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Th® Indian Roads Congress as a body doe

¢ hold  itself respomsible for statements made, or for

opinions expressed, in the Papers, Research and Infor-

anation Sections or discussions in jtg Proceedings, et
s .
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NOTICES AND ANNOUNCEMENTS

TRAFFIC STUDY WEEK - JULY 1959

A Traffic Study Weck is being organised at Bombay in Julg
1959 under the auspices of the ECAFE, The exact dates and
programme will be announccd shortly. In the meantime,
members are requested to contribute Papers on the following
subjects for discussion at the proposed Traffic Study Week :

I.  Accident Studies:

(a) Traffic accident statistics: accident report forms,
reporting procedure and filling of reports;

(b) Analysis of causes of accidonts: gtudy of traffic acci-
dents according to type of collision, vyD _ »ehlcle,
road condition, driver’s age, alec“’ggn "

. other factors; ' ‘
(¢) FElimination of *black s‘f

. . b
various methods, and fbef e-aqd-afﬁer
assessing results, 7

II. Traffic Operatipns :

() Regulation of movement : systems’ S
* speed»zoning in rural and urbalareassg, sme s

(b) Studies and field measurements oan an(%-
° road capacities under mixed traffic conditions in rura
. and urban areas;

(¢) Geometrios of roads and their effect on traffic flow and
accidents.

IIT. Road user behaviour and methods for improving the
same,

1V. Future trends and traffic prediction for planning
) urban and rural roads.

2. Prdcedure: Members who intend to contribute Papers are
requested”to intimate the fact direct to Shri D. D. Suri, IAS,
Deputy Secretary, Govt. of Indis, Ministry of Transport and

. Communica.tions, Department of Transport, Transport .ng,
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North Block, New Delhi, and to send a short i
proposed Paper to him as early as possible. synopsis of the

3. Onreceipt of acceptance of the subject-m
Paper, the Member concetned should send hig cont?fltfxl;i?)fnﬂtlg
phe said officer, complete in all respects and with original draw-
ings, photographs, efc., as and when ready. At least ihree
copies of the typescript matter should be sent, typed (doubje
space) on one side of good stout paper of foolscap size.

4. The complete Paper should be submitted before the end of
February 1959.

s/

Paper No. 210

“BRICK PAVEMENT IN HIGHWAY CONSTRUCTION"’

.

By
D. C. CHATURVEDI, *
c.E. (Hons.); v.r.c. (London); A.M.I.E. (India)
&
J. C. TayaLt, B.E
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:I‘he Papereoutlines the possibilities of using bricks in highway con+
f.tructmn ir®Indis, Brick roads are already existing in Western countries
ike Holland and Germany.

A Bull’z kiln was established on Lucknow-Sultanpur road to pro-
duce bricks of superior quality to be used on this road: The factors
B‘ﬂec“!“g the quality of bricks are discussed and the offect of increasing the

gmfﬂon of firing on the quality of bricks is shown. The temperatures
obtained in the kiln and the results of tests on bricks and brick ballast are

discussed.

and Specifications adopted in laying different types of brick pavements
nd their behaviour are described. The behaviour of surface dressing an

Ig)fs::lix carpet on brick pavement - is also discussed and broad conclusions
,;,,.,\' S -

* Research Engineer, U.P., P.W.D.
T Assistant Engineer (Research), uv.p.,, B.W.D. *
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1. INTRODUCGTION

L.I. The highways at present arc carrying hecavier and
more intense traffic than ever before due to development of road
transport. The maintenance of water-bound kankar roads is
thus becoming uneoonomical due to, the necessity of frequent
renewals of the top coat and also due to increased repairs of
patches, pot holes, ruts, etc., to maintain the riding surface in g

satisfactory condition. Modernisation of such roads is thus
becoming essential. .

Modernisation usually consists of providing a top coat of
stone metal 3in. (loose) thick over an existing kankar surface and
consolidating it with roller and then providing either one coat or
two coats of surface dressing with the usual specifications. The
one coat work consists of application of mexphalt and stone grit
and the two coat work consists of application of tar and grit
followed by mexphalt and grit.

1.2, These specifications are quite costly as the average cost
of modernisation comes to Rs 29,000 for one coat work per
mile. In U.P. the stone metal is available from quarTies
in the North (Himalayas) or in the south (Vindhyan range). Tt

A(‘Lus becomes costly to transport stone metal from long dis-
tances and at the same time delays occur due to limited trang-
port facilities available on railways.

1.3. Due to the necessity of using a cheaper and a suitable
road material in modernisation work and“%o provide more and
more miles of such roads, overburnt brick ballast produced from
bricks has been used quite extensively in place af stone metal in
Uttar Pradesh for the lagt several years. Hundreds of miles of
such roads have been laid and these have been behaving
quite satisfactorily under different intensities of traffict, .=,
The specifications adopted which provide for bitusminqus surfac-

ing soon after consolidating overburnt brick ballast are no more
in an experimental stage.

1.4. In order to reduce the cost of modernisation still

further, more and more experiments and trials are being
carried out.

1.5. Apart from providing dustless and durable surfaces ag
envisaged in the modernisation programme,
essential to provide all-weather cheaper road
to village as well as to connect villages to
Highways and Major District B
economy. Construction of stabi

it is becoming more
8 to connect village
National and State
oads in order to develop their
lised soil roads is coming into

.
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vogue. There are, however, some difficulties hmfiermgﬁéltg
development. The main one is the necessity of hav'llng ; s
laboratory with experienced staff for testing the soil sa If)ield
Further, the technique is still not W‘.all known to many 0 is
engineers and they are hesitant to use it. More supervisio
necessary in this work,

1.6. The other alternative which appears feasxbleb ?.Illg(:
eeonomical is the utilisation of higl} compresswe_stren(gitl‘l;‘,itrﬁgut
for laying pavement direct on a soil subgradq with an ko
sand cushion. It is also possible touse-such bricks for m;) T h
tion purposes by laying them on an existing kankar sur a]: i
sand or earth cushion and then leaving the surface as suc E{vlvith
traffic or providing a black top surface over brick pavement w1
surface dressing or premix carpet.

L7, icks have been one of the principal paving materials
for roZd cc]?rf;t?llr{uction for the last hundred years. Actually their
use for road paving goes back into remote ages anddt;;here 1;:
cvidence throughout this country of buildings, palaces an Hezlrllp A
paved with durable bricks. Vitrified brick roads built in Ho 'a,nn
during Napoleon’s time are in service today. The sétvice ﬁlv%f
by brick roads 30 or more years old in pmctxacally every city o
the United States has been really remarkable.

i 1

s 1.8, Some of these brick pavements were laid on natura
soil without foundations. In Hglla.nd, due to bad subsmt C(;{l;il(;
tions, the road pavement becomes very uneven due Owaﬁlgl
settlements in the firgt five or six years of lga.ymga. nf . e'
Brick roads being cheapest to repair, Holland still prefers to :01;
Pavements in bricks on all new roads, even though the c:s o
brick roads is #lmost the same as that of a cement colncreﬂ(:s ¢
asphalt pavement. Holland has thus laid considerable an‘
brick pavement both on primary and secondary roads.

]

itrified
19 nITldla, between the year 1880and 1920, vitri
bricks we;Ie manufactured at the Govt. bmc!{ ﬁ(?ld aif %}éﬁgagf
Madras, and they were giving excellent service 1 she in the
stables of veterinary dispensaries and Police quarters even
Year 1936.3

1.10. Experimental brick trackways were laid orﬁ De;‘l;;-
Mathura Road during the year 1941 in order to see if sucfﬁa, P ve-
ment could be used to take occasional heavy motor .tzia ca,asnot
émergent measure in places where usual .road materials mla)i’d 0¢
be available and water is scarce.® Brick-on-edge Waa»f1  ing
compacted earth subgrade (after the old metalling :fn soling
were removed) in different specifications. Qbserva.klon‘ o e

+ behaviour of these surfaces indicated that brick trac Wa{’ g
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satisfactory performance with and without black-top surface on

top, after the joints between the bricks had been compacted with
sand or earth under traffic.

1.11. Laboratory investigations carried out on somo soily
have indicated that bricks possessing high compressive strength
of the order of 10,000 Ib per sq. in. can be produced provided
temperature and period of burning are controlled.® Bricks
produced at high temperature and burnt for longer duration

possess high strength as compared to bricks produced by normal
burning.

1.12. The possibilities of
bricks and using them in ro
provided such bricks can be
road side,

producing high compressive strength
ad pavement are thus quite great,
made available economically at the

1.13. Investigations into the possibilities of producing such
bricks in the usual type of Bull’s kiln have been carried out by
the U.P. P.W.D. Rescarch Institute. Bricks were burnt for longer
duration to achieve better results.  These bricks have been used
in laying beick pavement on Lucknow-Sultanpur Road in 1 mijle
4} fgs. length as an experimental measure. The results of
investigations carried out on the production of bricks in the kiln

<ad on the behaviour of differont types of brick
* with and without black to
in tHe following pages.

Pavements laid
p surfaces are reported and discussed

4
.
2. ADVANTAGES AND DISADVANTAGES OF BRICK ROADS

. 2.1. There can be only one disadvantage in brick roads as
compared to cement concrete or asphalt roads, viz,, they are not

so even to ride upon. But unevenness in brick roads per unit
area is large in number but small in magnitude.o Fyrther, the
condition of kankar roads which ig the usual form of ;oad
construction adopted in this State in y

. . the beginning, can be worse
if proper maintenance and renewals are not done in time,

2.2. The advantages of brick roads are asfollows :
(1) The surface is dust free.

(2) While constructing new roads it is not necéssa.ry
to construct unnecessarily high embankments as any portion
that gots submerged during subsequent rains can be raised at the
time of relaymg of bricks without adding any extra cost to the
work and without damaging the work (physically or financially)
previously done. ‘

-
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i i time of the year
3) Relaying can be carried out atany ¢ o
and it (ca)n be soyprggrammed that the village labour is provide
with work during periods of slack season.

i t
During relaying, the worn out surface of brl(;l;lz caé’rir;);é)nﬂt'
down or at sides which gives a new appearance to p

(4) Relaying need not be done in the rainy seasc}n}n, féx:::l;yr
saving the traffic the trouble of moving over mudd)lre: Oa,lie o
patries as it happens at present wher} kapkar mi s e
renewal or stone metal or brick metal is being consoll .

(5) Maintenance cost of a brick pa,vemeng is expected to
be much less than that of kankar or black top surface.

The maintenance of brick pavement involves ’ol;eﬂ!;:}{)lfitg
ment of crushed bricks occasionally and relaymg t?is going £
Pavement after an interval of some years. This cos e
be quite low as compared to the cost of maintenance a
of kankar roads.

i i iver banks,

6) In Holland, the kilns are (.astabhghed near riv !

and thgy) obtain their soil for burning bricks from river beds
This has two advantages :

(a) Borrow pits made in the river gef: si'lted.tup durl:,;%g
floods, thereby leaving no unsightly and unhygienic pits.

) (b) Soil remains available every year from the game

: doned or shifted.
source and as such the kilns need not I?e aban ¢

The capitah initially invested on the kiln can thus be made to
work for a longer period.

a

i i i is the extra lead for
The only disadvantage in this procedure is the € >
urnt bri%kg Tut as the kiln can serve a fairly wide area, this.
may not be a big disadvantage.

> (7) Tthas been found that the California Be(;xriir:lgcrI:v::g;
Value (C.B.R.)°of the subgrade under a brick gozncrete Ny
considerably more than under an asphalt or cement ¢

o
If, at a later stage, bricks are to be replaced f;);‘ grl;)lzlr(inflém

better surfaco like that of asphalt or cement concre

subgrade is obtained. ’

3. PRODUCTION OF HIGH QUALITY BRICKS

. : "th
3.1. Manufacture of bricks essentially consists of the
following operations :

(i) Selection of suitable briék clay and site.
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(ii) Winowing and preparation of clay.
(iii) Moulding and drying of bricks,

(iv) Firing and cooling of bricks.

3.2. Selection of Suitable Brick Clay

3.2.1. Not all soils yield good bricks. Suitable soil must,
therefore, be selected for making good quality bricks and that is
where the importance of testing the soil and finding out its
properties lies. This saves labour and expenses involved as the
tests reveal a good deal about the quality of bricks expected to be
produced from a particular soil.” The tests can reveal if it is
necessary to blend the soils from different strata or places in
order to get the right type of raw materials.

3.2.2. Study of Soils

In considering the properties and tests required to be per-
formed for suitability of brick clay, one is usually concerned with
those tests which are associated with the workability of clays and
firing behaviour. The drying and firing behaviour of brick clays
is.closely associated with the type and size of clay aggregate and

sadsociated constituents. The quality of fired produets is dependent

upon the maximum firing temperature, rate and duration of firing
and proper firing atmosphere,

At present, we depend upon physical analysis of soils for
selecting a suitable brick clay. The study of physical properties
of soils éonsists in determination of particle size analysis, Atter-
berg limits, and shrinkage characteristics,

<. <
Based on the results of investigations carried out in the U.P.,
P.W.D. Research Institute correlating the physical properties of
soils with the quality of fired bricks. specifications for soils for
producing good quality bricks have been drawn.® By“means of

these tests, it is possible to reduce the uhcertainties inherent
in soils.

It is considered that chemical and mineralogical analysis of
soils should also be carried out as properties and firing behaviour

can be determined to a great extent by the nature and amount of
clay minerals present. )

3.2.3. Firing Behaviour

At high temperatures, silicate formation occursand the clay
particles fuse,

A certain amount of vitrification and glass for- .

83
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mation also occurs. These changes give new pf?perﬁéslss t{;sgh,?
bricks. They bocome hard and compact. The ¢ fusi t%g e
formation occurs due to the inter-action betweenth goarser
particles of clay and sand grains which binds together feetrength
particles of clay constituents. This is the chief source oL &

and density of bricks.

In burning of common building_bricks, attempt is mséisci(;
form only a small amount of this fusible glass. If cla.tyt prof 1ot
are burnt to a still higher temperature, a larger quantity e
new glassy materials is formed and the products are S{a‘t}s Ao
“vitrified””. Beyond a certain limit, vitrification r(;lsu. s
general softening of the clay and the products loose t e(lir ?iengii;y-
Controlled vitrification, however, imparts §t;engthdan_ ptd
and the products are almost non-porous. While producmg_triﬁed
for use in road construction, the aim must be to produce V1
bricks.

i il i i d in the
The firing behaviour of a particular SOll. is estimatec

Iboratory by preparing clay ofer povdering n L e
mixing it with water. e qu . : ' °
qlmntigty actually used in the field. After 'mvesmtgh?ti?ndiétlilai't
found that the percentage of moistu‘re.used is near the lqu‘ L
or 10 per cent less than the liquid limit. Spmll ;Hzef ks
then moulded, dried and then fired in electl_'lc muB e ‘;mare bl
desired temperature and for required duration. Bric 531‘ T ks
at temperatures between 900° - 1000"- for 5to 7 houss. e aorD.
80 produceq are tested for compressive streng'ftih a;n nWll
tion as per B.S. specifisation ¢ or 1.8. specificatio .

T ‘o of
ained indicate the suitability or gthervyxse o_
the SEH? zz?lu;:eggzt, the U.P., P.W.D..Resea.rch'gns:}ggge 1:;'(}31];&;1 -
sifying bricks according to tentative speci ca,inl S e
stipulate compressive strength of 3000 b per.s%i; S
ard water absorption of less than 1/6th the We‘lﬁg} b o o in
bricks®, 4&hesd requirements are lower than tho P
the I.8.1. specification.’ A

d
3.2.4. Suitability of Soil for Kiln on'Lucknow-Sultanpur Roa

jed out of .
In the present case, a preliminary Sl.lrvey'zVﬂ's Za:rfgcknow-
the possible locations of the brick kiln eul esated in” different
Sultanpur Road. Soils obtained from sites 2cr s por details
miles were obtained and tested inthe labora 0'1yfrom furlong 4
outlined above.® The results indicated that the soxlit ricks. The
of mile 22 was suitable for producing good quareg;ive strength
bricks burnt at 1000°C for 7 hours gave & COMP
~of 10,000 ib per sq. in, ?

2 ‘ >
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Trial pits dug out at this place, however, indicated that
requisite soil was not available in sufficient quantity.

Further investigations were, therefore, carried out and soil
samples from mile 22, furlong 5 and mile 23 were collected and
tested. Results given in Tables 1 and 2 revealed that the soil
from mile 22, furlong 5 gave quite satisfactory results. The bricks
fired at 950°C for 7 hours gave acompressive strength of 10,500 1b
per 8q. in.**.  Trial pits dug out at several places on this site re-
vealed the presence of the desired type of soil in layers of 3 to 4 ft.

The site was also higher than the country level, and the water
table was low., It was, therefore, decided to set up a kiln of

6 lakh capacity per round on this site. Brief details of the kiln
are given in Appendix A,

3.3.  Winowing and Preparation of Clay

3.3.1. In ancient practice, clay used to be exposed to wea,.-
thet for some time before the actual brick-making was started.
This practice is not very common now in this part of the
country. eathering for sufficiently long periods breaks down
the clay in small lumps and increases the plasticity. '

3.3.2. 1In the present case, the clay -7as dug out, watered and
allowed to stand for 6 hours. It was then tempered by kneadir.g
under feet. The clay puddle was again kneaded next day. After
kneading, the clay puddle was churned and the procesy, continued
till the clay became a homogeneous mass rwith a uniform consis-

tency and possessing the required amount of plasticity for
moulding.

<,

3.3.3. Pug Mill

Pug mills are used for preparin
tency and plasticity. The clay after kneading is fed into the mil]
from the top and after churning it comes ovt at the bottom, As

an experimental measure, some bricks were got mould
vertical pug mill driven by bullocks. g ulded by a

3.4. Moulding

3.4.1. Out of the three principal methods of formin
viz., soft mud process by hand, stiff m
(pressed bricks) process, the soft mud
simpler and economfcal.
have required some machi
and better bricks,

g bricks,
ud process and semi-dry
process was adopted, being
The other two processes would each
nery but would have given uniform

. t
gclay of more nniform consis-
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i d site
3.4.2. In the soft mud process both table moulding an
moulding were adopted, using sand for sprinkling the msuze;);
moulds. As the bricks were to be used in the road pavement,
frog was provided.

3.5. Firing
3.5.1. Selection of Kiln

s ki ducing
As stated before, Bull’s kiln was sele_cted for pro
bricks as it is the normal type of kiln used in the St]t:.te and the
mistries and workers are well acquainted with its working.

is sui for
Hoffmann type kiln is costly to set up but is suitable
burning bricks tﬁ?oughout the year. In the present casea%rglr}l'c:
limited” quantity of bricks was required to be burnt ;{1 once
Bull’s kiln appeared to be quite economical and suitable. o
ther, it was thought that the results. of }nvestlgatul)ns cou
used on a large scale on this type of kiln, if successful.

CApvi i kiln.
8.5.2. The bricks after drying were loaded in tl%e
Sixteen layers of brick-on-edge were stacked, OV‘;:' which H:g
layers of flat bricks were kept as covering. The %op w?shea A
covered by 3 in.~4 in. of earth or rubbish to prevent loss Otm(‘nt.
Eight combustion chambers were provided in each comparf ﬁr;iﬁ .
The arrangement of loading of briekg and the procedure o g
was the same as adopted in a Bull’s kiln. .

i i i iln i lly done for
3.5.3._ The firing of bricks in the kiln is normally
18 hours, the rate of fged of coal being at 15 minutes interval.

. . - - @ he
3.5.4. Attempts were made in the beginning to increase t

temperasure -én_cidg) the kiln by reducing the interval of coallfél;:'l‘i
to 12 minutes, keeping the rate of feed of coal the same}; = o
noted that the whole of the coal was not burning and the dmged
rature was lowered. The quantity of coal was 'I;h(:jl}l1 Te rl:) rod
proportienatély but this also did not help and he?ceteslisnlt);e oce
dure was not adopted and the usual firing at 15 minu
was continued.

3.5.5. As an experimental measure, attempts w&i‘e ‘1712::112 :3
produce high compressive strength bricks t.ouohlltllg tﬁ T
range, by burning the bricks for extra period t anl L ; porma
firing interval, Thus the bricks were burnt for 4,1, ; , ex,lt ’be:
12, 24, 36, 48 hours extra period. In the last comﬁa.ll)- 1:1“ b be-
fore close  of firing, some bricks were even fired and bu

days continuously.

i i burning that, some-
3.5.6. It was observed during this extra :
times, the coal being fed into the holes was not burmflg fully

T
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thereby tending to reduce the temperature. Thoe rate of feed of
coal had thus to be reduced and thus lesser quantity of coal was
consumed during prolonged firing than expected.

The holes had to be cleared of unburnt coal occasionally by
means of iron bars.

3.5.7. After unloading the bricks it was noted that bricks
from the top 2 layers were generally underburnt. As all bricks
were required for pavement purposes, it was decided to reburn
such bricks. Accordingly, these bricks were reloaded in the kiln
and reburnt as usual. The quality of such bricks improved.

3.6. Temperature and Settlement Measurements

3.6.1. Temperatures inside the kiln were measured by meansy
of immersion type pyrometer in the beginning. The temperature
measured was at an approximaie depth of 3 ft which was the
length of the pyrometer. Later on, optical pyrometer was used
for recording temperatures. This instrument proved very handy
and useful. The operator used to measure the maximum tempera-

ture through the feeding holes which was dependent upon the
brightness of the flame. )
f

3.6.2. Study of the temperatures recorded brought out the

following points:13 *

(i) Temperature under normal firing varied. between
1030°C--1070°C. -

(i) Maximum temperature . of 1120°C. was recorde

d in some
holes. -

(iii) Lower temperatures were recorded in the side holes than
those in the central holes. Maximum temperatures in

the central holes ranged between 1070°~1106°C. and in the
side holes 1040°-1080°C.

(iv) When firing was done for longer period, the tempera-

ture inside the holes tended to lower down and increase
during firing.

For example, while firing for 72 hours extra period,
temperature when firing was started was 950°C. and
temperature remained below 1000°C. after 28 hours of
firing upto the close of firing. Maximum temperature
reached in this hole was 1080°C., Plate I (A)

(v) In another hole, temperature when firing was started
was 1020°C.; it rose to 1070°C, and then came down to

Brick PaveMENT ixv Hicaway CoNSTRUCTION 387

1000°, after some time. Temperature when firing was
closed was 1040°C., Plate I (B).

3.6.3. In Holland, bricks possessing compressive st.rength
of 8400 to 12600 1b per sq. in. are produced by using soil of a
particular mechanical composition and by firing bricks at a
higher controlled temperature and for longer duration. A typical

temperature chart obtained during such firing is indicated in
Table 3.

3.6.4. Such a control of temperature is not possible in ax;
ordinary Bull’s kiln unless some improvements inthe design o

the kiln and mode of stacking and firing of bricks are made and
tried.

3.6.5. The temperatures attained inside the Bull’s kiln are
fairly high and it is expected that good quality bricks can be
obtained if firing is donc for longer duration under proper
control.

3.6.6. Settlement

1Settlement caused due to burning of bricks in the kiln was
observed from time to time. It was noted that seftlement undpr
normal firing was about 9 in. in the second round and for extra
firing a settlement upto 11} in. was observed.

In the first round the settlement recorded was slightly more,
probably dwe to settlement of the floor during firing which did not
happen in the second and subsequent Founds,

3.7. Lonsumption of Coal

8.7.1. Consumption of coal for normal burning and for extrai
byning is shown in Table 4. The normal consumption .of coa.d
was 25 tons per lakh of bricks during the first round of firing an
16 tons du'ring the second round.

3.8. Cost of Bricks

3.8.1. About 9.23 lakh of brick were burnt in the kiln. The
Percentage of bricks of different categories was:

First class bricks ..o vees:38.7 per cent
Straight overburnt bricks .....ccovvueene 17.0 per cent
Mis-shapened overburnt bricks ......... 38.7 per cent

Second class and underburnt bricks ...5.6 per cent
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3.8.2. The normal yield of bricks in a Bull’s kiln is

and overburnt 50 per cent: II class 30 t;
10 per cent and bats 10 per cent. per centis I oclass

3.8.3. It will be seen that the percenta is-
overburnt bricks in this kiln was hig}Ix) as comlg):,r(t)afl T;stﬁgzgin:g
ordinary kiln. This was due to extra, firing resorted to and also
due to the fact that temperatures inside the kiln were not uniform
throughoat the depth, although this could not be confirmed b
actual observation of temperatures at different depths. The per)t

centage of second class and underburnt brj
considerably. bricks was reduced

3.8.4. The cost of first class and straigh i
ght overburnt
came to. Rs 30 per thousand and of mis-shapen strairg;htb;ifks
burnt bricks to Rs 28 per thousand at the brick kiln site. o

4. TESTS ON BRICKS AND BRICK METAL
4.1. Test on Bricks

4.1.1.  The bricks produced from different ch “
kiln burnt under normal conditions and for extraa%]gfir:dsof the
tested in the laboratory for compressive strength and bl
abscrption according to B.S. specification 10 ater
Standards Specification {1,

4.1.2. The authorities in man i o s

- y countries using b
road pavement specify that bricks should be te%tecll‘wbks :ﬁr
““ Rattler wear test’’ as prescribed by the American Sociegy fol:

Testing Materials 3, !*" In this test, the bricks ar

’ , e
and ground by the blows of large and small spher}:azmil:]le:id
rattler and the percentage loss of weight determines ch

quality of the material. However, no such test could bs
out on these bricks due to non-availability of this Zqﬁ?;;l’:;?ed

4.1.3. Results

The results of compressive strength and .
tests on bricks obtained under norma] gconditionswoaétgih?b?gg}?tmn
that first class bricks selected by visual inspection hagve leate
average compressive strength of 3600 1b per sq. in. and gep given
the strength is more than 3000 1b per sp. in. generally

The average strength of straight overbur
4900 1b per sq. in. and generally the streng
per sq. in.

rng bricks is about
th is more than 4000 1p

iclags -

and Indiun '
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The water absorption of first class bricks varied from 8.6 per
cent to 12 per cent and that of overburnt bricks from 5.1 per cent
to 8.13 per cont.

Results of compressive strength and water absorption tests
carried out on first class and straight overburnt bricks produced
by burning for extra periods, are given in Table 5 and shown in
Plate II,

It would be seen that compressive strength of bricks increases
by extra burning, the maximum strength being obtained at 12
hours extra burning when the average strength of straight over-
burnt bricks was 7293 1b per sq. in. and water absorption 5.82 per
cent. Fairly good results are obtained in the case of first class
and straight.overburnt bricks by burning for 6 hours extra period,
the strength obtained being 5619 and 6485 Ib per sq. in. for first
class and straight overburnt bricks respectively.

It would thus appear that extra burning for 6 to 12 hours is .
effective. 1t would be apparent that the maximum strength
obtained in the kiln is not as high as that obtained in the labo-
ratory and the period of firing is greater in the kilnethan in the
laberatory furnace. This variation is due to different conditions
of burning in the two cases and also due to difference in the
control of firing.

The period of firing to obtain the desired strength in bticks
cannot be kept the same as may be sufficient in the laboratory
furnace but laboratory results do give a fair indication about the
suitability of soil for producing bricks of required quality.

4.2. Tests'yn Brick Metal

4.2.1. As stated before, by extra firing in the kiln, the per-
cehtage of mis-shapen straight overburnt bricks was fairly high in
comparisen 0 that obtained in an ordinary kiln.

o

4.2.2. It was proposed to use brick metal and brick grit
produced by breaking these mis-shapen straight overburnt I.)rlcks
in place of stone metal and stone grit both for consolidating as
water-bound macadam and for surface painting work.

4.2.3. The brick metal was, therefore, got tested in the
labomtory for (1) Los Angeles abrasion value an(_i (2) aggrogate
crushing “value, according to I.8. Specifications*®. Water
absorption was also determined.

4.2.4, The results indicated that the Los Angeles a.bra..sion
values of brick ballast vary from 30.45 to 40.7 per cel}t, the
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aggregate crushing values vary from 24 per cent to 31.65 per cent
and the water absorption varies from 3.6 per cent to 7 per cent.

4.2.5. Effect of extra burning on these properties is not well
marked because the selection of such bricks is based purely on
appearance and in all compartments the same type of bricks
might have been selected (mis-shapen straight overburnt bricks
were produced in all compartments in varying percentages)

4.2.6. The results showed tha brick ballast is quite suit-

able for usc in place of stone meta] for top coat work and also for
painting.

Photo L.
A general view of the

Bull’s kiln under operation

5. USE OF BRICKS IN ROAD PAVEMENT

The bricks obtained from the kiln were used for laying an
experimental pavement in mile 20 and 4} fgs. of mile 28 of
Lucknow-Sultanpur Road.

5.1. Stacking of Bricks

s Photo 2.
5.1.1. TIn mile 20, the bricks as obtained from various Tows .
~ of kiln fired for different intervals were stacked separately for Measurement of tem-
“being laid in separate lengths, Ordinary moulded and pug | perature by optical

moulded bricks were also separately stacked along the road side.
In mile 28, however, it was decided toselect well shaped, uniform
colour bricks for being laid in a particular length and to lay the
remaining bricks in another length, No consideration of firing '
for different intervals was made here,

pyrometer

n
LAPYS

5.2. Structure of Brick Pavement
5.2.1. Preparation of the kankar Surface (foundation course)
Brick pavements are laid on various pes of foundations
“both flexible and rigid. When surfacing is done with bricks on an
old surface as a foundation, any variation in the old surface may
be corrected by levelling up with water-bound macadam or other
suitable material. In the Present case the existing road had
kankar surface, the average thickness of kankar being 71 in.
in mile 20 and 8 in. in mile 28, The kankar surface had some ruts
and was not smooth. In order to provide a surface free of rutg
and pot holes and having proper camber tolay brick pavement
resurfacing of kankar was done (See Specifications, Appendix-B)

Photo 3.
Laying
of brick
pavement
in camber

In order to observe the behaviour of brick Pavement op
freshly laid kankar surface as well as on the kankar surface



Photo 7.

The pave-
Photo 4. ment
Laying of under
brick-on- traffic
edge in (note the
herring- earth
bone bond blinding
on top)

Photo 8.

‘The brick pavement being
laid in cement/sand

Photo 5.

The header-stretcher

bond * K mortar

N
Photo 9¢

Photo 6. The brick

The com- pavement
pleted surface

pavement after
before primer

opening to coat has
traffic

been given




Photo 10.
Applica-
tion of
sand-
bitumen
levelling
course
prior to
painting

Photo 12,
Rolling of

premix
carpet

Photo 11,
1 1in,
premix
carpet
being laid
on brick'

pavement

surface
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i i decided
which has been subjected to graffic for somem;nziﬁl: I)Z?c?re}aying
to open some portion of the kankar _smrfemce tt'o nxu e e wement
brick pavement, On the remaining portion, k 1
was laid soon after compaction.

; ; 1657
The kankar resuriacing was done in é;lggsgsgp;;mbef
in mile 20 and in November-Deccmber 195712

5.2.2. Cushion or Bedding Course

; il i w-pits
Before laying bricks, locally Waﬂaﬂ?le SO‘% in ﬁml:x?:zﬁs Es >
as woll as fine Gomti sand were used in di e‘r‘er e W,,h 2 s
levelling or bedding course OVer the kankar f{,a!so i ling the
not smooth and level throughout the length ag 0 o e in
joints between bricks. Local earth or san g
providing cushion in some lengths.

. : ro-
In mile 20, the thickness of levelling or beddéggrccs%?;?\Z %n :

vided was only sufficient to fill up the sur &]Gim aufficient sand .

make the surface level exceptingin & kf‘“gt;qw al,tl)ou‘t 1 in.-1} in.

cushion (3 in. thick) was given. In milo 1£ nkar syiface before

of earth cushion was provided over the ka

laying bricks.

v
2l

ORI
-

N 5.2.3. Brick Pavement

. ) ¢ with

In order to observe the behaviout of bé;clzspz,‘;‘i?e:d opted.

flat bricks as well as brick-on-edge, both y‘ien th of mile 20.
Flat hrivks were used in the first two furlong 1o

ile 08, brick-
In the remaining furlongs of mile 20 and 41 fgs. of mile 38,
on-edge wag ajiépted- ~ flat brith

On an avorage, 300 bricks were ugfg {)‘:ii@”"‘f@m LoBd in
pavement per mile for®12 ft width and 85 ,

H i¢ bein
Irying brick-on-cdge pavement, the average S81%€ of br 1‘1 5\
9 in. x 44 in. X 2} in. o thus 3 in '

. : u '
The thickness of brick pavement provided Tted thickness

and 41 in, approximately 82 against 9 1 00 fekneas provide
proviéed for stone metal and 3 in. com p;’gnework,
for overburnt brick metal in modernisadl

5.3, Specifications of Brick Pavement

. Jdopted
5.8.1. The iollowing three types of bom}s wgre adop

{1 Herring-bone bond.
(ii) Headerp-stretcher pond,
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{iii) Stretcher (transverse) bond.
Details of these bonds are shown in Plate III.

5.3.2. The following types of pavements were laid in
mile 20:

(2) Watbrick pavement with local carth or sand for
filling joints and for levelling course.

(b) Brick-on-edge with local earth or sand for filling
joints and for levelling course.

(¢} Brick-on-edge laid in cement-sand mortar over

overburnt brick metal water-bound macadam
surface.

(d) Brick-on-edge laid in cement/sand mortar ag above,
with 1} in. concrete topping over the brick surface.

5.3.3. In mile 28, brick-on-edge
details in (b) above with the differenc

of local earth was provided over the k
bricks, “

pavement was laid as por
e that 1 in.-1} in. cushion
ankar surface before laying

5.3.4. The pavement in mile 20 wa
October #8957 excepting brick pavement in cement-sand mortar
which was laid during March-April 1958. In mile 28, the pave
ment’was laid during January-February 1958. '

s laid during September.

5.3.5. Detailed specifications of the brick avoment
given in Appendix B. The different leng P are

nin ths in which these
specifications have been uged are given in ‘Table 6 and shown in

Plate 1V which also shows typical cross sections of. the brick
Jnavement, i

5.4. Traffic Intensity

5.4.1. Traffic census was taken out in mile 2'1 of%his road

Garing February 1958. The following figures of traffic intensity
were svaluated :

7 days Traffic Census :  Width of road 12 ft,
(a) Average traffic intensity per day

“Tons

(i) Power driven vehicles 687
(it) Animal driven vehicles 77
Tatal 764

blew away soon, leaving the surface nake
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(b) Maximum traffic intensity per day Tons
" i b
(i) Power driven vchicles . 800
i .0
(ii) Animal driven vehicles 95.0
Total ... 8955

5.4.2. As there is no other secondary roa,fldm'e?ltiglg tél‘;iﬁ'%;g
upto mile 35, this traffic intensity can be considere
miles 20 and 28.

5.5, Behaviour of Brick Pavement—Mile 20

5.5.1, After blinding the brick surface wit}}x\ sa‘;ﬁ ;:el(:f:;
earth, whichever was used in filling the joints, the s
soon opened to traffic.

. . vveals
5.5.2, The traffic census data given in gara.i gﬁ;}eé"zges,
that power driven vehicles predominate over Iapl;jl;g ity. Due to
the latter being 10-11 per cent d‘?f tho jg:&ﬂlzg bifick .pa,Vement
preumatic tyred traffic the blinding o 4. Alang of threel
. oo with Joca
men was, therefore, kept in a mile to blind the Sg"-fai:: iz‘;ﬁ)l‘t?ocns
garth cor’xtinuously. It was observed that some ru{}_} e D ensiag
of brick pavement began to be crushed uncé;rr I;'?icks reraain-
depressions and irregularities in the surface, o ded by traffic.
ing intaci, The edges of bricks also got rounded by

-~

N ~, ioints

5.5.3. By constant blinding and pa'smif 1:::33 zilgll'l: w]a(.);nno
betweer, brigks got compacted by local fem;; when attempt yas
movement ot bricks under traffic. In fact, experienced. %
made to remove crushed bricks, difficulty was exp 7

rd

. . PR G
No blinding was done on the brick pavement laid mhngmen._x
mortar, .

v i joints, it

5.5.4. In portions where sand was useg u;mtf}ﬁz ]t(;::ga.nd

was scen that due to movement of bricks um1 ervin thiam Ripine

settled down forcing the bricks up and thusb eaever% e ing
the general level of road. These bricks got s

under traffic and got damaged.

i i tal

5.5,5. The general behaviour of dxffe;re:: ¢ 5?53;131\?2 i
portions of brick-pavement in mxletzonzv)&
May 1958 (before putting surface treatmentj.

ttor
(i) The portions laid in transverse bond behaved be
than those laid in other bonds.
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(ii) In header-stretcher bond,

header bricks got more
damaged. The surface in some casos b

ccame Very unoeven,
(iii) There "was no difference in behaviour of ordinary
moulded and pugged bricks.
(iv) The bricks burnt for ¢
better than bricks burnt und
revealed by the compressive

hours extra interval, behaved
er normal conditions. This iy also
strength obtained for such bricks,

(v) The brick surface laid in cement-sand mortar was
behaving much better than other surfaces. There were no
depressions excepting crushing of few bricks here and there. The

edges of bricks got rounded as cement—sand mortar sank a littlo
in the joints leaving a slight gap.

(vi) The concrete overlay over the brick surface was glygo
behaving satisfactorily for some time, *

_ There was only one trang-
verse crack in tho middle. Later on, however, a fow pot holes were
formed in the conecrete surface near

the end of experimentyl
length. 1t appeared that there was not much bongd between the
concrete ovorlay and brick surface as well as mortar in joints

as the concre ¢ wag put sometime after the brick pavement had
been laid. 1

<
PR

were patched up by bitumen premix. T,
at this surface may not stand for very long.

bricks laid over

The pot holes
however, appears th

(vii) It appears that the surface of
freshly consolidated kankar surface had Worn out more than ip
the other case in the beginning but later on the surface was not

so irregular.  Some portion in this length has beev...left oves
wnpainted for further observation. -

5.5%. Brick Pavement on Sand Cushion—Mile 20, <

a
~  This length was laid during June 1958 as per speeification;
given in Appendix B and was soon opened to traffic, The surfac
has been behaving satisfactorily and bricks have not boer
crushed, excepting that bricks have settled down under traffic
particularly at places some distance away from the odges of tl
road.

The effectiveness of sand cushion in reducing the crushiﬁg o,
wearing out of bricks is apparent. However, under traffic an(
vibration, the 3 in. sand cushion appears to get compacte
gradually and settle in the portions where traffic may be Passing
In such cases, the bricks can be relaid to camber after the sang
layer has been compacted.

. N X -~
N Bricx Pavemest 1N Hiciiway CONSTRUCTIO

5.5.7. Mile 28

In this mile, as stated before, bricks were 561.6020%1?5(%1232}
laid.  Barth cushion was also }_)rovxded. i Conzm?va.tion ofothe
surface was resorted to as in mile 20. The obse
behaviour indicated that:

. t

(i) By provision of earth cushion, the P?mm;‘l’:fg“:h
crushed or worn out bricks was ‘reduced conSldera,?ny;nne 20, g
the intonsity of traffic in this mile was the same as

i although the
The 'ing out of bricks was also not severe : '
edges of b:?:lis ggot rounded. The surface was quite satisfactory

. ; i Iso
(ii) Selection of good and uniform qu“llt%gi‘:lﬁhgzsiife-
rosponsible for better bebaviour as in those poﬁeld and worn out
rior quality bricks were put in, bricks got Cmi these damaged
soon after thoy were opened to traffic. ?he - tohes £0 tho
portions, bitumen premix was used to fill up o fpctorily there-
level of pavement and the surface behaved sa ;: ibsel‘Ved-
after und further damage to brick surface was n ‘
. i £ ile are
(iif) Some portions of brick Pﬂ"’?nfw“:or;?y i Qralinding
still unsurfaced and are taking traffic satistac g

18 now being carried out.

\
6. BITUMINOUS TREATMENT ON BRICK
PAVEMENT

. . ) < h
6.1.  After noting the behaviogr of brick l)abe?ceenit; g)?lzs
With flat-biien -nd brick-on-edge) laid on kanker sur O o
20 and 28 it was decided to provide a h“f“mmm.lshw:he following
of those longths with different specifications Wi "\/ :
objects in view: ’

i i ions of

(i) 'To observe, the behaviour of dlffel‘en.fiz‘ :peeagfx?;lg:rs °
surface dressing as regards adhesion and durabi nll e};"
bitumen as binder and different products as primer.

(ii) Toobserve the behaviour of premix carpet.

ions of
(ii) o provide a bituminous cont over those portions o
brick pavement which had shown wearing le"‘qm%ess as regards
in the surfaco and to observe their effective
further stoppage or reduction of wearing.

6.2, Specifications
The following specifications were adopted :
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6.2.1. Surface Painting First coat with Tar or Mexphalt and

Stone Grit

In mile 20, before paintin i

, T \ting, & primer w H Tt
;g;igge _1*01 bhlg Shell primer, Road Tarai{%}[{p_geisg ﬁlb brick
St 1o égzllgled gvsltt}[x 4% 1?@; cent kerosene oil) wérc used i?lel)}ilf{fm
PPN 1e brick surface ; e-
ggullgg cg‘;;swbmgl'of coarse sand mixe(‘; :vsiéftglgéiogg:taﬁmielll 'ng
/ s applied to fill in depressions and was l‘olle((i)kp %lt
. The

surface was then painted, as usual inti
flat brick and brick-on-edge surfa,aéés Fainting was done both on

6.2.2. Surface Painting in Mile 28

In this mile, R.T-1 (R
» R.T- oad Tar)
surface. As the surface of bri
ace. ck pavemc ai
ngtl}wellmg course was pravided. g%heesu:?;c;vaz_i:}rly smooth,
with the usual specifications using R.T.-2 and gI;M: S(l)rr]rzlgew;s gone
- ortions

in this mile were lef i
trials. t unpainted for observation and further

was used for priming the

6.2.3. 2 in. Premix Carpet
xaiore laying premix carpet i o
- . 2 th )
]ngsgggu p‘ll'uncg or Mexphaltp 80/100e Erilif{tdsuvlvf
rosene oil. Premix carpet igti y
grit was then laid and roHeg. consisting of Mex

ith 40 per cent

The carpet was laid i
surfaces in mile 20. et aver flat bric

Appendix B.

: k and brick-on-edye
Detailed specifications are gi(\)rzlf dg;;

I I

6.2.4, Behaviour of Bituminous Coat

I'v surface painting, furth i
boun stopmen S1tmao .g, ¢r wearing out of the surface hag

The grit has been blown off f
T : rom portj
exposing the bricks. 1t appears that size (?f thtaog:igfug?;:ﬂf; I;f:fﬁ

for first coat painting ; .
surface. P g may not be suitable for painting on brick

Grazing has been observed on

31 ; the flat bri

few joints specially near the edges indica,f;li‘:lcgl:I xﬁf‘fement f
o

bricks. This may be due to the f i
) t b i i i
cdges might not have been fully comp;cctedh{;‘yt t]:‘);?ﬁfcs i bricks ot

ace along

The promix carpet has given quite sati
surface and is adhering well. The 25@1 gf Sﬁilzgicjﬁrgo%\goSm?otg
mixe

a4ce Was primed

phalt and stone -
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with 40 per cent kerosene oil as primer is also quite effective and
ceonomical.

The portions in which Shell primer hasg been used are more
exposed than those in which R.T.-2 has been used as a primer.
This applies to those portions where Road Tar RB.T.-2 has been
used for surface painting.

In those portions where Mexphalt 80/100 has been used for
surface painting, the surface has come out better than those
where road tar was used. The surface has been exposed at some .
places here also but to a much lesser extent as compared to tar
painted surface. This is also confirmed by laboratory tests to
determine affinity of tar and bitumen with brick metal. The
results given in Table 7 indicate that adhesion with Mexphalt

is better than with tar.

_The brick gurface in mile 28 is more exposed than in mile 20.
This may be due to the following factors :

(i) Use of better and harder quality Yricks in mile 28
on which grit might not have adhered effectively.
The bricks in this mile were not crushgf and were
standing well under the traffic. (o

. (i) In mile 28, R.T.-1 was used as primer over ‘brick

) surface which may not have proved as effective as

other primers. .

(iii) > No levelling course of sand-bitumen premix was laid
in mile 28° as there were not many depressigns and
irregularities in the surface.

This ai}sdl"fnoints out to the necessity of using smaller sizg.

grif‘a for painting. N
o > wi Lot
7. BRICK PAVEMENT WITH BITUMINOUS JOINT FILLER

7.1. The following experimental lengths of brick pavement
using bituminous joint filler were also laid during June 1958

(in mile 20):
(i) Brick-on-edge on earth cushion with joints filled in
with bituminous filler (Mexphalt 80/ 100).
bitumen mastie, Witl} joints
filled in with bituminous filler (the sand-bitumen
\ mastic being laid after the kgmka.r gurface had been
primed with & bituminous primer).

(ii) Brick-on-edge over gand-
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7.2, Detailed specifications

are given in Appendix B and
shown in Plate IV,

7.3. Behaviour of Brick Pavement
Bitumen

7.3.1. The brick pavement laid over earth cushion with
joints filled with bitumen ig behaving better than the pavement
laid over sand-bitumen mastic, Some bricks laid over bitumen
mastic were crushed under traffic after some time, It appears
that earth cushion Plays an important part in reducing the
crushing of bricks. As the bitumen mastic was compacted by

roller, fairly hard surface was obtained which tended to erush
the bricks under traffic,

with Joints filled with

The mastic should have been very

lightly rolled before laying
brick pavement as is specified in Am

erican specifications, 16
7.32. Some bitumen was left o
while pouring into the joints and. this could not be removed

in spite of the use of lime-wash op the top surface of the bricks.

This bitu.ren was allowed to remain there and it has not given
any trouk:; to traffic, Actually it has

ver the top of the bricks

helped in preventing
wearing, ~ . of the brick surface. R

733, It was also seen that al
the joints completely in the begi
slight gaps on the top.

though bitumen was filled iy to
nning, it sank later on leaving

It is proposed to fill in the joints by fine sand,

7.3.4. The quantity of bitumen required for filling the
ioints was excessive whie ‘

h increased the cost, This was due to
rivks rot being of uniform size and shape,

i 4

8 GOST OF BRIGK PAVEMENT

§8.1.  The rates of labour
cost of bricks) for laying
cations and for providing bi
are given in Appendix C,

and cost of materials (
brick pavement in qjf
tuminous coat over the

exeluding the
erent spoeifi-
brick surface

The costs of providing pavement (taking the cost of bricks as
18 45 per thousand) with bﬂ:u}ninous coat on top for some of
the specifications are also given in Appendix D, -

8.2, It may be noted that these costs are
mental stretches laid in short lengths and it can Le safely
{

<

L ke
~ verse bond and surface painting on top can be

based Xperi- i i .
ased on experi » o8t of black-top surface with 8 in. crust
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i cale is
Pfesumed that the costs will be low{er if work eo:gaféz;.lrogvtssf
undertaken. Observations regarding costs ar

i ond

(1) The cost of flat brick pavement gm :rag?xgi‘iz bWitlz
with local earth for filling joints andf?zualgenl-’sand o brick
Mexphalt (without any levelling course o 1til rnisation of a road
surface) compares well with the cost of .mlg e Ctal water-bound
by providing 4} in. of overburnt brlcT 3 ngost of this type of
flat T o surfe:;cq painglnlgesosnﬂf:g ‘the csst of modernisation
flat brick pavement is mu
by using stgne metal.

2 T i S&Ild
() ) C) i avVv ent over 3 in.
h cost Of flat bl‘le .p- em ) )
cush(iOll is less than the cost of prov 1d1ng 6 in. kankar IO&d

. ired every 2 or 3 years

f kankar surface is require ied. Surface
whilfl?sez‘}’laél c(;se of bricks, this ma,y_n(?t be re?,lilflﬁ:ﬁic ishigh.
Painting on top will provide a wear resisting coa

is 4 in.-5 in, and’

(8) Where the thickness of kankar coat lt?) 41}(1)1\.7ide oot
the road is to be modernised, it yvill be nece.s:ar.i’ace p cok-on-edge
of kankar before modernisation is done. Indl cf; ghiox’l,} in rans-
payement with 1 in.-1} in. earth or san b foctively
R 20 ,.»\ .
d cheaply too. . I
?E o i i d other district rog-ds
Y (4) In constructing new village an: e dge over 2 in.-
carrying medium intensity of_traéfﬁcl,f Bilacsc_)il ‘s aiready sandy,
3 in, sand .cushion may be P‘I;S;V(Iide -] i
the sand cushion can be omitted.

. r type of
(5) Where tbe thickness of existing kaﬁtiﬁi:;t?ggewiz’f two
crust is aireatty 6 in. or more, and where mg surface is Provj
soat surface dressing on stone water-boul‘;er brick-on-ecx7/pav>
it | ted that § in. premix carpet o ; rth, pushio;
18 suggeste a - ith Iin. - 1,} in. ea Wt
nient in transverse bond laid wit difference in cosi and’
may be adopted, as there is not much-d i] Besides, the i
greater thickness of  pavement is proviaed.

Premix carpet will give a smooth riding surface.

. od areas
(6) Where a road is to be constructed in v:::(}!gﬁ%%ved by a
or where widening is to be done, flat b”clfi (;O;avement may be
layer of 1} in. sand and then brmk-on-le geni: surface painting
suitable, Tf tﬁere are no chance_s of settbe?ék ’If’ however, the
may be given shortly after laying th? 'dra,né surface treatment
Pavement settles, the bricks can be relal
given.

: bly with the
The cost of these specifications compares favourably

Y
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9. CONCLUSIONS

The behaviour of the brick pavement laid in different
specifications indicates that:

(1) Brick-on-edge pavement laid with 1 in. to 1} in. earth

cushion over an existing road can take traffic upto 800 tons/day
satisfactorily. .

A coat of surface dressing with Mexphalt and grit giv

: ) es fur-
ther protection to . the brick surface and furthe% Wga.ring or
crushing of bricks, if any, is stopped. 1In order to provide better
and smooth surface, § in. premix carpet is recommended.

(2) Flat brick pavement has also given satisfactory resyl
and it is expected that with 1in.-1} in. cushion gveisut}f:
existing road surface this pavement should also behave satisfac-
torily.

Here also provision of surface dressing will hel
the wear and tear of surface, # in. premix carpet

much betfer and smoother surface.

p .in stopping
will provide g

-

This pa femgnb is economical, as lesser number of bricks and
fewer joints(zre involved. The cost of flat brick pavement com:

pares iavourably with the cost of modernisation b :
overburnt brick metal or stone metal. y us‘f;g

(3) For surface dressing over brick pavement, the usual si
LN . . ) size
%11111£~ t%hm.) §rlt use((ii for first coat painting does not adhere
well to the surface and it is considered thaé smaller si i

give betfer results. T BT grit may

It is proposed to try specifications includizys™ ii
. ~ e
- ¢harse sgmd for surface painting over brick Pa‘vemen%_ wie use of

(4* In case of brick pavement, softer bricks get crushed
«nder ttraffic in the beginning forming depressions. If theée
.patches are covered by bituminous premix to the level of the
puvement, further wearing of the surface is prevented.

(6) Brick pavement laid in cement-sand mortar has behaved
fairly satisfactorily but the cost is high and it may need a bitu-
minous coat on top later on. The behaviour of concrete overlay
is not satisfactory and if it is desired to use these specifications
it is suggested that the joints between bricks should be wider and
the concrete should be laid simultaneously in the joints and at
the top to form a composite section,

(6) The brick pavement with joints filled in with bitumi-

nous filler is expensive to lay and cannot be recommended for
adopt}on in place of other specifications of brick pavement,

~
’

“{gr sq.in.) should be Jaid with some sandjearth cushion an

* authorities using these bricks should co-operate i
. project a success. It may not be possible for
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bgrade conditions in U.P. and other States will not
be a,(g ) b;’as:;x irgf Holland and other countries {except in wa}’oe}'(i
logged areas), experimental gtretches of brick pa.vemzn_td a11n_
directly on earth subgrade may be successful and can be1 rtx_e -1
waterlogged areas the brick pavement offers a good ﬁo u lz?ﬁed
any subsidence or settlement in the.surfa,ce can be rectl
easily. A sand cushion may be needed in such locations.

i i in the
8) Tt is possible to burn fairly strong bricks in
ordir(m)ry Bull’s Iljiiln if properties of brick clay are pred'etergzlazi
by means of tests to find its suitability for pr_oducmghanical
quality bricks and if ‘control is exercised on 1f£s nglel:s s
f{oﬂlposition and properties and also In the firing of bric
iln.

It has been seen that extra firing can improve the quality of
bricks to some extent.

i i in the kiln can

The mis-shapen overburnt bricks obta.x_ned in all

be used for prOdI\)lcing brick metal for use in road construction :
in place of stone metal. The former will be cheaper. v

i i {y iron-tyred
+ {9) Por withstanding the wear and tear by he I:y iron-tyre
ﬁra'{ﬁ(c )Of bullock carts, eigther vitrified bricks shou?p I:g‘ %%%agneig.
and used or bricks possessing fairly high strength (7002 :

Yikae

Minous coat provided on the top later on, if necessary. 2

: i i -Sultan-
The experimental brick pavement laid on Lucknow-Sull
pur Road %as been Ltaking both types of traffic, Vi, a:;:ﬁgé
driven and power driven. Although the a,mm?,l .dr_xven et
which cohsists of bullock carts is not heavy, still 1}#; 1; s.ee;; o
pavement having fairly high compressive strength bricks, =i
taken the bullock-cart traffic satisfactorily.

This needs further experimentation and it is sugge]i?ﬁ‘li 2‘:‘;
straight overburnt bricks produced from an ord_m&}‘S;; s 7
be laid over sand cushion in village and other districtr . .

\ P iln for
10) Possibilities of establishing }Ioﬁmann type ki
prod(uci)ng high compressive strength bricks may bet 3"2?563333
some selected places from where bricks may be car ed nd.
on various roads, under different conditions of subgzathe, cou'n iy
successful, many factories will spring up throughout the

to provide bricks for dustless low cost roads.

kiln owners and the
pav n making this
Govt. Depart-

¥

Tt is, however, necessary that bric

N .
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]Tclmts or local authorities to invest money in cstablishing such a
iln.

Investigations into the possibilities of producing high com-
pressive strength bricks from other types of kilns like Down
Draft type may also be carried out as this type of kiln may be
cheaper to set up than a Hoffmann type kiln.

This problem is already under consideration of the U.P.-
P.W.D. Research Institute and it is hoped that trials for

producing h.igh quality bricks from such kilns may be carried out
soon for laying brick pavements.
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Appendix
Appendix A
Details of Bull 's Kiln SPECIFICATIONS OF BRICK PAVEMENT
C( acl i R .
apacity of kiln = 6lakh bricks per rouna. , Specification No. 1 (a)
verall outer tength = 223ft " Laying Flat Bricks over Kankar Surface
I 1 L. .
n-ner eath (sraight portion) = 157 14 Existing kankar surface was scarified to an average depth .
Width of trench = 947 2in. and the resulting surface brought to camber. The surfas
Numb k was cleaned and charri from the excavated mass picked ou
uint °r of compartments Fresh kankar at the rate of 1500 cu. ft. per furloqg (for the 12
(156 round) = 20 Wwide road) was first spread and then the bigger pieces of kank:
Number of compartments from the salvaged mass were laid and consolidated using a pow:
(2nd round) - roller (8 tons). As the kankar available in this area is of a
= B extremely hard nature the use of power roller was adopted. Tt
Number of Tows (combustion " surface was finished toa camber of 1in 60. The surface w
chambers) in compartment = 8 then opened to traffic for a period not exceeding one month. .

D. oth of trench: 17 f4 din. (4 ft

N ! below When laying brick pavement the surface was first covere
"lpd 3{t 3 in. above ground level). ground lef.vel , and %eVelled zmﬁ the ]oc{:l fine sand. The bricks;l we' th:}rlz Iai
Height of chj ) . _ 7 flat to proper camber over this sand covering as ¢ 0s¢s, jogether
€ chimneys - Outer chimney 31fy possible keeping the size of joints to a minimum. The bricks wer
Inner chimney 80 ft ““15d in two bonds, viz., in header and stretcher bond and .i

y ]

hefring-bone bond. Details of the bonds are showi in Plate 11!
The joints between bricks were filled up with the local fine siac
The surface was also blinded with this sand. Before opening: th
surface to traffic, the oarthen shounlders on both mdes’;gere pu

Land acquired ;

Permanent 2.5 acres

Temporar 3.0 level to the brick surface in order to protect the ges O

' ' porary acres the brick pavement and also to resist the movement of brick
Orientation of kiln : East-West, at the sides under traffic. 7
S “

! Specification No. 1 (b)

-

This Speeification is almost the same as speci'ﬁca.tion a
1(a) except that in place of local fine sand, locally available eart‘]‘
Wwas used for levelling, joint filling and blinding.

Specification No. 2 (a)
Laying Brick-on-edge over Kankar Surface

Bricks were laid over the kankar surface similar to the
Specification 1 (b) except that here the bricks were laid on edge.

In addition to the two types of bonds as in 1 (a), bricks were
also lajd transversely, with the longer dimensjon perpendicular

~.
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to the centre line of the road. Details of thig bond are ShOW(n in
Plate 111,

Specification No. 2 (b)

Here the specification wag similar to that in 2
local sand was used instead of local earth in
filling and blinding.

Specification No. 3

Laying Brick-on-edge over 3 in. Sand Cushion (over kankar surface)

On the surface of kankar as prepared in specification 1(a)
sand was placed and compacted by hand ramming, On
both edges of the road surface, bricks-on-end were placed to
retain the sand. The bricks-on-end were also supported by
putting earth shoulders on outer sides. O

n the sand cughj
bricks-on-edge were placed using sand f ey

or filling jointg,
bricks were laid transversely as described in 2 (a). g Joints. The

w Specification No. 4

Laying brictfon-edge over Kankar Surface using Joint Filler -

Bricks-op-edge were laid as per specification 2 (a) except t).at
the joints were not filled with earth, and the thickness of ea.l'rth
cushion below the bricks was kept 1 in.-1}in. The

: bricks were
laid transversely. Mexphalt 80/100 was used for fillinig the joints,

Mexphalt 80/100 through a sui , ing sure that
the ﬁl}ﬂr reached the bottom of the joints, :

Specification No. 5
rick-on-edge over Sand-bitumen Mastic Bed using Joint Filler

Over the kankar surface, a mastic bed 1 in. thick was laid
18ing eclean dry coarse sand and 8 per cent Mexphalt 80/100.
Prior to laying the mastic, a coat of bituminous primer of Mex-
ohalt 80/100 mixed with 40 per cent kerosene oil was applied
>ver the kankar surface at the rate of 25 1b per sq. ft. The
nastic surface was rolled with a roller to bring the surface to
yroper grade and camber, Bricks-on-edge wero then laid keep-
ng the joints as narrow as possible. The bricks were laid trang-
versely. The surface was again roll

v ' ed and the joints wer then’
illed up with Mexphalt 80/100 as per specification No. 4, ° e?

l

(a) except th, - -
levelling, joint "
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Specification No. 6
Brick-on-edge over Freshly Consolidated Kankar Surface

ification 1 (a).
The kankar surface was prepared as per Sp:gl%c::;:;‘dir(ec-
N t'lfﬁc was allowed over it and br'lcks-og-sulgfa,ce T iae
'tlg 1&11?1 over this surface. ’I‘hell joint fgltl;ﬁgnandone Tace this sun
w i . Final rolling was r ol
';;a»s do’?ﬁ vglttl'li:l?fihrlllg of ;vater. The surface wast(;}éae.gnned 8
Togleir:gand Izi.ny defects on the finished surface rec .

ing-bone and
The bricks were laid in header-stretcher, berring-bon

transverse bonds.

Specification No. 7 (a)

Br - - r ver T

Ballast Surface using | : 3 Mortar as Joint Filler

A 3in. coat of water-bound ovsarbu;‘(r)l
given over the existing surface acoordufft O atiaco had set;
In consolidation fine sand was used. e e e and morbzﬁ
it was cleaned using wire brusheg. Cemefnl' e Sin. Bricks
(1:8) was spread to an average thickness of “}I; '3 mortar for
On‘-ed' e were then laid over this mortar uSlthge L selcs and the,
S]lin gthe joints. No mortar was put Ovel:]?h ik werz 1nid
i rt%,r in joints was flush with the bricks. e before opeaing
trznsverse%y. The surface was cured for 28 days )

]
to traffic.

TN, N e
)

-~y

t brick ballast was:
usual specifications.

S;ecification No. 7 (b)

ey s d
i ick-on- laid in Cement San
Cement Concrete Topping over Brick-on-edge la >

/s
Mortar . )
d in‘cemeny
+ Tn these specifications, bricks-on-edge :;'ereoi,a;r o brics
sand mogtar “similar to specification 7 (1.% T ick was laid
surface, & layer of 1,: 2: 4 cement concrete i joints apd
and cor’n acted. after removing the loose ma O tor 98 days 7
over thepbrick’surface. The concrete was cu

ponding prior to opening for traffic.

COAT
SPECIFICATIONS FOR BITUMINOUS

(a) Specifications for § in. Premix Carpet

ick with flat

Doforo laying promix carlpet, dtl;? a.})ln;}(l){ossemt;?r(;;% fro? the

icl i cleane ; 0 ial was
Egztc:idoihben;gi:g; -e(fepzising coat of bituminous materia

53 AN

{.
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I3

then applied over the brick surface at the rate of 25 1b per 100

aq. ft.
(H
(2)

Note :

The following primers were used in different lengths
Shell primer No. 2.

Mexphalt 50/100 +- 40 per cent kerosene oil.

The primer at serial 2 was prepared at the site by heating
Mexphalt 80/100 slightly and then pouring it in kerosene oil
stirring the whole vigorously and continuously until a homo-
geneous mixture was obtained.

Premix was prepared by hand mixing stone grit with Mex-
phalt 80/100 at the rate of 3} 1b per cu. ft. of grit, the grit being
used at the rate of 12 cu. ft. per 100 sq. ft. of surface. The premix
was then laid over the primed surface to$ in. thickness and rolled

by a power roller, taking care to provide a camber of 1 in G0
on the finished surface.

The carpet was blinded with coarse sand to fill up th i
snd to give ymooth riding surface. p Hhe volds

-

(b) Specifications for surface painting

The brick surface (with flat bricks or brick-on-edge) wis

clearjed of all dust and loose material.

. A bituminous primer was then applied to the surface at the
rate of *i5 lb/sq. ft. In addition to Sheéll Primer No. 2 and
Mexphalt 80/100--40 per cent kerosene oil, Road Tars R,T..
and R.T.-2 were also used as primers in different lengths, R

After priming, a thin levelling coat of sand bitumen mastic
/8 per ‘{ent of Mexphalt 80/100 mixed with coarse sand) was laid
, over the brick surface to level up the depressions ana irregularities
“ in the surface. It was laid to camber by a wooden batter which
whs moved over the surface manually and then rolled. A mini-
wum quantity of mastic was used just to fill up the depressions
to the level of those bricks which had not been abraded.

Road Tar R. T.-2 or Mexphalt 80/100 (as the case may be)
was_then spread over the surface at the rate of 40 to 45 1b/100
sq. ft. by means of a rose can to cover the whole surface. Stone

grit (} in. size) was then spread over the surface @ 4.4
100 sq. ft. and it was rolled as usual. @ 4.4 cu. ft. per

The surface was then opened to traffic.

~
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Appendix G

Abstract of analysis of rates for laying

brick pavement

Rate 100 sq. ft.

Details of pavement for labour only

Neiat

N

@

b Bs
1. Pavement with flat bricks using earth for levelling
and filling joints . - 3.30
2. Pavement with flat bricks but using sand (inclu- ...
ding cost of sand) 4.30
3. Pavement with brick-on-edge using earth for
levelling and filling joints 4.40
4. Pavement with brick-on-edge using sand (including
cost of sand) 5.58
5. Brick-on-edge pavemont ovor 3 in. 1:3sand cushion ... 9,58
* 6. Pavement with brick-on-edge in cement-sand
mertar 48.50
- % Bituminous Treatment :
0
(a) Cost of priming 4.(}‘;-
(b) Cost of patching with sand-bitumen e 8 500
8. Painting lst coat with R.T.-2over patched up T
surface ’ e 16.00
9, Painting st coat with mexphalt over patched up -
surface 17.00
10. §in, premix carpet with priming coat 76 J0
11." Filling joints.with bituminous filler 39.00
~ [l
12. Paving bricks-on-edge over mastic and - joints
filled with bituminous filler (application of primer £.00 (
before laying mastic) 64,
Note :

Yor brick-on-edge pavement, bricks requjred are 550 and for
flat brick pavement, bricks required are 350 per 100 sq. ft.

The above rates are for header-stretcher and herring-bone
bonds. For transvorso bond, the rate is 10 per cent less. The rate
for items 1, 2 and 3 is thus Rs 3, Rs 4 and Rs 4 respectively per
100 sq. ft. and for item 4, it is Rs 5.00 per 100 sq. ft. and for item
3, it is Rs 9 per 100 sq. ft.

ALY
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Cost of different types of road pavement

including brick pavement

Appendix D

Sl

No.

1.

w

wf

Specifications

(a) Brick-on-edge pavement-sand filling in joints-
surface painting (Mexphalt)

(b) ' ’e » ” (without levelling
course)

(c) . . - ' earth {illing in joints

(d) » s (transvorse bond) ,

(©) g 4 . ' . 1 in. premix carpet ..,

(a) Flat brick pavement-local carth in joints-trans-
verse bond without levelling courso-surfaco
painting Mexphalt

b)) s,

B‘rinl";?dc)n-edge over 3 in, sand cushion (transverse
v.ond) ke

premix carpet ...

Flat Brick

s s EH] i) 33

Brick-on-edge ,, 2 in. sand cushion ,,

sy

) Brick-on-edge over 1} in. sand laid over flat bricks

(a) Modernisation over stone metal (2} in.) W.B. M-
sarface painting one coat

(b) I3 2] 5 »

‘.

two coats

Modernisation over brick metal (3 in.) surface-~
‘painting one coat

Kankar (2 coats) 6 in,
,» (3 coats) 9in.

Modernisation (2} in. stone metal) over 6 in. kan-
kar-surface painting-one coat

Surface painting by Mexphalt and priming {ono
coat)

Rs

36,340

33,170
32,425
32,170
35,370

¢

25,635
28,354

22,000

15,400

21,400

33,050

29,078
34,678

23.800
16,300
24,280

45,376

13,305

Cost per mile
(12 ft wide road.)

Bricxk Pavement v HIGHWAY

CONSTRUCTION 415

Cost per mile
in Rupees (12 ft

I%l(; : Specifications wide Rd.)
T Rs
- 13. Surfaco Painting 2 coat 5,500
.14, {in. promix carpot with priming 16,500
15. Rosurfacing with kankar (3 in.) 7,980
Note :
1. The above cost includes the cost of renewal of patries (shoulders).
9. The following rates have been considered :

(i) Cost of bricks Rs 45 per thousand.

(ii) Cost of renewal of patries R
thickness of pavement).

g 450 to 800 (depending upon tt

(iii) Cost of stone metal Rs 100 per 100 cu. ft.

(iv) Rate of stone consolidation Rs 11 per 100 cu. ft.

* (v) Cost of brick ballast Rs 50 per 100 cu. ft.

(vi) Costbof brick metal consolation Rs 7 per 100 cu. {t.

(vii) Cost of brick edging Rs 800 per mile.
(viii) _Cost of kankar Rs 25 per 100 cu. ft.

<
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TaBLE 1

Showing physical characteristics of soils from

Lucknow-Sultanpur Road

58
- . Location
e 2
'3'3 3
€L - (]

1 1734\ Mile 22 fg. 4~
. north

Mile 22 fg. 4—

|
|
21735
south
3

i
.

756 | South Road

corner mile
2% fg. 5
4 \\757 Road central

.1 pit

North—east
i corner
|

i
5 738

|
ot
}

|

6 . 759 iy 1d south

7 760 | Milo 22 fg. )~\
|

~

i
|
‘ field north

" g | 778 Mile 22 fg. 5~
) , centre
9 \779 | Mile 22 fg. 5—
- | gsouth
‘0 | 780 | Mile 23— south
1

b

i

11 781 I Mile 23——nor‘ohi

‘ = ——
. ) o_q] ° Particle size
T, 8e Ex lnoB 5E analysis
ZE|3F 5% 555 A3 :
SE g% 38 lmégw —55 Clay | Silt |Sand
PR gR @ Yo %o %
- S »’ . e i - ",,, D
26.0\i 223 | 46 3. l Nil 1 ]1
Non-plastic 13.1 { N ( \
| .
2381 157] 81 — |
! |
| |
2270 165 | 6.2 —
i I
2 ‘ 3
241811 63~
: | ‘ ‘
a9 192! 87 o~ |,
i ' ;I i
30.6 2031 1031 .07, ,, |
|
] {‘
332 208 124 112 , 22 | 36 | 42

36.8 24.0 | 12.81 0.30 26 1 28 | 48

i
|
l
|
3.1 26| 125 014, E 19 | 31 | 50

30.0 18.0 ) 12.0 | 0.95°

|
———

I
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Ta

BLE 2

Showing properties of laboratory burnt bricks

Serial Laboratory
No, sample No.

———

i 780
2 78
3 779
4 779
5 780
6 781
P

|

Burning details
5 hours at 850°C
5 hours at 930°C
5 hours at 950°C
7 hours at 950°C
5 hours at 950°C

5 hours at 950°C

Avorage
compressive
Strength
b per sq. in.

7,496
3,600
8,243
10,523
3,400

4,504

24 hours
Water

absorption '

per cent

8.35
12.65
7.6
3.9
15.29
12.23

Remarks
L

|

| Suitable

)

!
}Suitable

Sy

N.B.—Laboratory bricks 4.6 in. X 2 in. 2
ent less than the liquid limit moisture content of each soil.

% 1.5 in. were moulded ai 1 per
Thege bicks

rere first dried in shade for one week and finally in an oven at 50° to $0°C
0 constant wdight. These bricks were then burnt ina laborfligrv muffle
urnace at 950°C for & hours’and 7 hours as mentioned above and t1 ¢n vested.
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i.
TABLE 4
Tavig 3 Details of consumption of slack coal
Showing typical temperatures obtained in the - l" o ] | Consump- |  Bricks 1:3;?;;33?'
kiln chamber in Holland E Spevifiontions of burning co:llo(‘:;:rfw) bltllgsl.t l%l;i};k(;f
‘ ; \‘ 1st Rouna of Firin |
" Day | ! Ist l‘ 2nd ‘ 3rd 4th 5th 6th 1. Normal burning & . 115.60 4,865,000 25.0
Tomperaturo °C. ! 50°0 J\ 60°C - :4 T — j — 2. Normal + § hour extra 2.70 10,600 25.5
) 7 g—-L ;;d,i;_g__/ 00 f 100-300 | 800-500 | 500-700 3. Normal + 13 hours extra 2.80 10,600 26.4
. S 4. Normal + 6 hours extra 4.10 14,150 20.0
Day 7th Sth 9th 10th 1ith ) 12th 6. Normal + 9 hours extra 4.60 14,150 32.5
Temperaturo °C. | 702-900 900-1000| 1000- 7 7]>0760 1070> W 1‘_ o b Normal 4 12 hous exte ) . o e
! 1050 080 . . 2nd and Part of
I’ | ' ‘34 Round of Firing
Day | 13th | 14th 15th 16th 17th 18t .+ 4," Normal burning ol 3630 2,27,200 18.0
T e o 2. Normal + 8 hours extra 2.80 14,900 19.7
Temperatwre °C. | 1090 l 1100 11(_)0- 1050~ | 1000 | 300-6576 3. Normal + 6 hours extra’ 56.30 2,73,100 26.5‘.“
. 050 | 1000 800 | T flo.
i | 4. Normal 4 9 hours extra 3.40 14,900 "§ 22.5
- Day j 19th | 20th | 2lst | 20 | 23r4 ‘ 24th 5 Normal + 12 hours extra T4 20,800 8
- %i\ 8. Normal + 18 hours extra 3.20 11,200 284 ’
Temperature °C. | 630-450 ’ 450-300 | 300-150 | 150-50 :h 50 i u'\()_ 7., Normal + 24 hours extra 3.70 11,200 33.0
| hhﬁn;(;d_in:,_/ 8. Norma? + 36 hours extra 4.60 11,200 41.7
9. Normal + 48 hours extra o] 500 14,900 TR
10. One gveek burning 8.00 14,900 53.7
4 3 Total .. 280.30 |11,90,500 23.6

4



TABLE D

Showing results of tests on compressive strength and

vater absorption of bricks fired for extra period
v

.
)
Type of bricks . '\;
Ext eriod ! First class Straight overburnt
LXtTa p |
o of firing ln i Water |Compressive] Water
No. hours 1 Coéiﬁiegiﬁve absorption | _ atrength absorption
b pereq. in.| per cent |lb persqg.in. per cent
T 4263 35 106 5417 7.7 .
1 2
‘ 1 4886 9.5 5898 7.8
<y
1} —_ \ - 6053 7.9
3 .
3 3260 6.86 5803 73
4
5619 3 8.5 6485 748
? ’ | | “
o 9 L ms 1 8.68 1 6607 518 N
? -
7 12 4973 l 804 | 7203 582 .
24 4399 i 595 | 6630 5.5
8 |
3 - 6414 4.9
. g 36 5917 % 8.3 | n
: T 515 4t 6821 5.8
ol 48 5156 | 9.4 «{
50 8.94 -— . e
11 7 days E 495 & )( 1

TaBLE 6 g
Details of brick pavement in miles 20/2

—using

Length ot
brick
Pavement

330 1t

330 £t

350 £~
60 £}
50 §t

160 £y

50 £t
98 1t
232 ¢,

300 £1

Date of
laying
brick
Pavement

Length of
treatment

Bltuminous treatment

8urlac i
Priming ¢08¥ co dressing

or

Lovelling aoa4

1 Segtembar/

otober,
1057

100 ft

560 ft

330 ft
330 £t

860 ft

' Premix carpet

. Bitu .
Shell Primer o, ;iuﬁ"’f magtio

l t . . .
25 1b./100 8 08180 sand vyiipr painting
RX cent Moy
Phaly 80/10¢ -
. T,-2 ' fﬁa
25 I, por 100 1 do, do.
do. l -*’ do, do
wind '
MexphaltfB0/1%0 % x.’ % in. premix carpet
40 per cé- {Mexphalt) 80/100
kerosene 0 st & stone grit
95 1b, per 100
AN
Bitum .
~2 v wigh D Mastlc sy goat painting
Rz'a?b-pﬂ' 10089:8 and" Jarsesand  with RT3
. or cent .
Moxphays 80/100

Date of
_laying
bituminous
coat

June
" 1958
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}
TaBLE b ‘

Showing results of tests on compressive strength and

water absorption of bricks fired for extra period

-

. Type of bricks

Lxtra period | First class Straight overburnt
S of firing in — B et
No. hours ‘Compressive| Water |Compressivei Water
| strength | absorption| strength | ahsorption
iIbpersq.ins| per cent |lbpersq.in. . per cent
{ !
1 i 4263 | 108 5417 1.1
| N
2 1 4886 | 95 5808 8
3 14 - i -~ 1 6053 7.0
4 3 5200 | 686 | 5803 13
! ! !
5 6 ! 5619 : 8.5 ¥ 68485 748
6 0 i B 808 | 6607 518
7 12 ; 4973 | 804 | 7203 582 .
8 24 4390 ’} 895 | 6639 55
y 36 5017 \ 8.8 - # 6414 4.9
' 5 : ! {
Wi -7 48 a6 | 94 < esa 58
P ! | ;
w | rdays | 40 | B —

S

CHATURVEDI AND TAYAL ON BRICK PAVEMENT IN HIGHWAY Lvirosnoossow

_)‘ TaBLE 6
Details of brick pavement in miles 20/28

D Bituminous treatment
f

Length of ate o

Details of pavement brick laying

brick
pavement pavement

Length of o . .
trea%;xent Priming coat Levelling coat

Specificatidn
No.

Burface dressing ]l):;?ng()f
or -, .

’ Premix carpet bm‘g‘)‘;‘o“s

, 2

St

—

8 ; 9

MILE 20

A, Flat brick pavement over new kankar surface opened
to traffic—cushion & filling joints with locai sand :

(i) With pugged bricks, usual + 6 hours extra 330 ft 100 £t Shell Primer Bitumen mastic 18t coat painting
burning using header & stretcher bond * : 251b.J100 89, f5.  with coarse sand with R. T.-2
’ & 8 per cent Mox~
phalt 80/100 -
(ii) With pugged bricks, usual 4+ 6 hours extra 330 ft 550 ft R.T-2 -
burning—using herring-hone bond

25 1b. per 100 sq. ft. do. do.

B.  Flat brick pavement over new kankar surface opened
to traffic—cushion and filling joints with loca| earth:

(i) With pugged bricks, usual burning using 350 ft* 330 £t do. g J do.
herring-bone bond

. (id) With® pugwed bricks, usual burging using 50 ft © 330 it
header & stretcheg bond
(iif) With pugged bricks, usual burning using 50 ft
herring-bone bond
@iv) With ordinary bricks, usual + 6 holrg extra 160 ft
burning—using header & stretcher Lond

do.

Mexphalt§80/100 w, Zin. premix carpet
40 per ¢ (Mexphalt) 80/100
kerosene o

& stone grit
251b. per 100 sq.ft. 8 , J “3358

-

~

C. Brick-on-edge pavement over new kankar -syrface
opened to traffic—cushion and flling i?i"“ yith . .
local earth : *
. . o .
(i) With ordinary bricks, usual + 6 hourg extra 50 £t
Lburning-—using header & stretcher hond
(ii) With ordinary bricks, usual + 8 hours extra 98 ft
burning—using stretchers onl - -
(i) With ordinary Bricks, asual 4 8 houps extrs 2328t | g 0o o 660 ft  R.T.2 Bitumen mastic  1st coat painting
bnrning—-—using header & stretchep “nd s egc:g:)eirl 25 lb:pel‘ 100 qut. m&hscgal‘se sa:ld with R, T.=2
% » er cen
) : 1957 ) Mexphaelt 80/100
avement over new kankar surface )

D. Brick-on-edge
H’i‘c—cushlon and filling joints wich sand:

opened to tra

(i) With ordinary Bricks, usual burni
header & stretcher bond

ng—using 300 ft




492 CHaTuryep AND TAYAL oN Brick PAVLQENT IN. Hieuway CoNsTrucTION
Details of Brick Pavement in Miles 20/28—(Conid.)
= i | Bituminous Treatment
) ! .
.g . : i1s of } Length of ]l);):oien;f ]
9@2 2 Details of pavement [ brick " brick Length of i . Surface dressing Date of
SR ; pavement | . vement g Priming coat | Levelling cont or laying
g ‘\ treatment | premix carpet bituminous
i e ‘ | o o p A coat
Ty | 2 | 3 4 5 8 7 8 . t 9
L. Brick-on-edge pavement laid over kankar supfyce
opened to traffic, cushion and filling joints with sand:
() With ordinary bricks, usual + 6 hours 318ft ) 330 ft Shell Primer —_— % in. premix carpet
extra burning—using herring-bone bong 23 1b. per 100 sq.ft, (Mexphalt 80/100
. . & stone grit)
F. Brick-on-edge over kankar surface opened to traffic-
cushion and filling joints with local sand - .
(i) With ordinary bricks, usual + 6 hours extra 342 fr 330 ft . Biturien mastic 1st coat painting
burning—using headers & stretchers with coarse sand with R.T. 2
and 8 per ¢ent
Septeruber/ Mexphalt 80/100 .
r  October, LJune 1958
1957 *
G¢. Brick-on-edge pavement over new kankar s ;!)
opened to traffic—cushion and filling joint. . . . )
sand : w ~A S # * "
) ) ' !
With ordinary bricks, usual + 12 hours
extra burning . .
(i) Headers and stretchers 72 £t Bitumen mastic with 1st cost painting
(ii) Herring bone bond N 50 £t 325 £ Shell Primer 251b. coarse gand and with Mexphalt
(iii) Headers and stretchers 50 ft per 100 sq. fs. 8 per cent Mex- 80/100
(iv) Herring bone bond 50 ft phalt 80/100
(v) Headers and stretchers 100 f¢ J . .
* L ] o
. . °
H. Brick-on-edge pavement over 3 in. layer of local sand
(ptaced over kankar surface)
Joints filled with local sand : 235 ft ) N
- | .
I. (i) Brick on-edge pavement on | in.—14 in. earth cushjon
placed over new kankar surface opened to traffic .} June 1958 — — — .
using joint filler : l -~ —
With ordinary bricks, usual + 12 hours 210 ft ' 210 £t — -
extra burning —using transverse bond J

Joints filled with June 1958
Mexphalt 80/100 >
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\

-
\-m'ils of Brick Pavement in Miles 20;28—(Concluded)

No.

Details of pavement

Specification

—
L]

I (ii) Brick-on-edge pavement laid over bitumen mastic §in.
thick using joint filler:

With ordinary bricks, usual 4+ 6 hourg oxtra
burning using transverse bond

J.  Brick-on-edge pavement laid over freshly consolidated
kankar surface (not opened to traffic), cushion
and filling joinis with earth : ’

i) With pugged bricks, usual burning-.ai
( stretcher bond (transverse) ng—using
(ii) With pugged bricks usual + 18 hoyrg extra
burning—using header and stretcher hond
(iii) With pugged bricks—usual + ¢ hours—

Wus}ilng header & stretcher bond

(iv) ith = pugged ordinar bricks——ysi
stretchers only (tran vers);) c§s—using

(v) With pugged ordinary Herring-bone bogpd
(vi) With pugged bricks—usual burninga sing

herring~-bone bond ,:.

K. Brick on-edge pavement with cement and coarse sand
I : 3 over brick ballast consolidated se 53
Gomti sand : .e with [ocal

L ] L 2
(i) Ordinary bricks, usuabk burning—ygq; -
der & stretcher bonds §~Using hos
Ordinary bricks—usual burning—yg; -
ring bone hond §7using Her

(ii)

MILE 28

L. Brick-on-edge pavement laid over new kank
opened to traffic—with 1 in. earth-cu:;l:: ”:;;
joint filling with local earth :

(i) Using herring-bone bond
(ii) Using header & stretcher bond
(iii) Using tranverse bond

Bitumingusg treatment
Date of .
Length of layin i "\\,___’________
brick br‘yi(skg L } s . | Date of
pavement | L o ent trz:;%fxl:e‘r)li | Priming coat Levelling coat urfaceot:reﬂsmg ' bitl:gllir:l% .
% Premix Garpet ( coat
3 4 5| 8 ] 7 | - l .
150 £t June 1938 150 ft  Mexphalt 80/100 + #1in. bitumen mag- . ;
7 40 per cent kero= tic (coarse sand%; J081(1)1 tls ﬁ;l{e(; ;’;&2 1
sene oil over kan-___Mexphalt) /100 Mexp.
kar surfacé, - -
100 ft 1| Bitumen Magy ic 1lst 4 painting
i coa painti =
100 ft i ) ;nth coarse sand  with Nfexphalt > June 1958
L 862ft  Shell primer nd 8 per cent 80/100
200 ft Sept./Oct. I Mmexphalt
r 1957 ‘J . .
505 {1 . . e ‘
85 ft 128 it (No treatment) . T
380 £t 281 ft  Shell primer Thumen mastic lst codt painting
J With coarse sand  with: Mexphalt
% 8 per cent Mex-  80/100
Phale J
. RN
280 ft (No tréatment)
*
sh/April . .
50 £t M?S%S/ P 13 in. coment concrete 1: 2: 4 laid on top
1580 £t . 1250 } R -— st coab painting July 1958
220 ft ¢ Jan./Feb. 220 R.T.-1 with Tar R.T.-2,
82 ft 1958 - {No treatment)
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TABLE 7 .
Tests on affinity of brick metal produced from
overburnt bricks on Lucknow-Sultanpur Road
to some typical stones
{ Adhesion test
s |
Z° | Details of Tar No. 3 I Mexphalt 80/100 Remarks
—: © compartment
w Adhe- | Adhe- | Adhe- ! Adhe-
; sion No.| sion |sion No.l sion
1. Compartment
No. 2 1 Poor 0-1 . Poor
. ”» 3 1 Poor 0-1  Poor L
3. 2y 4 2 ) Suffi- 0 Poor -
\ cient
4. » b 1 Poor 1 Poor
5. . ’ 6 1 Poor 1 Poor
6. " 7 0-1 Poor 1 Poor
7. » 8 1 Poor 5-8 Good -
8. »» 9 01 Poor §5-6  Good o
d. 5 10 01  Poor "4°° Ordi-
. B nary
10, L 11 0-1 Poor 0-1 Poor )
1L w121 Poor 2-3 Ordi- Red & black
nary “'mixed
12, WLy gy 13 0 Poor 3 Ordi~ Dark‘ rod
nary
13, » 14 .0 V.Poor 1 Poor Pale brown & red
mixed
14. ’ 15 0 V. Poor 1-2 . Buffi-
" clent
lf(' . w - 18 0 V. Poor 1 - Poer -
“(' - ’” (Y 17 V., Poor 0-1 ,POO
. w18 "Poor 1-2 BSuff
. ' . clen
18. . 19 0-1 Poor 0 Poa
19, " 20 0 V. Poor 1-2  Suff
: oien’
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496 Crarvlvept axp Tavar ox Brick PavemeNd
IN HigEwAY CoNSTRUCTION.
TABLE T—conid.
Adhesion test
S . T o
z Details of Tar No. 3 | Mexphalt 80/100
| compartment - Remarks
% Adho- | Adho- | Adhe- | Adhe-
sion No.{ sion isionNo. sion
20, Bricks burnt 0 V. Poor 1-2 Suffi- Dark red with
1 hrs. extra cient black spots
21. R | ' 0 Poor 4 Ordi-
nary
22. ,, 1} ve 1 Poor 1-2  Suffi- Blackish spotted
cient
23. 4 3 " 0 V. Poor 1 Poor Dark red & black
f mixed;
24, ,, G ’ 0 V.Poor  3-4  Ordi- Red & dark red
nary mixed
FUs T ' U] V. Poor 2-3 Suffi=  Red with black
cient spots
! s
26, ,, 12 . 0 V. Poor 1-2  Buffi- Dark red ahia“yed
cient mixed.
27. Blackish brick
. ballast 0 V. Poor 3 Good
28, ,, ., ys 0. V.Xoor 1 Poor e
29. Shankargarh 0 Poor 5 *Good
(Allahabad)
30. Jharpahar 1 Poor 5 Good
{Jhansi)
31. Bayana (Agra) 2-3 3 Good
Suffi- -
cient - -
32. Bhartkup (Banda) 0 1 Poor
V. Poor
33. Jhansi 5 Good 1 Poor

-
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DITAILS OF PRPERIMENTAL: LENGTHS OF BRICK POVEMENT

MILES

20 AND 28 OF LUCK.NOW- SUTANPUR ROAD

‘PLATE IV
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) . FaiLurEs oF A Brrumufous Roav b
SYNOPSIS * R
vy
This‘ Paper deals with a detailed invostigation that was carried BITUNINOUS HEANN(‘: SURFACE 53~ ¢ .
;’}U;t“}’; “{‘;ig“l’l(:)lgﬂ*”{t wt}t«l t%studﬁ/ the causes of the oxtensive surface cracks * WEARING  COURSE \Jz- -2 WEARING  COURSE 5 -
1at had developed on it. Trenches were cut in the road to expose the sub- 12 NG 3
grade in various locations along the road, whore the road was sound and BASE COURSE WITH WANKAR 1012 BRICK FLAT SOUI
at others where the road had failed. Data regarding the typo and the
thickness of tho courses, the properties of the road naterial, the cousistency - Mu——
of the extracted bindoer as well as field C.B.R. and plato boafing valuos of the 11 17
subgrade soils saturated in places, wore determined, G St

L AR KA

McLeod’s chart for the design of flexible ' ’
1 les > > pavements was used )
determine as to whether the failures of the pavement wero due t:)l inadz(i \ ‘ SUBGRADE .

quate thickness or not, based on the field C.B.R., plato bearing and cone-

bearing values. An approximate corrclation hetween iho field C.B.R. and
non-repetitive pluto-boaring test values w "

‘ithin speeific limitg i ~ ’ gy
based on the investigation data. T 8 18 sot forth o i b s
WIDENED POR ORIGINAL  WIDTH OF ROAI PORTIO!

. Causes of the failuros wore grouped inte throe categorics, viz,, those Fie. 1. A typical cross-section of the road
arising from an unsatisfactory foundation or inadequate thickness of pave- g L

ment, those due to failures of the base or wearin aided by th athor=
ing of the hinder and those due to waterlogg & ¥ tho woathor

' ; i all
e and passenger buses and military vehicles together with a sm
o 1In cortain sandy subgrade sites the presenco of hair eracks was number of bullock carts. . 5-‘ >
op,rved during the investigation and an attenpt is made to cxplain this. Also, it oticed that though the whole surface was craci,d
. o 80, it was n S tho gradient c¥¥ne’
- over a good number of miles, the camber an gks ot loont B
- 1. INTRODUGTION ’ road in many places wero unaffected by the crac at a speed of
. . present, and the fast moving vehicles v;ﬁ_;(; 1;\;!;:111%
X . . oy . s v ! arabi .
One of the important strategic roads in North India hoad over thirty miles an hour with compar
. developed a serics of failures in the wearing surface awd ;i wag - B i _ .
reflected in fairly wide gracks even on such of those patchworks - .

. . TION
as were laid as a remedial measure. Theroad w4s originally 2. NATURE OF THE FIELD INYESTIGATIO ‘
constructed for a width of about 12 ft with kankar base course *

of thickness varying from 9 to 18 in. on the local subgrade 2.1. Choice of Tests .

which was, in general, a silty soil. A wearing course of 1 to 3 A . built based on
ip. thick of stone metal wag laid on the kankar base. In the past very few. bituminous r‘})xadst;lv:remay not alway,

- scientific principles of designs and even then e y A B tons S%g
cater to the demands of the prosent day traftic c(; codid o
the reason for the failure of a bituminous sur a?{a y ades
attributed to One or more causes such a8 weai i ;‘:;hgercon:
inadequate thicknesseof pavement,. lack of control 1 ‘
struction techniques, etc.

The road had been surface dressed with a bituminous binder
“to suit the present day traffic needs. However, 4he intensity of
traffic was so high that widening became a necessity and the
road was subsequently widened in 1948 by 5 ft on either side or
by 10 ft on onc side depending on the needs of alignment of the
road. Fig. 1 shows a typical cross-section of the road. The

i - ) n bituminous surfsc-
widening was effected by flat brick soling 3 in. thick with a -~ Thus, the problem of (siurfa,;% ic;a.cfi lforough. B e the
wearing course of 3 to 3} in. of stone metal. Both the original and ings is a multi-faced one,f oms nd segttlement, e of the
widened portions of the road were surface dressed with bitumen subgrqde from the point of view S oo, o e wd alto a1
in 1949 and the road was surface dressed ih 10 materials forming the base and wea nd also 8%
in ar ro ssed subsequently in 1952 oris . and weseing adurwe a1 sl
with tar. Since then, excopt for occasional patchworks, no ;ma é]_sxs of the wea’rmghs?g{,wing i Thersloro, in seleoted
renewal coat was givoen till the time of this investigation. ooations of the road, the fo

were carried out on the subgrade :
The intensity of the traflic on this road was about 3000 tons

! ; . ! 1. Field C.B.R. '
day, Table 15, which compriscd mostly b 1 i . , . .
per day, Ta 5, wh I ostly heavily loaded trucks . "2, Plate bearing—12 in. diameter plate,
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3. North Dakota cone bearing, ‘ ’ TasLE 1
4. Proctor needle penetration test, Details of the test locations
5. Field density. '
6. Moisture content. © \ g e
; " o
7. Atterberg limits, E s =8 l No. of pite in ?5 § §
== - e R R Description
8. Sulphate content. %Z 25 | . lwiden-| & S8 P
[ 1 % |originall " s 8@
9. Sand content. | i "8 -
I < e . 1 1 28/7 1 1 cracked | The entire surfa as cracked
of tlrf: q:§1>1 :gdﬁe "ol cc;r}ldu%e.d at the existing moisture contont ' in an alligator or mep patiern.
hich oxi % 1 U—the existing moisture content being that l Settlement of the road bed was
which existed in the road bed at the time of testing. In order noticeable.
to a(;_s;_ss the strength of the subgrade under adverse moisture 2 | 313 1 — | sound _
conditions, tests 1 to 6 were also done after completely inundating 3 | 314 _ 1 eracked | Hore the original portion of the
the selected location for three days. : ‘ road was gin soulild condition
q o\ s
. . ut the widening was awfully
On the base course material : 1. Aggregate impact Test. j marred with cracks which were
i . i . Th
. on tho wearing course mate- 1. Agirogato impact Test | R
vt/ rials: . : &8
e, h : quite deep.
S L . i . . e,
’.;‘ »+ Un phe wearing surface mate- 1. Extraction of binder R 1 - cracked | The cracks were severe and or
rials ) \ map pattern on the oL e
2. Equi-vi . width of the road.
' %f th Scous tempelja,ture ‘ : o 40/4 1 — cracked | The surface was full of map -
e extracted binder._ - ) pattern cracks. The cracks
3. Softeni P K y were thin. There was no
‘ )f:nmg P‘?lnt wi the 4 ! visible settlement or wavinass.
. . extracted binder, e on the road surface.
. ) . 6 | 42/5° l 1T ° —
2.2. Test Locations ’ | Lot | sound
7 482 1 1| Orig. |Here the original portion of tile
: :racked, d racked but the
ai ﬁeign:h:e:? est.‘;h of “bout140 miles between M25—M65, twelve “Widg, | widening was sound with 1o
/‘1 ites were selected at suitable intervals, Fig. 2. sound cracks. The cracks were ex-
i tremely thin and no visik
| settlement was observed, | " .
N 7 . 8 502 ol — | cracked |The site was in a waterlogged
of Mo /% = /%7/ o % 7 . J aroa. Heavy settlement of the
o A S = . road hed occurred in this area.
-—'D:‘TW ik A, = (= P p— The cracks were severe, pit~
: ) E tings were noticed.
wee (BT, WA L WA s aon LS W, s sy S, s e ’ . 9 83/7 —_ 1 sound —
e . 1o 542 1 — cracked |The cracks were of map pattern
CRACKED SuRFACE on the whole width of the road.
3 somo sonmace Pittings were observed on the
Fig, 2 bituminous surface. But there
ig. 2. Location of test sites was no visible settlement of
| the road bed.
i 110 590 1 — sound -
The details of the test locations are given in Table 1. Some of 121 eo7 I 1 sound -

the test sites were located in sound sections of the road where the . 7
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road surface was in excellent condition in order to have a com-
parative study of the affected and unaffected stretches, whereas
the rest were located in portions of the roa.d where cracks had
developed on the bituminous surfacing in varying degrees.

Since the road bed had distinctly two different base courses,
namely, kankar base in the centre and brick-on-flat base in the
widened portion, a sufficient number of test sites were located
both in the original and the widened portions of the road.

2.3, Field Testing Techniques

In order to conduct tests on the soil of the subgrade in situ,
trenches were cut longitudinally and right through the depths of
the road construction to expose the subgrade at these sites. The
trenches were confined to one half of the carriageway in order
that the road might be kept open to traffic. The length of the
trenches varied from 15 to 28 feet. Most of the trenches were dug
*. 9 length of 22 feet. TIn all cases the width was 3 feet and the

J.Adepth, taken was upto the subgrade, Fig. 3. Half the length of

. th2 trench was used for the various tests at the existing moisture

" contens and the other half was utilised for the various tests after
saturation. Fig. 4 shows the placement of the various tests in a
test pit.

;-
PRFTYI ¢ 5

That half of the trench which was intended for tests after

saturation was ponded with water for a
hours to ensure complete saturation. The
and the top 1 in. of the soaked subgrade
rid of the slurry at the time of testing.

trench was dewatered
was removed to get

’

The various tests, viz., the field C.B.R.,
coctor’s needle, and North Dakota cone
standard practice.! The load for the fiel
means of a four-ton mechanical jack and
proving ring, the necessary reaction bej
a five-ton loaded truck. The diamete
12 inches. 1/10 and } sq. in. Proctor n

plate bearing,

were conducted as per
d tests was applied by

measured with a five-ton
ng obtained by means of
r of the plate used was,
eedles were used.

Moisture content and field densj
softening point of the extracted bin
done using Pyridine—were also ¢
the standard practice.

ty tests as well as E.V.T. and
der—soxhlet extraction being
onducted in accordance with

To determine the quality of the stone, kankar and bricks that
were used, the stretch of the road under investigation was divided

i)

minimum period of 72

N

-_rﬁ_—

/- “T‘

|
1)
-

5 .

)
7&

Btttk bt T T TP

AT EX1STING H.C.7
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- §'~0’ 12~0" ¥ ]
- zzr'
- 3

Fig. 3, Details of the test pits

into three zones, viz., M29-M35, M36-M48, and b'ﬁig:inf?;o
respectively. The representative samples were subj
aggregate impact tests.

Since the variation in the moisture conten; ; 1;hde ﬁzg g:iﬁ:
80il plays a vital role in the performance of tt ed rgﬁ) Lstare oon.
concerning the existing as well as field satural. e + "tho site wors
tents together with the depth of water table : in the sub-
collected. Data pertaining to the seasonal variation
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Fig. 4. Plan of the disposition of various tests in a test pit

grade moisture would have been more ugeful indeed but the-
czeh a data should be collected over a period of years, e

3. DISCUSSION OF TEST RESULTS

3.1. General

i

“ 3.1.1. Condition of Road Surface

Before entering into the discussion of the
essential to recall the general condition of this stretch of the road
under investigation. It was noticed that the widened portion
upto mile 39 was distinctly different in condition from the widen-
ing beyond mile 39. As for the original portion of the road, one *
could observe a good deal of settlement of the road and heavy
patchworks in many places, being very bad between miles 32 to

35 and again between miles 36 to 37/4. 1In these stretches, in

some places, both the original and the widened pPortions were
affected.

test data, it ig

Beyond mile 39, in general, the widening was in good condi-
tion without much visible settlements and in most places the
road was sound. However, the streteh of the road between miles

FAILURES OF A BITUMINOUS KOAD ag. )
3 { i i ttlements
30 and 52 was very badly atfected owing to excessive se
with deep corrugations of the road erust and heavy patchw?rks
were seen in this region. Beyond mile 53, in general, the roa

' was in a good condition.

However, it was observed at the time of thig investigation
that cracks had developed on the wearing surface in many plqc;as
on the road and in some places the cracks were in a fair y
advanced stage. The cracks were mostly of an ‘ alligator pfa.tt;ern1
over the entire width of the road with longitudinal and diagona
cracks here and there. In many places, though the whole surface
of the road between berms was marred with map pattern cracks,
the width of the cracks varied. In some places, the width was ;s
thin as about 1/10 in. whereas in other places the cra.ct l:
were about } in. wide. Whereas in quite a few places the d?t
of the cracks was only about } in. (the cracks being confine 3
the wearing surface only), in some other places it was observe
that the cracks had penetrated 2 to 23 in. _into the Wea.r}xln%
course. With the traffic increasing every day, it was feared t at .
its impact on the road will be not only to widen the cracks but.

also to develop new cracks, ultimately leading to the failure s
the entire road. 4

5

3.1.2. Comparison of Test Sections

. At the outset the various test sections are grouped into two

n;ate&-;uies, namely, (a) those in the original portion of the road

Aaving a kankar base course, and (b) those in the widenéu

portion having a base course of brick-flats, for oqnvemenserg:
comparison of the teft sections inasmuch as their struc ﬁ;l ]
are different from one another. Again, the 1nteqsxty of traffic (lls
not the same in both the portions at any point on thelroa ;
since heavy lorries and other fast moving veh.lclgs a Z?}Z“‘
have a tendency to use the centre of the road yet, it is noti o
that cracks had developed in both the groups. >
The ?a,ilure ('Sf the road structure can be due to one (_)E more
reasons since several factors of varying degrees of mgmdcanc;:
may combine to cause a road to fail or develop defects and so

. 18 difficult to classify the investigations under clear cut headings.

. . : ; i igations
Owever, in order to simplify the discussions, tlhe investigations
are considered under three main headings, namely,

L. Failures due to an inadequate thickness of the road
structure,

2. Failures due to subsidence witl}in the gavement,
together with weathering of the binder, an

3. Failures due to waterlogging.



144 SWAMINATIHAN & SwaMI oN

'3.2. Pavement Design Methods

In the absence of precise methods for the evaluation of the
exact stresses induced in the pavement with the consequent
difficulty in the correct assessment of the strength of the
structure involved, pavement design methods have been mostly
empirical or partly coupled with theoretical considerations. The
four or five methods that were adopted during this investigation

are being studied critically in the light of the data as obtained
from this investigation only.

3.2.1. C.B.R. Method

The results of the laboratory C.B.R. tests are used normally
in conjunction with empirical design curves for estimating the
required thickness of the flexible pavements for a given subgrade
soil for a given traffic condition, Fig. 5. These C.B.R. curves are
based on C.B.R values of compacted and saturated specimens of

CALIFORNIA BEARING RATIO — PERCENT

T 023 4 S678910 IS 20 30 40 50607080
2
7 4
-E 6 — 1 //’ wilid
£ .| 700q L wHEEL joas L2 )
: LIGHT TRAFFIC) L4~
g Peo 00 8. WHEEL L
S % —~(MEDiUM F’ﬁ?)g
2 A
e A/ -
U
= 777
S . 12DOD UB{ WHEEL LOAD
& / - (HEAV ﬂwn%)
° 24
/
26 H4
28

Fig. 5. Design curves for flexible pavements,
The California Bearing Ratio method

REQUIRED THICKNESS OF GRANULAR BASE IN INCHE.
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the subgrade soil. It is wellknown that the C.B.R. testis open to
quite a number of valid criticisms.? Further, where field C.B.R.
values are available, it is difficult to interpret the data since
research work as regards the relationship between the laboratory
and field C.B.R. values has been limited and not very enlightening.
Table 2 clearly indicates the wide variation between laboratory
and field C.B.R. values for any soil type.

However, design curves connecting field C.B.R. and the thick-
ness of the flexible pavement have been evolved of late by McLeod?
for various wheel loads, Fig. 6. A comparison of the two charts,
viz., Fig. 5 and Fig. 6, indicates that the required thickness of the

MODULUS OF SUBGRADE REACTION IN PSI/IN
FOR 05" DEFLECTION 12" OIA.PEATE

A 30 250 350 410 475 525 S5 625 600

[y o
i/
RNGLE OF INTERWAL FRICTION %' e
0§11 25 25 30 328 3§ 31§ 40 43 _{
hd 3z 7
2 4 [4 [ B"'L?Lo < B@.. 7y \ 8 Lo
HOUBEL PUNETROMETER ~Nb OF BLowSs FaR ¢ PENETRATION -
s 0 1] 20 2§ 39 35 40 45
CONE BEARING PSt
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SUBGRADE SUPPORT 1N WIPS AT 0 2 OLELECTION-ILDIA PLATE=)0 REPETITIONS
03- -3 3.8 48 S 38 b 7.$ 3 S 1d
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_Fig. 8. Design curves for flexible pavements for highway
wheel loadings for highest traffic capacity (single wheel)
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savement based on field C.B.R. value is less conservative than that The curves connecting laboratory C.B.R. and ‘K’ values are

sased on laboratory C.B.R. value. For this reason, the former is given in Fig. 8.

made use of in this investigation. . .
- WESTERGAARD'S MODULUS OF SUBGRADE REACTION 'K LBS./SQ.IN/IN.

TABLE 9 (SATURATED SO IN PLACE)
. X.CORRECTED FOR
Laboratory and field C.B.R. values of the subgrade soil ? 12 DIA. PLATE] 25 320 430 540 1075 1720
| ” ! FOR 36 Dla.PLATE 100 150 200 250 500 800
! I C. B.R. VALUES — - 7 A -
} - .
| Mile/ Hiowd | Laboratory CASAGRANDE’S SOIL CLASSIFICATION
No. | Furlon Condition of pavement | 1~ =~ ————————
\: 8 At exis-| After * Before | After A
g | satu- | satu- | satu- I avwione
, M.C. I ration | ration | ration VAT AL
—_— ! \ /t/v,
1287 Widening-cracked | 9.2 20 | 80 0.85 .
: | | !
2 404 Original-cracked . 55.9 38.0 l 3.2 0.93
Ty - A s L, . s
\\ 50/2 Original-cracked - 38,5 — L2 L8 ) .
Lo prignalound B U2 s s 23 45678910 15 202530 4050 607809010¢
A 42/5 Widening- d { 840 ‘ . TSR S A 4 el ol i e S A
' | ” HnnEmsomn ;o 10 1000 |11 : CALIFORNIA BEARING RATIO — %
6 607 Original-sound R A T : GENERAL RATING OF SOW AS A SUBGRAOE
- ' METRAY : vers poor|[POOR | FAIR | 6000  [EXCELLENT
3.2.2. Plate Bearing Method .. I'ig. 7. Approximate correlation between Casagrande's
Th e tant O - airfield soil clasgification, C. B. R., and Westergaard’s
+¢ Most important point in favour of the plate i modulus of subgrade reaction
as against the C.B.R. test is that, in the formp beating tost

larger contact area between the plate and the s:;é,-;g: srs.]l&lg‘Yely
the soil under test nearer to the reality in so far as its b lh rions
inder an applied load is concerneq, ® behaviour
The plate bearing test is usuall .
30 in. diameter for the design of airﬁeld};‘ Cz?zr)lg 1:>(x£1h31(18 ?1? gil:test()f
plates for highways.® Since plates of large diameters reme.er
high dead load reactions, smaller sized plates (such as 1q2ui1:'le
diameter plates) can be very conveniently employed and the.

ing to a plate of any diameter upto 30 in. ba
empirical relationship.¢ In this investigatio
plate was used and, wherever necessary, the v
accordingly. ’

PERCENT
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nal2in, diameter
alues are corrected

LABORATORY ~

In order to utilise the data full

. y from the oint i ‘ o 0o 200 300 ) 500 600 700 800 %00 )
P?:Emt;nlt) thicknesses, the ‘K’ values were tmsﬂlate(?fi:l:e‘: n?e{ . MIOULUS oF sonCRROL nEACTION K P51 fin Garomaren S0t . uace) .
of the . ., vra . I
aboratory C.B.R. values, as given in line X of Fig. 7. FIG.B. RELATIONSHIP BETWEEN LABORATORY CBR AND 'K’ VALUES

8
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It will be seen from Fig. 6 that in addition <
data, the ‘K values as obtained from the plate Levri ot b
repetitive loading are also correlated with the thicknesqg ; (¢}
ment, with the result that using the ‘ K * values of the ro giye-
plate bearing test, thg thickness required can be got dire cetll]e ;. ive
the chart, However, in view of the fact that in this investya.:'oom
the plate bearing test was done for non-repetitive type ofllgd'l iy
an attempt is again made here to correlate the field é) BR. v lmg’
with the static plate bearing values. In Fig. 9, which X va ugs
relationship between the values of field (J.B,R'_ ;m a platz l?e:ii:) ge

*53/r

-
s

8apja

w
X

-k

®3af3 ®sajr

~
&

’

LEGEND
* ORGINAL  SOUND
R @ OMCINAL  CRACKED
/s . WIOENMG  Soumd
€ WREWNG  CRACKED

s ¢ oA ow
OF SUBGNIDE AT SATUF ATED MOISTURE COMTEN!

k3

L3

: 'y #o We s 4 o R R T 7
HODILUS OF SURGRADE RMEACTION ll P 108 0.5 DEFLECTION FOR SATUAATED SOIL 1IN PLACE uoo
.

~
FiG=9. RELATIONSHIP  BETWEEN FIELD C. B. R. AND " VALUES

as obtained in this investigation, it can be seen

#.B.R. and the ‘K’ values follow more or less Jﬁi'ﬁﬁﬁi ﬁ:tlsﬁ
within specific limitations. Assuming that the relationship l?olds
good, it ig possible to interpret the ‘K’ values*as obtained in a
non-repetitive plate bearing test by translading it in terms of the
field C.B.R. values to stipulate the actual thicknesses required
The approximate correlation between them, as far as the resulté‘

of this investigation are concerned, is indicated in line A at the .

top of Fig. 6. From that figure it is also possible to i
apprqx_imate eorre]ai:,ion between the staticppla.te bearir?: t;.a:(lll t:;n
repetitive plate bearing test values, ag given in Fig. 10 °

In Fig. 11, the curves for the thick
required for a wheel load of 9000 1b for the tvrsrlgs:g:s 2? ¢ ;20’13;11 -
discussed above, namely, those corresponding to laboratory C Buﬁs
and field O.B.R. respectively, are given. Here, again, it will be

FAILURES OF A BITUMINOUS ROAD 440

> noted that the thickness required for a given ‘K’ value, fora
given wheel load, would be less when the thickness is seen from
) McLeod’s chart instead of the conventional chart.

o / '

300
400
300

200

>

100,

MOOULUS OF SUBGRADE REscTioN 'K [ZIFALR

¢ 1 2 3o, 4 'R s ? s
SUDCRADE SUPPORT IN KiPS AT 0.2 OCFLECTION - 12 DIA. PLATE - 10 REPETITIONS
FIG.10. RELATION SETWEEN '’ VALUES OF REPETITIVE ANO NON REPETITIVE PLATE SEARING TESTS

]
09 DEFLECTION =12 QIA.PLATE — NON- AEPETITIVE LOAOING

o
L

MODULUS O SUBGAROE  AEACTION =% PSL/iN.
FOR .05° DEFLECTION FOR SATURATED SOIL M PLACE.

W W e M 5w me  my o

FROM  MLEOD’S CHART FOR
9000 LRS. WHEEL L0AD

FROM CONVENTIONAL C B A
CHAKT FOR 9000 LIS WHEEL L0M

REQUNED ODEPTH OF CONSTRUCTION M MICHES.

FIG:-1l. PAVEMENT THICKNESS CURVES FOR 9000 LB WHEEL LOAD
IN TERMS OF 'K’ VALUES
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3.2.3. North Dakota Cone Methad

The cone bearing value is related to the thickness of pave-
ment by an equation

65.7

= Be.sss

T

where T equals the thickness of construction in inches and B
equals the cone bearing values in b per 8q. in. The thickness
can also be obtained directly from the curves as shown in Fig. 6.

3.2.4. Proctor’s Penetration Test

Proctor’s penetration method was empioyed in this investi-
gation to see if it is possible to correlate the necessary data with
field performance but, from the data collected, no definite correla-
tion seems to exist, and it may not always be possible to fix the

. reagons for the failures exactly based on the Proctor’s

penetration value.

3.3. Failures due to Inadequate Thickness of Pavement
3.3.1,  Test Sections in the Original Portion of the Roag

A perusal of the thickness of the
test sections in the original portion of
in miles 28/7, 31/3, 40/4, 50/2 and 54/
those in miles 59/1, 42/5 and 48/2 a
that in mile 60/7 is 21 in. thick, T
and 14 in. thickness groups some sect
while some have not, and M60/7 is
bered here that all the test section
road, having the same intensity o
identical conditions of climate and
M 50/2 which is situated in a waterl
it is dealt with separately. Hence,
failure of the various test sections,
subgrade soil conditions first, whic
thickness of the pavement require
For this purpose, either the valy
of subgrade reaction or the cone
soil are useful.

road beds in the various
the road shows that thoge
2 are about 11} in. thick,
re about 14 in. thick and
able 3. Both in the 11% in,
lons have developed cracks
sound. It may be remem-
8 are situated on the same
f traffic and subjected to
other weather effects, except
ogged area, for which reason
to analyse the causes of the
it is essential to study their
h is directly related %o the
d for successful performance,
es of C.B.R. or the modulus
bearing value of the subgrade

Considering from the C.B.R.

oint of vi
curve pertaining to 9000 1b whee Fload tn For g uble, 4 and 5, the

lload in Fig. 6 may be used for

3

TaBLE
Thickness of the pavement in the original and widening of the road
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the purpose of interpretation of the field C.B.R. values for the
present day traffic of 3000 tons per day on this road. Based
on this curve, the thicknesses required for the various test sites

are noted and given together with the existing thicknesses of the
pavement in these sections in Table 6.

TaBLE 6

Required thickness of pavement corresponding
to the field C.B.R.

s Commonst | GmeE g
. .,

28(7 Cracked 11.5 20 o

34/3 » 11.5 6

‘ 40/4 " 1.5 6

48/2 " 15 4

54/2 " 12 6

31/3 Sound 13 6

42(5 ., : 5 1

59/1 . . u 0

60/7 " 21 15

It is evident from the above tabie th
. t
the other sites have adequate thickneaésezxcggt; 2‘1; M28/t;7" ag
i i s et L AT O promons
.Thlg md‘:"‘t:ﬁ_ f}i{hat thfe failure in these sites x,nay notal?e due/tc;
inadequate 1CKkness o

rea,sogs. pavement but may be due to some other

Further, considering the pl
‘ :lﬁat aizvgeak gt;.})grade hgs beé)naftc?ut;fgr
an b.s.L./in. (as corrected in. di

with a strong Subg(?ade & valuef(;fl &eg;:s' %lfarg;ger : e Wheregs
obtained.* Applying the adequate correction f%r ;/ig in dis.
plate based on Stratton’s curves in Fig. 7, it may be st tncll' C}:af;
the subg{'ad.es having & ‘K’ value lesg than 370 P zi /ig af , tt&
rated soil in place should generally form poor' and .veg; B;og;

ing test values, it is stated
to have a * K* value less

Photo 1.
Surface cracks in
M 287, resulting
from inadequate

thickness of
pavement

Photo 2.
Surfacing in
sound condition
at M 42/5

Photo 3.
Surface cracks
in M 31/4, resul-
ting from inade-
quate thickness
of pavement




Photo 4.
Slump of sub-
grade soil at
M 31/4 in the

test pit. Note the

cracks developed

around the slum-
ped soil

Photo 6.
Surface cracks
in M 48/2 as a
result of wea-

thered binder

Photo 5,
Surfacing in
sound condition
at M 48,2

Photo 8.
Further develop-
ment of cracks,
emanating from
the subsidence
of the base or
wéaring course

3

Photo 7.
First stage in the
development of
cracks on a sound
pavement due to
the subsidence of
the base or wear-
ing course

Photo Y.
Development of
#'cracks on the,’
whole width™of
the road



Photo 10,

Pitting of the
surfacing leading
to the end of its

life

Photo 12,
Surface cracks
in M 54/2, resul-
ting from subsi-
dence and failure
within the pave-
ment and
weathering of the
binder

Photo 11,
Surface crucks
in M 40 4. resul-
ting from subsi-
dence and failure
within the pave-
ment and
weathering of the

oinder

Cracks on the
patchwork in

I’hoto 14.

M 50,2

Photo 13.
Surface cracks in
M 50/2, in a
waterlogged
area

Photo 15.
Fine hair cracks
on the subgrade

soil in their
natural state



Photo 16.
The same hair
cracks of Photo 15
marked with a
pencil for clear
presentation

Photo 17.
Vertical section
of the subgrade,
depicting the ex-
tent of the depth
of hair cracks

Photo 18.
‘The same section
in Photo 17
depicting the
hair cracks mar-
ked with a pencil
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ubgrades, while those having a < K’ value above 625 p.8.i./in:
hould be good and excellent subgrades. Though it may be said
hat by providing for an adequate thickness of pavement, a good
oad structure could be obtained even on a poor subgrade (as is
he case of M 60/7), the above two limits set forth for the ‘K
ralues are pertinent so far as this investigation is concerned,
nasmuch as, in spite of identical traffic intensities and the same
wwerall thicknesses of the road structure, the road hag failed in
lertain stretches but is sound in certain other portions.

Moreover, all the subgrades having ¢ K * values for saturated
oils in place below 370 p.s.i./in. fall distinctly under CL soils and
hose having values above 625 p.s.i./in. group under SF and SW
woils, Figs. 7 and 12. CL soils are normally rated to make poor
ubgrades whereas SF and SW soils form good subgrades. This

604
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FIG.12. PLASTICITY CHART USED IN CASAGRANDE SOIL CLASSIFICATION

is because CL soils being clayey in nature lose their strength
when daturated. Their saturated moisture contents are higher
than those of SF and SW soils as may be seen from Tables 7
and 8, which also shows that the saturated moisture contents of
all the subgrade soils of the SF and SW groups fall below 18 per
cent, whereas those of the CL soils are all above 18.0 per cent
and those of the failed sections in the latter group are above 18
per cent,. :

9
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By plotting the nqodulus of subgrade reaction of the sub-
grade soils against their saturated moisture contents, Pig. 13, it
is clearly seen that all the test sites could be divided distinctly.

into four zones, such as: ¢
¢
Zone A ... Subgrades having ‘X’ value 3 i./i
and saturated M.C. < 18 per c;ﬂ; 70 ps.ifin.
Zoue B ... Subgrades having ‘K’ value i
> 3 i
and saturated M.C. > 18 per cent 0 psdfin
Zone C ... Subgrades having * K’ value i
<. 370 i
and saturated M.C. < 18 per cent B-8.3:fin.
Zone D ... Subgrades having ‘K’ value i/i
< 370 p.
and saturated M.C. > 18 per cent p-s.L./in.
1300 o2
®
0
'5' 3T s
s *
g% /s LECEND
H o Sl
-S'é ® . © VIDENING  SOUND ¢ N
§5 R S,,l /7 @ WIOENING CRACYZ+ l
s § %0370 ¢
i° b | )
g mw . .wln
© sof? @ cﬁ
>~ 281
° o =z e —B 1

is [1]
SATURATED MOISTURE COWTERY OF SUBGRADE —- 7
o

FIGH3 RELATIONSHIP BETWEEN 'K’ VALUES AND SATURATION M6ISTURE CONTENTS

It is immediately evident that all the sites falling in zone D
havg failed, and as seen earlier they all have subgrades of CL soils
having poor subgrade values. The other three failed sections fall
under zone A which, by virtue of the higher * K ’ values and lower
saturated moisture contents, should be the best zone. This con-
firms the possibility of the reasons for the failure of sites at miles
34/3, 40/4 and 54/2 as being different from those in the zone D.

Further, referring to Fig. 10, it ma *

er, g, 10, v be seen th ick-
ness required .for the various test sections can be ot?ti;itr}ll:dﬂ{}:gll{n
the plate bearing values as given in Table 9.

FalLurEs oF A BirumiNous Roap 465

TaBLE 9

~«_ Required thickness of pavement corresponding to the

B modulus of subgrade reaction
ito [Condition of] FXisting | Renuinol thickens | Boa e vontional
pavement in. 1 chart in. chart in,
28/7 Cracked 1.3 ‘ 21 1‘ 26
343 ., 115 6 | 6
40/4 . I 1.5 ) 8 6
482 l . 1 15 14 | 15
542 ‘ . 12 6 | 6"
313 Sound k 13 12 ! 13
42)5 w1 13 : 4.5 17
59/1 ” ’ 14 6.6 8
60/7 " 21 185 22
e \

3

From Table 9 it becomes apparent that the design based on
McLeod’s curves gives values lower than those based on the con-
ventional curve. The test sites at miles 42/5 and 60/7 should
have apparently failed, if based on the conventional curve,
whereas they are intact. So, an analysis of the failures based on
field data appears to be more reliable than that based on labora-
tory C.B.R. values which, as stated earlier, are more conservative.
However, it becomes evident that only the pavement at M 28/7 is
of inadequate thicKness and all the rest are gound as far as the
requirement of thickness is concerned. This adds further support
to the earlier observation that the causes of failure of road at
miles 34/3, 40/4, 48/2 and 54)2 are other than an inadequate
thickness of the pavement. ‘

_ Further, analysing from the point of view of the cone bear-
ing values of the subgrade soil, it may be seen from Fig. 6 that
the thickness required for the various test sections are as given
in Thple 10, which gives the required thickness both from the chart
as-well as calculation based on the equation given in Section 3.2.3.



466 SWAMINATHAN & Swamt oy
TasLe 10
Required thickness Qf pavement corresponding
to the cope bearing values ! ’
|
Condition Existin hick i
. ‘ 3 g Thick :
Site | of thickness fromcb?:f.fao?%u;llxﬂt nalatod
| pavement oy © thickness
] | | . in,
\ o ——
28)7 | Cracked 11.5 18 1
| 7.5
343 | " 11.5 z 17 10.5
40/4 t » 115 J 6 5
48/2 l » 15 | 8 : 1
s | 2 6 45
W
313 Sound 13 | 16 10
42/5 ' 15 II 10.5 7.5
59/1 s MW 6 8
60/7 ” 21 | 4
: | 6.5

[

L]

It is seen from column 4 of Table 10 that th i
28/17, 34/3 and 31/3 are of inadequate thicﬁni&a;%?rfnsz a,t'(rln tles
from the point of view of the thickness chart ; but, on} 1\!&8218?1'3_(1
of inadequate thickness from the point of view of they 1 1/7 d
thickness from the formula. The latfer is in conforxga"tcu iy
the earlier observations. The fact that M 31/3 is sound : ydWlth
M 34/13 {i_’: %f adequat};f thiclliness, a8 seen from the values o?% ]ghg.t
and plate bearing, shows that the in i aring
va.lugs is not ver% consistent, terpretabi?n with cond-bearing

Photo 1 shows the cracked bituminous road surface j
which has developed map-pattern oralligator type Cr&cﬁslnggfigéz
the greater width of the cracks, the loops are formed P.&I‘&He) &
the line of tra,ﬂ“lc,. Generally, these are the characteristics of (ci’
surfaces that fail due to a weak subgrade, Also, th roa
develop right down to the subgrade. , the cracks

Photo 2 shows a typical sound bitumi '
1wt M 42/5, where the pavement is constlrr(ll(c):z:d road w¥Yace
thickness.

of adequate -

1
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232 Test Sections in the Widened Portion of the Road

Considering the test sections in the widened portion of the
road, which are all about 7 in, thick without exception, it may

\ﬁgain be seen that some have developed cracks while some have

nck. From an analysis of the results of the subgrades at these
sites, similar to that of the sites at the original portion of the
road, using the same curvesfor 9000 Ib wheel load in Fig. 6, it was
gseen that some of the sound sections also lacked the adequate
thickness as dictated by this curve. Hence an analysis based on
the curve for 7000 1b wheel load was adopted for reasons stated
earlier, viz., that the intensity of trafficon the widened por-
tions is not the same as that in the centre, and this yields the
data given in Table 11.

Tasre 11

Required thickness of pavement

i [ Thickness from McLeod's }
oo | Contiion | dping | St o
)’ce of pavement ’I C.B.R. ‘ ‘K> | b(elgi'\iig -
in. [ in. ! in. in. in,
.. 28/7 cracked 7 17 16 12 10
: e do. 7 14 12 —» ‘
42/5 ? sound o 7 6 [ 10 10
48/2 do. 7 6 11 8 6
52/7 do. 7 6 6 6 5
607 do. 7 6 6 8 8

It is ovident“from Table 11 that the sites at miles 28/7
and 31/4 have failed distinctly due to an inadequate thickness of
the pavement, when considered from any of the tests, viz., the
'field C.B.R., plate bearing and the cone bearing.

b Y
Considering the sound sections, it may be seen that though
all of them have the necessary thickness from the field C.B.R.
point of view, M 48/2 does not satisfy the requirements baged on
f{l%l@earing test and miles 42/5 and 60/7 do not satisfy the

« “ Baturated subgrade slumped under test.
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cone bearing test, which demands a hLj
existing one in all the three cases.
the plate bearing test values which a
cone bearing data, the reason for th

gher thickness than the
However, considering only
ré more consistent than the
€ soundness of the road at -

TasLe 12

Aggregate impact values

r1 N I3 K ‘;\ .
M 48/2 may be a.ttm 1Eudte.d to the possibility of the sy bgrade soil rot N rY— —— rrp—
ha\;mig bet.a? saé 1:&51 bu} a,ctg;%,l performance to such an extent (M29—M35) (M36—M48) (M49—M61)
as to lose 1US streng elow P-S.i.'in. whi No. Matorial
thickness of about 7 in. fis W ich corresponds to a o ateria

Dry Wet Dry | Wet Dry Wet
per cent | per cent ) per cent l per cent | per cent | per cent

Photo 3 shows the surface cracks on
the widening at M 31/4. The cracks
stage, followed by visible settlement

|

the bituminous road in 1 | Stone metal 19.60 15.62 11.62 15.74 18.28 18.57

\are in a fairly advanced
of the surface, which is

indi i : 2 | Kanka 29.20 29.34 10.94 17.03 15.66 17.29
indicative of the fact that the failure is due to a weak subgrade. a:n r T
The uncompacted nature of the subgrade at this site was further 3 | Brick 37.30 | 39.00 | 5227 | 5160 | 3140 | 2T
revealed when the subrade in a portion of the test pit slumped
during saturation, Photo 4. P

TasLe 13

A typical sound road surface in the wi

dened i ;
ing to M 48/2 is shown in Photo 5. oc portion pertain-

Field C.B.R. and plate bearing tests on kankar base

i i “ 52 , Plate bearing ‘K’
333 Summmg up, it may reasonably be concluded that the ) et |23 Field C.B.R. values p.s.d./in.
fa.xlure of the'road in miles 28/7 and 31/4 is definitely quo to N(; 23 Eg §.2 . :
1nadequgte thlcknesse’fx of pavement, whereas the failures in n.iles ) §.§> 58 | 287 |Atexisting| After | 4y oigsingl  After
34/3, 40/4, 48/2 and 54/2 are not due to deficiency in the pave AL g8 (5% M.C. . satur:.:;«;n MC. °lsauration
ment thicknesses but due to other reasong discussed below | & gy per cent | per
. - .14 M31/3 | sound {10-12 — - 1540 960
3.4. Failures due to Subsidence of the Ba . < t i
. se or Wearin | N
Aided by Weathering of Binder. . g Course 2| M34/3 (-Jcackedi 9-12 — 880 860
- |
i 5 : 8- 128 95.0 —_ -
The causes of failure in a pavement, constructed with ad 3 | Mb4/2 | cracked 8-9 !
quate thickness, should normally be located in the b 2 e(i 4 | M59/1 |sound : 10-11 — 101.3 —_ —
wearing courses due to one or more of the following reasoaf:. an j J
Inferior type of materials in base and wearing courses: thicknesses, it is essential to study the characteristics of the base

and weasing courses.
2. Non-homogeneity of the materi °

¢ e
. als used i
and wearing courses ; < In the base

Analysing the Thaterials of the base and wearing courses, it
will be seen from Table 12 that the kankar used in the base

3. Inadequate compaction of the materials in base and course and the stone metal in the wearing course are sufficiently
wearing courses ; . sfxong. ‘

4, Inadequate control in the construction, of the var’ sus ~ A fow sample tests of plate bearing and C.B.R. done on the
courses kankar bed in a few places, Table 13, reveal that even after

5. Weathering of the binder in the wearing surface saturation the values of plate bearing and C.B.R. are as high as

860 p.s.i./in. and 95 per cent respectively, thereby showing that
the b% course is adequately strong.

! Bnsidering the characteristics of the binder in the wearing
-gurface, it is noticed from Table 14 that the E.V.T. (Equi Viscoug

10

Hence, in order to trace the causes of §

ailures i ;
miles 34/3, 40/4, 48/2 and 54/, which have ad .0 the oMb at

o adequate pavement -
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Temperature) and the softening point of the extracted binder are
higher than the standards laid by the I.S.1. 7 This obviously
shows that the lighter fractions of the tar have evaporated leav-

ing & more viscous residue which has a higher E.V.T. and soften. '

ing point. Under very cold climatic conditions and with age
this material tends to become very hrittle,

TaBLE 14

E.V.T. and softening point values of the extracted binder

from the bituminous wearing surfaces

No. Extracted sample from | E.V.T. °C. S.Pt. °C,
' — -
1 } M 287 ;\ 07.5 87
9 M 313 ; 00 59
3 l{ M 31/4 76 425
4 i M 34/3 78 30" *\u

Though evaporation and oxidation of the tar by themselvess” ’

need not always lead to cracks on the bituminous surface, -thg
binder becomes too brittle to adjust to the state of stress in the
pavement when tensile forces are set up en the wea,lsing coat by
the passing traffic, thereby resulting in cracks on the bituminous
surface. Such cracks due to weathered binder appear invariably
in all bituminous roads in the course of time where the surface
is not treated subsequently in any manner. These cracks appear
first as fine hair cracks and are subsequently aggravated by
traffic and ingress of moisture.
[] <7

Of the four failed sites, viz., miles 34/4, 40/4, 48/2 and 54/2
having adequate thicknesses, the failure in M 48/é appears to be
due to a weathered binder, considering that there was no visible
settlement of the road surface and that the cracks are extreme}v

fine, Photo 6, which could be easily distinguished from thogs in’

miles 34/3, 40/4 and 54/2. Also, the depth of the cracks is limited
to the wearing surface only. The latter three sites fall into one
group, considering either the thickness or the C.B.R. and plate
bearing values of the subgrade soil, whereas the site at M 48/2
seems to be different. Hence, it is reasonable to isolate thémaeuse

of failure of the site at M 48/2 from those in miles 34/, 40/4;

and 54/2, which is fully supported by Photo 6,

FarLures oF A Biruminous RoaDp 471

The surface cracks at miles 34/3, 40/4 and 54/2, which have
developed almost on the whole face of the road, could not be
attributed solely to the weathering of the binder, since the cracks
ve of a definite pattern and they are not very thin, Besides,
they have penetrated into the wearing course also in some places.
Hence, to pin point the causes of cracks in these sites, it is
necessary to analyse the phenomenon of the development of
cracks on an otherwise sound road.

When there is adequate thickness of pavement and the base
and wearing course materials are reasonably sound and if failures
should still occur in the form of extensive cracks, it is definite
that the failure should be only due to the non-uniformity of
construction or non-homogeneity of materials in the base and
-wearing courses when the binder in the wearing surface has lost
its plastic properties. Under these conditions, any local weak
spot in the wearing or base course is likely toyield under traffic,
with in itself and may be termed as a ‘subsidence’. The
weak spot may be either due to the non-homogeneity of the
materials of the wearing or base course or due to lack of proper
uniform compaction during construction or due to the ingress of
molsface. Since the binder has lost its flexibility, the subsidence
is fullowed by cracks. One such typical crack due to subsidence
of the base or wearing course is seen in Photo 7 on an otherwise
sound road surface, which is the first stage in the development of
eyuch cracks. Since the area around this  crack is weakened,
tarther cracks develop around the first crack due to passing wheel
loads which produce a tension zone on either side of a crack,
Fig. 14. Due to the weathered nature of the binder, the wearing

WHEEL LOAD

FRESH CRACK OLO CRACKS
BITUMINOUS WEARING
| SURFACE

,——WEARING COURSE

LR I IR I N
Ao 48 s AN

a &
A A
8.0 AL
Capae =

48 L BASE COURSE

< N\ 0.8 0

50,4 04T
YA,
SUBGRADE

Fig. 14. Development of cracks due to wheel loads

‘.sur(f‘;a,g" cannot adjust itself to the state of stress in it and
" develop cracks adjacent to the previous cracks.
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Further, any moisture that enters the .
these cracks will weaken the contact plane betrv)v?;imZﬂ: gﬁiﬁz
coat and the layer below, as a result of which further cracks will
develop around the earlier cracks which may be described as the
second stage in the formation of cracks, Photo 8. In the fipal
stage th(; iyacksp&;}xtendgto the whole width of ;che road in the
course of time, oto 9, and pitti ) '
place, leading to the end of itg pre,tll?}%ogi lt&e surfacing will take

The notable feature in the sites at miles 34/3, 40/4 and 54/2
was that there were no visible settlements on ’the road even
though the surfaces were marred completely with cracks, Phobos 11
& 12. However, it is difficult to distinguish the difference in the
cracks of this type from those due to settlement of the subgrade
because in the former case cracks are bound to develop arallel
to the line of traffic in the final stages as much as in thg latter
case ; yet, the thickness of the cracks is a distinguishing factor as
found in Photo 12 where it may be seen that the width of the
cracks is comparatively thineven though the pitting hasocourred
on the surface, and also the depth of the cracks is limited to the
wearing course. But the cracks which develop as a result of the
weathering of the binder alone are distinctly differentZ=-m others
in that they are extremely thin and their loops have no reh.tion
to the direction of the movement of the traffic,

In the light of the above factors, it appears
the pavements at sites M 34/3, 40/4 and 541/)5 havi?x?b;olgg :E#j'
grades and adequate thicknesges might have developed cracks as

a result of subsidence of the base or wear; :
the weathering of the binder. gring courde, aided by

3.5. Failure Due to Waterlogging

The test site at M 50/2 is a typical case of
road from miles 50 to 52 which lyifla)s in a very ti:)eWSbg‘i;;.lgl vgittelxl'?
logged area where water is stagnating on either side of the road
all round the year and the water table is hardiy about 8 ft below
the wearing surface. Heavy settlements occurred all along this
stretch and the road surface was full of deep corrugationi and

cracks. 1t was gathered that during rainy season A
right over the wearing surface. y oods i‘:}gf
6

It may be seen from the plasticity chart tha i
of CL soil and that the existing moisg;re conterftﬂ}: s:sbi?geig
16.28 per cent. Hence, it is not surprising that even f{; the
existing moisture content the plate bearing value is o, tv 300
p.s.i./in, No tests were done at this site after saturating

grade because the latter became almost a sy ® Sub- .

ITy on saturation, ¢

+
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¢ rendering the site unsuitable for tests. Since M 50/2 is a clear

case of a road in a waterlogged area, and the subgrade is a CL
8oil, severe plastic deformation of the subgrade under the wheel
'oads occurred which, in turn led to heavy settlements of the pave-
nment. Infach, it was observed that in many places along this
stretch of the road in waterlogged area the road bed had sunk to
quite a good depth and the whole surface of the pavement was
full of cracks. One such typical cracked surface is seen in
Photo 13.

Hence, the failure of the road bed at M 50/2 may primarily
be attributed to the failure of the subgrade due to plastic defor-
mation arising from waterlogged conditions

3.6. Development of Cracks on Patchworks

It was found during the investigation that in some places
cracks had appeared on the patchwork which was laid on a
cracked bituminous surface. Photo 14 shows the cracks on the
fresh patch-work in M 60/2. It was noted that-the binder in the
patchwork was quite alive. Obviously, the cracks on the patch-
workynré~ite to the settlement of the clayey subgrade which sets
up r}gry high tensile stresses in the pavement. Hence, it is felt

that any amount of patchwork will not help so long as there is
an inadequate thicknsss of pavement on a subgrade which is
- weak and settling.

3.7.  Hair Cracks in the Subgrade Soil -
w

A peculiar occurrence, namely, the presence of hair cracks
in the subgrade soil, was observed in the sites at M 34/3, 40/4
ard 59/1. The hair cracks had developed in a distinct pattern
as can be seen from Photos 15 & 16, the former depicting the
cracks in the natural state and the latter showing them marked
by a pencil for a more clear presentation.

Whereas the\mi’fa.ce cracks are marked by their width and
depth quite visible to the naked eye, the so-called cracks on the
subgrade soil are conspicuous only by the dark coloured lines on

- the subgrade. The lines, which are due to the excess moisture

Xich occupies the cracks, gradually disappear on evaporation if
the subgrade surface is exposed to the atmosphere for some time
and can be seen again if the dried surface is scraped off.

It will be seen from Tables 6 and 7 that the hair cracks had
occuryed only in places where the subgrade soil was predomi-

. » nafltf® sandy in nature. The fact that in M 34/3 and 40/4 the
* bituminous wearing surface was cracked and that in M 59/1 it
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was sound without cracks indicates that the hair cracks i
subgrade were not influenced by the surface cracks‘wad{s in the

Photos 17 & 18 clearly show that the s

penetrated verticany down to some deptﬁu:ﬁaa%ﬁegmcgsdél:\y
disappear. The high sandy nature of the soil at thegse la'ée{
suggests that the cracks might have been formed by the diflf)eren-
tial densification resulting in an elastic deformation of the sand
under the base course. To produce this effect, the base course
should have had cracks in it and should exist ’ as a block ltlh

than as a solid single sheet. ock ratler

In all these test sites, the cracks were obs
grade under the kankar base and not undeir‘;(;l% %2icgleof'ub-
However, it is felt that the hair cracks may develo uns 1;1}%‘
brick soling also in the course of time under similaﬂP trafﬁir' ng
subgrade soil conditions, if the bricks are not crushed duringdthe
process.

From the high values of C.B.R. and plate bearing test
subgrade soil with hair cracks, it may be inferltf;eclesth;)tz,1 zﬁz
presence of the hair cracks in the subgrade soils need not be
harmful to the structure of the road bed as such, W

4, CONCLUBIONS

4.1, From the limited data obtained in this i igati

‘ g nvest
some broagl conclusions can be drawn as perta.inings ;%&t:l)lré
interpretation of the test values in general

However, it may be borne in mind that extensive investi
gations over a wide range of soil and climatic conditions wo Ici
be necessary before the conclusions set forth below can be tal?

as universal, but from the limited investigation carried out azg
as reported in this Paper.the following conclusions are irdicated:

1. Just as a relationship seems to exist between the

static plate bearing test values and the laboratory -

(.B.R. data, a very broad relationship appears to exist

between the <K’ values and the field C.B.R, valypnt -

However, even this relationship is valid only owsy 4
very limited range.

2. Using the above relationship, the values of the thj
ness of pavement required for different values tc;)}fuglll{-
static plate bearing test can be obtained ba, or(i

either the conventional laboratory C.B.R. curé%s or- -

McLeod’s field C.B.R. curves. 2

‘e
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3. The thickness of a pavement required for a given
wheel load is less if based on field data (whether <K’
values or CBR) than that obtained from the laboratory
OBR values and as such the designs based on the latter

: are more conservative.

4. The static plate bearing values using a 12 in. diameter
plate can be utilized for the design of the thickness of
flexible pavements in the same manner as the
laboratory C.B.R. or field C.B.R. or the repetitive plate
bearing tests using the appropriate curves.

5. An analysis of the performance of the pavement based
on the North Dakota Cone does not appear to be so very
consistent as an analysis based on ‘K’ or C.B.R.
values.

6. Proctor’s penetration value as a test procedure for the
evaluation of pavement thickness and performance is
not wholly reliable. '

4.2. Asregards the causes for the extensive surface cracks
over the o=ty mile stretch that was investigated, the following
are £’ie main conclusions:

1. The presence of surface cracks in the sites at miles
28/7 and 31/4 can be mainly attributed to weak sub-
«grades or, in other words, to inadequate thickness of

pavements.
L

The settlemgnt cracks are very wide and are of
alligator or map pattern, followed by surface settle-
ments; the loops are formed mostly parallel to the
direction of the movement of traffic and the cracks
develop right down to the subgrade.

The presence of cracks on the bituminous wearing
surfage at miles 34/3, 40/4 and 54/2 appears mainly to
have &ngmated from the failure of the wearing or base
course, aided by the weathering of the binder.

It is difficult to distinguish the cracks due to subsi-
dence of the base or wearing course in the final stages
from those due to settlement, as in both cases the
cracks are of map pattern. However, the depth of
the cracks due to local subsidence does not always
travel right down to the subgrade and is limited to
the wearing course. This, together with no visible
settlement, differentiates the failures.

The cracks at M 48/2 appear to have their origin solely
in the weathering of the binder in the surface course,
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The surface cracks due to weathering of the binder are
distinguishable from other cracks in that the former
are very thin followed by no surface irregularities,
and that the loops do not have any relationship with
the direction of the movement of traffic. Also, the
depth of the cracks is limited to the wearing surface
only.

In the site at M50/2, the failure of the pavement is

due primarily to the waterlogged condition of the
road bed founded on a clayey subgrade soil.

Any amount of bituminous patchwork will not help
in removing the cracks from the existing road, as
long as the thickness of the pavement is inadequate to
carry the heavy wheel loads. ,

The presence of hair cracks in subgrades of sandy and
non-plastic soils is believed to be due to the differential
densification of the sand. It is felt that the presence

of these hair cracks is not harmful to the structure of
the road as such.

N

'~

5. RECOMMENDATIONS

Based on the results of this investigation, the following
rcommendations can be suggested :

1.

Periodical renewal of surface aressings is necessary
at regular intervals of time so that the surfaces may
not get cracked as a result of starvation and weather-
ing of binder. The interval between two renewal

courses would depend on the local conditions of
traffic, etc. .

In the cases where failure of the /.

] ! X aqg&xement is due to
inadequate thickness of the roa structure, a pro-

gramme of progressive building of the road bed may
be drawn and executed so as to meet the. demands of
the traffic conditions. This building up can be eithe *

in the form of multiple surface treatment or %y
having thicker premix carpets,

In the case of renewal courses over cra
if the surface is pitted considerably,
cation of the surface should be do

cked surfacings,
complete scarifi-
ne for layf - *the

new coat. Just resorting to heavy patching % -er a ~

cracked surface will not always help.
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' d
4. Ttis suggested that greater care should be ensure
during the construction of the water-bound '_ma,cadallln
itself, such as proper control over the quality of the
material that is being used for the construction.

5. In the case of road beds in Waterlogged areas,
* detailed investigations will have to be carried out for
different cases 8o that adequate provisions for pre-
venting failures of the road structure as & result of.
flooding may be made.

ACKNOWLEDGMENT

The Authors wish to thank the Director of the C/ntral Rqad
Research Institute, New Delhi, for his permission to publish
this Paper. They also wish to record the help rendered by
Messra R. L. Nanda, S. R. Bindra, K. P, Nair.and R. S. Shukla
in conducting the various tests in the field and in the laboratory.

REFERENCES

) B . 1} h ,
1. . Pavement Desi for Roads and Airfiglds ", Road Researc :

_t “'thnical Paper Ngc?. 20, Road Research Laboratory, Harmondse
< worth, England, 1851.

. . 3 he
2. Palmer, L. 8., ““ Field Loading Tests for the’ Evaluation of t
Wheel Load Capaoities of Airport Pavements'’, A.8.T.M. Special
Technical Publication No. 79, 1947,

] )
3. McLeod, N. W. “ Basio Principles of Asphalt Roadway Design,” -
Beprint’from Imperial Oilways, AuBust-October 1956.

4, MoLeod, N.W? ¢ A Canadian Investiga.tiop of Loqd Testin.g
Applied to Pavement Design ’, A.8.T.M. Special Technical Publi-
cation No..79.

5. ‘‘ The Investi, tioﬁ of Road Foundation Failures’’, Road Research

Technical Pa%:r No. 21, Road Research Laboratory, Harmonds-
% worth, England, 1950. U
6.

Stratton, J. H., “Military Airfields—Symposium,” Transactions
of the Awerican Society of Civil Engineers, Vol. 110, 1945.

7. 1.8.1., “Indian Standard Specifications for Road Tar » I8.
215--1951. .

* N 8. “Damage to Roadscaused by the Drought of 1947, Road Note

b No. 6, Road Research Laboratory, Harmondsworth,_England, 1949,

9. “8 Cases of Frost Damage to Roads’, Road Note No. 8,
Ro:.gwResearoh Laboratory, Harmondsworth, England, 1949,

10. Middlebrooks, T. A. and Bertram, G. E., * Soil Tests for Design of
Runway Pavements ', Proceedings Highway Research Board,
Vol. 22,1042, . .

.-,:ﬂl. Boyd, Keith, ‘ An Analysis of Wheel Load Limits as Related to
Deglgn », Proosedings Highway Research Board, Vol. 22, 1942,
no o «



478 SWAMINATHAN & SwaMI o¥
FAILURES oF A Brrumisous Roap
TarLE 15
Abstract of traffic census taken from 8 A.M. on
22-2-57 to 8 A.M. on 23-2-57
No. of Wt. of each
S. No. Type of traffic vehicles (up| vehicle in Total traffie
and down) tons in tons
|
1 | Lorries-loaded 281 6 1686
9 | Lorrics—-empty 30 2 60
3 | Passenger buses 136 5 680
4 |[Private cars 129 1.5 194
5 | Motor cycles 5
¢ | Bullock artes & tongas
loaded 64 1 e M4
7 | Bullock ecarts & tongas
empty 27 0.5 ‘ 14
[
Military vohieles : |
8 |Lorries v 8 8 64
9 |[Cars 2 < 1.5 ' 3
10 | Other vehicles 3 1 3
11 |Cycles 339
Total 2768: Say: 300f vons
. 0
war
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* SYNOPSIS
[ J

This Paper describes the landslide problems in the State of Assam in
general and mainly on Dimapur-Imphal Road, National Highway No. 39.

. Methods adopted so far to control landslides are described and suggestions
~dfe made to prevent their oceurrence.

~“Bragent day information regarding the theory and causes of landslides
and guBlijdences, investigation procedures with the knowledge of soil mecha-
nics and ‘geology, aualysis of soil studies and assessment of correct solutions
of individual probl \“n)s .faced by highway engineers have, a8 far as possible,

been incorporated in the Paper.

N INTRODUCTION

1.1. Highway engineers have to face acute problems when
they have to deal with landslides and subsidences which are of
common occurrence in the construction of hill roads. A large sum
of money is spent every year to eliminate and control these
treﬁ?kps, but, usually, anticipated results are not achieved com-

*Deputy Chief Engineer, P.W.D. (Roads and Buildings), Assam,
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mensurate with the expenditure incurred. Tn a country where
mountainous regions are vast, rainfall intensity and concentra-
tion are high, seismological disturbances are frequent, the geolo-
gicaltructure is young and unstable, the problems of landslides
and subsidences are very complex and, as such, thorough investi-
gations and their correct analysis and assessment are necessary
to decide upon any preventive or control measures that have to
be adopted. .

1.2. In Assam, landslides occur frequently and the problems
are very common in the hilly districts of Khasiand Jaintia Hills,
Mizo Hills, Garo Hills, North Cachar and Mikir Hills, and severe
in the case of Naga Hills. There are recent instances of heavy
casualties of human beings besides losses of livestock and other
private property due to very heavy and sudden landslides in a
wide area in the North-Ea;,st Frontier Agency adjacent to the
State of Assam. Annexure 1 will indicate the expenditure
incurred both for original and repair works during the last five
years in dealing with a few landslides on the Dimapur-Imphal
road, .

’

1.3. A complete and thorough search of each ls:‘r\xtﬂlide
problem in Assam has not yet been taken up. It is expected
that a full scale study will be made in each case in the near
future with the help of a soil testing laboratory. In this Paper,
studies of Dimapur-Imphal road, which is badly affected by
landslides, have been made based on geological and other con-
siderations of some of the soil types. Corrective measures since
adopted have indicated some measure of success to warrant
further investigations and remedies on the same lines,

2. THEORY AND CAUSES OF LANDSLIDES ANJ';‘(»'” ‘

SUBSIDENCES ' P
4
o
2.1. Men have been suffering for thousands of years directly
or indirectly due to landslides but, on account of their limited
knowledge and lack of technical advancement, the way of solving
such problems was not clear for a long time. Since the lagt o
years, engineers have directed their attention %o these st djes
~in a scientific manner and have been thereby successful in
decreasing the magnitude of hazards involved to human life. Such
studies are, however, unable to give ‘quantitative answers to the
- problem of prevention and correction of highway landsliq?s and
subsidences. Hence, there is s need for field investigati*,..and
laboratory analysis for each and every individual case i deal
with it in the right direction,
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2.2. According to Terzaghi, landslides may be defined as
“the rapid displacement of s mags of rock, residual soil or
settlement adjoining to a slope in which the centre of gravity of
the moving mass advances in a downward and outward direc-
bion.” He has classified landslides and details of mass move-
ments into two main divisions, viz., (1) dry movement with
static friction fully effective, (2) movement with static friction
wholly or partly eliminated. These classifications can again be
subdivided info the following: (i) slow flowing, (ii) rapid
flowing, (iii) sliding, and (iv) subsidence or sinking of ground to
an appreciable depth.

~ 23, The main physical factor of earth movement is the
reaction of stresses induced in soil particles which are under the
influence of the gravitational forces. A mass of rock, when
detached from the bed rock, cannot remain static unless unusual
means are adopted to balance the mechanical equilibrium,
Similarly, if the underside of the soil which is inclined to the
horizontal plane is lubricated, it cannot but move downwards
along the inclined plane due to reduction of shearing strength of
8oil particles. If that tendency is not counterbalanced by
sheq.vi;‘g-'i'ésistance, the soil mass is sure to slide. Minor earth

“vements are due to the results of instability of earth crust”
and are mainly subject to laws of mechanics.

The assessment of forces causing intergranular movements is
a very important factor. Coulomb’s law of friction is expresaed
by the formula : *

v ,
F=pp renrennnnnse (1)

- where M = coefficient of frictjon.

F = frictional resistance,

\% P = norma) presgure,
t,

The coefficient of ‘friction depends’on many factors in the case of

8oils, such as moisture, temperature, surface texture, ete. Slides

in natural soil are mainly due to disturbances by cutting slopes,

igging holes, and exoavations with unsupported sides. From the

?Lysioa.l behaviour, the landslides may be olassified into the
ollowing categories:

(1) Natural slides in - heterogeneous soils due to- uplift
aoting on impermeable strata underlain by saturated

Y permeable stratum, sudden consolidation  of 8 safu=
P ;at?d sandy strata and joints, bedding planes or.
o aults, . ' ‘
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(2) Natural slides in homogencous soils due to internal \

friction, cohesive propertics of soils and factor of
safety against the sliding force,

(3) Sliding due to plastic flowage.

4) Breaking away of overhanging str
) collapse of the soil mass, §ing strata snd subsequent
24. According to Terzaghi, the causes of landslides may be
ivided into two main classes, viz, (1) external and (2) inf,ersrlla,l
he common reasons for external causes are: (1) decrease iri
upport at the foot of a slope and increase in weight on super-
mposed edge of the slope and (ii) earthquake shocks W}I:ich
ncrease the shearing stresses of the goil masses along the slidi
Jlane. The internal causes are mainly due to the action mg
nfluence of water which can be divided into (1) loss of cohes?'n
f soil particles, (ii) increase of pore water pressure and decrelaosn
f shearing stresses, (iii) seepage, (iv) spontaneous ]iquefactione
und (v) seepage of water from artificial sources which reduces the
thearing resistance of soil by increasing water pressure The
nain phenomena hastening the physical processes of landslid e
wre summarized briefly as (i) steep slope of catchment ¢ By les
bility of soils, (iii) ground water action such ag Ly ria,-
saturation, ete., (iv) heavy rains or melting snow, (v) d:feepa o
tion, (vi)lack of ecological observations, (vii) s’eismic azz?m'
(vili) erosion by rivers and torrents at the toe of the slo iong,
(ix) swamp and waterlogging in the area. pe, and

2.5. Slumping is the downward sli in
or unconsolidated materials moving as a?l{mi% c()): juf)‘;aiflsiaif rocks
with more or less horizontal axis parallel to the slope. Tt Y unit
in unconsolidated detritus of old landslides coml’OS;ed f0<13mi1rs
mixed with fresh water, limestone and peat. Slum of loam
abundant where cliffs are relatively low. Ps are most
300

-

3. INVESTIGATION PROCEDﬁREs
3.1. Maintenance of Records

In order to investigate a landslide
authentic records should be available, p%ﬁ?iﬁﬁ’
should be maintained which will indicate the fre
mation : ’

s & register

(1) Time and year when the )

- andslide i .
full history. ndslide is first Noticed Wity

-«

L}
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(2) All meteorological information such as rainfall precipi-
tation, temperature, humidity, period of drought,
freezing and thawing period, if any, after severe
winter, etc.

(3) All previous measures adopted to stabilize the land-
slides such as piling with spacing, depth and number
of piles, retaining and breast walls, R.C. cribbing,
etc., with complete design data as available.

(4) Records of similar slides in the vicinity with protective
measures adopted.

(6) History and date of earthquake with intensity,

(6) Area if cultivated, forest reserve, deforestation, jhoom
cultivation, terraces, nature of vegetation grown in
the area.

(7) Presence of mines, quarries, etc.

(8) A topographical or contour map of the area showing
the location of the slip area, existing roads, old roads
;= " -ubmaged or subsided, rivers, springs, lakes, catchment
' drains, the adjacent ground and new landslides, etc.

(9) Full descriptions stating the nature, type, etec., of the
bed rock with petrography and mineralogy of under-
lying soils with their conditions in nearby areas.

(10) Ggophysical survey data suth as location of slip
surface, so#l conditions relating to the moisture,
density, structure, physical properties, direction and
type of movements, their duration, speed, and so on.

A%, Geological Log

A ‘g‘\fological\log prepared by an experienced geologist who is
well acquainted v-ith the vicinity is vitally important. It gives
the general descriptions of geological formations and irregulari-
ties of the area which help the highway engineer to locate the
highways or to deal with the landslide -problems.

'3.3. Soil Samples .
. 3.3.1. Firstly, a visual reconnaissance should be made for
prehm‘}nary investigation by dividing the whole area into zones
according to the nature of slides occurred. Stacks should be
driven in each zonal area where soil samples are to be collected.
S.uc‘bata.cks should be numbered and connected with the centre
line of the road by stations, offset distances, and surface elevg.

.
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i ected with several permanent bench marks. The zones
2;1%1:151;%2nselected in such a way that some stacks will fall near
the top, some away down in the side slopes and some near the toe
of the slope, care being taken that the whole area under investi-
gation is fully covered.

From each of the zonal areas and from each point, soil
samples both disturbed and undisturbed should be collected and
sent to the laboratory for finding out the water content, mecha-
nical analysis, tests of consolidation, shearing strength, density,
etc. The drill data will also show the underlying bed rock
or stable soil layers to determine the slip surface or slipping

plane and also the seepage line, ground water line, water table,
etc.

3.3.2. Brief notes on the physical properties and behaviour
of each type of soil in landslide areas are furnished below which

may help the engineers to locate the highway alignments.

(1) Granular type of soil: Soils in cutting or embankment
consisting of sand, gravel and rock particles seldom involve
sliding. “ T

(2) Silt: Silty soil may slough when not compacrel
_ pgopeé!ﬂ. 1It mal3:1 be e?s(;ly erolded when the soil is fully saturat.

ed. Bilf also se) omsiesunessa.cla, shal ipping "
plane is established. y e or rock slipping

(3) Cay: Clay is a 4

tible to sliding and instability when such clays are characterised
by high liquid limit and high plasticity index which can be as-
certained from the laboratory tests. Expansive olays and

organic silts may be considered as mogt unsuitable material £~
embankment unless specially treated. .

(4) Shale: Shale by nature is a stable material, |yt when

used in road construction, it bresents a preential landslide
material. :

(6) Rock with clay or clay shale: Whep " )
the outer slopes, the shale is unusgall cuts ara made in

by weathering, forming a plastic ola . Such mat
difficult to compact due to excess voig aterialg are vory

filled up with water, sloughing agd sliding oceur.

3.4. Cross Section

3.4.1. To ascerta

in the velocity and move
rock maasses, there is

ment of v\(\il or
Do surer way than to take

a series of cross
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séctions of the whole landslide area. These eross sections shonld
be taken at the time of first appearance of a landslide. .The old
constructional records should be obtained and new sections super-
imposed over them. From the comparison, foundation failure,
side hill fills, slipping plane, settlement, sloughing, etc., can be
indged. In all cross sections, the following should be plotted :

(1) All borings or drill informations with depth of soil
strata, etc. ’

(2)  Results of laboratory tests on soils such as mechanical
analysis, plastic limis, liquid limit, plasticity index,
field moisture content, density, triaxial compression
test data, ete.

(3) Data pertaining to the soil layers and underlying bed
rocks with mineralogical test results such as X-ray,

differential thermal, petrographic and weathering con-
ditions, etc,

(4) Surface cracks and cavities with depths and sizes of
structures and other tension cracks,

. _,"‘(:;')""Ground line both before and after the movement,

(6) Ground water table or seepage line and any other
hydrological information.

3.5. Theoretical Analysis ,
3.5.1. "Stability obslopes : The stability of slopes depends on
many factors such as height of slope, unit weight of soil, steep-

ness or angle of the slope, cohesion, internal friction and action
of ground or Sseepage water.

- 2R.2. There are ‘several theories and methods concerning
stabikey of slopes and the commonest ones are given below. The
details of eaclh method are avaijlable in any text book on soil
mechanics and wnence they are not fully discussed here. The

various methods are :

(1) Culman method.
(2) Risal-Frontard method.

(3) Circular are method,

(4) Slice or Swedish method advanced by the Swedish
Geotechnical Commission.

" (6) @ Circular method developed by Professor Glennon
. Gilbay and Arthur Casagrande.
12
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(6) Jacky method.
(77 Logarithmic spiral method.
(8) Praudtl’s method.
(9) Terzaghi’s method,
3.5.3. Almost all the methods are based on the assumption

that soil is homogeneous, isotropic, of constant aagle of stape
and sheating strength based on Conlomb’s empirical equation :

8 = C4N tang (2)

where & the unit shearing strength.
¢ = the unit cohesion in pounds per square foot.
N = normal stress on the surface.
¢ == the effective angle of internal friction.

In a sliding area, two forces work together, viz., the activating
force and the opposing or balancing foree. When the 1 ~yygment
of the activating force overcomes that of the balancing forcethe

slide occurs along the eritical surface or slipping plane. This can
be expressed as : .

SP= CL+ S Ntang

............. .- (3
where S N = summation of normal forees in pounds. !
® = angle of internal fricti(;) in degrees.
¢ = cohesion in pounds per square foot.

L = length of the slip surface in fest.
% P = sommation of tangential forces or ¢ i,za.ring
forces.

P

From the above, the factor of safety (¥.8.) for sliding of the
slope may be deduced as:

P9 ~ Moments of forces which oppose sliding
- Moments of forces which Eétivité’éiidin'g
, S Ntang 0L
1.e,, F.S. = - w“—é‘?mm ............... (4}

The value of 'C° and ‘¢’ may be determined in _the
jaboratory by shear test or by unconfined compression test.

‘e

LY

LAGDSLIDE INVESTIGATION AND TREATMENT IN ASSAM 487

Then facility for such testing of soils is lacking, the following
‘able may serve for approximate analysis:

TapLe 1
- o
Typo of soil E n;q].b a}(‘ar { in degtoes
Almost liquid 100 o
Very soft clay ’ 200 2
Sott clay 400 4
Medium clay 1000 8
Stiff clay 1500 8
Muddy sand 400 30
Very dense sand and gravel 1000 34 :

If the woidputed factor of safety exceeds unity, the slope can
be considered ss somewhat stable. But there are other forces
affecting stability. To be on the sale side, it is considered
necessary to take ¥.S. more than unity. For natural slope
analysis, undisturbed soil samples are to be tested.

3.5.4. When hydrostatic presswre is in existence a%d
requires fo be acceunted for, the following formula may be
applied:

SP= OLAS(N-Atan @ o {8y
where 4 = hrwl = water pressure in pounds ab the slip-
Y ping plane.
B h = depth in feet from ground water level to the
slipping plane.

rw = unit weight of water = 62 Ib per cu. ft.

. 1 = length of slip surface in feet along the slipping
‘ plane.
Py CLEE(N~Mtand . (8
s P

3.5.5. Exporience of many years establishes that the plane
of failure is pa curve steeg ya.t the top and flattening
oit at the battom. Because of its simplicity and flexibility, the
¢ circle method developed by Krey in Germany and elaborated



of ' . DECn adopted,  p, fessor Taylor
a'na.l\:Sis ats;ll?.;hti;;sctts Institute of Teclhno!ogy,ﬁ&fsssl?;ov:<;ybo;
518, Y be seen frop, the followmg Table, that the results

. by graphics using slice
gher thay the resylty based on rfmthc-
Practical DPurposes, the resultg iner hn; i’;ﬁggd:}}(ﬁt for'tz;ll
. ; > and logarith-

three methods become identicg) w}EanZ& ahso ‘? oW thut all tho

Stops ¢ =5 ¢ =15 | ¢ =2
angle Sk N T T
B i ice @ Circle Slice } @ Cirelo ; Slico ( ¢ Circle
15 0.72 0.70 — T
’ -— —
‘ 0.114 0.11¢ 0.048 0.040 0.012 0,009
45 0.141 0.136 0.085 0.083 0.048 ’ ;‘.0'0'44
60 0.165 0.162 0.120 Ol6 g ga e
! - . 0.074
75 0.196 0.195 0.154 0152 g1 7
00 0.239 0.239 0,199 . -

0.199

g 0.165 0.166
He 1las worked out some\\N\

&raphs 1 i -
slope can be fouqd out by uge ofztabiﬁ"t; Tlll!ll(igbeih;hzt?l;?:ty] of
© slope

3 are know i :
complicated Mmathematicg) calculationzf W&flllzqut going tthgh

::l Lzl&t(:;;d: to other Variables g4 it appearsefrzt;;btfl]lletjf]orly:&ngfé
\ (} ,
8 = W EITTT (7)
where & = stability numbep, |
C = cohesion of 50il.
F < factor of safoty.
W = unis weight of s0il,

H - height of slope,

3.&).‘5. 1‘01‘ pl‘&CtiCH’l ; 03es & cal any 818 b st
s N RurP 3es, thO 8re I ic ¢ i i
on slice mcthod as descnbcd bUlOW is CO;ll:l.d(fl‘Uth]uyit&bl 't
‘ 0 fOI
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analysing landslides with natural slopes when soil conditions are
Variable. TFailure surfaces or slip surfaces may be plotted in
the following manner The starting of slipping plane may be
ascertained from the open crack or cavity or surface displace-
ment gt the bottom, a few fect away from the toe, before rupfure
takes place, Fig. 1. The curve should start beyond the crack or
cavity which ig formed due to teusion and should be taken into

Fig. 1

consideration in stability analysis. The inclusion of the entire
weight of the portion takes care to some extont for possible
hydrostatic Pressure due to water filling in the tension cracks,
The depth of tension cracks may be worked out from the
Luilowing formula established by Terzaghi :

pe Wm@Eeggry
b

where D = depth of tension crack in feet.
C = cohesion in pounds,
¢ = angle of shearing resistance.
*» = bulk density of soil in pounds per cu, ft,
In the case of purely cohesive soils or soils with small shear-
ing resistance, the formula used is:
20

Ty

- D = tetrereenaraysy (9)
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surface cracks, cavities and structures, etq,

: In thes -
tions, the theoretical curves worked oyt by € Cross sec

formula gg well ag

curves based on boring data shoulq be plotted, Fig. 2. Then the .

L77:

o
¢ W
I
LA
I// gue A% Sanp
S Tinsion P
§;/ Q’t:i/‘w

curves which show the worst condition m ;
consideration for theoretica} stability analysig, 3y be taken ipto

00 Iy increment, Y wi
parallel to the direction of the moving forge, ’I?heoiv:igh.b.‘ofw ;ggﬁ

increment to g width of one foot

resolutions of forces gre graphically work
below and shown in Figs. 4 and 5. B?y d ing.

mal forces and shearing forceg acting in the

. : imate of Maxim
the slide from the ground surface inn: Um depth of
rupture is required, the followineg I(J)a:il o Lping plane or plane of

method * ag devised by Arthyr M, Rit}(l:(l)zg xﬁg%ﬁ :gor‘)‘tzl(ip cirele
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she inspection of tensjon cracks and B from the toe of the
ilipping mass. Join 4B ang bisect it at point (. Through ¢
md 4 draw the perpendicular bisector and a horizontal line

Hiees
-

5u1P
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;I}ﬁmtr}lé :;npgr;i:tt f,)f' ﬂ;g}fn%oéﬁw should be in such

pteoper than vortical - With the dius - L, Crele,® TEVeT
e & e . ’ .

point D. PUh may be obtained from the lino 0D at

3_0.9. [he Slippill or i ]‘(‘al T w 13 Q]IO wn
. ) crit Y 'q
; ‘ Ry g' o su fﬂ:ce AB 18 drﬂn n as ¢

number of equal vertical g]j it divided into a convenient
. . '8 ces. Al 1) . :

unit thicknes e sliceg y
1o Sliokness.  As an example, the stability O?rirf?’k?tlr?g }ile()(?(g

Wsm o

- T

Fig. 5

in Fig. 4 has be :
below, Fig. 5: on analysed by

resolution of forces as described v

Let W = weight of strip (abed).
¢ = apparent cohesjon of goil,
¢ angle of shearing resistance,
L = length of arc of the strip.

8 = angle of inclinati
horizontal. on of the tangent, to, the

a position
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Now, resolving the weight W tangentially and normally to the
are,

i

T
N

.. shearing resistance=CL 4+ Weosg tan @

shear force = W sin §

]

normal force = W cos §

Hence, for the entire section, the factor of safety against
slipping can be expressed as :

Shearing resistance _ 3 (CL + W cos § tan 9) ...(10)

F.8 = = -
g Shearing force S Wsin o

3.5.10. From the stability analysis, the strength required
for the soil to be stabilized is compared with the results of the
unconfined compression test of soil samples. Sowers and Sowers
hi_we given rough indication for use of factor of safety for
different purposes as shown in Table 3. .

TanLE 3
i ]
Factor of safety ' Purpose on which used
p— e OSSN — e e i b
Less than 1 Unsafe
1.0to 1.2 Questionable e
o )
1.3t0 14 e Satistactory for cut, fill, ete., but questionable
for dam
1.5 Safe for dam

:v LANDSLIDES ON DIMAPUR-IMPHAL ROAD AND
SOIL TYPE STUDIES

4.1. Description of the Road '

The Dimapur-Imphal road, a part of National Highway 39, °
is the main artery and lifeline of communication connecting
Nagal Hills district and Manipur State with the plains distriots
of Assam Plate I. Before the railway line was established, the
road was meant for cart traffic to transport commodities an_d
carry local business with other parts of Assam, and for this
reason the old name of the road was “ Dimapur—Imphal oart
road”. The opening of Assam—Bengal rail-road rendered -
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Dimapur, known as Manipur Road railway station, an impor-
tant place from which this road starts. The road runs in a moro
or less south-easternly direction with a wide convex curve

towards north-east and the distance is about 134 miles up to
Imphal.

4.2. Geology of the Area

4.2.1. The geologists believe that the natural tearing move-
ments of the Himalayas are still active since millions of years
and extend up to the sub-Himalayan belts. The structural
analysis of rocks indicates that such pressure tends towards the
hilly regions of Assam Valley mainly around North Lakhimpur
area. The types of rock formations in all the hilly areas of
Assam are gneiss, sandstone, limestone, trap, granite, Khasi
greenstone, Amphibolite and Pyroxeme Gramilite, Dihing,
Barail, Kopili, Disang, and Shillong series as shown in Plate IT.
- 422 In 1882, R.D. Oldham, a geologist, first traversed
-the whole Naga Hills district and he f i (

: _ b ound two principal rock
form_a.tlons, ViZ., upper tertiary and axials on east and west of
Kohima. He also suspected the fault line in between( -those two

series near about Kohima town. After Oldham, tertiary forma-
tions were reclassified by the geologists into two series, viz.,
Barail and Disang series. Barail series is composed of arena.
ceous beds of sandstpnes with greater thickness, It derives its

» the highest p
(9,890 ft above M.S.L.), belong to Barail serjes built with

massive sandstones and sandstones mixed with shales. ~
4.2.3. Disang series which is older t
mostly of shales directly underlying the
argillaceous and contorted than massj
series. In the Kohima area, the junction of these two series ig
faulted as may be seen from the map prepared by Oldham,
Fig. 6. The Dimapur-Imphal ro
faulted zone. According to geologists, a strong thrust, crushing

and crumbling, exists in the faulted area which allows the
Barail series to push the Disang series in north-easternly direc-
tion. Thus, the whole area is &

han Barail is copaposed
Barail series and‘1g more
ve sandstones of Barail

4.2.4. While travellin
cuous that extensive sli

g along this road, it will be conspi-
where wet cultivation

Psoccurred long ago, Fig. 7. The depressions
is done in man-made terraces are nothing

ad passes very closely to this-

Photo 1.
Damaged retair
ing walls due

to landslides

Photo 2,

Heavy landslides in Mishmi
Hills due to earthquake of
15th August 1950

Photo 3.

Installation of hori-
zontal drains to
decrease the hydro-

static pressure



Photo 4.
Hill faces sliced
down due to
earthquake of
5th August 1950
in Abor Hills

Photo 7.

Landslides in bare hills due to disintegration
> - “
Photo 5. . and weathering
Rock falls and bedding

of sand stones !

Photo 6.

wandslides due
to flowage

-Photo 8.

Horizontal drains working to release the

hydrostatic pressure




Photo 9,

Face of secondary slips

Photo 10,

A diversion with temporary bamboo bridge due to

slumping of road

Photo 11.

Disturbed hills due to earthquake

of 1950 in Mishmi Hills

Photo 12.

Bare hills, boulder sausages and a ne
nnenad for traffic

w diversion
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but old landslides. Some deposits composed of sub-angular
boulders mixed with debris of varying degrees of fineness may
also be seen which were described by Major Godwin Austin as
glacier moraines in 1872 when he traversed Naga Hills district in
connection with the topographical survey. This was of course
subsequently contradicted by Oldham who stated that these
deposits were due to heavy disintegration of rocks aggravated by

excessive rains and decrease of forests in slopes from rapid
variation of temperature.

4.3. Meteorology

4.3.1. Throughout the year, hillsides are not disturbed
exdept during the period of monsoon which generally starts by
the later part of March and continues wp to the beginning of
October. The heaviest precipitation usually occurs during the
months of June to August with an average yearly rainfall of 75
inches. The yearly mean relative humidity is approximately 88,
mean maximum temperature 70°F,, mean minimum temperature
58°F., the highest maximum temperature 90°F. in April and the
lowest minimum temperature 41°F. in January at Kohima, as
muy be seen from Annexure 2. Annexure 3 shows the variation
of rainfall, temperature, etc., in different months of different

- years. Also see Plates 1IT and IV.

4.4. Seismology

4.4.1. Earthquakes are primarily responsible for many
landslides both small, very large and disastrous ones. They
produce horizontal accelerations which may increase or decrease
the shearing stresses of soil mass. Vibrations due to blasting,
machinery and heavy traffic may also produce transitory stresses.
From the map in Fig. 8, it will appear how the areas where the
Dimapur-Imphal road passes are affected by earthquakes. Due
%o seismological conditions, the area is quite susceptible to heavy
landslides and it is suggested that in designing retaining
structures, the maximum acceleration of 0.2g for rock founda-

tions and 0.5g for alluvium may be adopted on account of earth-
quake shocks in Assam,

4.5. Mineralogy

4.6.1. To study the landslide problem, mineralogical study
and petrology of soils and rocks are essential to know the physi-
cal and chemical properties of each mineral which may also help
in dealing with preventive and control measures of landslides,
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B

MAP SHOWING EPICENTRES OF AUGUST 15,1980,

AND  PREVIOUS YEAR  AXES OF MOUNTAIN RANGE S
I

NAGATIVE GRAVITY ANOMALIES,
(4
INDEX @ -

HEPICENTRE  FOR. AUGUST 15TH EARTHQUAKE,
@ PREVIOUS EPICENTRES .

HATCHED LINES — AXE S OF MOUNTAIN RANGES .

BROKEN LINES ~ NAGAaTIVE GRAVITY ANOMALIE 1.

Fig, 8

The following tests may be carried out in the ‘laboratory :

(1)  X-ray Diffraction :
diffraction pattern
the reactions in
known minerals.

This test will
of unk
analog

help to ascertain the
NOWn minerals and aggegg
¥ to other simjlap types of
(2) Thermal Analysis : 7Thig helps to ident

\ if iner:
from their thermal broperties, 1y the minerals

"
: 5
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(3) Petrography: .This will assist to know the physical

properties of mineral grains with the help of the
microscope.

Due to want of testing facilities within the State, the (;Jest_sl
mentioned above could not be carried out on rocks and soi
minerals and were left for future studies.

4.6. Description of Landslides and Subsidences o,

4.6.1. The Dimapur-Imphal road is affected by landslides
and subsidences mainly in the portion between Nichugard and
Maram, i.e., from mile 9 to 82. As the magnitude of shpsf;
varies in every rainy season, only a general account of some o
the landslides is furnished here. The nature of slips and‘theuf'
causes are almost identical in all cases as the rock formation o
the whole area, where landslides occurred, if_s of the same type,,
viz., shattered Disang shales. These landslldes_ have been very
active since the last 25 or 30 years, but no detailed information

is available to show the variation of movements and damages
since their first appearance.

4.6.2. 34th mile: In this area, a portion of the road a,(l))gt;:
600 ft in length has subsided due to creep. More than 2f o
length of the hills has moved downward% in ’oh(? direction c.:; he
slope. 1In quttings of hill sides, soil nfixed with fragments H
black shale is visible. s The road bed consists of bedded sha.lles a;r}ll
mud stones with variable dips. The slope above and be owD e
road bed is undulated and fairly steep about 30 degrees or sltl). :3
to seepage, this creeping movement takes pl_a.ce <'ira.gg.1ng t. le r(])1 d
away from the original position. The slide in this km(; ef "
been active since 1941. In 1946, the road was bloc lf l 0:0&
period of two and a half months. The sl.xde of the w Io 618656
has moved from the top of the hill as a single block. [n > 1,‘
there was a subsidence of about 100 ft in length. The ramdwig,dgs
was the main destructive agent activating the heavy lands :i i
in this portion. During rains, the loose earth becomes muddy
and moves downward at a speed of 20 ft to 25 ft per hour.

o . t a furlong, in
4.6.3. 40th mile: A length of the road of about a fi

mile 40, is badly damaged and subsided. The sliced slope gg (;hlz

Lill indicates black shales mixed with soil. The rz:ation s

located on the debris of old slides. There is little veg

the hills in this slipping zone and the slope of the hill varjes from
30 to 35 degrees all along.
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4.6.4. 4lst mile: The slip in mile 41 was active since 1941
and severe in 1947 and 1950 when the road was blocked for about
one and 3} months respectively, and a length of 600 ft of the
road in furlong 4 was badly damaged during 1950. The road
cutting shows pieces of deep coloured shales mixed with fine
grained soil. The road is aligned over the debris of old slides
which may be surmised from the barenness of hills without
vegetation and valley like depressions here and there. Wet
cultivation is done in terraces on the steep hill slopes. The
landslides have taken place mainly due to seepage of water

“hrough porous soils and creeping movements along the slipping
p.2ne.

4.6.5. 42nd mile: During 1950, the 5th furlong of i
was comnpletely blocked for more than 3 monthg gdue‘chI;l %eI:\lrle
landslides, which were active since 1941. The road about 250 ft
in length slumped in 1950. The slope of the hill is 30 degrees or
more and the soil is mixed with clay and shales., There are

indications of debris of old slides over which the r

. , . . oad has
aligned. tTellf_P}‘I’rf’;I‘deivgrsxons were constructed for t?;f%r;
movement which also failed on account . :

rainy seasons. nt of landslides ie subsequent

4.6.6. The other porti ; ;
occurred are in miles I1)2 a.n%ni3(jf2%he2road T oeTe gador Shibs ave

)
66, 68, 71 and 72, 74 to 76, and 75, 4 and 27, 46, 51 and 52, 64,

[ ]
4.6.7. Maram is situated in mile '

82. Beyond Maram, the
rga? follaw§ the top of spur of the hills. Theycutting faces are
i{ aly an , airly covered up with soil. Towards Imphal from

aring, the road is aligned through Barak Valley and no major
landslides have taken place so far up to Imphal except small
slips here and there in miles 85 t0 90, 92 to 94, 102 ¢ 1%4 106
107, 112, 113, 115, 124 and 125, ’ ’ ° ’ ’

4.7. Soil Type Studies

4.7.1. Soil samples in greater number f
in all the sl{p areas could not be collected
testing facilities available within the State. So, onl
sentative samples from 34th, 40th, 41st and 42nd mi?re:lfi;‘: I\;S}Il)re-
the landslides were more active and severe for a number of’ ea.erl;;e
were collected and sent to West Bengal for test. The test rzsulté
as obtained are furnjshed in the following Tables, :

nd tested for lack of
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3

rom all the sectiong ‘

TAnLE 4
Liquid Plastic Plasticity :
Location of soil samples limit limit index SF:S:S;
—— por cont | por cent | porcont | EMTY
34th mile slip 34.4 18.8 15.6 2.68
40th ,, ' 36.6 19.2 174 2.69
st ,, 38.4 17.7 20.7 2.66
42nd ,, 43.6 19.7 23,9 2.71
TABLE §
= : :
Dy &0 3 ® »
sl B3 wgf lemedmr el
Location of soil ‘ 2% €| £ . 088 ';ﬁ% o 2td Capillary
sampl R S8 1250 [ERBLEL | riseof
plos 388 g8 SE o 3agoe
‘38‘” > o QES o&@ggsag waiter
SR ET TR [PESapbire
— - 8 e ‘
34th mile Slip 10.1 135.1 15° -31/ 1692 4450 18 ft 2 in.
o @ 29.5°C.
40th ,, 11,2 1292 25° -28° 1757 5926 4ft8in.
@ 29.5°C.
41st |, vy 11.1 130.8 21°—~34’ 1433 4478 19 ft— 3 in,
. @ 29.5°C.
42nd ,, 1.0, 130.5 25°—20° 1512 4738 24{t—10in.
@ 30°C.
TABLE 6
=
. =, e
E"S B % ¥ g
E28s ¢ 25 | &3 £g
Location of soil Sow g ® 3 e @
o Ry @ ] e 0
samples A= R °© 5 A=Y
2852 <o P @ o
A ] P o w3 g =1
8 > @ B o R=
S @ a bR 3=
34th mile slip 14.5 120.0 7° 46’ 98
40th ,, 14.0 120.8 9° 30 149
4lst 14.5 122.4 16° 10/ 201
4nd ,, 14.0 122.1 17° 22 454

14
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4.7.2.

of soil samples as shown in Tables 7 and 8,
detailed calculations both for soils in-situ and sa
given in Annexures 4 and 5. Also see
worked out example.

TavLe 7

COMPARTISON OF STABILITY op Sroris For Sotrs IxesiTOr AND

Sorts Soarnn v Warkn

The stability analyses are made with the test rosults
A gspecimen of
turated soils is
Annexure 6 for a typical

Situation Factor of safoty Factor of safety

|
|
‘; (soils in-situ) (soils saturated in
I

water)
34th mile slip 1.97 0.33
40th ,, |, 2,17 0.49
41st  ,, 2.03 0.82
42nd ,, 1.92 0.98
TABLE 8 ¢
COMPARISON OF STARILITY ‘

or Storis Wire UNcoNFINGD

CoMPRESSTON S'T‘RI-IN(?TH ar SorLs IN-SITU

Factor of safety

. Factor of safety worked out from
R e compressive

(=oils m-situ) strongth of sofls

i
Situation i
|
| in-gity
I

34th mile slip 1.97 1.78
40th ,, ,, 207 2,02
4ist ,, ,, 2.05 1.79
42nd ,, ,, 192 1.80

4.7.3. The factors of safet
of undisturbed soil samples,
higher than unity. From the

y worked out from the test results
as seen from Table 7, are much

! unconfined compression test results
also it is seen (Table 8) that the factors of safety of soils are

more than unity. This shows that in normal condit
ally in dry periods, the soils are quite stable.

Laboratory tests
show that when they are saturated during rai

ns, the cohesive

ions, speci- .

j i \ T )
LanpsLipr INVESTIGATION AND TREATMENT IN AssaMm 509

strength as well as the internal friction are considerably decrea-
sed while, on the other hand, the hydrostatic pressure is increased.

Thereby, the slopes become unstable and sliding takes place along
the critical surfaces.

5. ANALYSIS OF CAUSES FROM DATA COLLECTED
AND METHODS OF TREATMENT

5.1, Analysis of Causes

5.1.1.  As already explained in the previous pages, no slide
Is attributed to a single cause which can be definitely determined.
Most of the landslides take place under the influence of more than
one factor, viz., geological, topographical, climatic, physical and
chemical conditions. The process of developing la.ndsl_ldes st;a,?ts
from the beginning of the formation of rocks and continues with

physical chan
‘From ¥i
aligned alon
of rocks whege g

Thig

altog

ges due to wind, water, erosion and weathering. ,
g 6 it will be seen that the Dimapur-Imphal road is
g the fault line in between Barail and Disang series
reat geological thrust is exerted between theIII)l.
area is always susceptible to landslides w.hlch cannot (;
ether avoided by adopting any preventive or contro

measures whatsoever,

area

5.1.2.  As seen from Fig. 8, the seismological turmoil in zhhe
is still active which increases the gtresses and reduces the

shearing strength of soils or rock masses.’ It is thus quite natural

to surmise that these natural forces are aggravating the land-
slides in this region.

5.1.3. Some of the dark coloured shales have deliquescent

salts such as sodium chloride, sodium sulphate and pltl')ta.ssn;g.t
sulphate. These salts absorb water and moisture and have p

pert

ies of breaking the shales into clay. During rains, these

salts are readily dissolved and the mass, lubricated with clay,
flows like bituminous material.

the

5.1.4. In 64th mile slips, tension cracks are¥quite Rromi-

. s ters through
hent. During heavy rains in monsoon, water en )
* these cracks and cavities and helps the whole mass to slide along

critical plane. These cracks are due to internal stresses of

. . : lso the pressure
soil activated by the hydrostatic pressure and a :
of the slice of soil mass within the boundary of tension oracks,

and

critical surface.

5.1.5. In this area, two types of creeping movements are

experienced. In one case, the slips take place quietly due 4,
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dislodgmerit of a big area from the roct to the tongue of ?he
sliding mass. Even big trees are seen taking new position
upright lower down the hills. The second case is confined to the
loose materials with regularrolling. Such slides continue through-
out the year and become more active during rains. The main
reason for the first case is the breaking up of the strata of Disang
series to the proximity of the critical surface in the faulted zone,
The second case is due to soaking of surface water by soft mate-

rials during rains and converting them into semi-fluids which
flow like lava in a voleanic action.

- 5.1.6. In many places, it is seen that the jungles are cleared
and trees are removed by the villagers for jhoom cultivation and
thereby the natural hill slopes including the top stable layer of
the soil are disturbed. The deforestation causes the maximum
runoff during rains and exposes the rock surfaces to rapid
weathering. During the monsoon months, wet cultivation is
done in terraces by impounding water up the steep hill slopes.
Seepage of water through pervious strata takes place along the
slipping plane and causes the landslides. Sometimes those
impounding reservoirs issue numerous springs which wash away
the hill face materials unserupulously and make the hills much
steeper than the angle of repose. \

5.1.7. Some perennial streams are Howing through deep
gorges inducing scours by the rush of water during rains. The
bottom of the steep hill slopes is undermined on both sides of the
stream resulting in landslides due to removal of back pressure.

5.1.8. In many places, the road is aligned over the debris of
old slides which can be judged from t

he bareness of hills, less
growth of vegetation and valley like depressions. In such places,
the grade of the hill slopes varies from 50 to 70 degrees against

the natural slope of 30 to 35 degrees. All secondary slips oceur in
the old landslide areas.

5.1.9. The stability analysis
strength of the soil is reduced due to
pressure. When the soil is fully satura
so than what is actually necessary to h
safety. The ground water table rises with the increase of rainfall
during monsoon. Along with it, the o

' apillary tension of the soil
is increased making the whole mass completely saturated and
liquefied.

5.1.10. The landslides in this area bec
gince the road was widened in 1941
slope of the hill was disturbed and shea
was reduced. In some places, new dive

shows that the cohesive
hydrostatic or pore water
ted, it becomes much less
ave the required factor of

ame more intensified
1§y doing so, the natural
ring strength of the soil
rs10ns were constructed
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for immediate movement of traffic which also disturbed the
natural stability of the hills,

. . . f
5 . Provision of unsystematic and mfer1pr types o
drairtl)él‘ilnl the slip area without proper hydrologlcalde:;lrx\:eo);
encourages rather than controls landslides. The proper o gdro-
such structures should generally be l?a,sed on the correct hy
logical data and true conditions of soil,

5.1.12. From Plate 111, it is seen that the severe langshfl:las(
occurred after the heaviest rainfall almost every yeari} : unt’e'/
winter, the soil remains dry and as soon as monsoon star s;rioas
rain water softens the soil mass, percolateg through pe;r ous
strata, and induces the unstable mass to move along the ‘pla:;lra.ta,
rupture. In many cases rain water lubricates l}he. top sol t,se 2t
and helps the slide due to flowage. Thus, the rain is thl(?dpo n&nd
agent in this arid region to encourage landslides
subsidences.

5.2, Methods of Treatment

5.2.1. Prior to 1941, the importance of Dimapur-Imphal
road was not much due to less 'ora,ﬁirc)a on the road and, thext';ef];)re,
much care for the treatment of landslides was n_c:lt ig egé
Vagaries of slides were not so intensivq prior to the wi et;l ic% o
the road. Generally, the road remained closed for ]\)re low’er
traffic till the spoils were removed by manual la,boué'.t ) ert}; it
masonry relaining and breast walls were constructe A ] ro\;emenb
debris from blocking the road and retard the forward m et
of the sliding mass. For treatment of creeping mé) e
kutcha catchwater drains were installed to drain off 8
water.

5.2.2. Insubsequent years, i.e., during 1942, 19_%6’ 1550;1(11923
and 1956, the landslides in the portion between ml IE;S o :urfa.ce
were severe and heavy. During 1956, extensive wor 1;‘4 Platos V
drainage, construction of retaining and breast tWla; flu Tho
and VI), and boulder sausages (Plate VII) were h: e 't,}?' stone
kutcha catchwater drains were made watertig W(‘l as per
masonry and a network of drainage systef!;l t&PJ:g' benching
topography of the sliding areas. Slopes wereha t.a.ke’n up os
of slopes with boulder sausages at toes was o abable
stable foundations for retaining structures were nc:1 N enining
within a reasonable depth. Buttresses, breast ?lnth oreeping
walls were constructed wherever possible to ret.arl © kedpout
movement. See Annexures 7, 8 and 9 for typical wor
examples of the various structures.
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5.2.3. Where landslides oceurred due S0 flowage, jungle waod
Spurs were constructed in serics at intervals along the slope of
the hills which retained the surface flowage. By doing so, the
debris of slides were retained {rom moving downwards till they
obtained the natural angle of repose and were stabilized along
with the growth of vegepabion. Where the slides took place
duc to erosion of river In gorges, series of bouldor sausages
wore made which raised the river bed and stopped landslides by
backwater pressure. The above measures gave good results
~nd there were no severe landslides during 1957 and the current
) Y 1l now,

5.2.4. Ip general, no standard of corrective measures to be
adopted in dealing with landslides can be specified as eack laad-
slide requires special investigation and different treatment, as
already stated in the previous pages. The following are the
possible wmethods so far advanced by which landslides are
eliminated or controlled. After theoretical, physical and labora-~

tory analyses, one or moge of the following measures suitable to
each particular problem may be tried :

(1) Relocationof the road by completely abandoning the
stip area with comparative atudy of cost of such relaca-

tions and protective measures proposed to be resorted
0.

(%) Removal of landslides completely by cutting snd
dredging up to the bed rock in the slipping %la.ne.
This can be ascertained by taking a series of borings

to the maximum depth and then by plotting them
into the log. ’

(3) Bridging the slip area if i

t is small and two stable
ends are available. .

(4) Construction of cribbing of either concrete or timber.

(5) Cementation of loose materials in the entire area by

any other method such as cement grouting, bitumen
grouting, etc.

{6) Retaining walls, breast walls ecither of masonry or
coperete or boulder sausages,

{7y Yiling with steel, concrete or timbor.

(8) Network of surface drainage system in the entire slip
area.

(9) Slope treatment.

(10) Sub-surface drainage of French type.

R 1
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(11) Vertical and horizontal sand drains.

(12) Chemical treatment. Clayey, waterlogged and sandy
soils may be hardened by spraying a strong solution
of caleium or magnesium chloride.

(13} Tunnelling.

(14) Sealing the joints in open fissures, peripheral cracks,
eto.

(18} Butfresses,

(16) Steel dowels grouted into bed on top of which sliding”
occurred and anchored with concrete blocks or hight
walls near the upper edge of the sliding areas.

{17y Perforated horizontal drains to release the hydro-
static pressure.

(18) Method of soil stabilization by injecting asphaltic
emulsions, cement grouting, electro-osmosia or electrg-
chemical treatment,

(19) Stabilization by re-seeding with green deep-rooted
»vegetation or ecological treatment,

(20) Drainage by tunnelling.

{21) Underground walls by filling dril} holes with coment
grouting.

{22) Slujcing. The stream is gontrolled from top and
adirected where washing off the detritus materials to
get the hillside to natural slope is necessary.

5.2.6. In selecting an alignment, specially in locating
cutbing, ecological observations should be made regarding
appropriate planting since special types of plants charactorise
the area and drainage while doing the preliminary survey of the
alignment. Exposed surfaces should be covered up with top soil
and suitable types of plants allowed to grow. The surface
crosion may be minimised by fixing wooden poles diagonslly
across the face of the cutting to divert the flow of surface water
and check the downward movement of soil particles.

5.2.6. Without going into much detail when facilities are
not available for such investigations, the following methods may
be tried as control measures according to the classification of
landslides mentioned in previous pages:

(1) Natural landslides in homogeneous soil : piling, proper
drainsge of surface water, growth of proper vegetation
and underdrainage.
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(H

The following recémmendations are
for prevention and control of landslides on
road. The implementation depends on the eco

each type of operation according to the ne
available.

SHARMA ON

Natural landslides in heterogencous soil: surface
drainage, underdrainage by tiles, well drainage,
tunnelling, piling and grouting.

Slide due to plastic flowage:

homogeneous clay : piling and retaining walls.
Sandy soil : grouting and piling.

Creep : retaining walls and surface drainage.

Overhanging strata and collapse of soil mass:
Cohesive sail : retaining walls and piles. .
Pervious soil strata: reverse filling and grouting,

6. SUMMARY AND RECOMMENDATIONS

particularly made
Dimapur-lmphal
nomic analysis of
eds and resources

“~

As the road was aligned in a geologically unsound
area, the permanent solution to get rid of landsiide
occurrences will be to divert the road 1o a safer zZone
away from the proximity of faulted line. If such
overall deflection is not feasible, at least diversions in
slip areas should be constructed away from the fault

line and founded on the rocks of Barail series instead
of Disang series.

Indiscriminate deforestation for any purpose should
totally be avoided. Shifting cultivation or jhoom
cultivation should be restricted in steep bills, specially
in areas susceptible to landslides.

In case of widening the road, steep hill cuttings should
be eliminated and proper angle of repose for different

types of soils and rocks should be allowed and
strictly followed.

All unstable materials above the
should be totally removed if the de
econemically possible.

plane of rupture
pth is shallow and

Benching of slopes as per theoretical analysis should
be adopted to decrease the shearing stresses of soil,

Construction of diversions over the debris of old slides
should be avoided. Such locations can be traced out

, 515
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(®)

)

(1)

(12)

15

from the bwreness of hills, dépressions ?n slopes,
examination of soils after boring for constituents of
fragments of shales, sandstones, and fine grained clay.

The slope may be stabilized by spraying heavy grade
oil to seal the water passages through poresto decrease
the capillary tensions and seepages. Loose soil may
also be hardened by spraying at first a strong solution
of calcium chloride or magnesium chloride and then a

strong solution of sodium hydroxide or potassiur:’,

hydroxide during dry period.

Stability analysis of landslides on the following
formula explained in the previous pages gives satis-
factory result provided undisturbed soil samples are
properly tested and correct results obtained :

T = N tan ¢ + CL. .
In case of toe cutting in gorges by Berenn.ia‘l streams,
boulder sausages constructed in series raise the river
heds and reduce the landslides due to backwater
pressure.

Boulder sausages should be constructed at the toe l(1>f
hill slopes where landslides occur to keep away t 3
loose dry masses of soil and rock falls from the roa
surfaces when solid foundation is not available fior
cther types of restraining structures such as retaining
walls, buttresses, breast walls, etc.

When it is seen from the theoretical analysis that the
shearing strength of the soil is reduced, restraining
structures like buttresses, retaining walls, boulder
sausages, jungle wood spurs, ete., shop.ld be con-
structed to counterbalance it. Piling will not give
satisfactory result due to creeping and flowage. Serjes
of jungle wood spurs may be constructed in hill slopes
to retain the loose debris till they obtain the angle of
repose. To stabilize them further, deep-rooted grass
may be planted. /

The water in this arid region is a potential agent
which reduces the shearing strength and increases the
shearing stresses of soils. So, a thorough analysis of
its action and appropriate remedies are equally
important. The following suggestions will render
beneficial effects on correct implementation ;



(a)

(b)

(e)

(d)

{e} Slope treatment :

()

6.2. A complete and tharough search s
ascertain the actual causes of landslides

t

Suzarma ox

Surface drainage : Hydralugical and soil surveys
should be ecarried out and a network of surface
drainage system planned on present topography
of the slided areas, Properly designed drainage
structures should be watertight to prevent perco-
lation through porous soil. Adit drains on steep
hill slopes and catchwater Pits with easy outlets
will help to drain off the surface water. Dropping
of water through culverts in downhill sides
should be prevented by providing pucca steps to
stop side erosion and downhill landslides.

Cracks and cavities ;
shonld be sealed to
them during rains w
ment of the sliding
or plane of rupture.

Fissures: When Sssures of rocks are prominent,
they should be grouted in cement to stop weather-
ing and erosion by wind and water. During rains,
water entors into the rocks through these fissures,

Softens the cementing materials and helps them
tall down due fo gravitational forces. ’

Cracks and cavities in slopes
prevent water entering into
hich helps {he creeping move-
mass along the slipping plane

Artificial reservoirs ; Man-made impounding reser-
voirs in depressions of steep hill slopes issue
numerous small streams which wash away the
stable materials from the surface and expose
the rocks to rapid weatherimg. '

Treatment of slopes is essential
for easy drainage of run-off water during rains.
Grades should be flattened, and turfing and
afforestation taken up expeditiously. Ecological

treatment of slopes is a vita) point to deal with
landslides.

Sub-surface drainage: The water table line should
be lowered down specially during rains to decrease
the hydrostatic pressure and seepage of water
which can be achieved by installing horizonta)
and vertical drains of any typs suitable to the
local conditions ags described in the previous
pages,

hould be made to

: and appropriate
measures taken accordingly with a view to T

benefit of the investments made,

eap out the full

!

- 517
BATME M 5
Laxpspipy Investicarion and TRUATMENT 1IN Assa

10,
11,

12,
13.

4.

15.

EIBLIOGRAPHY

) ilati 8 on
Contral Board of (sophysics, India. * A Compilation of Paper
Assam Barthquakes.”

Leggot, * Geology and ¥ngineering.”’
Longwell, C. R. and others, ** Outlines of Geology.”

K. K. Dutta, ** A Roport on the Slips and Slumps of Dimapur~
Imphal Road.”

. 31
Sondhi, V. P,, ““ Notes on Landslides on Dimepur-Manipur Road.

Ghosh, M. N., “ Obsovvaticns on the Landslides on Dimapgr
Kohim’a-lmphs\l Road.””

Taylor, “ Fundamentals of Soil Machanies.” )
Terzaghi and Peck, “ Soil Mechanics in Engineoring Practice.
Krynine, *‘ 8oil Mechanics.” ‘ )
D.8.LR. (London), ** Soil Mechanics for Road Engineers.

i i ndas
Sowers aud Sowers, ‘* Introductory Soil Mechanics and Fou
tions.”

Journal of Boston Society of Civil Engineers, Vel, X1L

. < d
“ Landslides in Japan’ by Fukusks. Pyoce:t}:&lgng‘fl nd'l;}tlilgn
International Conference of Soi} Mechanics
Engineering.
¢ ideg— ted
Highway Research Board, U.S.A., “ Landslides—A Belecte
Annotated Bibliography.”

. s I jatt
Dutta, D.C., “Slip and Subsidencr in a Hill Read”, India
Roa@s’ Congress Journal, Vol. VI.

16. Hennes, R. G,, “'Ana]ysis and Control of Landslides.



519

=
<
b .
n
<t
z
- 18-3-51
M ¥ LS-1-F1 U0 .G¥ LE-G-13 U0 .68 '8¢ 0'0L 6L GL 16°LS L961
=
= 9¢~1-1¢ uo . 1¥ 9¢-F-61 Uo 06 ¢'8¢g 6°69 18 LL 1reL 98961
T -
m ge-1-1 U0 1% €€-9-6g U0 .38 L'8¢ 6°69 88 18 S0°0L 9g61
o]
= o I _ ! 1 i
a | m ‘82U 08" LT['SIY 08'8 |
i d. ur ! I, w | I, w I, W ———t— 1 soyom _
> 18af oyy Buranp | ok oy Jumnp | eingeredwey einjeiodwey ' ut 3804 100
I ainyerodure) m eangeredwue) WN U UL UL WNWIXBUL jues yod ur oy} Juranp ®oX
= WNWITIW 1S9M07] | WINUWIXEW 189YIrH ugow A[1ea x ugotx A[IBa)X ,%ﬁm&aﬁ: dA1jwel | [[Bjulsl jejo],
< i | umewr Apamox
I | i
M | g |
x
W vwitgoy je sxnjeradwa ], pue [jejuiey
—
a .
a Z ?Janxauuy . -
3
)
=)
Zi
<
= .
| 5 % |
0F9TCT 0000L | O00LIE N | 0068 | EN 0081 0041 0%18 0051 002y k44
g ;,
0¥899 0006% 00LLI IIN | 0068 Av N 0071 00¢€1 0%08 0081 002¥ 157
L9¢L 0091 1268 UN | 0068 | IIN 0081 0011 | O¥Fc8 0031 | 00%1 oy
i | .
- 8FF9C 0089 0es8 IIN “ 006 | 1IN 0071 00gI M 0v18 00881 8¢E8T ¥e
: | | ! |
_ : i | [ ,
M 86-LEGT | LC-996T | 9G-CC61 _ ce-FeT  PE-SC61 | SC-LGGI | LS-9C61 | 9C-GC6T | C9-PC6T | #C-6C6T |
< _ S S o R S E R I |
Z drs ot
M :Qm@ amﬂm.mwwﬁ ” ! oseptuwr ur
_ [eursiio % pisd . , c zn
* -a1 yjoq ‘514 ¢ | JEALIANIIX A uoryenyis

48[ J0] oang

sapIspue|
-rpuadxo [vi0], ,

peoy [eydwj-andewd uo sIaprispue]

owIos Yirm gureap ur paIIndul >IMpuddxy a9yl JUIMOYs JuIWIIeIS

¥ 2anxauuy

518



LANDSLIDE INVESTIGATI!)N AND TREATMENT IN Assam 521

SHARMA ON

fod
R
A8

iz Z .
'L = gu [
BT =7
"33 *bs 10d q1 691 = O 891 009988 = N T
8= 6T = ¢ 891 009PLT = L X
el 6'ze Ly gLe 919 | 968 §°38 £LE . 9l | ¥'8 (sd13y) 00103 TeWION
L€z gee | vee gEE LSl | 90°F eL's | €96 0Pl | T'L (sdr3y) eod0] [E1juelusy,
¥°'86 | 9°8% | C'LC ,n.a 029 ﬁ 009 | g¢eg | 182 ¥88 | 0TI Loty 4 ) (sdis) _Emwwa..mwwmwewﬁ
mﬁoaw 09¢ cap | gop Tsv , ezvb | €68 | 9FlE 018 $'18 (‘33 °bs) wore juemotou]
01-6 6-8 8-L T:@ “olm L e% | ¥ &g &1 " 10
|
(g oN o1qeg, 1od s® 10g)
3¢ oppw oy sisdjeue Ajiiqers
¥ Inxauuy
- ‘
¥ | €L 0Lp |gee [ogo |98 L Wlm.w,,ﬁ 80 , 88 89 .W:W,?.% Mmm.o 16 |6 .N.@ m..S: 20 | Iequieseq
Wwwm]@Ww.HH 881 To.m 06 | 18 6'%¢ Q.mw £C'Z 88 8L [ 098 E.% M%.m 26 wim.mm I'es |ge0 | zoqueaoy
M E\, Z'6T |16 |03E | L8| €8 [¥19 ?.: 19'¢ wma l%l ¢'z9 qm,ﬂﬂ Lowl,‘,ynl L'69 ‘o“.a..;lﬁl 1290300
ﬂ‘mw F.E 0'¥5 ?o.a W‘ I8 [#°99 , 6L <9 o\a 18 [£°¢9 Mm.ﬁ ,ﬁ 6%'L ﬂlmml\., 0'99 [2'9L |9g'11| zoquesdeg
M\wwl mﬁ Myﬂa\ 06 {199 {scL vmm, 95 06 | 679 . £FL ‘89°el HJ&I% €99 [3'CL . 086 - %rm?
ﬂwlﬁwﬂ H.@H,MMMJQ,E, 06 | 06 |09 |0'cL WN o6 ,,‘mﬂmmlw €9L  8VIT| 96 u_.ml‘.wﬁ 6'FL 0£'6 m_ﬂm
R R e e L N R T CR L T I
29 | 6c T'8T |g95 srT |68 18| |ace VIS 98 08 | GF9 6FL ?3 18 oL 1o |eir vos Ay
5 | 8¥ 891 |65 oree| @ 6e |7°09 (8oL 9oL MMMQJ $'69 %m_fmm.vlﬂilaﬂ '8¢ M.Mb\o[jl\ dy
mm‘\mﬂ 3el N.mw Mo;.blﬁ 19| 65 {298 |P°0L mmumu,ﬂm \wxh 3LG mo.mb T:.m 9 lmw 6'39 Wm.t 69°T yoaByg
‘:\ \olbnﬂﬂwmﬁlm\%w L |96P |93 OIT )bl.lalww w.&kh %9 610 Mlﬂ.w\ 138 679 W;!.i.b?@m
w% 38 9L TPl — 08|G9 1Sk |€9¢ COT 66 06 C9F Tw.% | 870 Mwl oo | L'Sh | 9'LS .muv.oaf,msw_ww_u
B B e R A b RS N - EE A
o am B s — &
£yp odny = . Aup aIy = £31p eang = Lyp | eing =
-tuny | -eredwayg, -twny | -8redura g, | ~Tungy -groduraj, -tngy | -sredwog, ]
! i
LE6T ﬂ 9261 e661 pa61 a8ox

¢ anxauuy

ewgoy le Ajpruuny pue aanjexadwa ], ‘[tejurey



[
b

Annexure 5

Stability analysis in mile 34

(Soils in saturated condition as per Table No. 6)

= 120 1b per cu. ft.
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Annexure 6

Method of Stability Analysis

The following is an example of typical computations in the stability
analysis of landslides as described in the main study. One of the éross
8ections of the slip in 42nd mile of Dimapur-Imphal road has been taken for
illustration.

The eross section is drawn to a scale and then the critical surface or the
slipping plane is shown from theoretical calculations as _descrlbed in the
Previous pages. Due to boring difficulties, the actual critical surface could
not be ascertained from the strata of soils.

2
.. Alfter drawing the slip surface, the slide area is divided into eight.equal
increments. The ares of each increment is computed with the help of the
planimeter and multiplied by the unit weight of the soil in-situ, The total
weight of all the increments is obtained in a similar manner considering each
increment in‘a width of one foot. -
i} . :

The weight of each increment is graphioally resolved into tangential and
normal eomponents asshown in Fig, 9.

Fig. 9 ) .
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VALUES OF TANGENTIAL AND NORM‘:\L FORCES IN THE
: STABILITY ANALYSIS

Increments
0-1 1-2 | 2.3 | 3.4 i 4-5 | 5-6 l 8-7 7-8
Increment area
(sq. ft.) 77 | 180 | 245 | 275 | 280 | 270 230 | 130
{
Increment weight !
(Kips) 10 |2 5
Unit wt=130.5 3.51 32 | 359|366 353 30 17
1b/eu. ft.
Tangential 6.05 ; ! :
force (Kips) 051 920 85 16, 89 165 206 | 14.6
o |
v Mm
Noemal fore . ‘. :
K ipay ™ 8.85 ‘ 21.5] 318 357! 356 | a1 {22 | g5
S T = 83,950 lbs
3 N = 192,950 Ibs
¢ = 25°—20
0 = 1,512 1bjaq, ft. obtained from soil test)
L = 100 {1

By applying formula (4), the factor of safety is obtained as:
2 N tan ¢ + CL - 192,950 tan 250__201_,_1'512)(100

£.8. = ST 5556 =192,

When values of C and ¢ are not known

s one of them may be assumed
to work out the vaiue of the other unknown

variable.

In the above example, the factor of safety comes to be reater than
and may be considered as safe, But in some cages, mfgch fauto? gf sﬁ?gg
becomes exorbitartly high which may be due to computations based on
test data of soil samples collected after the landslides had occurred, Irregu~
larities in the soil, difficulties in obtaining undi

oy sturbed soi
in perfoct condition, problems of laboratory test technique soil Semiplos.

and effect eof

LaxpsLip® Invmsrmuiou AND TREATMENT IN AssaMm 525

hydrostatic and seepage f ces are also some of the contributing factors that
lead to such a high vulue o%gaafety factors.

Lo - 8)

In case the water tsble line is above the slipping plane, formula (
lf'\‘ly bec\-szd in the same manner as described above to take .clm:e gf :;l;:
“iggergranulac forces. The shearing resistance thus somputed will ltn l:ub-
the strength needed to maintain the equilibrium of forces prior to
Sequent movements.

- SiLtP AREAT ¢
5 ’

7 o
e 1’2 r2onE OF
Carvriiary -
Sarvearion

WaTar Ta8ck Linvg

Taking an arbitrarily chosen ground water table line as shown in
Fig. 10, ralues of intergranular forces for different increments of the given
oruss section are computed as follows :

-

o-1 ] 1-2 | 2-3 i 34 I 45 |56} 67| 7-8
( e _

Increment area - = 280 | 270" 230 | 130‘
(sq. ft.) ki 180 | 245 | 275 L

l
Increment weight
(Kips) 10 | 235 | 32

266|353 30 | 17

Tangential force 605 | 9.2 ' 65| 1.6 | 8.9.[16.5 | 20.6 | 14.6
{Kips) ’ 3 i :

Normal force

i 6.85 | 215 | 31.8 | 35.7 | 33.6 | 31 22 8.5
{Kips)

Intergranular
forve (Kips)
(hr B

5.2 93 | 11 | 125 | 135 l2.5» 11 8
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ST = 83,9501b ¢ = 25°-20'
SN = 192,950 b € = 1,512 1b per sq. it.
S /4= 83,0001b L =100t

S (N — H#) = 109,950 1b

oo SO —p) tan @+ CL _ 109,950 tan 25° - 20 + 1,512 x 100

s 7. 783,950 =14

For expansive clayey soils, values of @ are found to lie within the range
of 0 to 10 degrees. Hence, if the soil of the given cross section is considered

to be clayey, the unknown variable C (cohesion of the soil) may be computed
from the equation in formula (4)

Asgsume ¢ = 0 degree,

83,950 — (192,950 X 0
Then, O = 3,980 - '%‘60 PO X0) _ 839.5 1b per ft.

Again, assume ¢ = 10 degrees,

83,950 — (192,950 X 0.1763
¢ = ( 1000 X ) 4975 Ib per ft. C

’

In consideration of hydrostatic pressure with q) = 0, the value of C will
be the same as above.

Assuming ¢ = 10 degrees‘, the value of C is obtained as :

83,950 ~— (109,950 X 0.1763)
C= — - W00 = 645.8 1b per ft

It is also possible to find out the cohesion required to gi
of safety of the same magnitude with respect o% cohes(i)oﬁw:b’::imedmfotor
laboratory tests as showp below : ried from

¢ 25°-90
9D =55~ g =2

. ¢ = (83,950 X 1.92) — (193,000 X tan 132
o0 T T

161,000 — 45,300

S ey = 1167 Ibjsq. £,

!
! by
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o

: SRR Annexure

/) Retaining Devices '

i. PILING
" In some cases, to inorease the factor of safety, some ex!;ernal forces are
necessary, which may be attained by driving piles penetrating t}r;f shpg:lr:’%
plane or critical surface of sliding masses. These ‘.plles will pro oo
additional resisting forces that will be added to the shearing resls;agcela. e
depth of penetration should not be less than one third of its longt n 1) so“;f the
slip surface. The resistance to shear developed by the piles at the su

of rupture may be determined by applying the following formula advanced
by Hennes :

‘ Ap. fo

s AP R e

where S = shearing resistance of the pile in 1b per foot.
Ap = cross sectional area of the pile in 8q. inch. . - 4
fv = allowable shearing stress for the piles in1b per eq. inoh.
D = cehtre to centre spacing of piles in foot, divided by number of

’ lines of pile.

I

g - forn ive o check up
whegzl;n:}sleha;')sil{:ahios ::gigsz?rt;d:li:)tsh}?(:a: O(I)Ifm;{?ea:oigl“;.i’gnl;et’o@z; side of thg
pile :

S = 2 Chd e Cseriesaibeds (2)
where S = s};earing resistunce per pile in 1b.
C = cohesion of the soil in Ib per sq. ft.

h = height from slip surfaces to ground surface in ft.

d = diameter of the pile in ft. _




}
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Referring to the Fig. 11, lot line 3

) be melen i ili
Now resistance required from piling s givee o ~jed for loeation of piling.

8 8
PR=F.S.><23 T—Es N tan $—CL (3-8)
-, Horizontal force, H=Pp Cos 8

Assuming the portion BC of the

il . .
diagram of loading, pile to be fixed and taking triangular

Cantilever moment M =PR Cos g DJ; %X 12

where M = Maximum bending moment per ft width in inches,
h

D

i

Length of pile above slipping plane, 40.

Centre to cent i P . . )
lities of piles, re spacing of piles in ft divided by number of

s -
Then, 3 T= 62,2001b
3

8
S N=132,800Ib
3

L=175 ft
?
Assuming a factor of safoty =1.5,

with the va)
€= 497.51b/sq. ft., Pp=15X02,200~132 ues

of ¢=10° 'a. d
..,800X0.l763—497.5x7 g "

5=32,500 Ib.
Cos § =0.923

h =22 ft (measured ‘rom the sectién)

Assuming that eight lines of piles are to be dri 5 inche
to centre, then P © driven gt 15 inches apart centre
1.25
D= =2 = 0.1,

Therefore, M =32.5000.923 X0.156 X 22 12
=410,000 1b. in.

Selecting 12 inches diameter sal piles, we get
Ap=7rX8%=113.14q. inches.

I= 6%=1017 ins*t, v =g inches.

x
¥ o 410,000%6=2,100 .0 ;
1 » s Ps.1.

& »[3

Therefore, F= (may be allowed),

For shearing resistance of the pile, since f=209 pa.i.

13,1 X 200 -
S = — o = 145,000 1b per ft
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145,000 _
Therefore, F.S, = PE Cos = 30,000
I:‘!oﬂ stability with reference to the shearing of the soil,

r A

_2XATEX 2 X

= 141,000 1b per ft
8 0.156 ?
141,000
- e .7-
Therefore, F.8, 30,000 4

2. BUTTRESSES

For design of any retaining structure, it i8 necessary to “"e"tfm:it{: e
shearing resistance along the slip surfave and also the resistance ?x?w‘?ietha%
each retaining devive adopted. Such a structure should be sol owmsafety
the slipping plane may cross the base of the structuxe. The relative
factor should be at least 1.5 for such structures, N

Buttresses are often used as a retaining device to prevent landslides and
greeping moveme te in hill roads. Failgre of such structures tal}‘l“ ‘;11'8“;
due 10 shea: through them, foundation failure and shear between the struc
ture and the fohndation,

L]

Lo

£

L

Fig. 12

\ ; i dation failure,
*  Rock buttresses are most commonly used and, to avoid foun )
they are preferably constructed on solid rgck fqundatwn. 'llx!?m:l;g z:::a:fl?gg
through the buttress is assumed to be a straight line. An aippro ate mohod
of locatiny the buttress is that the tangent at the point o F{ntex;e; Hor o e
slip surface and one edye of the buttress (£ in the Fig.
angle of less than 10° with the horizontal.

Now, horizontal shear through buttress:

- 'Qllll"""' 3 '
PpCosg=rpdptan @ p @
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where @ = angle made by the tangent to sli

) /

g ‘" SHARMA ON' i !

ot

p surface with the hori-
zontal at back of buttress. ‘ ) '

Il

rg = unit weight of the buttress in 1b per cu. ft.

Sy
‘

4p = area of the buttress in sq. ft, .- -

@p = angle of internal friction for buttress rock,

For shear failure between the huttress and the fbui{(ijation. )

4 5
Pplosg = Tydptang+c °B 4 1R

PO (4

where /. = height of buttress in.ft,

In the above formula, the buttross is assumed to b constructed . with
one face vertical and the other on a 1. ’ . ved

Base of buttress in that case is given by, ' .

- Beferring to our examples .and assumin
buttress o0 be in line 3 as shown in the Figur

5 : 1 slope.

4p 1.5 7

h 2. PRI } L o .-.-:-.‘,.‘....(5)

g the vertical face of t

he rook
e RITE e . et

[RRYR

8
S T = 62200Ib
8

8
3 N = 132,800 1b
3

¢
L =751t

e <
Therefore, P = 1.5 X 62,200—132,800 X 0.1763—497.5 X 75 = 32,500 Ib,

Assuming rocky foundation'and taking

= 30°, Tp, = 100 Ib/ou. ft.
B B

since Cos § = 0.983, b = 22 ft, we get from equation (3)

o 320X 0085
B = "i00 % 0.578 0% sq. ft.

To be in a safe side over a conse

above,
P L

. Thus we get A = 384 sd. ft. from equation (5)

'

rvative value obtai he
10 per cent more may be added, vhtained from the

, ca 555 33 :
qu width of buttress = o5 5= 0ft o
348 33 o IR

Base width = 9 + 5 = 421t

F, 8. (with reference to shear failure through the bl‘]tt‘reea)’

wid

x
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W

8 : 3
2 Ntan ¢ + CL + 3 N tanPp
—_ 3 o

8 3
S T+3E T
3 ]

_ 23,400 + 37,300 + 34,600

84,000 =201,

If, however, the bedrock is not encountered, then by applying formula

(3), we got,

15hC

2
C

;;

PRCose -_
AB = I
rp tan ¢ + -

15 X 22 X 497.5

100 X 0.1763 + 49;;

32,500 X 0.985 —

= - R

= 780 8q. ft.

th may be’worked out by application of formula specified above.

Vi &

3. RE'fAINING WALL

Thus, a larger area of bu{tress will be required. The top and hase

Failure of a retaining wali may take place due to shear failure through

As before, for bedrock foundations we have,

PRCOS = W tan ¢W ..........

and for soil foundations,

PR Cos 6 = W tan ¢W+ CLW’ arresaees

where W = weight per foot of wall in pounds,

@1y = angle of internal friction bet ween wall and foundation,

Ly, = length of slip surface below the wall in feet.
Referring to the Fig. 13 as before
Pp = 32,500 Ib

Cos g = 0.985 : tan @y = tan 30° = 0.578

Therefore from formula (6),

17

the wall, foundation failure below the wall, sh'ea.r failure between the wall
footing and the foundatior and due to overturning.
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Fig. 13

32,500 X 0.985
V = - 7"0*.57"8*7—"’ = 55,500 1b

Also from formula (7),

_ 32,500 X 0.985 — 55,500 X 0.1763
L= =50 gy =

As in the preceding example, factor of safety in this east as well will
be 2.01.

4. DESIGN OF BOULDER SAUSAGE

Though constructed {o prevent landslides, the main purpose of a
sausage is to resist earth pressure. In the cross section of the landslide area
in mile 42 of Dimapur-Imphal road, a boulder sausage with top
width 3 £t, bottom width & £t and height 6 ft was constructed. The sausage
was designed as non-surcharged structure by excavating the earth to a
distance of 11 ft for benching.

Assuming, for wet loose earth unit = 120 lb/eu. {1, and angle of
= 16°. Unit weight of boulder = 1201b per cu. ft. height ofgthe saf;;ﬁ;ze
h = 618, ,

W, 21~ 2
Earth pressure, P’ = -—-21’~ ( sin ) 1203??

(1 + sin @) = 3
1—0.276

1+ 0276 = 1230 Ib,

LANDSLIDE iN\%asTIGAT{}ON AND TrEATMENT IN Assai 533
X Pt

. Taking top width' €0 bo 3 ft and tho earth faco to be vertical and
dividing the trapczoidal soction into a rectangle and a triangle as shown,

i

Hree

s

BENCHING

Fig. 14 i

L3

bse width of the triangle = z fcet (say),
B
Now, weight of the triangular portion,

=, = % 1 x 120 = 3608
2 .
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and weight of rectangular portion,
Wy =6X3X1X120=2160 lb

Taking moments of the weights about the heel,
2% 3 . 6
360z X 2+ 2160 (m 3 ): 1230 X
or, 22 + 92 + 13.5 = 10.30or % -+ 9z 4 3.2 = 0.

The value of x here comes out to be negative (instead of + 2) which
shows that the proposed top width of 3 ft and bottom width of 5 {t are
oversafe.

. ) R .
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v Annexure 8

INSTALLATION OF DRAINAGE STRUCTURE

*/ This mothod is a direct rebalance of ratio between resistance and force.
"1 detrimental offects of water within a slide are that it increases the shear
stress by its own weight and by increase of seepage forces, and it reduces the
shear resistances of the material by incroase of hydrostatic or pore pressure.
Thus, by installation of a trainage structure, the forces that are contributing

to the movement are decreased or the natural resistance to movement is
increased.

Hree

Fig. 16 _
Referring to the example of Annexure 6, for ¢¢=10°, the average cohesion

ves computed to be 645.5 Ib per sq. ft. when hydrostatic pressure was_taken

into consideration. If a drain is now installed in line 8 below the slip sur-

face 80 as to lower the ground water table to coincide with the position of
the slip surface, intergranular force will be eliminated.

Then,
N - ta CcL
Pg = b= £} tan ¢ +
=T
= (198,000 — 0) X 0.1763%(645.5 X 100)
84,000
_ 34000 + 64550 _
84,000 )
Thus,

; the factor of safety is increased by 0.2 on account of the installa-
tion of drainage structure.

However, when the drains are installed above the slipping plane but
below the water table, the hydrostatic pressure will not be zero. As the
water table will be lowered to an extent, the intergranular force will also be
less than that calculated in Annexure 6, As & result, the factor of safety
will be greater than unity (though less than 1.2, as calculated above).
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PLATE |
536 Suanda oN Lanbsuvr Tfvestye/ mion axi ;
TREATMENT INGA s/
C M, ASSAM
Anaexure 9 HOWING _DIMAPUR JMPHAL ROA
2 MILES
Benching of Slopes g\* ( MILES w

When a straight slope cannot be cut sufficiently flat for reason of ghph ™ NN

lity, benching is done by dividing the long slope into segments of shortér 3\

slopes connected by benches.,

A

A ghenisnon

e=TTE §
é;-{ 2 il
‘“‘At::“:“.“ fors,

Fig. 17

In order to determine the effect or ' - sta!

: 1ity, we assume that’the
bench ABC has been excavated. Asgin Annexure

6, computing the forces,

we gotb :
Increments
} 0-1 | 1.2 ; 2-3 | 3-4 I 4-5 | 5-C ‘ 6-7 i 7-8
— o B i ! T |
Azes in sq. ft. g 7 | 180 X 243 | 275 274‘ 238 z 190{ 120
B o ‘ L 3
Weight in Kips ' 10 1235 39 359t 358 | 31.1 | 24.8 157
R ) | \
Tangential (T) "605 | 9.2 I 66 1 16 87145 170 | 132
¢ |
R D S B S S A B
}
Normal () 36.85 21.5 £31.8 | 357 3¢.9 1 27.4 | 18.2 ! 7.8
\\ I a——
L]
ST = 777001 ¢ = 10°
S N = 184,150 Ib C = 497.5 b per sq. ft.
L = 100§
. kg < 184150 X 0.1763 4 497.5 x 100
LS = MG = L6

Thus, the factor of safety is increased by 0.16,

———

Paper No. 212 T=nraw Raand ConoeEss Journat, Vor. XXIII-Pasr 3.
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LANDSLIDES IN RELATION _TO RAINFALL

L ] [ ]
REFERENCE
—v—-_———‘—.—
RAINFALL,
- ————
1954 S —
19858 ——— e
1 95 © —l—-;s-&_x_x“__’._*._pg——x——
1957

— OO0y OO
V_______J
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NOTE: - :
1. THE MAJOR LANDSLIDES OCCURLED AFTER
HIGHEST RAINFALE IN THE YEAR,
N

2. 5L1PS INDICATE — MaTOR. SLIDES In MILE . 34 4041,48,65
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PLATE V

ETAINING WALL ABOVE

‘f
DN = =N =N =N = V

N =N =\=\=
\= \\\"’—\\\
W% .

9
- ‘
A B
r s
STONE Bou, ‘ .PAR.APU’ Zx2
B1a S1ZE qaavel {6
. k=t =M= == v
i = sttt C.RMASONRY IN
= 1 N CEMENT MORTAR
1l
C.R, MASOKRY IN
CEMENT MORTAR
-
Q
L
FOUNDATION TO BE STEPPLD UP IN THE
CABE OF ROLK.{DEPTH OF STES 10
WIDTH OF FOUNBATIONS TO B2 mEtvezp VARY' FROM & INJTHE CASE OF NARD ROCK
TO X,Y. WHERL THE FOUMDATION 8611 TO3 IN THE CASK OF SoFTROCK.
18 MQoRUM, MOORLM MIXLD BoULDERS
QR BTIFF CLAV.
‘ .
- 1 O[3 DEPENDING DN THE
, NATURE OF THE SO,
B0'4N+1 FOR HEIGHTS UP TO 20, 4 / _‘[__
B=04H+L o “ . ABOVE 2g 9
FULL WIDTH (B) 0 BE ALLOWED .
FOR LOOAE OR BLUSHY $BILS oLy, C.2.MASONRY 14 CEMENT UIRTAR o C.C\

Paper No. 212—INDIAN Roaps CONGRESS JOURNAL, Vorn. XXIII.ParT 3.



CTIONAL AREA OF WALL » 220 S¢t

”

”

BouLper FiLuing
MINIMUM 12" THiCK
.

g |
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n

”? GUARD WALL = 4-0 Srr

TAL

- 260 5¢7.°

I
]

BouLbeR FiLLING
MiNsMuM 12" THick

ECTIONAL AReA OF WALL » 308 SFT
» GUARD WALL = 4°0 SFT
345 SFT,

”»

TOTAL

SECTIONAL AREA OF WALL =
" GUARD WALL
TOTAL - 28°5 SFT.

"
b

VA

_TYPICAL SECTIONS OF STONE RETAINING

BouLoer fiLLing
MINIMUM 12" THICK

*

BOULDER fILLING
MiNIMUM 12" THICK

e 4]

,3:1_
T
A SECTIONAL AReA OF WALL » 26-0 SFT.
» » * GWRD WALL = 4.0 sper
JOTAL = 300 SFT,

N~

24°5 SFT.
40 SFT.

fesf

ROAD SURFACE
PRSI/ TN T

BouLber fiLLING

S BOULDER FILLING
= MINMUM 12" THICK Moo eome
‘J:.
i.«—-«'—'rﬁ'——a{
SEcTIONAL AREA OF WALL = 40°0 SFT.
» 4 GUARD WALL = 40 5rr
TOTAL = 440 SFT.

el
n

n” ”
TOTAL =

SECTIONAL AREA OF WALL = 350 SFT.
7 GUARD WALL -~ 4 5fT.
39-0 SfFT
Paper No. 212—Inpiax RoaD8 Conopmes JoumnaL, Vor. XXIII-ParT 3,
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PLATE VI

S

BouLoer ﬁu.mc.\‘_

MINIMUM 12" THICK

Te*

o]

o

2

CTIONAL AREA OF WALL «
» GUARD WALL = 40 SF
e 383

ROAD SURFACE

®
—~}f

»

b

0
[y S
(1] "o

.} ~ Minimum
o

e

.

A

e e

(J -

K

TovAL
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1. INTRODUCTION )

It is heartening that increasing attention is being given to
road researcheand as a result more and more laboratories are
gradually coming into being in the country.

This is all for the good. There is one aspect of the development
of research, however, which has to be borne in mind if any
realistic approach is envisaged, viz., that applied re_sea.rch_can
emanate only from application itself. To make this possible,
two conditions must be satisfied :

(a) The State laboratories, through field laboratories,
under their direct control, should be made responsible
for the testing of materials and for the control of
quality of work on all road construction projects
in the State. .

(b) The existing knowledge on the design and construction
of pavements should be utilized to the full, by mgkmg

*Compiled by the Director, Central Road Research Institute, New Delhi,~
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the State laboratory concerned responsible for givir}g
' the designed thickness, specifying the manner in
which the locally available materials could be utilised
for economy,.and generally laying down specifications.

It would be a good thing if the State laboratories were to
work in direct collaboration with the Central Design Office.

If the above conditions are satisfied, the State laboratories
will work essentially as design, testing and control laboratories
and will make themselves responsible for g}l the regearch problems
emanating from actual construction. It is only by this process
that the State laboratories while being immediately useful
for economy and efficiency in construction, will side by side,

steadily develop a sound applied research outlook based on
the actual requirements of future road construction,

This General Report on Road Research in India has
been compiled from the reports sent in by the various highway
reseacch organisations in the country. It is likely that
there may be some omissions due to some of the reports not
having been received by the time of compilation of this report
It is, however, hoped that any such points will be brought up
during discussions so as to make the report as comprehensive
as possible.

After briefly reviewing the work done, salient points
are given at the end of each section under the sub-head ¢ Points
for discussion ”’ to focus attention on more important issues,

This does not mean, however, that discussions on other points
should not be taken up.

Points for Discussion

(1) Functions of laboratories,
(ii) Application of research,

I. DESIGN, CONSTRUCTION AND MAINTENANCE

2. RIGID PAVEMENTS

2.1, Design

General: It is encouraging to note that instead of using
arbitrary standard mixes, concrete mixes are now being properly
designed in some parts of the country. It is also interesting
to note the various experiments being conducted op the yse of
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admixtures in cement concrete mixes. In the field of structural
design of concrete pavements, it will be instructive to watch the
bhaviour of the 12 in. c.c. pavement proposed by the Central
Road Research Institute for the heavy duty Factory Main Road
of Heavy Electricals (P) Ltd., Bhopal (M.P.).! The challenge
of destructive effects of highly expansive black-soil, under
high water-table conditions, has been met by providing bitumi-
nous envelope and thick moorum sub-bases. ~The pavement will
cater to the unusually heavy transporters with multi-wheel

assemblies (Gross wt. of 180 tons on 2 assemblies of 12
wheels each),

2.2. Construction and Maintenance

22.1. General: Except for the use of vibratory sereeds for
compaction of concrete in pavement construction, no improve-
ment seems to havg been made with regard to construction and
maintenance of rigid pavements.

2.2.2. Field Experiments: Pavement for Tracked Vehicles

As reported last year, the College of Military Engineering,

Kickee* constructed a section of a roadway using the following
specifications:

(i) Stone setts'of 10in. x 6in, x 8in. deep set on 1:2:4
concrete 8in. thick,

(ii) Stone setts of 10 in. X 6 in. x 8in. deeplaid on 1:2:4
concrete 4 in. thick withminimum spacing in between.

(iii) 8iw. thick concrete pavement with a minimum
compressive strength of 5,000 1b persq. in. at 28 days.

(iv) Concrete slabs cast to 6in. thickness and toppe(% wi_th
2 in. thick special mix using admixtures such as ironite
and hardonate. :

<

The base in all the cases consisted of rolled crushed rock or
moorum.

Even though a limited number of tracked vehicles have used
the test sections, at places of turning concrete has been cut by
the blades of tracked vehicles to an extent of 1/8 in. in the

.sections consisting of cement concreteon top. In the areas where

there are stone setts, no abrasion has ta..keq pla.ce but some
cracks have appeared in the morfar joinps bmd_mg _the stone-setts.
The concrete section having 2 in. topping of ironite fmd hardo-
hate has not fared any better than other concrete sections.
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Grouted Cement Concrete Road Experiments

(1) As reported last year, an experimental test track'’of
2 miles length is being constructed near Faridabad on Delhi-
Mathura Road with a view to compare the cost and performance
of grouted concrete construction with that of premix concrete
construction. The construction of the project sponsored by the
Ministry of Transport and being executed by the Punjab P.W.D.
with the technical assistance of the Central Road Research
Institute and the Concrete Association of India is expected to be
completed shortly. The slab thicknesses are 4 in. and 5 in.
for each type of construction.

(i) The Public Works Department of Uttar Pradesh? also
tried a grouted concrete road experiment in mile 28 of Lucknow-
Rae-Bareily Road in the year 1957, the slab thickness being 3 in.
It has been reported that there was no saving in the cost of
cement, coarse sand and aggregates ag compared to 1: 2: 4 premix
concrete. It is further stated that the grouted concrete pave-
ment does not appear to be as strong as that constructed by the
premix method and that it is already showing signs of distress.

In view of the reports received about the poor
erf
of grouted concrete pavement laid on Simla-Kslka Ix)'o;((i)ral.ﬁa(‘)niz
is advisable to study the already laid experimental ]engéhs

in detail, before venturing furt} i i
o et onlol g 1€ experiments on this type

EY

2.2.3. Investigation of Fajfuras

The investigation carried out b
Institute* on the failures of concrg:;ethe sontral Road Research

s0ils and reported last year has been
results of this investigation
attributed to the excessive ex;’)
gradevconsisting of black soil.

completed. Based on the
the main cause of the failure is
ansion and shrinkage of the sub-

2.3. Laboratory Research

2.3.1. Use of Admixtures in C :
at the Highway Research Stat?:rfrete‘
Incorporation of } oz. to 1 oz, of Liss
lmproved the slump and workabilit
consistometer without any effect on
mixes, however, did not show any
It was concluded that for the same s
coulfi be reduced, thus increasipe t
the incorporation of Lissapol ‘Nb’.

The work carried out
Madras®,¢ has shown that
apol ‘N’ per bag of cement
y as tested with Wigmore
compressive strength. Dry
lmprovement in workability.

he compressive strength with

lump, the water-cement ratio
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The experiments conducted at the same Research Station
have also shown that similar results are obtained with the use of
Dehydol—23, a German product, at the rate of 3 to § oz. per bag
of cement. It has also been shown that in 1:2:4 mix, there can
be a saving of 10 per cent in the quantity of cement without loss
of strength or workability.

2.3.2. Use of Pozzolanas in Concrete

The work carried out at the Central Road Research Institute
has shown that surkhi prepared from Rayerkeri clay burnt at a
temperature of 600°C, and pulverized to a fineness of 90 per cent
passing B.S. sieve No. 200 can replace 20 to 25 per cent of coment
by weight without any adverse effect on the compressive and
flexural strengths of concrete. There was, however, aslight
increase in the water demand due to the use of this surkhi. The
use of coarser surkhi—56 per cent passing B.S. sieve No. 200—
resulted in some reduction in the strength of concrete.

Work is in progress to carry out detailed investigations by
using other types of surkhi.

The research work conducted at the P.W.D. Research
Laboratory, Uttar Pradesh,? has shown that surkhi ffom third-
class bricks gives better results than that from first-class bricks
and that 10 per cent of the cement can be safely replaced by the
use of the former, without appreciably affecting the properties of
concrete. It has also been shown that shale, which is readily
available in hilly parts of U.P., when calcined at a temperature
of 700°C. gives more reactivity than when heated to 300 or

500°C. “

2.3.3. Testing of Cement and Concrete

" Tensile Test: Vibration compaction of cement-sand mortar
briquettes for tensile strength, by wusing B.S.S. vibrating
machine with a superimposed metallic weight on the specimen, has
been tried at the Central Road Research Institute with a view to
obtain better uniformity and reproducibility of the results. The

" preliminary data collected are encouraging and the work is in

progress.

Testing of Concrete by Ultrasonic Pulse

Some work has been carried out by the Civil Engineering
Department of the Indian Institute of Technology, Kh_a.r?,gpurﬁ
on the use of ultrasonic pulse velocity method for predicting the
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trength of concrete specimens,

The following broad obsorvations
1ave been reported :

(i) Attempts to correlate dynamic modulus and compreLS-

sive strength did not yield better results than those
with wave velocity and compressive strength,

(ii) The use of velocity-strength curve, deve]

) oped for one
type. of aggregate, for another type W?H lead to
considerable error. It was algo found that the dryness
or saturation of specimens appreciably affected the

results of evaluation of co i
wave velocity. mpressive strength from

(iii) For given types of aggregate and mi i
X ratios, n
curve can be developed between velocity and ¢ aprot

ithi ha sam
within an accuracy of 10-20 per cent. ¢ aggregates

(iv) The same mean curve can be used to predj
ict the
strength of cubes and cylinders. Similar tI;sts are in
progress at the College of Military Engineering, Kirkee.

Relation between W/C ratio and Compressive Strength of Concrete
1ade with Indian Cements

'ThlS. rela,tlons.hip, which is the basis for ali concrete mix
esigns, 1s not available for Indian cements. The Central Road
iesearch Institute has undertaken this study with the use of
>veral cements made by different factories in various regions of
ndia. The work has been completed in respect of one cement
nd further work with the use of other cements js in progress.

Measurement of Workability by Compacting Factor Apparatus

The work so far done in the U.P. P.W.D. Research Labora-
ry, Lucknow,? reveals that the compacting factor apparatus
»vised by the Road Research Laboratory (Engla.nd) is more

msitive than-the slump cone for determining workability of
mcrete mixes. .

2.3.4. Membrane Curing of Concrete® : A fow liquid as well ag
astic membranes have been tried in the Central Road Research
stitute. The laboratory results have indicated that certain
astic membranes are superior to liquid membraneg and com-
wre favourably with water for curing of concrete, These mem-
anes deserve field trials and may prove economica) in arid
gions of India.
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2.3.5. Alkali-aggregate Reaction: Research work, cgnducted
af the Central Road Research Institute has confirmed the
concept of pessimum ratio between the alkali content of the
cement and the reactive constituents in the aggregate.

It has also been shown that index glass manufactured in
India can be used instead of imported pyrex glass as standard
reactive material in such studies.

Studies on preventive measures for alkali-aggregate reaction
carried out in the Central Road Research Institute have shawn
that the use of some surkhis, burnt at specified temperatures, is
effective in preventing this reaction. This specified temperature
is different for different clays and is usually higher than the
optimum temperature for obtaining the maximum reactivity
with lime,

2.3.6. Gap Graded Concrete®: The research work carried out
at the Central Road Research Institute has indicated that some
poorly graded sands not satisfying the accopted specification
limits, can be used for making high quality concrete by delibe-
rately introducing gaps in certain sizes of coarse aggregate.

o

« The use of ‘concrete designed on gap graded principle will
permit the use of more types of sands which may be locally
available. .

2.3.7. Joint Sealing Compound: Further work on this problem
has been reported by the College of, Military Engineering,
Kirkee * It is stated that the joint sealing compounds in some
of the Indian airfields esing jet aircrafts have developed hlisters
of varying sizes on mere exposure to the sun. In this connection
it is interesting to note that rubberized bituminous compound
manufactured by them has given partly satisfactory results in
the laboratory as no blisters appeared when exposed to a
temperature of 65°C. for a period of six hours. Further work is
in progress, ‘

2.4. Prestressed Concrete: A study has been taken up at the
College of Military Engineering, Kirkee,? with a view to qmploy
prestressed concrete for Military constructions. Experiments

Jusing a simple type of jack and locally developed anchorages are

in progress.

2.5. Points for Discussion : (i) Comparative cost and effici-
ency of different methods of concrete road construction, including
cement-bound macadam.

(i) Use of poorly graded local sands for making high
quality concrete by deliberately introducing gaps in certain sizes
of coarse aggregate, v



560

GuENERAL REPORT ON

BIBLIOGRAPHY

‘‘ Report on the Design of Factory and Townghip Roads for Hes 7y
Electricals (P) Ltd., Bhopal ’—Mehra, S.R., Subbaraju, Bh,, Dhir,
M. P., & Nanda, R, L.—C.R.R.1.

‘‘ Road Research work carried out in 1958'—College of Military
Engineering, Kirkee, Poona. '

Annual Report of Uttar Pradesh, Public Works Department
Research Institute, Lucknow, for the year 1957-58.

‘‘ An Investigation of a Concrete Pavement Failure ”’—Subbaraju,
Bh. & Gokhale, Y.C,—I.R.C. Journal, Volume XXI1I1-2,

Annual Report of the Highways Research Station, Madras,
1956-57.

Annual Report of the Highways Research Station, Madras,
1957-58,

‘‘ Tosting Concrete by Ultrasonic Pulse "’—Verghese, P. C., Indian
Conerete Journal, February, 1038,

““Use of Membranes for Curing of Concrete "—~Jagus, D. J. &

%athi, K. L.—Indian Roads Congress Road Research Bulletin
0. 5.

““ Gap Graded Concrete for Pavement Constructioa *’ —Sankaran,
K. 8.—Indian Roads Congress Journal, Volume XXIII-2,

Roap RESEArcH 18 INDIA 561

S 3. FLEXIBLE PAVEMENTS

3.1. Bituminous Pavements
3.1.1. Design

(i) Performance of Pavements

In addition to the nature of the subgrade, the quality and
thickness of each individual layer influences the success or
otherwise of & bituminous or flexible pavement. Since failures
often appear in the form of cracks on the black top surface,
one should not conclude that only the riding surface has
failed. Detailed investigations are necessary before the
exact reasons for the cracks can be arrived at. Preliminary
investigations,! carried out by the Central Road Research

Institute reveal that the failures can be attributed generally to
causes such as:

(2) Inadequate thickness of the pavement,
(b) ®Failure of the base course,

(¢) Weathering of the binder, and
(@) Prolonged waterlogging.

During the investigation it was noted that field C.B.R. values
togegher with McLeod’s Chart can be Tused to determine as to
whether the failure of the pavement was due to inadequate
thickness or not. Based on the limited investigations done, it
was also found that an approximate correlation between field
C.B.R. and' non-repetitive plate bearing test values within
specific limits exists. It was further noticed that the required
thickness of the pavement as dictated by the field test values
is Jess conservative than the laboratory C.B.R. values.

(ii) Dense Carpets

A study of the design of dense carpets is being continued

.in the Contral Road Research Institute.? It was observed that
a definite correlation between the various tests does not g.lways
exist. Since the percentage of voids of the mixture is also
one of the major criteria in the design, the void volumes were

calculated based on bulk specific gravity as well as bulk

impregnated specific gravity using only Delhi quartzite.

From the limited number of mixtures studied_, Qhe void per-

centages were not very widely different, and it is felt that it

may be so only in the case of highly absorptive types of aggre-

19 ,
\
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gates. The work done at the B. & R. Rescarch Laboratory at
Karnal® suggests that a maximum stability within economic
limit is obtained when the mixture has a grading such as given
below :

Passing } in. and retained on } in.—50 per cent.
Passing } in. and retained on No. 10—15 per cent.
Passing No. 10—35 per cent.

. Bitumen~— 71 per cent.

Binder contents of about 61 to 7 per cent for a coarse graded
mixture, 8 to 85 per cent for a well graded one, and 9 to 9% per
cent for a fine mix are suggested. When studying the effect of
filler on the density and stability of the carpets using limestone
filler passing 40 mesh, it is reported by the same laboratory
that the highest stability was obtained with 4 per cent filler
content though the density of the mixture increased with
increasing filler contents.

3.1.2. Construction and Maintenance
(i} Construction

It is encouraging to note that in some parts of the country
mechanical pavers are being introduced for bituminous pave-
ment construction. Tt is interesting to note that recent
measurements taken with a bump integrator by the C.R.R.L
reveal that the unevenness index of the premix surfacing
constructed by a mechanical paver without a seal coat was about
100 in. per mile whereas for the premix surface laid by manual
labour, even with seal coat, it was of the order of 159 in. per mile,

(i1) Field Experiments

From the findings of the test track with
fications for stabilising fine desert sands,
C.R.R.I. that the surfaces behaved quite satisfactorily under
winter traffic but during summer heavy tracking and rutting
was observed showing the instability of the bituminous sand
during high road temperatures.* The sand used was such that
about 80-85 per cent passed 100 mesh and was retained on 200
mesh. The binder used was 5 per cent of RC; cut-back. Hveem
stability was about 12.5 and the percentage of voids in the
laboratory sample was about 30 per cent. Further laboratory

work is being undertaken to reduce the voids and increase tho
stability.

53 different speci-
it was observed in the

(iii) P.B.S, (Prefabricated bituminous surfacing)
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During the last world war, a considerable amount of P.B.S.
had been used for construction of roads, mainly in the
edstern theatre of war. It was reported by the College of
Military Engineering, Kirkee,5 that two improved varieties of
P.B.S. recently manufactured as per a new specification Wwere
received in the College with a view to assess their suitability
for use in the field. After completion of laboratory tests on
P.B.S. samples, a test track for the purpose of field trial had been
laid and its service behaviour was under study. Field observations
including field tests such as field density, moisture conten.\i and
U:B.R. values of the pavement before and after the laying of
P.B.S. have been carried out. From the observations so far
made, it is reported that of the two, one variety exhibited

excellent properties in regard to wear and tear and uniformity
of surface texture.

3.1.3. Laboratory Research
(1) Stripping »

An immersion wheel tracking test has been fabricated by
the Central Road Research Institute and further work regar-
ding the problem of adhesion using different types of aggre-
gafes is in hand. A similar machine has also been fabricated
in the B. & R. Laboratory, Karnal, In the Madras La,bora,tql‘y ,
the study.of the various stripping tests is being underta.kep with

~& Vview to establish a firm standard for the determination of
affinity of road stones to binder. .

In the U.P. Research Station® both the plate test and
Reidel and Weiber tests were adopted for a number of samples of
stones and it.was observed that the plate test was more severe,
for which réason modifications of the test such as changing the
duration of the test, etc., are being attempted. The laboratory
data using Wet Fix and Adhevia T also showed an improvement
in the adhesion of both tar and bitumen to road stones. A series
of trial lengths of surface treatments has also been constructed in
U.P. using Adhevia T, Wet Fix, white lime and cement with
RT-2. During construction, wet conditions were created. From
a preliminary observation, it was noticed that while the stretcheg

. With lime and cement are satisfactory, patches have develope
in the other sections.

(ii) Low Temperature Tars

i ilot

The low temperature tar that was obtained from the pi
plant of the Regpiona.] Research Laboratory of Hyderabad was
analysed in the Central Road Research Institute and it wae;l
found to possess lower viscosity as compared to the high tempe

\\\
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rature tars. A small test strip way laid within the lnstitute’s
premises and it was found that the low temperature tar coats the
aggregates much more easily. The strip is under observatich
from the point of view of weathering and cracking., Blending
even with 50 per cent of a suitable bituminous binder has given
quite satisfactory results in the laboratory.” Sinece the low
temperature tar is heing obtained only from the pilot plant, tho
uniformity in the grading and nature of the low temperature tar
that is produced is to be ensured first. Further, the problem of
changes that take place in the low temperature tar owing to
storage has also to be surmounted,

(iii) Analysis of Binders

A detailed analysis of the various grades of tars obtained
from different firms has been undertaken in the Central Road
Research Institute with & view to see as to how far they conform
to the modern trends in road tar manufacture. During the
investigation,® it was found that a linear relationship between
the B V.T. and softening point of the tary exists. It was noticed
that the absorption constant also bears a linear relationship
with the E.V.T. of the tarsin any one group of tars and as
such the ‘K’ value can be used to distinguish Between two
tars possessing the same consistency characteristios. 1 was a180
found that the pitch-anthracene oil ratio for all the tars is not at
a favourable level such as 3.5 as given in the German standards
and the tars analysed did not have even
of heavy anthracene oil.which ig claimed o improve the dura-
bility of tars. The work on the weathering and oxidation of #Had
binders using the pressure oxidation chamber and the micrg-
viscometer is being continued.

The studies on the changes that take place in vinders as a
result of over-eating in the form of softening point and specific
gravity for tars and penetration ductility and softening point
for bitumens were undertakenin the U.P, LaboratoryG ;t’ic was

noticed that there is & marked difference in the physical .
ties as a result of over-heating. physical proper

(iv) Analysis of Road Stones

Road aggregates from different
studied in the Central Road Resear
view of their physical and petrolog
specify the requisite properties
construction.

ch Institute from the point of
ical properties with a view to
for use in bituminous road

Physical tests on aggregates from varioygs®
U.P. State are being continued. Also, experim
using four different types of aggregates for water

quarries in the
ental stretches
-bound macadam

a swall quantity.

parts of the countty are being .

x
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have been laid.  Wor surface painting also, three types of aggre-
gates, namely, brick, Jhansi stone, Birchi stone, were wsed and
it was observed that the last stone gets crushed easily.

3.1.4. Points for Discussion
(i) The need for proper design of pavement thickness.

(ii) The nocessity for proper design of expensive bitumi-
nous carpets.

(iii) The necessity for mechanisation;of all bitamitdous
work.

BIBLIOGRAPHY

L. *“Iavestigation of Failure of a Bituminous Road "’—Journal of the
Indian Roagds Congress, Volume X X111-3, 1058,
2. *Dense Carpets "—Unpublished report of CR.R.I., 1938.

3. A briof Report on the Road Rosoarch done in the P.W.D., B. &R.
Research Laboratory at Karnal for the year 1957-58,

4. “* B#uminous Stabilisation of Desert Sands ~—~Unpublished
. roport—C. R.R.1., 1938.

5. “Road Research work carried out in 1958 ''-—College of Military
Engineering, Kirkee, Poona.

6. Anuual report of the Uttar Pradesh, Public Works Department
Roscarch Institute, Lucknow, for the Jear 1957-33,

\7 “ Utilisation of Low Temperature Tar'’—Unpublished repart,
ORR.I, 1958, ° :

8. ‘“An Analysis of Some Indian Road Tars’ —~Unpublished report—
C.BAVL., 1958.



566 GENBRAL Rurorr on

3.2.» Water-bound Macadam and Gravel Roads

3.2.1. Water-bound macadam is the most prevalent typc of
construction in this country. Depending upon the availability
of road metal and soils, diflerent types of matorials are being
used in different parts of the country. In addition to the
aggrogate interlock that we get in water-bound macadam, it is
important to choose soils of proper PI as binding material
for successful performance of the water-bound macadam road.
This is more so in the localities where roads are subjected
to bad drainage and waterlogging. Unfortunately, not much
information is available on this aspect.

In the above context it is interesting to note the reported
results of some of the investigations on road failures carried out
by the Highway Research Laboratory, Madras.t The results of
these investigations indicate that in the ‘same water-bound
macadam road the stretches where clay with high plasticity index
was used as binder soil failed, wherecas those stretches consisting
of binder soil with less PI have been performing satisfactorily
under the conditions prevalent in that particular locglity.

Considering the magnitude of work involved in road building
activities using water-bound macadam construction, it will be
very useful if systematic studies are initiated to prescribe the
nature of the binder soils that can be used in water-bounc
macadam construction. « }

3.2.2. Stress Studies: Even though® some of the existing
design methods, such as C.B.R., give the total superimposed
thickness of the road crust for a particular wheel .2 and for a
particular subgrade material, they do not differentiate between
the various types of materials that can be used in the crust from
the point of varying crust thickness. With a view to have better
understanding on this aspect studies are in progress at the
Central Road Research Institute to find the influenco of different
materials in the crust on the pattern of stress distribution in the
road bed. The preliminary studies®? so far conducted in this
direction indicate the stress pattern changes in soil crust
depending upon the moisture and density conditions,

The laboratory studies so far conducted at the Central Road
Research Institute indicate that the low-grade aggregates such as
kankar, laterite, etc., can be successfully used in road beds
as bases and sub-bases. Work is in progress to suggest a set of
tests together with the limits for successfully using such low
grade aggregates in the road beds,
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3.2.3. Points for Discussion \

(1) Formulating specifications for the type of filler soil
to be used in water-bound macadam construction.

(i) Necessity forlaying down tests and limits of test
values for low-grade aggregates for use in bases and
sub-bases.

(1ii) Condition under which scientific grading _and
compaction of hard gravels for road construction is
advisable.

BIBLIOGRAPHY
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3.3. ., Soil Roads including Stabilization

3.3.1. General: A significant feature of this year’s work has
been the marked increase and emphasis on full-scale field trials in
soil stabilization. Work on the construction of stabilized soil
road lengths by Mehra’s method, under the Pilot Plant Scheme,
wag initiated by the Central Road Research Institute.

Efforts towards improving grafting techniques in relation to
the construction of stabilized soil roads have continued through
the year. An important contribution to Applied Highwav
Engincering in the background of existing conditions has been
the establishment of an indefatigable case for the need for proper
compaction of the top 12 or 15 inches of the embankment to
enable it to act as an effective part of pavement thickness.*

3.3.2. Stabilization of Black Cotton Soil : Continued laboratory
experiments in the Central Road' Research Institute * indicate
that as a result of treatment of black cotton soils with lime, the
C.B.R. value increases from as low as 3 to about 80 with the ad-
dition of 5 per cent lime. In the field trials carried out at Bhophe
on Bhopal-Dewan Ganj Road, where a length of about.300 feet was
laid using addition of both 5 per cent and 10 per cent lime, all
improvement in bearing capacity was assessed by means of field
(.B.R. tests on the soaked crust. The highest value of C.B.R.
recorded in the field was 25 per cent and this is rather low com-
pared with the laboratory values. This discrepancy between the
laboratory and field values is presumably attributable to imr ro-
per mixing done by disc harrows used in the work; it ig, thers iore
intended to use the rotavator in future trialg, However, ir spite

of such improper mixing it is possible to economise on the thick-
ness of hard crust., Gy

It is found that although lime treatment cuts down the
plasticity of black cotton soils, still the resultant mixture is
susceptible to moisture absorption with consequent reduction in
strength. Experiments in the Central Road Rescarch Institute
conducted so far indicate that an addition of 4 per cent wood-tar
to a b per cent lime-soil mixture serves to considerably reduce
moisture absorption by the soil. The compressive strength of
such a soil-lime mixture with the addition of wood-tar under
saturated conditions is about 380 1p per sq. in. as compared to

200 1b per sq. in. for the same soil-lime mixture but without the
addition of wood-tar, ,

3.3.3. Mechanical Stabilization: M
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A road length of about 2 miles in stabilized soil ,was laid
near Batala in waterlogged areas adopting specifications
comprising bituminous envelope for capillary cut-off proposed by
the Central Road Research Institute. The road has been in
service for six months now, and is performing satisfactorily so
far. The P.W.D. (Bihar) undertook construction of a sand-clay
sub-base for a W.B M. road on black cotton soil embankment.
Construction of stabilized soil roads by Mehra’s method, under
the Pilot Plant Scheme of the Central Road Research Institute,

was undertaken at several places such as Sriganganagar (Rajase
*han), Basantpur (Bihar), etc.

Investigations bythe Central Road Research Institute have
clearly indicated the need for proper compaction of the subgrade
80 a8 to substitute part of the thickness of the pavement with
processed soil in order to economise in cost of road construction.
The C.B.R. value.of the soil increases with increasing dry bulk
density and consequently the required thickness of road crust on
this improved soil decreases. It has been determined that it
would be doubtlessly advantageous to compact 12 to 15 inches of
the embankment subgrade immediately under the hard crust to

a density offabout 1.9 with the available compaction equipment
at-optimum moisture.

A cost analysis as worked out by the P.W.D. (M.P.)® with
reference to their construction of soil stabilized road at Bhind
:2,given below. The length of the road was 2 furlongs and width
10¥ft. The base course was of 7 in. o mpacted thickness and
the \!{\e&ring course of 3 in. compacted thickness.

Y

(a) Cost of unsurfaced soil stabilized road—Rs 36,800/

S Lazaxle,

(b) Cost of surfaced 1 in. premix soil stabilized road
—Rs 61,800/ mile.

(c) Cost of WBM construction along the same stretch
without 1 in. premix surfacing—Rs 63,200/mile.

3.3.4. Chemical Stabilization: With a view toimprove the

, bearing capacity of black cotton soils, some experiments have

been eonducted by the Central Road Research Institute and
it has been observed that the bearing capacity of black cotton
s0il intended for use as a stabilized soil wearing course improves
considerably when treated with & small concentration of alum
(0.5 per cent — 10 per cent). The soaked C.B.R. value of black
cotton soils blended with sand and brick aggregates is found to
increase from 20 per cent to 35 per cent by tre_atgnent with 1 per
cent chemical. The work is only in its preliminary stages and

20 i

AL
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further work is being conducted to know moro about the
chemistry of such a treatment.

In the U.P. PW.D. Rescarch Station at Lucknow? a tar
emulsion using 75 per cent of RT-2, 20 per cent of kerosene and
5 per cent wax was prepared in the labhoratory for making
stabilized soil bricks. From a preliminary study in the same
laboratory, it was observed that bitumen stabilized soil blocks
containing percentages of 0.25 to 2 per cent of sodium sulphate
and, sodium carbonate disintegrated on immersion in water.

33.5. Cement Stabilization: A rapid method for the deter=

mination of cement content in a hardened soil-cement mass*
has been developed in the Central Road Rescarch Institute. Tho
method is based on the estimation of the alkalinity of a soil-
cement mixture,

3.3.6. Stabilization with Lime and Molasses: A smali experi-
mental length constructed by the B. & R. Research Laboratory,
Karral,® with stabilized soil using 2.5 per cent lime and 5 per
cent molasses has been giving satisfactory behaviour for the last
18 months, whereas the untreated and cement-treated stretches
have already shown signs of distress,

3.3.7. Study of Subgrade Moisture: Ag reported earlier, the
Central Road Research Institute has carried out an investigation
to determine the worst subgrade moistures in various parts of ++C
country. As a result of preliminary work completed so far, /% is
observed that the degree of saturation in the subgrade durir)’f" the
most unfavourable seasons of the vear is'not necessarily IJ(O) per
cent as is generally assumed for the design of arflexible pave-
ment, but varies over a wide range. The maxitm probable
degree of saturation varies from 20 per cent in extreme dry areas
like Rajasthan to 100 per cent in areag abounding in black cotton
soils and other areas subject to waterlogging in the alluvial
plains. It has, pherefore, been possible ag a result of the above
study to categorise India into different zones on the basis of
subgrade moisture conditions for purposes of design,

It has been reported that investigations on subgrade mois-
ture movement are also being conducted by the B. & R. Research
Laboratory, Karnal. Subgrade moistures are being determined

ontally from the centre of the road
'ms at every 2 ft all the year roun-

'3.3.8.  Construction of Embankments o
recommendationsg concerning the design a
mile long Eastern Express Highway
Central Road Research Institute,é’

crust to the centre of the be

n Marshy Ground: The
nd construcion of the 14
Bombay, proposed by the
involve ~the  application

y
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S, s,

of modern techniques of foundation engineering to some of the
difficult*problems in embankment design and construction.
[

Alongsection of the proposed highway is routed overlaying
tidal flats randomly dissected by a number of creeks subject to
tidal action. The high compressibility and the inadequate shear
strength of the soft subsoil, the heavy traffic intensities, the
periodic inundation of embankment due to tidal effects, the
somewhat indifferent quality of materials available for embank-
ment construction all—combine to present a challenging problem
to the highway engineer,

To obviate the effects of detrimental settlement of the under-
lying soft clay layer, different methods of construction have been
recommended for different zones. For most of the zZones, some
of the simplest possible recommendations have been made, such
as ‘ overbuilding” of embankment to compensate for the
anticipated settlement and adopting ‘* stage-construction”, viz.,
allowing a specified lapsc of time between completion of embank-
ment construction and commencement of paving. Another
inexpensive solution suggested, from the point of view of
stability, has been that the rate of placement of embankment
be so regulated as to take full advantage of the continually
intreasing strength of the subsoil below by virtue of its progres-
sive consolidation due to the weight of embankment from above.
In some stretches, use of lightweight materials, such as cinder,
has been recommended so as to increase the factor of safety
agpinst displacement failures. )

¥ther methods imvolving the use of explosives, partial or
compiete excavation of the undesirable material or displacement
by overload syrcharges, etc., were'considered but were rejgcted
as unSuitsile either from practical or economic considerations.
However, in some stretches, resort to some method of expediting
the settlement becomes imperative, especially in view of the tight
construction schedule. Installation of vertical sand drains has
been recommended in such regions. The execution of this sand
drain project will perhaps constitute one of the _ploneering -
attempts in the field of applied Highway Engineering in India.

3.3.9. Monographs® : A review of some of thq procedures

* used for finding the bearing capacity of subgrade soils has been

brought out in the form of a monograph by the Central Road
Research Institute.

3.3.10. Points for Discussion : (1) For purpose of- strengthen-
ing the existing pavements, the feasibility of digging the road
beds and reconstructing after compacting the subgrades wl}e.rever
such treatment is more economical than direct superimposition.
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(2) Remedial measures for roads in waterlogged areas.

(3) Possibility of introdueing new techniques to improve
the bond between stabilized soil wearing course and bituminous
surface dressing.

(4) Construction of embankments on marshy ground.
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II. TRAFFIC AND TRAFFIC SAFETY i

»

4, GEOMETRICS, ECONOMICS, STATISTICS AND SAFETY
General

It is encouraging to note the various studies conducted by
the Central Road Research Institute and some of the State
Laboratories in this branch of Highway Engineering during the
year under review. During the period under report, the Certral

""')ad Research Institute carried out field studies with the

co-operation of various organizations such as the Traffic Police,
the Indian Institute of Public Administration and the Delhi
State Administration.

4.1. Geometrics

4.1.1. Design of Traffic Islands in Road Junctions: A study!:*
on the improvement of some road junctions in Madras
State has been undertaken by the Highway Research Station,
Madras. The junctions studied included ¢ Y ’ type intersections
and their exlsting designs were considered inefficient.

LY

As a result of this study, new designs of traffic islands have
been recommended. These new designs along with proper road

. gigns are considered more effective in segregating different

‘ty{es of traffic at the crossings with leasf hindrance.

A\

/!'.\‘3.2' Economics  »

*¢.2.1. Pyblic Transport Study : As reported last year, a study
of the®1%.4 transport system for public is being carried out by
the Public Transport Study Group.

The Delhi public transport system faces a special problem
during peak hours of morning and evening since 45 per cent of
the employment in Delhi happens to be governmental. To solve
this peak hour problem, staggering of office hours has been
suggested® for the offices located in the office concentration area,
i.e., the Central Secretariat and near about.

4.2.2. Economics of Different Types of Highways: In the present
development programme, the problem that is frequer}tly faced by
vae planners is to decide, on a particular locatlo'n, under a
set of known conditions, which type of pavement will be most
economical in the long run taking into consideration the initial
and recurring expenditure. With a view to have a general
solution for this problem, studies have been initiated at the

<

N
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Central Road Rescarch Institute. Tt has been attempted in
these stitdies to caleulate the required thicknesses of different
types of pavements such as flexible and rigid for variable condi-

tions of subgrade, prevailing traffic and available materialy,
using the present day costs.

4.2 3. Economics of Operational Costs of Different Types of
Vehicles: A complete and thorough knowledge of operating cost
of different types of vchicles under actual operating conditions is
needed for work in the field of highway economics. This infor-
mation has many important uscs, such as, the determination of
the relationship between value of service and highway cosus.
These factors in turn intluence highway location and enter into
the determination of rates of motor vehicle taxation.

A study to determine the operating costs of all types of
vehicles, including animal drawn vehicles, has been undertaken
by the Central Road Rescarch Institute, “

4.3. Statistics and Safety

4.3.1.  Use of Sampling Techniques in Road Traffic Llounts :  Ag
reported last year, statistical sampling techniques are being
employed to cut down the cost of taking annual traffic couhts
required for determining the average daily traffic on & particular
road. In the design of the experiment, variations due to
seasons, days of the week and hours of the day have been ta ep.
into consideration. (; /

flow has now been counted for all the re dired
num%)‘zlf tg?fﬁgays on two busy roads; one representilig 1;1]10
predominantly office-going traffic and the other gée(iomlp?n ﬁ’
commercial traffic. The data* thus c(?llegted has bécr ~da )lf_se
this year. The results of the survey indicate that the _sa;nptiln%
technique employed hus proved highly ef‘ﬁcwnt,} afnd it urtzf
shows that substantial saving:s can be eﬁected in the cos
survey by still reducing the period of counting.

ata obtained as a result of the abovementioned survey
is bggz gnfxlysed with a view to evolve a suitable method ftosr
estimating daily traffic flow on a road by extremely short coun s
The seasonal, weekly und daily patterns for different types
traffic have been worked out,

' i i affic in round Caleut’:,

To meet the fast increasing traffic in and around C .

the Road & Building Rescarch Institute, West Bpngal, is ca;z;y&
ing out o detailed investigation. ‘ '1‘1}0 report will come up

Paper for discussion at the 23rd Session.

* Paper No. 208—Journal of tho LR.C., Vol. XXIII-2.

PP

> whereas the number of perso
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4.3.2. Scientific Investigation of Road Accidents:  Scientific
apalysis and recording of road accidents ig being studied by the

Cenj;ml Road Rescarch Institute in continuation of the investi-
gations reported last year.

Analysis of accident data in Delhi shows that the number of
accidents in Dejhi ig increasing from year to year. The
number of accidents rose from 1,127 in 1956 to 1,898 in 1957—
an increase of 70 ber cent. The number of persons killed in
Delhi road accidents in 1956 and 1957 is 98 & 136 respectively,

, ns injured has increased from 731
to 962 during the same period,

The road-accident investigation system of the Traffic Police
hag also been studied and it has been proposed to centralize the
accident records. Preliminary arrangements have been made to
train up a special accident investigation squad of the traffic
police in the Central Road Research Institute. Both the legal

and the scientific implications of the problem will receive atten-
tion in these investigations.5 ’

4.3.3." Use of Plastic Markers: Plastic markers have been
fixed by thé Central Road Research Institute at one of the
pedestrian crossings in New Delhi, and their field performance is
under test. During the last six months some of the markers
have cracked, and the reasons for cracking are under investiga-

~tion. Presumably the cracking is duc to the mixed traffic

in-luding iron-tyred bullock carts. s

\ The plastic markerg at present used are importeq from tl;e
U.S-a: Arrangements have been made with an Indian firm l(:
manufacture these plastic markers, thereby saving the muc

neede& forei. {exchange.

4.3.4. Road Users' Behaviour Study: A new road ﬁign(i
¢ Cross Walk 7, has been devcloped® by the Central ?;ie
Research Institute for channelizing the pedestrians to use y
pedestrian crossings at road junctions. Thisroadsign has provew
very effective under field conditions. Arrangem_ents are note
being made to induce an Indian firm for its large-sca
manufacture.

Paints for Discussion

. . tra-
1. Feasibility of staggering office hours mt_gffce concentra
tion areas in big cities for easing traffic congestion.

3 ¢ short-
2. Development of new ¢ sampling t'%hmq“e;;:t“ if zratfﬁe
counts’ that save time and money fortazlS:SS
volume on our highway and city street systems.
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“ A STATISTICAL EXAMINATION OF THE
CLASSIFICATION SUGGESTED FOR THE BLACK
COTTON SOILS OF INDIA

By
Dr. H. L. UppaL and T. R. SpHGAL*

1. INTRODUCTION

1.1.  The Central Road Research Institute proposed a classi-
fication of black cotton soils of India, which was published in
the Indian Roads Congress Journal, Volume XVIII-2, 1953,
The classification was based on 210 samples collected from
different places. These samples were subjected to the following
tests: liquid limit, plastic limit, fraction coarser than 200
U.S. standard sieve, shrinkage limit, field moisture equiva-
lent and hygroscopic moisture.

1.2. 1t was shown that limits of A-7 group 1942 version of
the P.R.A. system completely accommodated all the samples, and

- sub-grouping of A-7 on the basis of demarcation line for A-7-5

a;«.;_ai A-7-6 (P.1.=LL-30) did not help 4n further sub-division
Of'uleck cotton soils as the properties of soils above and below
this - ‘e were not very anuch different. The sub-division of the
b]aqk‘ cotton soils was, therefore, suggested on the assumption
that 4ruly faf clays had generally liquid limit above 65. The
sample. =" A-7 were, therefore, divided into two groups by draw-
ing a demarcation line at liquid limit 65. For the limits of A-7
group, soils below 65 liquid limit will have maximum plasticity
index of 42. The samples of higher liquid limit were further
sub-divided on the basis of plasticity index below and above 42,
thereby resulting into three main subgroups as shown in Fig. 1,
viz,,

(1) Soils with liquid limit below 65 and plasticity index
below 42-—(a)

(2) Soils with liquid limit above 65 and plasticity index
below 42—(b)

(3) Soils with liquid limit above 65 and plasticity index
above 42—(c)

* Central Road Research Institute, New Delhi,
21
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1.3. This classification was checked up with the help of
roup indices derived by extending the existing lines of present;
group index chart, maintaining the same slopp. The group m(_lex
is the function of liquid limit, plasticity index and fraction

6 ] .
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Fig. 1. Showing the limits of sub-groups of the black cotton
soils, A-7a, A-7b and A-7¢c, based on the values of
liquid limit and plasticity index

S

t
"

b o
coarser than 200 U.S. standard sieve. It was fo\.ﬁi“g&t the
suggested soil group (a) had group index between 20-30, that of
group (b) between 30-40 and of group (c) between 40-50 with a
few minor exceptions.

1.4, Tt will, however, appear that the classification of the
black cotton soils as suggested earlier by the Central Road
Research Institute was based on an arbitrary assumption that
truly fat clay soils should have a minimum liquid limit of 65 and

further that properties of soil for the same liquid limit will be

i t for a corresponding plasticity index of above and below
Fléﬁerg‘r;rty-two was again an arbitrary figure because a line
éix‘ridi-ng A-7 group vertically at 65 liquid limit touched the

plasticity index at 42.

the above classification was supported by a
dllﬁgd ch;}rlg:lggf or?ginal group index method, yet there were
mo

- -
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many samples which fell in A-Ta, A-Tb or A-7¢, but did not have
the corresponding group index values of 20-30, 30-40, and 40-50.
These discrepancies were not explained. The object of this
Paper is to examine the data statistically and find out the dis-
criminating power of the characteristics for the suggested three
sub-groups of the black cotton soils of India. The analysis has
further been extended to form three groups and compared with
the suggested classification.

2. STATISTICAL ANALYSIS

2.1. In order to test the discriminating power of the
chamcteristics, discriminant analysis extended to three groups
has been performed. The principle involved in this method is
that the discrimination of g sample, which is identified by two
or more chamcteﬂstics, into three sub-groups, viz., a, b and c,
will be good, if the ratio of the variation between the groups to
the variation within the groups is a maximum. This will iavolve
setting up a discriminant function of the type Z = \,X, 4
NoXy - A\yX, where X, X, and X, are the values of liquid
liznit, plasticity index and fraction passing 200 sieve, and ),
Az and \, are the corresponding weights. By analysis of vari-
ance technique, the values of Z for various samples are tested
and if found significant, then discrimination between groups is
s#id to be successful,

" o

N2.2. The total number of samples tested for their physical
broyrties was 210. Dut of these samples, the classification of 9
saLples was found quesbionable on the basis of group index
valut+ T3 discrimipang analysis has thus been conducted by
taking only 201 samples into consideration. They are _then
arranged into three groups formed on the basis of group 1.ndex
values. Using the values of these three groups the discriminant
function .—

Z =12170 X, 4 1.8430 X, + X,

has been arrived at, where X, represents liguid limit, X, =
plasticity index and X s = fraction passing 200 sieve. The equa-
tion shows very clearly the relative values of the three' characiﬁa-
ristics in distinguishing the suggested three sub-groupings. T 3
plasticity index has the highest discriminant power as complarq

to liguid limit and fraction passing 200 sieve. By the ana 31'1818
of variance test, the discriminating power of the eq’ua.g;xon gs
been established to be highly significant. As a result, it (}:)a.n he
said that samples of black cotton soils are well classified by the
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suggested method. However, the classification of a fow samples
must be reconsidered. This will be evident when grouping the
goil samples according to the discriminant function, the method
of which is explained in the following para.

2.3. The values of Z using the means of liquid limit, plasti-

city index and fraction passing 200 sieve for the three groups
are calculated below:

Zy = L2170 x 57.63 4 1.8430x 28.97 + 83.11 = 206.637+

Zy = 1.2170X 71.80 4 1.8430 x 36.33 4 89.39 = 240.1522
Zg = 1.2170x 84.88 - 1.8430 x 48.23 |- 92.22 = 284.4069

The standard error of the group means (0) is the square root of
the variance derived from the analysis of variance test. The
limits set by the standard error of the group means will not
completely decide the classification of the black cotton soils into
the suggested three sub-groups, viz.,, A-Ta, A-7b and A-Te. as
most of the samples will fall outside these limits. I ,
the clagsification will be decided by the nearness of the indivi-
dual Z value to the group means. Thus, for practical purposes
the limits will be formed by equal distribution of the difference
between Z;—Z, to the group means. By adopting this met;?\c‘»

In such cases

the working limits for each of the sub-groups come as followsf -

Group 1 (A-7a) 187.1950 — 226.0798 2
Group II (A-7b) 226.0799 — 264.9644- »..«s'/
Group III (A-7c) 264.9645 — 303.8493

2.4. This method has been applied to all the samples and
each one of them excepting sample Nos. 15, 27, 40, 50, 66, 73, 103
107, 113, 132, 150 and 188, ie., about 6 per cent of the total
samples subjected to discriminatory analysis, conform to the

suggested classification by group index method as reported .

in Tables 1, 2, and 3. Out of these 12 samples, the Z
value for sample No. 113 is 256.8422 and thus should be classi-
fied under A-7b instead of A-Te. Again Z values for samplr
Nos. 40, 66, 73 and 188 lie below the lower limits of A-7a group
and Z values for sample Nos. 15, 27, 50, 103, 107, 132 and 150 lie
outside the upper limits of group A-7c and thus require to be
classificd under new groups.
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3. DISCUSSION OF RESULTS

As mentioned in the carlier paragraph, thé classification of
12 samples, i.e., about 6 per cent of the samples of black cotton
soils, based on the values of group index obtained from the modi-
fied group index chart, is questionable. Out of these 12 samples,
one sample, viz., No. 113, needs a proper placement within the
suggested sub-groups, whereas sample Nos. 40, 66, 73, 188, 15,
27, 50, 103,107, 132 and 150 require to be classified into new
groups. In sample Nos. 15, 27, 50, 132, 107, 103, and 156G, it
.. noticed that the value of liquid limit is about 100. The
samples involved are only 7,and a new group may not be
necessary to accommodate these few samples. As regards
sample Nos. 40, 66,73, and 188 for which also a new group
has been suggested, it is stated that all these samples fall near
the extreme Jower limit of A-7a group suggested on the basis
of liquid limit and plasticity index values. These samples
have very low liguid limit and plasticity index and, therefore,
cannot be called typical black cotton soils. .

. 4, CONCLUSION

The analysis of the data attempted in this Paper indicates

. that the black cotton soils of India are well clagsified by the

-

si -gested method published already.  'The misclagsiﬁcat'ion is
onl to the extent of 6 per cent of the total samples investigated.
»

\
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TaBLE 1
Physical properties of the soils from Hyderabad State
Licuid Fraction Classifi-
Serial | Sample ligxit Plasticity passing eation Grgup
No. No. index 200 sieve index
per cent per cent group R
1 1 80.36 48.95 93.30 e 45
2 2 89.76 47.62 87.32 c 44
3 3 71.60 37.89 87.61 b 37
4 4 81.71 48.18 88.15 c 44
5 6 86.05 39.85 81.40 b 28
6 7 7323 41.23 83.00 b 38
7 8 62.50 36.79 71.14 a 29
8 9 82.72 50.02 92,80 e 46
9 10 54.04 18.01 91.80 a 20
10 11 69.81 30.87 98.00 b 35
L
11 14 70.30 33.97 94,89 b 35
12 15 100.00 58.07 95.47 e 48
13 16 75.48 34.74 87.70 b 35
14 17 86.63 54.49 90.70 o 46
15 18 80.19 40,31 95.40 ° 43
g v
s 19 84.55 44.05 @ 92.31 ¢ 46
17 20 90.55 49.99 96.88 ¢ 48
18 2y 84.02 45.96 96.35 ¢ 46
19 22 83.98 44,02 95.42 e 46
20 23 83.45 486.87 99.07 c 49
21 e 65.06 32.81 03.02 b 34
22 25 88.55 47.05 96.60 c 48
23 26 60.19 24.65 83.20 & 25
24 27 100.80 58,24 83.07 e 43
25 28 85.40 30.73 83.26 8 28
26 29 65.47 24.98 84.60 & 25
27 30 66.35 32.42 92.80 b 34
28 31 69.30 36.29 88.57 b 34
29 32 74.48 44.93 01.35 c 42
30 34 62.03 38.12 16.22 8 29
31 35 84.02 53.84 90.85 o é?l
32 36 57.15 34.58 77.81 a n
23 37 89,22 §5.22 89.01 e 9o
34 39 49,60 29.38 79,65 a
% 40 49,51 26,01 75.80 8 20



UpPPAL AND SEHGAL ON

TasLr 1—(Conid.)

Serial { Sample
Noc

36
37
38
39
40

41
42
43
41
45

46
47
48
49
50

51
52
53
54
55

56

h

Liquid
limit
per cont

77.41
64.46
58.14
83.49
90,17

85.50
72.19
L35
79.54
77.76

83.42
56.54
80.14
87.94
73.43

72,58
79.68
63.57
53.07
5111

58.43

Plasticity
index

46.29
36.22
31.89
54,13
51.86

47.39
42.00
58.52
41.90
43.03

46.49
34.85
44.82
54,34 *
42.00

39.87
41.67
30.96
27.77
29.98

29.06

Fraction
passing
200 siove
per cont

85.35
69.73
68.54
05.35
92.67

86.17
84.32
87.13
90.81
92.55

83.80
63.30
87.10
87.87
89.70

01.00
88.75
69.20
75.30
77.00

82.26

i
!

v

Classifi-

cation
g!‘()llp

e =0 ce oo

o

e oo

[«

Group
indox

42
26
22
48
40

43
38
44
41
43

43
20
43
44
40

e

4,

1

© 22
.22

24
26
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TABLE 2 .
Physical properties of the soil from Bombay State
.. Fraction | .
Serial | Sample Iil-qu.ltd Plasticity passing |Clas_s ifi- { Group
No. No. exl-nclént index 200 sieve i cation index
! p | per cent | 8TOUP |

1 66 42.91 22.87 83.19 a 8
9 69 47.76 25.93 85.80 a 22
3 7 55.92 30.59 68.17 a 20
4 72 58.80 27.49 81.88 a 25
5 73 51.47 22,99 80.20 a 19
6 74 67.61 41.25 90,80 b 38
b 75 64.05 23.71 80.71 a - 923
8 6 62.18 26.67 94.20 a 29
9 77 81.01 40.59 97.10 ¢ 44
10 78 73.92 37.31 87.32 b 36
11 79 81.20 50.93 93.30 ¢ 46
12 80 62.62 27.90 72.88 a 22
13 81 56.23 30.62 87.46 a 28
14 82 73.28 45.92 85.81 ¢ 44
15 85 o 88.38 49,88 93.60 ¢ 46
13 87 65.63 27.21 9155 a 29
17 88 76.32 42.65 95,62 ¢ 4“4
18 89 80.44 42.42 97.31 ¢ 45
19 . 90 75.63 39.81 87.79 b 39
20 91 68.57 31.79 95,73 b 34
& 92 88.3¢ 49.93 93918 c 45
22 93 72.22 39.56 90.30 b 39
23 94 7913 35.14 95.97 b 40
24 95 81.69 4151 91.60 ¢ 43
25 R % 7502 35.02 83.08 b 33
26 LM 89.43 46.88 97.62 e 48
27 98 67.65 29.78 94.11 b 33
28 100 68.80 31.76 94.80 b 34
) 102 65,37 29.08 70.94 a 22
30 103 91.74 54.35 97.51 ¢ 48
31 104 70.96 29.95 94.70 b a4
32 105 84.00 4182 94.90 ¢ 4¢
33 108 64.02 31.76 80.87 T e 29
34 107 95.36 53.98 98.29 o 49
3 108 83.83 - 4258 94.34 e 46
36 109 57.63 2413 890.56 a 24
37 110 72,50 32,47 96.10 b 36
38 111 74.06 43.76 96.26 o 44
"9 112 66.06 32,10 91.70 b 32
40 113 78.40 37.01 93.22 b 40
41 114 73.19 41.09 86.70 b §3
42 115 89.84 37.39 77.40 b @
43 116 78.40 37.01 93.22 b Q9
44 117 83.88 43.56 20.00 c 22
45 118 75.85 29.53 84.00 b

22
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UPrPAL AND SEHGAL ON

TaBLE 2 (Contd.)

Serial | Sample

No. No.
46 119
47 120
48, 121
49 122
50 123
51 124
59 125
53 126
54 128
55 130
56 132
57 133
58 134
59 136
60 137
61 138
62 139
63 140
64 141
65 143
66 144
67 145
68 146
69 148
70 149
71 150
72 151
73 152
74 153
75 164
76 155
77 156
78 157
79 138
80 159
81 160
82 161
83 162
84 163
85 164
86 170

Liquid
limit
per cent

67.86
71.88
67.16
80.50
71.43

61.64
62.39
75.96
78.68
94,95
101.88
69.20
69.98
64.38
80.07

78.84
74.14
69.15
56.37
60.09

56.15
67.00
66.90
56.87
60.12

90.09
56.72
70.31
76.42
63.52

98.44
79.42
71.05
71.17
86.74

71.51
72.07
62.32
71.16
71.69

67.44

Plasticity
indox

30.30
40.38
32.02
42.80
30.03

25.64
23.72
36.43
41.00
48,92
51.88
32.20
34.27
30.17
43.67

33.43
40.46
26.65
21.37
25.19

23.45
33.10
28.00
31.77
28.42

60.79
28.15
30.44
40.84
28.23

52.29
34.01
34.31
30.36
36.74

36.01
38.67
30.42
33.36
39.99

31.17

Fraction
passing
200 siove

| percent

89.70
88.80
91.80
93.15
90.45

84.95
91.15
93.00
83.00
93.05
93.30
83.75
90.00
77.13
87.60

01.90
91.80
94.70
84.40
88.60

81.30
90.00
96.00
76.80
95.60

86.90
90.00
81.50
890.65
83.05

94.25
88.90
88.15
86.00
83.40

93.20
82.00
89.35
86.36
89.75

96.25

Classifi-
cation

group

B
b
b
[
b
a
a
b
b
¢
e
b
b
a
[+]

b
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(iroup
index

~

37
39
33
45
38
25
26
39
39
47
47

31
34
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TaBLE 3
Physical properties of the soils from
Madhya Pradesh State
S ? S | Fracti g
7z ! g Liquid . raction fed R
- = li%‘t Plasticity passing ] ? Group
.g g per cent index 200 sieve -‘g 3 index
S (2 per cent 4
&)
1 172 66.08 32.90 94.40 b 34
2 173 67.04 42.79 73.46 b 34
3 174 50.06 29.09 83.40 a 21
4 175 6014 31.56 82.60 a 28
5 176 61.44 33.36 83.60 a 30
6 177 53.30 30.51 71.10 a 23
7 178 58.49 28.64 94.31 a 29
8 179 56.24 33.06 87.50 a 29
9 180 72.19 41.35 92.49 b 40
1q 181 73.10 37.39 08.15 b 40
11 182 66.37 38.10 95.00° b 38
12 183 49.22 28.20 89.38 a 25
13 184 65,98 38.80 96.09 b 39
14 185 60.76 32.01 83.03 a 29
15 186 60.29 20.45 $ 81,10 & 26
16 * 187 50.58 28.13 73.53 a 20
17 188 49.18 25.46 66.97 a 17
18 189 61.60 28.62 71.00 a 22
19 191 v 66.82 34.88 97.00 b 37
20 13 71.83 35.40 89.82 b 36
21 194 81.00 42.00 93.78 ¢ 45
22 195 73.40 34.04 90.72 b 36
23 196 67.37 27.65 93.74 a 30
24 197 79.32 47.32 91.88 ¢ 44
25 198 79.47 45.51 91.60 ¢ 44
26 199 50.65 28.40 84.08 a 23
27 200 56.64 24,01 78.91 a 22
28 201 67.07 39.34 92.39 b 38
29 202 52.06 29.99 79.28 a 24
30 203 75.58 36.58 83.76 b 36
31 204 58.85 32.91 81.5¢ 8 28
32 205 67.21 35.99 87.10 b 34
33 206 71.27 4214 91.66 6 41
3¢ 208 53.49 31.27 94.14 a 29
35 209 52,61 27.80 92.70 a A



588 UPPAL AND SEHGAL ON CLASSIFICATION OF
Bracx Corron SoiLs OBITUARY .
TasLE 3 (Contd.) We record with deep regret the death of Shri EVAGORAS
POLYDOROS NICOLAIDES, B.Sc., Dipl. C.E. (E.C.P.), M.Soc. C.E.
b } ) g | (France), M.l Struct. E. {Lond.), M.LE. (Ind.), who died suddenly
S ’ i Licuid . Fraction T a of a heart attack at Lausanne, Switzerland, on 18th October, 1958
A e liqit ‘ Plasticity passing gg i Group hil ia f busi in E
CEC orcony |  index 200 sievo €& | index whilst on return to India from a business tour in Europe.
g5 g p | per cont a ! i
@hn. = . . R . : i
s | | °© Shri. Nicolaides was born in 1907 and had his early education
i . i i i i ous Ecole
36 210 73.06 36.06 01.49 b a7 in Greecg He had his Engineering education at .the .fa.m s.
37 211 53.84 25.27 04.10 a 26 Polytechnique in Paris, from where he graduated in Civil Engineer-
38 212 49.33 26.38 97.42 a 25 TR o ;
29 218 58.52 2712 94,30 N 29 ing in 1929 after a brilliant academic career.
40 214 58.74 31.03 92.60 a 30
41 213 56.86 31.16 89.20 a 29
42 216 66.03 34.76 90.36 b 34
43 217 59.44 32.34 86.91 a 29 *
44 218 58.42 32.01 $3.00 8 30
45 219 60.16 32.47 86.76 o 30
46 222 72.82 37.16 91.91 b 38
47 223 83.81 43.71 93.01 e 46
48 224 71.18 37.16 82.38 b 34
49 227 64.19 38.34 86.04 b 34
50 228 67.91 32.10 95.00 b 35
51 229 68.87 41,25 83.54 b 37,
52 230 72.19 37.32 84.95 b 3¢’
33 231 55.62 927.48 79.80 a 2
54 232 57.43 26.25 .96.90 8 /28
55 233 76.80 44.54 87.13 o 4 42
56 234 57.30 31.40 01.63 o, 30
57 235 62.52 30.42 91.13 T |
58 236 88.14 48.14 80.16 e 45
50 237 93.38 46.72 91.12 e 46
80 238 73.05 42,42 84.99 b 39
61 239 0.88 42.69 81.07 b 37
62 240 60.57 20.97 79.53 a 26
63 242 59.09 30.59 92.25 a 30
64 243 60.05 33.29 83.04 a 29
65 244 ©7.68 39.97 84.47 h 30
66 245 77.55 45,02 97.33 e 46
87 246 78.27 43.76 94.45 ¢ 45
68 247 78.68 50.63 93.20 [ 45

! In 1930 he joined the Athens organisation of Mr. Joh" C
Gammon, with whom he spent the whole of his working life in
the closest friendship and collaboration. In 1931 he was transferred
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to the Bombay Office of ). C. Gammon Ltd. (now Gammon India
Private Ltd.) as Engineer-Designer. From then on he went frem
strength to strength in his profession of Civil En ineerin acnd
rose to be Chief Engineer of his Company in |950g and Gge‘neral
Manager and Deputy Managing Director in 1952, whi h h
held at the time of his death. » Which post fe

His eminence in the design and construction of all concret
structural work was recognized throughout India and his collab e
ration was sought on most of the technical committee " opoin 0(;
by the different Engineering lInstitutions in the countrs aPEiOIHte
a member of the Bridges Committee of the indian Ro dy'C e
a member of the Prestressed Concrete DeveloPme,na 23 ongressd,
served on the Code Making Committees appointed b ';ou;: da.n
Standards Institution and the Indian Roads Congress Heyr the Indian
India in a number of Internatiopal Congresses iﬁeld oipressr;ted
connected with his work and his contribytio SH brod
to be most valuable. fs were considered

Shri. Nicolaides was a member of i C
colai the Societ ivi i
(France), Institution of Structural Engineers (chnz ())fanc'iv;'hin,gm:ers
. nstitu-

tion of Engineers (India). He was the Author of a numb f
er of -

technilca( Papers z;)\ncé: Was awarded the Mitchell Megal for his Paper

on ‘lmpact in R.C.C. Bridges as com

contributed to the Indian Roads Congresf?i;eihetoyeSte‘e(lMOBn}dges
ar .

EARS Moiiiima oo
* -——-——] ——

GRAND SOUTHIAN TAUNK KOAD
(MADRAS —CAPE COMORIN)

stand the test of
time and traffic

The ever-growing traffic in India
needs concrete roads, because :
Concrete Roads

® Cast less to build thaa
any other road of equal
load-carrying capacity

Build to last with
ACC Cement—

® Cost less to maintain

plenty available now
at controlled price

® Give long years of service
® Give better visibility
® Help to avoid accidents

E_m THE ASSOCIATED CEMENT COMPANIES LIMITED

The Cement Marketing Company of India Private Ltd.

—an achievement of Free Enterprite




MODERN, ECONOMICAL & EFFICIENT

BELT CONVEYORS

FOR

* Qil Installations

* Pharmaceutical Works
* Tobacco Factories

* Salt Works

* Soap Factories

* Vegetable Ghee Plants
* Chemical Factories

* Power House.

Also Powerised Roller Conveyors
Bucket Elevators
Overhead Chain Conveyors
Salt Conveyors
Gravity Roller Conveyors
Portable Belt Conveyors and

Stackers.

Contact :
Garlick & Company Private Ltd.

HAINES ROAD, JACOB CIRCLE,
BOMBAY-||.

Branches: COIMBATORE — MADRAS~NEW DELHI.

1il

.
Alight jeep, a.mediom type Fargo r T VS buitds bodies bath for buses ™ My motor vehicle is insured
ar g heavy duty Leyland chossis k -
! get themall at TY'S ] and larries ;7’:::3 TVS ~sol have peace

TVS servicing ensures Jong life for TVS hire purchase system helps
my trucks- soves costly replace me finance my business with easy
Y ments payments

| I;uy chassis from T V S because
i get all | need under one roof

Topay, the rising tempo of production demands speedy
transport of men and materials. Road transport, therefore,
offers excellent opportunities for expansion and progress.
TVS, with its several units, meets the increasing
demands of the automotive industry in all its aspects in
South India.
T.V. SUNDRAM IYENGAR & SONS PRIVATE LIMITED, Madurai, Tiruchi
Tirunelveli, Pudukkottai, Salem & Coimbatore « MADRAS AUTO SERVICE
PRIVATE LIMITED, Madras— Bangalore « SOUTHERN ROADWAYS PRIVATE
LIMITED, Madurai o SUNDARAM MOTORS PRIVATE LIMITED, Madras
SUNDARAM INDUSTRIES PRIVATE LIMITED, Pudukkottai—Madras,
INDIA MOTOR PARTS & ACCESSORIES PRIVATE LTD. Madras & THI
MADRAS MOTOR INSURANCE COMPANY LIMITED, Madras o SUNDARARN
FINANCE PRIVATE LTD., Madras e SUNDARAMS PRIVATE LTD., Madura
' T.V. SUNDRAM IYENGAR & SONS PRIVATE LIMITED, MADURAI

TVS 286 ¢




USE 100/ INDIAN ROAD TAR

FROM IMDIAN COAL MINE\

A

THROUGH
INDIAN

CHEMICAL INDUSTRY

&

, ¥
TO INDIAN ROAD

LA'Dz: PREMIXED CARPET WITH ROAD TAR
N 1951 ON N. H. 34, NEAR SANTIPUR, WEST BENGAL

AND HELP THE NATIONAL ECONOMY

BENG%L CHEMICAL & PHARMACEUTICAL WORKS LTD.
» Ganesh Chunder Avenue, Calcutta - 13

AR e 4

BRAITHWAITE & CO.,

(INDIA) LIMITED
HIDE ROAD, KIDDERPORE, CALCUTTA.

PSBT63



SOIL MECHANICS
AND

CEMENT TESTING
APPARATUS TO
B.S.S. &I S. S.

MANUFACTURED IN INDIA iN OUR
OWN WORKSHOPS UNDER SUPERVISION
OF FACTORY TRAINED
ENGINEERS & TECHNICIANS

PROCTORS, LIQUID LIMIT,
AUGERS, VICAT, BRIQUETTE
MOULDS, VIBRATING '
MACHINES, ETC.

CONSULT

Associated Instrument Manufacturers
(India) Private Ltd.

INDIA HOUSE, FORT STREET,

B-5, GILLANDER HOUSE,
BOMBAY-I.

CALCUTTA.

SUNLIGHT INSURANCE BUILDINGS,
26-27, ASAF AL} ROAD,
NEW DELHI.

VALLIAMBALAM ROAD-—

; 40.
21721 Shelerete using Mexphalte 30/

vii
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THE HINDUSTAN CONSTRUCTION
COMPANY LIMITED.

We operate on an extensive scale as Civil Engineering
Contractors and Specialize in the
following :

CEMENT CONCRETE DAMS, ROADS, RAILWAYS,
ROAD AND RAIL BRIDGES, EARTHWORKS,
RAILWAY AND HYDRO TUNNELS ETC..
UNDERGROUND POWER HOUSES,

., CAISSON AND MONOLITH SINKING BY
DREDGING AND UNDER COMPRESSED AIR,
FOUNDATION WORKS, PRECAST AND ZISSEL
HINDUSTAN PILING, BUILDINGS, LAYING PIPES
BELOW SEA BEDS, DOCKS AND JETTIES ETC.,
SEWAGE PURIFICATION AND WATER
TREATMENT ALSO GUNITING CORE
DRILLING AND GROUTING.

We have a Structural Steel Department and
we undertake design Fabrication and erection of
every type of constructional steel work rivetted

or welded—Enquiries invited.

Head Office -
Construction House, Ballard Estate,

BOMBAY.

Telegrams: HINCON Tel. No. 26-5021 (5 lines)

TR
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CALCUTTA

L2904

STRUCTURAL STEEL WORK.
REINFORCED CONCRETE.

SCREWCRETE FOUNDATIONS.

FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROWw EXTENSION, CALCUTTA.

‘ WILD
. .73 PRECISION THEODOLITE
0 for high order triangulations
structural deformation ©
Mmeasurements and astronomy.
Circles can be read to 0.2"

Sole Agents in India :

RAJ-DER-KAR & CO.
Sadhana Rayon House,
Dr. D. Naoroji Road,

BOMBAY, 1.

Our Sub-Agents for 8. India :

VULCAN TRADING C0. (P) LTD.,
38-C, Mount Road,
MADRAS, 6.
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