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SYNOPSIS

The discussion begins by stressing the importance of collecting
sufficient data before designing is started. Methods for caleulating flood
discharges from the catchment area and rainfall, from tho conve yance factor
and slope of the chanuel, and from floud marks on existing stractures havo

Leen outlined and  suggoestions mado for fixing the design  dischargo
(Articles 4-7).

After giving an outline of the ** Lacey’s Theory of Flow in Incoherent
Alluvium *', the procedure for designing the lincar waterway and estimating
the normal depth of scour for alluvial streamns has been included, This is
followed by & discussion on the normal scour depth of quasi-alluvial streams
and the effect of contraction on the scour depth, Rules for caleulaiing ihe
maximum depth of scour and designing the depth of foundations have

been included. Their application has been illustrated with worked out
examples.

. - .
Notes on fixing thelength and number of spans and on some important
structural details of minor bridges come next.

The hydraulics of flow through bridges and its application to the
calculation of discharges through existing bridges as well as of afflux through
propused bridges have been dealt with in some deotail. Examples have becn
worked out in illustration.

Brief notes on how to deal with over-Hows have hoen added. The

discussion concludes with Articles on the feasibility of pipe and } ulverts
and the hydraulics of designing them, y ol pipe 0% culve
vion 8ix charts have been added at the cud to facilitato routine computas

SMALL BripgEs & CULVERTS 1

[N
<

INTRODUCTION

Road project estimates prepared for the Five-Year Plan
are somctimes based on insufficient data and this causes delay in
sanctioning them. While speed in exceuntion of the Plan is
essential, the quality of work has to be maintained.

The designing of o culvert or a small bridge is not a
small matter to be despised by engineers. It must be remembered
that the number of culverts and small bridges in any road
project is so large that, together, they account for a considerable
portion of the total expenditure.

The object of this Note is to draw attention to some
aspects of designing culverts and small bridges for road projects.
What is said here might appear simple and common place but
experience has shown that serious mistakes arc made in these
simple matters and that leads to waste through unsafe and
uneconomical designs.

Observations in this Paper apply only to small bridges
and culverts. Larger structures require more detailed design
procedure.

ARTICLE 1
SITE INSPECTION

1.1, Selection of Site. Where there is any choice, select
a site :

(i)  whieh is situated on w straight reach of the stream,
sufficiently below bends

(if) which is so far away from the contluence of large
tributaries as to be beyond their disturbing influence ;

(iii) which has well defined banks; and

(iv) which makes approach roads feasible on the straight.

1.2. Existing Drainage Structures, 1f by chance, there
is an existing road or railway bridge or culvert over the same
stream and not very far away from the selected site, the best
means of ascertaining the maximum discharge is to calculate it
from date collect-d by personal inspection of the existing struc-
ture. Intelligent inspection and local enquiry will provide very
useful information, namely, marks indicating the maximum flood



126 GOVERDHANLAL ON

level, the afflux, the tendency to scour, the probable maximum
discharge, the likelihood of collection of brushwood during floods,
and many other particulars. It should be seen whether the exis-
ting structure is too large or too small or whether it has other
defects. AN this should be carefully recorded.

1.3.  Inspection should also include taking notes on channel
conditions from which the silt factor and the coefficient of mgosity
can be estimated.

ARTICLE 2
THE ESSENTIAL DESIGN DATA

2.1. In addition to the information obtained by personal
inspection of an existing structure, the design data described in
the following paragraphs have to be collected. What is specified
here is sufficient only for small bridges and culverts. For larger
structures detailed instructions contained in the IRC Bridge
Code, clauses 100-101, should be followed.

2.2. Catchment Area. When the catchment, as seen from
the ‘“topo’ sheet, is less than about half a square mile in area,
a traverse should be made along the water shed with a chain and
compass. Larger catchments can be read from the 1 inch = |
mile topo maps of the Survey of India by marking the water
shed in pencil and reading the included area by placing over it a
picce of transparent square paper.

2.3. Cross Sections. As a rule, for a sgizeable stream,
three cross sections should be taken, namely, one at the selected
site, one upstream and another downstream of the site. Approxi-
mate distances, upstream and downstream of the selected site of
crossing, at which cross scetions should be taken are as under ;

Table 2.3.

( Distance (u/s & d's of the
Catchment Area. ; crossing) at which eross
' sections should be taken.

1. One square mile or less ! 500 ft
2. From 1 to 5 square miles | 1000 ft
3. Over 8 square miles : $ mile to 1 mile.
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The cross section at the proposed site of the ecrossing should
show levels at close intervalsand indicate outerops of rocks, pools,
ete. Often an existing road or a cart track crosses the stream at
the site selected for the bridge.  In such a case the cross section
should not be taken along the centre line of the road or the track
ag that will not represent the natural shape and size of the
channel. Instead, the cross section should be taken a short
distance upstream or downstream of the selected site.

2.4, In the case of very small streams (catchments of 100
acres or less) one cross section may do but it should be carefully
plotted s0 as to represcnt truly the normal size and shape of the
channel on a straight reach.

2.5. Al cross sections should be plotted to a suitable scale.
If the horizontul and vertical scales are the same, the wetted
perimeter can be measured directly from the cross scction, other-
wise it has to be calculated (seo para 5.6).

2.6. The Maximum H. F. L. The maximum high flood
level should be ascertained by intelligent local observation,
supplemented by local enquiry, and marked on the cross scctions.

2.7. Longitudinal Section. The longitudinal scction should
extend upstream and downstream of the proposed site for
the distances indicated in the Table in para 2.3 and should show
levels of the bed, the low water surface and the H. F. L.

2.8. Velocity Observation. Attempts should be made to
observe the velocity during an actual flood and, if that flood is
smaller than the maximum flood, the observed velocity should be
suitably increased. The vclocity thus obtained is a good check
on the accuracy of that calculated theoretically.

2.9. Trial Pit Sections. Where the rock or some firm
undisturbed soil stratum is not likely to be far below the alluvial
bed of the stream, a trial pit should be dug down to such rock or
firm soil. But, if there 1% no rock or undisturbed firm soil for a
great depth below the stream bed level, then the trial pit may be
taken down roughly 2 times the maximum depth of the (existing
or anticipated) scour line. 'The location of each trial pit should
be shown in the cross seetion of the proposed site. The trial pit
section should be plotted to show the kind of soils passed through.

2.10. For very small culverts one trial pit will do. The
results can be inset on the cross section,

2.11. In Conclusion. No satisfactory designing can be
done unless the minimum essential design data listed above are
collected and recorded,
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These data can be collected with very little effort.  Failure to
collect these can only result in designs being based on guess work - —
and such designs are likely to be either unnecessarily costly or to : FH T
result in the failure of the structure when built.

T
1
|
34
il
il
=t
) 1
——t -'.—:......
=
T

ARTICLE 3

EMPIRICAL FORMULAE FOR PEAK RUN-OFF FROM
CATCHMENT 4

3.1. Although records of rainfall exist to some extent, actual
records of floods are seldom available in such sufficicney as to
cnable the engineer accurately to infer the worst flood conditions
for which provision should be made in designing a bridge.
Therefore recourse has to be taken to theoretical computations.

i1

7]

INENEN

In this Article some of the most popular empirical formulae 5
are mentioned. T

3.2. Dickens Formula. 1

Q=CM? 3.2) . -

Where, Q =the peak run-off in cusecs and M is the catchment
area in square miles.
O =800 — 1000 where the annual rainfall is 25-50 in. ;
1000 - 1400 in Madhya Pradesh
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1600 in Western Ghats. -
3.3. Ryve’s formula. 1 s ‘ 1 Haess -
Q=CM§ (3.3) A : T

This formula was devised for Madras.

@ =run-off in cusecs and M is the catchment area in sq. T
miles. -
t
(' =450 for areas within 15 miles of the coast. ii - 5m—¢4 JS B aRN
563 . between 16 and 100 miles of the coast. *l e T't‘;jarf:;v;
673 for limited areas near the hills, ! e B
3.4. 'These empirical formulae involve only one factor viz., S8 RS RARSRbe & I‘Tzi".;l =
the area of the catchment and all the so many other factors that . J’._‘.Lﬁ i~suma T
affect the run-off have to be taken care of in gelecting an appro- el ‘TJ';,L,?"’ s duua 11-; ang H
priate value of the coefficient. This is extreme simplification of Ae UTe A MM i
the problem and cannot be expected to yield accurate results. Tt e '1 *L‘:
35. A correct value of C' can only be derived for a given ) :
region from an extensive analytical study of the measured flood . Fig. 3.6,
2
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discharges vis-a-vis catchment arcas of streams in the region.
Any value of (' will be valid only for the region for which it has
been determined in this way. Each basin has its own singularities
affecting run-off. Since actual flood records are seldom available,
the formulae leave much to the judgement of the engineer. Many
other similar empirical formulae are in use but none of them
encompasses all possible conditions of terrain and climate.

3.6. To assist routine computations Fig. 3.6 has been
included in which curves have been plotfed to represent the
equation Q=1000M". Three curves, one for each of the common
values of », viz., 3, § and ¥, have been drawn,
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Fig. 3.6,
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3.7. American Formulae.

In America the McMath and Burkli-Zeigler formulas are
popular. The former is :

Q=018 408 3.7)
where
¢ =the peak run-ofl in cusecs.

S =fall in feet per 100 ft fength of the main channel of
flow. )

Ad=area of basin in acres.
1o =critical intensity of rainfall in inches per hour (see
next Article).
('=a coeflicient.
=0.10 for large, weedy, tlat arcas
=0.20 for cultivated farms ;

=0.30 for thinly populated and unpaved suburbs, with
gourdens and lawns,

= (L40 for towns, not densely built upon.

ARTICLE 4

RATIONAL FORMULA FOR PEAK RUN-OFF
FROM CATCHMENT

4.1. In recent years hydrological studies have been made
and theories set forth which comprehend the effect of the charac-
teristics of the catchment on run-off. Attempts also have been
made to establish relationships between rainfall and run-off under
various circumstances. Some elementary account of the rationale
of these theories is given in the following paragraphs.

4.2. Main Factors. The size of the Hood depends on the
following major factors :
Rainfall
(1) Intensity

(2) Distribution in time and space
(3) Duration
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Nature of the Catchment.
(4) Area
(5) Shape
(6) Slope
(7)  Permeability of the soil and vegetable cover
(8) Initial state of wetness.

4.3. Relation between the Intensity and Duration of a Storm.
Suppos¢ in an individual storm, F inches of rain fall in
T hours, then over the whole interval of time 7', the mean inten-

sity 7 will be * I inches per hour. Now, within the duration 7' ima-
gine a smaller time interval ¢ (Fig. 4.3). Since the intensity is
not uniform throughout, the mean intensity reckoned over the
time interval ¢ (placed suitably within 7) will be higher than

the mean intensity I taken over the whole period.
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DURATION OF STORM —
Fig. 4.3.

We also know that the mean intensity of a storm of shorter
duration can be higher than that of a prolonged one.

In other words, the intensity of astorm is some inverse func-
tion of its duration. It has been reasonably well cstahlished that

‘ .T_+ ¢

IS+

where ¢ 13 a constant.
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Analysis of rainfall statistics has shown that for all but extreme

cases, ¢ = 1 [5]*, when time is measured in hours and precipi-
tation in inches,
Thus,

i 141

I ¢+ + 1

4
1

or i = 1. (/ =N (4.3,)

K T 41 ,
Also, i=p (] H ) IR (4.3,)

Thus, if we know the total precipitation ¥ and duration 7' of a
storm we can estimate the intensity corresponding to £, which is a
time interval within the duration of the storm.

44. For an appreciation of the physical significance of this
relationship let us consider some typical cases.

First, take an intcuse but brief storm which drops (say) 1.5
inches of rain in 20 minutes. The average intensity comes to 4.5
inches per hour. KFor a short interval ¢ of say 6 minutes within
the duration of the storm the intensity can be as high as

A R 033 + 1
=g z+1)‘033<0,1

Storms of very short duration and 6-minute intensities within
them (and in general all such hig,h but momentary intensities of
rainfall) have little significance in connection with the design of
culverts except in built-up areas where the concentration tlme
can be very short (see para 4.6) due to the rapidity of ow from
pavements and roofs.

) 5.35 inches
per hour,

Next consider a region where storms are of medium size and
duration. Suppose 5 inches of rain fall in 3 hours. 'The average
intensity works out to 1.67 inches per hour. Butin a time inter-
val of one hour within the storm the intensity can be as much as

341

141

For the purposes of desiguing waterwuys of bridges such a

storm is said to be equivalent of a “QOne hour rainfall of 3.33
inches ”’

= 3.33 inches per hour.

Lastly, consider a very wet region of prolonged storms,
where a storm drops, say, 7 inches of rain in 6 hours In a

‘R‘. fers to the number of the hook in tlm Bibliography given at thc end
of the Paper,
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time interval of one hour within the storm the intensity can
as be high as

7 6+4-1 o
G—X(Vl{%—:i = 4.08 inches per hour.
Thus such a storm is equivalent of a *‘one hour storm of 4.08
inches”’. '

4.5. “One-hour Rainfall” for a Region for Designing Water-
ways of Bridges. Suppose we decide that a bridge should
be designed for the peak run off resulting from the severest
storm (in the region) that occurs once in 50 years or any
other specified period. Let the total precipitation of that
storm be F inches and duration 7' hours. Consider a time
interval of one hour somewhere within the duration of the
storm. The precipitation in that hour could be as high as :

F 741 1 1
T (l—j__—l— or g A ( 14 T ) inches,

Hence the design of the bridge will be based on a * one-hour
rainfall of say /, inches ”’, where

1, = 1”21(1+;—,) ............... (4.5)

_ Suppose Fig 4.3 represents the scverest storm experienced
11 a region., If ¢ represents one hour, then the shaded area
ALCD will represent 1,

It is convenient and common that the storm potential of a
region for a given period of years should be characterised by
specifying the ““one hour rainfall 1, of the region for the
purposes of designing the waterways of bridges in that region.

I, has to be determined from the # and 7' of the severest
storm. That storm may not necessarily be the most prolonged
storm. The correct procedure for finding I, is to take a number
of really heavy and prolonged storms and work out /, from the
Fand 7'of each of them. The maximum of the values of I, thus
found should be accepted as ““the onc hour rainfall” of the
region for designing bridges.

The 1, of aregion does not have to be found for each
design problem. Tt is a characteristic of the whole region and
applies to o pretty vast arca subject to the same weoather
conditions. [, of a region should be found once for all and
should be known to the local engincers.

The Meteorological Department of the Government of India
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has been approached to supply information™ about the total
precipitation #and the duration 7' of a numberof heavy storms
recorded at as many places in India as they can.  When that
information is available, it will be possible to analyse it and
recommend values of I, for various parts of India for storms
of different frequencies. TFxceptional cases excluded, it will
probably be sufficient in the meanwhile to take 7 as 4 to 5 in.
for arcas of intense and prolonged rainfall and 2 to 3 in. for
other areas in India for the purposes of designing minor hridges.’

We start with 7, and then modify it to snit the concentra-
tion time (see next para) of the catchment area in each specific
case. This will now be explained.

4.6. Time of Concentration. (7;). The time taken by the
run-off from the farthest point on the periphery of the catchment
(ealled the ecritical point) to reach the site of the culvert is
called the *“ concentration time .

In considering the intensity of precipitation it was said
that the shorter the duration considered the higher the inten-
sity will be. Thus safety would secm to lic in designing for a
high intensity corresponding to a very small interval of time.
But this interval should not be shorter than the concentration
time of the ecatehment under consideration, as otherwise the

flow from distant parts of the eatchment will not be able to

reach the bridge in time to make its contribution in raising the
peak discharge. Therefore, when we are cxamining a parti-
cular catehment, we need only consider the intensity corres-
ponding to the duration equal to the concentration period
(t.) of the catchment.

4.7. Estimating the Concentration Time of a Catchment (¢.).
The concentration time depends on (1) the distance from
the critical point to the culvert; and (2) the average velocity of
How. The latter is governed by the slope and the roughness of
the drainage channel and the depth of flow. Complicated
formulae exist for deriving the time of concentration from the
characteristics of the catchment. Ior our purposes, however,
the following simple relationship (111 will do.

13 \0.385

te = (119 x 7 e (A7)
where ¢, = the concentration time in hours.
L = the distance from the critical point to the eulvert in
miles.
Il = the fall in lcvel from the critical point to the culvert
in ft

™ Sinco received and included in the Appendix,
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Iand H can be found from the survey plans of the catchment
area and /, calculated from Fquation (4.7)

Plate | contains graphs from which f, can be directly read
for known values of L and H.

48. The Critical or Design Intensity. The critical intensity
for a catchment is that maximum intensity which can occur
in a time interval equal to the concentration time t, of the
catchment during the severest storm (in the region) of a given

frequency. CallitJ,.. Since each catchment has its own f, it
will have its own 7.

1f we put! = £, in the basic equation {(Fquation 4.3;) and
write 7. for the resulting intensity, we get,

7, = F (’1‘ + 1)

7[1 i[- +1 (4'8(1)
Combine this with Equation (4.5), we get
2
I, = 7,,({;+ 1) .« (4.8))

4.9. Calculation of Run-Of. When one inch of rain falls
over one acre we get 3600 cu. ft. (precisely, 43560 x 1L = 3630

cu. ft.) of water. If this happens in one hour we get 3600 cu, ft,
per hour or 1 cu. ft. per second. Hence :

. e .
*“ A precipitation of one inch per hour over an area of one
acre gives rise to a run-off of onc cusec ’,

It follows phat a precipation of 7, inches per hour over an area of
4 acres, will give rise to a run-off

Q= A-]c cusecs.

To account for losses due to absorption ete. introduce a coefficient
P. Then,

Q =PA.I, (4.9)
where () = Max. run off in cusecs
A4 = Area of catchment in acres
I,

I)

Critical intensity of rainfall in in. per hour.

Percentage Coefficient of run-off for the catchiment
characteristics.

- [d
4 -1ai
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The principal factors governing I are . (1) p’(')'r()slty oft_iglli: S(()'(lw‘v((:;)
area, shape and size of the catchment (1ti) veg‘et}va 1 Y initiai
(iv) surface storage viz., existence of lakes and marshes ( e
state of wetness of the soil. C(atchments vary so muc l'ble o
regard to these characteristics that it is evidently 1n1p0.<13; o
do more than generalisc on the values of P. Jl:l(‘lg}ﬁmnzﬂ) e
experience must be used in fixing P. Also see lablc =
guidance.

TABLT 4.9

MAXIMUM VALUE OF P IN THE
FORMULA Q = P, A, T..

Steep, bare rock, Also eity pavements -
Rock, steep but wooded :::i
Plateaus, lightly covered ():6()
Clayey soils, stiff and bare

do lightly covered o
Loam, lightly enltivated or covered .40

do largely cultivated (‘::Z((),
Sandy soil, light growth 0.10 -

Sandy soil, covered, heavy brush

., We
4.10. Relation between Intensity and Sprea d o)ff sttl?;";l"e"'

have so far deliberately eschewed any mention t( ‘n the space
of the storm. Rainfall recording statious are pom-stl intensities.
and therefore the intensities recorded th_ere a:l‘OP_O‘J(n nsity will be
Tmagine an area round a recording station. The in Vewko o farther
highest at the centre and will gradually diminish &““ éfvored by
away from the centre, till at the fringes of the MN; ‘considered
the storm intensity will be zero. The largqr the arfe: . A]ogicfﬂ to
the smaller will bo the mean intensity. It is there 0:;{ the size of
say that the mean intensity is some inverse funection
the areas,

If I is .the maximum point intensity at the c‘t‘ant,r,eigfsof;gz
storm then the mean intensity reckoned over an area a“ q and
fraction “ f* of I. The fraction f depel.)ds‘(')ll the_{‘l«;%& which has
the relation is represented by the curve in Figure 4. '

been constructed from statistical analysis.(5]

3
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Fig. 4.10.

In hydrological theories it is assumed that the spread of the
storm is equal to the area of the catchment. Therefore in Fig. 4.10
the area is taken to be the same as the area of the catchment.
The effect of this assumption can lead to errors which, on
analysis, have been found to be limited to about 12 per cent.(5]

4.11. The Final Run-off Formula. Introducing the factor f in
the Equation 4.9 we get,

Q=P fAIg.......... oo (4.11,)
Also, combining with Equation (4.8,)
2
Q=P.fAI, (’t;’+1
2. f. P
p—a A.IO. (Tc"ﬁ
= A N (4.11)

In the last equation I, measures the role played by the
clouds of the region and \ that of the catchment in producing

the peak run-off.
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It should be clear from the foregoing paras that the com-
ponents of \ are functions of 4, L, and H of the catchment.
4.12. Resume of the Steps for Calculating the Run-off.

Ntep 1. Note down . in acres, L in miles, and H in feet
from the survey maps of the area.

_ Step 2. lstimate the [, for the region preferably from
rmnf;“ r]ccords: failing that from local knowledge.
1°=T'(1+7’)’ where F ix inches of rain dropped by the
severest storm in 7 hours.

Ntep. 3. See Plate 1 and road values of #, P, aund f
for known values of I, H, and A.

210
L1
Ntep 4. Calculate (J=4.1,.\.

Then calculate \ =

4.13. Example. Calculate the peak run-off for designing
a bridge across a stream, given:

Catchment : L =3 miles; H =100 ft;
A =3.5 sq. miles. Loamy soil
largely cultivated.
Rainfall: The severest storm that is known to have occur-

red in 20 years dropped 5 inches of rain in
2.5 hours.

e

+1y . T
1_{_1)—3'5 inches/Hour

_ 5 42
Solution. 1= (

From Plate I,
to=1.6 hours : f=0.97: P=0.30

2 x 0.97 x 0,30
‘e N\ = — =022
oA 1.6+1 0.224

Q = (3.5 X 640) X 3.8 x 0.22=1730 cusecs.

4.14. Run-off Curves for Small Catchment Areas (Plate 2).
Suppose we know the catchment area A in acres and the
average slope N of the main drainage channel. If we
assume that the length of the catchment is 3 times its width, .
then both L and H (as defined in para 4.7) can be expressed in
terms of 4 and & and then {, calculated from Equation (4.7).
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 Algo for small areas, f may be taken equal to one. Then,
vide para 4.11,

Q=" 1,4 (T;Z—l)

For /=1 inch, this becomes,

():1'..4(%12@1) (4.14)

Hence () can be calculated for v:mrigus values Uof P, 4 and
This has been done and curves plotted in PLATE 2.

N.

4.15. PLATE 2 can be used for small culverts with ‘b&smf!;
upto 3000 acres or about 5.0 square miles._ The ’ values of run-o "
read from Plate 2 are for ‘ one hour rainfall”’, I,, of one inc
These values have to be multiplied .by the /, of the region.
An example will illustrate the use of this Plate.

The basin of a stream is loamy soil, ,ll;‘tlr—
shment is ACres. 10

gely cultivated, and the ares of the catdnnbn‘tlh ?5‘? ?;ﬁ)l( e

average slope of the stream 18 5 per cel_lt.o r_( ‘a (.:}“.i’)b

(1,, the one hour rainfall of the region, 18 2.0 1nehes).

4.16. Example:

Use Plate 2. For largely cultivated loamy soil, P=0.30 vide

the Table iuset in Plate 2.

i { : tically up to
Enter the diagram at A =850 acres: move vertical
intersect the slope line of 5 per cent. Thefx, mqye h;llz(())r‘;t::h);
to intersect the 00 line : join the intersection with P=%.

extend to the run off (g) scale and read
g=3b0 cusecs,

Multiply with 7,
() =360 X 2.5=875 cusecs.

4.17. In Conclusion.

The use of empirical formulae should be avoided. ',l‘hey'aro
primitive and are safe only in the hands of the expert. The
average designer who cannot rely so much on hl'stmtultlon and
judgment should go by the rational procedure outlined above.

The data required for the rational treatment, viz., d, L, an.d
[l can be easily read from the survey plans. Asregards [, it
should be realized that this does not have to be cal‘cu'lated for
each design problem. This is the storm characteristic Of, ﬂtm
whole region, with pretty vast area, and should be known to

the local engineers.
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Complicated formulae, of which there is quite an abundance,
have been purposely avoided in this Article. Indeed, for a terse
treatment, the factors involved are so many and their interplay
so complicated that recourse need be taken to such treatment
only when very important structures are involved and accurate
data can be collected. For small bridges the simple formulace
given here should do.

ARTICLE 5

ESTIMATING FLOOD DISCHARGLE FROM THE
CONVEYANCE FACTOR AND SLOPE
OF THE STREAM

51, Ina stream with rigid boundaries (bed and banks) the
shape and the size of the cross section is significantly the same
during a flood as after its subsidence. 1f we carefully plot the
H. F. L. and measure the bed slope it is simple to caleulate the
discharge.

5.2, But a stream tlowing in alluvium, will have a larger
crosg-sectional area when in tlood than that which may be
surveyed and plotted after the tHood has subsided. During the
flood the velocity is high and therefore an alluvial stream scours
its bed ; but when the flood subsidex, the velocity diminishes and
the bed progressively silts up again.  From this it follows that,
before we start estimating the Hood conveying capacity of the
stream from the plotted cross section, we should ascertain the
depth of scour and plot on the cross section the average scoured
bed line that ix likely to prevail during the high flood,

53 The best thing to do is to inspeet the scour holes in
the vicinty of the site; look at the size and the degree of
incoherence of the grains of the bed material ; have an idea of
the probable velocity of low during the flood : study the trial bore
section ; and then judge what should be taken as the probable
average scoured bed line.

54. Calculation of Velocity.

Plot the probable scoured bed line. Measure the cross
sectional area A in sq. ft. and the wetted perimeter P in ft,

Then, calculate the hydraulic mean depth R = ii ft

Next, measure the bed slope 8 from the plotted longitudinal
scction of the Stream. Velocity can then be easily calculated
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from one of the many formulae. To mention one, viz., Manning’s
Formula :

1.485
y 14858

BY st (5.4,)

Where, o .
"=the Velocity in 6 per sec. considered uniform
throughout the cross section ;

R =the hydraulic mean depth;

S =the energy slope which may be taken equal to the
bed slope, measured over a reasonably long reach ;

n = the rugosity co-efficient.

For values of n sce Table 5.4 below. Judgement and experience
are necessary in selecting a proper value of » for a given stream.

TABLL 5.4

Rugosity Co-Efficient.

7 1n the Formula I = 1.4858 Bt gt

n

Values of “n

.

Surface Perfect | Good Fair Bad

Natural streams

(1) Clean, straight bank,

full stage, no rifts or

deep pools s 0025 00275 0.030  0.033
(2) Same as (1), but some

weeds and stones ... 1,030 0.033 0.035  1.040
(3) Winding, some pools

and shoals, clean ... 0,035 0,040 0.045  0.050
(4) Same as (3), lower

stages, more ineffec-

tive slope and sections  0.040  (L045 0.050  0.055
{5) Same as (3), some

weeds and stones  .,.  0.033 0085 0.040  0.045
(6) Samc as (4}, stony sec-

tions o 0045 0050 0,035 0,060
(7) Sluggish river reaches,

rather weedy or with :

very deep pools o 0080 0.060 0,070  0.080
(8) Very weedy reaches ...  0.075  0.100 0.126 0.150
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5.5. Calculation of Discharge.

Q= A.V.
S LA8SE b s (5.5)
n
e S (5.6)
where \ = 1'4:58- A. R!'

Now X\ is & function of the size, shape, and rouglmess. of the
stream and is called ite conveyance factor. Thus the discharge
carrying capacity of a stream depends on its conveyance factor
and slope.

5.6. When the cross section is not plotted to the n‘atuzal
scale (the same horizontally and vertically) the wetted perime 1er
cannot be scaled off directly from the section and has to be
caloulated.

p 1210 FT.

T

D
T SN P DY T N SN I I W
1“= 50 FT,

Fig. 5.6

Divide up the wotted line into a convenient number of P&Ir)'g'
AB, BC, ('D ote. (Fig. 5.6). Consider one such p{trt, ﬂ“Yh .
let PR and QR be its horizontal and vertical projections. Then,

PQ = ‘\/(PR2 4 QR?). Now, PR can be measured on ‘the
horizontal scale of the given cross-section and QR on the vertma].
PQ can then be calculated. Similarly each of the other parts is
calenlated. Their sum gives the wetted perimeter.

5.7. 1f the shape of the cross section is irregular as happens
when a stream rises above its banks and shallow over-flows are
created (Fig. 5.7), it is necessary to subdivide the channel into two
or three subsections. Then R andn are found for each subsection.
and their velocities and discharges computed separately.
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Sug Sertion 2

L Sue Section 1. Sue SecTion 3

Fia. b.7.

Where further elaboration is justified, corrections for velocity
distribution, change of slope, etc. may he applied. Books on
Hydraulics give standard methods for this,

5.8. Velocity Curves. To save time in computation, curves
have been plotted in Plate 3. Given R, S, and- n, veloeity can
he read from this Plate.

5.9. Better Measure than Calculate Velocity. 1t is preferable
actually to observe the velocity during a high 'ﬂood. When
it is not possible to wait for the occurrence of a high flood, the
velocity may be observed in a moderate flood and used as a check
on the theoretical calculation of velocity. In making velocity
observations the selected reach should be straight, uniform, and
reasonably long.

5.10. The flood discharge should be calculated at each of the
three cross sections, which, as already explained in para 2.3,
should be plotted for all except very small structures. If the
difference in the three discharges thus calculated is more than 10
per cent the discrepancy has to be investigated.

ARTICLE 6

ESTIMATING FLOOD DISCHARGE FROM
FLOOD MARKS ON AN EXISTING
STRUGCTURE

6.1. Having collected the necessary information from
inspection as mentioned in para 1.2 the dlsc}%ayrge passed by. an
¢xisting structure can be caleulated by applying an appropriate
formula. In Article 17. some formulae for caleulating discharges
from flood marks on existing l{ridges. are discussed, Worked
out examples have heen included in Article 19,

Smarr Briners & CUnLverTs 145

6.2, Distinct water marks on bridge piers and other
structures can be casily found immediately following the flood.
Sometimes these marks can be identified years afterwards but it
is advisable to survey them as soon after the {lood as possible.
Turbulence, standing wave, and splashing may have caused a
spread in the flood marks but the belt of this spread is mostly
narrow and a reasonably correct profile of the surface line can
he traced on the sides of piers and faces of abutments,

6.3. This is perhaps the most reliable way of estimating a
flood discharge, because in the formulae discussed in Article 17
the co-efficients involved have been accurately found by
experiments.

ARTICLE 7

FIXING DESIGN DISCHARGE

7.1. The Recommended Rule. Flood discharges can be
estimated in three different ways as explained in Articles 4 to 6.
The values obtained should be compared. The highest of these
values should be adopted as the design discharge @, provided it
does not exceed the noxt highest discharge by more than 50 per
cent. If it does, restrict it to that limit.

7.2, Sound Economy. The designer is not expected to
aim at designing a structure of such copious dimensions that it
should pass a flood of any possible magnitude that can occur
during the lifetime of the structure. Sound economy requires
that the structure should be able easily to pass floods of a
specified frequency (say once in 20 years for small bridges and
100 years for big ones) and that extraordinary and rarer floods
should pass without doing excessive damage to the structure or
the road.

7.3, The necessity for this elaborate procedure for fixing
@, arises for sizeable structures. Asregards small culverts Q may
be taken as the discharge determined from the run off formulae,

ARTICLE 8

ALLUVIAL STREAMS—LACEY’'S EQUATIONS

8.1. The section of a stream, having rigid boundaries, is
the same during the flood and after its subsidence. But this is

4
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1

[

not so in the case of streams flowing within, partially or wholly,

erodible boundaries. In the latter case, a probable flood section T
has to be evolved from theoretical premises for the purposes of :
designing a bridge ; it is seldom possible actually to measure the i jg
cross section during the hizh flood. 1

pnaas
]

,—,

T
Rassniil

i

! |
8.2. Wholly Erodible Section. Lacey’s Theory. Streams | \ I
flowing in alluvium are wide and shallow and meander a F

great deal, The surface width and the normal scoured depth
of such streams have to bhe caleculated theoretically from con-
cepts which are not whotly rational. The theory that has
gained wide popularity in India is ““ Lacey’s Theory of Flow H
in Incoherent Alluvium . The salient points of that Theory, 14
relevant to the present subject, are outlined here.

8.3. A stream, whose bed and banks are composed of looge
granular material, that has heen deposited by the stream and
can be picked up and transported again by the current during ERY 1

flood, is said to flow through incoherent alluvinm and may be TR
briefly referred to as an alluvial stream. Such a strcam tends pamtes .
to scour or silt up till it has acquired such a cross section and f
(more particularly) such a slope that the resulting velocity is
‘ non-silting and non-scouring . When this happens the stream
becomes stable and tends to maintain the acqnired shape and
size of its cross section and the acquired slope. 1t is then said
““to have come to regime ™ and can be regarded as stable.

T
]
in
eRganam

84. Lacey’s Equations. \When an alluvial stream  carrying
a known discharge () has come to regime, it has a regime wetted
perimeter P, a regime slope N, and a regime hydraulic mean
depth R. 1In consequence, it will have a fixed area of cross ) =
section 4 and a fixed velocity V.

TR
da
T

JX
Y LA
T

For these regime characteristics of an alluvial channel,
Lacey suggests [18] the following relationships. 1t should be
noted that the only independent entities involved in them are ¢
and f. The *“ f” is called silt factor and its value depends on the
size and looseness of the grains of the alluvium. Table 8.4 gives
values of ¢ f’°.

—

1 e

s HTF il
‘ IT.

T

(a) Regime Cross Section THIT L

T

]) = ;; (lﬁ (8'411) =

, i

“—l» o. (/3 THHTRT TTTH
j= TR0 (B4 iltcEzssiinl |

‘[3 SesgREpan .

FHAEE T FILT
0.000.542.1% ihsshiagissscesin g

= (‘)% (8'4c) R H

Fig. 8.6,
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(b) Regime Velocity and Slope

. - r " - - 1
R R B e T Vo= 0.194 @ x 3 - (8.49)
! | (it .y
' ] TR 1= (8.4,
T % 11818 f RIS g Jjedzsi fs
[gsbage taly-o I HRLT \8.0] pEgjisageudsegs L
hedik \ \ \{\N ' DR HR TABLE 8.4
-+ } : SILT FAGTOR ¢ f* IN LACEY’S EQUATIONS(1Y)
H » 1 | i |
HHH [\» v ' m Size of Lo e
H " ' n H Lﬁ o5  Grain in f (Silt Factor)
, N; ' it Silt.
LY 2 Fine 00.120 00.600
\ e ; Medium 00.233 00.850
! Al e & Standard 00.323 01.000
A ' © y Sand.
v E 20 : Medium (0.505 01.250
ll R Coarse 00.725 01.500
E ! Bajri.
\ i @l | Medium 01.290 02.000
j \ gl | Coarse 02.422 02.750
1 H H 5 Gravel.
' NN | Medium 07.280 04.750
\ ; H Heavy 26.100 09.000
; Lﬁ ~ Boulders.
\ pEl Small 50.100 12.000
3 ‘N IH PR Medium 72.500 15.000
frH ; ‘ ﬁ Ll Large 188.800 24.000
agou f RERREN
i 1 g lf
1 8.5. The Regime Width and Depth. Provided a stream is
F111] e 4 truly alluvial, it 1s destined to come to regime according to Lacey.
i o a1 % R 1t will then be stable and have a scetion and slope conforming to
i B | ] » his equations. Ifor wide alluvial streams the stuble width W
I T ‘L[:l‘?lr'l I «”Iyl : can be taken equal to the wetted perimoter /7 of Equation
L EHH SEIRERN 1l (8.44)

That is:

B

W=3xg (8.54)
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Also the normal depth of scour D on a straight and unobstructed
part of a wide stream may be taken as equal to the hydraulic
mean radius R in Equation (8.4;). Hence

D= "2 — (8.5(,)

8.6. Curves for D. In Fig. 8.6 curves have been plotted
from Equation (8.5,). Knowing @ and f for an alluvial stream.
the regime depth D) can be directly read off these curves.

ARTICLE 9

LINEAR WATERWAY OF BRIDGES

9.1. The General Rule for Alluvial Streams. The lincar
waterway of a bridge across a wholly alluvial stream should
normally be kept equal to the width required for stability, viz.
that given by Equation (8.5,).

9.2. Unstable Meandering Streams. A large alluvial stream,
meandering over a wide Dbelt, may have several active
channels separated by land or shallow sections of nearly stagnant
water. Its actual (aggregate) width may be much in excess of
the regime width required for stability. In bridging such s
stream it is necessary to provide training works to contract the
stream. The cost of the latter, both initial and recurring, has to
be taken into account in fixing the lincar waterway.

9.3. 1In the ultimate analysis it may be found, in some such
cases, that it is cheaper to adopt a linear waterway for the bridge
somewhat in excess of the regime width given by Equation (8.5,).
But, as far as possible, this should be avoided. When the adopt-
ed linear waterway exceeds the regime width it does not follow
that the depth will become less than the regime depth D given
by Equation (8.5;). Hence such an increasc in the length of the
bridge does not lead to any countervailing saving in the depth of
foundations. On the contrary, an excessive linear waterway can
be detrimental in so far as it increases the action against the
training works.

9.4. Contraction to be Avoided. The linear waterway of
the bridge across an alluvial stream should not be less than the
regime width of the stream. Any design, that envisages contrac-
tion of the stream beyond the regime width, necessarily has to
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provide for much deeper foundations. Much of the saving in cost
expected from decreasing the length of the bridge may be eaten
up by the concomitant increase in the depth of the substructure
and the size of training works. Hence, except where the section
of the stream is rigid, it is generally troublesome andalso futile
from economy consideration to attempt contracting the waterway.

9.5. Streams Not Wholly Alluvial. When the banks of a
stream are high, well defined, and rigid (rocky or of some other
natural hard soil that cannot be affected by the prevailing current)
but the bed is alluvial, the linear waterway of the bridge should
be made equal to the actual surface width of the stream, measur-
ed from edge to edge of water along the H.F.L., on the plotted
cross section.

Such streams are, later referred to as quasi-alluvial.

9.6. Streams with Rigid Boundaries. In wholly rigid streams
the rule of para 9.5 applies, but some reduction in the linear
waterway may, across some streams with moderate velocities,
be possible and may be resorted to, if in the final analysis it
leads to tangible saving in the cost of the bridge.

9.7. As regards strcams which overflow their banks and
create very wide surface widths with shallow side sections,
judgement has to be used in fixing the linear waterway of the
bridge. The bridge should span the active channel and detri-
mental afffux avoided. See, also, Article 20.

ARTICLE 10

THE NORMAL SCOUR DEPTH OF ALLUVIAL STREAMS.

10.1. What is the significance of the normal scour depth?
If a constant discharge werce passed through a straight stable
reach of an alluvial stream for an indefinite time, the boundary
of its cross section should ultimately become elliptical.

This will happen when regime conditions come to exist. The
depth in the middle of the stream would then be the normal scour
depth.

In nature, however, the flood discharge in a stream does not
have indefinite duration. JFor this reason the shape of the flood
section of any natural stream would be governed by the magnitude
and duration of the food discharge carried by it. Some observers
have found that curves representing the natural stream sections
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during sustained floods have sharper curvature in the middle than
that of an ellipse. In consequence, it is believed that Lacey’s
normal depth is an under-estimate when applied to natural
streams subject to sustained floods. We will, however, apply
Lacey’s Equations, pending further research. '

10.2. As discussed later in Article 14 the depth of founda-
tions is fixed in relation to the maximum depth of secour, which
in turn is inferred from the normal depth of scour. The normal
.depth of scour for alluvial streams is given by Equation (8.5;)

so long as the bridge does not contract the stream beyond the

regime width W given by Equation (8.5,)

10.3. If the linear waterway of the bridge is, for some
special reason, kept less than the regime width of the stream,
then the normal scour depth under the bridge will be greater than
the regime depth of the stream (Fig. 10.3).

W0.61
D= D[] e (10.3)
where, W = the regime width of the stream.
L = the designed waterway. When the bridge is assumed

to cause contraction, I is less than W.

D = the normal scour depth when L=W.

D' = the normal scour depth under the bridge with
L less than W,

This relationship is explained in Article 12.

[«————  —STREAM WIOTH W ———){
! 1
- L -4

L~ T
\:‘ N 4 ;

\\ H.E.L 7

N D ,
N /
3\\ l ] ___.__-7;
~
E N, - - - - - ?

FACE OF ABUTMENT/

This fig. represents a hypothetical condition i.e. Uniform
scour, D is the normal scour depth corresponding to
stream width W and D' normal scour depth corres-
ponding to reduced waterway under the hridge,

Fig. 10.3.

[
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ARTICLE 11

THE NORMAL SCOUR DEPTH OF QUASI ALLUVIAL STREAMS

Ii.I.  Quasi-Alluvial Streams. Some streams are not wholly
alluvial. A stream may flow between banks which are rigid
in so far as they succcssfully resist erosion, but its bed may be
composed of loose granular material which the current ‘can pick
up and transport. Such a stream may be called quasi-alluvial to
distinguish it, on the one hand, from a stream with wholly rigid
boundaries and, on the other, from a wholly alluvial stream.
Since such a stream is not free to erode its banks and flatten out
the boundaries of its cross section as a wholly alluvial stream
does, it does not acquire the regime cross section which Lacey’s
Equations prescribe.

11.2. Tt is not essential that the banks should be of rock to
be inerodible. Natural mixtures of sand and clay may, under the
influence of elements, produce material hard enough to defy
erosion by the prevailing velocity in the stream.

When we come across a stream section, the natural width of
which is nowhere near that prescribed by Lacey’s Theory, we
should expect to find that the banks, even though not rocky, are
not friable enough to he treated as incoherent alluvium for the
application of Lacey’s Theory. Such cases have, therefore, got
to be discriminated from the wholly alluvial streams and treated
on a different footing.

11.3. In any such case the width W of the section, being
fixed between the rigid banks, can he measured. But the normal
scour depth D corresponding to the design discharge @ has
to be estimated theoretically as it eannot be measured during
the currency of & high flood.

11.4. When the Stream Width is Large Compared to Depth.
In Article 5, for calculating the discharge of the stream from
its plotted cross section, we drew the probable scoured bed
line (para 5.3). When the stream scours down to that line it
should be capable of passing the discharge calculated there, say ¢
cusecs. But the discharge adopted for design, ¢, may be any-
thing upto 50 per cent more than g (See para 7.1). Therefore,
the scour bed line will have to be lowered further. Suppose the
normal scour depth for @ is D and that for ¢ is d, then,

D=d ><(§)g (11.4)
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Since d is known, D can be calculated. This relationship
depends on the assumption that the width of the stream is large
as compared with its depth, and therefore, the wetted perimeter
is approximately equal to the width and is not materially
affected by variations in depth. It also assumes that the slope
remains unaltered.

@ = Area x Velocity.
= (B.P) (. kY st
= K. RS
where K is a constant.
Hence, R varies as Q§~ Since in such streams R is very

nearly equal to the depth, therefore, I) varies as ¢3. Hence the
Equation (11.4).

From the above relationship it follows that if () is 150 per
cent of ¢, D will equal to 1.27 per cent of d.

115, Alternatively the normal depth of scour of wide
streams may be calculated as under. Tf the width of the stream

és la;ge as compared with its depth, we may write W for P and
or R. ’

¢ = Area x Velocity.
= (P.R)yx V= (W.D).V.
ie., D = @
e W

Now, W is the known fixed width of the stream. If the
velocity V' has actually been observed (para 5.9) then D can be
caleulated from the above equation.

[1.6. Suppose the velocity has not been actually measured
during a flood, but the slope 8 is known.

¢ = Area x Velocity.

B 1.4858 0
= (ke x Byx (F5) RS
1.4858 T SR 1
== X W XN x D (11.6)

Knowing @, W and S, we can caleulate ) from this.
equation.

For quickness, Velocity Curves in Plate 3 can be used.
Assume a value of R and fix a suitable value of the rugosity
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coefficient n appropriate for the stream. Corresponding to these
values and the known slope, read the velocity from Plate 3.
Now calculate the discharge (=} x R x W). If this equals the
design discharge @, the assumed value of R is correct. Otherwise
assume another value of R and repeat. When the correct value
of R has been found, take D equal to R. (See the worked out
Example in para 18.8),

11.7. Another Formula. The procedure described above
can be applied if we know either the slope of the stream or the
actual observed velocity. If we do not known cither of these,
we can apply the following procedure for approximate calcula-
tion of the normal scour depth.

Suppose the wetted perimeter of the stream is P and its
hydraulic mean depth R. If @ is its discharge, then,

) = Arca x Velocity
= (P.R) (. kLsY) (i)

Now if this stream, carrying the discharge ¢, had been wholly
alluvial, with a wetted perimeter P, and Hydraulic mean depth
R, for regime conditions, then,

O = (Py.Ry) (. kY S L (i)
Also for a wholly alluvial stream Lacey’s Theory would give :
Py = 2.67.Q% o (i)
1
047 .4Q*
and Ry = *Q (iv)
f
Equating values of ¢ in (i) and (ii), and rearranging we get :
3
B _ Py v
R, (*P) ©

Now substituting values of Py and R, from equations
(iii) and (iv) in (v), we get
0.86.QV-63 (vi)
T 033 po60

If the width W of the stream is large compared with its depth
D, then we can write 1V for P and D for R in equation (vi). This
will give:

3 ()V.63
b 0.86.¢ L (1L
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Thus, if the design discharge ¢, the natural width I, and the silt
factor f are known, the normal scour depth .[) can be calenlated
from Equtaion (11.7),

The above reasoning assumes that the slope at the section in
the actual case under consideration is the same as the slope of the
hypothetical (Lacey’s) regime section, carrying the same discharge.
This is not improbable wherc the stream is old and its bed
material is really incoherent alluvium. But if there is any doubt
about this, the actual slope must be measured and the procedure
given in para 11.6 applied.

11.8. When the Stream is Not Very Wide. If the width of
the stream is not very large as compared with its depth, then
the methods given above will not give accurate enough results.
In such a case draw the probable scoured bed line on the plotted
cross section, measure the arca and the wetted perimeter and
calculate R. Corresponding to this value of R and the known
values of S and n, read velocity from Plate 8. [f the product
of this velocity and the area equals the design discharge, the
agsumed scoured bed line is correct. Otherwise, assume another
line and repeat. Then measure D).

11.9. Effect of Contraction on Normal Scour Depth. 1If, for
some special reason, the linear waterway L of a bridge across
& quasi alluvial stream is kept less than the natural unobstructed
Wwidth W of the stream, (Fig. 10.3), then the normal scour depth
under the bridge I’ will be greater than the depth D ascertained

above for the unobstructed stream. The following relationship
will apply.

D= D(’z )‘“” . (14.9)

For proof see Article 12,

ARTICLE 12

THE EFFECT OF CONTRACTION ON THE NORMAL
SCOUR DEPTH

121. In Fig. 12.1, W is the width, [ the normal scour
depth, and u the velocity of the stream in an unobstructed reach
upstream of the bridge.
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Fig. 12.1.

If XX is the normal scour bed line and further scouring has
ceased, then according to Kennedy’s Silt theory :

wo=m x (Do (i)

Since the vent-area of the bridge is smaller than that of the
stream, therefore, when the water arrives at the bridge the initial
velocity V through the bridge will be greater than w. At that
stage,

, I

V = u. 1

The initial high velocity } under the bridge is momentary. It
starts further scouring and, in the process, itself begins to
decrease (because further scouring means more area of fow
through the bridge) till equilibrium is reached. If in that state
of equilibrium, the depth under the bridge i+ £ and the final
reduced velocity », then by Kennedy again,

v om ()08 (ii)
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From equations (i) and (ii)
7 0.64
v D) ...... (iii)
u
Now, since the discharge at all sections is the sate, therefore,
uW. = v LD,

where L is the linear waterway through the bridge.

ie,v = ( I.]I)).’ ) Xuw (iv)
substituting for ¢, from (iv) in (iii), we get:
0.61
D =D (”L) ...... (12.1)

Knowing D, W, and L we can calculate the incrcased depth
of scour D’ under the bridge from the above equation.

12.2. 1In this discussion it is tacitly assumed that scour
develops uniformly and the bed line is lowered acruss the whole
section of the bridge in a smooth curve. When that happens the
depth ' will be the Normal scour depth. In natural streams,
however, scour is not uniform. At some points there is deeper
scour than that at others. An expression for the deepest scour in
such cases will be developed later (See para 13.5).

ARTICLE 13

MAXIMUM SCOUR DEPTH

13.1. In considering bed scour we are concerned with alluvial
and quasi-alluvial streams only and not with streams which have
rigid beds.

13.2. In natural streamns the scouring action of the current
is not uniform all along the bed width. It is not so even in
straight reaches. Particularly at the bends as also round obstruc-
tions to the flow, e.g. the piers of a bridge, there is deeper scour
than normal. In the following paragraphs rules for calculating
the maximum scour depth are given. It will be scen that the
maximum scour depth is taken as a multiple of the normal scour
depth according to the circumstances of the case.

13.3. In order to estimate the maximum scour depth, it is
necessary first to calculate the normal scour depth. The latter
has already been discussed in detail. To summarise what has
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been said carlier, the normal scour depth will be caleulated as
nunder :

(i) Alluvial Streams. Provided the linear waterway of
the bridge is not less than the regime width of the
stream, the normal scour depth D is the regime depth
ag calculated from Equation (R.5)).

(ii) Streams with Rigid Banks but Erodible Bed. Provided
the lincar waterway of the bridge is not less than
the natural unobstructed surface width of the stream,
the normal scour depth /) is calculated as explained
in Article 11.

(iii) Modification of Normal Scour Depth. When the bridge
causes contraction, ie., I is less than W, both
foralluvial and quasi-alluvial streams, the modified
normal geour depth /) is given by :

IV =D (lEV)O.ﬁI

where, L = linear waterway of the bridge.

W = regime width in the case of alluvial streams and un-
obstructed natural width in the case of quasi alluvial
streams.

13.4. Rules for Finding Maximum Scour Depth. The rules for
calculating the maximum scour depth from the normal scour
depth are :

Rule 1: For average conditions on a straight reach of the
stream and when the bridge is a single span structure, i.e., it has
no piers obstructing the flow, the maximum scour depth should
be taken as 1.5 times the normal scour depth, modified for the
effect of contraction where necessary.

Rule 2: For bad sites on curves or where diagonal currents
exist or the bridge is a multi-span structure, the maximum scour
depth should be taken as 2 times the normal scour depth, modi-
fied for the effect of contraction where necessary.

Rule 3: For bridges causing contraction, the maximum
scour depth obtained by Rule 1 or 2, should be compared with that
given by the following equation and the greater of the two values
adopted.

W~\1.56
D = D( L

where Dy, is the maximum scour depth, and
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D, L, W have the same significance as above. An explan-
ation of this last rule will now follow.

13.5. Explanation of the Formula.
W\ 1.56
) =
D, 1)( 4

we have to revert to the discussion in Article 12. There we
assumed that scouring under the bridge was uniform and worked
out an expression for the normal scour depth under the bridge.
In natural streams scouring is not uniform and deeper scour
develops at some points than at others (Fig. 13.5). To work out
what the maximum scour will be under such conditions we assume
that, a8 scour develops, the velocity through deepened  parts, P
and @ in Fig. 13.5, does not decrease. More water can 'rush‘ ;nt

pl?rtlons of deeper scour from the sides and the initial vclocit\(?
through the bridge viz., | is maintained in those portions i

b STREAM WIDTH W — ——

P
NON-UNIFORM SCOUR

Fig. 13.5.

V = I Cow v (i)

4

th;r} the maximum scour depth D, has developed there will be
equilibrium hetween T and D,,.

Hence, by Kennedy,

V = m (D,,)"8 )
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Also, as in Article (11)

u = m(D) 04 (iii)
From (ii) & (iii)
V Dy \0-64 (iv)
= ()
Substituting for ¥ from (i) in (iv) and rearranging
D, = D(E )1'56 (13.5)

13.6. It is easy to prove that, where Rule 1 applies, the
maximum scour depth given by it governs so long as the linear
waterway of the bridge L is not less than 65 per cent of W.
Beyond that limit, the maximum scour depth given by Equation
(13.5) is greater.

But where Rule 2 applies, the maximum scour depth, given by
it, will govern where I, is anything down to 47 per cent of W. Since
contractions below this limit are not resorted to in practice, check-
ing by Rule 3 becomes needless.

Examples at the end of this Article will make this clear.

13.7. The finally adopted value of D,, must not be less than
the depth (below H.F.L.) of the decpest scour hole that may be
found by inspection to exist at or near the site of the bridge.

The following examples will illustrate the application of the
rules in para 13.4 above.

13.8. Example I. A bridge is proposed across an alluvial
stream (f=1.2) carrying a discharge of 20,000 cusecs. Calculate
the depth of maximum scour when the bridge consists of :

(a) 3 spans of 50, 76, & 50 ft:
(b) 5 spans of 50 ft cach;
(c) 4 spans of 100 ft each.

Regime surfate width of the stream

W =2.67 0F =2.67 x (20,000) = 380 ft
Regime depth

1 ; 1
0.473 % (20,000)
D=04732 — QAT3X (20,0008

- =12.1 ft
13 (1.2)
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Case (a). Rule 2 applies, since the bridge has piers.
Dy =2X D’ =2x D(W,L)*81
=2x12.1 (380/176)0-61 = 38.8 ft
For check, calculate D,, by Equation (13.5)

Dy==D(W/L) 156 = 121 x (380/175) 158 = 40.6 ft
Adopt 40.6 ft say 41 ft

{Note. In this case Equation (13.5) governs because the
contraction exceeds 47%. Compare para 13.6.]

Case (b). Rule 2 applies.
D, =2D' =2D(W|L)0-61
= 2 x 12.1 (380/250)0-61 — 31.2 ft
Check by Equation (13.5),
Dy = D (W]L)'58 = 121 (380 250)1%6 .. 93 g
Adopt 31.2 say 31 ft
Case (c). Rule 2 applies.
D,=2D=2x 121 =242 ft
Equation (13.5) will not apply as L= IV,
Adopt 24.2 say 24 ft

13.9. Example 2. A stream with rock i
e 2. B y banks has a width
gf 1300 ft. Its bed is alluvial (f = 1.2) and discharge 20,000 cusecs.
alculate the maximum scour depth under a bridge (a) a single

;(r)'ghftfspa.n of 200 ft (b) three spans of total linear waterway

By Equation (11.7):
D = 0.86. Q0.63/(f().33x WO.60)

0.86 % (20,000)0-63/(1 20.33 » 30(0.6)
= 13.5 ft

Case (a). By Rule 1:
Dy = 15D = L5 D(W/L)-61
= 1.5x13.5(300/200)°-6! = 26 f
Check by Equation (13.5),
Dy = D (W[L)% = 135 x (300/200)1-58
= 25.5 ft
Adopt 26 ft

[Note, when contraction is 67%, Rule 1 and Equation (13.5)
give equal values of D,,]
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Case (b). By Rule 2:
Dy = 2% D' == 2% Dx (W10
= 2% 13.5 % (300/200)-61 = 345 ft
Clieck by Equation (13.5),
D,. = D(W]L)'58 = 13.5 % (300/200)1.56
= 25.4 ft

Adopt 34.5 ft

Note: In this cexample the data do not mention the
velocity or the slope of the stream, yet lquation
(11.7) enables us to find the normal depth D of the
unobstructed stream.

ARTICLE 14

DEPTH OF BRIDGE FOUNDATIONS (Dy)

14.1. The following rules have been based on the IRC Code
of Practice for Road Bridges:

RULE (1) Erodible Beds. 'T'he foundations shall be taken
down to a depth below the maximum high flood
level one-third greater than the calculated depth
of maximum scour subject to a minimum depth
below the scour line of six feet for arched bridges,
and four fect for other bridges.

RULE (2) Hard Beds. When a substantial stratum of
solid rock or other material not erodible at the
calculated maximum velocity is encountered at
a level higher than or a little below that given
by Rule (1) above, the foundations shall be
securely anchored into that material. (This
means about one foot or so into rock and
about two feet or so into other hard material).

RULE (3) AWl Beds. The pressure on the foundation
material must be well within® the bearing
capacity of the material. : ,
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These rules enable us to fix the level of the foundations of
abutments and piers.

14.2. The rules mentioned in the last para apply when no
bed floor is provided under the structure and the stream is free to
scour as it may. The structure is then said to have deep founda-

tions. It is sound to design deep foundations as far as
circumstances permit.

14.3. 1In the case of small culverts, however, bed floors may
be provided. In this connection the following is considered
sound practice for culverts on erodible soil :

Keep the top of the floor about a foot below the bed level.
Take the foundations of the abutment 4 ft below the top
of the floor. Provide an upstream curtain wall 3 to 5 ft
deep and a downstream curtain wall 5 to 8 ft deep from
the top of the floor. The precise depth of the curtain walls,
within the stated limits, will depend on the velocity of

flow through the structure and erodibility of the bed
material.

This rule may be followed when it is intended to avoid caleula-
tion of maximum scour depths for want of sufficient site data.

ARTICLE 15
LENGTH OF CLEAR SPAN AND NUMBER OF SPANS

I5.1.  As a rule the numberof spans should be as small as
possible, since piers obstruct flow. Particularly in mountainous
regions, where torrential velocities provail, it is botter to span
from bank to bank using no piers if possible.

15.2. Considering only the variable items, the cost of
superstructure increases and that of the substructure decreases
with an increase in the span length. The most economical span
length is that, which satisfies the equation :

Cost of the } _ {The Cost of the
Superstructure " | Substructure

15.3. Where the bridge is big, and difficult conditions are
anticipated in the sinking of foundations, accurate and detailed
examination of the economic aspect is essential and any devia-
tion from the ideal case have to be justified strongly.
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3 g, where open foun-
I5.4. Length of Span. In small structures, wher
dations can beglaid and solid abutments and piers raised on the'm,
it has been anaylsed that the following approximate relationships
give economical designs.

For masonry arched bridges :

S = 2H (15.4,)
For R. C. . Slal bridges s
S = 1.6H (15.4;)

Where 8 = clear span length in ft

H = total height of abutment or pier from the bottom
of its foundation to its top. For arched bridges it
is measured from foundation to the intrados of
the key stone.

15.5. We have earlier found the depth of foundations, Dy
We should now fix the vertical clearance, which, _added to Dy ,
will give H. For vertical clearance the following is quoted from
the I. R. C. Bridge Code (Clause 105}.

Discharge Vertical Clearance

Below 10 cusecs 6 inches

10-100 " 1.0 ft
100-1000 , 2.0 ft
1009-10,000 ,, 3.0 ft

igni ulverts for roads across flat regions where streams
i?edv?vsi](%emgg(f shallow (mostly undefined dip's.in the ground
surface), and in consequence the mnatural velocities of flow are
very low, the provision of clearance serves no purpose. Indeed
it is proper to design such culverts on the assumption _tha,t the
water at the inlet end will pond up and gubmerp;e the 1plet to a
predetermined extent. This will be discussed later in detail
(Articles 21 and 22).

15.6. The Number of Spans. Lf the required linear water-
way L is less than the economical span length it has to be provided,
as it is, in one single span.

15.7. When I is more than the econqmical span length S,
the number of spans required (N) is tentatively found from the
following relation

L = NS.



166 GOVERDHANLAL ON

I15.8. Since N must be a whole number (preferably odd) S has
to be_modiﬁed suitably. In doing so it is permissible to adopt
varying span lengths in one structure to keep as close as possible
to the requirements of economy and to cause the least obstruc-
tion to the flow,

I5.9. It is assumed that each bridge pier causes contraction
in the filaments of water equal to half its thickness on each side
(Fig. 159). For this reason the finally selected number and
lengths of spans should be such that the sum of all clear span
lengths should be equal to the required linear waterway plus the
sum of the thicknesses of all piers.

Referring to Fig. 15.9,
S8 =S+ =¢ (15.8,)
Also, B = 31+ 25¢ {15.8,)
Here I is the effective linear waterway required according to the
design, 35 = sum of all clear spans, St = sum of all pier thick-

nesses and I is the length of the bridge from face to face of
abutments (See Fig 15.9).

FILAMENTS
oF
WATER PIER.
h
E z
£
o
ti 12 te <
2 2 2
8| | Sp —{ — §5—>
194 3

!
e— B(LENGTH OF BRIDGE) ——

« W(wioTh oF STREAM)—‘-»-'

Fig. 15.9
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ARTICLE 16

STRUCTURAL DETAILS OF MINOR BRIDGES AND
CULVERTS

16.1. Abutment and Pier Sections. For masonry arched
bridges abutment and pier sections should be taken from
Plate 4,

As regards other types of small bridges, the sections in
Fig. 16.1 may be andopted in simple cases not meriting elaborate
calculations,

{ ROAD SURFACE
—9 Ifn.&-c.suw il

: .
B H.F.L H:F.L.:C‘-l"lﬂﬁcz(FAsﬁ T
: 2
6

l %

1IN 12
1IN 12

Fig. 16.1

The base widths of the abutment and the pier depend on the
bearing power of the soil. The pressure at the toe of the abut-
ment should be worked out to ensure that the soil is not
over-stressed.

As regards top width ‘“ A’ of the abutment and ‘13 of the
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pier, see Table 16.1 below.
TABLE 16.1

Top Widths of Abutments & Piers for Slab Bridges r14)

T N y T - 1 1 Al S
CLEAR CEMENT MASONRY ! LIME MASONRY
SPAN A of Abu- . ""A of abut- .
ent B of pier [ et : B of pier
Ft Ins Ins ‘ Ins Ins
10 15 18 18 18
20 18 22 | 24 24
30 22 26 27 30
40 26 30 32 36
50 30 35 | 37 42

16.2. Wing Wall and Return Walls. Long and hefty wing
walls should be avoided. Where the foundations of the wing
walls can be stepped up, having regard to the soil profile, this
should be done for the sake of economy. Quite often short return
walls meet the requirements of the case and should be adopted.

16.3. Unreinforced Masonry Arches. As far as possible
unreinforced masonry arches should be used in preferences to
R.C. C. slabs. The idea is to conserve stecl (which is in short
supply) for larger structures. The wunreinforced masonry
arches may be in stone, P. C. C. precast blocks, or Dbricks.
Plate 4 gives complete details of design [17]. When a masonry
arch is used the sections of abutments and piers should also
be taken from this Plate.

164. R C C Slabs. If a R. C. C. slab has to be used,
its dimensions should conform to those given in Plate 5,

16.5. Width of Roadway. The length of a culvert (along
the direction of flow) should be such that the distance between
the outer faces of the parapets will equalthe full designed width
of the formation of the road. Any proposed widening of the
road formation in the near future should also be taken into
account in fixing the width of the culvert.

In small bridges, the length (parallel to the low of the stream)
should be sufficient to give a minimum clear roadway of 24 ft
between the inner faces of the kerbs or wheel guards. Extra
provision should be made for foot paths etc., if any are
required. ’
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ARTICLE 17

ELEMENTS OF THE HYDRAULICS OF FLOW
THROUGH BRIDGES

17.1.  The formulae for discharges passing over broad c.reste_d
weirs and drowned orifices have heen developed ab initio in this
Section. These formulae are very useful for computing flood
discharges from the tlood marks left on the piers nnd‘ al;utments
of existing bridges and caleulating afflux in designing new
hridges. 1t is necessary to be familiar with the rationale of
these formulae to he able to apply them intelligently.

17.2. Broad Crested Weir Formula applied to Bridge

Openings.
PIER
uz/zg
Z — : A~ . ? _ENERGY LINE z
X n.H
W —= D, v —t Dd
| |
1 BED 2
Fig. 17.2.

Tn Fig. 17.2, X\ is the water surface profile, and ZZ the

total energy line.

At Section 1, the total energy,

"= z_cf+ D v (D)
24

At Section 2. let the velocity head 4B bea fraction » of
H, ie.,

v2 H oes il)
= = n.H. (
AB 2{/
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I_gnoring the loss of head due to entry and friction, and
equating total energies at Scetions 1 and 2 ;

H= A0 = AR + B = nH 4 B
Hence, the depth BC' = (1-n)H o (iid)
The area of flow at Seetion 2,
@ = B(’ x Linear waterway
= (1-n) Hx L.
Velocity at 2, from (ii),
v = (Zgn.H)&
Therefore, the discharge through the bridge

¢ = av.

(I-n») H.L. x (2gnH)%

. . . L .. .
] ['o account for losses in friction a co-efficient ¢, may be
introduced. Thus,

Q=0C,.(1-n)H.L (2,{177}1)é
3 3
=~ CuVI LI 3} - n) (iv)

The ‘de_pth BC" adjusis itself so that the discharge passing
through it is maximum. In that condition,

©_,
dn
le, b.n? — 30t =0 ie,n=1

Putting n = & in (iv)

3
Q = 3.08¢C, LH? e (17.2,)
Combining with (i), '
w?\?
Q = 3.08 (vw.L(D“ + m y e (17.21;)

Since AB is 1H, therefore B('is 8 H, or 667 per cent of H.

On exit from the bridge, some of the velocity head is re-
converted into potential head due to the expansion of the section
and the water surface is raised, so that D; is somewhat greater
t"na,n BC, i.e., greater than 667 per cent of H. In fact, observa-
tions have proved that, in the limiting condition, D; can be 80
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per cent of D,. Hence, the following rule :

““So long as the afflux (1, — Dy) ix not less tha:n 1 Dy, the
weir formula applies, ie., Q depends on I, and is independent
of D;.°

The fact that the downstream depth /), has no effect on the
discharge (2, nor on the npstream depth 1, when the afilux is not

’

less than } /4. is due to the formation of the ** Standing Wave ”.
The co-efficient (', may be taken as under :

(1) Narrow bridge opening with or
without floors " 0-94

(2} Wide bridge opening with tloors. 0-96

(3) Wide bridge opening with no
bed floors 0-98

17.3. The Orifice Formula.

2
l—vlf——u/aq——< = f . ENERGY LINE v
X =

_ T Wb warersureace
u <+ f =————— %
hV4 /
D

u —D Td
1 BED 2

When the downstream depth D, is more than 80 per cent of
the upstream depth D,, the Weir Formula does not hold
good, i.e., the performance of the bridge opening is no longer

unaffected by Dg.

In Fig. 17-3,, XX is the water surface line and ZZ the total
energy line.

Apply Bernouli’s Equation to points 1 and 2, ignoring the
loss of head (h) due to entry and friction.
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3 2
U U
= ]J) h
De + 2¢g + 2q
v u2
r, =Dy -
© 2 ' + 2q

PNy N
(l “ I 2q )
Put Dy- 1y = i,

r[‘hen, v =V%(/l/+%_)5

The discharge through the Section 2.

= a.n

_ S
:L.I}.\/L)g(/,"}-?;,) (i)

Now the fractional difference

between 1’ and Dy is small,
Put Dy for D' in (i).

*)
= L.D, , u” 1% R
/ - V2 [/e _f_:‘l]” (i)

. In the field it is casier to work in terms of 4 (= D, - Dy,
‘nstead of %4'. But 4 is less than %', as on emergence from
the bridge the water surface rises, due to recovery of some

0 a9
velocity energy as potential head. Suppose “ Y

represents
the velocity energy th

at is converted into potential head.

2
eu

Then h' = f 4 &
29

Substituting in (i)

2
V= L, \/2—g(h—f—e¢l gg_ )%

~
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t- 1r g ity ;t t N t 3 Lo fh'.l’l
\()\ Od e & CUL‘“C‘[(,“ U . O acceount f()[ I(I‘\?\( N O Ca(
L Wontrodt > k
1}”0“%‘}1 th( IH ]dhﬂ("' ‘\ ¢ L,’e" .

»

v T2 17.3
() = Co /2. 112y ( h-1-+4c 29 ) { )

' igures 17.3, : 7.3, (10},
For values of ¢ und €', sce Figures 17.3), and 17.3, [10]

— COEFF|CIENT ‘e¢"—
—EB__
—— THE_ORIFICE FORMULA ——

11 I
- H 111
anN
1.0 »
-
N
0-9
©-8
Q-7
0-6
AT
05 T 7]
0.4
HH
0.3
e brid s
= ns.
\,W-amb%f*ru&aaqw?&g of stream.
o-1 a-: Avea of flow under the bn(i?e
A= Unobslructed Area of flow the
a‘Leom. L L
0S5 06 0-7 08 0-9 10

1“ig. 1'7.31,
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— COEFFICIENT Co—
—— THE ORIFICE FORMULA ——
1-00
g
O89S
H+11 4
A
V/
4
0-90
N / 4=
. A
0-8%
L=Sum of bridje spans
W:Unobstructed width of stream.
co Q1 Area of flow under the bridge
A =Upobs1wcted Area of flow of thd
straam.
080 v v
oS 06 o7 08 0-9 10
a L
e
2w
Fig. 17.3,
17.4. In Conclusion. Letus get clear on some important
points :

(1) In all these formulav Dy is not affected in any way
by the existence of the bridge. 1t depends only on
the conveyance factor and slope of the tail race. D,
has therefore, got to be actually measured or calcu-
lated from Area-slope data of the channel as
explained already in Article 11.

(2) The Weir Formuls applies only when a standing
wave 1s formed i.c., when the affllux (h=Dy - Dy)
is not less than } D,.

(3) The Orifice Formula with the suggested values of C,
and e should be applied when the aiffux is less than

} Da.

to show i
discharge under bridges.

— 5
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n Articles 18 and 19

\ ti
175. Examples have been worked ou N afflux and

how these formulae can be used to caleul

ARTICLE 18

AFFLUX

18.1. Theafflux ata bridge is the heading up o'f ﬂ]wv:]itg
surface caused by it. Tt is measured by the dlﬁerono(fe 1;}11 ebri‘d f
the water surfaces upstream and downstream of the ge

(Fig. 18.1).
R,
PIER
N - — —|— A
4 b Afflux
v !
Dy
u
lszo
SECTION

PLAN
Fig. 18.1,
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18.2. When the waterway are
\'ess than the unobstructed natural waterway area of the stream
1.e., when the bridge contracts the stream affux oceurs. Contrac-
tion of the stream is normally not rione © but under some
circumstances it is taken recourse to, if it leads to ponderable
economy. Also, in the case of some alluvial streams in plains
the natural stream width may he much in excess of that required
for regime. When spanning such a stream, it has to be contracted

to, more or less, the width required for stability hy providing
training works. v

‘ 18.3. Wstimating afflux is necessary to see its effect on the
clearance’ under the bridge: on the rvegime of the channel
upstream of the hridge : and on the design of training works.

a of the openings of a bridge i¥

18.4. For calculating afflux we must know (1) the discharge ¢/,
(2) the unobstructed width of the stream W, (3) thelinear waterway

of the bridge, 7. (4) and the average depth downstream of the
bridge Dg.

18.5. The downstream depth Dy is not affected by the bridge
it is controlled hy the conveyance factor and slope of the channel
below the bridge. Also the depth, that prevails at the bridge site
before the construction of the bridgoe, can be assumed to continue
to prevail just downstream of the bridge after its construction.
Thus 7); is the depth that prevails at the bridge site before its
construction. To estimate afflux we must know D;. In actual

problems, 1), is either given or can be calculated from the data
supplied.

18.6. Example. A bridge, having a linear waterway of 75
ft, spans a channel 100 ft wide carrying a discharge of 2500
cusecs. FEstimate the afflux when the downstream depth is 3.0 ft.

Dy=3ft.; W =101t; L =75 ft

Discharge through the bridge by the Orifice Formula,

e u?.
O =0Con 2, 1. D (;,, S S
a 2{]

Corresponding to this, (', = 0.867, « = 0.80

2
2600 = 0.867 X 8 X T5x 3 J(/; + 1.86’5 )
q

s h+0.020 0° = 2.56

" 7
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Also, just upstream of the bridge
Q=W x (Dg + k) X u

2500 = 100 (3 4- 1) x

or h=—-3
Substituting for A from (ii) in (i) and rearranging

w—0.0052 u® = 4.52. » u = 5.2 ftsec.
Substituting for = in (i)
ho= 178 ft

Alternatively.

Assume that # is more than } Da

and apply the Weir Formula
3
Q = 3.08 x (1 H?

2500 = 3.08 x 0.92 X 75 H
o H =516 ft.

i

2
Now H = D. + ;— = Dy (approx.)
q

s Dy = 5.15 ft approx.

Now, Q= W x Dy x u ., 2600 = 100 X 5.15 X u

,uz
o = 4.85; 3, = 0,37 ft
. Tk
,{ = I).“ + ‘—z"*/
5 = Dy 4+ 0.37

D, = 4.78 ft

h=D. — Da = 4.78-3.0 = 1.78 ft

therefore the assumption
f the Weir Formula was

—
[o-]

i1

—
|

Dg
Since h is actually-more than 'y
made was correct and the application ©
justified. | y
+d cross sectional ared
. The unobstructed ¢ross ol Bt %
o O & o B U L i
bridge of 4 spans of 60 ft clear is propos;s;cs
the afflux when the discharge 18 2,300 cusecs.

8
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W = 300 ft; L = 240 ft; Dd=23_80%0=9.5ft

The depth before the construction of the bridge is the depth down-
stream of the bridge after its construction. Hence Dz = 9.5 ft

L 240
w300
By the orifice formula the discharge through the bridge
2
23,000 = 0.877 X 8 x 240 x 9.5 x J( b+ 1.77 .211.)
Vi

0.8. Therefore €, = 0.877 and e = 0.77.

= 160004/ (h 4 0.0277 u2)
ie., b + 00277 u2 = 2.06 (i)
Now, the discharge just upstream of the bridge
23000 = 300 x (9.5 -+ h)u

.6
or h = 26_7;3 =95 e (i)

Putting for 2 from (ii) in (i) and rearranging
1--0.00239.43 = 6.64
©ou = 7.75 ft] sec.
Putting for w in (i)
h =041t

18.8. Example. A bridge 5 of spans of 120 ft each is pro-
posed across a stream, whose unobstructed width is 830 ft, slope
1/2000 and discharge 64,000 cusecs. Calculate the afflux
(n = 0.03).

ILL W:830FT: g

Q « 64000 cusecs; S: Y2000
Fig. 18.8.

We have first to find Dg.
Q= AV =(RP)V = RW.V,
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¢ _ 64000

° = = = 77
. R.V. W 830

Knowing n = 0.03; § = 1/2000, read velocity for various
values of R from Plate 3 and select that pair whose product is
77. Thus we get

R =127 b
V= 6.1
Take Dy = K = 12.7 ft

Now, W = 830 ft; L 600 ft. Dy = 12.7 ft

L 600 .
v Qan = 7 : ¢ '41 = . 7 y ¢ = . )
= 530 0.72 therefore ¢ 0.87; ¢ 0.Y¢

By the orifice formula, the discharge through the bridge
2
64,000 = 0.87 x 8 X 600 x 12.7 (n +1.90’%)
g9

ie., h 400202 2 = 146 TN (i)
The discharge just upstrcam of the bridge
64000 = 830. (12.7 -+ h).u

77
P, h =— 127
u .

Put for k from (ii) in (i) and rearrange
u—0.00200 ¥ = 5.44. . u = 5.85 ft/sec,
Put this value of « in (i), we get :

po= 1315 - 12.7 = 0.45 ft

ARTICLE 19

WORKED OUT EXAMPLES ON DISCHARGE PASSED BY
EXISTING BRIDGES FROM FLOOD MARKS

19.1. Calculating Discharge by the weir Formulae.

Example. The unobstructed width of a stream is 230 ft.
The linear waterway of a bridge across it is 154 ft. In a flood, the
average depth of low downstream of the bridge was 11.5 ft and
the afflux was 3.15 ft.  Calculate the discharge.
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R S S
u 4 h=3-15 FT.
Dy = 4.65FT. T T
Dd = 11 SPT.
; i
Fig. 19.1.
b 315 99
Da 11.15

Since kb is more than 0.25 Dg, therefore the Weir Formula will

apply.
W 230 = ft; L = 154 ft; A = 3.15 ft

Let the velocity of approach be u ft/Sec. The discharge at a
section just up stream of the bridge (Fig 19.1).
Q = u X 14,65 X 230 = 3373 u...oonrnnee et earieea (i)
The discharge through the bridge by the Weir Formula

93
@ = 3.08 x 0.98 x154( 14.65 -+ )

2 3
u 7
= 466(14.65 + @—)
Equating values of @ from (i) and (ii)
U
3370 u -466(14.65 +5)

Rearranging u! = 0.00417 u2 = 3,92
oru = 8.7 ft/sec.

Putting the value of u in (i) or (ii) we get ¢.
@ = 3370 x 8.7
= 29,300 cusecs,

Try the Orifice Formula.

Lo _15¢ 67 © 0, = 0.865; ¢ = 0.95

W 230
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Discharge through the bridge by the Orifice Formula
Q=085X8 x 154 X 11.5 xJ(3.15 4+ 1.95 xg_i

= 12,250 v/ (3.15 4 0304 w2 )..eeevirs ciiin. (i)
Discharge just upstream of the bridge

Q = 230 x 14.65 x

Equating values of ) in (i) and (ii)

12250 A/ (3.15 - 0304 u®) = 3370 u
Simplifying and squaring
416

w? =
A Y

< u = 8.35 ftfsec.

Substituting for « in (i) or (ii) we get ¢
Q = 3370 x 8.356 = 28,200 cusecs.

This result is about the same as given by the first method.
In fact, the orifice formula, with the recommended values of
and e gives nearly correct results even where the conditions are
appropriate for the Weir Formula. But the converse is not true.

19.2. Calculating Discharge by the Orifice Formula.

Example. The unobstructed width of a stream is 425 fy
and the linear waterway of a bridge across it 350 ft. During
a flood the average depth of low downstream of the bridge was
85 ft and the afflux 0.35 ft. Calculate discharge.

— "'Tf\-"cg-s_s?:r—'

DI=8‘85 FT. DJ = 85FT.

Fig. 19.2,

Given: W = 4251t L = 350 ft b = 0.35 ft Let the velo-
city of approach be u. The discharge at a section just upstream
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of the bridge
Q = % X 8.85 X 425 = 3761 U....ocoveeeireverenees (i)
L 350
W™ 425
Corresponding to this, C, = 0.88 and e = 0.63. The dis-
charge under the bridge, by the Orifice Formula,

Contraction = % = = (.825

Q= 088 x 8 x 85 x 350 xJ(o.ss +5'%1?‘2,)
= 20900 A/ (0.35 4+ 0.0255 u2).......coiieerieernen (ii)
Equating values of @ in (i) and (ii)
3761 u = 20900 X A/ (0.35 4 0.0255)u
Squaring and rearranging
w:%i: 51.4. sou = 7.18 ft/sec.

Substitute for « in (i) or (ii) to get ¢.
@ = 3761 x 7.18 = 27,000 cusecs.

19.3. The Border-line Cases. An example will now follow
to illustrate what results are obtained by applying the Weir For-
mula and the Orifice Formula to cases which are on the border
line 4. e., where the afflux is just } D,.

19-4. Example. A stream, whose unobstructed width is 750
ft is spanned by a bridge whose linear waterway is 650 ft. During
a flood the average downstream depth was 8.5 ft and the aflux was
2.1 ft.  Calculate the discharge

h 21
Di- 85 = 0.247

Since % is nearly } Dg therefore both the Weir Formula and
Orifice Formula should apply.

- —_
h=2-1FT.
J B

D,:10- 6 FT.

| |

Fig. 19.4.
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By the Weir Formula.

If the velocity of approach is u, the discharge just upstream
of the bridge

Q = 750 x 106 X w = 7950 w.....ooviiiiiiiivinns e i)

The discharge through the bridge
u2\3 .

Q = 3.08 x 0.98 x 650( 10.6 + gy ) (ii)
liquating values of Q from (i) and (ii)

—ax X Coou2y?

71950 u = 1960 (]0,() +m)
Rearranging

u¥ —0.00615 u2 = 4.18. o = 1075 ftsec

Put for « in (i)

@ = 7950 x 10.75 = 85,500 cusecs.

By the Orifice Formula,

« L 680 s
AT W S50 T°
¢, = 0.9. ¢ = 0.44.

If u is the velocity of approach, the discharge just upstream of
the bridge

Q=750 X 106 X u = T950 u ... coonviirnrenireenrennn( i)
The discharge under the bridge by the Orifice Formula,

. 1.44 w2 ~\3
= 0.9 x 8 x 650 8.5 (2.1 iinalilagy
i 300 x 8.5 ( + o
= 39,800 (2.140.0225 w2 (i)
Kquating values of Q from (i) and (ii)
7950 « = 39,800(2.140.0225 y2)?
w = 5.0(2.1+0.0225 u2)}
Squaring and rearranging—
52.6
0 = . o
w = 4375 120; « = 11.0 ft/sec.

Substituting for u in (i) or (ii) we get Q.
@ = 7960 x 11 =87,450 cusecs.
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ARTICLE 20

OVERTOPPING OF THE BANKS

i tle and the
0.1. In plains where the ground slopes are gen
na.t-u%al velocitlies of flow in streams are low, the flood water may
spill over one or both the banks of the stream at places.

icht of Approach Roads. Consider the case where
the bzl?].l%ofH:}Il% dischgxl*)ge is carried by the main channel and a
small fraction of it flows over the banks somewhere upstream of
the bridge. If the overflow strikes high .grouml at a short distance
from the banks, it can be forceq back into the stream .an.d made
to pass through the bridge. Th}s can bg done by bullc.hng the
approach roads of the bridge solid and hlgh so that they intercept
the overflow. In this arrangement, the h_near Water.way of thg
bridge must be ample to handle the whole discharge without detri-
mental afflux. Also the top level of the a,pproqch roads must b_e
high enough not to be overtopped. If the velocity of the stream is
V, the water surface level, where it strikes the road embankment

will be g: ft. higher than the H.F.L. in the stream at the point

where the overflow starts. This arrangement is therefore, normally
feasible where the stream velocity is not immoderately high.

3. Subsidiary or Relief Culverts. Sometimes, however, the
overlegvz spreads fayl' and away from the banks. ThIles ml)tf 111}-
frequently the case in alluvial plains, where the groun }?ve a :
continuously away from the banks of the stream. In sue c:ses i
is impossible to force the overflow back into the mz}xlm elg rfean;_
The correct thing to do is to pass the overflow thro'l[l‘% T 1e1 cut-
verts at suitable points in the road embankment. tese cu Tlertg
have to be carefully designed. They should not ll;e; :)9 sr(llm 0
cause detrimental ponding up of the overflow, resulting 1nb_ amage
%o the road or some property. Nor, should they be so big as to

attract the main current.

20.4. Permanent Dips and Breaching Sections in Approach
Roads. It is sometimes feasible as well as economical to
provide permanent dips (or alternatively breaching scctions) in
the bridge approaches to take excessive overflows in emergencies.
The dips or breaching sections have to be sited and designed so
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that the velocity of How through them does not become erosive,
cutting deep channels and ultimately leading to the shifting of
the main current.

20.5. Retrogression of Levels. Suppose water overflows a
low bank somewhere upstream of the bridge and, after passing
through a relief culvert, rejoins the main stream somewhere lower
down. When the Hlood in the main channel subsides, the ponded
up water at the inlet of the subsidiary culvert gets a free over fall.
Under such conditions deep erosion can take place. A deep chan-
nel is formed, beginning at the outfall in the main stream and
retrogressing towards the culvert. 'This endangers the culvert. To
provide against this, protection has to be designed downstream of
the culvert so as to dissipate the energy of the falling water on
the same lines as  is done on irrigation ¢ falls .  That is, a suit-
able cistern and bafile wall should be added for dissipating the
energy and the issuing current should be stilled through a pro-
perly designed c¢xpanding flume.

ARTICLE 21
FEASIBILITY OF PIPE AND BOX CULVERTS FLOWING FULL

21.). Many a plain is one vast flat without any deep and
defined drainage channels in it. When the rain falls, the surface
water moves in some direction in a wide sheet of nominal depth.
So long as this movement of water is unobstructed no damage
may occur to property or crops. But when a road embankment
is thrown across the country intercepting the natural flow, water
ponds up on one side of it. Relicf has then to be afforded from
possible damage from this ponding up by taking the water across
the road through causeways or culverts.

21.2.  In such contourless regions the road runs across wide
but shallow dips and therefore the most straightforward way of
handling the surface flow is to provide suitable dips (i.e., cause-
ways) in the longitudinal profile of the road and lot water pass
over them,

21.3. There may, however, be cases where the above solu-
tion is not the best. Some of its limitations may be cited. Too
many causeways or dips detract from the usefulness of the road,
Also, the flow of water over numerous sections of the road, makes
its proper maintenance problematic and expensive. Again,
consider the case of a wet cultivated or waterlogged country (and
flat plains are not infrequently swampy and water-logged) where
the embankment has necessarily got to be taken high above the

a
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ground. Frequent dipping down from high road levels to the
ground produces a very undesirable road profile. And, even
cement concrete slabs, in dips across a waterlogged country, do
not rest evenly on the mud underneath them. Thus, it will
appear that constructing culverts in such circumstances should be
a better arrangement than providing dips or small causeways,

21.4. After we have decided that a culvert has to be construc-
ted on a road lying across some such country, we proceed to
calculate the discharge by using one of the run-off formulae, having
due regard to the nature of the terrain and the intensity of
rainfall as already explained in Article 4.

But the natural velocity of flow cannot be estimated because
{i) if there is no defined cross section of the channel from which
we may take the area of cross section and wetted perimeter; and
(ii) there is no measurable slope in the drainage line. Even where
we could calculate or directly observe the velocity, it may be so
small that we could not aim at passing water through the culvert
at that velocity, because the area of waterway required for the

culvert (A4 = g) will be prohibitively large. 1In such cases the

design has to be based on an increased velocity of Hlow through
the culvert and to create that velocity the design must provide
for heading up at the inlet end of the culvert. Economy in design
being the primary consideration, the correct practice, indeed, is
to design a pipe or a box culvert on the assumption that water at
the inlet end may head up to a predetermined safe level above
the top of the inlet opening. This surface level of the headed up
water at the upstream end has to be so fixed that the road bank
should not be overtopped, nor any property in the flood plain
damaged,

Next, the level of the downstream water surface should be
noted down. This will depend on the size and the slope of the
leading out channel and is, normally, the surface level of the
natural nnobstructed flow at the site, that prevails before the road
embankment is constructed. )

After this we can calculate the required atea of cross section
of the barrel of the culvert by applying the principles of
Hydraulics discussed in Article 22. :

21.5. The procedure set out above is rational and consider-
able research has been carried out on the flow of water through
pipe and box culverts, flowing full.

216, In the past, use was extensively made of empirical for-
n;tila.e which gave the ventway area required for a culvert to
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drain a given catchment area. Dun’s Drainage Table is one of
that class and is purely empirical. This Table is still widely used,
as it saves the trouble of hydraulic calculations. But it is unfor-
tunate that recourse is often taken rather indiscriminately to such
short cuts, even where other more accurate and rational, proce-
dure is possible and warranted by the expense involved. Dun’s
Table, or others in that class, should NOT be used until suitable
correction factors have been carefully evolved from extensive
observations (in each particular region with its own singularities
of terrain and climate) of the adequacy or otherwise of the exist-
ing culverts vis-a-vis their catchment areas. :

21.7. Considerations of economy require that small culverts,
in contrast with relatively larger structures across defined chan-
nels, need not be designed normally to function with adequate
clearance for passing floating matter. The depth of a culvert
should be small and it does not matter if the opening stops appre-
ciably below the formation level of the road. Indeed, it is correct
to leave it in that position and let it function even with its inlet
submerged. This makes it possible to design low abutments sup-
porting an arch or a slab, or alternatively, to use round pipes or
square box batrels.

21.8, Nor should high headwalls be provided for retaining
deep over-fills ; instead, the length of the culverts should be
increased suitably so that the road embankment, with its natural
side slopes, is accommodated without high retainiug headwalls.

21.9. Where masonry abutments supporting arches or slabs
are designed for culverts functioning under ‘“head,’” bed pave-
ment must be provided. And, in all cases, including pipe and
box culverts, adequate provision must be made at the exit against
erosion by designing curtain walls. Where the exit is a free over-
fall a suitable cistern and baffle wall must be added for the dissi-
pation of energy and stilling of the ensuing current,

ARTICLE 22

HYDRAULICS OF THE PIPE AND BOX CULVERTS
FLOWING FULL

22.1. The Permissible Heading up at the Inlet. It has been
explained already that where a defined channel does not exist
and the natural velocity of flow is very low, it is economical
to design a culvert as consisting of a pipe or a number of pipes of
circular or rectangular scction functioning with the inlet sub.
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merged. As the flood water starts heading up at the inlet, the
velooity through the barrel goes on increasing. This continues till
the dlscharge passing throngh the culvert equals the dlscharge
eoming towards the culvert. When this state of equilibrium is
reached the nupstream water level does not rise any higher.

For a given design discharge, the extent of upstream heading
up depends on the ventway of the culvert. The latter has to be so
chosen that the heading up should not go higher than a predeter-
mined safe level, the criterion for safety being that the road
embankment should not be overstopped, nor any property
damaged by submergence. The fixing of this level is the first step
in the design.

22.2. Surface Level of the Tail Race. It is essential that
the H. F. L. in the outfall channel near the exit of the culvert
should be known. This may be taken as the H. F. L. prevailing
at the proposed site of the culvert hefore the construction of the
road embankment with some allowance for the econcentration of
flow caused by the construction of the culvert.

22.3. The Operating Head When the Culverts Flow Full. In
this connection the ecases that have to be considered are
illustrated in Figure 22.3. In cach case the inlet is submerged

T =
-

()

i i v
- '\\L—;—_————-
— T
T

(b)

THE OPERATING HEAD H"
WHEN THE CULVERT FLOWS
FULL

Fig. 22.3,
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and the culvert is flowing full. TIn case (a) the tail race water
surface is helow the ecrown of the exit and in case (b) it is above
that. The operating head in cach case is marked ““ H”’. Thus
we see that :  “ When the culvert flows full, the operating head,
H, is the height of the up stream water level measured from the
surface level in the tail race or from the crown of the exit of the
culvert whichever is higher.”

22.4. The Velocity Generated by “H”. The operating head
“H™ iy utilized in (i) supplying the encryy required to
generate the velocity of How through the culvert, (ii) forcing water
through the iniet of the culvert, and (iil) overcoming the frictional
resistance offered by the inside wetted surface of the enlvert.

If the velocity through the pipe is v, the head expended in

. AR
generating it is o, - As regards the head expended at the entry,
p 2

g

it is customary fo express it as a fraction K, of the velocity

-

2 . .
head g Similarly, the head required for overcoming the

4

-

friction of the pipe is expressed as a fraction Ky of 22_(77‘ From this
it follows, that ;

H=[l + K.+ K |5 (22'9)

From this equation we can caleulate the velooity », which a
given head 7/ will generate in a pipe flowing full, if we know K,
and Ky.

22.5. Values of K, and Ay, K, principally depends on the
shape of the inlet. The following valueq are commonly used :

K. = 0.08 for bevelled or
bell-mouthed entry |

S (22°5 ,)

= (505 for sharp edged |

entry

As regards K it is a function of the length L of the culvert,
its hydraulic mean radius R, and the coefficient of rugosity » of
its surface.

The following relationship exists between Kf and n.

221{2 L

Kf = , .
Y R; )7 (22:5,)
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For cement concrete circular pipes or
‘ ‘ r . ar pipes or cement plast
,g.g WASONLY culverts of rectangular section, the coc{’ﬁcient1 Ofsrirgeo(%
e:o sity » = 0°015, therefore the above equation reduces to :
7:0
00065 1L
6.0 =
] ;= s (22°5,)
oy ] rtY
~ N
4.0 S ‘A T n ¥ >
. eI ‘5,‘ he graphs in Kig. 225 are bused on ¥quation 22'5,.  For a
B A NG culvert of known sectional area and Jength, K7 can be"directl'
5o . EANSRN read from these graphs. s ’
V?!'A& N (o\{ \O r /\\ ]
3 \(\‘\ “ol N \ \ ‘ 22.6. Values of A, and K Modified through Research
2.0 N AN A\ (onsiderable research has recentl arri i
’ \ KJ A\ \\ Uomsidaral o o . n ,Py been carried out on the head
I.5 ‘\._\ N "\xl‘ “b\\ L \ \ demonstrated the fo!l’l(l)wli)xig,(;b. he resultshave unmistakably
- \C
4 N NN :
¢ %\ \ \\ I \ \ f'he entry loss coclticient, A, depends not only on the shape
o \ NAN N\ \ of the entry but also on the size of entry and the roughness of its
b \ q N v&_'ctted surface.  In general A, increases with an increase in thl-
f o9 \X NTY N size of the inlet. :
N
Q.7 AN N YN
:;EO'G \\ N \\\\\ AN \\ Also Kf, the friction loss cocflicient, is not independent
ous A ‘\ \\ \‘\ N of K, Attempts  to make the entry cfficient repercuss adver-
N N YA\ sely on the frictional resistance to ilow offered by tl
> ; \ y the wetted
_ 1\\ X r.surface of the “barrel. Iu other words, if the entry conditions
S Kee 0 \ N improve (i-e. if ’A,. decreases), the friction of the barrel
o FOR C.Ci,plp[;s \\ \l\\ increases (l.e., I\f incrcases). This phenomenon can be ex-
AR e L PIVID | A\ plained by thinking of the velocity distribution insi i
. — i N blained Oy 4 ey . ution inside the pipe.
s i q \ y is square and sharp edged, higl s
0.2 .R % ) \ N lines are concentrated nearer the axis of thg barr Tgl }\l’filOCIb)
[Kf s required o find \ S NN ] bell mouthed entry gives uniform distributi i oo the
the heod lost against ! \ ) hol i ftl ) e of Yelocity over the
Prpood s agonns, | \ whole section of the barrel  From this it follows that, the aver-
flowing full; t NI age velocity being the same in both cases, the velocit’y near th
2 | \ ‘wetted surface of the pipe will be lower for squar .
e ] v v quare entry than for
Hfexo :} L l N \‘ ce{l m;)gthed ;elnm-y.h Hiﬂce, the frictional resistance inside the
; ulvert is smaller when the entry is s 7 it i
SIZE OF CONDUIT [ ! i mouthed. Stream lining the ent-r);f is, g}?eircefoﬁ'}(l\a‘nngthen pole ‘bell
OIAMETER OF ROUND PlPES(FV)”g N P 0 O ~wowy advantage. | —"
, T T T T ,o T ° Tcr Consequently, it has beel res
mes or squene seert b b o L 1] l 1 _y., w b en suggested that the vales of A, and
A :’ % é : 22 ;a 23 Ky ghould be as given in Table 22,6,
-4 oOx
b [o]
u

Fig. 22.5.
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TABLE 228,

Values of K, und Kf v,

o] I «

& o gf Circular Pipes. Rectangular Culverts.
[« BN —-= —————— .

)
= E % | Square l Bevelled Square ]‘ Bevelled
[CIF<FIUIN ! entry entry entry ' entry

i
Ke= 1| 061 g7 0.1 04RO 0.05

i B , o

Kf= | 0.005L[R> 0.0005 4 £1210.0045 1, RLZ ’().004511/11’]-2"

22.7. Design Calculations.

We have said that

2
111=[1+1<8+Kf]§;1

; = H #
e, ¢ = 8(l X, “f(f)
Hence,
- H §
V=dXx 8(1*“ +Kp—+—K—f) (22.7)

Suppose we know the operating h
g head H and the length of th
barrel L; and assume that the diamet g .
] ; ameter of
side of a square box culvert is D). ® round pipe or the

o
Fromi 1 calculate the cross sectional

hydraulic mean radius R of the culvert. area oA and the

Now, from R and £ com Y ’ i i

Now, ” pute K. and K, using appropriate
functions from Table 22,6. Then, calculafte Q fr%ml]%qtfation
(22.7). 1f this equals the design discharge, the assumed size of

the culvert is correct. If not, as '
repeat. » assume a fresh value of D and
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22.8. Design Chart (PLATE 6.)

Kquation (22.7) may be

written asg

Q = )/ 2gH (22 8,)
N
where A = (1 + K, + K;)* (22.8;)
It is obvious that all  components of X in

Tquation (22.8;) are functions of the cross section,
length, roughness, and the shape of the inlet of the
pipe. Therefore N\ represents the conveying capacity of the pipe
and may be called the ¢ Conveyance Wactor’. The discharge,
then, depends on the conveyance factor of the pipe and the
operating head. In Plate 6 curves have been constructed from
Equation (22.8,) from which @ can be directly read for any known
values of \ and H.

Also, in the same Plate, Tables are included from which \
can be taken for any known values of (1) length, (2) diameter in
case of circular pipes or sides in case of rectangular pipes, and (3)
conditions of entry, viz., sharp-edged or round. The material
assumed is cement concrete and values of K, and Kf used in the
computation are based on functions in Table (22.6).

The use of PLATE 6 renders the design procedure very
simple and quick. Examples will now follow to illustrate.

22.9. Example. Data: (1) Circular Cement concrete pipe
full with bevelled entry. flowing

(2) Operating head = 3.0 ft
(3) Length of the pipe = 70 ft

(4) Diameter = 3.5 ft
Find the discharge.

See, in Plate 6, the Table for Circular Pipes with
Rounded Entry.

For L = 75 ft and D = 3.5 ft, the conveyance factor
A=18

Now refer to the curves in the same Platee For \ = 7.8
and H = 3.0ft

Q = 108 cusecs.
10
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. 22.10. .Example.‘ Design a culvert con
sonerete circular pipes with hevelled
given @ (see Fig. 22.10) l

sisting of Cement
entry and flowing full,

Discharge 370
= 370 cusees

= 100.00

R. 1. of ground

H. F. L. of tail race 102.500
. - == 2.0
Permissible heading up atinlet R. L

= 105.50
Length of Culvert

= 60 ft.

Since we sh; : i i
culvert will hh(fll try pipes of diameters exceeding 2.6 {t, the
-will function as sketched -

105.5 .
5.50 FT. ! 102.5
b ?2-514
100-00

60FT — .|
Fig. 22.10.
Assumed value of ) = (1) 3.0 f6: (2) 3.5 f¢ - (3) 4.0 ft
Corresponding

H=585-D

= (1) 2516 (2)2.0ft:(3) 1.5 ft
Discharge per pipe

p) n hl * —
from PLATE6, 0, = (1)70 cus. (2) 92 cus.: (3) 105 cus.:

Number of pipes
required 370/¢) = (1)5.3: (2)4.0; (335
. 3 D) 3.0

. say b say 4 sav 4

Hence 4 pipes of 3.5 ft diameter wil) suit
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Appendix

HIGHEST 17
March , April gp
0.75 0.20
Ist 1952 2nd 1951 )48
(18-19) (8-9) 3
1.16 0.34
21st 1950 2nd 1951 49
20-21 16-17 -
0.08 0.08 )
25th 1951 18th 1933
15-16 20-21
0.20 0.12
23th 1951 Ist 1952)59
0-1 16-17
0.39 0.14
15th 1952 20th 195:
22-23 2-3
0.20 0.11 )
14th 1950 Ist 193050
20-21 23-24 3
0.40 1.80 >
21st 1046 1st 1945)47
10-11 12-13
1.32 2.40 )
9th 1911 9th 1943)52
17-18 18-19 5
1.32 L76 3
25th 1951 4th 195253
23-24 17-18 9
0.01 1.57 3
22nd 1951 30th 195950
17-18 20-21 2
0.34 Lo9 3
15th 1952 14th 195:953
18-19 13-14
0.14
25¢h 195¢
5-6
0.54 0.35 3
28th 1951 26th 1948949
16-17 18-19

November

0.14
24th 1951
(19-20)

0.19
21st 1948
23-24

0.17
23rd 1951
13-14

0.00

0.33
25th 1951
8-9

0.00

1.56
20th 1946
23-24

2.44
8th 1916
15-16

1.14
16th 1948
23-24

0.83
25th 1951
8-9

0.70
23rd 1952
23-24

0.49
5th 1948
15-16

December

0.01
3lst 1952
(6-7)

0.28
24th 14950
16-17

0.03
31st 1952
18-19

0.00

0.29
29th 1951
20-21

0.02
24th 1950
20-21 & 22-23

1.72
1st 1952
16-17

1.04
8th 1942
18-19

0.72
6th 1946
19-20

0.00

0.00

0.07
30th 1950
19-11

Highest intensity

3.12
7th Sept. 1948
(8-9),

2.86
11th Aug. 1951
15-16

1.96
17th July 1949
14-15

1.74
17th July 1950
15-16

1.55
10th Aug. 1952
13-14

2.00
5th July 1950
12-13

3.12
4th Oct 1947
2-3

3.00
26th Sep. 1903
23-24

2.58
9th Oct. 1953
18-19

3.00
23rd July 1951
11-12

1.99
7th June 1953
4-5

1.58
18th July 1953
23-24

1.99
24th Aug. 1952
15-16
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10,

11.

14,

Station

Now Delht
(Safdarjung)

Allahabad
(Bamrauli)
Jodhpur

Jaipur

Amvitsar

. Aligarh

Madras

Bangalore

Kodaikanal

Visankhapatnam

Trivandrum

Mangalore

Tiruchicapally

Nagpur

Amt
Date
Time

Amt
Date
Tiune

Amt
Date
Tino

Amt
Date
Time

Amt
Date
Tine

Amt
Date
Time

Amt
Date
Time

Amt
Date

Timoe

Amtb
Date
Time

Amt
Dateo
Timoe

Amt
Dato
Time

Amt
Date
Time

A
Date
Time

Awmt
Duro
Time

January ‘

1.13
15th 1933
(18-19)

0.18
25th 1950
20-21 & 21-22

0.52
18th 1948
16-17

0.22
11th 1953
11-12

0.32
15th 1953
15-16

0.32
24th 1950
16-17

1.10
27vh 1947

23-24

2.02
16vh 1908
0-1

1.40
l6th 1948
19-20

0.40
18th 1953
2-3

0.86
24th 1953

22.23

0.55
4th 1948
0o-01

February

0.32
4th 1949
(1-2)

0.49
Sih 1953
19-20

0.16
20th 1948
23-24

0.23
20th 1952
7-8

0.26
4th 1952
6-7

0.00

0.26
23rd 1950
10-11

2.34
21st 1901
20-21

0.67
21st 1952
11-12

0.16
23rd 1952
14-15

0.46
21st 1953
15-16

0.37
218t 1950
4-5

March ‘ April ‘ May f June July ’ August September
0.75 0.20 0.33 0.48 1.96 1.48 3.12
1st 1952 2nd 1951 30th 1930 24th 1953 21st 1049 16th 1052 7th 1948
(18-19) (8-1) (15-16) (4-3) (7-8) (15-16) (8-9)
1.16 0.34 0.24 2.37 1.14 2.86 1.46
21st 1950 2nd 1951 16ch 1952 30th 1951 19th 1048 I1th 1951 16th 1949
20-21 16-17 0-1 11-12 1-2 15-16 2-3
0.08 0.08 .70 1.10 1.96 1.60 1.20
25th 1951 18th 1953 30th 1951 27th 1951 17th 1949 13th 1951 4th 1933
15-16 2021 3-4 17-18 14-15 6-7 16-17
0.20 0.12 0.48 1.46 1.74 1.60 0.80
25th 1951 Ist 1952 21st 1950 15th 1951 17¢h 1950 21st 1952 8th 1930
0-1 16-17 16-17 1-2 15-16 19-20 20-21
0.39 0.14 0.18 1.01 0.64 1.55 .09
15th 1952 20th 1933 11th 1932 218t 1952 27th 19532 10th 1952 13ith 1951
23-23 3-3 7-8 23-23 14-135 13-14 17-18
0.20 0.11 0.22 0.96 2.00 0.56 1.08
14th 1950 Ist 1950 30ih 1930 23rd 1950 3th 1950 30th 1950 st 1950
20-21 23-24 17-18 0-1 12-13 10-11 14-15
0.40 1.80 2.07 1.12 0.97 2.45 1.73
218t 1946 1st 10453 19th 1952 1st 1949 9th 1946 25th 1950 23rd 1950
10-11 12-13 3-4 20-21 1-2 2-3 3-4
1.32 2.40 2,76 2.40 2,35 2.79 3.00
9th 1911 Oth 1y43 30th 1900 Ist 1952 25th 1916 5th 1948 26th 1903
17-18 18-19 19-20 22-23 1-2 21-22 23-24
1.32 1.76 1.58 0.8 1.02 0.92 0.82
25th 1951 4th 1952 22nd 1951 Sth 1951 Tth 1049 23rd 1953 & 121h 148
23-24 17-18 17-18 17-18 12-13 28th 1950. 16-17

13-16; 16-17
0.01 1.57 1.20 0.67 3.00 2.20 2.11
2ond 1951 30th 1051 27th 1952 18th 1952 28:d 1951 20th 1951 22nd 1950
17-18 20-21 19-20 8-9 11-12 14-15 13-14
0.34 1.09 1.25 1.99 0.80 0.35 0.62
15th 1952 H4th 1952 10th 1932 7th 1933 tth 1953 13th 1052 4th 1953
18-19 13-114 17-18 4-0 5-6 2-3 17-18
0.14 0.23 1.08 1.8 0.67 0.58
23th 1953 28th 1953 J0th 19533 18ch 1933 Ist 1953 4th 1953
H-6 5-6 19-20 2324 2223 3-4
e 0.29 0.33 0.60
26th 1953 25th 1933 27th 1953
17-18 23-24 20-21
0.59 0.35 0.42 1.20 1.86 1.99 1.90
28th 1951 261h 1948 27th 1940 27th 1947 21t 1051 24th 1952 5th 1951
16-17 18-19 1819 20-21 22-23 15-16 18-19

October ' Novembor

0.36
30th 1948
(17-18)

0.59
201h 1949
10-20

0.00

0.03
4th 1932
20-21

0.00

0.09
1st 1050
22-23

3.12
4th 1947
2-3

2.00
21st 1952
14-15

2.58
9th 1953
I8-19

2.03
28th 1950
21-22

1.46
25th 1953
8-9

0.85
10th 1949
6-7

December
0.14 0.01
24th 1951 31st 1952
(19-20) (6-7)
0.19 .28
21st 1948 24th 1930
23-24 16-17
0.17 0.03
23rd 1951 31st 1952
13-14 18-19
0.00 0.00
0.33 0.29
25th 1951 29th 1951
8-9 20-21
0.00 0.02
24th 1950
20-21 & 22-23
1.56 1.72
20th 1946 1st 1952
23-24 16-17
2.44 1.04
8th 1916 8th 1442
15-16 18-19
1.14 0.72
16th 1948 6th 1946
23-24 19-20
0.83 0.0
25th 1951
8-9
0.70 0.00
23rd 1952
23-24
0.49 0.07
5th 1048 30th 1950
15-16 10-11

Highest intensity

3.12
7th Sept. 1048
(8-9).

2.86
11th Aug. 1951
15-16

1.96
17th July 1949
14-15

1.74
17th July 1950
15-16

1.55
10th Aug. 1952
13-14

2.00
5th July 1950
12-13

3.12
4th Oct 1947
2-3

3.00
26th Sep. 1003
23-24

2.58
Oth Oct. 1953
13-19

3.00
23rd July 1951
11-12

1.99
7th June 1953
4-5

1.58
18th July 1953
23-24

1.99
24th Aug. 1952
15-16
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Station ‘ January February March April May June i July August September ‘ Octobor November | Docomber ‘Higllest intonsity
15. Jagdalpur Amt 0.44 0.00 0.00 1.13 0.00 0.55 0.78 1.13 1.45 0.83 0.16 1.07 1.45
Date  23rd 1943 15th 1953 5th 1933 22nd 1953 12¢h 1953 23¢d 1933 10sh 1953 11th 1953 9th 1952 23rd Seps. 1933
Time 1-2 19-20 18-19 2122 13-14 1314 16-17 3-4 17-18 15-14
1. Bhopal Amt 0.05 0,00 2.40 0.62 0.75 0.71 0.03 0.00 0.28 240
(Bairagarh) ate Sth 1952 18th 1053 16th 1952 Sth 1953 14th 1952 14th 1952 20th 1952 18th Jl.me 1953
e 7-8 & 8-9 15-16 15-16 4-5 18-19 3-4 20-21 15-16
17. Poona Amt 0°40 0.1 0.18 1.36 2.10 1.71 0.67 1.32 1.60 1'54 0.84 0.40 2.10
Date  22nd 1948 24th 1938 26th 1938 & 1953 30th 1933 1953 4th 1932 15th 1947 21st 1951  I8th 1932 3rd 1931  1st 1932 30th May 1933
Timo 8-9 19-20 27ch 1947 17-18 12-13 2-3 15-16 21-22 4-5 0-1 17-i8
15-16; 17-18
18. Calcutta At 0.35 0.42 0.96 1.73 1.90 2,22 1.08 2.50 2.32 2.08 0.98 0.14 2.50
(Alipore) Date  30th 1944 23rd 1946 13th 1948 25th 1052 20st 1047  23rd 1944 176h 1951 120h 1947 27ch 1945 I5th 882 Ist 1950 23rd 1947 12th Aug., 1047
Time 3-4 7-8 20-21 19-20 8-9 15-16 16-17 1-2 3-4 . 19-20 6-7 1-2
19, Caleatia Amt 0.15 1.19 0.77 1.60 1.40 2.48 2.68 177 1.81 1.36 0.53 0.00 2.68
(Dum Dum) Date — 1948 1948 1948 1949 1953 1053 1953 1051 1049 1951 1950 July 1953
Time
20, Asansol Amt 0.54 018 0.77 0.76 0.80 1.30 1.42 1.32 0.83 0.62 0.29 0.00 1.42
Dute  — 1053 10th 1952 2nd 1932 22nd 1952 27th 1951 22ud 1952 5th 1053 10th 1950 10th 1951 3pd 1951 11th 1953 5th July 1953
Time 12413 20-21 16-17 21-92 14-15 3-4 16-17 16-17 15-16 6-7 3-1
21. Chirrapunji Amt 0.22 1.00 2,04 3.60 3.64 4.28 5.00 2.96 4.20 1.74 0.66 0.14 5.00
Date 23rd 1953 10th 1930 J0th 1951 7th 1947 11th 1948 17th 1949 11th 1952 23rd 1951 14th 1951 4th 1951 18th 1950 20th 1951 11th July 1952
Time 2.3 4-5 2-3 23-94 0-1 6-7 0-1 11-12 0-1 1-12 23-34 13-14 0-1
22 Poer Blair Amt 0.37 102 0.52 .40 2,00 1.40 1.18 2.33 1.54 2.30 0.80 0.72 2.33
’ Dave 1953 1053 1952 1952 & 1953 1952 1053 1951 1953 1951 1951 1951 1951 Aug. 1953
Time
23. Saugor Island Amt 0.50 1.36 0.62 1.02 1.64 2.16 R 3.00 2.72 1.29 1.07 0.63 3.00
Date 1953 6th 1948 10th 1952 1949 21at 1940 10th 1950 1051 18th 1952 1951 11th 1952 18th 1950 1947 18th Aug. 1952
Time 9-10 18-19 22.23 10-11 9-10 3-6 8-9 9-10
24. Jamshodpuar Amt 0.60 0-41 0.76 0.81 2.14 3.38 1.94 2.43 1.68 ) 0.04 0.70 0.11 3.38
Date 27th 1949 4th 1948 241h 195) Tith 1049 20th 1049 10th 1949 17th 1053 20th 1953 14th 1950 Ist 1947 25th 1948 14th 1047 10th June 1949
Time 20-21 15.16 18-19 21-22 15-16 0-1 2-3 21-22 23-24 14-15 23-24 11-12 0-1
25, Gava Amd 0.46 0.25 0.58 0.46 1.02 1.64 1-76 2.40 1.85 1.00 0.50 0.16 2.40
' ' Dato 27th 1949 sth 1049 24th 1948 19th 1953 12th 1046 22nd 1953 6th 1947 3st 1946 13th 1948 10th 1948 27th 1948 28th 1932 Jlst Aug. 1946
Time I18-19 19-20 19-20 17-18 22.23 15-16 16-17 0-1 45 18-19 4-5 2-3 0.1
M. Agartala Amt . 0.87 0.74 —_ 0.83 1.40 1.46 1.3 1.533
206 Amnrial Dato 1953 1953 1953 1953 1933 1933 Oct. 1953
Time
- : _ 1.40 1.69 1.24 0.65
27. Mohanbari Amt -_— .es . 69 : .
(Dibrugarh) Dare 1053 1953 1953 1053
Time
2 aro Amt 0.11 0.04 0.60 1.28 1.08 0.98 1.89 1.14 1.89 1.44 0.02 0.00 1.89
2. Dokar Dave 11th 1952  10th & 22nd  16th 1952 10th 1951 26th 1951 28th 1952 11th 1951 Y7th 1951 10th 1952 29th 1951 25th 1951 11th July 1951_&,
Time 9-10 1952 11-12 17-18 18-19 23-24 18-10 2-3 13-14 17-18 21-22 l(l)gh]:juptlr.:;lli);ﬁ

7-8; 5-6
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Station

29. Hazaribagh

30.

3L

33.

34.

38.

39.

Dhanbad

Bombay
(Colaba)

Bombay

(Santacruz)

Veraval

Vengurla

Ahemeodabad

RBaroda

Chikaltana

Hyderadad

(Bogumpet)

Mahahaloshwar

Amt
Dato
Time

At
Date
Timo

Amt
Date
Time

Amt
Dato
Time

Amt
Dato
Time

Amt
Date
Time

Amt
Date
Time

At
Date
Time

Amt
Date

Time

At
Date
Time

Amt
Date
Time

| January

0.17
11th 1952
4-5
0.08
11th 1952
10-11

1.84
1926

0.00

0.00

0.00

0.14
1953

0.17
1953

Trace

1953

0.14
1953

0.20
22nd 1948
10-11

Fobruary

0.10
10th 1952
7-8

0.17
10th 19052
8-9

0.49
1937

0.00

Trace
1952

0.00

0.00

0.10
9th 1952
16-17

0.82
20th 1950
14-15

0.02
21st 1948
14-15

J‘ March ‘ April ! May l June ‘ July ‘ August
0.49 0.80 1.00 0.48 1.37 1.66
2nd 1952 15th 1952 28th 1952 26th 1952 16th 1952 19th 1952
17-18 14-15 14-15 15-16 18-19 22-23
0.14 0.24 0.61 1.24 1.93 1.24
16th 1952  14th 1952 12th 1952 15th 1952 24th 1952  6th 1952
12-13 16-17 34 10-11 19-20 6-~7
0.11 0.11 2.17 4.22 2.68 2.14
1951 1951 & 33 1943 11th 1847 1949 1935
0.00 0.00 0.00 3.28 3.60 0.83

1953 1952 1953
0.00 0.00 0.00 0.85 1.00 0.98
24th 1952 18th 1952 1953
12-13 9-10
0.00 0.39 0.50 1.80 1.66 0.60
18th 1952 25th 1952 4th 1952 1953 1953
18-19 10-11 6-7
0.00 0.00 0.02 1.20 1.39 1.04
1953 1432 1953 17th 1951
16-17
0.00 0.00 0.00 0.95 1.11 1.49
1953 11th 1950 1953
23-24
0.00 0.16 0.34 1.42 1.32 0.22
1933 22nd 1952 1953 1953 6th 1952
22-23 16-17
0.40 0.55 0.79 1.69 1.72 1.17
26th 1951 19th 1051 29th 1950 Oth 1952 1953 1953
17-18 12-13 19-20 0-1
0.76 0.18 0.88 2.00 1.32 1.00
6th 1948 14th 1951 1949 23rd 1951 20th 1950 1946
17-18 15-16 23-24 6-7

September ‘ October

0.94
10th 1952
23-24

1.35
7th 1952
1-2

5.06
1949

1.08
1953

0.94
1953

0.53
1953

2.08
1953

1.34
16th 1950
23-24

1.46
20th 1952
22-23

0.92
10th 1950
20-21

1.59
1950

0.19
O9th 1052
15-16

1.20
13th 1952
11-12

1.70
11th 1948
7-8

0.97
7th 1952
22-23

0,00

0.00

0.25
1st, 1952
15-16

0.92
14th 1951
14-15

178
1st 1951
15-16

\ November

December

0.00

0.00

1.25
1927 & 22nd
1948
-; 34

0.00

0.00

0.00

0.00

0.00

0.39

1951

0.00

1.14
20th 1951
21-22

0.02
28th 1952
7-8

0.00

0.46
1933

0.00

0.00

0.03
9th 1052
20-21

0.00

0.00

0.05
13th 1952
20-21

0.06
11th 1052
14~15

0.04
26th 1950
11-12

Highest Intensity

1.66
19th August 1952
22-23

1.93
24th July 1952
19-20

5.06
Sept. 1949

3.60
July 1952

1.00
18th July 1952
0-10

1.80
4th June 1952
6-7

2.08
Sept. 1958

1.49
August 1953

1.46
20th Sept. 1952,
16-17

1.72
July 1953

2.00
23rd June 1951
23-24




SMATL RIDGE

CONCENTRATION TIME t. (HOurS)

RUN OFF DATA

Q=AT,-X
Q = RUN OFF IN CUSECS; A= AREA OF CATCHMENT IN ACRES; [~ THE MAX:
DNE HOUR STORM PRECIPITATION IN INCHES FOR THE REGION .

A=2{P
t.+1

FOR # SEE INSET CURVE; FOR P SEE INSET TABLE; SEE t. FROM CURVES.
AFTER READING f,P,AND tc , CALCULATE A . THEN COMPUTE Q.

Houas
10 FTCURVE
9 \ - \.\ , 10
8 Y NN e 0
7 ~ ~
| - S o8
Loy ~ —~ o N
~ N ~ ~~N T ~T] .60
50 o~ ~—— 06 i ol e """gfsoo
40 —~ a e T S s tos
' T~ - NN O 10 20 30 40 50 60 TO 80 90 {00
I~ ~] \\ L T~ I — AREA x 1000 a.CYeS .(Area of CATCHMENT)
30 S~ T~ P o ! L
~ ~L LS Nk .J"ﬁ’ 19 ;\\\ |
] o N v 8 | ]
201 - - >\\\ [~ (,)3 = T
] [~~~ ~— . (ogs '\\\ \.\\\.\J
L5 4 I~ .‘J \\ \\\ ~
H\L‘L N\ T 44 \)\}\L K\N\ktk\::\\
\\ ~ N~ ™~ ~_ TN NN
o9 I —> - [~ u
a 3 N~ N e N
g-o —I ‘,\ < \\ ‘h ]
o7 - ~J o~ TN
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TIME OF CONCENTRATION IN HOURS , fc __HL_)O 3 5; WHERE L= LENGTH OF CHANNEL IN MILES FROM THE CRITICAL POINT TO THE CULVERT;
H=FALL " FEET FROM THE CRITICAL POINT TO THE CULVERT.

CURVES FOR TIME OF CONCENTRATION
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AREA OF CATCHMENT [N SOQUARE MILES

RUN OFF (9) IN CUSECS FOR “ONE HOUR RAINFALL(],) OF ONE INCH

Q, (CUSics) Q ™ g > v
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P SMALL CATCHMENTS
30001 DATA . AREA « 850 ACRES ; SLOPE OF MAIN STREAM 5%
SO 1S LOAM LARGELY CULTIVATED (e, P=0-3 VIDE
INSET_TABLE ; ONE HOUR RAIMFALL ln-zsms FIND Q.
EMTER AT AREA: 850 ACRES; MOVE , VERTICALLY
TO INTERSECT S2 5 % UNE ; Movg @uoun\.w
2000+ TO INTERSECT OO LINE ; Jom WITH P =0O-3 AND
EXTEND TO q, SCALE . READ q = 3
Q= Qqr1,=3%50=25=875 Cusecs .
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ROCK STEEP BUT WOODED ... . . .. ........ -9 TR
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AREA OF CATCHMENT IN ACRES
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GOVERDHANLAL oN SMALL Bripats & CULVERTS

MASONRY ARCHES FOR

HIGH LEVEL BRIDGES.

S = clear spon. D :depﬂ\ of haunch fi"ing at pier'
. . ROAD LEVEL — r4T
L = effective span=S+08T. - 3 & cbutment = L3
A = hdlf span = 9. Widths of wall to retain hgunch filling:-
s T e a B = Base widll W= Top widlh .
" = rise ' L0, Sre,__ Brick | Stone _ Brick
- Upto 20 1-0 1-1ye -0 1~ 152
= radius urvature of intrados 20’ -5 | 1% voo” | i
R radius of cur e of in °2 e I R
= _.___02*,."‘ 39 2-0" 2-3" 1-0” 1= 1%
T = }hjCRness of arch at crown. i E = width Of obuimen{ and abutment
C = cover over crown of arch pier at springing.
up to road level. = width of pier at springing.
EFFECTIVE SPAN IN FEET L) i 4 8 10 1S 20 25 30 a5 40
ARC‘H THICKNESS AT CRO\NN & " ‘H‘ET'SS COVER ’TH!CKNESS COVFRW T)’chN[s} COVER »“A“(i‘Nf-SS COVER [THICKNESS| COVER [THICKNESS| COVER [THICKNESS] COVER *"HHZIN[SS COVER [THICKNESS| COVER
COVER OVER CROWN FOR . —.'T IN.JFT. ™ FT N, [FTOIN T IN. FT. l_'f_.i';—-m FY. v {rT. IN._’FY. INFFY. IN |FT N PRT N JFT. N FT. N ey, N |FT N T AN
(@ 1st. GLASS ORESSED STONE OR CENMENT CONCRETE 1—o|1—6| 1—0| 2-0[ 1 —0| 20| 1 —3|2-0|1 — 6| 2-0[1 - 8| 2-3|1 - 3|2-6|1-10]2-§|2 - 0| 2-6&
{(1:2¥2:5) BLOCK MASCONRY IN CEMENT MORTAR (1:3) _
| R
(b ‘.. CLASS DRESSED STONE OR CEMENT CONCRETE 1—0|1-6|1-0{2-01 —3| 2-0[1 -6 |2-0]1 - 9|2-0|1-10|2-3|2- 0|2-6|2~3|2-¢| 2—6|2-6
I (1:2¥2:5) BLOCK MASONRY IN LIME MORTAR (1:2)
{®) 1st CLAS5 BRICK MASONRY IN CEMENT MORTAR (1:3) I= Ve[ t=6] I-17%| 2-0| | =1%2|2-0| | —6|2-0{1-1042-0| 1 -10/22-3]2~3|2-6|2 -3 |2-6|2-7"|2-6
i
(3 st CLASS BRICK MASONRY IN LIME MORTAR (1:2) [=1%{1—6]| I-1%2{2-0]1 —6|2-0| 1-10%2—0 |1 -1042-0;2 -3 |2-0]2-7[2-0{3-0|2-0|3-4%|2-0
€ i — — - I—9 -0 2 — 2—9
(€) LIME CONCRETE (STONE METAL &) AT CROWN =3}, _gLL—6 2-0 =8}, , 2-012=01, 12231, 4 2-0
HYDRAULIC LIME MORTAR) AT SPRINGING I—3 |—6 I— 8 2—-0 -3 2—6 3-0
WIDTH AT SPRINGING:- FT IN, FT. IN FT. N. FT. IN, FT. IN, FT. IN. FT N FT. N, FT. .
() 1st. CLASS STONE MASONRY IN CEMENT MORTAR (1:3) B
€t {3 CLASS BRICK MASONRY IN CEMENT MOR'(\'/E"; (1:3) 2 — M| 3 — 4% 3 — 9 4 — 6 5 — 3 6 — O 6 — 9 7 — 6 8 — 3
PIER ] _ _ _ _ - _
@ lst'_EC‘LsASS STONE MASONRY IN CEMENT MORTAR (1:3) I— 8 2 — 3 2 — 6 2 9 |3 3 3 9 4 3 |5 o |5 9
() 4t CLASS STONE MASONRY IN LIME 'MORTAR (1:2) I — 10 2 — 6 2 — 9 > — O > — 3 > — 9 4 — 3 5 — o 5 — 9
@ 13t GLASS BRICK MASONRY IN CEMENTMORTAR (1:3) | 1 — 104 2 — 3 2 — 7%| 3 — O 3 — A2 4 Z v a4 — 6 5 — 3% 6 — o
) foo. CLASS BRICK MASONRYIN LIME  MORTAR (1:2) I — 1Y% 2 — 7% | 3 — 0O 3 — 4% 3 — 9 4 — Y2 4 — © 5 — 3 6 — O
©) i GLASS STOKE MASONRY 1N uuijr:nwx- (1:2) 2 — O 2 — 6 2 — 9 3 — 3 | 3 — 9 ) 2 — 10
(9 1:r. CIASS BRICK MASONRY N Linig ] Sas™™ ™Y 1:2) I — o] 2 — 713 — O 3 — 4% 3 —~ 9 4 — 12| 4 — 10% )
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Note :—1. The specification for the masonry of abutmonts, abutment piers and piers is assumed to be
the same as that used for the mansonry of the arch ring itself, except that

(i) the top of abutments and abutment piers for a depth of 2 ft shall be in cement
in all cases, and

(ii) for lime concrete arches, the abutments, abutment piers and piers may be either in
stone or brick masonry in lime mortar.

2. Thickness of abutments, abutment piers & piers at different depths below spring for arches
of various spans arc given in separate tableg and graphs.

DESIGN LIVE LOAD:- I. R. G. Standard Class ‘A’ (Revised 1947) Wheel Load Train
SHAPE OF ARCH :- Segmental.

RISE/SPAN RATIO(R;S:—) 1/4

DESIGN STRESSES SAFE STRESSES
MATERIALS OF CONSTRUCTION : IN TONS/p’
Compressive. Tensile.
First class dressed stone or cement concrete block masonry
in cement mortar 1 :3 15 1.3 (20 LBS./a")
First class dressed stone or cement concrete block masonry
in lime mortar 1:2 8-9 0.65 (10 LBS./a")
First class brick masonry in cement mortar I : 3 8-9 1.3 (20 LBS./o")
First class brick masonry in lime mortar 1: 2 5--6 0.65 (10 LBS./a")
Lime concrete masonry (with stone metal & hydraulic lime mortar) 45 0.65 (10 LBS./a")



C - Clear cover minimum ll.
N = End cover or clearance 14’
or 2D whichever is more.
D - piameter of main reinforcement
bar (from tables) .

Spacing of distribulion reinforce-

CLEAR _SPANS 3 FT.TQ 25 FT,.

e - = bitummous or ofher filling. —
t E /,,/,'-: """""
D
.}*”e 71 U | 'y L_L a Y n/f”
TN ¢ Paper or tarred joint

- ,"

e —+————te o CLEAR SPAN § FT.

between slabs & pier cap.

Lengﬂ) of bearin

0.5+0.048 feet or 14" whichever is less.
Thickness of bearing slab or pier cap.
0.25+0.028 feet.
overall depth (from tables)
d +C+ D/z
Effective depth (from tables)

TABLES FOR FREELY SUPPORTED R. C. SLABS FOR ROAD BRIDGES & CULVERTS

Paper No. 167—-Inp1ax Roaps CoNeress Fournal, Voo

°° £ fi. o longitudingl camber measured to the centre of the
ment (from fables). | el Nole For o e o L o o measured fo the c
L = ef @ctive Span S +d. .
TABLE A = FOR WEARING COAT UP TO 3 INS. THICK TABLE B-FOR WEARING COAT OVER 3 INS. AND UP TO 9 INS. THICK
g “Geeni | irmi | MAN RENFORCEMENT | peinroRCEMent AR s oo (e | AN RENFORCEMENT | o REBRCEENT
LEAR BENDING M::::;M DE(;)FT : DEOTH AREA PER [NO.OF MAIN gfﬁ%’é‘é’ AREA CLEAR iz;;oﬁ:«: SHEAR . LO:B sf;a DIAM. AREA PER |NO.OF MAIN %EQEEE% AREA
SPAN e raor | PER FOOT oo G SPCHGr00T METIEASS SN o1a LI pem oo || SN | o o | PERFOOT Excimcfsciuel O [SCNG 00T MTHOASS SN 0 WS o roor
worn [T eoar | END SoRN - WIDTH COAT | coaT END &
FT. INS. LBS. LBS. INS. INS. INS. INS. SQ. INS. NOS. INS. INS. SQ. IN. FT. INS. LBS. LBs. INS. INS. INS. INS. 3Q. INS. NOS. INS. INS. 8@ . IN.
S M \Y H d D As e S M \ H d D _ As _ - e
3 | 34,000] 970 | 7.00| 575]| %8 | 3V | 0.408 il Y | 7 0.189 3 | 34,000] 3970 7.00] 575] 3 | 37 0-1_108 nj: |/8 7 0.189
4 46’000 4,440 | 700| 575| 2 [4Y | 0.554 nil o 9% | o0.241 4 46,000 4,440| 7.00| 575 :/2 4%, | 0554 . nil I/z 9i/4 0.241
5 55:ooo 4,520 | 800| 675] 2 | 4 | 0.586 [linevery 4| "2 |9'4 [ 0250 5 56,000 4,520 | 8.00| 675 % # 0.586 [linevery 4 1/2 9./2 0250
6 | 93000 5670 | 925| 800| 2 3 [ o785 [I» 4l Y |8, | 0285 6 (102,000 5670| 9.50( 8.19]| %% ‘i@ 0818 [I* » 4 I/z 7|/2 0314
= 7 [113000| 6,050 | 1000| B69| 98 [4Vs| 0868 [I» » 4| Yo |73 | 0304 7 [121,000| 6,050]|1025] 8.94| S | 4/ ] 0868 |1» » 4 T/‘2 -/T/Q 0314
8 |3a:ooo 6,250 | 11.00| 969 | Y8 4 0920 [t7 » 4| V2 |7h ] 0314 8 |147,000] 6,250 | 11.25] 994| S | 3%, ] 0982 |1+ » 4 I/2 7]/2 0314
9 [159,000] 6,590 [11.75[ 1037 34 [5Ys | 1010 (17 » 4] Y5 |75 | 0314 | 9 [170,000| 6,590 | 12.00(i062| 34 5 1.060 |1 » » 4 1/2 7T,4 0.325
10 |190,000] 6,660 [1275] 11.37] 34 [434 | 1120 Ji» » 4] S [ I 0.335 10 [204,000] 6,660 | 1300 11.62]| 3 | 4% | 1120 [1» » 4 5/2 744 0.325
"2 [250,000] 7,210 | 1425|1287 34 |[4V4| 1248 [i» » 2| % 105 | 0351 12 [273,000] 7,210] 15001362 3, # 1,325 [t» » 2 s/e |oy/2 0.351
14 [320,000] 7,630 | 1600|1450 ¥ |3% [ 1413 [1» » 2] 5% | 10 0.368 14 1351,000[ 7,660 16.75]1537] 3% [ 3% [ 1.510 [1e = 2 5/8 9'/4 0.378
15 (357,000 7,860 |17.00]1550) 1 |eVs| 1510 {t» ~» 2] 5 | 10 | 0368 15 |391,000{ 7,980 {17.75}16.25| ! g 1570 1= » 2 5/8 9]/2 0.388
16 |394,000| 8,160 | 17.75| 1625 | 6 1.571 [Ll” » 2| 5 [9% | 0378 16 |437,000] 8,310]1850|17.00] 1| 51/4 1.640 |1 » » 2 5/5 9% | 0398
18 |474,000| 8,630 [19.25]17.75] 1 [s5'e | 1714 |i» » 2| 58 |9'% | 0388 18 |526,000| 8,930 [20.25]1875] i %/4 1.795 [1» » 2 5/e ; 0.409
20 |567,000| 9,260 [21.00(19.50| | 5 1.885 [I» » 2| 5/ 9 0.409 20 |628,000| 9,550 (22.00[20.50| | 47/4 1.083 [1» » 2| 54 8]/4 0.421
22 |662,000] 9,760 [22.50[21.00] 1 [4Y% | 2090 [1» » 2| S |83, | 0421 22 [742,000] 10,330 [23.75]|22.25[ | | 44| 2216 [1» + 2 :/a 8l/2 0433
24 |755000| 10,380 | 24.00[22.50| | |4Vs| 2216 [17 7 2] ¥4 | 12 0442 24 1866,000( 11,170 [2550]24.00{ 1 4 2.356 [1l» » 2 3/4 |||/2 0.452’r
25 [830,000{ 10,750 [25.00(23.50 | 4 | 2356 [1» » 2 34| 12 0442 25 935,000 11,310 [26.50]25.00] | 3% ‘2‘51;:) Plv 2- 2] 3 it 0.462
) L ~I'ART 4,

211
Plate 5

DESIGN LOADING—LR.C. Standard—Class ‘A’ (Revised 1947) wheel

load train.

DESIGN STRESSES—Concrete. (fc) = 750 Ibs. per sq- in; Steel (fs) =

18,000 1bs. per sq. in.

MODULAR RATIO—Fixed 15

A\YO/L’S :—_1 .

The design tables apply to slabs of bridges & culverts with a
clear road width of not less than 2 traffic lanes.

Main reinforcement governed by bond and shear considera-
tions up to spans of 4 ft.

In table B, the values of Bending Moment for spans upto 5 ft
and values of shear for spans upto 12 ft have been kept for
convenience the same as in table A, although, for a 9” wear-
ing coat, actual requirements would be somewhat less owing
to dispersion effect.

The number of main bars to be bent up towards the supports
should not exceed that indicated in the tables. The number
has been so fixed as to keep bond and tensile stresses on the
residual bottom bars within the permissible limits.

The area of distribution reinforcement should be not less than
1 . . . . . .
vi times the area of the main reinforcement. Distribution

bars should be securely welded or wired to the main bars at
every aliernate joint.

If full length bars are not available and joints have to be
provided, lap joints of length 40 D are permissible provided
no joint comes at midspan and all joints are well staggered.



213
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SYNOPSIS

This paper presents tho results of a laboratory study on the stabilization
of the black ecotton soils (Montmorillonite group) found in the Decean.
The application of this method of stabilization on certain alluvial soils in
the Gangetic plain is also indicated.

Black cotton soil could not be stabilized even with 20 per cent of
cement but & minimum of 10 per cont cemont with 10 per cent limo promised
a satisfactory result. The same strongth can also be obtained by the addition
of 40 to 50 per cent sand to the soil hefore mixing with 10 per cent
cement. But none of these methods are likely to he economieal,

Heating this soil to 500 deg. . Dbrings it virtually to the nature of a
sandy soil which ean be stabilized with 10 per cent cement,  But the addition
of 20 per cent natural soil to the heat-treated soil hefore the addition of 10
per vont coment greatly increasos its compressive strength and brings it to a
value equal to that obtained by mixing with 10 per cent cemeont and 10 per
ceut lime or with 40 to 50 per cent sand and 10 per cent comont,

This soil can also be stabilized with the addition of 7§ por cent natural
soil to the heat-treated soil and 6 per cent road tar No. 3.

These methods were applied to certain alluvial soils from Bengal (both
Montmorillonite and Kaolinite groups) and the results are given. The
action of lime on these soils is not as significant as in the case of the hlack
cotton soils, The addition of natural soil to the heat-troated soil of
Kaolinite group shows deocrease in strongth against the increase noticed
in black cotton soils, However, the effect of heat-treatment on these two
soils from Bengal although not as remarkable as in the black cotton soil is
still noticeable.

It is considered that a stage in the laboratory investigation has reached
when confirmatory data from field trinls are essential to indicate further
investigation,

INTRODUCTION

1. In India there is lack of progress in any large-scale
soil-stabilized construction of roads or airfields in spitq of the
the recent advances both in soil science and in the technique of
construction. This may be attributed, to a large extent, to the
peculiar soil-types which are not economically amenable to
stabilization for large-scale construction.

2. Principal Soil Types. Pedologically, India may be divided
broadly into three main regions namely :

(a) The Peninsula covered partly by red soils and laterite
soils and partly by black cotton soils.

(b) The Gangetic Plain containing alluvium in various
degrees of maturity.

(¢) The Himalayan highlands having marked vertical
zonation and including brown earths developed
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naturally under deciduous forests, pedsolized soils and
clayey soils.1%

3. The soil map of India by Dr. J. K. Basu® Figure 1,
shows the incidence of the principal soil-types. It is seen that
black cotton and alluvial soils cover more than half of the
country.
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*Reofer to serial No. in the bibliography.
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4. As far as is known, a suitable and economical method of
large-scale road construction by stabilization of black cotton soils
found in India has not yet been developed. Investigations were,
therefore, initiated by the Author at the Engineering Research
Wing of the College of Military Engineering, Kirkee, on a labora-
tory scale in 1951. This investigation has now reached a stage
where field trials are desirable.

The laboratory method of stabilizing black cotton soil has
also been applied to the stabilization of certain alluvial soils of
the Gangetic Plain. Because of the varieties of alluvial soils
found in this region, the latter study is not yet complete. How-
ever results so far obtained are included in this Paper in order to
assess the applicability or otherwise of this method to other
clayey soils.

5. Heat Treatment of Clay. The burning of clayey soils into
bricks as a means of stabilization is well known. But the tempe-
rature of burning to get good bricks is very high, often approach-
ing 1200 deg. C. It has been found in the lahoratory study that
at & temperature approximately half of the brick-burning tempe-
rature, certain changes in the physical constituents of clayey soils
take place which make the stabilization of these soils compara-
tively easy. The present investigation shows that the heat
treatment cannot be applied indiscriminately to any type of
clayey soil because the benefits derived from it vary with soil-
types. The treatment is likely to be economical only for soils
having certain clay mineral characteristics.

6. Identification of Clay Minerals. In accordance with the
character of their lattice structures, clay minerals are normally
classified into three groups, viz., Kaolinite, Montmorillonite and
Illite. The methods of identification of clay mineral, which also
give an approximate estimate of the amount of minerals present,
are ;

(a) the Differential Thermal analysis, and
(b) the X-Ray Diffraction analysis.

In the Differential Thermal analysis, the sample is heated to
1000 deg. C. at a uniformly increasing rate in the course of which
reactions occur, which in some cases exothermic i.e., giving off
heat and in others endothermic i.e., absorbing heat. The pattern
of these reactions for a particular soil type provides a good guide
to the identification of the mineral contents and estimating their
quantities.

The X-Ray analysis is based on the principle that crystal-
planes diffract X-Rays. The diffracted X-rays are registered on a
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photographic film and the dimensional relationships of these lines
are used as a basis of computing the plane-spacing of crystal
planes?.

In this investigation, the identification of clay minerals was
based on dehydration curves. This method is dependent on the
loss in weight of samples heated to different temperatures. The
loss in weight is plotted against the temperature and the charac-
teristic dehydration curves are obtained. The dehydration curves
obtained by Kelly, Jenny and Brown* are shown in figure 2.
Dehydration curves of certain Indian soils published by Seshadry
and Krishnamurthy® have also been used for comparison.
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(d) Chemical Characteristics.
EXPERIME
MENTS ON BLACK COTTON SOIL Per cent
7. The Black ) ‘ Residue of soil samples passing through No. 40
India, is a hemfy f}éi?l?rnegollf of Indlq. The black cotton soil, in sieve remaining insoluble
which is a black basal, 'l‘hec ;’I?’ey soil derived from Deccan tv’r&p in hydrochloric acid ... .. 59.33
ti_le_bla,ck colour is generally a&??l:ctc?lntent i Sonerally low and Fe,0, !
le'lded tetaniferous magnetic, 11‘1}12 qté)ilthe Presence of finely Al,0, ... 13.68
ggiﬁgfazgﬁre thela rainfall js insuﬂicie;lt togcetl)lslra;iy 1?ccurs in Ca 0 6.11
Dlote le&chinge::sr]lg fr'c;‘in high temperatures a,n% ]trus ifr?gotz?f Mg 0 o 398
caleium carbonage oo .. e s50il iy characterjsed by a f Organic matter 1.53
varies from 3 to ¢ ef;zncretlops (Kanka,r) The depth of :ﬁ:esooil
drying, the so] ohrs ly{cca&uonally going down 30 to 40 feet. On The dehydration curve of the black cotton soils tested is
often aaid thag oy nbs and cracks to such an extent that it is shown in figure 3. The curve was obtained as described in
used in the i ® black cotton soi] Ploughs itself > 1 Py, . il para 6.
P Investigation wag obtained fr . The soi
of Poona om the neighbourhood
12 r/—
. 8. Characteristics of the Black Co ; "
of the black cotton 80il investigated ar;tgoir:rerslo{)l;ioW(jh&m(’teri“ics o
: //
TasLe 1 £
Cu ¢ : f
ARACTERISTICS oF Brack Corron Soi, E ’ /
(@) Particles Size Analysis, ; N /
Gravel per cent. ; s
rave
1.0 | Spec; . -
Coarse sang P pecific gravity 2.76 g o 7/
Fine sangd . 240 § 3 /
Silt .. 168 | B8 value (modified ., /
Clay e Bag| AASHO ap gaty. Al /
rate condition) 2.3 /
0
'l . per cent, 100 200 300 400 500 600 700 @00 900
(b) PlaStZCLty limats. TEMPERATURE 1IN DEGREES CENTIGRAGE
Liquid limit w625 ) Maximum  densigy Fig. 3
Plastic limit . 34.2 AASHO
103 ]bs Dehydration Curve of the Black Cotton Soils investigated.
Plasticity index ~. 301 ber cu, f4,
9. Granular Stabilization of the Black Cotton Soil. Soil samples
(c) Shrinkage tests. W in which the proportion of clay (less than 0.002 gl’? dla;.) ranged
. Optimum Moist from 42.4 to 1.2 per cent were prepared b)f the. a.d. ition of varying
Shrlnkage limit 17.80 1sture quantity of sand. The physical properties indicated that a mix
Shrinkage ratip . 2. content 24.2 of 2 to 3 parts of black cotton soil and 7 to 8 parts of sand gave
Linear sheink .12 the minimum plasticity index, minimum linear, shrinkage,
hkage ... 17.50 per cent. maximum shrinkage limit and maximum dry density.

pH 7.3
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TABLE 2

PROPERTIES OF VARIOUS MIxES oF Drack
(‘orroN S0, AND SaND

(@) Mechanical Analysis.

|
Soil sample ' Coarse | Fine . )

No. Gravel " eand ( sand ’ Silt ] Clay.
1 1.7 9.0 29.9 17.0 42 .4

2 0.7 16.9 26.4 16.0 40.0

3 2.1 29.0 18.7 13.8 36.4

4 3.4 37.1 10.9 15.2 33.4

5 4.4 42.0 14.6 9.2 19.8

6 2.8 50.9 12.5 8.0 25.8

7 58 54.2 16.4 8.6 14.8

8 5.3 66.9 11.8 6.7 9.3

9 6.8 78.7 5.1 3.9 5.5

10 8.3 839 5.4 1.2 1.2

(b) Index Properties.

Soil .. ] Plasti- | Shrink- | Shrink- .
Sample Liquid | Plastic | * ¢y \ age age I;}nqz;r
No. limit, limit. index. | limit. ratio. 1mig.
1 56.0 29.8 26-2 17.1 2.15 17.5
2 51.0 28.0 23.0 15.8 2.08 156.9
3 41.0 22.5 18.5 15.4 2.06 144
4 36.0 202 15.8 16.4 2.03 10.0
b 34.8 18.8 16.0 189 1.98 8.0
6 33.1 18.2 14.9 19.2 1.95 8.0
7 31.5 18.1 13.4 18.5 1.90 5.6

Samples 8, @ and 10 showed very little change from sample No. 7

The results in Table 2 indicate that black cotton soil can be
stabilized only by the addition of coarse sand 3 to 4 times its
bulk. As sand hasto be transported over long distances in the
Poona region, granular stabilization of black cotton soil is
uneconomical.
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10. Stabilisation with Bituminous Road Qil. The soil mixes
shown in Table 2 were tried with different percentages of shell
goil-stabilisation oil (S8S Oil) which is a commercial product,
containing bitumen, fuel oil and wax. This oil, ranging from
1 to 4 per cent by weight of soil, was used alone as well as mixed
with 2 to 3 per cent of lime. Specimens were subjected to direct
shear, crushing, cone-penetration and water absorption tests.
The test results clearly indicated that the oil did not give
satisfactory stabilization of the black cotton soil.

These tests also showed :

{a) Although the shear strength of SSS oiltreated soil was
greater than that of the untreated woil, the soil sample
became saturated when immersed in water, indicating
that the treatmeunt by SSS oil failed to waterproof
the soil particles.

(b) The shear strength of the saturated sample of the black
cotton soil treated with 888 o0il was higher when mixed
with sand than without the sand. The addition of sand,
therefore, improved the water-proofing quality of SSS
oil.

(¢) The addition of lime did not improve the water-proof-
ing action of the oil to any appreciable extent.

11. Effect of Chemical Stabilizers.

The following wellknown chemical stabilizers were also

a) Aneline-Furfural,
b) Calcium Stearate,

)
d) Cut-back bitumen RC + Aluminium Soap, and

(
(
{¢) Sodium Rosinate,
(
(e) Trethanol-Amine.

Samples were prepared with various chemical stabilizers
noted above and were subjected to crushing and water absorption
tests. Aneline—Furfural is the most effective of the stabilizers
used. But none of the chemical stabilizers was very satis-
factory.

12, Stabilization with Cement. Va.ryipg percentages of
cement were added to the various mixes of soil and sand indicated

12
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in Table 2 to determine the stabilizing effect. The test specimens
were subjected to crushing and durability tests, i.e., 12 cycles of
alternate wetting and drying. Figure 4 shows the compressive
strength of black cotton soil when mixed with various proportions
of sand and cement, while figure 5 shows the index limits of the
goil with various percentages of cement. The composition of the
mixture of sand and soil used was the same as soil sample No. 10
in Table 2.
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Compressive strength of Black Cotton Soil when mixed
with different proportions of sand and Cement.

Figure 4 indicates that the maximum compressive strength
generally occurs when 70 per cent sand and 30 per cent black
cotton soil is mixed with cement.

Also 8 per cent cement plus 45 per cent sand or 10 per cent
cement plus 25 per cent sand mixed with the soil gave compressive
strength of 250 1b per sq. in. The large quantity of sand required
for stabilization with cement precludes the use of this method in
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areas where sand is not available in large quantities within
economic haulage.
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Fig 5.
Index Limits of Black Cotton Soil mixed with different
percentages of Cement,

Without the admixture of sand the black cotton soil in its
natural state could not be stabilized satisfactorily with even 20
per cent cement as shown in Table 3.

TABLE 3

Tug COMPRESSIVE STRENGTH OF SOIL-CEMENT MIXES
APTER 7 Days CURING.
1bs per s8q. in.

Black cotton soil4-10 per cent cement 102
Black cotton soil+15 per cent cement 145
Black cotton 80il420 per cent cement 192

The results obtained were similar to the results obtained when
lime was used as a stabilizer. See para 13.

13. Stabilization with lime. The determination of exchangea-
ble bases in black cotton soils is complicated by the presence of
considerable amounts of free calcium carbonate, From the
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results of analysis published by Basu? it is seen that the principal
base is calcium accompanied by small amounts of magnesium,
potassium and sodium. The total base saturation capacity, as
found by Basu, in the upper layers of black cotton soils in the
Deccan canal areas varies from 65 to 78 per cent. Addition of
lime to the natural black cotton soils was found to improve their
physical properties but the actual reaction of lime is still obscure.
Lime helps the coagulation of suspended matter thereby reducing

the clay particle distribution in the sample.

The effect of mixing varying percentages of lime with the
black cotton soil in changing the index limits is shown in figure 6.
Although Liquid Limits decrcases with the increase in the propor-

tion of lime, the Plastic Limit increases at first and remains high.
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PERCENTAGE OF ADMIXTURE OF LIME

Fig 6.
Index Limits of the Black Cotton Soil mixed with
different percentages of lime.

It was also observed that the addition of 4 per cent or more
of lime made the effective dispersal of the suspension difficult for
the determination of silt and clay. These samples (with lime)
were cured for 48 hours before carrying out the tests.

That the addition of limo or cement decreases the Liquid
Limit and increases the Plastic-Limit was also reported by
Spangler and Patel® in a laboratory study of the engineering
properties of a heavy, sticky, clayey soil in Southwest Iowa,
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U. S. A. This soil was selected by them because outwardly it
appeared to be similar to black cotton soil in Southern India.
The results published in the paper referred to above are reprodu-
ced below :

TaBLE 4

REsuLTs oF Prasricity TESTs oN GUMBO SOIL AND VARIOUS
MixES oF LIME AND CEMENT

b | T | R
Natural soil 69.0 27.3 41.7
Soil-lime Mixtures
Soil + lime 1 per cent 64.0 47.0 17.0
Soil 4 lime 2 per cent 61.5 49.5 12.5
Soil + lime 3 per cent 57.0 46.0 11.0
Soil + lime 4 per cent 54.5 44.5 10.0
Soil + lime 8'per cent 51.0 43.5 7.6
Soil-cement Mixtures
Soil + cement I per cent 62.0 32.0 30.0
Soil 4+ ecement 2 per cent 60.0 38.0 20.0
Soil + cement 3 per cent 58.0 36.0 22.0
Soil + cement 4 per cent 55.0 35.0 20.0
Soil 4- cement 8 per cent 55.0 47.0 7.5

14. Stabilization with Cement and Lime. The results shown
in Figs. 5 and 6 led to the use of cement and lime combination as
a possible stabilizing agent. Different percentage combinations
of lime and cement were mixed with the black cotton soil and the
specimens were subjected to tests after curing for 7 days. The
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results are shown in Table 5.

TaAaBLE 5— TABLE SHOWING THE IMPROVEMENT IN
STRENGTH AND WATER-PROOFING AcTiON oF CEMENT-LIME
STABILIZATION

(a) Crushing Strength

l Crushing strength after

Percentage of stabilizing . 2 .
g £ I 7 days curing & immersion

agents in water for 48 hours

Lime Cement 1b per sq. inch

3 6 53

6 3 69

3 10 120

6 10 172

10 3 227

10 6 276

10 10 448

(b) Swelling and C.B.R. Values

‘ .
Percentage of stabilizing ‘ Percentage of ’ C. B. R. value

swelling after 4 after 4 days
agents : days immersion ‘4 immersion
Lime Cement

0 0 7.4 1.9
3 3 012 142
3 6 005 208
6 3 1-60 203
6 6 150 250
10 3 0-00 260
10 6 0-00 250
10 10 0-00 250

Note : The cement and lime formed a structural material
after curing and the C.B.R. values were obtained
from the maximum reading of the penetration dial

" gauge. This usually occurred before the piston
could penetrate for 0.1 inch because crushing took
place before penetration was achieved.
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The results shown in Table 5 indicate that a combination of
at least 10 per cent lime and 10 per cent cement might give satis-
factory stabilization of the black cotton soil. ‘This can only be
confirmed by field trials.

The results with 10 per cent lime and 10 per cent cement are
better than with 20 per cent cement (see Table 3 page 225).
The practical application of this method in areas far from rail-
ways is questionable because of the costs involved in the trans-
port of cement and lime.

15. Effect of Heat-treatment of the Soil. Experiments were
conducted to see the effect of heat on the physical properties of
the black cotton soil. The experiments were prompted by the
expectation that at high temperatures, the crystalline lattice
structure of the clay mineral might be disrupted due to the loss
of water molecules and that free alumina and silica liberated in
the process might form complex Aluminosilicates with further
rise of temperature. The physical properties may be expected to
depend on the duration and temperature of the heat-treatment
and the nature of the clay minerals.

The black cotton soil was heated to different temperatures in
an electric muffle furnace and its physical properties were exa-
mined to see if the heat treated soil was amenable to stabilization
economically with stabilizing agents such as cement or bitumen.

The physical properties of black cotton soil heated to different
temperatures are given in Table 6.

TABLE 6

PrYSICAL PROPERTIES OF Brack CorTon SoiL HEATED
7O DIFFERENT TEMPERATURES

(a) Index Properties of the heated soil

Temperature maintained Liquid Plastic Plasticity
for one hour Limit  Limit Index

degrees Centigrade

300 52.3 32.1 20.2

340 477 31.3 16.4

360 45.4 32.0 13.4

400 —_ —  Non-plastic
500 — - do

600 - — do

800 — s — - do
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TABLE 6 (Continued)
Puysicar, ProPERTIES oF Brack Corrox Sorr. Heatep
TO DIFFERENT TEMPERATURS
(b) Mechanical Analysis of the Heated Soil

Temperature of Coarse | Fine Silt Clay
heating for one hour sand sand "l Ay
Degrees Centigrade | per cent| per cent| per cent) per cent
300 4.2 24.5 17.6 53.7
340 4.7 26.5 23.1 45.7
400 5.0 26.8 25.2 43.0
500 60.8 21.4 11.9 5.9
800 88.0 10.5 0.1 1.4
(c) Shear Value of the Heated Soil
Temperature of heat : Apparatus jAngle of internal Cohesi
ing for one hour used friction ohesion
Deg. Centigrade
500 Constant strain 42° 11b per
Disc shear 8q. inch
apparatus
500 Triaxical shoar 41.2 2 1b per
apparatus 8q. inch

It will be observed from the tabulated results that the black
cotton soil has virtually the consistency of sand when subjected
to a temperature of about 500 deg. C. The change in the soil
structure that takes place when the temperature is raised from
400 deg. C. to 500 deg, C. is remarkable (see Table 6 ~ Mechani-
cal analysis). This observation is corroborated by Grainger in
his laboratory study on a sample of black cotton soil obtained
from Nigeria.

The observation recorded by Grainger on Nigerian soil is
interesting. In his tests for producing a low-grade aggregate from
black cotton soil, the best results were obtained by heating soil-
samples to temperatures ranging between 500 deg. C. and 700
deg. C. At lower temperatures, the material still possessed the
properties of a soil and was easily broken up on impact. When
heated to over 700 deg. C. the material became harder and more
brittle till at the higher temperatures of burning it was again
more easily shattered,
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16. Stabilization of Heat Treated Soil with Cement.  The first
set of laboratory investigations were carried out to sec if the black
cotton soil heated to 500 deg. C. could be stabilized with cement.
The average crushing strength of soil samples stabilized with 10
per cent cement at the optimum moisture content was found to
be :

Crushing strength
Ib per 8q. inch

(a) without curing 22
(b) After curing for 7 days 126

As these values were much lower than the acceptable minimum
value of the strength of cement-stabilized soil samples, further
tests were carried out in which the black cotton soil, heated to 500
deg. C. for one hour, was mixed with different percentages of
natural black cotton soil and then stabilized with 10 per cent of
cement. The results on Proctor compacted specimens after 7
days of damp curing are shown in Table 7.

TaBLE 7

(OMPRESSIVE STRENGTHS OF SPECIMENS OF HEATED Brack
Corton Sorr (5007 C) STaBILIZED wWiTit 10 PER OENT
CEMENT AND DIFFERENT PERCENTAGES OF
NaruraL Bracr Corrox Sorn

Percentage of natural

. Compressive
black cotton soil AN
added to the heated S]t}fenfrtl: m Remarks
goil. (Cement 10 per ipnch‘ 1
cent throughout)
0.0 126
7.5 293
12.6 380 The results tabulated are
20.0 420 the average of six samples,
25.0 356
30.0 214

On the other hand, if lime is added to the mix of heated
black cotton soil with 10 per cent cement, the increase in the
compressive strength of the soil sample registers no improvement

13
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on the strength obtained by mixing natural soil as will he seen
from the following Table.

TABLE 8

COMPRESSIVE STRENGTH oF SPECIMENS o HrATED Brack
CorToN Soir (500" C) STABILIZED WITH 10 PER CENT
CeMmENT aND Various PROPORTIONS OF LiMe

1

Percentage of lime Crushing strength 1b per sq. inch

0 126
2 165
4 217
6 277

The results shown in Table 7 are interesting. The compres-
sive strength of heated soil-cemont mix increased with the
addition of natural soil up to 20 per cent. Beyond this limit,
further addition of the natural soil decreased the compressive
strength.

The optimum content in increasing the compressivo strength
of the stabilized soil is understandable. Shear resistance iy one
of the important physical properties for soil stability.

Shear resistance = Cohesion plus normal load x coefficient
of internal friction.

Until there is enough clay to coat the non-clay minerals and
supply appreciable cohesion, maximum shear resistancoe of non-
plastic soils is governed by friction, cohesion being negligible. As
the clay content increases so as to coat all non-clay mineral
surfaces, cohesion becomes more important and is maximum when
all the individual clay surfaces are separated by water films of a
definite thickness. There will be a decrease in cohesion if the
thickness of water films is greater or less than the critical thick-
ness®. Asthe soil in its natural state of moisture content was
mixed with the heated soil the shear resistance and hence the
compressive strength of the mix was reduced when the clay
content increased beyond the amount required to coat all non-
clay mineral surfaces.

That the addition of natural soil to the heated soil in
increasing the strength of the soil-cement mix is advantageous as
it should reduce the cost of construction considerably.

1o
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17. Stabilisation of the Heated Soil with Road Tar -No. 3.
The heated black cotton soil when treated with Road Tar No. 3
gave very promising results. It was found that the‘ minimun
quantity of the road tar required for a thorough mixing with
the black cotton soil in its natural state was 10 per cent.

But the proportion of tar can be reduced by heat-treating
the soil. Small quantities of the black cotton soil heated to
500 deg. C. and treated with 5 per cent road tar, when immersed
in water for over a month, did not show signs of disintegration.

IFurther tests on the heated soil mixed with different percen-
tages of natural black cotton soil and 6 per cent of road tar were
carried out. The results obtained are shown in Table 9. Although
5 per cent tar could be mixed with heated soil alone, it was found
that at least 8 per cent tar was required for mixing when natural
goil had been added to the heated soil.

Tasre 9

COMPRESSIVE STRENGTH OF SPECIMENS oF HEATED Brack
CorToN SoiL (500° C.) Stavitizép WiTH 8 PER cENT Roap
Tar No. 3 axp DivvereNT PrROENTAGES OF UNHEATED BLAck

CorToN Soil. (NATURAL SOIL)

After seven days air curing of Proctor compacted specimens

Compressive strength
in 1b per sq. inch.

Percentage of unheated
black cotton soil

0.0 112 (5 per cent Road Tar

used in this case.)
7.5 3294
10.0 _ 280 i (8 per cent Road
126 210 ¢ Tar was used.)
15.0 267
20.0 267

It is observed that for stabilization of heated black cotton
s0il with -Road Tar No. 3, the optimum clay content is obtained
by the addition of 7.5 per cent of n_atura.l,soil. A fairly reasonable
strength, 329 1b per sq. in. is obtained.
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18. Summary. The black cotton soil used in this investiga-
tion has the following characteristics :

Per cent

Clay 54.0
Sils 16.8
Fine sand 4.2
Gravel 1.0
Liquid limit 62.5
Plastic limit 32.4

The Granular stabilization of the black cotton soil requires
the addition of coarse sand 3 to 4 times the quantity of the soil.

The soil could not be satisfactorily stabilized with bituminous
road oil and the latter failed to waterproof the so0il particles
effectively even in combination with lime. Also, the addition of
various chemical stabilizers did not give satisfactory result.

The black cotton soil in its natural state could not be
stabilized with even 20 per cent cement. This soil when mixed
with 70 per cent of sand and 10 per cent ccment gave satisfactory
results. The addition of lime improved stabilization. A minimum
of 10 per cent cement with 10 per cent lime gave better results
than with 20 per cent cement only.

But none of these methods of stabilization can be considered
economical enough to be used in road or airfield construction.

Heat-treated black cotton soil, on the other hand, can be
stabilized with cement or Road Tar No. 3 provided it (heat-treated
soil) is mixed with the requisite quantities of natural black cotton
soil to provide the necessary finer particles and cohesion. Heat-
treated soil mixed with 20 per cent natural soil and 10 per cent
cement gives the best results. When Road Tar is used, only 7.5
per cent of natural soil plus 6 per cent Road Tar No. 3 give the
maximum strength. All percentages mentioned are by weight of
the heat treated soil.

INVESTIGATION RELATING TO ALLUVIAL
SOILS IN GANGETIC PLAIN

19. Two representative samples of alluvial soils of the
Gangetic plain were obtained for investigation from the deposits
in the humid climate of Bengal.
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(1) From Kankinara which is situated about 12 miles north
of Calcutta, and

(2) from Panagarh which is situated about 100 miles north-

west of Calcutta.

Both groups of alluvial soils show high silt contents.

20. Characteristics of Alluvial Soils. Characteristies of the
two soil types arc given in Table 10.

TasLe 10

(CHARACTERISTICS OF ALLUVIAL SolLs

(a) Particle size analysis

- Panagarh  Kankinara
soil soil
Coarse sand Per cent 14.9 1.6
Fine sand ' 28.9 31.7
Silt . 37.1 38.8
Clay v 19.1 27.9
Optimum moisture content  ,, 13.1 15.0

it 121 1b 112.2 1b

Donsity pet cu. ft. per cu. ft.

(b) Plasticity [ndices

Liquid limit 32.8 48.6
Plastic limit 17.4 27.2
Plasticity index 15.4 21.4
(¢) Shrinkage
Shrinkage limit 17.2 21.4
Shrinkage ratio 1.8 1.804
6.3 7.1

(d) pH

The dehydration curves obtained for Kankinara and



236

IN WEIGHT

PERCENTAGE LOSS

PERCENTAGE LOSS N WEIGHT

BOSE ON STABILISATION OF CERTALN

NEENEEEREE
EREEREREE ]
KANKINARA SOIL
/
T . V‘J"—Jr —
i 1t -
T 4 HHH
B *—'“——v—ﬂqﬂ
g -
InnE
|
4
"
100 200 200 400 sQo €00 700 8006
TEMPERATURE IN DEGREEGS CENTIGRADE
Fig. 7 Dehydration Curve of Kankinara Soil.
| 1
L |
PANAGA] 1L
,
//
L7
o =1
100 200 300 400 500 600 100 800

TEMPER ATURE IN DEGREES CENTIGAADE

Fig. 8 Dehydration Curve of Panagarh Soil,

Cr.AYEY Sorns IN INDIA BY HEAT TREATMENT

(34
Lo
-1

Panagarh soils are shown in Figs. 7 and 8 respoctively.

The dehydration curve of Kankinara soil, Fig. 7, shows that
the soil type is more akin to Kaolinite group than to Montmorillo-
nite group as the sharp rise in the loss in weight due to dehydra-
tion occurred in the temperature range of 550 deg. C. to 650
deg. C.

The dehydration curve of Panagarh soil, Fig. 8, shows that
the soil type is akin to the Montomorillonite group as the sharp
rise in the loss of weight due to dehydration ocenrs over a temper-
ature range of 400 deg. C. to #50 deg. C. The soil from Kanki-

nara is therefore likely to hehave more like black cotton soil than
the soil from Panagarh.

21. The investigation is designed to show the compa-
rative offcct on the two soil types using the mixes that
were found satisfactory with the black cotton soil. These results
are more in tho nature of showing the limitations in the applica-
tion of results obtained with one soil to another rather than
discovering the best method of stabilizing the two soil types. The
investigation also brings out the desirability of confirming heat-
treatment of soil to certain types only for the purpose of
stahilization.

22. Stabilization with Cement and Lime. The action of lime
in increasing the compressive strength of soils from Kankinara

and Panagarh was first studied. The results are shown in
Table 11,

TABLE 11

ErFrct oF LIME ON THE COMPRESSIVE STRENGTIL

Compressive strength
after 7 days curing

Percentage of lime .
added to natural soil Par;giglarh Kﬂnl:)}rllara
) s0i

lbr.“rper éq. in.." Ib. per sq. ih.-

2 81 42
4 99 78
6 111 96

The general conclusion is that the effect of lime in increasing
the compressive strength of soil is more pronounced in Mont-
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morillonite group than in Kaolinite group. Tt is also observed
that the action of lime is more pronounced on the black cotton soil
than on the Kankinara soil. Further observations made in
stabilizing these two soil-types with a mixture of cement and
lime confirm the observations made with lime as admixture to the
soils.

Table 12 shows the compressive strength of specimens of un-
heated =oils with various mixes of cement and lime.

TaBrv 12

COMPRESSIVE STRENaTNH OF UNHEATED SOI18
wiTH VARIOUS MiXESs oF CEMENT AND LIME

(‘ompressive strength after
7 days damp curing on Proctor
compacted specimens

Percentage addition of cement
and lime to natural soil

! Panagarh soil | Kankinara soil

Cement Lime th. per sq. in. | 1b. per sq. in.
-5 0 195 165

10 0 370 221

10 9 384 236

10 4 384 244

10 6 384 251

15 0 550 478

15 9 550 485

The addition of 2 per cent of lime to Panagarh soil does not
give results commensurate with cost. Further addition of lime
to the soil has no effect in increasing the compressive strength of
the mix.

Although the addition of lime to Kankinara soil shows some
improvement in the compressive strength of the mix, the result is
not as significant as in the black cotton soils. Moreover, addi-
tion of 10 per cent cement and 6 per cent lime gives a compressive
strength of 261 pounds per sq. inch whereas 15 per cent cement
(which will be equivalent in cost to 10 per cent cement and
6 per cent lime) gives the much higher value of 478 pounds per
8q. inch, .
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23. Heat-treatment. The physical properties of the two soil
tvpes after these are heated to 500 deg. . are shown in Table 13.

TABLE 13

MROHANTCAT, ANATLYSIS oF THE Sotr.-Tvees Arrnr HEATING
To 500 pra. (. For Oxr Houvr

Particle-size Panagarh Kankinara
analyvsis soil soil

Per cent Per cent
‘Coarse sand 28.1 27.3
Fine sand 35.6 25.2
Silt 32.6 39.3
Clay 3.7 8.2

TARLE 14

COMPRESSIVE STRENGTH 0oF HEAT-TREATED SOILS WITH
VARrIoUs MIxgs oF CEMENT axD UNHEATED SoIl

Compressive strength in 1b,
per sq. inch after 7 days
damp curing on Proctor
compacted specimens

Percentages of additions
to the heat-treated soil

Panagarh soil  Kankinara soil

A cement only 94 ]0
5 cement plus 20 natural soil 83 170
7:5 cement only 361 256
7'56 cement plus 20 natural soil 318 275
10 cement only 516 379
10 cement plus 20 natural soil 413 331

ey

o

_The results shown in Table 14 reveal that the addition of
20 per cent natural soil to heated Panagarh soil reduces the
compressive strength rather than increase it. On the other hand,
the addition of 20 per cent natural soil to Kankinara soil unproves
the compressive strength slightly. The black cotton soil, however,

14
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showed a remarkable increase in compressive strength with the
addition of natural clay up to 20 per cent.

A low cement-soil mix (5 per cent cement) reduces the
compressive strength of the mix more in the heated soil than in
the case of unheated soil. The natural soils with 5 per cent cement
gave compressive strengths of 195 and 155 pounds per sq. inch
for the Panagarh and Kankinara soils respectively, whereas these
values were reduced to 94 and 89 lb per sq. inch respectively
when 5 per cent cement was added to heat-treated soils. (See
Tables 12 and 14).

24. Stabilization using Road Tar with aor without heat-treat--

ment. Road Tar No. 3 was mixed hot with the soil and the
samples were cured for 7 days in the air before testing for com-
pression. In the natural state, the soils required 10 per cent
Road Tar for thorough mixing. The compressive strengths
obtained are shown helow :

TaBLE 15

COMPRESSIVE STRENGTH OF NATURAL SoiL WITH Roap Tar

! Compressive strength

Percentage of ‘ -
Road Tar used Panagarh Kankinara

soil soil

-]—b— pe‘r sq in. tb pér éq. 1;_‘
10 384 192
12 414 222

When Road Tar was mixed with heat-treated soil (without
the addition of natural soil to the heated soil), it was found that
a minimum of 7 per cent of tar was required for thorough mixing
with Kankinara soil and a minimum of 10 per cent with Panagarh
80il. The results are given below :

Tasrre 16

CoMPRESSIVE STRENGTH OF HEAT TrEATED SOIL

. Percentage of Compressiv
Soil ’ g pressive
o1l type tar strength
1b per 8q. in.
Kankinara soil 7 268
Panagarh soil 10 458
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The effect of the heat-treatment for stabilization of soil could
be seen from the foregoing. But the method of stabilization must
be varied to suit different soils. For example, the addition of
natural soil up to 20 per cent is found necessary in the case of
black cotton soil heated to 500 deg. C. whereas any addition of
natural soil to heated Panagarh soil results in decreasing its com-
pressive strength.

METHOD OF APPLICATION OF HEA'l' TREA'TMENT ON A
LARGE SCALE

256. The method of heat treatment of soil used in  Australia
is mechanical and is briefly described below.

It is found most useful for heavy clayey soils which break up
in wet weather, Clay soils containing substances such as lime or
potash are most easily treated ; refractory brickmaking clay needs
higher temperature.

The road surface is prepared for burning by forming and well
consolidating either by watering and rolling or by traffic under
wet weather conditions. For satisfactory results it is essential
that the compaction is complete before burning. This can only be
done by thoroughly wetting the earth after formation.

The machine consists of & travelling reverberatory type of
furnace which burns firewood, the latest model being about 33 ft
long overall with the reverberatory portion of the furnace about
20 ft long and 6 ft wide ; the level of the furnace is adjustable.
The whole machine weighs about 26-27 tons and travels on its
own road wheels. A petrol engine and gearing are fitted for thie
purposes of locomotion. 1t can be driven under its own power at
about 2 miles per hour; the normal speed when burning is 40 to
60 ft per hour. There is a mechanical digger incorporated in the
front part of the machine to break up the previously consolidated
formation into clods which are more easily burnt than a flat sur-
face. It is sometimes found necessary to supplement this opera-
tion by using a tractor-drawn plough.

To construct a finished pavement, 12 ft wide and of reason-
able depth of consolidation, the machine makes four parallel
longitudinal runs, each 6 ft wide ; this produces a 24 ft wide
strip burnt about 3} in. deep loose measure. The outer 6 ft strips
are turned in with a grader, thus giving one strip 12 ft wide.
About 10 per cent of binder is generally required, this is added
and the whole consolidated with a road roller. The resulting
pavement is about 6 in. thick. Under certain conditions of soil
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and traffic it may prove necessar i
: \ y to increase the pavement thick-
ness by burning additional areas and i i
rad ¢
produced on to the carriageway. grading the material so

" dlee harduess of tl}e [)b()(l‘llct of the heat treatment depends on
Tl}? teg.,ree of compacting which has been done prior to burning.
ume]a re:}a,lte’ad muter{u] consolidates well, but is lable to abrasion

er heavy ?ra,fhc. It has been found advisable to seal the
surface with bitumen to minimise wear. The cost per ku(lile is
about the same as that for gravelled roadway of equal dimensions
under Australian conditions. 1 fumensiont

The cost per square yar ) in, fini
¢ s yard of 6 in. finished pavement (double
burnt) is about equal to 14 hours wages for a labourer. (

Although t}}e- Irvince road machine used in Australia indi-
cates the possibility of the use of mechanical means of soil
stabilization, in situ, by the heat treatment process, the machine
In 168 present stage would need considerable improvement for
greater speed of construction. Further details of this method are
given in the Appendix.
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Appendix

METHOD OF HEAT TREATMENT OF EARTH ROADS IN
QUEENSLAND AND NEW SOUTH WALES, AUSTRALIA.

The machine, which consists essentially of a chassis on
wheels carrying a furnace of special design, applies the heat
directly to the soil on the road. The process is continuous and
the machine moves over the road leaving behind as it moves a
layer of the finished road surface.

The Heat Treatment process has been used with success for
five years in Australia and the roads made using the process have
proved capable of carrying fast and heavy traffic under all
weather conditions. In many cases soil, which, in its natural
state, becomes so boggy as to be impassable to traffic in wet
woather economically treated.

The hardening effect is due to the fusion of certain consti-
tuents of the soil. The temperature generated by the machine
is such that the soil can be completely melted. Complete fusion is
not, however, advantageous and the movement of the machine
is adjusted so that only partial fusion takes place. The soil is
treated in its natural state and no extraneous material is added.

The bearing capacity of the subgrade is also gsomewhat
inoreased by the stabilizing effect of a fraction of the heat which
penetrates to the soil in the road-bed. There cannot be any
well-defined separation between what may be regarded as road
paving and the base or roadbed because the former gradually
merges into the latter due to the gradual diminution of the
temperature from the surface downwards.

The machine works continuously throughout the twenty-
four hours and the crew consists of three operators working one
at a time in shifts under a foreman. The weekly cost of opera-
tion under Australian conditions and currency is as follows:

Wages — 3 operators and 1 foreman .. £25
Firewood-25 cords at £1, or equivalent in coal
(1 ton of coal is approximately equal to 1 cord

of wood in calorific value) .92

Plant charge, to include capital depreciation,
interest and repairs 25
Fuel Oil for power unit 3
"Lubricants 2
Sundries, say 5
Total for one week £ 85

(At current exchange rate of 26 per cent = £ 68 sterling)
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By substituting the equivalent values in wages, materials
etc., the cost of working in any other country may be estimated.
In estimating the number of working hours per week due
allowance must be made for delays due to wet weather, running
repairs and other causes. Under ordinary conditions 120 hours
of work per week can be put in per week, based on a rate of
movement of 40 feet per hour, the output will be 3,200 square
yards per week. The rate of movement will vary between 30 and
80 feet per hour, acccording to the soil conditions and the
effect required. The machine can be adjusted to move a$
any desired rate and the best rate should be determined by
experience. The unit cost actually realised is, on latest figures,
7.35 d (5.88 d. sterling) per square yard for a single course of
burning.

After the passage of the machine the treated material is left
loose on the surface of the road. It is then consolidated by
the addition of a small quantity of untreated soil, preferably
of a loamy nature, which is mixed with the burnt material
by means of an ordinary farm harrow with vertical prongs. The
mixing requires to be done very thoroughly by repeated traverses
of the harrow and consolidation is then completed with a light
roller, or in the absence of a roller, under wheeled traffic. Water-
ing is an advantage. The quantity of untreated soil to be added
as a binder is roughly 200 cubic yards per mile of 12 foot road
for a single course of burning.

Although the primary objective of Heat Treatment is to
provide a low cost road in areas where the cost of bituminous
work is not warranted by the conditions, it is considered that
heat treated soil would form a good base for ordinary bituminous
or tar seal work. In one instance, on a length of two miles of
road, it has proved entirely satisfactory as a base for light
bituminous penetration.

The combustion is carried out in two stages on the semi-
producer gas principle. The primary stage consists of the
reduction of the wood fuel to gas and charcoal, and the secondary
stage of the burning of these in direct contact with the road, the sur-
face of which has already been opened by an automatic device
attached to the front of the machine so that the burning gases can
enter the ground under pressure. The air for secondary combustion
is preheated by contact with the hot product as it emerges from
under the furnace and a large proportion of the heat which has
already been used to heat the product is thus collected and used
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again in the furnace. Besides saving heat this arrangement has
the effect of **stepping up * the temperature of the secondary
combustion.

(The information given above is extracted from ‘ The Irvine Road
Machine for making all weather roads by heat treatment of soil”’ and
information supplied by the Secretary, Queensland Main Road Commission,
Brisbane reference his letter of 19th September 1951 to the Fngiueer

Research’ Wing, Kirkee.).
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DIMENSIONS AND WEIGHTS OF ROAD-DESIGN
VEHICLES

1. INTRODUCTION

1.1.  The object of framing this Standard is to lay down a
basis for designing road components. The dimensions and
weights of vehicles are cardinal factors in the design of road
elements. The width of the design vehicle has & bearing on the

width of traffic lanes and that of shoulders. The height of the -

vehicle affects the clearance to he provided in designing road
under-bridges, electrical service lines, and other overhead
structures. The overall length of the vehicle (including trailer
and semi-trailer combinations) has to he taken into consideration
in designing horizontal curves, and vertical curves, as also in
framing safety regulations for passing and overtaking. The axle
load affects the design of the thickness of pavement, whereas the
total weight of the vehicle governs limiting gradients.

1.2. At the Thirteenth Session of the Indian Roads Congress,
Paper No. 138 on * Policy Concerning Maximum Dimensions,
Weights, and Speeds of Motor Vehicles in India”, presented by
the Specifications and Standards Committee was discussed. The
recommendations of the Committee were accepted and are now

embodied in this Standard.

2. SCOPE

2.1. The Standard shall be applied in designing all road
structures except culverts and bridges, the latter being governed
by the I. R, C. Bridge Code.

2.2. The Standard shall not be taken to confer authority for
over-riding any provisions of the Motor Vehicles Act of 1939 (as
subsequently amended) or any rules framed thereunder.

2.3. Such of the maximum dimensions and weights, uot
of those specified here, shall be used that have the =severest
effect in tht design of any road component. All road com-
ponents, to be newly built or improved, shall be so designed that

they are either initially adequate or are capable of being made -

adequate subsequently, when the necessity arises, for the move-
ment of the vehicles conforming to this Standard.

3. DEFINITIONS

3.1. Axle load is the total load transmitted to the road by
all wheels whose centres may be included between two parallel
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vertical planes 40 in. apart, and transverse to the longitudinal
axis of the vehicle.

3.2. Height, overall, is the perpendicular distance between
the road surface and a plane parallel to the road surface through
the topmost point of the vehicle. (Inapplying this, fire escapes,
tower wagons, and other special features permitted by the
competent authority shall not be taken into account.)

3.3. Length, overall, is the distance between two parallel
planes normal to the road surface and passing through the extreme
projecting points in front and at the rear of the vehicle. (This
excludes the starting handle, any part of the hood when
down, any ladder forming part of a turntable, fire escape, ete.,
fixed to the wvehicle, and any post office letter box not
exceeding 12 in. in length)

3.4. Width, overall, is the distance at right angles to the axis
of the vehicle between two vertical parallel planes passing
through extreme projecting points at the sides of the vehicle.

3 5. Trailer means any vehicle (other than a side-car) drawn
or intended to be drawn by a motor vehicle (See TFig. 3). A
semi-trailer iy a trailer, some part of which rests on the motor
vehicle that draws it (See Fig. 2).

3.6. Tractor means amotor vehicle (excluding a road roller
which is constructed to draw a load.

4. DIMENSIONS OF ROAD-DESIGN VEHICLES

4.1. The maximum dimension are given below and are also
illustrated in Figures 1 to 3:

Maximum
Dimensions,
Width 96 in.
Height— Single-decked vehicle 12 ft 6 in.
Double-decked vehicle 15 ft 6 in.
Length :
(a) Single unit with two axles 35 ft 0 in.

' (b) Single unit with more than two’'axles 40 ft 0 in,
(¢) Semi-trailer-tractor Combination

(Figure 2) 50 ft 0 in.
" (d) Tractor and Trailer Combination . :
(Figure 3). : 60 ft 0 in.

=

15
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No combination shall consist of more than two units, and no
such combination, laden or unladen, shall have an overall length
exceeding 60 feet.

5. WEIGHTS OF VEHICLES
5.1. No axle load shall exceed 18,000 1b.

0.2, The gross load of any vehicle or combination of
vehicles shall not exceed that given by the following relation :

W = 1025 (L + 24) - 3L°
where W = the gross weight of the vehicle in lbs. ;

and L = the distance in foet between the extremo axles,
measured paralle]l to the axis of the vehicle, to

the ncarest foot.

The above relation applies when L is not less than 8 ft.
When L is less than 8 ft, the gross load shall not exceed

32,000 1b.

5.3. Maximum total loads of grouped axles shall conform to
the following :

Distance Distance
hetween the  Maximum total | between the Maximum total
extreme axles  total load of |extreme axles load of the

forming the the group forming the group.
group group
(in fect) (in 1b.) (in »feet) »_,~_,.(Lnﬁ“~))_,_
4 32,000 32 54,328
6 32,000 34 55,982
8 32,608 36 57,612
10 34,550 . 38 59,218
12 36,468 40 60,800
14 38,362 42 62,358
16 40,232 44 63,892
18 42,078 46 65,402
2J 43,900 48 66,8588
22 45,698 50 68,350
24 47,472 52 69,788
26 49,222 54 71,202
28 50,948 56 72,592
30 52,650 57 73,278
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ROUTE MARKER-SIGNS FOR NATIONAL HlGHWAYS

It has been considered desirable for wvarious reasons that
route-marking signs should be fixed along National Highways.
Some type designs were worked out in the Roads ()rg:miz:mtion 0
the Ministry of Transport, Govt. of India, and discussed at the
Chief Engincers’ meeting held in April 1952, Fresh type designs,
modificd in  the light of the Chief Kngineers’ suggestions, have

Leen issued by the Consulting Engineer to the CGovt. of Indi®
(Roads).

SPECIFICATIONS

1. A National Highway route-marker sign shall consist of &

shield painted on a rectangular plate 18 in. by 24 in.  The desigh
is given in Plate L.

2. The sign shall have » white or light yellow background
and the lettering shall be in black. The size and shape of the
letters and numerals shall conform to those given in
Plates 1T and 111

3. The sign shall be erected on National Highways at their
junctions with other important roads, at suitable mtgrvals
through built-up areas, and at such other points that may be con-
gidered necessary to guide through traftic. i

4. The sign shall be erected as indicated in the drawin®

titled ¢ Arrangement for the crection of N. H. route-marker
signs 7 (Plate 1V).

5. 'The sign shall be erected at a distance not greater that
8 ft nor less than 3 ft from the edge of the carriageway.

6. When the sign is erected at a junction the direction whiob
the Natlo.nal Highway takes at the junction shall be indicated o8
a definition plate of the size 12 in. by 10 in. The distance (ﬂ'long
the National Highway) of the sign from the junction, on eithe’
side of it, shall be 350 to 500 ft. Also, itshail be erected on the
left-hand side as one approaches the ju’nction,

7.

The sign may be of either cnamelled or painted stee!
plate.
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Lenr IS %% e (A T P
r -—— T
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clojw/pliin Il
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M Tz N(® PARALLEL
SPACINGS BETWEEN LETTERS
USE OF “KEY"” EXAMPLES
Example: — RIGHT——1eFY| LETTERS | NUMERALS
DETERMINE THE SPA('])\'GS BETWEEN 4-1N,
LETTERS FORMING THE woRD DELHI T—1 | NI-UP-0H| 1-22. 21
Solution: I—-10
D IS TO THE LEFT F E UNDER THE I-—1
COLUMN ‘LEFT' IN THE KEY AGAINST D
READ GROUP 1. E IS T0O THE * RIGHT ' OF D, IO —~EM 1A-HT-OV-GX | 14-24.5154
AND AGAINST B, UNDER (OLUMN * RIGHT’ e -KD-18- - 46695
READ GROUP IV. 850 Tlj); SPACKE BETWEEN ny LI} WR-KD-TB-YS  41- 34-
D AND E IS GIVEN As ()6 IN. AGAINST o-—1 SR-0Q
COLUMN
RIGHT€~5>1,RFT MY — DI wv-YW-EA-CT 96
| S orPOITL
SIMILARLY SPACING BrTwEEN E AND L M ~—— BV] wAY-LY-AT | 69-67-76

WILL BE (.56 IN. BETWEEN L AND H=0.74

PARALLEL
IN. AND BETWEEN H axp 1=0.74 IN.
DIMENSIONS (ncves) FOR 4 INCH HEIGHT OF LETTERS
EFT, by [bs [ ba bs | Cr] C2| Cs| Cal 5| d1 1 dy] 4] 44} d57€, [e,
3 311 sl 71, 31,u- 911 n ;3_ 7
e AU SRl AR A AL ARG
(e €l Bs Fi| 5] fs] 2l %] 6] 5] H]% &[Mi[Ma hsih G
Pyl 3 5753 3 M
EEE R AEN R IR TY
" m g 10 sl a0 (ke Ksl ke €0 | o] €] 2 e ma [ my
SI‘ANDARD LETTERS ILI Llj tl‘l‘l 2; ; ; 5‘ \ l‘s 94 II Jz |:|Il '3'|3 1
OF Sl nln Blam s z'sliel8)'s Pel'nl'swl's
e ny |0y (s 0] 0,0, {05 0Py |Pa|Ps [Pal %[ M]S|ty
4-INCH HEIGHT A B R 7 >
SIE SR8 R3 A0 Rl | fek] 5 35] el 2
'—A—K‘ fo ke L L] 1 Yy W
' 04 ba J e 1 20 LY ,
' ' bs — I 1 ~——— Bitie
I —1
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Plate 1
FOR WEIGHTS OF NUMERALS OTHER THAN 4 IN. THE
DIMENSIONS GIVEN IN THE TABLE ARE TO BE
PROPORTIONATELY INCREASED AND DECREASED.
DIMENSIONS (incues) FOR 4 INCH HEIGHT OF NUMERALS
o,f,cd,eff,gg,hh,i
N7 sttt [3L,1aT1 1319
g |2l S 233176 | 8 |%i6| = |16 |78
ld [J kK[ 4 [ 8y m|myn|n,lo
i3 s 95\ Z, 8, 5,2, 21 1
32|52 (353 | 7 376|"16 |'i¢ |'ic |'52 %16 '35 |'1e
Plafrs|t|ujviviwix|yly,
313, L[\ 3],1]18115 13,9
6 Vil |'s3'8 |27 |32 |53 | ' |27el2E| 4
)
153
KEY : ‘|
SPACING FOR NUMERALS
NUMBER| LEFT |  RIGHT RIGHT —-—» LEFT “!:I:T:?EL
1 1 1 I 1
2 o | X ] -— T 0.74
3 Y| IO-—-1
4 | N | I¥ 10 - MY
, 5 I I Y - IIO| 0-56
6 | I |1 o -—1
7 X m oy — UN|
8 O | 0PPOSITE
slulm OY - UE|
o | @I | I PARALLEL
STANDARD NUMERALS
— OF
) T 4 INCH HEIGHT
SCALE:— 1 VAL V4 o ‘||fl-
For obtaining dimension of 8 inch numerals
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RESIEARCH SECTION

A SUGGESTED CLASSIFICATION
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BLACK COTTON SOILS OF INDIA
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FOREWORD

The stabilisation of the Black Cotton Soils, or their conver-

sion into a useful construction material, is not a simple problem
in India. So far it has not been solved either satisfactorily or
economically.  The Indian Black Cotton Soils do not fit into  the
classification systems for soils given by the United States Public
{oads Administration in 1942 and the United States Highway
tescarch Board in 1945, May be this occurred because these soilg
were not taken into consideration, or thought to be uniform, or
perhaps  they were not looked upon as a possible construction
material at all. Tt is realised that they are not uniform, but in
large regions of Tndia they are the only material available and
have, therefore, to be used in road construction in one way or the
other.  Uptonow no classification has been evolved to distin-
cuish the different  varieties of Black Cotton Soils which could
help facilitate their handling.

Therefore it is  necessary to know their properties so that it
may be  possible to employ these soils as useful materials of con-
struction.  With the object of evolving a classification system, an
investigation on numerous  soil samples collected from all those
States of Indian where Black Cotton Soil is met with was under-
taken. The result is a suggestion for an extension of the United
States Public Roads Administration Classification System.

Tt is hoped that with the help of a more accurate method
of classification it might be possible to freat these soils more
successfully, in order to utilise them economically for the con-
struction of roads and other construction purposes.

The studies  were conducted  as a part of the research pro-
gramme of the Central Road Research Institute. The Director
wishes to acknowledge the assistance given by Dr. H. L. Uppal
and Mr. H. S. Bhatia in this stndy and the work done by Messrs
K. 1.. Nayar, A. K. Bose, A. L. Chatwal and Q. Mascaranhas in
conducting the chemical and physical tests.

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



bl B

;‘(

6.

10.
11.
12.

CONTENTS

Introduction
Collection of the soils
Chemical analysis

(Classifieation of soils on the basis of physical
properties

United States Public Rords Administration
(UsPRA) Classification

Groups into which the Indian Black (‘otton
Soils should be divided (version 1945)

Group Index as a classifying system
Kxtension of the group indexes

Comparison of the sub-groups with the results
of other physical tests

Deliberation
Summary

deferences

A SUGGESTED CLASSIFICATION OF THFE, BLLACK
COTTON SOILS OF INDIA

1.1.

niet wi

.),

L. INTRODUCTION

The Black Cotton Soils, which are heavy elay soils, are

th in tropical arens.  Tu Indin they mostly occur in the
central and southern parts of the country  particularly in the
Decean Platean, where they are popularly known as regqur,

The goils are characterised by their light to dark grey

colour, their brittle behaviour when dry, and their stickiness and
swelling when wet. When dry they have o high bearing capacity
but develop wide shrinkage eracks on dryving.  They lose their
hearing capacity almost completely when wet.

1.
l)(“(\\\' .

b The ranges of the characteristios of these soils are given

Fine sand

Passing 200 mesh

Colloidal clay

Liquid Limit

Plasticity Index

Volumetrie shrinkage
(on wet basis)

Hygroscopie moisture

Kxchangeable Ca

Ioxchangeable Na-b K

Base exchange capacity

ptl

(aCO,

N0,

Fegy0,

Si0,/ALO,

3 to 109,
70 to 1009
40 to H0%
10 to 1009
20 to 609,
10 to 50%

129 to 18%

400 50 m.e.* 100 gm soil.
2 to 5 m.e. 100 gm soil.
40 to H0 m.e /100 gm soil.
8 to Y,
Hto 159,
50 to 559
8% to 129%

3% to 5%

Black Cotton Soils are geuerally shallow in depth and not
different in chemical composition from their parent rock. There
are large arcas of transported soils which are often deeper than
the surface crust and do not show much variation in profiles.
These soils generally lie over Kankar beds.

L]

milli-equivalont.



264 A SvcamsTED CLASSIFICATION OF

: 1.4.. Much_ work has been done on the Black Cotton Soils in
t Illo Tn(huu Agricultural Research Institute. This work does not, in
« KFEY 1} AR A 1 =) 3 !
all cases, inc Iude properties of the <oils for construction purposes
particularly for roads. ’

I Tha PN P ; :

t]lxrelf..):— ['he ()hj(('h of this study is to find & more detailed and
,mc 'l(lm inmrv: suitable classification in order that it may he

3 . e a Al eRE 1 o ‘
possible to utilize  the classification  for construction purposes
The grouping of these soils i : i e
el 'T : S¢solls to one or more groups will thus be

clprut in the treatment  of black ¢ i ili
, ack cotlon  soils it 7 ti

oS iils for  stabilization

2. COLLECTION OF THE SOILS

, In 1945 the Ronds Wing of the Ministry of Transport
Government of Tndia, arranged for the collection of smadl :ﬂ- ! ) ﬂ
from the black cotton soil arcas, of the St:l.tml nf( H‘(;r::lll m(’l
Hyde'ruh.:ul' and M:l.(lh‘\.':m Pradesh. These samples \\;('|~(s illih(l(‘(]l:tl-{(:
:t:,n(}ltil‘grlh\: s \VV(‘”‘ :‘LS m variety and therefore a large number  of
" ples were  subsequently arranged for by the Central  Road
T}eseaf‘clll Institute from these States in tvhu.yuztrs 1950 to l‘.):")"
Hh:)ew\I’;L.l‘m}l)T places from where  the samples were  collected  are

In Plate I In all 210 samples were investigated,

3. CHEMICAIL ANALYSIS

3. ITTEN . .
to (»ho,ln" ‘l]]tft) two samples from Hyderabad State wore subjected
, 1eal tests and the following determinations were made e

I i inati .
To‘ttall soluble solids.  Determination by the evaporation
method with 1 : 5 soil-water suspension,

D H
2. Carbonates. Carbonates which generally exist as cal
cium carbonate were determi Sehroter < appa-
termined by Schroter’s
o ¥ Schroter’s appa-

3. Exchaf\geable calcium.  ‘The determinations were carried
out with acetate—oxalate carbonate mixture. !

4.
(Fif))(tchangeable Na+K. The exchangeable Na--K was
etermined by Ammonium Carbonate method, 2

!

<

pH. pH was determined with Beekman pH-meter,

6. }C)rg\:;glfkiarbon. [he (’n-g:min carbon was determined
y Walkley and Black’s rapid titration method, ?

1. Refers to the Nertal Nember in Roferences.

”~
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3.2 The results of the above-mentioned tests are given in
Table 1.

The results do not show any tendency of the soils of separa-
ting themselves into different groups. Tt can be concluded that
chemical analyiis does not provide a sure means of dividing the
oils i1 so far as their behaviour in the field is coneerned. There-
fore chentical analvsis of the soils from the other two States,
and Madhya Pradesh, was not carried out.

namely Bombay )
ation of the physical

Further stwdies were confined to the investig
and mechanical properties of the soils.

4. CLASSIFICATION OF SOILS ON 'THE BASIS OF
THEIR PUYSICAL PROPERTIES

4.1.  During the last 25 years a numbeor of systems of classifi-
cation of soils for engincering purposes have been developed.

Some of these are:
I Pextural classification : (based on grain size classifica-
tion and distribution).
2. Casagrande’s classification: (based on suitability for
carrying load).
3 U. N, Public Roads Administration classification ;

suitability for road surfacings and bases

(based on .
mechantcal

using the tiquid limit, plasticity index,
analysis and group indexes).

4 Civil Acronautic Administration classification ; (based
on mechanical analysis, plasticity, expansive qualitics,
California bearing ratio and veneral description of soil
based on ficld examination).

5. Compuotion classification | (based on maximum comni-

paction attained by a soil).
6. Burmister classification (based on grain siue classifi-
cation and distribution).

4.2 In 1952 the Working Committee of the 1ndim_1 Roads
Congress on soil classification approved of the U. h Public R.m}ds
Administration (P.R.A) classification for adoption f()r. Indian
soils on the consideration that the system hz}d pru.nm‘lly L:e‘en
evolved for road purposes, and was comparatively simple. T'he

system is bricfly desceribed in the following paragraphs.
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I . i . " R S

s S s g ! g £ Eg 1 g

. U. 8. PU . : TR AT = ’ ‘ 28 3

U. S. PUBLIG ROADS ADMINISTRATION a |« I 18 88 8 E
CLASSIFICATION 5| 2 i S ~

o S | _ - l -+ - «a -

5.1, This svste enti E “ . g
5.1 This system of classification was adopted hy the U8, < = ( g Mo s .
Burcau of Public Roads in 19424 Tu the svstem (1942 version) 8 —g E T | g 2 2 °§

) . T . i - : 2z = = = =

all the different soils were  divided into cight groups. ranging & Lo \ B € S -

from A-1, a well-graded gravel-s: . S ) IR © o= = & -
. gri gravel-sand-elay  mixture, to A-8 a -l 3o = s <

peat. ’ % =B IR ]

g |

v o . H [ Q c

=i e ey N - . . . o g £ 5 7 = I

, ')LZ‘ Fhe system is based on the followinge six properties of = = ks 1 1 é = = :; %
the soll, tl‘l_c tests for which are carried out on material passing 8 QA A \ = & E = 5
A1 Sieve No. 40— " = ‘ = = o d c

a a \ : - =

] ] . 4 e ——- —— e 5

l.  Particle size disteibution : «. @ ) ! 2

S . . . . , (‘? ﬁ :: M . t =

2. Liquid Limit; L ~H g 2 g 3 =

- > I i \ ‘ a = g 3 =

3. Plasticity - o~ . 2 :

. asticity Index : 8 ) S| = o g g 2

4. Shrinkage Limito: w © - ‘ | z
— - - I T &

5. Field moisture equivalent s and o Og v R

. . . . (] - . L <

6. Centrifuge moisture cquivalent, A % » 2 \ 4 P E ‘ (R 2 .

Xl N het

: 2Eal,i 7 c ARE

T3] N ' . x <

53, Thix system of classification of T2 wis pevieel by AR —E g ™ + o3 :

the United States Highway Research Board in 19455 Phe v - N :" ‘ T - g A
ber Of.groups was reduced from cight to seven and, of the six = = ‘3 &= £ % g s =
tests listed in para 5.2, only the first three were used. In Table 9 75 = 7\"\ E? I E g = Lo+ £

N . . . ) . . [ P ~ .

the seven revised groups are indicated.® These seven groups were 5 wle 2.8 —o : | E - o
further converted into twelve sub-groups which are given in CERER G SO S | L2 3
Table 3 2 o ) , P — @

able 3. a = O | < ] ) g
& E @ | ! ‘ LW g
R 2 é 4
R : v N I " . . - | M
194}?1@,11@1 shows the rivnges for the groups A=) A=H and A 7 éﬁ © 2 = s 2 s ‘ = "
3 Il . = L Sl . .

(\ b version) as per Ref. 5, page 3730 The limits of the group m = @ |- '8 g ] B
A-T are u,.(l(lcd which are shown in the chart of sotl characteristios o - 2 @ <
f'or identification of fine grain size by the original .S 10 3] —— | ’ o \ g

. . . PR S SO W -
Systemn (revised version 1942) from Ref. 7, page 73 % P '%
. g .. ] 2
/4 LT\ PR ) R q, s . . = = 9 Qo . @

‘ 'o.-}. 'he J_ R. A '(.»I(LSlelCELtI()H, version TEh, (Ref. ) g g = = FERy=S ‘[ \ 5 T
limits group A-7 to Plasticity Tndex above 10 and Liquid  Limit = kS 2 g 83 i - b
a,b.ovc 40.  In the same Reference  we finda deseription of the > o § g =g ;! Lz 5
soils belonging to the group A-7 (similarly found in Ref. 9 on < n b= n BTLE I B
page 55): ' ' 2 w x| eoe e s : 2

& 7 o bbb Tz o S
ot - 3 -t D U D S s o . i = o,
3 © 5 Bwiana | EuS: SR
o ‘ . . > S .

“ ‘The typical material of this group is similar to that T R é_. T: Socz EETE E 2 &
. | T S — o 1]
described under group A-6, except that it has the high B gl gpmR 203 g = _ -

. 0 . e . . : Q jond

liquid limits characteristic of the A-5 group and may g \ (?'5 z g-‘d s o 2 ac‘ ] g* g
aetlie e Wwe N M 100 N ) : / o ‘ =

})e elastic as well as subject to high volume  change. (- B OAA 2 oA & . 8

Fhe range of group index values is [ to 20 with in- : @0 & SIS

creasing values indicating the combined effect of ine

17

superiority of A-3 over A-2.
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[ s - 3 . T ) . Lo Co
z TS 2 EE R = 2 creasing liquid Hmits and  plasticlty indexes and
LS E E- - g : b >
= s - - 3 £ decreasing percentages of coarse material 7.
« |5 f B LT :
" = = = 4 2 -3
: '7 ! E Iz 2 = o / '°°T T —
O 3 - ] = - o - -
= e S B = = _ =
g 125 - | | z 70 4 y "y
_ z 2= ] 17 N
R BS - ‘ - == 2 - 2 l= 904~ / i N ]
T‘ > ] = -z 2 B S N/
=* AR A A ST A 44
7 T E N b /
= X ! AU B B a
ez 2 T s sz 2 o
< ; ; 2 2 ) - > 3
=S it : g = & &
A . 2 5= 1 sl 3 2/
7] a 2 < ’ Z 4= = z = w Y A -1
=| . : o~ 2 g a 5
[+ = f : = = = b s P »
cel s X - - o z - z \4_ v
. Q1= - | M - :: = | ot 1
ZEIS g : : 36 & 4
— - Lo = = z = o
SN B - R N =
x|tz 17 3 = : H to2 g
Ol 2z | 1 . . - = = 2 ~>
- « 7 -+ P - [ [0 ]
[l LI Z = ; E S s0f - —-
== A z = [ =
gl As
S22l = ! B . 29
fo) = - ’ - = o = g A ) /
xT|* . SE < =1 = /
=l < - Tz A-4 A6
o ';; = - l b g‘
e - S 3
- = v | 4 7
Zasl- | | ‘_ ER - 10 20 30 40 50 60 70
% & . “ z N PLASTICITY INDEX
< ! I E -
a = T : - FIGURE §. LIQUID LiMIT AND PLASTICITY INDEX RANGES FOR
z - ‘ i - e o THE A-4,A-5, A-6 AND A-7 SUBGRADE GROUPS. AS PER
22| - ] _ H 31z PRA-SYSTEM 1945 AND LIMITS OF THE A-7 GROUP AS PER
R 21z PRA-SYSTEM 1942  (REF.5 PAGE 378 AND REF.7 PAGE 73).
5 z : = 3 217
z |s i i < N
< = z % z ,: ; E .3 o ;E z N Group A-7 covers a large tange: therefore a line for .l
< - b z i K EE e z tz Z|EE =L.L. - 30 was plotted and is shown in Figure 1. This line
£ E | fuogi sz £ ZE  Efe divides the group A-7 inte two sub-groups, A-7-56 and A-7-6.
Z By P A g L ;; R = These two sub-groups are defined as under :
a £ 27 3 Z ““ Sub-group A-7-5 includes those materials with
moderate Plasticity Index in relation to Liquid Limit
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and which may bo highly elastic as woll as subjoot to
considerable volume change .

¢ Sub-group A-7-6 includes those materials with high
Plagticity Index in relation to Ligquid Limit and which
are subject to extremely high volume ehango *” (Ref. 5,
page 378/9 and Ref. 9, page 56).

6. GROUPS INTO WHICH THE INDIAN BLACK
COTTON SOILS SHOULD BE DIVIDED

6.1.  The present study investigates some of the Black Cotton
Soils of India, following the I.R.A. System (1945).  All the sam-
ples from the States, Hyderabad (56 samples), Bombay (86
samples) and Madhya Pradesh (68 samples) were analysod accord-
ing to the three tests :—

(1)  Fraction passing 513, Sieve No. 200,
(2) Liguid Limit.
(3) Plasticity Index.

The results of the analysis are given separately for each
State; for Hyderabad in Table 4, for Bombay in Table 5, and for
Madhya Pradesh in Table 6. Thoe results are also presented in
Figures 2, 3 and 4 respectively for Hyderabad, Bombay and
Madhya Pradesh. The values of liquid lmit are plotted against
the plasticity indexes within the limits given by the u.s.p.R.A,
classification 1942 and 1945 according to Figure |.

6.2.  As can be seen from Figures 2,3 and 4 all the 210 soils
investigated fall into the A -7 group of the v.x P k.A. classifi-
cation of 1945, Some of them are in sub-group A--7 -3 and the
rest in sub-group A=7-6, but all of them are relatively near o the

line, P.I. = LL.L. - 30. With certainty, however, we find them
between the limits of the A -7 group defined according to the
revised 1942 version with 1.27 x P.I. = L. L. 1186 and 2. 14 x

P.I. = L.L. - 7.6 which are used in Figures 2, 3 and 4 (as per Ref.
7, page 73), whercas these were  defined oarlier in 1940 by
Plummer and Dore ®, a8 1.6 x P.I =L L. -—-14and 1.02 x P.I. =
I.L.~14.

6.3. It is seen that, as far as these Black Cotton Soils are
concerned, the limits of the A-7 group of the 1942 version are
more precise than those of the 1945 version which are far too wido.
The additional sub-grouping into groups A-7-5 and A-7-G does
nat help in classifying these woils. They give no improvement

68 SAMPLES FROM MADHYA PRADESH STATE

BOMBAY STATE

86 SAMPLES FROM

56 SAMPLES FROM HYDERABAD STATE

30 40 $0 60
PLASTICSTY INDEX

20
FIGURE 2.

LIN3D ¥3d NI LIWI QIndN

PLASTICITY INDEX

FIGURE 4.
RELATION BETWEEN LIQUID LIMIT AND PLASTICITY INDEX

PLASTICITY INDEX

FIGURE 3.

71
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aﬁainst the A-7 limits of the revised version 1942 because hoth
the sub-groups allow too large a variation in the liquid limit. ’

Il m . , 1. . 3
m 01.4. ‘l‘h'e .l(lsllh»s‘ of this investigation show that the soil
bhou[f)r;las“v:u.}‘ m plxew physieal broperties considerably ¢ven
Iimithv ey f.u( m the same group A-7: for instance thejr liquid
Hm thg“?§ l'crt(?m 40t0 100, their plasticity indox from 20 1o 6o
84Ction  passing < p Sieve No. ror ‘
almost 100 her vont. NP Neve Noo 200 from 700 te

6.5 Sines L . I
e ‘ 1 lnlm(,(‘ thg. composition of the soilsis so different their
t[;) ybp<m rehaviour is bound to vary accordingly. Tt is, therefore
00 b1g a generalisation to consider them al] as belonging t ' '
group A-7 or even to tl / 3] 7 More
‘ ven to the two sub-groups, A-7 -5 and A7 -6.More-
over the.rc seems to be no indication that the line p I = L. 30
) A N . . . —_ da ba, - -
as mentloxied above does divide the soils into two significant
igvroul}:ls.d ﬁl*o}‘ an economical treatment of Black Cotton Soils it’
r ou Ae nitely be of qd\_'u,ntugc to be able to subdivide the main
group A-7 into more distinct sub-groups,

7. GROUP INDEN AS A CLASSIFYING SYSTEM

1. In the course of the N i '
- » et Symposivm on the identifi
‘ N ! ‘ : . 1fic
dnd]c.lubsxﬁcutxon of soils ' Atlantic City 1050 . A \;’Iillt]l'm‘3
explained the group index as follows - ' ' » "

o M
1lohe empirical group index formula devised for app
ximate within-group evaluation of the  clayey-
granular materials and the silt-clay  materiala !
expressed as follows : ‘ N

Group index = 0.9, -+ 0,005 q¢ + 000 he
where

a = th
t’lfat poltmn‘uf percentage passing No. 200 sieve
{,u,u.t‘gx_thun 35 and not exceeding 76, expressed as
 positive whole number (1 to 40) :

h = that portion of percentage pussing No. 200 sieye
N . . s e
greater than 15 per cent and not  exceeding 55

per cent, cxpress C e
(1 to 4()): pressed as a positive whole numbor

¢ = that portion of the numerical liguid fimj
ab liguid Hmit, gr '
tl.mn 40 and not oxceeding 60, e(:lcprossed a8 Ew?)t:;‘-
tive whole number (1 to 20); and b
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4 = that portion of the numerical plasticity index greater
than 10 and not exceeding 30, expressed as a positive
whole number (1 to 20).

¢ 'The group index is based on the following assumption :

() Materials falling within Groups A-l-a, A -1-b, A-2-4,
A2 and A 3 are satisfactory as snb-grade when
properly drained and compacted under moderate
thickness of pavement (base  and or surface course)
of a typé suitable for the traffic to be carried, or
can be made satisfactory by additions of small
amounts of natural or artificial binders,

() Materials falling within the  elayey granular’’ Groups
A-2-6 and A-2-7 and the “silteclay ”” Groups A-4, A-5,
A-6 and A-7 will range in quality as sub-grade from
the approximate equivalent of the good A-2-4 and
A-2-5 sub-grades to fair und poor sub-greades requiring
a layer of sub-base material or an increased thickness
of base course over that required under (a)in order
to furnish adequate support for traflic loads.

(¢) The assumed eritical ranges of percentages passing the
No. 2000 are 35 to 73 neglecting plasticity and 15 to 56
as affected by plasticity indexes greater than 10,

() ‘The assumed critical range of liquid limit is 40 to 60.

e) The assumed critical range of Plasticity index i
10 to 30.

“ The formula will give values ranging from a
fraction of 1 to 20, and is so weighted that the maxi-
mum influence of each of the three variables is in the
ratio of 8 for per cent passing the No. 200 sieve, 4 for
liquid timit, and 8 for plasticity index. This weight-
ing and the adopted critical ranges represent the best
judgement of the committee based on the study of
averagoe relative evaluation placed on subgrade materials
by several highway organizations which use the tests
involved in this classification system,

“ Under average conditions of good drainage and
thorough compaction the supporting value of a material
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as subgrade may be assumed as an inverse ratio to its
group index, that is, a group index of 0 indicates a
“good ”’ subgrade material and group index of 20
indicates a ‘“ very poor”’ subgrade material .

7.2. The group index is also determined from the dotted
portions of the two charts given in Fig. 5 by taking the sum of
the readings of both the charts. (The dotted lines give the
original charts for the calculation of the group indexes 1-20),

7.3. It may be seen from Table 3 (classification version
1945) that soils of group A-6 are allowed to have a group index
upto a maximum of 16, and soils of group A-7, including both
the sub-groups A-7-5 and A-7-6, upto a maximum of 20. It
therefore appears that soils with the group indox from 16 to 20
are shown in group A-7.

7.4, Having applied the method of group indexes to the
Black (‘fotton Soils from the three States, it was found that all
the soils, with only a few exceptions, obtain wa group index of
more than 20, which is the maximum limit for the group A-7.
Therefore the method of group indexes, at its present stago, is
not helpful for a more preciso classification of the Black Cotton
Soils investigated. There secems to be a slight contradiction that
these goils belong definitely to the A-7 group covering a wide
area in between the limits forthe A-7 group, and yet they do not
find an cxact place in the system of group indexes, which should
be of additional and supplementary character.

8. EXTENSION OF THE GROUP INDEXES

8.1. As the original group index charts (vide Fig. 5) are
calculated for group indexes upto a maximum of 20, an oxtension
of these charts was designed by fixing higher limiting values for
the fraction passing through a. 8.7 M. Sieve No. 200, liquid
limit, and plasticity index. 'This was done by raising the eritical
ranges of percentages passing sieve No. 200 from 35-75 to 35-100
and from 15-55 to 15-80, the liguid limit range from 40 to 60
to 40-85, and the plasticity index range from 10-30 to 10-44, 'The
factors for the calculation of the group indexes, following the
original equation as given in para 7.1, are now :--

a = that portion of percentage passing No. 200 sieve
greater than 35 and not exceeding 100, expressed as
» positive whole number (1 to 65);

PERCENT PASSING 200 SIEVE
20 25 30 35 40 43 5& 35
i ! It # }

|

1

60 65 7 75 80
i % 0

" e
00 95 90 85 80 75 70 65 60 55 S0 45 40 35
PERCENT PASSING 200 SIEVE

FIGURE 5. GRQUP INDEX CHARTS§
DOTTED LINE§: CHARTS FQR THE GROUP INDICES 1-20

18

-20

22
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w
h = that portion of percentage passing No. 200 sieve E 2 y
greater than 15 per cent and not exceeding 80 per cent, n w
expressed as a poritive whole number (1 to 63); é g
g 18z
r = that portion of the numerical liquid limit greater & 3
than 40 and not exeeeding 83, expressed as a posi- 2 R
tive whole number (1 to 45) : and < g ;1
=
d = that partion of the numerical plasticity index greater g a v
than 10 and not exceeding 44, expressed as i positive a 3 o (:)‘
e ‘
whole number (1 to 34). g 9 g &
3 | | , 12 & w8
8.2, Inorder to limit the group indexes to a maximum of 50 3 ] ] l 2+ :
the Liquid Limit as well as the Plasticity Tndex have been fixed I3 g (3 29
as shown. Values exceeding the above limits were considered as - < PU‘)
having the highest. value fixed.  The two charts given in Fig 5 u l ' l <
have been extended, keeping proportionally the saane seales, E - 1 x o z
W z
x ‘ ‘ £
.. ‘ , @ > T &
8.3, With these revised charts the group indexes of the = [
: .. R . . e} (S TS
Black Cotton Soils investigated were determined and are shown o g c o
in Table 7, 8 and 4, arranged according  to the group indexes 4 < v
20 to 30, 0 to 40, and 40 to H0 respeetively.  The forms used < 3 j\g
m Figures 2, 3, and 4 were adopted to plot these resulty in w s
Figures 6.7 and 8 respectively  for the three  States with the i L:S
distinctive symbols for cach sub-group: the sub-group with a Z 4
group indexes 20-30 with crosses, those of 30-40 with hollow 3 - z
eircles, and those of 40-50 with dots. v P~ Y
3 2 3L
5 8o
2 -7
S840 Figures 6, 7 and S show a  distinet separation of z 2
the woils following  the three sub-groups according to  their :ﬁ,:
group indexcs.  First  a horizontal line drawn identically in ?{j E\’L
all these figures on the liguid limit 65 divides one sub-group 5 x w2
from the other two.  An almost ¢lear partition of the remaining P g @ S
sub-groups can bhe found horizontally in an area hetween the 5 N gN
plasticity index values of 40.5:43. which might be taiken ns a o x b :’3
boundary arca.  The dividing line itself can be located with some e o 59
exactness at the plasticity index 42, As the exact amount of x - o g
average error was not determined the plasticity index of 42 was 3 2 %=
assumed as a provisionally fixed value, I, may  be shifted later & Y
on to the caleulated place within the limits mentioned above 7 |
w !
- ;
% \ \ B
R | \ o &
N D
| | i l £
8 3 2 R 83 8 % 9
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8.5. Figure 9shows, therefore, the space which accommodates
allsamples investigated with relatively moderate liquid limit (about
35 to 65) aud plasticity indexes (about 25 to about 42) with
the group indexex 20--30.  The remaining samples with a high
liguid limit are further divided into those with relatively low
(about 25 to about 42.0) and high (above 42.0) plasticity indexes:
the lower part having a group index from 30 to 40 and the higher
part with group indexes from 40 to 50.

cgem . . - - .
8.6, I'he soils of the previous group AT (IS version),
having group indexes upto a maximum of 20, can also he easily

100
. I
K/
W)
'y
VR
70+ GROUP INDEX
A-7-c= 40-50
65 A-7-b= 30-40j .
A-7-a=20-30
A-7 =UP1020
55+
501 —————— _
40
2 / +
( 10 20 25 30 40~42 ¢+ 50 60 70

PLASTICITY (INDEX

FIGURE 9- ANALOGICALLY TO FIGURE }. SHOWING THE GROUP RANGES
FOP. THE A-4,A-5, A-6 A-7 AS WELL AS THE SUGGESTED THREE
Sub GROUPS A-7-a&, A-7-b, AND A-7-C ACCORDING TO THEIR LIQUID
LiMITS, PLASTITY INDEX AND THEIR GROUP INDICES.
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placed in the space given by the liquid limit lower than about 55
and the plasticity index lower than about 25, Table 10 shows in
a comparative statement the groups A-6 aud AT (194D version)
next to the suggested sub-groups.

8.7. 'Therefore the soil may  be characterised by group
indexes as under:

-

Soils with a group index max 20 named A7
20-30 named A-Ta
30 -40 named A\ -Th
40-50 named A -7c

Soils with a group index
soils with a group index
and  Soils with a group index

The soils are also given with thoe symbols of their sub-groups
in Plate 1 which indicates the localitics where the samples were
takon.

<8 Described in the terms of their physical properties  the
three sub-groups will contain soils as follows

A\ .7 will accommodate soils with liguid limit of 53 to 65
and o P. 1. of 25 upto about 42, Tts fraction passing
the ANTM sicve No. 200 ranges from 55 to 96 per cent
(ax per Tables 2, 3 and 4).

A 7h will accommodate soils with tiquid limit higher than
65 and o . 1. upto about 42, 1ts fraction passing the
ANl sieve Noo 200 ranges from 80 to 95 per cent (ax
per Tables 2, 3 and 4).

A e will accommodate sotls with liquid limit above 63 and
a DI above about 42, Tt fraction passing the ASTM
wieve No. 200 ranging from 85 to 100 per vent {an per
Tables 2, 3 and 4).

9. COMPARISON OF THE SUB-GROUPS WI'TH THE
RESULTS OF OTHER PHYSIGAL TESTS

9 1. An attempt was made to comparo the proposed sub-divi-
sion of Black Cotton Soils with the results of some other physical
tests, because the method with which the group indexes were
caleulated-although based on physical soil properties--follows an
empirical formula, Therefore most of the soil samples were
subjected 1o the shrinkage limit, the ticld moisture equivalent,
and the hygroscopic moisture absorption tests.  These tests, with
the excoption of the third, are accepted and recommended by the
American Association of the State Highway Officials owing to the
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fact  that important additional information can be obtained
from other standardized and recognised test procedures, and that
such additional information may be essential to the closest
possible evaluation of materials for use under particular condi-

tions 7 (vide Ref. 5, under supplementary tests),

9.2. Studies with the Shrinkage Limit test.

With a view to tinding out whether the volumetrie changes of
Black (otton Soils disclose a possibility of comparing results, 37
soils from Hyderabad were subjected to the shrinkage limit test.
The rvesults are given in Table 11 and are plotted in Fig. 10
(according to Ref. 7, page 73).  The range covered by the black
catton soils extends over the groups A6 and A -7 of the (.5 p,
2.8, Systemoas shown in Fig, 10, It is thus seen that this test
does not give conclusive results, hecause all the black cotton soils
are definitely found to belong to the A--7 group.  Further investi-
gation of the shrinkage limit was, therefore, not done.

- r o i
1004— - —_— '-—1“ e
i
90— PR IR —
-
E «
& "ﬁ‘ . R
'V}
;w’.———— - A e
=4
: *®
3 *
2 70} - . M—
o
- *
e
60 - 'r - T
“ A-7
5 10 \ 15 20 25
SHRINKAGE LIMIT iN PER CENT

FIGURE 10. RELATION BETWEEN LIQUID LIMIT AND SHRINKAGE LIMIT OF
37 SAMPLES FROM HYDERABAD STATE SHOWN AFTER REF.8 PAGE73.
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AND THE GROUP INDICES 20-30 (x), 30-40 (o) AND 40-50 (+)

(SHOWN AFTER REF.8 PAGE 73
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This can be taken as a confirmation of the results arrived at
by Allen and reproduced in page 73 of Ref. 7 where, in the graph :
Shrinkage Limit/Liquid Limit, no limits were given to separate
the A-7 group.

9.3. Studies with the Field Moisture Equivalent test.

9.3.1. With 171 samples of black cotton soils, 41 from
Hyderabad State, 81 from Bombay State and 49 from Madhya
Pradesh, the Field Moisture Kquivalent was determined and
plotted against the liquid limit, as per Table 12,13 and 14 and
Figures 11, 12 and 13 (vide Ref. 7, page 73), using the same
symbols according to their proposed sub-groups as was done in
the Figures 6, 7. and 8. {gronp A-Ta with crosses, group A-7b
with hollow circles and group A-7e with dots). The results show
that all the soils lic within the group A-T.

9.3.2 When, in all the three graphs, a horizontal line is
plotted at liquid limit = 65, it ix seen that the group A-7a crosses
gets scparated out from the rest. Thereafter, when a dividing
line is drawn vertically at the most probable place, it divides the
two remaining groups A-7h and A-7c¢ (hollow circles and dots),
with negligible exceptions. Tt is seen that this line lies near the
value of field moisturo cquivalent of 46.5. This way of dividing
the three sub-groups is correct for all the three graphs given in
the Figures 11, 12 and 13. For any deviation in the results
some margin can be left, but this docs not alter the prineiple that
tho fiecld moisture equivalent/lignid limit chart could be taken
as one of the confirmative tests.

9.4. Studies with the Hygroscopic Moisture Absorption test.

9.4.1. The physical behaviour of the clayey soils in the field
depends_upon the amount of clay present and, therefore, upon the
Hygroscopic Moisture Absorption. The determination of the
Hygroscopic Moisture Absorption does not form one of the tests
referred to as rocognised in the . 8. P. B. A. specification, but
its results are also of interest even though the test is not usually
conducted.

9.4.2. The Hygroscopic Moisture Absorption of 173 black
cotton s0ils (40 samples from Hyderabad, 84 from Bombay, and
49 from Madhya Pradesh) was determined by the static method

19
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of constant humidity®*.  The results are rvecorded in Tables 12,
13 and 14.

The values of the Hygroscopic Moisture Absorption in  per
cent are plotted against the Liquid Limit in Figure 14 for the
soils from Hyderabad State, in Figure 15 for the soils from Bom-
bay State and in Figure 16 for the voils from Madhyva Pradesh.

9.4.3.  The results were plotted in the three graphs according
to their sub-group indexes 2030, 30-40 and 40-50 respectively
and were marked similarly : group A-7a with crosses, groups A-7h
with hollow circles and A-Te with dots.  As was done previously,
a horizontal line at liguid limit 65 was plotted and it was seen
that it divided almost without exception, the group indexes 20--30
(crosses) from those of 3040 and $0-50. Furthermore, a dividing
line way drawn vertically bhetween the group indexes 30-40 and
40-50 (hollow circles and dots) which divided the two remaining
siub-groups with a few exeeptions.  Compared with Figures 6, 7
and 8 as well as Figures 11, 12 and 13 (Field Moisture Kquivalent
Liquid Limit), we find that, in principle. the same system can be
applied. The vertical parting line lies at about 17.5 per cent
Hygroseopic Moistare Nbsorption for the soils from Hyderabad
State and Madhyva Pradesh, and at about 1875 per cent for the
soils from Bombay State in the three Figures 14, 15, and 16, The
remark concerning the amount of error as mentioned before in
para 8.4, which may possibly  shift the horizontal and vertical
parting lines, applies here also,

9.4.4. The Hygroscopic Moisture Absorption tests performed
on these 173 coils give, in principle, the same results as those
arrived at by vsing the two extended charts for group indexes .
the Field Moisture Eqguivalent tests of 171 soils support the
results. It ix found that the extended caleulation for group
indexes can be considered as confirmed and, therefore, valid and
correct.

*ive grams of sorl o powdered to pass thie sieve  ANTM Noo 40, was

drted in an oven ar 1051079 Yo 29 houes,

The sumple was put o o weighing bottle ol B doneter aond §an
height,  The soil in the open hottle was kept in o dessicator over 8 solntion
of normal sulphurie neid Yo ereate o honidity of 98 pereent. To provide this
constunt hwmidity at different room temperntnres, o vacuum of 10 15 m/m
(Mercury) had to he produced in the degsieator,

After some days in the dessicator, the weighing hottle with the soil was
weighed and subseguently on every alternate day antil the weight was cons-
tant,  The maximuwn moistiare abhsorbed was ealealated on the weight of dry
soil.

For genorul information vide Ref. 6
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RELATION BETWEEN LIQUID LIMIT, HYGROSCOPIC MOISTURE ABSORPTION AND THE GROUP INDICES

20-30 (%), 30-40(0) AND 40-50(e) OF THE INVESTIGATED SOILS.
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10. DELIBERATION

10.1.  As the liquid limit and the plastic limit are determined
with the fraction of & soil passing A s Sieve No. 40, they
are not influenced by the coarser part, the sandy fraction of the
material retained on that sieve, [t s, therefore, possible that
soils with a similar fine fraction as the TIndian Black Cotton Soil
get classified as belonging to one of the three sub-groups: A-Ta,
A-Tb or A-Te.  But as these three sub-groups are characterised by
high group indexes (20 to 50}, no soil, which has » considerable
coarse fraction, will fall in these sub-groups, because, in the
caleulation of the group indexes, the entire fines are involved
(passing or retained on AsUP3L Sieve No. 200).

10.2. For stabilisation, the aim i3 to bring down the group
index to below 16 for soils having such high liquid and plastic
limits. If the Black Cotton Soils can bo classified into narrow
gub-groups, it might be possible to stabilise thent more individu-
ally although they may be considered to belong to a comprehensive
main group. This could contribute to their being  utilised
cconomically as construction materials by stabilisation.

11. SUMMARY

11,1, A large number of Black Cotton Soil samples from
India have been analysed.  As wresult of the physical analysis it
can be scen that the black cotton soily of India belong, in general,
to the A-7 group of the < U. S, Public Roads Administration
Classification of 1945

11.2. A method for the sub-division of the A-7 group—the
extension of the group indexes from 20 to H0—has been worked
out and it has been shown that the heavy clay soils provailing in
India (Black Cotton Soils) can be divided into three sub-groups
according to their group indexes, liquid Itmits; and plasticity
indexes.

L3, “Tests with Field Moisture Equivalent and Hygroscopic
Moisture Absorption confirm the addition of the three sub-groups
to the main group A-7,

L4, Wurther investigations have to be conductod to find
methods of converting these soils cconomically into construction
materianls.  Such investigation may be easter because tho soils
can now be classified more closely.

o
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6 ‘ 7 (I 13,00 4520 RINE] N 026
N ‘ S I N YT AN 200 1.o0 T "o20
b A 0,200 Holn L0 30 N.20 s
9 ! o .l {0, A8.50 1.20 8.0 o
o H 0,260 (NI Hl.20 .60 R0 X
i
1 14 026 o a0 280 b 032
12 15 TR R T RUL 200 N0 0,450
13 16 0116 T4 20 2,600 7.0 0,60
14 17 0,018 R.60 . 7.60 son b aTs
Ia I8 INEE] B 10 020 2o, oy
16 10 0,200 7.0 DN [ T80 ’ [
17 20 022N 3.20 60,40 [ T b g
Ix 21 (IR N .90 61,26 2oon .70 IREL
19 22 0. 156 1.1 26,20 0 40 7.0 a7
20 23 282 [ SR 2 4a TG [LINTH
31 2 266 L.on 3730 1. R Y
22 Ly} 0,378 3.1 17,00 2.60 7.60 T
2 26 C0Tn .40 5200 .80 T 0,04
24 27 0216 63,10 Lot N 60 0.51
25 ‘ 28 (IR 1.9 6,50 1. to N0 0o
. [ |
26 30 0,278 2.0 39.70 20 TS0 [ I
27 31 o 6 200 440 120 7680 TN
4N R 0. 106 o0 35,10 200 7.50 .51
20 34 0,126 2,60 32,70 160 700 075
30 30 0288 1 135 23.60 .40 .00 [N
31 36 n.2no0 b.60 32,10 020 760 0.36
10 37 (LU1E I N8 34,80 DN S0 0.3
38| i oS 21,50 120 T 0,03
34 ; ] (I (I 1.20 19,80 .60 N0 0. 30
RN “ (54 [ EUT . .00 12.70 [T T 048
! i
i +
36 43 wGd 2 25,30 todo Tan 0,51
37 45 0154 2.00 56,40 24N TR0 0,36
|
4

uke m Milliequivalents,

¢ ae. Millioquivalents,

Tables 3 wnd 3--On pages 207 and 268,
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U] ? FON SOILS g h

TaBLE 4. Table 4—Contd.

PHYSICAL PROPERTIES OF THE SOILS FROM S — -
e . . ) Licruid Lin Plasticiiy Fracvion Passing
HYDERABAD STATE. Nerial No. | Sumple No, | Biauid Lamit GSLICILY 200 sieve

per cont Index
| ] X por cent

“Fraction passing ; o

No. | Liqquid Limit Plasticity

Serinl No. niple per cont Index 200 siove 42 [ O ‘ 42,00 84.32
\ ) por cont 43 a0 ! aR.H2 87.13
44 51 ‘ 4190 00.81
l 80.36 48.95 3.30 15 i 52 ! 43.03 92,55
2 N RO.76 ! 47.62 87.32 I i
3 3 71.60 37.89 R7.61 46 a3 83.42 i 46,49 83.80
4 ! SL7] 18R S8 18 47 54 3654 3485 63.30
) 3 K605 : 30.85 81.40 48 53 80,14 i .82 87.10
! 49 a6 87.04 | BEY 87.87
6 7 ey +1.23 330 a0 37 (R 42.00 89.70
5 S 62,50 | 36.79 7714
» W CRAreY ‘ 50,02 92.80 5l 58 72.58 39.87 91.0
¢ i Seot 18.01 9180 52 59 70.68 11.67 88,75
1n ‘ i HURY , 30.87 98.0) 58 60 63.57 30.96 69.20
54 62 33.07 2 75.30
11 ‘ 14 040 3307 NY hi G4 5L 2 77.0
2 15 Lo0.0 ) IR.07 V3.47
13 6 TH.458 3474 8770 6 (I35 38,43 20,06 82,26
14 17 NG ] H0.70 :
15 IN 80,10 10,31 .40
16 v NEOD (AN a2.31
h 20 0055 49,090 46,88
18 20 1506 96,35
1 20 §4.02 05,42
20 24 16,87 49,07
21 24 4280 9302
22 25 T.00 96,40
23 26 24,65 83,20
24 27 aR.24 si.07
on 28 30,73 83,26
26 i 29 65,47 240K 54,60
27 30 6635 32,42 92,80
28 . 31 6Y9.30 36.29 36.57
20 ; 32 74.48 ‘ 14.03 v1.35
30 ' 34 62,03 a8 12 768,22
31 kY NO2 UO,N5
32 ‘ 36 YR I TT.RT
33 . 37 sG,20 890
34 30 49,60 70.05
35 10 19.51 T3.80
36 ‘ 11 7Tt .29 N85
37 i 12 64,46 36.22 6073
38 13 5814 3180 68,54
30 £ R340 5413 [0
10 , 16 an 1T ARG 42 87
41 47 85,59 : 47.39 s8. 17
v ! L

20



PHYSICAL PROPERTIES OF THIL SOILS FRONM BOMBAY

A NUGGESTED CLASSTEICATION OF

TABLE D.

STATE,

Nerinl

No.

Sl

No

Pannid Launi
poer eent

231
N

76

65,63
76,32
N

Phusticity ‘
Indes |

2287

26,67
O

RIIRUD

30,62

19,93
J0.56
da
o1

RARLY

RN 1)
20,78

12,58

24,13
3247
13.76
32100
Ryiill

I et ion prarssine:
200 s1eve
PPer cont

X AU
R3.80
6817
N1.8N
N, 20

0,80
%0, 71
4,20
a7 10
NTLQ2

03,30
TL8G
N7 06
Sa8d
43,60

[
U562
a7.31
ST.T

AN

S0 16
AL 30
HARUN
o160
8308

07.62
HEWN
480
T
7ol

04,70
af.un
RO.NT
[
9431

USRI
RO
06,26
al.70

[CRIpA

THr Brack CorroN Norns or INpia 203
Table 5—Contd.

Serial No,

a0

ab

i

iy
60

6
G2
63
61
([
66
67
68

749
S0

Nample No,

114
[
116
(4
s

1149
20
121
I-)-)

123

=1 =1
=

x =~

@

160)
169
162
163
164

170

Liquid Limit
per cent

3.
SN
it
N3RS
No

780
T1.8x
6
S0.50

G1.614
62,39
10,06
TN.GN
[FRUH

HOE.8S
[HUR{]
69,08
G438
RNO.07

Al
220G

.16

7

14
6282

1
1.50

Plasticiry
Frvdes

[ 46
26.60%

2015
3310
RN
31,97
OS2

' I"l’:u'l,iuu.lmSHillg
200 sieve

per eent

NGLTO
7T
22
RIXLL
84,000

03,50
8H.75
4,00

87.60

U100
1,80
41,70
S1.40
88,60

Y000
IR
7680
05,60

NG,
HoL00
S1
SY.6H
8300

04,25
R.40
ssL 10
BIRET
S3.40

*
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TABLE 6. Table 6—Conlid.
o .. L. .. . KFraction pass=
PHYSICAL PROPERTIES OF THE SOILS FROM Sorial No. | Swmplo No, | 1auid Limit Pl?st]u:lty ing 200 B
MADHYA PRADESH STATE. per eent ndex per cent

TS 41 i 210 26,86 89,20
oL L. X . .. Fraction pass- Ry ; S B0 0036
Serial No., T Naimple No. Fiquid Limit ) Phsticity [ ing 200 sieve :~; _’}‘7' : .';‘L.M: ;‘ﬁ':'jlly
’ per vent Index [ per cont ) e e i o o
44 i 2108 0842 K 83.00
43 : 210 i B, 16 32,47 86.76
1 172 66,08 32,00 44,40
) 174 67.04 42,79 73.46 16 72,82 37.16 U1.91
3 174 50.06 20,499 83.40 47 | 83.81 43.71 03.01
4 175 60,44 31.56 2,60 48 i L8 37.16 : 82.38
b3 176 61.44 33.36 R3.60 49 | 419 38.34 86.04
50 ‘ 67,91 32,10 : 95,00
6 177 53,50 3051 7710 | !
7 178 8,40 UR.64 U431 51 221 6587 41.25 : 83.54
8 179 36,24 34,96 R7.50 532 230 7210 37.382 84,95
0 180 72,19 tH W2 49 53 231 35,62 27.48 T80
10 | 181 73,10 .39 08,15 o4 232 27,43 26.25 U6.90
33 233 76,80 44.54 §7.13
11 \ 182 ‘ 66,37 3R8.10 05.00
12 ! 183 10,22 28.2 LIURES a6 234 57.30 3140 v1.63
13 184 63,08 38RO 46,04 37 RN 62,52 30,42 i 91.13
14 183 60.76 32,01 8505 a8 236 ‘ 88. 14 8. 14 80.16
15 186 60,20 20,40 sl to Y 237 43,38 16.72 ) 91,12
[H] 238 73.00 ' 42,42 84.99
16 187 T 5058 2813 73.58
17 188 018 25,46 66.97 [ 2340 TO.88 42,69 81,07
18 ; 189 61,60 28.62 71.00 62 240 60.57 ‘ 20,47 79.53
19 tol 66.82 34,88 07,00 63 RXR 39.00 30,54 02,25
20) 193 71.83 35,40 BU.82 64 243 60.05 33.20 83.04
‘ 65 244 67.68 39.97 84.47
21 194 81.00 42.0 93.78
29 193 73,40 3404 00,72 66 245 .5 45.02 97,33
RN 1 67.37 27.65 3,74 67 246 78.27 43.76 4,45
24 107 TH32 47.32 01.88 68 247 78.68 ! .63 93.20
25 198 U7 43.51 91,60 ,
26 149 .65 26.40 84,08
27 200 56.64 24.01 78.91
28 201 67.07 39,34 02,34
29 202 52,06 29,00 TU.28
30 ! 203 75.08 36.58 83.76
|
31 i 204 8.8 32,91 81.54
32 ‘ 2005 67.21 35.00 87.10
33 1 200 T1.27 42,14 01.66
34 208 23,40 31.27 4. 14
35 i 209 5261 27.80 92,70
36 210 73.96 36.08 01.49
37 211 33,84 i 25.27 94.10
38 212 40,33 ! 26.34 07.42
39 213 58.52 27,12 04.30

10 214 S8.74 ! 31.03 92.60
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BLACK

A SUGCESTED CLASSIFICATION OF

TasLE 7

COTTON SOILS WITH GROUP INDEX 20-30,

SUBGROUP A-7a

NSerial Sample

No,

Na.

] s
o 10
3 26
4 l 28
5 1 20

I
6 34
7 16
RN (U
0 40
i) 42
1 43
2o a4
13 60
[ RO
15 Gk
16 165
17 ' 66
Is 1 69
v T
20 ‘ 72

|
21 73
23 | 76
201 80
25 1 sl

I
2 K7
27 0 102
28 0 1os
20 (I
30 124
31 123
32 136
33 141
3 [E %]
33 144
36 148
37 149
38 Ll
39 ti4
40 162

41

v -
’ Liquid Fraction
Ntate : Lanit

‘l()n'l‘ coent)

Plasticity ' RNy
Tdox ! 200
,’ (per cont)

Hyderabad 6200 3670
. S0 Is.0l
. [HINL 2465
. 65,40 30.73
.- 65,47 2108
62.03 38,02 76,22
Yo I REWYR TTNT
10,60 2088 TO60
. ot 2600 75,80
" Gl geen 60,73
. N 31,84 HN. 0
- S04 RE I8
. 63,07 ' J30.096 64 .20
= S07 . 2797 AT
. Sl 2008 7700
- REI N 20,08 82020
Bombay 1231 2287 N30
o 17.76 2058 NO.80
" 30,92 3650 G817
. a8.80 2709 N1.NS
- SEAT 0 oo SO0
61,05 23,71 80Tt
. 6218 26,67 0420
. HooHe 2590 T2.86
NSRS 3062 ' NTOH6
. 6,63 27.21 [0 BN
“ 65,37 20,06 TOM
. G402 3176 R0.87
- aT.63 2413 KO.56
" 61.6:4 23.64 LN R
\ 6240 24,72 I
.- 64.38 30,17 77.13
.37 2787 S 4
. 60.00 2510 S8 60
. 3305 28,45 81,30
.- 7 31.77 76.80
. SO R 2 95,660
. 2 INV LD RONLE
2 28003 N300
s $2.32 3042 8Y. 35

7 Madhya Pradesh’ 50006 29,00 8340

Group

Iodex

20

Tie Brack CotroN Sorns orF INpra

Table 7—C'ontd.

297

| Licquid D) i |*‘rm:f,.i(>n (
corial | Saple . [ asticity assing iroup
N\I'l:” § ':\":.\I . Staite Llll}lt Index : 200 Index
No. . (prer cour) (per cent) l
) i )
42 175 Madhya Pradesh G644 3156 82 68 28
4% 176 61,44 33,36 R3.6¢ 30
W 177 23,30 3051 77.10 23
0 178 . 5849 28,404 04.31 24
46 179 " S04 87.50 20
1 183 40,22 80.38 25
18 185 GO.76 83,05 20
n Ix6 G0.20 8110 26
50 187 MLOS 7358 20
-1 188 . 40,18 25,46 66.97 17
52 | ¥ . 6Hl.60 2862 71.00 22
53 196 67.87 27.60 93.74 30
ot 199 . A6 26,40 84,08 23
35 200 RUNIE] t 2401 T8.91 22
36 202 " 3206 79.28 24
37 204 - A8.8) | 81.54 28
a8 208 5340 2 O 14 29
59 200 52,61 2780 92,70 27
60 211 2384 25.27 94.10 26
61 212 " 19.33 097.42 25
62 213 . IR.52 04.30 29
63 214 AR.TH . 92,60 30
o 215 . 56.86 3116 8,20 29
6 217 ™ URES 32,34 86.91 29
66 218 - 6842 32.01 85.00 30
67 219 . 60,18 32.47 86.47 30
ity 231 - 55.62 27.42 79.80 23
6% 232 . 27.43 248.25 46.90 28
70 ERES . 37.30 31.40 01,63 30
71 244 60.57 29,97 79.53 26
72 242 . .05 J0.59 02,25 30
73 R} . G005 33.29 83.04 ; 29
|
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TaBLE 8 'Fable 8—Contd.

BLACK COTTON SOILS WITH GROUP INDEX 30-40,
SUBGROUP A-7b.

. o Liquid L “raction ‘
%r. Sample State Liniit Plasticity pa?smg Ciroup
, ] ] ] No. No. Index 200 Index
. . (per cent)
| Liquid Fraction p('l cont) ‘
CRERE] lo | A Ak Plasticity passing Croup l ‘
EP *3\'3:)[) ‘ } Stato |4’_1“_1tnt) i Index 200 Tudex T T e
A | (per ce (por cent) 41 146 Bombay 66.90 | 28.00 96.00 32
o 42 152 - 70.30 | 30.44 {150 85
: X ) ) 43 153 . 76.42 14,84 89.65 40
1 § | Hyderabad 7160 S N at 1 156 . o | 3401 8800 a7
:.4 H . R [ b e 1) B . - ~ H I - | . . e - ' 4]
3 o ” 79 94 11.93 33,00 38 43 157 . 71.05 ‘ 3431 88.15 ‘ 34
: L . Gost el R o 46 138 " TLIT 306 86.00 31
I - e v 47 59 . 86.74 : 36.74 ' 83.40 37
. _ - 48 160 . 77.51 36.08 0 63.20 39
6 1)2 . é;f;fé ;‘;g“{ fﬁg‘; :;Z 4 161 " 72.07 ‘ 38.67 82.00 33
é o ” 66,35 324> 42 80 54 50 163 . 16| 3336 86.35 32
9 31 ; 60.30 - 36.20 86.56 34 T 50 3000 s
10 19 " 72.19 12,10 84.32 38 52 170 N T oo - a8
i ) 0.70 53 172 Madhya |
11 57 . 7843 42.00 a0 0 I Z a6.08 | 3200 9440 34
; . 2. 30.87 . 54 173 . 67.04 42,79 73.46 34
13 74 | Bombay 6701 e 87 29 o Coss s T A0 4185 62,40 10
7 ), .92 W . | T
5 39.81 87.79 39 B | |
15 90 ,» 75.63 56 {g}) { - gg.lo 37.30 08.15 40
- . o5 7 57 82 ”" ST 8810 95.00 38
ig 3; . t;,(z;..;z %Zé ‘ <:3§3 g;i 58 184 . 63.98 38.89 96.00 | 30
" 2y 90. . | ; : - -
18 a1 " 79.13 3.4 U5.97 40 e g 66.82 | 3488 yi.ooo 37
19 06 | . 75.92 35.02 | 83.08 35 : . 71.83 : 3340 goN2 36
20 98 . 67.65 20.78 ]‘ %4.11 33 61 195 73.40 34.04 90.72 36
R s . . LA LA
62 | 201 . . 67.07 30,94 92.30 | 38
21 100 . 68.80 3L76 | 94.80 3¢ 63 | 203 | " 75.58 36.58  83.76 36
2 104 . 70.96 20.95 94.70 34 64 205 | 67.21 35.99 ' 87.10 34
23 110 - 72.59 3247 | 96.10 36 65 | 210 . 73.96 6.06 - ol
24 112 . 66.06 32.16 | 9170 32 ! ! ” . 36.06 9149 | 37
25 114 . 73.19 4100 | 86.70 40 66 216 . 66.03 3476 0036 | 34
) L o 67 292 - 72.82 37.16 ' 0101 | 38
26 115 . 89.84 3730 7‘1.4‘12 32 68 224 s 7118} 37.16 82.38 | 34
27 116 " 78.40 37.01 - 93.22 49 69 227 " 64.19 | 3831 . g6.04 [ 34
28 118 v, 75.83 20,53 : 84.00 32 70 298 , 67.01 32-10 ():5.00 | 35
20 119 . 67.86 39.50 89.70 37 ’ ' IS -
30 120 " 71.88 4038 88.80 30 71 290 - 68.87 41.25 ' 83.54 } 37
o 72 230 . 72,19 3732 84.03 :
31 121 - 67.16 32.02 . 9L.80 33 73 235 - 62.52 30,43 SRTE :(1;
32 | 123 - 71.43 30.03 | 90.45 38 74 933 . 73.05 42,42 8400 30
33 126 . 75.96 36.43 + 93.00 39 75 239 » 70.88 42.69 81.07 | 37
34 128 " 78.68 41.00 |  85.00 30 ‘ ' ’ ‘ )
35 133 " 69.20 8220 875 | 3l 76 244 " 67.68 3097 | 8447 | 36
36 134 . 69.98 3627 | w000 | 34 ‘ |
37 138 . 78.84 3343 | o100 37
38 - 139 . 74.14 4046 | 91.80 . 40
39 140 " 69.15 .26.65 94.70 | 32
40 145 " 67.00 +33.10 90.00 33

21
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TapLe 9. TapLE 9—ontd
BLACK COTTON SOILS WITH GROUP INDEX 40-50, | | —]—
SUBGROUP A-7c. : Lo I ravetion .
Serial Rainple’ Stie Limit Plasticity paissiti thoup
- - No. No. R ; ‘ Frodlex 200 [ FITRIERN
i { CUper eenty } . ‘
. l IFraction ! tper cont) i
Nepid Samnle Stite i‘;:“:lll;l l Plasticity passing . Group _ . . { . E [ .
No. ; N o (n-; cent) Index 200 CIndex , o . ‘ }
! : I ‘ {(per vcent) | 11 tos Boinhay :.5,\,; 120N (RO ; 36
@ ; 1 1 1 . RS AT 06,20 4
- e 13 113 TN 37,01 Wy 0
| I Hvderabad .36 18,95 Y3.30 45 8] s . ERTENN 13,06 0o N
2 2 L 8076 47.62 87.32 14 5 122 <050 £2.80 W10 5
3 ! . %7 1818 RE. 15 44
} Y . N2.72 HUXDS 92,80 46 it 130 B 0yoan FERO RNTN) 17
D 15 .. Tows o) 80T 4545 48 17 132 .. Tl =xs RITES R 17
: ‘ 18 137 ! . S0.07 13.67 X7.60 13
6! i . X663 54,49 ! 96,760 46 I 156 . [UTRER BTy NGB0 44
T I~ . hITARU 40.31 05,40 43 KT 1535 B 021t 52,20 Ny 17
. i . NS 1105 02,31 16 :
vl 2 N 955 HLO0 L U688 18 3l it M. Pradesh <L 42,00 alTs I
o 2] . 8402 15.96 96.35 46 52 (i . w02 17 1SN %}
53 Tus | B TO4T 13,51 NI 44
i { 22 . 83,28 4402 0542 16 a4 206 | . 7127 20 9160 41
(44 2 . X345 16,87 99.07 49 33 a0 » S3.80 13,71 RN 1
13 l 25 SN 47.05 ' U660 48 4 \ ‘ ! .
14 27 " Hin.s0 .24 K307 +3 b1t 233 1iad ST 2
1h I u2 » TN 1493 G135 42 5T 0 236 IS 18 NSO &)
a8 23T 16,72 IS F I
L N+.02 0.8 45 000245 1502 PPN RS
7 57 Su.o2 45 60 246 13,76 HE TR SRR
N i . 7.4 42 | i
1o b N34 13 48 Gl 247 TN.6N 2063 [UR IR U
20 th 90,17 H1.86 16 |
21 47 N 8300 47,39 86.17 43
a2 S0 - I SR 87.13 44
23 by N T4 1,90 u0.R81 4
24 a2 ) 77,76 13.003 092,55 13
25 5 N 8342 46,40 81380 43
{
26 35 B ‘ N 14 +4.82 R7.10 43
27 a6 N 87.04 4.4 8787 44
28 a0 Ny 6N +1.67 88,75 41
2 77 Botnhany 810 11,50 9710 L 4
a0 70 L w120 30,95 43,30 l 16
3 N2 . TH.28 15.92 93.60 | 44
32 N5 .. 88,38 1986 9141 1 46 .
33 N - .52 12,65 9562 1 44 ,
34 8 . 80,4 12,42 (U 3 IR R
35 g .. XN¥. 34 $49.93 RO16 1 4D
36 oy . S1.6y 11.51 941.60 43
37 u7 . S 1688 07.62 48
3N 1o " 01.74 34,30 47,51 48
30 105 . XL 41.82 EFIUTIE . =
m 107 . 0536 33,08 98,20 49
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TasrLe 11 Tasis 12
i FIELD MOISTURE EQUIVALENT & HYGROSCOPIC MOISTURE
SHRINKAGE LIMIT AND LIQUID LIMIT OF 37 BLACK ABSORPTION OF BLACK COTTON SOILS FROM HYDERABAD.

COTTON SOILS FROM HYDERABAD STATI.

i

Field Moisture  |[Hygroscopic Moisture

| ; Serial iSample; Ligquid Limit Equivalent Absorption
Serial ' Nample ‘ Liquid Limit Shrinkage Linit No. No. percent I per cont per cent
No. : No. ‘ per vent per cont '
S i vobo 80.36 1 47.63 18,48
) _ CR 71.60 : 42,59 14.79
i L SU. 36 16.07 3 4 8171 i 34.00 17.87
2 2 89.76 14,35 4 6 86.05 ’ 33.00 23.15
3 3 7L.60 14.44 5 7 73,23 l 34,33 14,20
1 : 81.70 1166
3 6 86.05 17.12 6 8 62.55 31.76 12.44
7 9 82,72 : 15.45 19.16
6 < 62,50 15.97 5 10 3104 ‘ 33.50 | 10.59
7 9 R 13.85 9 | U 6981 43.14 ~ 16.07 -
8 1l 69,81 12.60 10 I 70.38 ‘ 44,93 j ~
4 ‘ 14 0.3 : 1243 11 15 100.00 \ 61.30 22,57
10 ‘ 15 ‘ Luo.o0 ‘ 15.90 12 16 75.48 ‘ 3843 17.80
) 1 N : o 13 17 86.63 47.95 17.6
1 I s 14 18 80. 10 ‘ 49.30 —
:5 :; | 139 15 19 84,35 \ 5100 19.76
14 19 15.58 16 20 90.55 ‘ 32.81 -
15 o 18.46 17 20 84.02 [ 47.33 21.30
‘ 18 22 83.28 ) — 19.32
16 23 R3.43 15.79 v ] o2t 63.96 ‘ 38.56 16.85
17 o 65,96 049 0 25 $8.55 47.45 21,37
Dy H t y
o S . e 2 26 60.19 / 40.07 17.29
20 M 5340 T4 a 22 a8 63,40 33.98 14.87
= : 230 66.35 ‘ 37.17 17.84
o e \ 24 31 69,33 | — 14.08
R ot Hh, Ho 1] - : N - . e N .
__,1, o P :Z:;u 25 32 74,48 “ 37.38 16.76
23 4 THAN 26.84 26 34 62.03 ‘ 48.65 12.43
24 R¥1 6203 16,13 27 | 35 ) 84,02 \ 46.46 19.49
23 33 S 17.30 28 | 36 5715 } 37.08 16.05
20 4, 37 89.24 ; 52.06 25.79
26 37 S0.22 13,74 30 2 64,46 | 36.535 12.26
=7 o 17,4 31 31 43 38.14 33.77 162
o += 1446 ;H.‘ 32 45 83.49 44,14 17.24
20 43 a8 14 ; 9. 1: 33 46 00.17 10.87 20,56
30 46 o017 ’ 1,40 34 10 72,10 43.07 14,32
a5 hd 1 RS I
11 51 70,54 ‘ 6.51 35 W 9l 33 48.75 17.07
32 52 77.76 i 9.80 36 52 77.76 52.00 17.12
33 33 R340 19.75 37 35 80, 14 50.45 17.44
51 51 6.5t | 12,43 38 36 87.04 43.75 17.90
35 53 S0, 14 | 14.56 39 37 73,43 40,50 14.17
‘ 40 58 72,58 13.18 15.5%
. - -9 - 29
o o = el 1 5 79,68 53.40 17.47
37 o 63.57 65 2 62 53.07 37.60 10.78
43 64 51.11 37.01 10,36
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TABLE 13

FIELD MOISTURE EQUIVALENT & HYGROSCOPIC MOISTURLE

ABSORPTION OF BLACK COTTON SOILS FROM BOMBAY.

! [ H i
v . VErOsScople
Serial ‘Si\llll)lt‘ Liquid Limit l*]l;'l(l_ A\,h]“‘m“m t\ﬁ)ini‘urln
No. | No. Per cont. '3“:\ alent Ahsorption
er cent )

‘ Per cent
1 66 | 42.31 ‘ 26.72 10,50
2 6 17,76 34,35 0,77
3 71 53.02 32.07 12,93
4 72 SN.80 37.17 14,90
5 73 51.47 38,16 13.13
6 74 67.61 BT 16,27
7 75 64,05 310,06 13.08
8 76 G2, 18 40.27 16.96
9 77 LRI - 2000
10 78 P RRUY 45,16 17.63
11 79 81.20 43.31 17.54
12 80 62.62 43,48 I 15
13 81 56.23 31,95 13.66
14 82 T3.28 ) 48,46 13.91
15 85 88.3% 50,08 10.84
16 87 65.63 33,43 15.86
17 88 76.32 ' 33.71 20,04
18 89 80.44 48.70 18.80
19 90 75.63 14,80 17.21
20 o1 66,537 H.54 i17.85
21 y2 88,34 47.96 20,04
22 93 72.22 $2.21 17.88
23 04 79.13 45.65 21,02
24 93 81.69 - 20,50
25 U6 75.92 3899 1.9y

. "

26 97 89.43 ‘ ot 24,36
27 98 67.65 30,24 17,12
28 100 63.80 40,68 17.36
29 102 63.37 38,80 16.39
30 103 01.74 52.40 22,79
31 o6 64,02 44,18 14.90
32 107 03,36 48,41 20,62
33 108 3.8 16,08 17.15
54 109 33,40 12.68
35 110 16.33 18.76
36 111 7406 \ 8.4 15.67
37 112 66.06 8.1 13,858
38 113 78.40 47.67 14,94
30 P4 73.19 16.82 17.19
40 115 84,84 42,55 16,65

Tire Brack Corrox Soirs oF INpra

TacLe 13—Contd.
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Serial Sam le

No.

60
61

63
64

63

66
67
68
69
70

70

81
R2
83
St

No.

Liqunid Limit

78.40
813,88
T8
67.86
71.88

67.16
80.H0
7143
61,64

62,349

70,906
78.68
04,95
101.88
6020

69.98
64,38
80,07
75.84
7414

69.15
50.37
60,09
33,15

67.00

66,090
a6.87
60.12
90.09

a6.72

70.30
76.42
63.52
92,44

70.42

71.05
71.17
86.74
77.51
72.07

62.32
71.10
71.59
67.44

|
|

Equivalent
Per cent

Field Moisture l‘
i
1
|

47.67
46,904
+7.88
30.72

43.96

41,37
Jl.te
41,34
42,14
38.47

35.26
RS RUT
HY.20
30,96
42041

41,44
42,96
46,10
14,06
42,50

4L
33.61
3451
33.86
36.38

38.70
41.88
43.38
46.84
REME

]

42.]
36.
40,
470
43,

-
LS =l SRR

- =

40.46
47.74
46,22
46.50
35.47

35.46
47.91
43.54
40.20

Hygroscopic
Moisture

Absorption
Per cent

19.48
21,22
14.70
15.46
17.90

15.84
23.29
16.71
16.47
16.73

14.50
20.49
2115
22,24

16,31

17.99
16.33
14.68
20,22

18.02

18.36
10.47
13.20
10.57
14.35

13.87
10.05
13.86
21.84
14.70

19.52
17.38
16.12
20.58
20.50

17.96
18.13
21.689
19.59
18.40

14.37
18.36
18.42
16,99
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TaBLE 14

FIELD MOISTURE EQUIVALENT & HYGROSCOPIC MOISTURE
ABSORPTION OF BLACK COTTON SOILS FROM
MADHYA PRADESH

. . H ygroscopic
Serial Sample Licquid Limit F’;:M ?r_.ntil?_tl“m Xﬁlisturi‘
No. No. Por cont ‘;E“'\f " Absorption
: or cont Doy cont
1 193 71.83 : 46,47 ; 20,38
2 194 81.00 ‘ 532,749 | 19.0%
30 14 73.40 44,02 | 16.57
4 196 67.37 15.43 : 17,5
5 197 74,32 17.71 | 18200
6 1 19N 70.47 A0.61 ; 19.77
70 e A0.65 33.00 10,18
8 | 200 56.64 38.59 ! 12.97
9 20l 67.07 43.45 ! 16.35
o |2 32,06 3711 | 1.20
11 203 75.58 17,53 i 16.45
12 0 204 H%.80 38.71 ; 11.60
13 205 67.21 47.19 ! 1577
14 206 71.27 44.13 | 14.62
15 208 53.49 37.58 | 10.00
16 200 52.61 34.87 \I 842
17 210 73.06 45.44 | 14.87
18 211 53,84 37.17 i 11,10
19 212 49,33 34,97 \ R8T
20 213 78,52 447 . 10
21 214 58,74 $5.84 | 11,20
2 . 215 756.86 3315 ; 10,77
23 . 216 66,03 42,00 i 15.67
24 217 50.44 39.79 ] 13.18
25 i 218 58.42 39,40 ( 10.04
26 1 210 60.16 38.00 10.62
27 222 72.82 46.31 ' 13.39
28 223 83.80 49.30 19.09
29 224 71.18 43.88 17.90
30 | 227 84.19 30.68 15.62
31 | 228 67.91 43.27 15.63
32 229 68.87 42,30 f 16.55
33 ;230 72,19 43.80 17.58
M4 231 33.62 43.31 14.82
35 | 232 57.43 37.74 : 15.05
|

36 ; 233 76.80 47.30 l 18.60
37 | 234 37.30 : ] 12.27
38 | 235 62.52 14,20
39 | 236 88.14 18.08
40 | 237 93.38 20,10
41 238 73.03 13.43
42 239 70.88 12,51
43 240 60.57 11.06
44 242 39.09 11,96
45 243 60.65 36.79 11,10
46 244 67.68 38.99 12.68
47 245 77.55 78,56 : 18.15
48 246 78.27 46.42 : ig(_“;
b

40 | 427 78.63 43.57
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¢ CATERPILLAR?”
HT4 TRACTOR-SHOVEL
TEAM!

The gripping traction of a

* Caterpittar ™
Diesel D4 Tractor packs heaped loads into
the bucket of a hydraulically-operated HT4
Tractor-Shovel—and every load is a heaping
load of profit!

The team 1s designed and built to do a variety
of tasks at low-cost - excavating, loading,
dozing. backfilling and others—with maxi-
mum efficiency.

Engine power is converted into big digging
effort. ..2 choice of five speeds enables the
unit 10 meet every ground condition in

D4-

There are four ather Tractor-Shovel profit.
mukers, with bucket capacities of § 10 & cubic
mairch the work-ability of
“Caterpillar™ Diesel D2, D4, D6.and DT Tractors*

yards. to

loading, hauling or dumping. Hydraulic
control is sure, fast and accurate—permits
controlled dumping at any level.

You, too, can get in on these loads of profit.
Our sales engineers can tell and show you

how and where the tesm can work for you.

RBLISTERET WALEM AN

DIESEL

Caterpilldr |

ENGINES - TRACTORS
MOTOR GRADERS
EARTHMOVING EQUIPMENT

Caterpllitae Distributors in kndta -
CALCUTTA BOMBAY ' NEW DELHI
TRACTORS (INDIA) LARSEN & TOUBRO WILLCOX (BUCKWELL.
LIMITED LIMITED INDIAT LIMITED

. O, BOX 123

P, O, BOX 278

P. 0. BOX 2893

Sales and Service

CATGlY



Journey (o prosperity

The huge, long train chues and wheezes
and groans 1o a stop  Villagers—cager,
expectant, excited. -gather round . . it is
an event of historic importance in the bfe

of the community.  For, village produce,
the fruit of their labour, will travel 10
the city in this train.

In the years to come the produce of

our villages will flow to the cities on
thousands of miles of ruls and roads.

3,000 miles of track will be rebuilt during
the pertod of the Five Year Plan. 770
miles of new concrete roads, 66 giant
bridges will be constructed to lay the
foundations of an efficient communica-
tions system,  Along these artenies of
trade, commerce and culture our people
will journey to a richer, more complete life,

Lakhs of tons of Stee! will be used to implement
the many diverse projects of the Plan.  And s0. in
numerous significant ways Steel will provide the
foundations for a richer, more rewarding future for

our nation and our people.

THE TATA IRON & STFHEL,
COMPANY LIMITED
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- | -
; . :
. ! | i
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GANNON, DUNKERLEY & CO., (MADRAS) LTD.

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

SPECIALISTS IN :

DESIGN AND CONSTRUCTION OF R. C. C. STRUCTURES,

BRIDGES, BUILDINGS, WATER SUPPLY AND DRAINAGE

SCHEMES, SANITARY INSTALLATIONS, ETC.

*

Licencee for the Italian ““R”’ System of Prestressed Concrete
and Licencees for Light-crete and Thermolitecrete, insulating

and acoustic boards and blocks.

‘Registered Ofhice :
14, BOAG ROAD, MADRAS - 17.

: VITOPUS

Telegrams

88316 & 88549

.
.

Telephone




R iv

BSY-750

Here's a familiar sight—this gentleman is pouring
Bitumen on to a road surface to bind and strengthen
it. It 38 no exaggeration 1o say that the economy of

the country as a whole depends upon good roads

THICK STUFF-
BITUMEN!

When Bitumen is used in their construction they can

withstand present day traflic and monseon rains.

For irrigation schemes oo, Bitumen is important as it is used for
canat linings o prevent seepage and corrosion. 1 is also used o
build wirfickt runways, 1o insulate clectrical cables, for damp-proof

caurses and for celrigeration purposes,

o 6 00

So, next time you are driving along a well-kept road, trying to
overtake a heavily-laden lorry or a train of bullock carts, console
yourselt” with the thought that it is really the road surface that's taking

most of the strain. Think of Bitumen, and think of Burmah-Shell.

BURMAH-SHELL..IN INDIAS LIFE AND PART OF IT

rigid frame spans varying
BOMBAY-1

S are up to

andrel R.C.C. barrel

this bridge has a total

ja,
lled sp
The arch foundation

, Surgu
of R.C.C.
and of fi

span each.

ing

t

consis
48 feet each

arches of 110 feet

BALLARD ESTATE

GAMMON LIMITED

98 feet

J. C.

20 feet deep below the bed.

from 31 feet to

—Constructed near Ambikapur
length of 3

RAIND BRIDGE
HAMILTON HOUSE



Vi

."'* —

Barber-Greene

TRAVEL PLANTS

Build Better Roads Easier at
Lower Cost

Minimum Equipment—Easy to Operate

The Barber-Greene Travel Plant sets
the standard all over the world for the
higest quality bituminous or stabilized
“mixed-in-place’’ materials for surfacing
roads, city streets, airport runways, etc.
Besides reducing the required labor
force, the Barber-Greene Interlocked
Proportioning and Continuous Mixing
process reduces material costs.

Only in the Barber-Greene Continuous
Mixer is the ratio of aggregate to bitumen
mechanically interlocked.The volumetric
proportioning is calibrated by weight,
the ratio set and locked, and the entire
job run with interlocked proportioning.
The Barber-Greene Travel Plant consists
of two simple units — the PORTABLE B-G

Mixer and a B-G Bucket Loader. The
Loader, towing the mixer, picks UP
the aggregate, which has previously
been placed in “windrows.” The ele
vated aggregate is fed into the mixer
hopper by the Bucket Loader.

The desired ratios of aggregate and\
bitumen, mechanically interloclged for
positive proportioning, are fed into the
twin-shaft pugmill for mixing. A col-
tinuous stream of uniformly coated miX
is discharged behind the plant ready
for spreading with petrol grader or the
Barber-Greene Finisher. )
Literature for a complete understanding

of the principles and results is available-
Write to:

AD-169A ‘.}

Barber-Greene Overseas, Inc.

DISTRIBUTORS OF BARBER-GREENE PROOUCTS MANUFACTURED BY
BARBEIR-GREFNE COMPANY, AURORA, HLINOIS, U.$ 4.

BARBER GREINE OlélNG COMPANY, L1D., EINGLAND

BARBER-GREINE CANADA, LTD. CANADA

vii

MILLARS’
MACHINERY

Pt Ty pes.
Concrete Mixers—Tilting and non-Tilting T¥1

Asphalt Mixers—for Hot and Cold Mix.
Roller Pan Mixers—for Mortar. Tective
Diaphragm Suction Pumps-—for cliectiie 1
. [ Pumps-'f”" handling Seepis
Self-Priming possible cost,

Tower Hoists--for apredy constrietion.

A ellp0|l|t l u‘lll.i]li; quull’“le"‘“"h) [EAY A * HI\'
X 1 'y 'il((.l'l“}., “h « A
[ d . ‘ ¢
] ‘ (l ()f (‘Ullllnly‘ill“q unmnyg b cl/nl‘
"“('('('-‘*'-\'fll metho !

TIMBER

L SOFTW DS -
ITARDWOODS - SOFTWOO o LTD.
MILLARS’ TIMBER & TRAD!!JIG) Co.
(NS 'nl(l'uu.\’l‘ll:l)‘ INRI;.;EI,;BAOMBAY o,
1 i ictoria '
V:cton:xl :;c;use. Victorl e |ARRAH
Telephone !

2 f S ( ‘/O)'l(].
] hLS’ ans Age”t t]“ol.j 1 1t the
}))'(l,)t S 1 { }0 , ]

lift up to 28 ft.
al lowest

PLYWOODS




WARSOP

ROCK DRILL

The most modern

self-contained One

Man power-tool for

. Stone Quarrying

. Surface Mining
Prospecting

. Trenching for power,
water & sewage lines

. Breaking concrete &
general demolition

BENFORD

CONCRETE MIXERS

[¢.] - W -

DAYA Bridge 13 Spans

Mixers from 5 c.ft. max.
input and 3} c.ft. max. out-
put to 10 c.ft. input and
7 c.ft. output—with Diesel,
Kerosene, Petrol or Elect-
ric drives—available from
stock.

of 71'.6" on Screwcrete

Cylinder Piers, for the

Orissa  Government

near Bhubaneswar.

PEGSON

ROAD & QUARRY PLANTS

The full range of Pegson machi-
nes includes:

. Jaw Crushers & Granulators
. Gyratory Crushers

Vibrating & Rotary Screens

. Complete Crushing & Screen-
ing plants, capacity from 3 to
400 tons per hour.

BRAITHWAITE & CO., -

N Branches :—

A

(INDIA) LIMITED. T anms §Carlickc Coltd
HIDE ROAD, KIDDERPORE, CALCUTTA Cox St., COIMBATORE. JACOB CIRCLE. BOM a:;v "

——— 81-45



USE 1007 INDIAN ROAD TAR

FROM INDIAN COAL MINE

\ THROUGH
INDIAN

CHEMICAL INDUSTRY

>

Indian Practical
CIVIL ENGINEERS' HANDBOQOK

Edited by P. N. Khanna, AM.LE. {ind.), AM. Inst. H.E. (Lond.)
THE STANDARD REFERENCE BOOK FOR ALL ENGINEERS

*»

This book is a vast collection of up-to-date practical
data (with standards and formulae) and other valuable
technical informuation needed most in  daily work, not
usually considered or incorporated in text-books or found
in any other single Indiun pubtication. Hundreds of copies TO INDIAN ROAD ¥
of this famous book are now in daily use by every grade
of engincer all over Indin. Users tell us they have found -
it «highly Useful” ready reference book,

Sections on :

Civil, Structural, Sanitary, Highways, Bridges,
Irrigation & Electrical Engineering. All condensed in about
950 pages with over 300 illustrations and 200 design tables.

Cloth bound Rs. 15 - (Postage extra Rs. 1-8-0)
ENGINEERS’ PUBLISHERS & ADVERTISERS, Patiala (Pepsu)

2" TARCRETE WORK IS IN PROGRESS
KRISHNAGAR - HRIDOYPUR ROAD

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



FRANKI

COMPRESSED CONCRETE FOUNDATION PILING
AND
REINFORCED CONCRETE SHEET PILING
(All-India Products)

Sole lacensees in India

THE BRAITHWAITE BURN
AND JESSOP CONSTRUCTION

COMPANY, LIMITED

P.13 MISSION ROW EXTENSION,
CALCUTTA




This complete unit loads, hauls and spreads

# garth at speed upto 35 M. P. H.
?QQ‘XIabIe from 7 cu. yd. to 42 cu. vd.

contrglled dquipment gives you high speed, ease

) % . .
n. ¢‘-;\% *of\ope ation, trouble-free maintenance
6
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