704 .048 —  2.61 54162 326  F.P, - g 4oor Higher Moisture
71.988 .059 — —_ —_ — —_ — E
82.572 .08 — - — —_ — —_ o)
83.986 .088 F.P. — — — _ _ S 200
T
5 164 3.428 .00l — — 3428 0072 — _
10.284 .004 — _ 10.284 045 — — (] 1 Py 3
20.568 .011  — — 20.568 003 _ -
30.852  .016  49.3 — 30.852 .138 348 _ PER CENT LIME
41136 024 — — 41136 176 ~ 10 Fig. 10
51.420 031 — — 51.420 220 —_— —
gigg‘f g‘fl — 2.71 61.704 273 F.P. — 13, OTHER POINTS IN FAVOUR OF USE OF LIME
985 .05 —_ —_ — . - _ !
82.5672  .064  — — — — _ _ 13.1. It has been observed above that the addition of lime
87.414 083 F.P,  — _ _ _ _ considerably improves the bearing capacity of almost all types of
" goils in their wet condition. \ bmg

: This effect is generally attri
4
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TABLE 10
Por At optimum moisture \ At higher moisture

centago ‘ Angle of Cohesion Angle of ‘ \ . Cohesion
of lime ' 1LF. ¢ 1b/sq. ft. LF. ¢ . Ib/sq. ft.

0 as° 625 30° 52,5

1 35° 725 30.5° 352.5

2 36.5° 75 32° 376

3 36.5° 830 32° 375

the fact that a pozzolanic reaction occurs between the lime and the
available silica and probably some alumina in the clay, forming
a natural cement. Also, as has been observed in para. 9 above, lime
coagulates the fine particles and thus reduces the clayeyness of the
soil leading to the improvement in the soil character. Besides

“these two reactions, the use of lime has the following points in its
favour:

(i) It is not possible to compact wet clayey soils with more
than optium moisture contents. Addition of lime to
clayey soil changes the character of the soil and in-
creases the property toabsorb very much greater amount
of water. In the case of wet clayey soils which become
sticky due to wetting caused by rain and water logging
or other reasons, addition of lime makes it look drier
and also makes it easily workable for compaction.

"(ii) The admixture of lime facilitates the breaking up of
the clay clods and thus improves the workability.

(iii) Due to the slow setting quality of lime, the field
operations can be carried out at leisure after mixing
the lime in the soil. This characteristic of lime
provides greater flexibility in road construction.

(iv) The bearing capacity of the sub

increases with the age.® grade containing lime

13.2. Since, however, the soil-lime base, in spite of i

. o’ At ) its go
bearing capacity, I}as l}ttle resistance to the abrasivepaction of trgfﬁoéi
the treatment of hn}e is recommended for base course only and ié
must be covered with a proper type of wearing surface,

STRENGTHENING TIE SUBGRADES & FLEXIRLE BasEs 113

14, FIELD TRIALS AND ECONOMIGS
OF THE LIME TREATMENT

14.1. About 1.5 miles of base course using 2 per cent lime by
weight of the soil has been constructed on the Assandh-.Salwan. road
in Karnal Provincial Division. The local soil :waxlable' in the
surrounding areas was of a silty nature and not fit for use either as
such or after blending with sand. Its bearing capacity after com-
pacting at 1.8 density and soaking in water was almost nil but when
2 por cent lime was mixed, its CBR increased to 30.

14.2. For mixing lime in soil, the requisite quantity of hyfira.-
ted lime powder was spread uniformly on the soil stacks and mixed
by cutting & fow times from one ond to the other as shown in Photos
1and 2. This soil-lime mixture was then uniformly laid on the
prepared subgrade at optimum moisture and.cqmpacte_d as usual
first by means of sheeps-foot roller and finally finished with the flat
roller. The use of sheeps-foot roller further helps to mix the goil and
lime more intimately. The final surfacing after curing for a couple
of days appeared much harder and smoother than the usual
stabilised soil base course. As the base course was cpnstructed
during rainy weather, any intensity of rainfall on this had no
adverse effect.

14.3. Economics : The use of lime is generally not recommended
in base course construction less than 6 in. thick. Taking, therefore,
the compacted thickness of 6 in. of base courseat a density of 120 1b
per cu. f. the quantity of hydrated lime required per sq. yd. of
the base comes to about 11 1b as calculated from curves in Fig. 11.
This means the quantity of lime required per furlong of 12 ft wide
road would be 9,680 Ib or say 120 mds. Taking the cost of freshly
slaked lime, at Rs 3 per maund, the total cost of lime per furlong
comes to Rs 360 or say Rs 2,880 per mile.

14.4. Now if a stabilised soil base course is to be constructed in
an area where the local soil available is clayey with P.I. of about
16 and sand content only 10 per cent, it will be necessary,
according to the current stabilised soil road specificgtions, to blend
40 parts of this soil with at least 60 parts of good sand. That would
mean obtaining of about three lakhs 1b or say about .4,200 cu. ft, of
sand. The rate of sand generally paid at such places is about Rs 20
per 100 cu. ft, but even if it is taken to be lowest at about Rs 10 per
100 cu. ft. the total cost on this account will come to about Rs 420,1.e.,
Rs 3,360 per mile. Saving on 4,200 cu. ft. of soil replaced by sand
would be about Rs 65 only (at Rs 15 per 1000 cu. ft.). .

14.5. The above calculations show that the use of lime in :;wli
cases is more economjcal than the nse of sand required for blending

Lo e
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. shesoil.  Besides, the lime improves the bearing capacity of the soil

i0 a considerable extent.
14.6. Tt has been also observed that the addition of even 1
T Aee & or cent lime to the wearing course soil consisting of 2 parts of
» raded soil and 1 part of brick ballast improves the bearing capacity
g 'rom about 45 to 90 CBR. It is, therefore, evident that with the
e of lime the stabilised soil specifications can be adopted for the
o0 EJ sonstruction of roads meant for heavier traffic.
= B
B o
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The Authors did not think that graphical representation made in
Figs. 1 and 2 was misleading. It clearly shows the appreciable increase
in stability of soil-lime mixture under wet conditions as against the
decroase in stability with the increasing quantity of lime in dry
condition. The main object of the Figs. 1 and 2 was to show how
the stability as well as the penetration resistance (CBR) under
gaturated conditions increase with the increasing quantities of lime
The figs. for these two tests had been drawn more prominently.
Since it was considered desirable to present the comparative resulté
in wet and dry conditions onthe same page the scale for the ordinate
had to be changed for the sake of convenience and limited space
However, one can easily sce the trend of the results and judge thé
effectiveness of the lime treatment under wet conditions. Therefore
the results could not be said to be mislcading so far as the efficac ;
of the lime treatment was concerned. y

Reply to para 4 : Increase in strength (CBR) of lime treated
goil with time mentioned in the Paperis on the authority of the
veferences b and 8 and had not been claimed on the basis of the
actual experiments by the Authors. There aro practically no
chances of lime being washed off, it being an insoluble material
Also it becomes all the more insoluble when it combines with som(;
of the soi] particles and sets.

Some further experiments on the durability test both in the

field and laboratory were alroady in progress and results would be
reported in due course.

e e

INFORMATION SECTION



“'TYPE DESIGNS FOR HIGHWAY KILOMETRE STONES”

1. SCOPE

1.1. Type designs for Kilometre Stones prepared by the Specifi-
cations and Standards Committee of the Indian Roads Congress,
given in Plates I, 1T and ITI, are recommended by the Council of the

Indian Roads Congress for use on all roads in India.
A Kilometre stones may be made of guitable materials, available
locally.

2. SIZES OF LETTERS AND NUMERALS AND
EDGE CLEARANCES

2.1. These shall be as given below:

Height of numerals for Kilometrage 13 em.
Height of numerals for Route Number 10 cm.
Height of letters 8 cm.

Edge clearances:

: Top 5 em.
Bottom 7.5 cm.

) Sides 5 cm.

Spacing between lines 5 cm.

3. SCRIPT OF THE INSCRIPTION

7 3.1. The place names shall be inscribed in different seripts in
the following order, only one script shall be used on any one kilo-
metre stone :

Km. No. © Script for place names

Roman
Hindi (Devnagari Script)
Local Language
Hindi (Devnagari Script)
Local Language
Roman

and 50 on repeated in the same order.

St o W N = O
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3.2. The above order and weightage of a script may be i
fied at the discretion of the Road Aﬁthority. ! ¥ be modi

3.3, The numerals shall, in every case, be inscribed in the
international form of Tndian munerals as detailed in Plate VI
and Plate VII: Local or Deviagari numerals shall not be used vide '
Article 343 (i) of the Constitution of India.

3.4, On kilometre stones fixed on Other District Roads and”
Village Roads the inseripfion may be in the national lanwuage ie.! ;
Hindi in Devnagari seript, or the geript of the rccogniz%d :eéioﬁtﬁf
language, at the discretion of the local Road Authority. Tnserip-
tion in the Roman seript is not necessary unless such a road lea,(lis
to a place of tourist or archacological intepest.

4. SEQUENCE OF INSCRIPTION

4.1. Ordinary kilometre stones (Plate 1) shall indicate the‘!'
name and distance of the next (intermediate) important town onl
whereas every Sth kilometre stone (Plate II) shall show the mm);é
and distance of the terminal or the starting station also above those

of the intermediate towns.

4.2. On the side of a kilometre stone facing the capri
. . ria
the number® of the kilometre stone shall be insccribed (with 0%?&‘;‘10
name of any place). In the case of thin stoncs made of R.C.C8 or
any other material the digits may be inscribed one below the 6ther
thus: ’
4
2
6

5. THE SHAPE AND SPACING OF LETTERS

5.1, The shape and spacing of letters in the Rom: ot
of numerals shall conform to those shown in the appen;el:ls%lpt wnd

given below: fates o
(i) 8 cm letters** Plate V
(i) 13 cm numerals Plate VI
(iii) 10 em numerals Plate VII

*This numbering is meant for the usé ogthe main i
start with 0 at the starting station and increase pfglgl:;cs?\? tfﬁ oy
last kilometre stone at the terminal station oy upto the

#+For long place names the thickness of lot ;
them may be reduced suitably. Their he?gmtsff‘:vlei%?mﬁ between
be changed. » should noy

Type DEsiaNs For HIcHwAY KILOMETRE STONES 133

5.2. On kilometro stones, which are inscribed in a script other
than Roman, the style of lettering shall be the one in general use.
The spacing between single or compound letters shall be at least
equal to the thickness of the vertical strokes or the thickness of
strokes of letters in the scripts having no vertical strokes, such as
in Oriya, Telugu, and Kannada.

6. COLOUR OF THE BACKGROUND AND OF THE
INSCRIPTION

6.1. The background colour shall be white with black letters
and numerals for names of stations and distances. The semi-cir-
cular portions of kilometre stones on National Highways, State
Highways and Major District Roads shall be painted canary yellow
(I.S. Shade 309), brilliant green (I.S. Shade 221), and white
respectively. The route numbers to be written on the semi-circular
portion, shall be in black on the canary yellow and white back-
grounds, and in white on the brilliant green background.

7. ORIENTATION

7.1. Kilometre stones shall be fixed at right angles to the
centre line of the carriageway (see Plate IV).

8. LOCATION

8.1. Kilometre stones shall be fixed on the side of the road
other than that on which mile stones exist. On new roads they
shall be located on the left-hand side of the road as one proceeds
from the station from which the kilometre count starts.

8.2. On embankments kilometre stones shall be fixed at the
edge of the roadway, outside the shoulder, on specially erected
platforms, if necessary. In cuttings, they shall be fixed clear of
the shoulder and the side drain (see Plate IV).
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PLATE V
TasLE 1
’ KEY
SPACING FOR LETTERS
’-‘ TG UFTRGHTE gt —— LeFT :&Axﬁi
e AlmlimiNiT (T LETTERS
BiI(I|{olm|n 1 1| ™
C|IIN|P|I T 1 I 14
DII|TiQ|m|n I I
E|TIN|R|{TI|T
|| 1 GI|II|W(
a4 ko) }.__ —] _—
i' 2 O VI T VITT I I
JINIIiWlIim OIN—HUX
1 USE OF TABLE 1 KT XX |ulG OPPOSITE 7
Example :— e
DETERMINE SPACINGS BETWEEXN 3.CM LETTERS LITINIY IV W EN—IL 0
FORMING THE WORD, DELM!,. MiT|I{Z|Wimw PARALLEL
REFER TO TABLE 1 FOR SPACING BETWEEN
HIGH™ 000 B IEDIL LN SO Taoin 2
“LELT® AGAINST ‘B THE COMBINATION OF COMBINAVIONS OF ADJACENT STROKES —EXAMPLES
o ST el B SEACG pon §
< SPACING BETWHEN JOvTRRS " 15 14 Mt FH RIGHT — LEFY LETTERS
SPACING BETWEEN OTHER LETTERS MAY BE FOUND
OUT SIMILARLY FROM TABLE 1 AND NOTED AS I ~—1 |N-ypP-OH
GIVEN BELOW, EACH TIME BEGINNING WITH THE
“RIGHT ” COLUMN OF THE FIRST LETTER OF THE I1—1
PAIR FOLLOWED BY THE ‘ LEFT’ COLUMN OF THE
SECOND LETTER. I-—1
DELHI
14 |ellsl lells]  [«14- LI — OLIY|IA-HT-OV-GX
MIX -— I, [WR-KD-TB-YS
I-—1I SR-0Q
lnmzusmus (MILLIMETRES) FOR 8.CENTIMETRE HIGH LETTERS N —I,I¥ | W-YV-EA-CT
; orsosiTe v
a b b. ClCG| C d d. AQ e | e ey f f| m.m"‘Mom WAY’LY'AT
13 167{54{63 |25 |80 (204 |an]23({35] 9] 2|} PARALLEL
80 [ hihg i [J{dh[k|ki| kel ] Uim : :
27| 42| 48 A ; : : 0| 56 2l. 3 STANDARD LETTERS 5
201% |1 {10]4 fn} s 8-CENTIMETRE HIGH
Miimef N || 0 j:0,] 02| P ;
. 6o[10 (31| 64 [2a]8s]8 b
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PLATE Vi

DIMENSIONS (MILLIMETRES) FOR 13-CENTIMETRE HIGH NUMERALS

ﬂ e|fle|aln]n

e

55 o [a2]| 5 16al2 |12 (6516
ilulotalkik il imiml|n
w17 1w 3|6 [n3]az]|as)s0 (37 |77
“ otlplalr s viwlx
54 191 | 58|26 |35 jas|w s [32]| 7
x|y 1%|%

68 | 81 J127 § 40

d

(2]

‘,,.
e

KEY -
SPACING FOR NUMERALS ‘——1
M LrY | menr RIGHT -—s LEFT a{m’iﬁ

1 I I ]-—1 =)
2 [T |1 I ~—1 | 24

3 | M |1 gL

4 | N | N 11— W®
EREER EN -~ 10| 18

6 11T q I

7 N | I ig-—~ ¥

1

s T 11 | 1

9 I [

0 1 i

FOR WORKING OUT SPACINGS
BETWEEN NUMERALS,
SEE EXAMPLE ON PLATE V.

STANDARD NUMERALS
'13-CENTIMETRE HIGH

INnp1aAN RoaDs CongRrESS JOURNAL, VOL. XXV-Parr 1.
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PLATE VIl

_—

5
Th- ’
a
) ¥

; I Jif DIME NSIONS{ MILLIMETRE S) FOR 10-CENTIME TRE.,

HIGH NUMERALS
1'!1__

alblcldielF|fi]gin|nli
16leg] 73|34 4 822 100|135 |1e

Ly (k|U]m|min]njolplyg

9 | 90|37 | 4029 )62 |3 |27 |I152]30

ris{tjujolojw|x|{yYlyly
21 [26|3s|s7 |15 {12 {25 |71 Jeshoz]3z

KEY
SPACING FOR NUMERALS
NuMmper] LERT {RIGHT RIGHT «w—» LEFT e‘?"w:‘lﬁs
1 I I I -— l ILLIMETRES)
2 i I I =« II 19
R e AR I~ 1
L} V| IX 1] - [\ 4
5 I n My -— 11 14
REEE 0 1t
R AR WV << ¥
1
R 0
sTTHln
s TH 1
STANDARD NUMERALS
10-CENTIMETRE HIGH

e p— bt <
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Multiply your
RUpEE VALUE
buying

DUMPERS

¢ Approved by the CWPC and already working on
Plan Projects

Same price for standard or Quarry body.

No forcign cxchange involved. Payment in Rupees.

* Import Licences for Actual Users issued

Rugged construction.  Suitable for all construc-
tion jobs Negotiates grades and turns casily
Instantaneous Gravity Tipping

Product of:
* Fuel economy and profitable performance. HIGH- MOGURT Hungarian Trading Co for Motor Vehicles
POWER FOUR-CYLINDER 60 BHP DIESEL- Budapest - Hungary
ENGINE CAPACITY 5/ CU YDS. (4 CU For your requirements: contact :
METRES). MAX PAYLOAD ¢ TONS HY- Sole Distributors for:
DRAULIC FOUR WHEEL BRAKES. INDIA, SIKKIM, BHUTAN & NEPAL

WILLCOX BUCKWELL

WILLCOX (BUCKWELL-INDIA) PRIVATE LTD.
32, NAJAFGARH ROAD, NEW DELHI



Home Is the wandering star
and home is my beloved. From
the time my husband bought a

Tata-Mercedes-Beny truck, money
has been steadily coming in—
money that will enable us to buy

much-needed items for our house, There comes
Much of this money has come in lny Star

through onerational esonomies for
which Tata-Merceder-Bong is

so well known——savings in fuel
and maintenanes charges.

THE STAR THAT HAULS A FORTUNE

L

TAaTA- §
MERCEDES -mENZ

iy

i

i
N

iii
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THE SMOOTH GARPET TOUCH
With STANVAG ASPHALT!

MADE in India, ac Tromb
more and more for surfacing India’s roads,

This.usph;m is transported from Stanvac's Plant in drums
andan bulk. In bulk, it is by far the m
method, providing the product at res

ay, Standae Asphalt is being used

ore modern and economical
wdy-to-use temperature.
Special mixes—special service

Stanvac’s modern laboratory in Bomb
lo‘dcsign special paving mixces, for bet
sutt your own indiv
highty-qualified cngineers
road construction proble

ay is fully equipped

» ler performance, and to
wdual requirements, And Stanvac's expert,
are there to help you with your
ms— free of charge ! ’

-—*g“

This stretch of Neta

. ii Subhas Ro.
with 3" sheet asphaly i,

in 1936, and rene:

Marine Drive) Bombay, was surfuced
wed with 374° chipping ¢

AE| PAVE AND SAVE with
STANVAC ASPHALT

STANDARD-vVACUUM oiL COMPANY

arpetin 1958

! .
( ncorporated in the US.A, with Limited Liability)

JWT.V. 695 (a)

VOEGELE

SINGLE PASS SOIL STABILIZER

A SOIL STABILIZER made by Joseph Vocgele, A.G., Mannheim,
Germany, mixes, spreads. and compacts in one pass. The 14j-ton machine
consists of a crawler tractor with power and hydraulic units mounted on it,
and a rubber-tired trailer that mounts mixing, compaction, and automatic
levelling components. [t works in six speeds. ranging from 64 to 50 fpm,
and travels at 60 to 450 fpm.

Hydraulic engines drive the unit’s cutting and mixing rotors at speeds
of 0 to 100 rpm. Maximum cutting depth is 8} in. A water pump delivers
up 10 130 gpm across a full working width of 6} ft. The bitumen
stabilization system is separate. It has a pump driven by an independent
11-hp diesel engine that delivers up to 80 gpm. A separate spray-bar with
10 nozzles is controlled {from the operator's seat. Both water and bitumen
can be added at the samc time. A vibrating plate-compactor, driven by a
14-hp diesel engine, packs with frequencies of 3,000 to 4,500 vibrations per
min. An automatically-levelied screed plate leaves a smooth mat of constant
depth. The main power unit is a Daimler Benz engine that develops 120
hp at 1800 rpm.

Manufactured by:

JOSEPH VOEGELE A. G. MANNHEIM

WEST GERMANY

REPRESENTATIVES

C. A. WILLNER & CO.

CONSULTING ENGINEERS
P.O. BOX 59 - BANGALORE-I
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_Aarind - Hoore
ROAD ROLLER

ONE HUNDRED AND ONE
ROAD ROLLERS—

BUILT STRONGER TO LAST
LONGER

MANUFACTURED 8Y
&\ AGRIND FABRICATIONS LTD

Factory : P2/2, Taratolia Road, Calcutta-24

Distriburea by

UNITED PROVINCES COMMERCIAL
CORPORATION PRIVATE LTD
. Ganesh Chandra Avenue, Calcutta-13

BRANCHES
ES AT—BOMBAY, DELHL GAUHATI, LUCKNOW,
MADRAS. PATIALA, PATNA.
PPS/AF-2/60

BURMAH-SHELL
BITUMEN FOR BETTER ROADS

All roads lead to home

Yes. But not enough homes
have roads leading to them.

Think what this mecans.
Cut off from the world outside.
Every journey a major undertaking,

Isolated from new ideas...
new influences.

Out of touch with progress.
Pleasant enough for a holiday.

But for a lifetime?

Miles away from medical aid.

Miles away from school.

Miles away from the nearest market.
Miles away from everywhere.
Millions of people

live like that in India. Today.

That's why roads must

have topmost priority

And that’s why everything to do
with roads is so important.
Bitumen, for example.

One of the better
road-building maierials.
Inexpensive. Easy to handle.
Long-lasting. Hard-wearing.
Supplicd by
Burmah-Shell,




Vill

no trouble at all ...

BITUMEN
EMULSION

... in one easy
application

Bitumen emuisions are ef-
cient and economical for
surface dressing, premix
work and soil stabilization,
They require no heating.
Hence —no fire hazard ... no
annoying smoke ... no heat-
ing equipment. Just open the
drum and you're ready to
start work. Bitumen emul-
sions are specially suitable
for repair work, and factory
and residential roads.

SHALIMAR TAR PRO\D/UCTS (1935) LiMiTED

CALCUTTA < DELHI  +  BOMBAY LUCKNOW o  CMANDIGARN
Agents: The Bombay Co. Private Ltd, Madras ) o R.C. Abrol & Co. (Private) Ltd., New Delhi y

STP Y

MUSI BRIDGE

BRAITHWAITE & CO

(INDIA) LIMITED
KIDDERPORE, CALCUTTA.

HIDE ROAD.




“GARLICK’S MIX”»

HAND OPERATED CONCRETE MIXER
Drum Capacity — 1.5 cu. ft

HAND OPERATED

GARLICK’S
BITUMEN DRUM
MIXER

Drum Capacity - - 7.5 cu, ft.
Main Shaft - on ball bearings

Mounted — on 3 Nos. or 4 Nos, C.I. Wheels
Turning Circle -~ 7 f in radius

Complete with Fire tray and C.I.

Grate
Contact : Branz‘:hesl:
. - OIMBATORE
rlick:Co. MADRAS
NEW DELHI

JACOoR cincie. somMgay .

H O.: jJacob Circle,
BOMBAY-|1|

ONE OF THE WORLD’S LONGEST R. C. C. SUBMERSIBLE BRIDGES

constructed

been designed and

has

of 2434’,

length

with a total

CHAMBAL BRIDGE AT DHOLPUR:

by us to the orders of Chief Engineer, Central P.W.D.

j dhya Pradesh.
This Bridge carries the Bombay Agra National Highway and connects Rajasthan and Madhy

INDIA PRIVATE LIMITED

CIVIL ENGINEERS & CONTRACTORS

GAMMON

HAMILTON HOUSE

BOMBAY-|

BALLARD ESTATE
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BLACKSTONE’S For maximum efficiency — economy

PRODUCTS N g
| Standard;
FOR | TP g Batteries ‘

in your Industrial Trucks

Economy, Durability and Easy Construction of
Roads aff } ['\
) J 71N
- L N
b iy
The only dependable material for a3 f,
MOST UP-TO-DATE R.C.C. WORKS I S : ,
HOLLOW BLOCKS . BRICKS : Crane Truck
FOUNDATION PILING . R.C. | All-round saving on battery costs
:' C ared t di batteries for
BRIDGES, ETC, | industrial trucks, STANDARD TPg
Traction Batteries offer a higher
capacity -to-weight ratio, an

increased service life up to 100% - -
longcr? and a saving olP up to 10% Battery-powered industrial truck

in battery costs. _
Write today for full details!

Sfdllddl‘d — India’s best Batteries

STANDARD BATTERIES LIMITED, Bombay 55

BLACKSTONE PRODUCTS LIMITED

PAKUR, E. RLY.
7 Gram : « BLACKSTONE Phone: PAKUR 5

TWT-ST8 43 (3)




Finishers

R
FOR HIGHEST QUALITY BITUMINOUS PAVING

The B-G Finisher spreads, compacts and levels aut
adjusts to irregularities in sub-grade
material . ,

omatically. {e automatically

- measures the correct amount of
. produces a durable surface that remains stable ynder traffic.

Produces Superior Surfaces at speeds up to 64 feet per minute.
Paves Variable Widths.
expanded to 14",

Uses Every Type Mix — hot or
sheet asphalc.

Regular 10" mat can be reduced w0 8 or
cold from clay stabilized graver to

Saves Man Power and Truck Time.

A Barber-Greene

distributor

“Ask Jack aboun it

William Jacks & co. Led.
(Incorporated in Englanc. Liakiliy ¢ Members Limited.)
CALCUTTA 80MBAY MADRAS
Sole Agents fus
Barber-Greene Overseas, inc. Aurora, lliinois, U .S.A.
Barber-Greene Olding & Co. Ltd. Hatfield, Herts, En-land.

58-400A.F

%
S

(G

f/-
A
Q\‘
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