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level, the afflux, the tendency to scour, the probable maximum
discharge, the likelihood of collection of brushwood during ﬂoo@s,
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. All this should be carefully recorded.

1.3. Inspection should also inelude taking notes on cham}?‘sl
conditions from which the silt factor and the coefficient of rugosity
can be estimated.

ARTICLE 2
THE ESSENTIAL DESIGN DATA

2.1. In addition to the information obtained by personal
ingpection 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 =1
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
piece of transparent square paper.

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

Table 2.3.
Distance (u/s & d;s of the
crossing) at which cross

Catchment Area, '.
l sections should be taken.

1. One square mile or less 500 ft
1000 ft

1 mile to 1 mile.

2. From 1 to 5 square miles

3. Over 5 square miles
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The cross section at the proposed site of the crossing should
show levels at close intervalsand indicate outcrops of rocks, pools,
etc. 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
as that will not represent the natural shape and size of the
ckannel. 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 represent truly the normal size and shape of the
channel on a straight reach.

2.5. All cross sections should be plotted to a suitable scale.
If the horizontal and vertical scales are the same, the wetted
perimeter can be measured directly from the cross section, other-
wise it has to boe calculated (see 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 sections.

2.7. Longitudinal Section. The longitudinal section 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 velocity 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 is 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 section 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 7
collect these can only result in designs being based on guess work O T T T : : T
and such designs are likely to be either unnecessarily costly or to 2
result in the failure of the structure when built. s us
T
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3.1.  Although records of rainfall exist to some extent, actual
records of floods are seldom available in such sufficiency as to
enable the engineer accurately to infer the worst flood conditions
for which provision should be made in designing a bridge.
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Therefore recourse has to be taken to theoretical computations. T T
. . . u 17
In this Article some of the most popular empirical formulae 118
are mentioned. T '
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priate value of the coefficient. This is extreme simplification of
the problem and cannot be expected to yield accurate results.

3.5. A correct value of C can only be derived for a given
region from an extensive analytical study of the measured flood

™o
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discharges vis-a-vis catchment areas of streams in the region.
Any value of ¢' will be valid only for the region for W}11ch xt_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 plotted to represent the
equation Q=1000M". Three curves, one for each of the common
values of », viz., §, 3 and %, have been drawn,

S i
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:
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T
+

C et . R H+
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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=C.1,802 405 .. @3
where
’  =the peak run-off in cusecs.

S =fall in feet per 100 ft length of the main channol of
flow.

A =area of basin in acres.

o=critical intensity of rainfall in inches per hour (see
next Article).

'=a coefficient.
=0.10 for large, weedy, tlat areas;
= (.20 for cultivated farms;

=0.30 for thinly populated and unpaved suburbs, with
gardens and lawns.

=(,40 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. Somec elementary account of the rationale
of these theories is given in the following paragraphs.

4.2. Main Factors. The size of the flood 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.
Suppose in an individual storm, ¥ inches of rain fall in
1" hours, then over the whole interval of time 7', the mean inten-
sity I will be j tnches per hour. Now, within the duration 7" ima-
gine a smaller time interval ¢ (Fig. +.3). Since the infensity is
not uniform throughout, the mean intensity reckoned over the
time interval ¢ (placed suitably within 77) will be higher than
the mean intensity / taken over the whole period.

Y
T
o
o)
b
/2]
W
o A 8
>-
=
(72]
z
w
-
£ %
C D Y
0 |
i‘ T >

DURATION OF STORM —e
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 established that

where ¢ 18 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,
T
I ¢+ 1

or P= 1. ([i—i—]l .................. (4.3,)
F T 4]

Also, i= (t H ]) .................. (4.3,)

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

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

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

o bty 15034
(1) = oasfor 41

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

)= 5.55 inches
per hour.

Next consider « 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

5 (341
3 M 41
For the purposes of designing waterways of bridges such a

storm is said to be equivalent of a ‘“One 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, 7inches of rain in 6 hours. 1In a

*Refers to the number of the hook in the Bibliogeaphy given at tl;e end
of the Paper,
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time interval of one hour within the storm the intensity can
as be high as

7T 641N N
& x(m = 4.08 inches per hour.
Thus such a storm is equivalent of a ‘‘one hour storm of .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:

7 4 Al N
{]: ({-[-_-":Tl or—;— r ( 14+ ,11, ) inches.

Hence the design of the bridge will be based on & * one-hour
rainfall of say 1, inches”’, where

¥ 1
= = i YT 4.5
Io 2(1+T. (4.5)

Suppose Fig 4.3 represents the scverest storm experienced
in a region. If ¢ represents one hour, then the shaded area
ABCD will represent I,

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 ” I, 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
gtorm. The correct procedure for finding 7, is to take a number
of really heavy and prolonged storms and work out /_ from the
¥ and 7 of each of them. The maximum of the values of I, thus
found should be accepted as ““ the one hour rainfall”’ of the
region for designing bridges,

The I, of uregion does not have to be found for each
design problem. It is a characteristic of the whole region and
applies to a pretty vast area subject to the same weather
conditions. [/, of a region should be found once for all and
should be known to the local engineers.

The Meteorological Department of the Government of India
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has been approached to supply information* about the total
precipitation F 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. Exceptional cases excluded, it will
probably be sufficient in the meanwhile to take 7, as 4 to 5 in.
for areas of intense and prolonged rainfall and 2 to 3 in. for
other areas in India for the purposes of designing minor bridges.

We start with 7, and then modify it to suit 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. (I;). The time taken by the
run-off from the farthest point on the periphery of the catchment
(called the critical 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 secem 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 catchment under consideration, as otherwise the
flow from distant parts of the catchment will not be able to
reach the bridge in time to make its contribution in raising the
peak discharge. Therefore, when we are examining a parti-
cular catchment, 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
flow. 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. For our purposes, however,
the following simple relationship [11) will do.

L3 0.383

to= (119 x e (4.7)
where t, = the concentration time in hours.
I, = the distance from the critical point to the culvert in
miles.
H = the fall in level from the critical point to the culvert
in ft

* Sinco received and included in the Appendix,
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L and Il can be found from the survey plans of the catchment
area and t, calculated from Equation (4.7).

Plate I contains graphs from which . can be directly read
for known values of 7, and H.

4.8. The Critical or Design Intensity. The critical intensity
for a catchment is that maximnum intensity which can occur
in a time interval equal to the concentration time f#. of the
catchment during the severest storm (in the region) of a given
frequency. Call it /.. Since each catchment has its own i, it
will have its own 7,.

) If we putt = ¢, in the basic equation (Equation 4.3,) and
write I, for the resulting intensity, we get,

Fy T +1
Le=70, 1) (4.8
Combine this with Equation (4.5), we get
2
I(: = [(J (2»{~+»]) ves (4-811)

4.9. Calculation of Run-O#f. When one inch of rain falls
over one acre we get 3600 cu. ft. (precisely, 43560 X ,}, = 3630
cu. ft.) of water. 1f this happens in one hour we get 3600 cu. ft.
per hour or 1 cu. ft. per second. Hence :

‘“ A precipitation of one inch per hour over an area of one
acre gives rise to a run-off of one cusec .

It follows that a precipation of I, inches per hour eover an area of
A acres, will give rise to a run-off

Q = A.1, cuseces.
To account for losses due to absorption ete. introduce a coefficient
P. Then,
Q="ral . (4.9)
where ) = Max. run off in rusees »
|
I,

P = Percentage Coefficient of run-off for the catchment
characteristics.

i

Area of catchment in acres

Critical intensity of rainfall in in, per hour.
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The principal factors governing P’ are : (i) porosity of the soil (ii)
area, shape and size of the catchment (iii) vegetation cover,
(iv) surface storage viz , existence of lakes and marshes (v) initial
state of wetness of the soil. Catchments vary so much with
regard to these characteristics that it is evidently impossible to
do more than generalise on the values of P. Judgment and
experience must be used in fixing P. Also see Table 4.9 for
guidance,

TABLE 4.9

MAXIMUM VALUE OF P IN THE
FORMULA Q=P A 1,

Steep, bare rock, Also city pavements 0.90
Rock, steep but wooded 0.80
Plateaus, lightly covered 0.70
Clayey soils, stiff and bare 0.60

do lightly covered 0.50
Loam, lightly cultivated or covered 0.40

do largely cultivated 0.30
Sandy soil, light growth 0.20
Sandy soil, covered, heavy brush 0.10

4.10. Relation between Intensity and Spread of Storm. We
have so far deliberately eschewed any mention of the spread
of the storm. Rainfall recording stations are points in the space
and therefore the intensities recorded there are point intensities.
Imagine an area round a recording station. Tl-le intensity will be
highest at the centre and will gradually diminish as we go farther
away from the centre, till at the fringes of the area covergd by
the storm, intensity will be zero. The larger the area considered
the smaller will be the mean intensity. It is therefore logical to
say that the mean intensity is some inverse function of the size of
the area. ’

If I is the maximum point intensity atthe centre of the
storm then the mean intensity reckoned over an area * @’’ is some
fraction “ f of I. The fraction f depends on the area ““a’’ and
the relation is represented by the curve in Figure 4.10 which has
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 i8 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 heen 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.fldgunieiieee e, (4.11,)

Also, combining with Equation '4.8,)

Q=P.fAlI, (fil)

~an, (B

= AT N, (4.11y)

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

the peak run-off,
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It should be clear from the foregoing paras that the com-
ponents of X\ are functions of 4, 1., and H of the catchment. -
4.12. Resume of the Steps for Calculating the Run-off.

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

_ NStep 2. Estimate the 7, for the region preferably from
rainfall ~ records: failing  that from local knowledge.

F 1 -
1°=~2—.(l+-T), where F is inches of rain dropped by the

severest storm in 7' hours.

Step. 3. See Plate | and read values of ¢, £, and [
for known values of L, H, and 4.

2P
tt1
Step 4. Caleulate ¢=4.1,.\.

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

Then calculate \ =

Catchment : L =23 miles; //=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.

‘ 5 (2541, _
Solution. Io=§—5 (—T_{jl)—B.E) Inches/Hour

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

2 x 0.97 x 0.30
1.6+1
¢ = (3.5 X 640) x 3.5 x 0.22=1730 cusecs.

e ',\ = =0.224

4.14. Run-off Curves for Small Catchment Areas (Plate 2):
Suppose we know the catchment areca A4 in acres and the
average slope & of the main drainage channel. Tf 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 5 and then {, calculated from Equation (4.7).
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Also for small areas, f may be taken equal to one. Then,'
vide para 4.11,
2 -,
Q=I). IOA (m
For I =1 inch, this becomes,
2
o=ra(,3y) L L (419
£, Aand S

Hence ¢ can be calculated for various values o

This has been done and curves plotted in PLATE 2.

Iverts with basins
4.15. PLATE 2 can be used for small;}lllevsalues of run-off

upto 3000 acres or about 5.0 square miles. s i

reg.d from Plate 2 are for ‘‘ one hour ra.mfzﬂ 7 Ioof’ z}fl:“rzg'i'(;:]h
These values have to be multiplied 'byPtlazc ? ’ ’
An example will illustrate the use of this .

T i tream is loamy soil, lar-
-16. le: The basin of a 8 : 3 )
elytu?tiv:::énpand the area of the catchment is 850 acres. The
iverage slope of the stream is 5 per cent. C.alcula.te the run-ofi,
(fo, the one hour rainfall of the region, is 2.5 inches).

Use Plate 2. For largely cultivated loamy soil, P=0.30 vide
the Table inset in Plate 2.

Enter the diagram at 4 =850 acres: move vertically up to
intersect the slope line of 5 per cent. Then, move horizontally
to intersect the 00 line: join the intersection with P =0.3 and
extend to the run off (¢) scale and read

g=350 cusecs.
Multiply with I,
§=350 x 2.5=875 cusecs.

4.17. In Conclusion.

The use of empirical formnulae should be avoided. They are
primitive and are safe only in the hands of the expert. The
average designer who cannot rely so much on his intuition and
judgment should go by the rational procedure outlined above.

The data required for the rational treatment, viz., 4, L, and
H can be easily read from the survey plans. As regards I it
should be realized that this does not have to be calculated for
each design problem. This is the storm characteristic of the
wholc 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 formulae
given here should do.

ARTICLE 5

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

5.1, In a stream with rigid boundarics (bed and banks) the
shape and the size of the cross section is significantly the same
during a flood as after its subsidence. If we carefully plot the
H. F. L. and measure the bed slope it iy simple to calculate the

discharge.

52. But astream flowing in alluvium, will have a larger

‘cross-sectional area when in flood than that which may be

surveyed and plotted after the flood has subsided. During the
flood the velocity is high and therefore an alluvial stream scours
its bed ; but when the flood subsides, the velocity diminishes and
the bed progressively silts up again. From this it follows that,
before we start estimating the flood 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 is likely to prevail during the high flood.

53. The best thing to do is to inspect the scour holes in
?he 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 flow 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 Yelocity.

Plot the probable scoured bed line. Measure the eross
sectional area A4 in sq. ft. and the wetted perimeter P in ft,.

Then, calculate the hydraulic mean depth R= ;_1) ft

Next, measure the bed slope § fromr the plotted longitudinal
section of the Stream. Velocity can then be easily caleulated



142 GOVERDHANLAL OXN

from one of the many formulae. To mention one, viz., Manning’s

Formula :
_1.4858

n

4 rY N

Where, ‘ ‘
V =the Velocity in ft per sec. considered uniform

throughout the cross section ;

K =the hydraulic mean depth;

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

i =the rugosity co-efficient.

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

TABLE 5.4

Rugosity Co-Efficient.

Values of *“ n’’ in the Formula V = l._48i8 . Rg , S'l’

Surface Perfect

T .
Good * Fair l Bad

i

Natural streams
(1) Clean, straight Dbank,
full stage, no rifts or
deep pools . 0025 0.0276 0.030 0.033

(2) Same as (1), but some
weeds and stones ... 0.030 0.033 0.035 0.040

(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  0.045 0.050  0.055
(5) Same as (3), some

weeds and stones ... 0.033 0035 0.040  0.045
16) Same as (4), stony sec-

tions o 0045 0.050 0.055  0.060
17y Sluggish river reaches,

rather weedy or wiith

very decp pools .. 0,060 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.

= Ad.7.

=1—4:"-8 AR SY ) (5.5)

= L ST (5.6)
where \ = 1.4858 A. Rt

Now X\ is & function of the size, shape, and roughness of the
stream and is called its 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 natural
scale (the same horizontally and vertically) the wetted perimeter
cannot be scaled off directly from the section and has to be
caleulated,

»
- 1= 10FT.

[ D
’-AllllllllllllI_Llll‘lllllllvllj,
1“= 50 FT.

Fig. 5.6.

Divide up the wetted line into a convenient number of parts,
AB, BC, ('D etc. (Fig. 5.8). Consider one such part, say PQ.
Let PR and QR be its horizontal and vertical projections. Then,

PQ =~ (PR? 4 QR?). Now, PR can be measured on the
horizontal scale of the given cross-section and QR on the vertical.
P() can then be calculated. Similarly each of the other parts is
calculated. 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 banke and shallow over-flows age
created (Fig. 5.7), it is necessary to subdivide the channel into two
or three subsections. Then R and » are found for each subsection,
and their velocities and discharges computed separately. '
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Sua Sextion >

(. Sue SecTiON 1. Sue SecTion 3

Fia. 5.7.

Where further elaboration is justified, corrections for velooity
distribution, change of slope, etc. may be 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, velocity can
be read from this Plate.

3.9. 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
STRUCTURE

6.1. Having collected the necessary information from
inspection as mentioned in para 1.2 the discharge passed by an
existing structure can be calculated by applying an appropriate
formula. In Article 17, some formulae for caleulating discharges
from flood marks on existing bridges are discussed, Worked
out examples have been included in Article 19,
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6.2. Distinct water marks on bridge piers and other
structures can be easily 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
be traced on the sides of piers and faces of abutments.

6.3. This is perhaps the most reliable way of estimating a
flood discharge, becausc in the formulac 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 next 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 lifetimo 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 cxcessive damage to the structure or
the road.

7.3. The necessity for thisx elaborate procedure for fixing
Q, 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.l. 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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not so in the case of streams flowing within, partially or wholly,

has to be evolved from theoretical premises for the purposes of
designing a bridge ; it is seldom possible actually to measure the
cross section during the high flood.

erodible boundaries. In the latter case, a probable flood section J i

SCp

8.2. Wholly Erodible Section. Lacey’s Theory. Streams
flowing in alluvium are wide and shallow and meander a
geeat deal. The surface width and the normal scoured depth

of such streams have to be calculated theoretically from con-
cepts which are not wholly rational. The theory that has
gained wide popularity in India is ““ Lacey’s Theory of Flow

in Incoberent Alluvium . The salient points of that Theory,
relevant to the present subject, are outlined here.

8.3. A stream, whose bed and banks are composed of loose

granular material, that has been deposited by the stream and
can be picked up and transported again by the current during
flood, is said to flow through incoherent alluvium and may be itk
briefly referred to as an alluvial stream. Such a stream tends

Hre
—

maa

to scour or silt up till it has acquired such a cross section and

R .

3

(more particularly) such a slope that the resulting velocity is

‘“ non-silting and non-scouring >,  When this happens the stream

bpcomes_sta.ble and tends to maintain the acquired shape and
size of its cross section and the acquired slope. It is then said ]
““t0 have come to regime” and can be regarded as stable. - KEh

HHe
i

{
H

Fig. 8.6,

8.4. 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 S, and a regime hydraulic mean

HEHH L

depth R. In consequence, it will have a fixed area of cross

section 4 and a fixed velocity V,

Bkl

For these regime characteristics of an alluvial channel,

Lacey suggests [18] the following relationships. It should be

-

1
T

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

11

values of ““f”. HH

(a) Regime Cross Section H

P=cqt .. (8.4,)

R = -'——~l' a2 o (8.4y)

1
‘VITI

T T
F“

1
1
INEEERE A

0.000.542. 1§

ob (8.4) - =




148 GOVERDHANLAL ON SmaLn Bripees & CuLvERTS 149

(b) Regime Velocity and Slope

i T L jH il I fﬂ ST Vv = 0794 @ x f3 . (8.47)
L a
i 1 3 1.26.Q°
‘ BB , = (B4
104 led e slpaasngs | fii
R E LT e R o Ak e i
TH . 1
* \ \ | % M Hi H il E TABLE 8.4
H H i i P SRRRARE
H e i .1 1]
g l ! 1 i SILT FACTOR « f IN LACEY'S EQUATIONS(18)
TR \: ' h I e
1 1 ‘ ! ‘j‘: { 1 m .Si'/,e of ‘f(Silt Factor)
g (D i TT' § i Grain in mm
ittt 1 Fine 00.120 00.600
1 T ! Medium 00.233 00.850
i ;5“3’“@5'_ ‘]: — \ 5 Standard 00.323 01.000
bELEE TR TR ®© Sand.
aae HTTERTTT F’ oo Medium 00.505 01.250
il il | L = ’ Coarse 00.725 01.500
- BHER ‘ Bajri.
i pl i Fine 00 988 01.750
tH Medium 01.290 02.000 ,
i Coarse 02.422 02.750
. A" el Gravel.
[ : It Medium 07.280 04.750
i H ‘ Boulders.
P:.A L Small 50.100 12.000
AT ' Medium 72.500 15.000
LR Large 188.800 24.000
; i ! 8.5. The Regime Width and Depth. Provided a stream is
SeRReN L truly alluvial, it is destined to come to regime according to Lacey.
jazdgsseer=hs u It will then be stable and have a section and slope conforming to
stusie ’j' i - his equations. For wide alluvial streams the stable width W
thiissadiisannases K Nl ‘ ANIOY T can be taken equal to the wetted perimeter > of Equation
T T e | (8.40).

That is:
W = g x @} we (8.5,)



150 (AOVERDHANLAL ON

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 B in Equation (8.4,). Hence

i
p = 0473¢° . (8.5
f b4 .

8.?. Curves for D. In Fig. 8.6 curves have been plotted
from P‘guatloxl (8.5y). 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 Wwide belt, 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 a
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 linear waterway.

9.3. In 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 increase 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'dgtrimental 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

fe
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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 streams 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 afflux avaoided. 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 were 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

geP:II: in the middle .of the stream would then be the normal scour
epth. ]

In nature, however, the flood discharge in & stream does not
have indefinite duration. For this reason the shape of the flood
section of any natural stream would be governed by the magnitude
and duration of the flood 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 scour, which
in turn is inferred from the normal depth of scour. The normal
depth of scour for alluvial streams is given by Equation (8.50)
so long as the bridge does not contract the stream beyond the
regime width W given by Equation (8.5,)

. ; i for some
10.3. If the linear waterway of the wtv)irtigl?eofls’the stream,

special reason, kept less than the regime '
tlI:en the normal sclt))ur depth under the b‘;xdge will be greater than
the regime depth of the stream (Fig. 10.3).

W08l 10.
pr=p ] (10.3)

where. W = the regime width of tho stroam. ,
’ L the designed waterway. When the bridge is assumed

4o CBUBe contraction, 1 is less than W.

D = the pormal scour depth when L=W'.

p' = the normal scour depth under the bridge with
L less than W.

This relationship is explained in Article 12.

(a—————  —STREAM WIDTH W ———————>}

L e L 4

[ r§ 9 :
-\: N (H.F.L ;
= o g
N t | —7
-~ y Y
3 4

RS - am = -
"~~~ 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 bridge,

Fig. 10.3.
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ARTICLE 11

THE NORMAL SCOUR DEPTH OF QUASI ALLUVIAL STREAMS

11.1.  Quasi-Alluvial Streams. Some streams are not wholly
alluvial. A stream may flow between banks which are rigid
in so far as they successfully 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 fatten 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. It 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 be 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 tréa.ted
on a different footing.

11.3. In any such casc the width W of the section, being
fixed between the rigid banks, can be measured. But the normal
scour depth D) corresponding to the design discharge () has
to be estimated theoretically as it cannot be measured during
the currency of a 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 g
cusecs. But the discharge adopted for design, @, may bf’B 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 X(;,Q)‘s‘ (11.4)



154 . (FOVERDHANTLAT, ON

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.
= (R.P)(C.RY &?
where K is a constant.

Hence, R varies as Qg' Since in such Streg’!‘l.]s }{I{erllscevglrl‘z;
nearly equal to the depth, therefore, D varies as&s
Equation (11.4). )

From the above relationship it follo?'z that if @ is 160 per
cent of g, D) will equal to 1.27 per cent ot &-

ively the normal depth 0( scour of wide
strealnll'ss 'm:;t%';“:g;’cu{ated as under. If the w1€ith of the stream
is large as compared with its depth, we may write W for P and D

for R. .
@ = Area X Velocity.

= (P.R)x V= (W.D).V.
Q
w.y

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

ie., D =

11.6. Suppose the velocity has not been act d
during a flood, but the slope 8 is known. notually measure

Q@ = Area x Velocity.
_ 1.4858 I
=(R x P) x T‘) rls

1.4858 5
=X w xst x pt (11.6)

Knowing ¢, W and S
equation.

, we can calculate D from this

For quickness, Velocity Curves in Plate 3 can be used.
Assume a value of R and fix a sujtable valye 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 (=1 X R x W). If this equals the
design discharge @, the assumed value of J? 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 tho slope of the stream or the
actual observed veloeity. If we do not known either 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,

) = Area X Velocity
= (P.R) (. RLsh) (i)

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

Q = (Py.Ry)(C.RESE (i)
Also for a wholly alluvial stream Lacey’s Theory would give :
P, = 2.67.Q% . (i)
1
T
and B, < 0474¢ (iv)
)
f
Equating values of @ in (i) and (ii), and rearranging we get :
3
R Py NS
z, =~ (F) S

Now substituting values of P, and R; from equations
(iii) and (iv) in (v), we ge}
0.86.(0-63

= 033y po.6o (vi)

Rk

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

0.86.QV-69
= 7033 5 060

D . (11.7)
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Thus, if the design discharge ), the natural width W, and the silt
factor f are known, the normal scour depth D can be calculated
from Equtaion (11.7),

The above reasoning assumes that the slope at the section in
the actual casc under consideration is the same as the slope of the
hypothetical (Lacey’s) regime section, carrying the same discharge.
This is not improbable where 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.

I1.8. 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 area and the wetted perimeter and
calculate ®. Corresponding to this value of B and the known
values of ¥ and », read velocity from Plate 8. If the product
of this velocity aund the area equals the design discharge, the
assumed scoured bed line is correct. Otherwise, assume another
line and repeat. Then measure D.

11.9. Effect of Contraction on Normal Scour Depth. 1f, for
some special reason, the linear waterway L of a lridge across
a quasi alluvial stream is kept less than the natural unobstructed
width W of the strcam, (Fig. 10.3), then the normal scour depth
under the bridge /)’ will be greater than the depth [ ascertained
above for the unobstructed stream. The following relationship
will apply. '

D= 1)('2 )“"“ . (149)

For proof see Article 12.

ARTICLE 12

THE EFFECT OF CONTRACTION ON THE NORMAL
SCOUR DEPTH

12.1. 1In Fig. 12.1, W is the width, D the normal scour
depth, and u the velocity of the stream in an unobstructed reach
upstream of the bridge.
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T

0

T

L 1

Fig, 12.1.

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

w=m x (DY

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

ro W
l = Uu. 7

The initial high velocity V under the bridge is momentary. [t

sbarts further scouring and, in the process, itself begins to

decrease (because further scourin

A . 8 g means more ares of fl
tlilrough the bridge) till equilibrium is rcached. If in that stg’::;
o equlllbrluxp, the depth under the bridge i* 1) and the final
reduced velocity », then by Kennedy again,

v o (D7)064 . (ii)
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From equations (i) and (ii)
0.64

5 - (D) ...... (iii)

Now, since the discharge at all sections is the same, therefore,

uW.D = v L1
where L is the linear waterway through the bridge.
ie,v = v;g ) Xu e (iv)
substituting for v, from (iv) in (iii), we get:
. w~Noer o (12.1)
v=0o(,

and I we can calculate - the increased depth
dge from the above equation.

Knowing D, W,
of scour D’ under the bri

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

ARTICLE 13

MAXIMUM SGOUR DEPTH

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

13.2. In natural streams 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 seen 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 calculated as
under :

(i) Alluvial Streams. Provided the linear waterway of
the bridge is not less than the regime width of the
stream, the normal scour depth I is the regime depth
ag calculated from Kquation (8.5).

(i) Streams with Rigid Banks but Erodible Bed. Provided
the linear waterway of the Lridge is not less than
the natural unobstructed surface width of the stream,
the normal sconr depth [)is calenlated as explained
in Article 11.

(iii) Modification of Normal Scour Depth. When the bridge
causes contraction, i.e., [ is less than W, Dboth
foralluvial and quasi-alluvial streams, the modified
normal scour depth /) is given by :

=D (IEV)O.HI

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

caleulating 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.c., 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
ex1st or the bridge is & 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
glven by the following equation and the greater of the two valies

adopted,
])m _ D( }2)1.56

where D,, is the maxjmum scour depth, and



160 GGOVERDHANLAL ON

D, L, W have the same significance as above. A
ation of this last rule will now follow. . n explan-

13.5. Explanation of the Formula.
W\ 1.56
D, =
=2,

we have to revert to the discussion i i T

assumed that scouring under the bridge lwnzmsAlfr?i(;:;mlz J1 1101"?1{“'(;
out an expression for the normal scour depth und ax;( VIV(.)-Id "
In natural streams scouring is not uniform and elitle .)”coguel:
d(;lveloi)s at some points than at others (Fig. 13.5) ('1?5 :s("(lnli out
:;mit ;;Zégiflglun} scour will be under such conditions we assunie
tha ,Q s 5o l;\ée ?lps,l the velocity through deepened: parts, , I’
octions of Cgl.ee -9, does not decrease. More water can rush into
B e per scour frqm the sides and the initial velocity

g e bridge viz., V ix maintained in those portions.

—
~ i
v
.
A e
7
v
%
v
V
NON- UNIFORM SCOUR
Fig. 13.5.
. 1
I = 'L . " . (i)

When the maximum scour depth 7),, has developed there will be
equilibrium between V and D,,.

Hence, by Kennedy,

V=m (Dm)0~64 | . _‘(‘ii)
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Also, as in Article (11)

u = m(D) 64 e (i)
From (ii) & (iii)
Vo (D6 (iv)
n ("7) )
Substituting for ¥ from (i) in (iv) and rearranging
WA\ 1.6
D, = D(L ) (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 limitare not resorted toin 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.FF.L.) of the dcepest 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 :

(») 3 spans of 50, 75, & 50 ft:
(b) 5 spans of 50 ft each;

(c) 4 spans of 100 ft each.
Regime surfate width of the stream
W =2.67 F =2.67x (20,000)} =380 Tt
Regime depth

1 ( ,1)
p=0413% - 0.473x (20,0007 _ 191 1
73 (1.2)%
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Case (a). Rule 2 applies, since the bridge has piers.
Dy =2X D" =2x D(W,L)-61
=2x12.1 (380/175)"-6! = 38.8 ft
lPor check, calenlate D,, by Equation (13.5)
Dy==D(W/IL) 156~ 12,1 x (380/175) 176 = 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.
Dy =2D' =2D(W LS
= 2 x 12.1 (380/250)™

Check by Bquation (13-5), -~
Do = D (WD = 121 (380250)156 . 933
m -

= 31.2 ft

Adopt 31.2 say 3{ ft
o). Rule 2 applies.
Case 1()3':2 D=2 % 121 = 249t
Equation (13.5) will not apply as .= W.

Adopt 24.2 say 24 ft

13.9. Examplg 2. A.stream with rocky banks has a width
of 300 ft. Its bed is alluvial (f = 1.2) and discharge 20,000 cusecs.
Calculate the maximum scour depth under a bridge (a) a single
arch span of 200 ft (b) three spans of total linear waterway
200 ft.

By Equation (11.7):

D = 0.86. Q0'63/(f0'33 X W0.60)
= 0.86 X (20,000)0-63/(1.20-33 % 3000-6)
= 13.5 ft
Case (a). By Rule I:
Dy = 1.5 D' = L5 D(W/L)*8!
1.5 x 13.5(300/200)*6! = 26 f
Check by Equation (13.5),
Dy = D (W]L)M% = 135 x (300/200)1-56
= 25.5 ft
Adopt 26 ft

[Note, when contraction is 67%, Rule L and Equation (13.5)
give equal values of D,,]

I
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Case (b). By Rule 2:
Dy = 2X D' = 2x Dx (I]L)61
2x 13.5 % (300/200)"-61 — 345 ft
Check by Equation (13.5),
Dy = DOW]LYLP8 = 13.5 % (300/200)1.56
= 25.4 ft

Adopt 34.5 ft

Note: In this example the data do not mention the
velocity or the slope of the stream, yet Equation
(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. 'The 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 feet for other bridges.

RULE (2) Hard Beds. When & 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) ANl Beds. The pressure on the foundation
material must be well within the bearing
capacity of the material.



164 GOVERDHANLAL ON

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 conunection 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 calcula-
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 number of spans should be as sma,'ll as
possible, since piers obstruct flow. Particularly in mountainous
regions, where torrential velocities prevail, it is better to span
from bank to bank using no piers if possible.

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

Cost of the _ f 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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I15.4. Length of Span. In small structures, where open foun-
dations can be laid and solid abutments and piers raised on them,
it has been anaylsed that the following approximate relationships
give economical designs.

For masonry arched bridges :

S =21 (15.4,)
For R. (. (!, Nlab bridges :
S = 1.511 (15.4;)

Where 5 = clear span length in ft

I = {otal 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 havo earlicr 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°

In designing culverts for roads across flat regions where streams
are wide and shallow (mostly undefined dips in the ground
surface), and in consequence the natural velocities of flow are
very low, the provision of clearance serves no purpose. Indeed
it is proper to design such culverts on the assumption that the
water at the inlet end will pond up and submerge the inlet to a
predetermined extent. This will be discussed later in detail
(Articles 21 and 22).

15.6. The Number of Spans. If the required linear water-
way L is less than the economical span length it has to be provided,
a8 1t 13, in one single span.

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

L = NS.
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15.8. Since N must be a whole number (preferably odd) S has
to be modified suitably. In doingso it is permissible to adopt
varying span lengths in one structure to keep as close as possible
to the requircments of economy and to cause the least obstruc-
tion to the flow,

15.9. It is assumed that each bridge pier causes contraction
in the filaments of water equal to half its thickness on each side
(Fig. 15.9). 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 = SI4 St (15.8,)
Also, B = Sl 25t (15.8;)

Here 3! is the effective linear waterway required according to the
design, 38 = sum_ of all clear spans, ¢ = sum of all pier thick-
nesses and B is the length of the bridge from face to fuce of
abutments (See Fig 15.9).

FILAMENTS
oF
. |-1.-1- % WATER

PIER,
L F
£ 7 8
s 1t {2 {'3' E
b ty ts ot to @

2 2 2 z

|
fe— B(LENGTH OF BRIDGE) ———

W(wibTH oF sSTREAM -

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 adopted in simple cases not meriting elaborate

calculations.

| [__ROAD SURFACE
D ¢ 5 R.C.C. SLAB l “}
H.F.L H._F.\_'.:CL!.ARANC;;I/‘G-A’A
—
5'/ 55"‘
h
Dy D

The basge 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 * B ” of the
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pier, see Table 16.1 below.
TABLE 16.1

Top Widths of Abutments & Piers for Slab Bridges [14;

OLEAR | CEMENT MASONRY |  LIME MASONRY
SPAN ‘A of Abu- . I A of abut- ' T
ment ( B of pl(%»r ! ment | B of pier

Bt Ins Iﬁs \‘ Ins | Ins

20 12 18 | 18 18

20 18 29 ’ 94 24

P 22 P20 27 30

40 26 30 32 36

50 30 35 8T 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 steel (which is in short
supply) for larger structures. The unreinforced masonry
arches may be in stone, P. C. C. precast blocks, or bricks.
Plate 4 gives complete details of design [17). When & 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 (alony
the direction of flow) should be such that the distance betWeeﬁ
the outer faces of the parapets will equal the full designed widf,h
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 flow of the stream)
should be sufficient to give a minimum clear roadway of 24 ft
between the inner faces of the kerbs or wheel gua.rfis. 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 formulac for discharges passing over broad crested
weirs and drowned orifices have been developed ab initio in this
Section. These formulae are very useful for computing flood
discharges from the flood marks left on the piers and abutments
of existing bridges and calculating afflux in designing new
bridges. It is necessary to be familiar with the rationale of
these formulae to be able to apply them intelligently.

17.2. Broad C(rested Weir Formula applied to Bridge

Openings.
PIER
2
Z.__Kf_:;_/zﬂ__.\__ A_| eneRcY LINE

H

W —=Dy

i

c
BED 2
Fig. 17.2.
In Fig. 17.2, XX is the water surface profile, and ZZ the
total energy line.

At Section 1, the total energy,
H=24D. e (1)
29
At Section 2, let the velocity head AB be a fraction 2 of
H, ie.,

AB = 1;2 =nH. <o (i)
24

~1
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Ignoring the loss of head due to entry and friotion, and
equating total energies at Sections 1 and 2:

H = AC = AB + B(' = nH 4+ B
Hence, the depth BC = (1-n)H .o (1)
The area of flow at Section 2,
a = B(' x Linear waterway
= (I-») Hx L.
Velocity at 2, from (ii),
v = (anH)&
Therefore, the discharge through the bridge
¢ = a.v.

= (1-n) H.L. X (2gnH)i

To account forlosses in friction a co-efficient ¢

may b
introduced. Thus, fag y be

Q=Cp(1-n) H.I (2gnH)} .

3 3
=Cuv/Ig L H (n - ) (iv)
The depth BC adjusts itself so that the dischar

e passin
through it is maximum. In that condition, gp 8
aQ
in = 0
ie, b nt — 30t =0, ie,n=1
Putting # = % in (iv)
3
Q =308¢C, L.H? - (17,2,
Combining with (i),
‘ u?\?
0 = 3080, L.( Dy + 6_4) . (17.2)

Since AB is LH, therefore BC is § 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
* than 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

v,
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per cent of D... Hence, the following rule :

« 8o long as the atflux (/2 ~ Dg) i not less than $ Dg, the
weir formula applies, ie., Q@ depends on D, and is independent

of Dy.”

The fact that the downstream depth 1), has no effect on the
discharge 2, nor on the upstream depth D, when the 'at’ﬂux is n(’),t-
less than } D, 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 e 094

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

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

i17.3. The Orifice Formula.

f—DIER
l'—vﬁq 20 lo ki ey une

ey snc———an NG r M Th warersursace
TSN + == x
v /

2

Fig. 17.3,

BED

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

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

Apply Bernouli's Equation to _pqints 1 and 2, ignoring the
loss of head (h) due to entry and friction.
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2
Do+ Y =D 4V
2y 2q

v2 2
=Dy~ 4

or,
2q 2

PENY Dy - N
(u +2§.)
Put Dn‘D' = /L’.

Then, » % (h’ _I_;%)é

The discharge through the Section 2,

¢ = a.v.

- L1 vz‘g(/,'+g% )1’ (i)

Now the fractional d

Put D for D' in (i) ifference between 7y and D

@ =LDy v ., u*73
[ +7] (i)

In the field it is cagior :
instead  of A, Blll?; ;abj;e[ fo work in terms of h (= D, - Dg,)

; less than A’

the ( ! , 848 on emergence fr
bridge the water surface rises, due to recovergy of S(])(I;]n;

energy as potential head. Suppose e’

‘o7 Tepresents
. . 2
the velocity energy that is converted into potential gzad

velocity

2
Then b o= h + ;ll
g

Substituting in (ii)

¢ = I‘JADd \/%(k-f—e?l g; )%

@ 18 small,

Svarnn Brinees & CuLvERTS 173

Now introduce a coelfficient C, to acecount for losses of head
through the bridge. We get :

O = Cu 25 LDy ( /L—{—l\l—c-f:;(/ )i (17.3)

For vahues of ¢ and €', sce Figures 17,3, and 17.3, [10].

—- COEFFICIENT ‘e —

— FOR —
—— THE ORIFICE FORMULA ——

1.1
™ -
1-0 aq
0-9 3
o-8
o-7
06
o5
4
0.4
Q-3
[o2%
= b Q S,

1 \El-a%b(: Yu?kccig w?c‘;lgnof s’rtzqm.

o Qa: Avea of flow under the bridge
A= Unobsiructed Area of tlow of the
eam. . .
05 06 0.7 08 0-9 10

—OF e ——

A W
Fig. 11.3,
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— COEFFICIENT Co —
—FfOR—
—— THE ORJFICE _FORMULA ——

©-9S

090

N V/
. » -1—-
L=3Sum of bridqe spans
W=Unobs{,rude§ width of stream.

c[:.s

Q:Area of flow under the bridge

A =l£pqucsiinrngcted Area of flow of ﬂ‘*

o-80
os 06 07 - ).
a1 0-8 09 10
| —1
A w
Fig. 17.8,

74. i
17.4. In Conclusion. Let us get clear on some important

points :

(1) In all thesg formulae Dg is not affected in any way
by the existence of the bridge. It depends only ox))
the conveyance factor and slope of the tail race. D)
has therefore, got to be actually measured or (;al :
lated from Area-slope data of the channel Cas
explained already in Article 11. e

(2) The Weir Formula applies only when s standing

wave is formed i.e.,
e lase oD o when the afflux (h=D, - D,)

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

} Dy

Nro
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Articles 18 and 19

¢ heen worked out in
loulate afflux and

17.5. Examples hav
lae can be used to ca

to show how these formu
discharge under bridges.

ARTICLE 18

AFFLUX

ading up of the water
nce in levels of
bridge

18.1. Theafflux at a bridge is the he
surface caused by it. Tt is measured by the differe
the water surfaces upstream and downstream of the

(Fig. 18.1).

SECTION

ez

o

PLAN
Fig. 18.1,

Yo
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18.2. When the waterway area of the openings of a bridge is
less than the. unobstructed natural waterway area of the stream
i.e., when the bridge contracts the stream, afflux occurs. Contrac-
tion of the stream is normally not done; 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 be 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 by providing
training works.

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

18.4. For calculating afflux we must know (1) the discharge @,
(2 the unobstructed width of the stream W, (3) the lincar waterway
of the bridge, I (4) and the average depth downstream of the
bridge Dy.

18.5. The downstream depth Dj is not affected by the bridge :
it is controlled by 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 bridge, can be assumed to continue
to prevail just downstream of the bridge after its construction.
Thus D, is the depth that prevails at the bridge site before its
construction. To estimate afflux we must know D;. In actual
problems, /g is either given or can be calculated from the data
supplied. :

18.6. Example. A bridge, having a linear waterway of 76

ft, spans a channel 100 ft wide carrying a discharge of 2500
cusecs. Estimate the afflux when the downstream depth is 3.0 ft.

Dg=3ft.; W =1001#; L = 75 f{t
Discharge through the bridge by the Orifice Formula,
. ——?
Q = Con/ 3y L. ])M/ (k +1 +62w)
g

L 175

W =100 = 0.75.

Corresponding to this, (', = 0.867, ¢ = 0.86

]

2
2500 = 0.367 x $X 75X 3x J(/, + 1565 )
4

0 bt 0020 0F = 2.56
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Also, just upstream of the bridge
Q=W x (Da+h) xu
2500 = 100 (3 4+ /) X u

or h=20_3 1))

Substituting for & from (ii) in (i) and rearranging

wu—10.0052 w® = 452, - u= 5.2 ft sec.

Substituting for « in (i)
h=1781t

Alternatively.
Assume that % is more than } Dg
and apply the Weir Formula
3
Q = 3.08 X ('L H®
2500 = 3.08 x 0.92 x 75 H
s H = 5.1b ft.
2
Now H = D, + g«— = [y (approx.)
g
s D, = 65.15 ft approx.
Now, Q = W x Du X u i.e,, 2600 = 100 X 5.156 x u

,uﬂ
.. 2”
2

u
H = Dn + 57/
i.e., .13 = Dy + 0.37
Du, = 4.78 ft

h=Dy — Dy = 478-3.0 = 1.78 ft
Sinoe % is actually-more than } Dg therefore the assumption
made was correct and the application of the Weir Formula was
justified.

§8.7. Example. The unobstructed CTOSS sectior}al area of
flow of & strean? is 2850 s. ft and the width of flow is 300 ft. A
bridge of 4 spans of 60 ft clear is proposed across it. Calculate
the aflux when the discharge is 2,300 cusecs,

8
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2850
W =3001t; . = ; = = 9.
ft; L 240 ft; Dy 300 9.5 ft

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

L 240
w300
By the orifice formula the discharge through the bridge

23,000 = 0.877 X & X 240 x 9.5 X J( b+ 177 "_)
2.’7

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

= 160004/ (h + 0.0277 u2)
ie, b+ 0.0277 u2 = 2.06 e ()
Now, the discharge just upstream of the bridge
23000 = 300 X (9.5 4 h)u

or ho= e - 95 (ii)

Putting for & from (ii) in (i) and rearranging
u-0.00239.43 = 6.64
»ou = 7.75 ft] sec.
Putting for « in (ii)
h =04 ft
18.8. Example. A bridge 5 of“spa.ns 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),

, I4
| |
- We830 FT—————— — ]
Q « 64000 cusecs; S: Y2000 l
Fig. 18.8.

We have first to find 7),.
Q= AV =(RP)V'= RW.V.
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. () 64000
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

il

Take Dg = K = 12.7 ft
Now, W = 830 ft: L 600 ft. D,y = 12.7 1%

L 600

W: 50 " 0.72 therefore (', = 0.87; ¢ = 0.90

By the orifice formula, the discharge through the bridge
2
64,000 = 0.87 X 8 X 600 X 12.7 (h +1.90§-)
g

ie., h 400202 w2 = 146 (i)

The discharge just upstream of the bridge
64000 = 830, (12.7 -+ h).u

e, h = -127 e e, (ii)
u

Put for A from (ii) in (i) and rearrange
u~-0.00206 u3 = 5.44. ;. u = 5.85 ft/sec,
Put this value of « in (ii), we get :

h =1315 - 12.7 = 045 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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—_— — b _
u h=3.15 FT.
Du= 4-65FT. — §] —
Dy : 11 SFT.
i
Fig. 19.1.
h 3.16
Fd = ilis = (.282

. 1Since k is more than 0.25 Dg, therefore the Weir Formula will
pply.

W 230 = ft; L = 154 ft; h = 3.15 £t
'Let‘,’the velocity of approach be « ft/Sec.
section just up stream of the bridge (Fig 19.1).

Q = u X 14.65 x 230 = 3373 4
The discharge through the bridge by the

The discharge at g

e (i)

Weir Formula

@ = 3.08 x 0.98 x154( 1465 4 ¥ )g
2 (3
= 466( 14.66 + “ 7
( +67)
Equating values of ¢ from (i) and (ii)
3370 u =466( 1 »
( 4.65 + 64)

Rearranging u? ~ 0.00417 u2 = 3,92
oru = 8.7 ft/sec.
Putting the value of 4 in (
¢ = 3370 x 8.7
= 29,300 cusecs,

i) or (ii) we get ().

H

Try the Orifice Formula,

L 154
TV_ = mz 0.67 o 00 = 0.865; e = 0-95

(2%
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Discharge through the bridge by the Orifice Formula

: 2
Q =085X8 x 154 X 11.5 x~/<3.15 + 1.95 xgz
= 12,250 A/ (3.15 4~ 0304 w?).ccooooee v, (i)
Discharge just upstream of the bridge
¢ = 230 x 14.65 x u
= 3370 U.ivverenei (ii)

Equating values of ¢ in (i) and (ii)

12250 A/ (3.15 4 ‘0304 %) = 3370 «
Simplifying and squaring
416
= -(_)—"(5—-

u? ~ou o= 8.35 ft/sec.

Substituting for » in (i) or (ii) we get ¢
Q = 3370 x 8.36 = 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 Cy
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 ft
and the linear waterway of a bridge across it 350 ft. During
a flood the average depth of flow downstream of the bridge was
8:5 ft and the afflux 0.35 ft. Calculate discharge.

IV N gy j“‘f" ==

DT:S 8% FT.-

Fig. 19.2,

Given: W = 4251t L = 350t h = 0.35 f_t- I_Aat the velo-
city of approach be u. The discharge at 8 88¢tion just upstream
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of the bridge

Q = u X 8.85 X 425 = 8T6L wovvrvreveereoe (i)
Contraction = Ai = {ivz i’%: 0.825

Corresponding to this, C, = 0.88 and ¢ = 0.63. The dis-
charge under the bridge, by the Orifice Formula,
1.63u2

@ =088 x 8 x 85 x 330 x/((0.35 4102

= 20900 A/ (0.35 + 0.0255 UZ) ottt (ii)
Equating values of ¢ in (i) and (ii)
3761 w = 20900 x v/ (0.35 4 0.0255)u?

Squaring and rearranging
_los
0.21

Substitute for u in (i) or (ii) to get Q.
@ = 3761 X 7.18 = 27,000 cusecs.

u2 = 51.4. Sow = 7.18 ft/sec.

_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 } Dy.

19-4. Example. A stream, whose unobstructed wi .
i i R idth is
ftt;s S(Il)aérlined o 3”dge whose linear Waterway is 650 ft, B;:ng
a floo eaverage downstream depth was 8.5 ft y
2.1 ft. Calculate the discharge P and the afflux was

h 21
D" 35" 0.247

Since 4 is nearly 1 D, therefor both i
Orifice Formula shoulii a(pply. ¢ Poth the Weir Fornuls und

1

f \—; h=r2,-JFT.

D,:10- 6 FT.
; Dq:=85FT

J

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 10.6 X 10 = T950 ... cvvreireereeses oerene, (i)

The discharge through the bridge
uz ..

Q = 3.08 x 0.08 x f;5u(m.u gy ) (ii)
Lquating values of Q from (i) and (i)

7950 (f‘)( LAY

7950 u = 196t QUAY +“—J{>
Rearranging

ugf —0.00615 u2 = 4.18. St = 1075 ft.see

Put for « in (i)

¢ = 7950 x 10.75 = 85,500 cusecs.

By the Orifice Formula.

a L 650
4T W =150
C, = 0.9, e = 044,

=0.865

If u is the velocity of approach, the discharge just upstream of
the bridge
Q@ = 750 X 106 X = 7950 % o ceveecrenvnnninrinnnn, (i)

The discharge under the bridge by the Orifice Formula,
1.44 w2 ~\3
= i 5( 21 R
@ 0.9)(8)(())())(&)( + P
= 39,800 (2.1+0.0225 "2)5 ................................. (ii)

Equating values of Q from (i) and (ii)
7950 w = 39,800(2.14-0.0225 w2}

i

u = 5.0(2.140.0225 u2)}

Squaring and rearranging—
52.5
u2 =0.4375" 1205 4 = 11.0 ft/sec.
Substituting for u in (i) or (ii) we get Q.
Q@ = 7950 x 11 =87,450 cusecs,
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ARTICLE 20

OVERTOPPING OF THE BANKS

20.1. In plains where the ground slopes are gentle and the
natural velocities of flow in streams are low, the flood water may
spill over one or both the banks of the stream at places.

20.2. Height of Approach Roads. Consider the case Where
the bulk of the discharge is carried by the main channel and a
small fraction of it flows over the banks somewhere upstream of
the bridge. [f the overflow strikes high ground at a short distance
from the banks, it can be forced back into the stream and made
to pass through the bridge. This can be done by building the
approach roads of the bridge solid and high so that they intercept
the overflow. In this arrangement, the linear waterway of the
bridge must be ample to handle the whole discharge without detri-
mental afflux. Also the top level of the approach roads must be
high enough not to be overtopped. If the velocity of the stream is
V, the water surface level, where it strikes the road embankment

2

will be :;1 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.

20.3. Subsidiary or Relief Culverts. Sometimes, however, the
overflow spreads far and away from the banks. This is not in-
frequently the case in alluvial plains, where the ground level falis
continuously away from the banks of the stream. In such cases it
is impossible to force the overflow back into the main stream.
The correct thing to do is to pass the overflow through relief cul-
verts at suitable points in the road embankment. These culverts
have to be carefully designed. They should not be too small to
cause detrimental ponding up of the overflow, resulting in damage
to 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 flow through them does not become erosive,
cutting deep ehanmnels and ultimately leading to the shifting of

the main current. :

20.5. Retrogression of Levels. Suppose water .overtlows a
low bank somewhere upstream of the bridge and, after passing
through a relief culvert, rejoins the main stream somewhere lower
down. When the flood in the main channel subsides, the ponded
up water ab 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 8o 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 baffle wall should be added for dissipating the
energy and the issuing current should be stilled through a pro-
perly designed expanding 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 oceur 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. Relief 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 let 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, makeg
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

9
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ground. Frequent dipping down from
ground produces 3 very undesirable

cement concrete slabs, in dips across a watcrlogged country, do
not rest evenly on the mud underneath them. Thus, it will
appear that constructing culverts in such circumstances should be
a bhetter arrangement than providing dips or ymall causeways.

high road fevels to the
road profile. And, even

21.4. After we have decided that culvert has to be constric-
ted on a road lying across some such country, v, proceed to
calculate the discharge by using one of th i
due regard to the nature of the tor

€ run-off formulae, having
rainfall as already explained ip Artic

rain and the intensity of
le 4,

‘ 10n and wetteq perimeter ; and
(ii) there is no measurable slope in th, i i Even where
. Y, it may be so
t passing water through the culvert

area of waterway required for the
culvert (4 = g) will be Prohibitively large. In such cases the

fixed that the road bank
should not be overtopped, nor any pr
damaged.

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

After this we can calculate the required area of crosg section
of the barrel of the culvert by a

pplying the principles of
Hydraulics discussed in Article 22.

21.5. The Procedure set out above jg
able research has be

en carried out
pipe and box culverts, fowing full,

rational and consider-
on the flow of water through
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Dun’s Drainage T‘a.ble. 15; oﬂied,

al. This Table is still W'ld?syunfor-

i alculations. But ltult nfor

o indiscriminately to h
i d rational, proc

drain a given catchment a!‘:{aé
that class and is purely erﬁlp(;mu
a8 it saves the trouble g{te l}l’ ta‘ken athe
ourse is : O ate an 3
thort outs, rec“ where other mort &fcuc:xpense involved. I.)urﬁ]?3
Ruro 'cuts, il le and _warranted by 600 ' be used until suital
dure is possible a that class, should NO'T oo rom extensive
Table, or others in }.m.(ve been carefully ?JO l\t% o rpularitios
correctlop fa.cfiors ch pa,micula,r region wi lt,herWiSB of the exist-
n?ierv&?\o::élzlfgme) of the adequacy g;qo
of terrain ) of roas.
ing culverts vis-a-vis their catchment a e emall sulverts,
.7, Considerations of economy reqm;ea,cross defined chart;;
: 2;; ast ‘3?5: ;'elatively larger Etl.uCt’lflr::lction with adeql‘l?;rt
e e o g el T
: i floating T ening sto
2111?1:13(;1 %Z sfn(l);llpaa:(?"i‘tgdoes not mattﬁr if zt:(;e (ilr)ldeed, it 18 col-'relg:
ciably fon level of the *okC: ven with its 1n .
cla'lbl) i t:lﬁtf Orlgzzlizrrll and let it fun(-zn()llloew abutments "“gr
to leave it m'l‘h' mgléeq it possible to fiemgn'm ¥ s6 round pipes
Sllb:perged.amhl.zr a slab, or alternatively,
porting an ,

square box barrels.

O

-21.8. Nor should higlllx hf’”fg:ﬁ"ifbetﬁe culvert

-fills ; instead, the le cment, W

(ilr?gge:s‘::{ suitably so that the road e;n}ll);!g}l‘ T tainiug hes
side slopes, is accommodated withou

bs
. rcheg or sla
21.9. Where masonry abutments supporfiffllgle:d’ » ped pave-

ioni nder . ine and
e s b o SISO U v, nalding ppe 21
box tculrngtts adequate provision must bo e it is a e dissi-
erosion by désigning curtain walls. uwmust be added for the
fall a suitable cistern and bafile wa suing current.
pation of energy and stilling of the en

:ded for retaining
alverts should e
u th its natura
dwalls.

ARTICLE 22 .
X CULVERTS
HYDRAULICS OF THE PIPE AND BO
FLOWING FULL -
i Inlet. It has ¢
22.1. The Permissible Heading up atdtl::eh e does mot ef“:‘f
ex lair;e'd already that where a Qeﬁne hannds s econpmlcof
anlc)i the natural velocity of flow 18 vgrg o amaber 0 : P’Pei’lb'
to design a oulvert as oonsisting of atl‘gging with the inlet 8
circular or rectangular section funct
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merged. As the flood water starts heading up at the inlef, the
velocity through the barrel goes on increasing. This continues till
the discharge passing through the culvert equals the discharge
coming towards the culvert. Wheu this state of equilibrium is
reached the upstream 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 before the construction of the
road embankment with some allowance for tho concentration of
flow caused by the construction of the culvert.

., 22.3. The Operating Head When the Culverts Flow Full. In
phm connection the cases that have to be considered are’
illustrated in Figure 22.3. In each case tho inlet is submerged

_—1 vt e e - o

—_— 'y

H
1.

(b)

THE OPERATING HEAD'H" '
WHEN THE CULVERT FLOWS ’
: FULL
Fig. 22.3,

SMmaLl Bripeux & CULVERTS 189

i i the tail race water
d the culvert is flowing full. In case ()  ra.
s:rfa-ce is helow the crown of the exit and in case (b) it is above

i i i «“H"”, Thus
_ The operating head in each case is marked H' .
gleaZee that :p ‘ When the culvert flows full, the operating head,

i i p » level measured from the
H, is tho height of the up stream water !
surface 1eve1gin the tail race or from the crown of the exit of the

eulvert whichever is higher.”

22.4. The Velocity Generated by “H”. The operating head
« H* is utilized in (i) supplying the energy requlred to
generate the velocity of flow through tfb.e culvert, (.n) forcing »ya,tei
through the inlet of the culvert, and (iii) overcoming the frictiona
resistance offered by tho inside wetted surface of the culvert.

If the velooity through the pipe is », the head expended in
generating it is ;Z . As regards the head expended at the entry,
it is customary to express it as a fraction K, of the velocity
head % Similarly, the head required for overcoming the

2

) .
- friotion of the pipe is expressed as a fraction K of -27 From this

it, follows, that
vz
H=[1+ K.+ K |54 (22°4)

) this equation we can calculate the velocity v, which a
gir‘:)em;] head H will generate in a pipe flowing full, if we know K.

and Kf.

22.5. Values of K, and Ky, K, principally depends on the
shape of the inlet. ‘The following values are commonly used :

K, = 0.08 for bevelled or )
bell-mouthed entry |
e (22'5 )
(505 for sharp edged
entry J

ds K7 it is a function of the length L of the culvert,
its h}y\;r;eug:; r;ea{l radius R, and the coefficient of rugosity = of

its surface.
The following relationship exists between K . and n.

22n2 L

=2 225
Kf R"} R (22:5y)
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r— For cement concrete circular pipes or cement plastered
masonry culverts of rectangular section, the coefficient of rugo-
0.0 . ‘"’ sity » = 0015, therefore the above equation reduces to :
g0 — 1T -
ST e
7.0 . K = 00065 L’ . (22'5,)
6.0 f IE
N -
5-0- £
4.0 ) X o ‘ic The graphs in Fig, 225 are based on Kquation 22°5,. For a
) 24 & \l,. culvert of known sectional area and length, Kf can be directly
y] . . q.
s.0 o\ \* N9 K| N T read from these graphs
) * N . - . . -
J SN {s o \ 22.6. VYalues of A, and A Modified through Research.
S & : g
¥ \(\‘\ o\ Y \ \ Considerable research has recently been carried out on the head
2.0 \ S > A\, l , lost in flow through pipes. The results have unmistakably
Y. VAR demonstrated the following:
1.5 du e \% A8 \\
\EL X‘ \ Ay Y ] The entry loss coellicient, K., depends not only on the shape
: o \ \\ ' \ of the entry but also on the size of entry and the roughness of its
t.0 N (A \‘ \' A wetted surface. In general A, increases with an increase in the
Q.9 % \ \ size of the inlet.
N
.Q0-8 NN\ AUAN
N .
fg: A\ T\\ N NN A ] Also K, the friction loss coefficient, is not independent
.‘:"Z . I \\ \\\'. \\ \\Y\ —}., ' of K,, Attempts to make the entry eflicicnt repercuss adver-
0.5 N AUAN A\ sely on the frictional registance to tlow offered by the wetted
surface of the barrel. In other words, if the entry conditions
o “Ke s N NN improve (ie. if K, decreases), the friction of the barrel
3 -t — - \ increases (ie., K, incrcases). This phenomenon can be ex-
©-31 | FOR C. C. PIPES - N ) : plained by thinking of the velocity distribution inside the pipe.
] Ke. O:0085L \ II \\L\\ \\ When the entry is square and sbarp; e}cllgeg, hligh I;r%lOCi}t)y
LD N lines are concentrated nearer the axis of the barrel; while the
0. 24— f 1 vequiredfo find | bell mouthed entry gives uniform distribution of velocity over the
the heod lost against | whole section of the barrel. From this it follows that, the aver-
;lfich'on |;\ I‘IJ condurt : age velocity being the same in both cases, the velocity near the
. owing tull: wetted surface of the pipe will be lower for square entry than for
J R fov2/2 J | ‘bell mouthed entry. Hence, the frictional resistance inside the
3 | culvert is smaller when the entry is squa,ref than when it is bell
: Str ini is, therefore, not an i
SIZE_OF CONDUIT axﬂl(:r‘gllll::ée Stream lining the entry ot an unmixed
OIAMETER OF ROUND PIES(fr}l N & & 0 @ = 0 wg '
Y G 5 O @ wg
I 7’ T T T ’0 T ° Tb L Consequently, it has been suggested that the vales of K, and
SIDES OF SQUARE SEcT N N W  a o o | l w6,” ' K should be as given in Table 22.6.
(FTXFT) N s &" ; Z:‘ ; ﬁ ; 3:
; o
0

Fig. 22,5,
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TABLE 22.6,

Va.lu_es of K, and Ky 19

|

o M 1
. gg Circular Pipes. Rectangular Culverts.
P | bevellod | o
€28 Square Bevelled Square | Bevelled
SEgr entry 3 entry entry ! entr

S | | ’
K, = | 061 r™° | g} 0.4R03 ‘I 0.05

e | - I

Kf = OOO:;L/RIZ !OOOOSL/’RlZ 0.0045 L/R1‘25

0.0043L/R1.25

22.7. Design Calculations.

We have said that

2
H =[1 + K, + K,](’jL4

ie.,? = 8 (i_tf—_KI:iT]{’})é

@=d4x 8(1 I Kfj.{_ X, )Q (22.7

Suppose we know the operatin

g head H and
b‘arre] L; and assume that the diameter of:rsgr?dlenigth of the
side of a square box culvert i3 D PIpe or the

From D calculate the i
. cross
hydraulic mean radius R of the C;Isvei(é.ctlonal pren A and the

Now, from R and L compute K, a j

Now, nd s appropri
f;zngtlons frqm Table 22.6. Then:Z calcuﬁéé l(l)q?réfnr;w}g;z}:t:?:x?
(22.7).  If this equals the design discharge, the assumed size of

the culvert i
repoat 16 correct. If not, assume a fresh value of D and
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22.8. Design Chart (PLATE 6.)

Equation (22.7) may be

written ag

Q =2 \/‘Q;H (22 8(1)
A

where X\ = (1 + K.+ K',-)i (22.8,)

It is obvious that all components of A in
Equation (22.8,) are functions of the cross section,
length, roughness, and the shape of the inlet of the
pipe. Therefore \ represents the conveying capacity of the pipe
and may be called the ‘Conveyance Factor’. 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 matecrial
assumed is cement concrete and values of K, and K5 used in the
computation are based on functions in Table (22.6).

i

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=178

Now refer to the curves in the same Plate. For \ = 7.8
and H = 3.01ft

@ = 108 cusecs,
10

L
’~
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22.10. Example. Design a culvert consisting of Cement

Concrete circular pipe it i
Gron e oo 22,1)1(%8 with bevelled entry and flowing full,

Discharge = 370 cusees
R. L. of ground = 100.00

H. F. L. of tail race = 102.500
Permissible heading up atinlet R. L., = 106.50
Length of Culvert = 60 ft.

Since we shall try pipes of diameters

culvert will function a3 sketched - exceeding 2.5 ft, the

105.5
| = H
5.50 FT, 4 i ——102.
D 25w
100-00
60 FT ——of —

Fig. 22.10.

Assumed value of N = (1)3.0 ft; (2) 3.5 ft; (3) 4.0 ft

Corresponding
H=55-p = (1)2.51 (2)2.01t;(3)1.5ft
Discharge per pipe

from PLATE 6, Q, = (1) 70 cus.: (2) 92 cus.; (3) 105 cus.;

Number of pipes
required 370/¢)

Il

(1635  (240; (335
say 5 say 4 say 4
Hence 4 pipes of 3.5 ft diameter will suit,
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Appendix

HIGH
'y ‘ March tober
0.75 .36
9 1st 1952 b 1048
(18-19)  7.13)
1.16 0.59
3 21st 1950 1, 1040
20-21 9-20
0.08 0.00
18 25th 1951
13-16

0.20
32 25¢h 1951
0-1

0.39
2 15th 1952
22-23

0.20
14th 1950
20-21

0.40
30 21st 1946
10-11

1.32
01 9th 1911
L 17-18

1.32
32 25th 1951
H 23-24

0.01
32 22nd 1951
3 17-18

0.34
53 15th 1952
3 18-19

0.59
30 28th 1951
16-17

0.03
1 1952
0-21

0.00

0.09
b 1950
22-23

3.12
h 1947
2-3

2.00
3t 1952
14-15

2.58
h 1953
18-19

2.03
th 1950
21-22

1.46
th 1953
8-9

.85
ith 1949

Highest intensity

November | December
0.14 0.01
24th 1951 31st 1952
(19-20) (6~7)
0.19 .28
218t 1948 24th 1950
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
20-2) & 22-23

1.56 1.72
20th 1946 1st 1952

23-24 16-17

2.44 1.04
8th 1916 8th 1942

15-16 18-19

1.14 0.72
16th 1948 6th 1946

23-24 19-20

0.83 0.00
25th 1951

8-9

0.70 0.00
23rd 1952

23-24

0.49 0.07
5th 1948 30th 1950

15-16 10-11

6-7

3.12
Tth 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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[

ot

10.

11.

12.

14.

Station

. New Delhi

(Safdarjung)

. Allahabad

(Bamrauli)

Jodhpur

Jaipur

Amritsar

Aligarh

Madras

. Bangalore

Kodaikanal

Visakhapatnam

Trivandrum

Mangalore

Tiruchirapally

Nagpur

Amt
Date
Timo

Amt
Dato
Timo

Amt
Dato
Time

Amt
Date
Time

Amt
Dato
Time

Amt
Date
Timo

At
Dateo
Time

Amt
Dato
Time

Amt
Date
Time

Amt
Date
Time

Amt
Dato
Time

Amt
Date
Time

Amt
Date
Time

Amt
Date
Time

January

1.13
1ath 1033
(18-19)

0.18
25th 1950
20-21 & 21-22

0.52
18th 1048
16-17

0.22
11th 1953
11-12

0.32
15th 1953
15-16

0.32
24th 1950
16-17

110
27uh 1947
23-24

2.02
16th 1908
0-1

1.40
16th 1048
19-20

0.40
18th 1953
2-3

0.86
24th 1953
22-23

0.55
4th 1948
00-01

Fobruary

0.32
4th 1949
(1-2)

0.49
Sth 1953
19-20

0.16
20th 1948
23-24

0.23
20th 1932
7-8

0.26
4th 1952
6-7

0.00

0.24¢
23rd 1950
10-1]

2.34
218t 1901
20-21

0.67
218t 1952
11-12

0.16
23rd 1952
14-15

0.66
218t 1953
15-16

0.37
21st 1950
4-3

HIGHEST INTENSITY OF RAINFALL IN INCHES Appendix
March l April I May [ June ( July l August September | Qgtober | November | December | Highest intensity
0.75 0.20 0.53 0.48 1.96 1.48 3.12 6 0.14 0.01 3.12
1st 1952 2nd 1951 30th 1950  24th 1953 218t 1949  16th 1952  7th 1948 30£ﬁ%948 24th 1951  31st 1952 7th Sept. 1948
(18-19) (8-9) (15-16) (4-5) (7-8) (15-16) (8-9) (17-18) (19-20) (6-7) (8-9)
1_.16 ) 0.34 0.24 2.37 1.14 2.86 1.46 0.59 0.19 0.28 2.86
2186 1950 2nd 1951 16¢h 1952 30th 1951 19th 1948 11th 1951 10th 1949 29;},' 1940 21st 1948 24th 1930 lith Aug. 1951
20-21 16-17 0-1 11-12 1-2 15-16 2-3 19-20 23-24 16-17 15-16
0.08 0.08 0.70 1.10 1.96 1.60 1.20 .00 0.17 0.03 1.96
25th 1951 18th 1953  30th 1951  27th 1951 17th 1948 13th 1951  4th 1953 ’ 23rd 1951  31st 1952  17th July 1949
15-16 20-21 3-4 17-18 14-15 6-7 16-17 13-14 18-19 14-15
0.20 0.12 0.48 1.46 1.74 1.60 0.80 0.03 0.00 0.00 1.74
25th 1951  lst 1952 21e 1950  15th 1951 17th 1950  21st 1952  8th 1950 4th 1952 17th July 1950
0-1 16-17 16-17 1-2 15-16 19-20 20-21 20-21 15-16
0.39 0.14 0.18 1.01 0.64 1.55 0.09 0.00 0.33 0.29 1.55
15th 1952 20th 1933  11th 1952  21st 1952  27th 1952 10th 1952  13th 1951 25th 1951 20th 1951  10th Aug. 1952
22-23 2-3 7-8 22-23 14-15 13-14 17-18 8-9 20-21 13-14
0.20 0.11 0.22 0.98 2.00 0.56 1.08 0.09 0.00 0.02 2.00
14th 1950  1st 1950  30th 1950  23rd 1950  Gth 1950  30th 1950  1st 1950 1t 1950 24th 1950 5th July 1950
20-21 23-24 17-18 0-1 12-13 10-11 14-15 29-23 20-21 & 22-23 12-13
0.40 1.80 2.07 1.12 0.97 2.45 1.73 3.12 1.56 1.72 3.12
21st 1946  lst 1943 19th 1952 1st 1949  9th 1946  25th 1950  23rd 1950  4¢), 1947  20th 1046 1st 1952 4th Oct 1947
10-11 1213 3-4 20-21 1-2 2-3 3-4 2-3 23-24 16-17 2.3
1.32 2.40 2.76 2.40 2.35 2.79 3.00 2.00 2.44 1.04 3.00
9th 1911 9th 1943 30th 1900  1st 1952  23th 1916  5th 1948  26th 1903 2], 1952 8th 1016 8th 1942 26th Sep. 1903
17-18 18-19 19-20 22.23 1-2 21-22 23-24 14-15 15-18 18-19 23-24
1.32 1.76 1.58 0.98 1.02 0.92 0.82 2.58 1.14 0.72 2.58
25th 1951 4th 1952  22nd 1951  5th 1951 7th 1949 23rd 1953 & 12th 1948  94h 1953 16th 1048 6th 1948 9th Oct. 1953
23-24 17-18 17-18 17-18 12-13 28th 1950. 18-17 18-19 23-24 19-20 18-19
15-16; 18-17
0.01 1.57 1.20 0.67 3.00 2.20 2.11 2.03 0.83 0.00 3.00
22nd 195F  30th 1931  27th 1952  18th 1952  23rd 1951  20th 1951  22nd 1930  28¢h 1950  25th 1951 23rd July 1951
17-18 20-21 19-20 8-9 11-12 14-15 13-14 21-22 8-9 11-12
0.34 1.09 1.25 1.99 0.80 0.35 0.62 1.46 0.70 0.00 1.99
15th 1952  14th 1952  10th 1952  7th 19533  6th 1953  13th 1952 4th 1953  925;h 1953  23rd 1952 7th June 1953
18-19 13-14 17-18 45 5-6 2-3 17-18 8-9 23-24 4-3
0.14 0.23 1.08 1.58 0.67 0.58 v . 1.58
25¢h 1953 26th 1933 30th 1953 18th 1933 1st 1953 4th 1953 18th July 19353
5-6 5-6 10-20 23-24 22.23 3-4 23-24
- . 0.29 0.33 .60 - e -
26th 1933  23th 1053  27th 1053
17-18 23-24 20-21
0.59 0.35 0.42 1.20 1.88 1.99 1.90 0.85 0.49 0.07 1.99
28th 1951  26¢h 1948  27th 1940 27th 1947  21st 1951  24th 1952 5th 1951 10th 1949  5th 1048  30th 1950  24th Aug. 1952
16-17 18-19 18-19 20-21 22.23 15-16 18-19 6-7 15-16 10-11 15-16
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15,

16,

17.

18.

19.

20.

24.

25.

26.

217.

Station

Jagdalpur

Bhopal
(Bairagarh)

Poona

Calcutta
(Alipore)

Calcutta
(Thim Dum)

Asansol

. Chirrapunji

Port Blair

Saugor Taland

Jamshedpuar

Gaya

Agartala

Mohanhari

(Dibrugach)

Bokaro

Amt
Date
Time

Amt
Date
Time

Amft,
Date
Time

Amt
Date
Time

Amt
Date
Time

Amt
Duate
Time

Amt
Duto
Time

Amt
Date
Tihne

Amt
Date

Time

Amt
Date
Time

Amt
Dato
Time

Amt
Date
Time

Amu
Dato
Time

At
Date
Time

‘ January

0.44
23rd 1943
1-2

0°40
22nd 1948
8-9

0.35
30th 1944
3-4

0.15
— 1948

0.54
— 1933

0.22
23rd 1953
22-23

0.37
1953

.50
1953

0.60
27th 1949
20-21

0.46
27th 1049
18-19

0.11
11th 1952
9-10

Fobruary

0.11
24th 1938
19-20

0.42
23rd 1046
7-8

1.19
1948

0.18
10th 1952
12-13

1.00
10th 1950

4-5

102
1953

1.36
6th 1948
9-10

0-41
4th 1948
15.16

0.25
5th 1949
19-20

0.87
1953

0.04
10th & 22nd
1952
7-8; 5-6

March ’ April
0.00 1.13
15th 1953
19-20
0.05
8th 1952
7-8 & 8-9
0.18 1.36
26th 1938 & 1953
27th 1947
15-16; 17-18
0.96 1.73
13th 1948 25th 1052
20-21 10-20
0.77 1.60
1048 1949
0.77 0.76
2nd 1952 22nd 1952
20~21 16-17
2.04 3.60
30th 1051 Tth 1947
2-3 23-24
0.52 0.40
1952 1052 & 19533
0.62 1.92
10th 1952 1949
18-19
0.76 0.81
24th 1951 11th 19490
18-19 21-22
0.58 0.46
24th 1048 19th 1953
1920 17-18
0.74 -
1953
0.60 1.28
16th 1952 19¢h 1951
11-12 17-18

May ‘ June
0.00 0.53
5th 1933
18-19
0.00 2.40
18th 1953
15-16
2.10 1.71
30th 1933 1953
17-18
1.90 2,22
21st 1947 23rd 1944
8-9 15-16
1.40 2.48
1953 1953
0.80 1.30
27th 1951 22nd 1952
21-22 14-15
3.64 4.28
11th 1948 17th 1949
0-1 6-7
2.00 1.40
1052 1953
1.64 2.16
21st 1940 10th 1950
22-23 10-11
2.14 3.38
20th 1949 10th 1949
15-16 0-1
1.02 1.64
12th 1046 22nd 1953
22-23 15«16
0.83 e
1953
1.40
1953
1.08 0.98
26th 1951 28th 1952
18-19 23-24

July l August September r October November | December | Highest intensity
0.78 1.15 1.45 0.83 0.16 1.07 1.45
22nd 1953  12th 1953  23rd 1953  10th 1953  11th 1953  9th 1952 23rd Sept. 1953
21.92 13-14 13-14 16-17 3-4 17-18 13-14
0,62 0.75 0.71 0.03 0.00 0.28 2.40
16th 1952  5th 1953 14th 1952 14th 1052 20th 1952 18th June 1953
15.16 4-3 18-19 3-4 20-21 15-16
0.67 1.32 1.60 1'54 0.84 0.40 2.10
4th 1932 15th 1947  21st 1951 18th 1032 3rd 1931 1st 1932 30th May 1933
12.13 2-3 15-16 21-22 4-5 0-1 17-18
1.08 2.50 2.32 2.08 0.98 0.14 2.50
17th 1951  12th 1947  27th 1945  15th 1882 Ist 1950 23rd 1947  12th Aug., 1947
16.17 1-2 3-4 19-20 6-1 1-2
2.68 L77 1.81 1.36 0.53 0.00 2.68
1953 1951 1049 1951 1950 July 1953
1.42 1.32 0.83 0.62 0.29 0.00 1.42
5th 1053 10th 1950 10th 1951 3rd 1951 11th 1953 6th July 1953
3.4 16-17 16-17 15-16 6-7 3-4
5.00 2.96 4.20 1.74 0.66 0.14 5.00
11th 1952 23rd 1951 14th 1951 4th 1951 18th 1950 20th 1951 11th July 1952
0-1 11-12 0-1 11-12 23-34 13-14 0-1
1.18 2.33 1.54 2.30 0.80 0.72 2.33
1951 1953 1951 1951 1951 1951 Aug. 1953
2.54 3.00 2.72 1.29 1.07 0.63 3.
1951 18th 1952 1951 11th 1952  18th 1950 1047 18th Aug. 1952
9-10 5-6 8-9 9-10
1.04 2.43 1.68 0.94 0.70 0.11 3.38
17th 1953  20th 1953  14th 1950  1st 1947 25th 1948  14th 1947 10th June 1949
2.3 21-22 23-24 14-15 23-24 11-12 0-1
1-76 2.40 1.85 1.00 0.50 0.16 2.40
6th 1947 31st 1946 13th 1948 10th 1948 27th 1948 28th 1952 3lst Aug. 1946
18-17 0-1 4-5 18-19 4-3 2-3 0.1
1.40 1.46 1.55 1.55
1953 1953 1953 Qct. 1953
1.69 1.24 0.65 “ .
1953 1953 1953
1.89 1.14 1.89 1.44 0.02 0.00 1.89
11th 1951 17th 1951 10th 1952 20th 1951 25th 1951 11th July 1951 &
18-19 2-3 13-14 17-18 21-22 10th Sept. 1952

18-19; 13-14
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RUN OFF DATA
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Q = RUN OFF IN CUSECS; A=AREA OF CATCHMENT IN ACRES; I,x THE MAX:
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TIME OF CONCENTRATION IN HOURS, te -(——H’—) 3 WHERE L= LENGYH OF CHAMNEL IN MILES FROM THE CRITICAL POINT TO THE CULVERT;
H= FALL IN FEET FROM THE CRITICAL POINT TO TWE CULVERT,

CURVES FOR TIME OF CONCENTRATION
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GOVERDHANLAL ON SMALL BripuEs & CULVERTs

. Plate 4
MASONRY ARCHES FOR HIGH LEVEL BRIDGES.
S = clear spon. D =depthof haunch filling ot pier
- ROAD LEVEL r+T
_ ; _S+0 2 abutment = 5+ . .
L - effedﬂve SPOY\_S + O 8T © & 2 Note :—1. The specification for the. masonry of abutments, abutment piers and piers.is assumed to be
d = hdlf spon = 92 gl R Widths of wall fo retain haunch filling:- the same as that used for the mansonry of tho arch ring itself, oxcept that
= . . ‘\\ . — v = dih -
= ri L - - ~\ i Spon B Tong 0>° wie Wstona P Vori ‘ (i) the top of abutments apd abutment piers for a depth of: 2 ft shall be in cement
= rise ( 1/ N7 - e o A
‘ . ’ Upts 10 1-0 112 1-9 i~V in all cases, and
= radius urvature of intrados - - 20" -6 | -8 V=07 | 1= 1v2 :
R . raa ‘uas of cur e of intro a r a ¥ Q’ 30 -9 1= 0% 1-o0” 1=z (i) for lime concrete arches, the abutments, abutment:piers and:piers.may be either in
— 02+rv' "’ € _"| - p 40 2-0" 2-3" —0” 1 V=% , stone or brick masonry in lime mortar.
T = fhi¢kn€SS of arch at crown. / E = width _Of ubu‘me"i and obutment 2. Thickness of abutments, abutment piers & piers at different depths below spring for arches
- . o . of various spans are given in arate tables and graphs.
C = cover over crown of arch pter at springing. P seP graphs
up to road level. P = width of per at springing. DESIGN LIVE LOAD:- I. R. C. Standard Class ‘A’ (Revised 1947):Wheel Load Train
EFFECTIVE  SPAN IN FEET (L) 4 8 10 IS 20 25 30 35 40 SHAPE OF ARCH :- Segmental.
ARCH TH'CKNESS AT CROWN & THICKNESS| COVER [THICKNESS| COVER JTHICKNESS| COVER {THICKNESS] COVER [THICKNESS| COVER [THICKNESS| COVER |THICKNESS| COVER [THICKNESS] COVER [TrackneSS| COVER RISE/SPAN RATIO(R/S :_) 1/4
COVER OVER CROWN FOR : FT. O INJFT. e [T an, IPY N L FT . [FY e T N FY g )T WM. JFT. P EY N JFT NC [ RT i [FT NPT N JET I [ FT N JFT. AN
(@ 1st. CLASS ORESSED STONE OR CEMENT GONCRETE
- - —- - - - _ - — - — - — - - - -0l2- DESIGN STRESSES - SAFE STRESSES
(+2%:5) BLOCK MASONRY IN CEMENT MORTAR (1:3) I—Q)1—=6]1—0|2-0)1'—0]2-0f1 —3]|2-0|1—6|2-0[1—8|2-3|I — 9|2-6|1—-10/2-6|{2-0 6
I :
. i1 0 MATERIALS OF CONSTRUCTION : la’
(_b)l(sf C.LASS DRESSED STONE OR CEMENT C NCRETE 1—o|1-e| 1—0|2-0]1 —3|2-0]1 —8| 2-0]1 - 9|2-0|1-10]2-3|2- 0] 2-6|2~3|2-6| 2—6|2-6 0 IN TONS/go
1:2¥2:5) BLOCK MASONRY IN LIME MORTAR (1:2) ) "Compressive. Tensile.
First class dressed stone or cement eoncrete block -masonry
(C) 1st. CLASS BRICK MASONRY IN CEMENT MORTAR (I1:3) |- 1| 1-6| I-1%| 2-0} | =12} 2-0| | —6[2-0[1-1042-0|1 -0/ 2-3|2 -3|2-6|2-3|2-6|2-7|2-6 in cement mortar 1 :3 15 1.3 (20 LBS./a")
First_ class dressed stone or cement concrete block masonry
@)l CLASS BRICK MASONRY IN LIME MORTAR (1:2) [ |—1%{|~6{ |-1%|2-0|| —6{2-0] I-10%2~0)) -10%{2-0|2 -3 {2-0]2-7%|2-0|3 -0|2-0|3-4%|2-0 in lime mortar 1:2 8-9 0.65 (10 LBS./0")
- First cl brick i t ¥ LR : Ja"
(€) LIME CONCRETE (STONE METAL & AT CROWN {—3 1—6 1 —8 |—9 > 2-0] 2-9 2—-9 irst class brick masonry in cement mortar 1: 3 8-9 1.3 . (20 LBS./o")
HYDRAULIG LIME MORTAR) AT SPRINGING Y -6 |—6 2-0 -8 2-0 2-0 -0 2-3 2-0 2-6 2-0 3-0 2-0 First class brick masonry in lime meortar 1: 2 5-6 0.65 (10 LBS./a")
wBIDTH AT spmr%clgrq&z (E) FT. W | PT TG W, | FT N, | FY N, FT. T 3] IN FT. w. | Fr ™ Lime concrete masonry (with stone metal & hydraulic lime mortar) . 4-b 0.65. (10 LBS./o")
ABUTMENTS & ABU NT PIER —
(6} fat. CLASS STONE MASONRY IN GEMENT 30RTAR (1:3) 2— 6 3 —3 53— 6 4 —3 5 —©° 5 — 9 6 — 6 7 3 8 -0
(% 1st. CLASS BRICK MASONRY IN CEMENT MORI;‘; (1:3) 2 — M2 3 — 4] 3 — 9 4 — 6 5 — 3 6 — O 6 — 9 7 — B 8 — %
PIERS
(@) 1st. CLASS STONE MASONRY IN CEMENT MORTAR (1:3) I — 8 2 — 3 2 — 86 |2 —9 3y —3 3 —9 4 — 3 %5 — O 5 — 9
W 1st. CLASS SYONE MASONRY IN LIME MORTAR (1:2) t — 101 2 — 8 2 9 53 —0 3 — 3 3 —9 4 — 3 5 — ©O 3S — 9
© 1ist. CLASS BRICK MASONRY IN CEMENT MORTAR (1:3) } — Q% 2 — 3 2 — 7%} 3 — O 3 — A2 4 — 12l 4 — & 5 — 3 6 — o
&) st CLASS BRICK MASONRYIN LIME  MORTAR (1:2) P — 10%2) 2 — 72| 3 — O 3 — 4% 3 — 9 4 — 1Y2] 4 — 6 8 — 3 6 — O
) 13t GLASS STONE MASONRY IN Lmamlw‘b 1:2) 2— O 2 — b 2 — 9 3 — 3 3 — 9 4 —_ O 4 — 10
{f) 13t CLASS BRICK MASONRY IN LIME ] pat™™ "% . 5 | — 1OV 2 —7/k)] > — O '3 — 4kl 3 —9 |4 —1%]| a4 — on _
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GoveERDHANLAL ON SMALL BrRiDGES & CULVERTS

C = clear cover minimum 1’.

N = End cover or clearance 14’
or 2D whichever is more.

D = biameter of main reinforcement
bar (ftom tables) .

e = Spacing of distribulion reinforce-
ment (from fables).

L = Ef'fective Span s +d.

CLEAR SPANS 4 FT. TQ 25 FT.

4
[ A X ]

Paper or tarred join‘
etween slabs & piev cap.

- + CLEAR SPAN 8§ PT.

Nole:~ For clear spans of over 10 f1. @ longiludina] comber
of aboul % inch per 10t. span is recommended.

d-=

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

Leng{h 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+ Do

Effective depth (from tables)
measured to the cenire of the
main reinforcement .

TABLE A =FOR WEARING COAT UP TO 3 INS. THICK TABLE B=FOR WEARING COAT OVER 3INS. AND UP TO 9 INS. THICK
MAXMUM | i | seprit | bepm | MAN REINFORCEMENT | pPiNFoRCEMENT Maxivom | [VERALLIEFFECTIE]  MAIN - REINFORCEMENT REINFORCEMENT
cLear | oo ONG  Giear oF oF AREA PER |NO. OF MAIN rrRed cLear | DENONG | kan OF oF SPAC’"%
SPAN :s:::;_r PER FOOT [yenimn e oG P |SPACING[FOOT WIDTHBARS CRANKEN o1am. [GTHE AREA SPAN | MOMENT | cooT| SLAB | SLAB | DIAM. [ o ?gg:;ﬂ::égi&:x:o GNTHE| AREA
WIDTH | WEARING| WEARING | Barns [CENTRESAT MIDEPANIUP AT EACH - [SENTRAY PER FOOT PER FOOT | © o [FachuDRGEXCLUDING) OF  |cenTReslAT MipspaN{UP AT Eack | D'AM. [CENTRAL PER FOOT
WIDTH G| WEARN END oF WIDTH WEARING) WEARING| BARS END pogpon WIDTH
| _ SPAN COAT | COAT SPAN
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. 8Q. N,
S I M \Y H d D As e S M \Y H d D As e
3 | 34,000] 3970 | 700| 575| ¥8 [3% | 0.408 nil % | 7 0.189 3 | 34000[ 3970 7.00][ 575[ 3% [ 3% | 0408 nil o] 7 0189
4 | 46,000] 4,440 | 700| 575| ‘2 |4¥% | 0.554 nil Vo 19% | 0241 4 | 46,000 4.440| 700] 57| % | 4% [ o554 nil o 195 o024
5 | 56,000 4,520 | 8.00| 675| 2 | 4 | 0.586 [linevery4| Yo [9'4 | 0250 5 | 56,000| 4,520 | 8.00] 675] % | 4 | 0.586 [linevery4| o [ 9| 0.250
6 | 93000| 5670 | 925 800] 'k 3 (0785 {Il» ~» 4| b (8%, ] 0285 6 |102,000| 5670| 9.50] 8.19] S5 | 4% | 08181 + 4] Vo [ 7, 0314
~ 7 [113000] 6,050 |10.00| 869 4Y¥aloees [i» » 4| V% |73 | 0304 7_1121,000] 6,050 [1025] 894| S | 410868 [1* » 4| Vo |77 0314
8 |138000| 6,250 [11.00] 969 ¥ | 4 [o920]1” » 4] V2 |7 | 0314 8 [l47,000] 6,250 11.25] 994 S |33 o982 {1+ » 4| b | 7% ] 0314
9_|159,000] 6,590 |11.75]1037| 34 [5% | 1010 i» » 4] Vo [7h [ 0314 9 170,000} 6,590 | 12.00{ 10.62] 3/4 5 1060 [t » 4] ' | 7'/a] 0325
10 [190,000| 6,660 | 12.75| 11.37| 34 (4% [ 1120 [1» »~ 4| S | 11 | 0335 10 1204,000| 6,660 | 13.00[11.62] ¥ | 4% [ 1120 [1* » 4] T 7| 0325
12_1250,000{ 7,210 |14.25]|1287| 34 |4Va| 1248 [1» » 2] 5 [0 | 0351 12_1273,000| 7,210]1500]1362] % | 4 1,325 [1» » 2| % [10'2] 0351
14_ {320,000 7,630 | i6.00{14.50| ¥ | 3% | 1413 [i» » 2] 54 | 10 | 0.268 14 1351,000] 7,660 | 16.75] 1537 % | 3% | t.510 [1v ~» 2] 54 [ 93] o378
15 {357,000{ 7,860 {17.00}1550( 1 |6 | 1510 1» ~» 2| S8 | 10 | 0.368 15 [391,000{ 7,980 17.75[16.25] | 6 1.570 {1 * = 2| 53 19'A] 0.388
16 |394,000] 8,160 [17.75[16.25] 1| 6 [ 1570 [1r 2 21 5/ [9%, | 0378 16 [437,000] 8310]1850[17.00] t | 5% | 1640 {1» » 2] S | 9% | 0398
18 1474,000| 8630 {1925/ 1775 | [s'A | 1714 1» » 2] 53 (9% | 0388 18 1526,000] 8,930 [20.25]1875] 1 | 84| 1795 1+ » 2] 5 | 9 0.409
20 |567,000] 9,260 [21.00[ 19.50 [ 1| 5 11885 {1 » 21 58| 9 | 0409 20 1628,000] 9,550 |22.00]2050] + [ 4% [ 1983 [1» » 2| S | 8% | o.421
22 [662,000] 9,760 |22.50[{21.00] | |4%2[ 2090 [i» ~ 2| % |83, | 042 22 [742,000] 10,330 [23.75[22.25( 1 |44 2216 [ts » 2] 5 | 80| 0433
24 755000 10,380 124.00122.50| | [4aYy] 2216 |17 » 2] %, [ 12 | 0442 24 1866,000{ 11,170 [25.50]24.00{ | 4 [23s6 [1» » 2| % |n'/a] 0462
1> 25 |830,000]| 10,750 [25.00|23.50] | 4 | 2356 [1» » 2| 35 | 12 | 0442 25 1935000} 11,310 26.50}2500] t | 3% | 2510 J1» e 2] 34 [11? 0.462~
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Plate 5

DESIGN LOADING—I.R.C. Stagdard—Class ‘A’ (Revised 1947) wheel

load train.

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

18,000 1bs. per sq. in.

MODULAR RATIO—Fixed 15

Notes —1,

The design tables apply to slabs of bridges & culverts with a
clear road width of not Jess 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

v L

bars should be securely welded or wired to the main bars at
every alternate joint,

times the area of the main reinforcement. Distribution

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.
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Plate 6

GOVERDHANLAL ON SMArLL BripagEs & CULVERTS
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STABILISATION OF CERTAIN CLAYEY SOILS IN
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SYNOPSIS

This paper presents the results of a laboratory study on the stahilization
of the hlack cotton soils (Montmorillonite group) found in the Deeean.
The application of this mothod of stabilization on certain alluvial soils in
tho Gangetie plain is also indicated,

Black cotton soil could not be stabilized even with 20 per cent of
eement but & minimum of 10 per cent coment with 10 per cont limo promised
a satisfactory result. The same sirength can also be ohtained by the addition
of 40 to 50 per econt sand to the soil hefore inixing with 10 per cent
coment, But none of these methods are likely to he economical.

. Heating this soil to 500 deg, (. brings it virtually to the nature of a
sandy soil which can he stabilized with 10 por cent cement. But the addition
of 20 per cent natural soil to the heat-treated soil before tho addition of 10
per cent coment greatly increases its compressive strength and brings it to a
value equal to that obtained by wixing with 10 per cent coment and 10 per
cent lime or with 40 to 50 per cent sand and 10 por cent comoent.

_ This suil can also be stabilized with the addition of 7§ per cont natural
soil to the hoat-treated soil and 6 per cont 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 tho caso of the black
sotton soils. The addition of natural soil to the heat-treated soil of
Kaolinite group shows decrease in strength’ against tho increase noticed
in black cotton soils. However, the effect of heat-trecatment on these two
goils 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 eonstruction of roads or airfields in spite 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 :

(3} 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

CLAYEY SoiLs iN Inpra By HEAT TREATMENT 217

naturally under deciduous forests, pedsolized soils and
clayey soils.1*

3. The soil map of India by Dr. J. K. Basu® Figure I,
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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Fig. 1
Soil Map.

*Refer 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 goils
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. 1t has been found in the laboratory study that
at a 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,

8. 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 & 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 i1s 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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Fig. 2
Typical Dehydration Curves.
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EXPERIMENTS ON BLACK COTTON SOIL
b
7. The Black Cotton Soils of India, The black cotton soil, in
India, is a heavy textured clayey soil derived from Deccan trap
which is a black basalt. The organic content is generally low and
the black colour is generally attributed to the presence of finely
divided tetaniferous magnetic. The soil generally occurs in
regions where the rainfall is insufficient to compensate for the
evaporation resulting from high temperatures and thus incom-
plete leaching results. The soil is characterised by a zone of
calcium carbonate concretions (Kankar). The depth of the soil
varies from 3 to 6 feet, occasionally going down 30 to 40 feet. On
drying, the soil shrinks and cracks to such an extent that it is
often said that ‘‘the black cotton soil ploughs itself 1. The soil
used in the investigation was obtained from the neighbourhood
of Poona,

8. Characteristlcg qf the Black Cotton Soils. Characteristics
of the black cotton soil Investigated are given below :

TasLE I

A
CHARACTERISTICS OF BLACK Corron SoiL

(@) Particles Size Analysis.
per cent.
Gravel ..« 1.0 | Specific gravity 2.76
Coarse sand 4.2
i
Silllil‘,e sand ?:g CBR value (modified
Clay . 54'0 AASHO at satu-
: : rate condition) , 2.3
per cent.
(b) Plasticity limits.
Liquid limit ... 625 | Maximum density
Plastic limit .. 342 AASHO 103 Ibs,
. 1t
Plasticity index ... 30.1 por ou. &t
(c) Shrinkage tests. | Optimum Moisture
Shrinkage limit ... 17.80 | content 24.2
Shrinkage ratio ... 2.12 [ per cent,
Linear shrinkage ... 17.50 pH 73
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(d) Chemical Characteristics.

Per cent
Residue of soil samples passing through No. 40
sieve remaining insoluble
in hydrochloric acid ... .. 59.33
Fe,0,4 9.29
Al, 0,4 oo 13.68
Ca 0 6.11
Mg 0 .. 398
Organic matter 1.53

The dehydration curve of the black cotton soils tested is
shown -in figure 3. The curve was obtained as described in
para 6. :
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Fig. 3
Dehydration Curve of the Black Cotton Soils investigated.

9. Granular Stabilization of the Black Cotton Soil. Soil samples
in which the proportion of clay (less than 0.002 mm. dia.) ra.nged
from 42.4 to 1.2 per cent were prepared by the addition of varying
quantity of sand. The physical properties indicated that a mix
of 2 to 3 parts of black cotton soil and 7 to 8 parts of saqd gave
the minimum plasticity index, minimum linear shrinkage,
maximum shrinkage limit and maximum dry density.
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TasBLE 2

PrOPERTIES OF VARIOUS MIXEs OF Brack
CorTON SO1I. AND SAND

(@) Mechanical Analysis.

21—

Soil sample Gravel C;’:;‘;fle :;23 Silt Clay.

1 1.7 9.0 20.9 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 5.8 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 83.9 5.4 1.2 1.2

(b) Index Properties.

“Seno | Liquid | Plastio | Fuett | Bhrnke | SWR-| g gy
No. limit. limit. index. | limit. ratio. Limis.
1 56.0 29.8 26-2 17.1 2.15 17.5
2 51.0 28.0 23.0 15.8 2.08 15.9
3 41.0 22.5 18.5 15.4 2.08 14.4
4 36.0 20-2 15.8 16.4 2.03 10.0
5 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, 9 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 3to 4 times its
pulk. Assand has to be transported over long distances ix} th‘e
Poona region, granular stabilization of black cotton soil is
yneconomical,
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10. Stabilisation with Bituminous Road Oil. The soil mixes
shown in Table 2 were tried with different percentages of shell
soil-stabilisation oil (SSS 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 soil, the soil sample
became saturated when immersed in water, indicating
that the treatment by SSS oil failed to waterproof
the soil particles.

(b) The shear strength of the saturated sample of the black
cotton soil treated with SSS oil 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
tried : —

(a) Aneline-Furfural,

(b) Calcium Stearate,

(¢) Sodium Rosinate,

(d) Cut-back bitumen RC 4 Aluminium Soap, and

() Trethanol-Amine.

Samples were prepared with Var%ous chemical stabilizers
noted above and were subjected Lo 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. Varying 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 t0 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
soil 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.

120 1

100 \'\‘A\“/l ]

m,___

60 e WV

oLps™

e —_—
—"
—

/
PLASTICITY INDRX

20

1 2 3 4 5 ] 4 8 9 10
PRRCENTAGE OF ADMIXTURE OF CEMENT
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.

TasBLE 3

Tug COMPRESSIVE STRENGTH OF SOIL-CEMENT MIXES
AFTER 7 Dayvs CURING.
lbs per sq. in,

Black cotton soil4-10 per cent cement 102
Black cotton soil-+15 per cent cement 145
Black cotton soil4-20 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 th‘e
black cotton soil in changing the index limits is shown in figure 6.

Although Liquid Limits decreases with the increase in th.e propor-
tion of lime, the Plastic Limit increases at first and remains high.
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PERCENTAGE OF AODMIXTURE QF LIME
Fig 6.
Index Limits of the Black Cotton Soil mixed with
different percentages of lime.

1t 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 lime 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. 8. A. This soil was selected by them because outwardly it
appeared to be similar to black cotton soil in Southern India,
Tl(xie l;’esult::s published in the paper referred to above are reprodu-
ced below :

TaBre 4

RESULTS oF Prasticiry TEsTs oN GuMBO SoIL anp VaRrlious
MixEs oF LiME AND CEMENT

Misture [iaud | Plastio | Plastioty
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 67.0 46.0 11.0
Soil + lime 4 per cent 54.5 44.5 10.0
Soil + lime 8 per cent 51.0 43.5 7.5
Soil-cement Mixtures
Soil + cement 1 per cent 62.0 32.0 30.0
Soil + eement 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 + cement 8 per cent 55.0 47.0 7.5

.14 Stabilization with Cement and Lime. The

in Figs. 5 and 6 led to the use of coment and lime cﬁ?;li)litﬁatsigﬁ“:;
gfpl(i)xs;;ble Stabilizing agent. Different percentage combinations
Speom and cement were mixed with the black cotton soil and the
p ens were subjected to tests after ouring for 7 days. The
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results are shown in Table 5.

TABLE 5—TABLE SHOWING THE IMPROVEMENT IN
STRENGTH AND WATER-PROOFING AcTION oF CEMENT-LIME

STABILIZATION

(a) Crushing Strength

Crushing strength after

Percentage of stabilizing 7 days curing & ijmmersion
agents ‘ in water for 48 hours
Lime Cement b per sq. inch
3 6 53
6 3 69
3 10 120
6 10 172
10 3 297
10 6 276
10 10 448

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

Percentage of stabilizing !

I Percentage of C. B. R. value
swelling after 4 after 4 days

agents days immersion immersion

Lime Cement

0 0 7.4 1.9

3 3 012 142

3 6 005 208

6 3 1-60 203

6 6 1-50 250

10 3 0-00 260

10 6 0-00 250

10 10 000 250
Note: The cement and lime formed a structural material

after curing and the C.B.R. values were obtained
from the maximum readingof 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

PrYsioaL PROPERTIES OF Brack CortonN Soir. HEATED
TO 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 — o . do
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TABLE 6 (Continued)

Prysical PROPERTIES OF BrLack Corrton Soir. HEATED
10 DIFFERENT TEMPERATURS

(b) Mechanical Analysis of the Heated Soil

Temperature of : Coarse Fine m Cl
heating for one hour 1. sand sand Sil By
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 60.8 214 11.9 5.9
800 88.0 10.5 0.1 1.4
(c) Shear Value of the Heated Soil
Temperature of heat Apparatus  |Angle of internal Cohesi
ing for one hour used friction sonesion
Deg. Centigrade 7
500 Constant strain 42° 1 Ib per
Disc shear 8q. inch
apparatus
500 Triaxical shear 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 s0il samples stabilized with 10
per cent cement at the optimum moisture content was found to
be :

Crushing strength
Ib per sq. 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
teats were carried out in which the black cotton soil, heated to 500
deg. C. for one hour, was mixed with diflerent 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

(COMPRESNSIVE STRENGTHS OF SPECIMENS oF HEATED Brack
Cotrroxn Sorr (500" C) STABILIZED WITH 10 PER CENT
CEMENT AND DIFFERENT PERCENTAGES OF
NarurarL Brack Corron Sorir

|
atural .
Percentage of natur: Compressive |

black cotton goil

. |
added to the heated Slfifone%ﬂ:(m Remarks
soil. (Cement 10 per ipnc}{ 1
cent throughout)
0.0 126
7.5 293
12.5 380 The results tabulated are
20.0 420 the average of six aamples.
. 250 356
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
gompressive strength of the soil sample registers no improvement

13
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on the strength obtained by mixing natural soil as  will be scen
from the following Table,

TaBLE: K

COMPRYESSIVE STRENGTH OF SPECIMENS oF HEATED Brack
Corton Soir. (500" C) STARILIZED wiTH 10 PER CENT
CEMENT AND VARIOUS PROPORTIONS OoF LIMRE

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-cement 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 op_timum content in increasing the compressive strength
of the gta,blhzed soil is understandable. Shear resistance is 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 resistance of non-
plastic goils 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 he a decrease in cohesion if the
thickness of water films is greater or less than the critical thick-
ness". As the 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.

o
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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 minimum
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 tur can be reduced by heat-treating
the soii. 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.

Further 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 6 per cent tar was required for mixing when natural
soil had been added to the heated soil.

TaBLE 9

CoMPRESSIVE STRENGTH OF SPRCIMENS oF HEaTED BLack
CorroNn Soiwn (500 C.) Srasiuizep With 6 pEr cENT RoaD
Tar No. 3 AND DIFFERENT PLERCENTAGES OF UNHEATED BLAOK -
CorroN SoiL (NATURAL Soin)

After seven days air curing of Proctor compacted specimens

Percentage of unheated
black cotton soil

Compressive strength
in lb per sq. inch.

0.0 112 (5 per cent Road Tar
used in this case.)
7.5 3204
28
1.0 280 (6 per cent Road
12.5 270 » .

15.0 267

J Tar was used.)
20.0 267

It is observed that for stabilization of heated black cotton
soil with Road Tar No. 3, the optimum clay content is obtained
by the addition of 7.5 per cent of natural soil. A fairly reasonable
strength, 320 1b per sq. in. is obtained. .
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18. Summary. The black cotton soil used in this investiga-
tion has the following charactcristics :

Per cent
Clay 54.0
Silt 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 so0il could not be satisfactorily stabilized with bituminous
road oil and the latter failed to waterproof the soil particles
cffectively 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 cement 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 consideroed
economical enough to be used in road or airficld 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 quuntities of natural black cotton
80il 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. Characteristics of the
two soil types are given in Table 10.

TasLE 10

CHARACTERISTIOS OF ALLUVIAL SoILS

(a) Particle size analysis

Panagarh  Kankinara

soil soil
Coarse sand Per cent 149 1.6
Fine sand ' 28.9 31.7
Silt ' 37.1 38.8
Clay- 's 19.1 27.9
Optimum moisture content ,, 13.1 15.0
it 121 1b 112.2 1b
Density per cu. ft. per cu. ft.
(b) Plasticity Indices
Liquid limit 32.8 48.6
Plastic limit 17.4 27.2
Plasticity index 16.4 21.4
{¢) Shrinkage
Shrinkage limit 17.2 21.4
Shrinkage ratio 1.8 1.804
(d) pH 6.3 7.1

The dehydration curves obtained for Kankinara and
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Panagarh soils are shown in Figs. 7 and 8 respectively.

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 occurs over a temper-
ature range of 400 deg. C. to 550 deg. C. The soil from Kanki-
nara is therefore likely to behave more like black cotton soil than
the soil from Panagarh.

21. The investigation is designed to show the compa-
rative effect on the two soil types using the mixes that
were found satisfactory with the black cotton soil. These results
are more in the 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
stabilization.

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.

TaBrLr 11

ErreoT OF LIME ON THE COMPRESSIVE STRENGTH

Compressive strength
after 7 days curing

Percentage of lime -

added to natural soil Panagarh Kankinara

soil soil

lb. per sq. in. | lb. per 8q. in.

2 81 42
99 78
6 111 96

The general conclusion is that the effect of lime in increasing
the compressive strength of soil ix more pronounced in Mont-
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morillonite group than in Kaolinite group. It 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 soils with various mixes of cement and lime.

TAarLE 12

COMPRESSIVE STRENGTH oF UNHEATED SOILS
WITH VARIoUs MixES oF CEMENT AND LIME

: ) "
s h after
Percentage addition of cement (];:mprl'mqne “*.'”jg(f: Proctor
and lime to natural soil ¢ days damp curing o -
‘ compacted specimons

Panagarh soil | Kankinara soil

Cement, Limo Sl e
Ib. per sq. in. 1b. per aq. in.
5 0 195 155
10 0 370 221
10 2 384 236
10 4 384 244
10 6 384 251
15 0 550 478
15 2 550 485

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 251 pounds per sq. inch whereas 15 per cent cement
(which will be equivalent in cost to 10 per cent coment 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
types after these are heated to 500 deg. C. are shown in Table 13.

TasLr 13

MREerANTCAT, ANALYSTS oF TAE Sorr-Tyerrs ArrEr HEATING
To 500 nrc. C. For Osm Hovr

|

Particle-size Panagarh Kankinara
analysis 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
TasLe 14

COMPRESSIVE STRENGTH OF HRAT-TREATED SOILS WITH
Vartous MixEs or CEMENT AND 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

5 cement only 94 89
5 cement plus 20 natural soil 83 170
7-5 cement only 361 256
7:5 cement plus 20 natural soil 318 275
10 cement only 516 372
10 cement plus 20 natural soil 413 as1

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 improves
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 coment
gave compressive strengths of 1956 and 155 pounds per 8q. inch
for the Panagarh and Kankinara soils respectively, whereas these
values were reduced to 94 and 89 1b per sq. inch respectively
when 3 per cent cement was added to heat-treated soils. (See
Tables 12 and 14).

24. Stabilization using Road Tar with or 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 below :

TasrLr 15

COMPRESSIVE STRENGTH OF NATURAL Soll, witi Roap Tar

Compressive strength
Percentage of ‘
Road Tar used Panagarh I Kankinara

soil ( s0il

b per .éq. 7inr. 1 pel: 5:1‘ in.
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
soil. The results are given helow :

Tavre 16

4 ~ s N .
ComPrESSIVE STRENGTH OF HEAT TREATED Sor.

l .
Soil type Percentage of | Compressive
tar ‘ strength
: Ib per sq. in.
Kankinara soil 7 258
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 ditferent 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 HEAT TREATMENT ON A
LARGE SCALE

25. 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 hy 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 a 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 2627 tons and travels on its
own road wheels. A petrol engine and  gearing are fitted for the
purposes of locomotion. It 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. Tt 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 34 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 necessary to increase the pavement thick-
ness by burning additional areas and grading the material so
produced on to the carriageway.

The hardness of the product of the heat treatment depends on
the degree of compacting which has been done prior to burning.
The treated material consolidates well, but is liable to abrasion
under heavy traffic. It has been found advisable to seal the
surface with bitumen to minimise wear. The cost per mile is
about the same as that for gravelled roadway of equal dimensions
under Australian conditions.

The cost per square yard of 6 in. finished pavement (double
burnt) is about equal to 1} hours wages for a labourer.

Although the Irvince road machine used in Australia indi-
cates the possibility of the use of mechanical means of soil
stabilization, in situ, by the Leat treatment process; the machine
in its 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,'upplie's the heat
directly to tho 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 reatment process has been used with success for
five years in Australia zmd. the roads made using the‘ process havo
proved capable of carrying fast and l.\euvy‘tmfpc. under all
weather conditions, In many cases soil, which, in its x_la,tura.l
state, becomes so boggy as to be impassable to traffic in wet
weather economically treated.

The hardening efleet is due to the fusion of certain consti-
tucents of the soil. The temperature generated by the machine
is such that the soil can be completely melted. Complete fusxon‘ is
not, however, advantageous _and the movement of th?‘mac}}m.e
is adjusted so that only partial fusion takes placq. .lhe soil is
treated in its natural state and no cxtraneous material is added.

The bearing capacity of the subgrade is also somewl}a,t
increased by the stabilizing effect of a fraction of the heat which
penctrates to the soil in the road-bed. There cannot be any
well-defined separation Letween what may be regarded as road
paving and the base or roadbed because the ‘for'mer. 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 & 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 e £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) o 25

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

s,

(At current exchange rate of 25 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 putin 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
offect required. The machine can be adjusted to move at
any desired rate and the best rate sh_ould_be defiermined by
experience. The unit cost actually realised is, on latest figures,
7.35d (5.88 d. sterling) per square vard for a single course of

burning.

After the passage of the machine the treated material is left
loose on the surface of the road. 1t is then consolidated by
the addition of a small quantity of untreated soil, preferably
of a loamy naturc, 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
yolle.r, 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.

.f\lthough 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 hax
the effect of ““ stepping up ” the temperature of the secondary
combustion.

(The information given above is extracted from **The lrvine Road
Machino for making all weather roads by heat treatment of snil”’ and
information supplied by tho Seeretary, Queensland Main Road Commission,
Brisbane reference his letter of 19th September 1951 ta the Engineer

Regesrch’® Wing, Kirkee.).

BIBLIOGRAPHY

1. Robinson, G. W.—Soils, their origin, constitution and
classification. Page 475.

2. Basu, ). K. and Sirur S.S.—Soils in Deccan Canal. The
Tndian Journal of Agricultural Science, Vol. VIII, Part
V—October 1938,

3. Preece E.F. —Geotechnics and Geotechnical Research,
Highway Research Board proceeding, December 1947,
Page 409,

4. Kelly W. P, Jenny H. Brown §.M. — Hydration of minerals
and soil colloids in relation to crystal structures — Soil
Science, 1936.

5. Seshadri, T. N. and Krishnamurthy S. — Dehydration curves

of soil samples — Annual Report, Soil Fngineering
Research Station, Chepauk, Madras, 1952.

6. Engineering, 8th July 1938 — Direct construction of road by
heat treatment.

7. Journal of Institution of Engineers of Australia. — November
1930 and April 1934.

8. Johnson, A. L. & Davidson D. T. — Clay technology and its
application to soil stabilization — Highway Research Board
proceedings December 1947 — page 426.

Spangler M. G., and Patel, O. H. — Modification of a Gumbo-
til soil by lime and Portland cement admixures - High-
way Research Board, December 1949.

L=



DIMENSIONS AND WEIGHTS OF ROAD-DESIGN
VEHICLES B

1. INTRODUGTION

1.1. The object of framing this Standard 1is to lay down a
basgis for designing road components. The dimenrions and
weights of vehicles are cardinal factors in the design of road
elements. The width of the design vehicle has a bearing on the
width of traffic lanes and that of shoulders. The height of the
vehicle affects tho clearance to be pravided 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 be 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, wheveas the
total weight of the vehicle governs limiting gradients.

1.2, At the Thirteenth Session of the Tndian 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 acceptcd 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 dimensione and weights, wot
of those specified here, shall be wnsed 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 cither 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 transversc 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 (Nee Fig. 3). A
senmi-trailer is a trailer, some part of which rests on the motor
vehicle that draws it (See Fig. 2).

3.6. Tractor meany & motor vchicle (excluding a road roller
. o b
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) Singlo unit with two axles 35 ft 0 in.

(b) Single unit with more than two axles 40 6 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.

5.2, The gross load of any vehicle or 'combina:tion 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 feet between the extreme axles,
measured parallel 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 :
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SINGLE UNIT WIDTH
FIG.1

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 feet) (in 1b.) (in feet) (in 1b)
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 63,842
18 42,078 46 65,402
29 43,900 48 66,888
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

FiG.2

TRACTOR SEMI-TRAILER COMBINATION

”
12-6

60’

FIG.3.

TRACTOR AND TRAILER COMBINATION

3

Height of -double decked Vehicle 15 ft 6 in.




ROUTE MARKER-SIGNS FOR NATIONAL HIGHWAYS

1t has been considered desivable for various reasons that
route-marking signs should be fixed along National Highways.
Some type designs were worked out in the Roads Organization of
the Ministry of Transport, Govt. of India, and discussed at the
Chief Engincers’ meeting held in April 1952, Fresh type designs,
modified in the light of the Chicf Engineers’ suggestions, have
been issued by the Consulting Engincer to the Govt. of India
{Roads). '

SPECIFICATIONS

1. A National Highway route-marker sign shall consist of o
shield painted on a rectangular plate 18 in. by 24 in. The design
is given in Plate 1.

2. The sign shall have a white or light vellow background
and the lettering shall be in black. The size and shape of the
letters and numerals shall  conform to  those given in
Plates II and III.

3. The sign shall be erected on National Highwavs at their
junctions with other important roads, at suitable tervals
through built-up areas, and at sueh other points that may be con-
sidered necessary to guide through trahic.

4. The sign shall be crected as indicated in the drawing
titled “ Arrangement for the crection of N. H. route-marker
signs ’ (Plate IV).

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

6. When the sign is erected at a junction the direction which
the National Highway takes at the junction shall be indicated on
a definition plate of the size 12 in. by 10 in. The distance (along
the National Highway) of the sign from  the junction, on  cither
side of it, shall be 350 to 500 ft. Also, itshall be erected on the
left-hand side as one approaches the jutiction,

ol

7. 'The sign may be of cither cnamelled or painted steel
plate.
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Plate 11l

KEY
na SPACING FOR LETTERS
J IR0 R % YO MR (T N
B Alm{min] T 1] e RS
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Wi -———-—I L_._. Wi— L———— O2 —‘_’I
SPACINGS BETWEEN LETTERS
USE OF “KEY” EXAMPLES
Example : — RIGNT~~LEFT]| LETTERS | NUMERALS
DETERMINE THE SPACINGS BETWEENXN 4-IN.
LETTERS FORMING THE WORD DELHI I -——1 | Nt-UP-0H| 11-22-2¢
Solution : Jo1
o S D 1S TO THE LEFT OF E UNDER THE 0—1
COLUMN ‘LEFT’ IN THE KEY AGAINST D
. a ::;:,Ix)UAGR()l'P i. E 18 TO THE nLl;;inTl’lzp;): LO 0 1A-HT-Ov-6x | 14-24-5754
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"' 1€<->]V QrPOSITE
§3 SIMILARLY SPACING BKTWEEN E AND L
P2 ¥ b3 €s - WILL BE 0.56 IN. BETWEEN L AND I=(.74 m.z-:;?.l' WAY-LY-AT | 69-61-76
IN. AND BETWEEN H ANp I=0.74 IN.
ke : 3 %
a - - & ] [ 14 - . e |
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Plate 1l

FOR HEIGHTS QF NUMERALS OTHER THAN 4 IN. THE
DIMENSIONS GIVEN (N THE TABLE ARE YO BE

PROPORTIONATELY INCREASED AND DECREASED.
DIMENSIONS (incies) FOR 4 INCH HEIGHT OF NUMERALS
ajblcid]e |fif,|2 & |h |kl
PP ANRERPERERE-RFERNE R K]
T 225195135 205 16 | B 2kl 7| i
‘i/‘.j J1 k k1£ €1mm,n ‘n.10
73 LS 28\ shZ],Z]i1L
32|52|353 | 7 |376|'ie |'i6 ['Vie |'52 /%6 | "33 |'1e
Pia(r|s|tjuv|viviw|x |y |y,

3 S PR P PO 3 P P P
6 'ie|1e|'s2!'8 |27 |32 |52 | ' |%76[%16| 4
NER
153
KEY B
SPACING FOR NUMERALS
HUMBER{ LEFT | RIGHWT RIGHY «—» LEFT “Bjii?g?:
1 1 I T 1
2 o | I -— 1 0-74
3 ¥ |1 I-—1
2 || I 10 -~ my
5 1 pit W -— II|] O-56
' 6 I I n-—-—1a
7| ¥ |m| [I%--mm .,
8| @ lx 0PPOSITE
A AR O¥ —~ I8 4 o0
o | I |1 PARALLEL
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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. 8o far it has not been solved either satisfactorily or
economically. The Indian Black Cotton Soils do not fit into the
clagsification systems for soils given by the United States Public
Roads Administration in 1942 and the United States Highway
Research Board in 1945. May be this occurred because these soils
were not taken into consideration, or thought to be uniform, or
perhaps they were not  looked upon as a  possible construction
material at all. It is realised that they are not uniform, butin
large regions of India they arve 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-
guish the different varieties of Black Cotton Soils which could
help facilitate their handling.

Therefore it i3 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 India 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.

It is hoped that with the help of a more accurate method
of classification it might be possible to treat these soils more
successfully, in order to utilise them economically for the con-
struetion 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. §. Bhatia in this study and the work done by Messrs
K. L. Nayar, A. K. Bose, A. L. Chatwal and O. Mascaranhas in
conducting the chemical and physical tests.

Central Road Research Institute, E. ZIPKES,
Okhla, Delhi. Director.
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A SUGGESTED CLASSIFICATION OF THE BLACK
COTTON SOILS OF INDIA

1. INTRODUCTION

1.1. The Black Cotton Soils, which are heavy clay soils, are
met with in tropical areas. Iu India they mostly occur in the
central and southern parts of the country, particularly in the
Deccan Plateau, where they are popularly known as regur.

1.2. The soils 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 a high bearing capacity
but develop wide shrinkage cracks on drying. They lose their
bearing capacity almost completely when wet.

1.3. The ranges of the characteristies of these soils are given
below :

Fine sand 3 to 10%

Passing 200 mesh 70 to 1009
Colloidal clay 40 to 50%
Liquid Limit 40 to 100%
Plasticity Index 20 to  60%

Volumetric shrinkage 40 to  H0%
(on wet basis)

Hygroscopic moisture
Exchangeable Ca
Exchangeable Na+ K

Bage exchange capacity

129, to 18%

40 to 50 m.e.* 100 gm soil.
2 to 5 m.e. 100 gm soil.
40 to 50 m.e./100 gm soil.

pH 8 to 99
CaCO, 5 to 156%
8i0, 50 to 55%
Fe,0, 89 to 12%
Si0,/A1,0, 3% to 5%

~ Black Cotton Soils are generally shallow in depth and not
different in chemical composition from their parent rock. There
are large areas 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.

* milli-equivalent,



264 A SvucorsTED CLASSIFICATION OF

1.4. Much work has been done on the Black Cotton Soils in
the Indian Agricultural Research Imstitute. This work does not, in
all cases, include properties of the soils for construection purposes,
particularly for roads.

1.5. The object of this study is to find a more detailed and
therefore more suitable classification in order that it may be
possible to utilize the classification  for construction purposes.
The grouping of these soils into one or more groups will thus  be
helpful in  the treatment  of black cotton soils for  stabilization
purposes.

2. COLLECTION OF 'THIE SOILS

In 1945 the Roads Wing of the Ministry of Transport,
Government of India, arranged for the collection of small samples
from the black cotton soil arcas, of the States of Bombay,
Hyderabad and Madhya Pradesh. These samples were inadequate
in quantity as well as in variety and therefore o large number of
samples were subsequently arranged for by the Central Road
Research Tnstitute from these States in  the years 1950 to 1952,
The various places from where the samples were collected  are
shown in Plate 1. In all 210 samples were investigated.

3. CHEMICAL ANALYSIS

3.1. Fifty two samples from Hyderabad State were subjected
to chemical tests and the following determinations were made :—

1. Total soluble solids. Determination by the evaporation
method with 1 : 5 soil-water suspension.

9. Carbonates. Carbonates which generally exist s cal-
cium carbonate were determined by Schroter’s appa-
ratus.

3. Exchangeable calcium. The determinations were carried
out with acetate-oxalate-carbonate mixture.!?

4. Exchangeable Na{-K. The exchangeable Na-t+-K was
determined by Ammonium Carbonate method. 2

5  pH. pH was determined with Beckman pH-meter.

6. Organic carbon. The organic carbon was determined
by Walkley and Black’s rapid titration method.?

1. Refers to the Serial Newnbor in References,
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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. It can be concluded that
chemical analysis docs not provide a sure moans of dividing the
soils in so far as their behaviour in the field is concerned. There-
forc chemiecal analysis of the soils from the other two States,
namely Bombay and Madhya Pradesh, was not carried out.
Further studies were confined to the investigation of the physical
and mechanical properties of the soils.

4. CLASSIFICATION OF SOILS ON THE BASIS OF
THEIR PHYSICAL PROPERTIES

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

Some of these arve:

1. Textural classification: (based on grain size classifica-
tion and distribution).

2. Casagrande’s classification ; (based on suitability for
carrying load).

3. U. S. Public Roads Administration classification ;
{based on suitability for road surfacings and bases:
using the lquid limit, plasticity index, mechanical
analysis and group indexes).

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

o

Compuction classification : (based on maximum com-
paction attained by a soil).

6. Burmister classification ; (based on grain size classifi-
cation and distribution).

4.2 1In 1952 the Working Committee of the Indian Roads
(Jongyess on soil classification approved of the U. 8. Public Roads
A(.immistration (P.R.A)) classification for adoption for Indian
soils on the consideration that the system had primarily been
evolved for road purposes, and was comparatively simple. The
system is briefly described in the following paragraphs.
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5. U. 8. PUBLIC ROADS ADMINISTRATION
CLASSIFICATION

5.1, This system of classification was adopted by the U. S.
Bureau of Public Roads in 1942.* In the svstem (1942 version)
all the different soils were divided into oight groups, ranging
from A-1, a well-graded gravel-sand-clay mixture, to A-8, a
peat.

5.2. The system is based on the following six properties of
the soil, the tests for which are carried out on material passing
A.8.T.M. Sieve No. 40 :—

1. Particle size distribution :

2, Liquid Limit;

3. Plasticity Index ;

4. Shrinkage Limit :

5. Field moisture equivalent ; and

6. Centrifuge moisture equivalent.

5.3. This system of classification of 1942* was revise
the United States Highway Research Board in ]‘.)4‘}!3':s l:(l“lllzy%x(llurlr)lb-,
ber of groups was reduced from eight to seven u.nd of the six
tests listed in para 5.2, only the first three were used. In Table 2
the seven revised groups are indicated.® Thesc seven groups were
further converted inte twelve sub-groups which are given in

Table 3.

Figure 1 shows the ranges for the groups A-4, A-5 and A-7
(1945 version) as per Ref. 5, page 378, The limits of the group
A-T7 are added which are shown in the chart of soil characteristics
for identification of fine grain size by the original U .5.p.R.A
System (revised version 1942) from Ref. 7, page 73. T

5.4. The P. R. A Classification, version 1945, (Ref. 5)
limits group A-7 to Plasticity Index above 10 and Liquid Limit
above 40. In the same Reference we find a description of the
soils belonging to the group A-7 (similarly found in Ref. 9 on
page 55) :

¢ The typical material of this group is similar to that
described under group A-6, except that it has the high
liquid limits characteristic of the A-6 group and may
be elastic as well as subject to high volume change.
The range of group index values is 1 to 20 with in-
creasing values indicating the combined effect of in-

TABLE 2.

HIGHWAY RESEARCH BOARD CLASSIFICATION OF SOILS AND SOIL-AGGREGATE
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and which may be highly elastic as well as subject to
considerable volume change ™.

~

Sub-group A-7-6 includes those wmaterials with high
Plasticity Index in relation to Liquid Limit and which
are subject to extremely high volume change ’” (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 P.R.A. System (1945). All the sam-
ples from the States, Hyderabad (56 samples), Bombay (86
samples) and Madhya Pradesh (68 samples) were analysed accord-
ing to the three tests :---

(1) Fraction passing A.s.7.M. Sieve No. 200,
(2) Liquid Limit.
(3) DPlasticity 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. The results are also presented in
Figures 2, 3 and 4 respectively for Hyderabad, Bombay and
Madhya Pradesh. The values of liquid limit are plotted against
the plasticity indexes within the limits given by the v.s.1R.A.
classification 1942 and 1945 according to Figure 1.

6.2.  As can be seen from IFigures 2,3 and 4 all the 210 soils
investigated fall into the A-7 group of the u.s.1mR.A. clagsifi-
cation of 1945, Some of them are in sub-group A-7-5 and the
rest in sub-group A-7-6, but all of them are relatively near to the
line, PI. = L.L. - 30. With certainty, however, we find them
between the limits of the A -7 group defined uccording to the
revised 1942 version with 1.27 x P.I. = L. L. ~11.86 and 2 14 x
P.I. = L.L. - 7.5 which are used in Figures 2, 3 and 4 (as per Ref.
7, page 73), whereas these were defined earlier in 1940 by
Plummer and Dore #,as 1.6 x PI.=L.L.--14and 1.02 x P.1. =
L. L —14.

6.3. It is scen 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 wide.
The additional sub-grouping into groups A-7-5 and A-7-6 does
not help in classifying these soils. They give no improvement

68 SAMPLES FROM MADHYA PRADESH STATE
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against the A-7 limits of the revised version 1942 because both
the sub-groups allow too large a variation in the liquid limit.

6.4, The results of thiy investigation show that the soil
samples vary in their physical properties considerably oven
though they are in the same group A-7: for instance their liquid
limit varies from 40 to 100, their plasticity index from 20 to 60,

and the fraction passing A.s. 7. M. Sieve No. 200 from 70 to
almost 100 per cent.

6.5. Since the composition of the soils is so ditterent their
physical behaviour is bound to vary accordingly. It is, therefore,
t00 big a generalisation to consider them all as belonging to one
group A-7 or even to the two sub-groups, A-7--5 and A--7-6.More-
over there seems to be no indication that the line PI =L.L -30
a8 mentioned above does divide the soils into two significant
groups. For an economical treatment of Black Cotton Soils, it
would definitely be of advantage to be able to subdivide the main
group A-7 into more distinct sub-groups.

7. GROUP INDEX AS A CLASSIFYING SYSTEM

7.1. 1In the course of the ** Nymposium on the identification
and classification of soils ”, Atlantio City 1950, E. A. Willis®
explained the group index as follows :

‘“ The empirical group index formula devised for app-
roximate within-group evaluation of the olayey-
granular materials and the silt-clay materials s
expressed as follows :

Group index = 0.2a + 0.005 ac + 0,01 bd

where

n = that portion of percentago passing No. 200 sieve
greater than 35 and not exceeding 75, expressed as
& positive whole number (1 to 40);

b = that portion of percentage passing No. 200 sieve
greater than 15 per cent and not exceeding 55
per cent, expressed as a positive whole number
(1 to 40);

¢ = that portion of the numerical liquid limit greater
than 40 and not exceeding 60, expressed as a posi-
tive whole number (1 to 20); and
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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 te 20).

“ The group index is based on the following assumption :

(8)

()

(d)

()

Materials falling within Groups A-l-a, A-1-b, A_2_4,’
A-2-5 and A-3 are satisfactory as sub-grade when
properly drained and compacted under moderate
thickness of pavement (base and or surface .course)
of a type 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 ‘“ clayey granular >’ Groups
A-2-6 and A-2-7 and the ‘‘silt-clay >’ 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 and poor sup-grea‘des requiring
a laver of sub-base material or an increased t?nckness
of base course over that required _under (a) in order
to furnish adequate support for traffic loads.

The assumed critical ranges of percentages passing the
No. 200 are 35 to 75 neglecting plasticity and 15 to 55
as affected by plasticity indexes greater than 10.

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

The assumed critical range of Plasticity index is
10 to 30.

‘“ The formula will give values ranging from a
fraction of 1 to 20, and is so Weighted'that t!xe maxj-
mum influence of each of the three varla,bles. is in the
ratio of 8 for per cent passing the No. 200 sieve, 4 for

liquid limit, and 8 for plasticity index. This weight-

i adopted critical ranges represent the best
33%;;;161;1}?“ tﬁe committee based on the study of
average relative eva.luation.plaged on su.bgrade materials
by several highway organizations which use the tests
involved in this classification system.

““Under average conditions (3f good drainage and
thorough compaction the supportjug value of a material
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a8 subgrade may be assumed as an inverse ratio to its
group index, that is, a group index of O indicates a
*“good ”’ subgrade material and group index of 20
indicates a ‘“ very poor ”’ suhgrade material .

7.2. The group index isx 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 caleulation of the group indexes 1-20),

7.3. 1t 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
thercfore appears that soils with the group index from 16 to 20
are shown in group A-7.

7.4. Having applied the method of group indexes to the
Black Cotton Soils from the three States, it was found that all
the soils, with only a few exceptions, obtain a 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 stage, is
not helpful for a more precise classification of the Black Cotton
Soils investigated. There seems to be a slight contradiction that
these soils belong definitely to the A-7 group covering a wide
area in between the limits for the A-7 group, and yet they do not
find an exact 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
caleulated for group indexes upto a maximum of 20, an extension
of these charts was designed by fixing higher limiting values for
the fraction passing through A, s 1. M. Sieve No. 200, liquid
limit,-and plasticity index. This was done by raising the critical
ranges of percentages passing sieve No. 200 from 35-75 to 35-100
and from 15-55 to 15-80, the liquid limit range from 40 to 60
t0 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 :—

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

7
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60

h = that portion of percentage passing No. 200 siove
greater than 15 per cent and not exceeding 80 per cent,
expressed as a positive whole number (1 to 65);

30
PLASTICITY INDEX

¢ = that portion of the numerical liquid limit greater
than 40 and not exceeding 85, expressed as a posi-
tive whole number (1 to 43); and

4042

d = that portion of the numerical plasticity index greater
than 10 and not cxceeding 44, expressed as a positive
whole number (1 to 34).

30

20 25

68 SAMPLES FROM MADHYA PRADESH STATE
FIGURE 8.

8.2. Inorder to limit the group indexes to a maximum of 50 -
the Liquid Limit as well as the Plasticity Index have been fixed
as shown. Values exceeding the above limits were considered as
having the highest value fixed. The two charts given in Fig. 5

60

PLASTICITY INDEX

ul

-

}<—

have been extended, keeping proportionally the same scales, v

3
= 8

8.3. With these revised charts the group indexes of the 2
Black Cotton Soils investigated were determined and are shown - »
in Table 7, 8 and 9, arranged according to the group indexes o 15
20 to 30, 30 to 40, and 40 to 50 respectively. The forms used & ¥

in Figures 2, 3, and 4 were adopted to plot these results in 9
Figures 6, 7 and 8 respectively for the three States with the 3 °
distinetive symbols for each sub-group: the sub-group with = ™
group indexes 20-30 with crosses, those of 30-40 with hollow & 0
circles, and those of 40-50 with dots. S o
~N

8.4. Figures 6, 7 and 8 show a distinot separation of
the soils following the three sub-groups according to their
group indexes. First a horizontal line drawn identically in
all these figures on the liquid limit 65 divides one sub-group
from the other two. An almost clear partition of the remaining
sub-groups can be found horizontally in an area between the
plasticity index valuex of 40.5-43, which might be taken as a
boundary area. The dividing line itself can be located with some
exactness at the plasticity index 42. As the exact amount of
average error was not determined the plasticity index of 42 was
assumed as a provisionally fixed value. It may bo shifted later
on to the calculated place within the limits mentioned above.

56 SAMPLES FROM HYDERABAD STATE

2 R 8 8 B

IN3ID ¥3d Nt LIWIT QINBIN

FIGURE 7.

RELATION BETWEEN LIQUID LIMIT, PLASTICITY INDEX AND THE GROUP
INDICES 20-30(»); 30-40 (o) AND 40-50 (*) OF THE INVESTIGATED SOILS.

PLASTICITY INDEX

FIGURE 6.
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8.5. Figure Yshows, therefore, the space which accommodates
all samples investigated with relatively moderate iquid limit (about
556 to 65) and plasticity indexes (about 23 to about 42) with
the group indexes 20.-30.  The remaining samples with o high
liquid limit are further divided into those with relatively low
(about 25 to about 42.0) and high (above 42.0) plasticity indexex:
the lower part having a group index from 30 to 40 and the higher
part with group indexes from 40 to 50.

8.6. The woils of the previous group A -7 (1945 version),
having group indexes upto a maximuwm of 20, can also be eaxily

100
[
/ i
{ ~ --
S %
M /
NI ¥ X- g
x L N A2
\
| v
A-7-6 | !
7 N GROUP INDEX | |
A-7-C= 40-50
65 - [~ A-7-b= 30-40
| A-7-a= 20-30
60 A-7 = UyP1020] 1
55¢ - 4
A
LN
501+ < e
{
A-5 7&
|
A-4 A-G/
20 + + ’
{ 10 20 25 30 40~42 ¢ 50 60 70

PLASTICITY INDEX

FIGURE 7 ANALOGICALLY TO FIGURE L. SHOWING THE GROUP RANGES
FOR THE A-4,A-5 A-6 A-7 AS WELL AS THE SUGGESTED THREE
Sue GROUPS A-7-a, A-7-b, AND A-7-C ACCORDING TO THEIR LI1QUID
LIMITS, PLASTITY INDEX AND THEIR GROUP INDICES.
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placed in the space given by the liguid limit lower than about 55
and the plasticity index lower than about 25. Table 10 shows iu
a comparative statement the groups A -6 and A--7 (1945 version)
next to the suggested sub-gronps,

8.7. ‘Therefore the soil may be characterised by group
indexcs as under :

g

Soils with a group index max 20 named A7
Soils with & group index 20-30 named A-Ta
Soils with a group index 30 -4 named A-Th
and  Soils with a group index 40-50 named A -T¢

The soils are also given with the sywbols of their sub-groups
in Plate 1 which indicates the localitics where the samples were
taken.

8.8, Deseribed in the terms of their physical properties the
three sub-groups will contain soils as follows :

A -Ta will accommodate soils with liguid Hmit of 55 to 68
and a P. 1. of 25 upto about 42.  Its fraction passing
the axyTM sicve No. 200 ranges from 55 to 95 per cent
(as per Tables 2, 3 and 4).

A-7h will accommodate soils with liquid limit higher than
65 and a P. L. upto aubout 42, lts fraction passing the
AsTM sieve No. 200 ranges from 80 to 95 per cent (as
per Tablex 2, 3 and 4),

A-Te  will accommodate soils with ligquid limit above 65 and
a P. L. above about 42. Tts fraction passing the asTM™
sieve No. 200 ranging from 85 to 100 per cent (as per
Tables 2, 3 and 4).

9. COMPARISON OF THE SUB-GROUPS WITH THE
RESULTS OF OTHER PHYSICAL TESTS

9.1. An attempt was made to compare 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
caloulated-although Lased on physical soil properties-follows an
empirical formula. Therefore most of the soil samples were
subjected to the shrinkage limit, the ficld moisture equivalent,
and the hygroscopic moisture absorption tests. These tests, with
the exception of the third, are accepted and recommended by the
American Association of the State Highway Officials owing to the
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o = 2y = ; fact ‘ that important additional information can be obtained
i :I‘ v 5 = from other standardized and recognised test procedures, and that
e - - o . . .
= 2 1 5 cc = £ such additional information may be cssential to the closest
U o == o i possible evaluation of materials for use under particular condi-
g - e g - o tions . (vide Ref. 5, under supplementary tests).
s = e = b E P : 3
s 53 L P -
) A = - = = z ] , . . .
= ‘ ~ 23 » c SO 9.2. Studies with the Shrinkage Limit test.
5~ - R e — : T
Clio i _ 2 o T = With a view to finding out whether the volumetric changes of
5 E:j = 3 Lo P 2 o Black Cotton Soils disclose a possibility of comparing results, 37
g - - ;flb L2 & < z soils from Hyderabad were subjected to the shrinkage limit test.
£ 8 - . The results are given in Table 11 and are plotted in Fig. 10
A I 88 ~ o £ (according to Ref. 7, page 73). The range covered by the black
— h 5 2 B - &8 lsx cotton soils extends over the groups A6 and A--7 of the u.s. r.
- 2 L % B2 ]2 R. A. System as shown in Fig. 10. It is thus seen that this test
= 22 g = . does not give conclusive results, because all the black cotton soils
o S are definitely found to belong to the A-7 group. Further investi-
‘@ B - 5 gation of the shrinkage limit was, therefore, not done.
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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 Equivalent 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. (group A-—7{m with crosses, group A-7b
with hollow circles and group A-7¢ with dots). The results show
that all the soils lie within the group A-7.

9.3.2. When, in all the three graphs, a horizontal line is
plotted at liquid limit = 65, it is seen that the group A-7a crosses
ety separated out from the rest. Thereafter, when a dividing
line is drawn vertically at the most probable place, it divides the
two remaining groups A-7b and A-Tc (hollow circles and dots),
with negligible exceptions. Tt is seen that this line lies near the
value of field moisture equivalent of 46.5. This way of dividing
the threc sub-groups is correct for all the three graphs given in
the Figures 11, 12 and 13. For any deviation in .the‘ results
gome margin can be left, but this does not alter the principle that
the field moisture equivalent/liquid 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, ’oherpfor_e, upon the
Hygroscopic Moisture Absorption.  The determination of the
Hygroscopic Moisture Absorption does not form one of the tests
referred to as recognised in the ©, 8. P, R. A. specification, but
its results are also of interest even though the test is not usually

conduected,

9.4.2. The Hygroscopic Moisture Absorption of 173 black
cotton soils (40 saxgples from Hydembad, 84 from Borr_xbny, and
49 from Madhya Pradesh) was determined by the static method

19
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of constant humidity*.

The results are recorded 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 soils from Madhyn Pradesh,

9.4.3. The results were plotted in the three graphs according
to their sub-group indexes 20-30, 30-40 and 40-50 respectively
and were marked similarly : group A-7a with crosses, groups A-7b
with hollow circles and A-7c with dots. As was done previously,
a horizontal line at liquid limit 65 was plotted and it was scen
that it divided almost without exception, the group indexes 20-30
{crosses) from those of 30-40 and 40-50. Furthermore, a dividing
line was drawn vertically between the group indexes 30-40 and
10-50 (hollow circles and dots) which divided the two remaining
sub-groups with a few exceptions. Compared with Figures 6, 7
and 8 as well as Figures 11, 12 and 13 (Ficld Moisture Equivalent
Liquid Limit), we find that, in principle, the same system can be
applied. The vertical parting line lies at about 17.5 per cent
Hygroscopic Moisture Absorption for the soils from Hyderabad
State and Madhya Pradesh, and at about 1875 per cent for the
goils 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 «hift the horizontal and vertical
parting lines, applies here also.

9.4.4. The Hygroscopic Moisture Absorption tests performed
on these 173 soils give, in principle, the same results as those
arrived at by using the two extended charts for group indexes :
the Field Moisture Equivalent tests of 171 soils support the
results. It is found that the extended calculation for group

indexes can he considered as confirmed and, therefore, valid and
correct.

* Five grams of soil, powdered to pass the

ajeve
dried in an oven at 105-107°C for 24 hours.

ASTM No. 40, was

The sample was put into a weighing bottle of 1§ in. dismetor and 1 in.
height. The soil in the open bottle was kept in a dessicator over s solution
of normal sulphuric acid to ereate a humidity of 98 per cent.  To provide this
constant humidity at different room temperatures, a vacuum of 10-15 m/m
(Mercury) had to be produced in the dessicator.

After some days in the dessicator, the weighing bottlo with the soil was
weighed and subsequently on overy alternate day until the weight was cons-

tant, The maximum moisture nbeorhed was caleulated on the weight of dry
moil. i

For general information vide Ref, 4.
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20-30 (), 30-40(0) AND 40-50(*) OF THE INVESTIGATED SOILS.



286 A SUGGESTED CLASSIFICATION OF
10. DELIBERATION

10.1. As the liquid limit and the plastic limit are determined
with the fraction of o soil passing A.s.m. Sieve No. 40, they
are not influenced by the coarser part, the sandy fraction of the
material retained on that sieve. Tt is, therefore, possible that
soils with o similar fine fraction as the TIndian Black Cotton Soil
get classified as belonging to one of the three sub-groups: A-Ta,
A-7b or A-Te.  But as these three sub-groups are characterised by
high group indexes (20 to 50), no soil, which has a considerable
coarsc fraction, will fall in these sub-groups, because, in the
calculation of the group indexes, the entire fines are involved
{passing or retained on A s Sieve No. 200).

10.2.  For stabilisation, the aim is to bring down the group
index to below 16 for soils having such high liquid and plastic
limits. If the Black Cotton Soils can be classified into narrow
sub-groups, it might be possible to stabilise them more individu-
ally although they may be considered to belong to a comprehensive
main group. This could contribute to their being utilised
economically as construction materials by stabilisation,

1. SUMMARY

11.1. A large number of Black Cotton Soil samples from
India have been analysed.  As a result of the physical analysis it
can be scen that the black cotton soils of India belong, in general,
to the A-7 group of the *U. 8, 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 50—has been worked
out and it has been shown that the heavy clay soils prevailing in
India (Black Cotton Soils) can be divided into three sub-groups
according to their group indexes, liquid limits, and plasticity
indexes.

11.3. 'Pests with Field Moisture Equivalent and Hygroscopic
Moisture Absorption confirm the addition of the three sub-groups
to the main group A-7.

11.4. Further investigations have to be conducted to find
methods of converting these soils economically into construction
materials. Such investigation may be easier because the soils
can now be classified more closely,
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TaBLE 1

CHEMICAL ANALYSIS OF BLACK COTTON
SOILS FROM HYDERABAD.

! L ol m.e. *100 gm soil
Serial Suinple soluble  Cal'Oy AIE{JIEI;AT\THET -
No. No, P:‘:-l(]-,:fit Per cent gul‘)li' gnble
Ca . Na+ K
, |
1 | o282 ! 15.00 E 22,30 ¥.40 8.60
2 2 [ome 1+ - 1 4710 3.60 9.10
3 3 TV S SV U 1L 340 8.0
1 4 poo0228 L T3 4330 3.00 8.50
3 3 0160 1.55 | 3800 2,20 w10
6 7 0152 1 13ua 38,20 3.80 800
T N |2 3,83 42,00 1.00 7.90
8 0 o0zZon L 6o .70 3.00 N.20
" 10 Pooos o oo 3R.50 120 §.20
o 11 L2600 (N5 61.20 L.6o 800
! |
1l ‘ 14 L0246 o.lo 15,00 2,80 X 10
12 15 00180 745 57.490 2,00 820
13 | 16 |ou.116 7.45 38.20 2.00 7.95
14 17 [ 0.018 R.60 2350 7.60 8.00
15 18 I § B ‘ 69,16 0,24 .20
. b
16 19 L0200 .00 1 5840 Ld0 T.HD
17 20 } 0.228 320 1 6090 1.80 7.60
18 21 " 0.182 £.90 61.20 2,00 7.70
19 22 r 0156 .10 36,20 0.40 7.%0
200 23 I 0,282 1.8) av 10 240 7.80
21 24 [ 0.266 1.00 37,30 .20 .40
22 25 0,378 3.45 47.50 2.60 7.00
23 26 0.170 145 a2.50 | 8o 7.40
24 | 27 0.216 - 63.10 | 140 3.60
25 1’ 28 0480 495 16.70 } 1.40 8.50
i '
26 | 3v 0.27% 1 2,00 39.70 ' 240 7.80
27 | 31 0.146 . 2.30 44,40 120 7.60
28 32 0.196 4.50 35.10 2.00 7.50
20 34 0.126 2.60 32,70 1 Lev 7.50
30 ! 33 0,288 3.36 23.60 8.40 | 8.00
31 36 0.200 1.60 32.40 3.20 7.60
32 ' 37 s 0.204 6.05 | 34.80 3.80 8.60
33 | 40 0.148 - 1 2170 1.20 7.40
34 41 v.160 125 | 49.80 1.60 8.30
3 | 4 o280 | 050 | 4270 Lo 7.3
{
36 43 0.164 2.25 : 25,30 1.40 7.90
37 15 0.154 2.50

56.40 2.00 7.80

}

© Organie

|
1

I

I
|
|
|
|

carbon
Per cont

0,78
0,36
0.30
0.24
0.0

0,26
24
.38
0,36
(I

72
0,64
0,00
075
ang

045
0,39
0,60
057

0,36

[Usy)
.36
0.99
0.51
.54

0.45
0.33
0.51
0.75
0.80

V.36
0.30
0.93
0.30
0.48

V.61
0.36

* .0, = Milliequivalents,
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Tctal 7| ni,c.*/ 100 gm soil Organic
.\‘m;ial Sample soluble | Calog | s «‘Iixchan-{ pH carbon
No. No. ,sohds Pereent| gable | gable i Por cent
Per cont Ca 1 Nat+ K| o
38 46 0.210 .55 4500 4,80 8.30 0.51
30 1 0.176 10.40 48.50 240 7.90 0.45
30 a0 0,240 +.85 15,70 RO R.20 .57
41 51 0,254 36.20 L&0 8.20 -
2 32 0,700 5015 43.20 6.40 8.20 054
13 33 0.242 5.25 15.60 100 | 890 0.39
14 o 0.234 195 27.10 3.00 8.70 0.27
15 i n.378 2,85 ALY 140 8.00 0.51
“© 1 0.302 S 46,80 3.60 840 0.45
7 37 0.280 3.85 ' 35450 260 | 790  0.36
4R k] 0.188 3.40 ;4440 . 4.40 7.90 0.27
19 a0 0.160 s20 | ag4a 2.00 | 8.60  0.42
30 i 0,116 | 6.00 1.20 7.60 0.45
! |
ol 62 0.124 360 | 3200 L40 | 880 0.27
30 64 0,114 3.20 0 36.30 ‘ 0.40 7.80 0.48

* m.e. )lillioquf\’nl(-nxts,

Tables 3 and 3—0u pages 267 and 208.



290

A SUcGESTED ((LANSIFICATION OF

TapLe 4.

PHYSICAL PROPERTIES OF THE SOILS FROM
HYDERABAD STATE.

serinl No,

P Y

i

U
o

11
I

14
15

16
17
I8
14
20

21
22
23
24

25

26
27
28
29
30

3
32
33
34
35

36
37
a8
39
10

41

wmple No,

16

19
20
21
o

23

24

L

26
AN

29
30
31
32

34

35
36
37
30
44

41
1
+3
45
16

47

Liquid Liuit |

per eent

NOL 36
NOLTG
7160
N1E.71
86.05

73.23
62,00
82,72

54,04
69,81

70.30
L0
7H.48
R8.63
RO.19

hs S
90,55
NEO2
83,28
ERIE

6596
88.50
(BRI
100,80
(5. 40

63,47
66.35
649.30
T4.48
62.03

84,02
5710
80.22
44,60
4001

77.41
64.46
3814
83.40
a0.17

N33

1

Plasticity
Index

18.05
17.62
37.89
18,18
30,85

41.23
36.79
50.02
18.01
30.8%

33.97
H8.07
34.74
S4.40
10,31

0D
HEOG
£5.96
+4.02
48.87

32,81
17.00
24,65
IR
$0.73

24,98
32,42
36.29
+4.93
3R.12

53.84
34.53
55,22
20,38
28.01

46.29
38.22
31,84
54,13
R

47.39

Fraction passing
200 sieve
per cent.

43.430
R87.32
N7.61
8K ES
31.40

N30
77.14
92.80
91.80
UR.0

94,84
U347
N7.70
0,70
95 .40

92,31
U6, 88
96,35
93,42
09.07

03.02
9660
83,20
R3.07
83.26

34,60
92,80
86,57
a1,35
76,22

.8
V187
80,91
79.60
T3.80

hHIR]
69,73
68.54
43,30
42,67

86,17
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Serind No, ' Sumple No.

42
43
14

45

46
47
48
49
50

51
52
3

54

6o
56

40
)]
ot

52

X3
a4
5D
56
37

a8
59
60
62
64

65

Liquid Limnit

])(‘

r cont

7219
91.35
79.54
77.76

83.42
56.54
R0.14
87.94
73.43

72.58
79.68
63.57
53.07
51.11

58.43

|
|

|

Masticity
Index

42.00
A8.52
41.90
43.03

46.49
34.85
44.82
3434
42,00

30.87
41.67
30.96
27.77
29,98

29,06

Fracrion Passing
200 sieve
per cent

84.32
87.13
40.81
92.35

83.80
63.30
87.10
87.87
80,70

91.0
83.75
6Y.20
75.30
77.0

82.26

20
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Table 5—Conid.
TABLE 5. -

U Fraction passing

T ‘ . Liquid Limit|  Plasticity 200 siove
a S Serial No, Sanple No, por cont Inclox -wll““"t.‘\l;
PHYSICAL PROPERTIES OF THE SOIH.S FROM BONMBAY o o X o o heweent
STATE, 0 \ R 4104 t‘(_i_?u
12 115 NS . Ry (7.4
: Y ; : ; S 37 03,22
L . N IFraction passing [ 1 ”_) 78,40 “_"“j I.
Serial No. + Saumple No, llnlu‘n.l ‘I‘,ntmt I l;mt;(. I,t"\ 200 siove 14 ; :_‘8? | .;,,,,_,t, o0
| per cent nidex Per cont, 15 11 738D 2053 R4.00
; i7.86 30,5 80,70

1 66 12,31 22,87 N3.19 A6 Ho G786 BU.50 it

4 it = = D G - A7 120 T1.88 40.38 RN,80

2 (54 47.76 23.93 83.80 \ 121 67.16 e u1.80

3 7 55.02 30.59 6817 AN - .10 g0z R

i . L2 2 S 5 - BN ]

1 = <880 Q188 4 122 80,50 42,80 Wi 1

4 2 O8S 818 - 9 Tl 30008 00,45

A 7 ST 80,20 M 123 71.43 30,03 0,45

; - 6 B 2 6161 25,64 8403

6 7 67.61 0080 _:.’} :,_" (:') f‘;” _,2 ‘_:‘, T

§ 1" e s a3 126 75.96 36.43 93,00

o ;‘-’ AL ':f]:: 34 j28 | RGN A1.00 83,00

; ¢ ol SR v . | - L e i

ql % T2 8792 a0 130 G495 [R.42 G305
= . ot 32 T R 51,88 03,50
E o o e ya.an 2 s | e 4o 85,70
¥ 3 s S 7286 2 131 O 34.27 00,00
13 N 26,23 3062 8746 '_.;, §36 : 654,38 30.17 7713
r & o e N8 60 137 L s 13.67 8760
15 83 88,38 AY.86 03.60 ! ) ! ’ ‘ ’
16 87 Gl ‘ 138 j 8.8 443 IJl.‘J'U
17 88 62 L3y : (EAE 40,46 G1.80
|f,~ < a3 L4 BENCRE 26.65 04,70
1o a0 ot 141 booseT 27.37 8440
20 9l ‘ G | 143 | 60,00 2519 88,60
0 ‘ 144 55,15 2845 81.30
21 92 8834 ‘ 89,16 it | N - "
22 a1 = o0 “ 0020 67 : 5 67.00 33.10 000
2 -0 1 0n 0 6s i L1t ‘ 6690 28,00 96,00
o o -1 ¥5.97 N s 5687 277 76,80
i o st ul.60 - 149 G, 12 28,42 05,40
24 a6 702 NS08 70 J . LR .

. - ) - | 150 [ 60,79 hIIRUL
o W Pep o a7 5 B 86,72 25015 .00
27 us 67.65 2078 04,11 _‘_; ‘}_,2 “0.5] \ 3944 150
) s i s 240 7 153 W2 L a0 80,65
0 o o B ot i BT 63,52 . 2R3 83,45
w0 103 9L S35 97.51 i3 | ! ‘ .

: 70.96 76 5 02,44 L5220 04,25
31 14 70.06 29,95 04,70 ;17’ | :")l; B W N
o o 84.00 1182 b0 - ! 137 LS T Ss.15
o 106 .00 3176 Bu.KT 11; ‘3 1"3 7 l. 17 } 30,36 6,00
o i N, .08 .2y " e . L 36T 8340
i fos - N33 42,58 94,24 80 ‘ N 8o | :
' 57 6 81 in | 77.51 | 36.01 93,20
36 100 57.63 24,13 89.56 < :::l I e o
37 to : 2.5 32,047 08.10 vy s g ‘ o N
:::' [RA] ' 7106 43,76 06,20 81 “;“; 7—1' “~; i :mzjm 96.83
30 112 66,06 32,10 01,70 83 16‘1 7 l-.-)q 30099 89.75
40 13 78,40 37.01 03,22 : | | A

86 170 6741 Y I 96.25
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294 A SUGGESTED CLASSIFICATION OF Tur Brack Corron Soils oF INDI
TA BLE 6. Ta.ble 6—Conid.
Plasticit [ Fraction pass-
iquid Limit agblcity in4 200 sieve
PHYSICAL PROPERTIES OF THE SOILS FROM _ Sorial No. | Sample No. l L“l!:‘(;; cont Index “‘%W cont
MADHYA PRADESH STATE. . — -
) o 915 36.86 31,16 *‘t:ig
- / : . ! TNy . [ BLIE
[ ps  erre - I'raction pass- 42 216 ; 46.03 $.76 ‘ P
Sorial No. Sample No, Liquid Timit P]nst,n‘l?y ing 200 sievo 13 ‘ 21T i 349,44 j‘l"“ 86.91
or cent Index ; v AR.42 32,01 85,00
1 per cont 44 218 .
. - T 43 219 60.16 32.47 86.76
1 172 66.08 32.90 94.40 - 0 e 01.¢
2 173 67.04 42,79 73.46 46 222 i o b3.01
3 174 50.06 29.99 83.40 47 ;ﬁ“ ‘f‘,‘ 1% a7 {6 ‘ 82.38
4 175 650,44 31.56 82.60 48 o 64 19 38 34 86.04
5 176 61.44 33.36 83.60 «t:J) el 47,01 3210 } 93.00
4 177 53.50 30.51 77.10 . oy 3.3
7 178 554 25,64 94.31 51 224 Y M 840
8 179 36.24 33.96 R7.50 52 230 3562 97 4% | 79.80
9 180 72,19 41.35 02.49 33 ;::}, s 2605 | 96.90
10 181 ! 7310 37.39 ; 98.15 54 it 76.80 4454 | 87.13
HD] |
11 182 ‘ 66.37 38, 10 95.00 . —7 s . 41.6:
12 183 b oz 28.2 80.38 36 24 o780 e o113
13 184 : 65.08 a8y 96.09 AT =D o 14 P TE 89.16
14 185 60,76 3201 85.05 a8 o 059 16,72 91.12
15 186 60,20 20,45 81.10 o 218 7305 | 4242 84.99
|
16 187 50.58 28.13 73.53 ) 9 ¢ 8107
17 188 1918 25,46 60,97 61 239 10.88 - 70,53
1 189 61.60 M6z 71.00 62 240 .t e 92,25
19 191 66.82 3488 07.00 63 2 333: 3390 83.04
2 193 71.83 35.40 J 89.82 24: et 67.08 39.07 84.47
21 194 81.00 ’ 42,0 i 93.78 . - = 0 o7.3¢
22 193 73,40 3404 00,72 66 245 77';:; ij% (ﬁﬁ
23 196 67.37 27.85 93.74 67 246 78.2 50.63 93.20
24 197 79.32 R 91.88 68 247 78.68 . )
25 198 79.47 45.51 91,60
26 199 50.65 26.40 84.08
27 200 56.64 24.01 78.91
28 201 67.07 39.34 92.39
20 202 52,06 29.99 79.28
30 203 75.58 36.58 83.76
31 ( 204 58.85 | 32,01 81.54
32 i 205 67.21 35.99 87.10
33 | 208 70,27 42,14 91.66
34 1 208 5349 31.27 94,14
35 J‘ 209 52.61 J 27.80 92,70
36 ’ 210 73.96 36.06 91.49
37 ! 211 33.84 25.27 94.10
38 212 40.33 26,38 97.42
39 : 213 58.52 27.12 94.30
40 j 214 58.74 31.03 92.60




A SUGCUESTED CLASSIFICATION OF

TaBLE 7
BLACK COTTON SOILS WITH GROUP INDEX 20-30

SUBGROUP A-7,.

’

NSerial Samplo’
No.

—— i ——
P N

16
17
18
19
20

21
o9
22
23
24
23
26
27
28
29

30
31

33
34
35

36
37
38
30
10

41

No.

8
10
26
28
29

34
36
30
)
12

43
a4
H0
62

64

65
66
64
71
72

73
75
76
80
81

87
102
106
109
124

125
136
141
143
144

148
149
151
154
162

174

l
)
I
|

Ntate Lt

f

Hydorabad | 6250
”» NENIE
’e 60,19
6.3.-10
65,47
62.03
a7.13
4960
ol
64,16
" 8. H
4 S04
. : 63,57
. a3.07
. St
" : a8 13
Bowibay N RN
' " 47.76
- LA
28,80
. AL47
. L6H0S
' 62,18
L6262
“ 36,23
t
.- . 63,63
" 60,37
. Cotd02
. 07,68
" ‘ 61,64
| ve B il
i G488
o 26,37
. 66,049
: 20,105
“ L D6.NT
" G012
- |
. |

i
Madhya Pradosh] 50,06

Licuid

Fpor cent)

Plasticiny

[FTTATES

36,79
18,01
2460
HOUTR
21U

812
REMOX]
20,48
26,01
36,22

31,840
3480
30,06
2797

2098

29,06
22,87
EARUR
30,59
2749

ERI

23,71
26.67
27.00
Jn.62

27.21
20.06
31.76
2413
25.64

20.99

Fraction

pétssinge
24

(per cont)

NS.60
S1.30

76,80
03,60
040,00
83.05
80,35

R340

1

Group
Index

Tier Brack CorroNn Soits oF INpra

Table 7T—C'ontd.

~———— e

Serial | Rample

No.

12
43
4t
th

16
47
AN
19
a0

D
D

it

Tl WL —

B

6
ho
A
59
60

61
62
63
64

6
66
67
(13
60
70

71

72

73

297

{ Liquid Masticity I:)l:s'(:iil?g Group
No. Ntate Faniit Index 200 Index
‘(p(\r ceut) (per cont)
175 Madhya Pradesh GO, 44 31.56 82.68 28
176 61,44 33.36 R3.60 30
177 H3.30 30,51 77.10 23
178 LN 28.64 04,31 29
179 324 33.96 87.350 24
183 40,20 28,20 RG.38 25
185 60,76 32.01 R83.05 29
186 60,29 29,54 81.10 26
187 30,58 28.13 73.58 20
IS8 018 25.46 66.97 17
189 61.60 28.62 T1.00 22
196 67.37 27.65 93.74 30
194 L6 26.40 84,08 23
200 a6.64 24.01 78.91 292
|
02 52.06 29,99 79.28 29
204 78,85 32,01 81.54 28
208 . 53,49 31.27 94,14 29
200 52,61 27.80 92,70 o7
ST O 23,27 94.10 28
IEEE " | 49.33 26.38 97.42 25
213 A8.52 2712 94,30 a9
BTN AR.T4 31.03 92,60 30
215 16,86 31,16 84,20 249
217 . 5U.44 32.34 86.91 29
2R . HR.42 32.01 85.00 30
210 . 60.16 32.47 86.47 30
o9} . 35.62 27.42 79.80 23
932 . a7.43 26.25 96.90 28
i1 37.30 31.40 91.63 30
240 60.57 29,97 79.53 26
oo . 5905 30,549 92,25 30
a4 60,05 33.29 83.04 29




298

A SuaGESTED CLASSIFICATION OF

TasLE 8

BLACK COTTON SOILS WITH GROUP INDEX 30-40,
SUBGROUP A-7b.

Sample |

Liquid

|

Plasticity

f
Fraction
passingg

Group

- B . .
;2 Nor. Stato Ll'lll'l\t " Index 2000 Index
# ] {per cont (per cent)
£ |
1 3 | Hyderabnd | 7160 3780 | w761 37
2 4 b 86.03 39.85 i Nl RE
3 7 7323 41223 83.00 3R
4 11 - 69.81 30.87 08,00 35
5 4 - 7030 33.97 0489 35
6 16 7548 34,74 87.70 Bh
7 24 .- 65,96 32.81 93,02 34
8 30 - 66.35 32,42 () 34
9 31 " 69.30 36.29 $6.56 34
10 49 . 7219 42,19 84.32 38
11 57 " 73.43 42,00 89.70 40
12 58 . 7258 39.87 91.00 40
13 74 Bombay 67.61 41.25 490.80 38
14 78 . 73.92 37.31 87.32 36
15 9% . 75.63 39.81 87.79 39
16 91 . 66.57 3179 95.73 34
17 93 . 72.22 19,56 90.30 30
18 94 . 79.13 35,14 45,97 40
19 96 . 75.92 3592 | 83.08 35
20 98 . 67.65 2078 941l 33
21 100 . 68.80 376 | 9480 34
22 104 . 70.96 29.95 . 94.70 34
23 110 " 72.59 32.47 : 06.10 16
24 112 " 66.06 32.16 | 91.70 3
25 114 " 73.19 41.00 ‘ 86.70 40
I
26 115 . 89.84 3799 . 77.40 32
27 116 " 78.40 37.01 03.22 10
28 118 ’ 75.85 W53 1 8400 32
20 119 . 67.86 30.50 80.70 37
30 120 » 71.88 40.38 1 B8R0 30
31 121 - 67.16 32.02 91.80 33
32 123 Ve 71.43 39.03 i 90.45 38
33 126 ’ 75.96 36.43 - 93.00 30
34 128 ’ 78.68 400 1 8500 30
35 133 » 69.20 32,20 8375 \ 11
36 134 " 69.98 3427 1 s | 34
37 . 138 . 78.84 33,43 91.90 37
38 | 139 , 74.14 *40.46 91.80 | 40
39 140 . 69.15 .26.85 04.70 ! 32
40 145 " 87.00 33.10 90.00 33

TaeE Brack CorroN SoirLs oF INDra 209
Table 8—Contd.
| i
Liquid | Frartion
Sr. | Sample Stato I‘.l . Plasticity passing Group
No. No. h Ay Index 200 Index
(per cent)
(per cent) |
L B B ~ B |
41 146 Bombay 66.90 28.00 146.00 32
492 152 - 70.30 3044 81.50 35
43 153 76.42 40,84 89.65 40
14 136 . 70,42 34.01 $8.90 37
45 157 o 7105 3431 8815 34
|
46 158 " 7117 30,36 86.00 31
47 159 . 86,74 36.74 83.40 37
48 160 - 77.51 36.01 93.20 39
49 161 - 72.07 38.67 82,00 33
50 163 . 71.18 33.36 86.35 32
|
51 164 . 71.59 39.99 89.75 ! 39
52 170 " 67.44 31.54 96.27 | 35
53 172 . Madhya
Pradesh 66,08 42.00 94.40 j 34
54 173 67.04 32,99 73.46 34
53 180 7210 41.35 u2.49 | 40
56 181 . 73.10 . 37.39 98.15 | 40
57 182 . 66.37 | 38.10 93.00 38
58 184 . 63508 | 38.89 46.09 | 39
59 101 - 66.82 1 34.88 97.00 37
60 193 . 71.83 : 35.40 8U.82 ‘ 36
61 195 - 73.40 34.04 00.72 36
62 201 ’ 67.07 39.34 92.39 38
63 203 " 75.58 36.58 83.76 36
64 205 . 67.21 35.99 87.10 34
65 210 . 73.96 36.06 91.49 37
66 216 66.03 34.76 90.36 34
87 Dan . 7282 37.16 0191 | 38
48 PREN . TL I8 37.18 82,38 ; M4
69 07 . G4.19 38.34 86.04 | 34
0 293 . 67.91 32.10 05.00 | 35
71 290 Ve 68.87 41.25 83.54 37
79 290 . 72,19 37.32 84.05 | 36
73 235 62,52 30.42 9L13 ) 31
74 238 73.05 42.42 84.00 ‘ 30
(5 239 - 70,88 42,69 81.07 37
76 244 - 67.68 39.97 84.47 36

21



300 A StaaESTED CLASSIFICATION OF
TasLe 9.
BLACK COTTON SOILS WITH GROUP INDEX 40-50,
SUBGROUP A-7c.
L Fraction
. . Liquid .. .
Scrial {Sample .. pti Plasticity passing | Group
No. No. Sfite - ({;'”J:'l:t) Index 200 Index
‘\ P ' (per cont)
1 L Hyderabad 80,36 48.95 93.30 45
2 2 . 89,76 +7.62 §7.32 44
3 1 8171 48,18 R&. 15 44
4 9 . N2.72 50,02 u2.80 46
5 15 " 100.00 58,07 9. 4T 48
6 17 R 86.63 o440 00.70 4
7 18 80,19 40,31 05,40 43
8 10 . ; 44,05 42,31 46
Q 20 . 49,99 096.88 48
10 21 . 45.06 96.35 46
11 22 . 83.28 44,02 05.42 46
12 23 .. 83.45 46.87 09,07 49
13 25 . 88.53 47.05 06.60 48
14 97 . 100,80 58,24 83,07 43
15 32 . 74,48 14.03 91.35 42
16 35 84,02 53.84 00.85 45
17 37 89,22 55.22 89.61 45
18 41 . 77.41 46.29 8333 42
10 45 85.49 54.13 05,35 48
20 46 90.17 51.86 02,67 16
i
21 47 83.59 | 47.39 86.17 43
22 50 . 0135 38.52 87.13 44
23 al o 79,54 41,90 90,81 41
24 52 L 77.76 43.038 02.55 43
25 53 . 83,42 46.49 83,80 43
26 3 95 80.14 44.82 87.10 43
27 - 06 87,04 H4.34 87.87 44
28 - 59 . 79,68 11.67 88.75 41
29 77 Bombay 81.01 40.59 97.10 44
30 79 . 81.20 50,95 93,30 46
31 82 “ 73.28 45,92 03.60 44
32 83 " 88,38 49,86 91,41 46
33 88 . 76.32 42,65 05.62 44
34 89 . 80,44 12.42 97.31 45
R a2 . 88,34 49,03 80,16 49
! I

36 05 e ! 81.69 41,51 91,60 43
37 07 " ! 8O3 16,88 47.62 48
38 103 " i 91,74 54.35 47.51 48
39 105 " 84.00 41.82 91.90 44
40 107 ’ 95.36 : 53,98 98,29 40

Tux Brack CoTToN S0ILS OF INDIA

TaBLE Y—Contd.

301

| \ .
Lo iquid o Fraction
No. o (per cem) ’ | (PU: cont) )
]
41 108 Bombay 83.83 12,58 04,54 46
42 1 o 74.06 43.76 46.26 14
13 113 78.40 37.01 u3.22 40
44 17 83,88 13.56 90.00 44
45 122 = 813,50 42,80 93.15 43
H 130 » 04,93 18.92 93.05 47
47 132 . 101,58 L8N 93.50 17
48 137 . 80.07 43.67 | 87.60 13
m 150 . g 90.09 60.79 86.90 44
30 155 ' ! 02,44 52,20 | 94,25 47
3l Wt | M. Pradesh | 8100 42.00 91,78 45
33 197 . i 79.32 47.32 ul.88 14
,-:3 198 " | 70,47 15.51 91.60 14
54 206 ) L7127 204 9L.60 41
55 223 . } 83.80 43.71 93.09 46
36 233 t . i 76.88 [ 4.5 R7.13 42
57 236 ; vy | 88.14 [ 18,14 89.16 45
58 237 . 93.38 46,72 91.12 46
30 35 | . 7755 43.02 97.33 16
60 246 " o787 0 43.78 04.45 43
|
61 247 | ) 78.68 | 50.63 93.20 43

Table 10—on page 280




302 A SUGGUESTED CLASSIFICATION OF Tug BrLack COrroN SoILs oF INDIA 303
TaBLE 12
TasLE 11

FIELD MOISTURE EQUIVALENT & HYGROSCOPIC MOISTURE

SHRINKAGE LIMIT AND LIQUID LIMIT OF 37 BLACK ABSORPTION OF BLACK COTTON SOILS FROM HYDERABAD.

COTTON SOILS FROM HYDERABAD STATLE.

t

Field Moisture |Hygroscopi Moisture

| “ Serial 1Sample|  Liquid Limit Equivalent Absorption
Serial i Nawple Liquid Limit Shrinkage Limit No. No. pereent ‘ per cent per cent
No. ; No. i por cend per cent -
o i \ l 80.36 \ 47,63 : 18.48
2 3 7160 ‘ 42,59 | 14.79
1 1 30.36 16.07 3 . 81.71 34.00 17.87
2 2 89.76 14.38 4 6 86.05 1 53.00 23.15
2: ‘; 71.60 :Tﬁ 5 7 73.23 : 34.33 14.20
‘ : 81.70 .6t e ! ar .
3 6 86.05 1712 6 N 42.53 aL o
T S04 3350 10.59
6 3 62.50 15.97 8 ! o, ‘ o ‘
7 Y 272 1385 9 1 69.81 ; s : 16.07
8 tl ; 69.81 12.60 w4 70.38 ! +A -
9 i 14 : 70.30 12.43 T 100,00 . 61.30 22,57
10 15 160,00 ‘ 15.90 12 16 75.48 ‘ 38.43 17.80
, N w 13 7 80.63 47,05 17.6
16 | 75.48 ‘ 13.53 s 80. 14 \ 4980 —
12 17 ‘ 86.63 | 12,44 M 19 8405 AL00 10.76
13 18 80.19 ‘ 13.37 15 0.5 \ -
1 8455 15.5% 16 200 0 i PR -
15 22 83.28 18.46 17 21 :4‘% ] 47.33 f;jg
18 22 it | I o
16 2 83.15 ‘ 15.79 i9 24 ().;.&_)(_i ‘ 38.56 .lb.fia
17 24 65.96 } .49 20 R 88.53 : 47.45 21.37
18 26 60,19 12,25 a1 LT G0, 19 \ $0.07 17.29
1o 27 L0080 15.80 S o 63.40 35.98 14.87
20 28 ‘ 63.40 ‘ 13.50 s 10 66.35 ‘ 37.17 17,84
‘ ‘ o 31 64,33 ‘ ~ 14.98
21 30 j 17.69 o 3 448 i 37.33 16.76
23 31 . 0. 15.86 25 ‘ .03 ‘ 8,05 12,43
23 32 7448 20,84 9 . 34 Yt ; e an o
24 34 62,03 16,15 97 33 84.02 ! :t%g }339
25 35 : S+.02 : 17.30 28 | 36 57.15 ‘ e e
59 Coog7 89.24 | 52.06 25.79
96 37 0,22 13.74 20 B 64,46 | 36.55 12.26
27 41 77.41 13.48 a1 n a8 14 : 33.77 11.62
23 42 64,46 3.76 39 13 83,440 4414 17.24
29 43 38.14 ! .13 33 46 90,17 40.87 20.58
30 46 ‘ 00.17 10.40 . 7o 19 43.07 14.32
e b 01 35 48.75 17.07
31 5l 79.54 8.51 V) ' ‘ o 5900 1712
RE 54 71.76 9.80 36 52 77.76 52.00 T
33 33 83.42 19.75 37 55 RO. 14 5045 1744
34 54 36.54 \ 12,43 38 36 87.94 8.1 et
35 33 S0, 14 14.56 39 57 73,43 0.5 15 53
i I 40 38 72,58 13.18 5.51
36 58 ; 72.58 ’ 12.21 41 50 79.6% 33.40 17.47
37 . 60 . 63.57 14.65 42 62 33.07 37.80 10.78
: ‘ 43 61 - 3111 37.01 10.36
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A SUGGESTED CLASSIFICATION OF

TasLE 13

FIELD MOISTURE EQUIVALENT & HYGROSCOPIC MOISTURE
ABSORPTION OF BLACK COTTON SOILS FROM BOMBAY.

l

Sorial Samnplo

No. i No.

15

16
17
18
19
20

21
22
23
24
2

33
34

66
69
71
72
73

74
15
76
77
78

Y
3y
81
82
83

87

89
00
91

02
93
04

06

7
U8
100
102
103

106
107
108
109
i10

111
112
113
114
115

Liquid Limit
Per cont.

67.61
64.05
62,18
81.01
73.92

81.20
62.62
56.23
73.28
R8.38

65.63
76.32
80,44
75.63
66.57

88,34
72.22
79.13
§1.69
75.92

8Y.43
67.65
68.80
65.37
91.74

64,02
93,36
83.84
37.63

72,54

74.00
66.06
78.40
73.19
89.84

Field Moisture

Equivalent
Por cont

26,72
34.35
32.07
3717
SN, 16

3743
35.06
+0.27

43.16

+45.31
43.88
31.95
48.46
H0.08

35,43
53.71
48.70
44.80
40,54

47,06
$2.21
143.65

38.99

39.24
40.68
38.80
32,40

44.18
48.41
16,58
33.40
46.33

18.54
38.15
47.67
46.82
42,55

Hygroscopie
Mowrure
Ahsorption
Per cont

10.50

.77
12,03
1-£.90
13,13

16.27
15.08
16.96
22,50
17.63

17,04
IS8, 10
13.66
13.01
10,584

L3.86
20,04
18.80
17.21
17.85

20.09
17.8%
2Ly2
20.50
1U.99

24.36
17.12
17.36
16.39
22.79

14.490
20.62
17.15
12.68
18.76

13.67
13.88
19.99
17.1y
16.65

Tur Brack CoTTON SoiLs OF

TaBLE 13— Contd.

IxpIA

305

Serial Sam le

No,

41
42
43
44
43

46

Gl

65

66
07
68
69
70

7
72
73
74
5

76
Kkl
78
79
80

81

83
84

|
I

No.

Ligquid Linut 1

1S~ L=
_—-1 L’
L XXX+

TS L

67.16
80,50
71.43
61.64

62,39

75.96
78.68
04,05
101.88
$9.20

G998
64,98
80,07
T8.84
4. 14

69.15
56.37
60,09
55.15

67.00

66.90
36.87
60,12
00,09
56.72

70.30
76.42
63.52
92 4

T4.42

71,05
7117
86,74
717.51

72.07

62,32
7010
71.54
67,44

lquivalent
Por cent

47.67
46,04
47.88
35.72

13.96

41,37
at.te
41,34
42,14
38.47

35.26
44,95
59.20
H0,96
42,44

11.44
42.96
46.10
44.06
42.50

41.10
33.61
34.51
33.86
36.38

41.88
! 43.98
| 46.84
35.14

L 38.70

J 4255
‘ 36.12

140.00
' 47.36
] 45.17

10,46
‘ 47.74
16.22
46,50
35.47

35.46
$7.91
45.54
40.20

!
IFietd Moisture 1
|
|

Hygroscopic
Moisture

Absorption
Per cent

19.48
21.22
14.70
15.40
17.90

15.84
23.20
16.71
16.47
16.73

19.50
20,49
2115
22,24
16.31

17.99
16.33
19.68
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
21.69
19.59
18.49

14.37
18.36
18.42
16.99

Y T A S



306 A SUGGESTED CLASSIFICATION OF
BrLack CorroN Soins oF INnpia
TaBLE 14

FIELD MOISTURE EQUIVALENT & HYGROSCOPIC MOISTURE
ABSORPTION OF BLACK COTTON SOILS FROM
MADHYA PRADESH

| . . Hygroscopic
Sorinl Saple Liquid Limit Fm‘H M'”mt'"m f‘\/lni.‘lflll'f‘
N No Dor cont Equivalent \bsorption
R e Per cont Anmor
Per cont
1 193 71.83 1 46,47 : 20,48
2 104 s1.00 52,59 19,93
3 195 7340 KRR 16.57
4 1 196 67.37 45,43 ! 17.50
500107 79.42 47.71 1820
6 1 198 7047 30,61 | 19,77
7 0 1w 50,63 33.00 10,18
& | 200 36.84 38,54 12,97
9 2010 67.07 4305 16.35
1o ; 202 52,06 37.11 | .20
11 203 75.58 47.55 1648
12 0 204 58.85 3871 11.60
13 ' 205 67.21 17.19 15.77
14 206 71.27 4413 ; 14.62
5 . 208 5344 37.5% 10.00
16 . 209 52.61 34,87 N2
17 210 73.96 43,49 1.4.87
18 211 53.84 37.17 1110
19 @ 212 49.33 34.97 8.R7
20 1 213 58.52 33,47 11.30
o1 1 o214 58,74 43,84 .20
29 215 56.86 35.15 10.77
23 216 66.03 42,00 13.67
24 217 50,44 39.79 13.18
25 218 58.42 39.40 10.04
26 219 60.16 38.09 10.02
27 222 72.82 46.31 13.39
28 223 83.80 49.39 19.09
29 224 71.18 43.88 17.90
30 227 64,19 39.68 15.62
31 228 67.91 43.27 15.62
32 229 068.87 2,30 16.55
33 230 72.1Y 43.80 17.58
34 231 55.62 43.31 . 1482
35 232 57.43 37.74 l 15.05
36 233 76.80 47.30 ] 18.60
37 234 57.30 33.88 , 12,27
38 235 62.52 36.28 14.29
39 236 88. 14 5215 | 18.08
40 237 93.38 35.00 ’ 2M0.10
41 238 73.03 43.70 1 13.43
42 239 70.88 37.51 12.51
43 240 60.57 33.33 | 11.06
44 242 59.09 34.47 ‘ 11.96
45 243 60.85 36.79 ? 11.19
46 244 67.68 38.99 ! 12.68
47 245 71.535 58.56 i 18.15
48 246 78.27 4642 \ 18.60

49 427 78.63 43.57 ( 18.53
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¢« CATERPILLAR”

TEAM!

The gripping traction of a ** Caterpillar ™
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 is 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...a choice of five speeds enables the

unit to meet every ground condition in

D4~
HT4 TRACTOR-SHOVEL

DIESEL

There are four other Tractor-Shovel profit.
makers, with bucket capacities of ¥ 10 4 cubic

yards, 10 match the work-ability of
“*Caterpillar™ Diesel D2, D4, D6.and D7 Traciors*

loading, hauling or dumping. Hydraulic
control is sure, fast and accurate—permits
controlled dumping at any level.

You, tov, can get in on these loads of profit.
Our sales engineers can tell and show you

how and where the team can work for you.

Caterpillar

LIS TRANEMAN .

ENGINES - TRACTORS
MOTOR GRADERS
EARTHMOVING EQUIPMENT

Caterplitfar Distributors in ¥ndis -

CALCUTTA BOMBAY ' NEW DELHI
TRACTORS (INDIA) LARSEN & TOUBRO WILLCOX (BUCKWELL-
LIMITED LIMITED INDIA} LIMITED

P. 0. 80X 123

£, 0. BOX 278

P.O. BOX 289

Sales and Service

=0




journey (o prosperity

The huge, long train chugs and wheezes
and groans to u stop. Villugers—eager.

expectant, excited. gather round . .. itis
an cvent of historic importance in the life
of the community.  For, villuge produce,

the fruit of their labour, will ravel to
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 rails and roads.
3,000 miles of track will be rebuilt during
the period of the Five Year Plan. 770
miles of new concrete roads, 66 giant
bridges will be constructed to lay the
foundations of an eflicient communica-
tions system. Along these arteries of
trade, commerce and culture our people
will journey to a richer, more complete life.

Lakhs of tons of Steel will be used to implement
the many diverse projects of the Plan. And 80, In
numerous significant ways Steel will provide the
foundations for a richer, more rewarding future for
our nation and our people.

)
Q) THE TATA IRON & STEEL
COMPANY LIMITED

s H TN 39)¢
Iy A L
S T Ay [l r=onnmash

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 Office
i14, BOAG ROAD, MADRAS - 17.

88316 & 88549

: VITOPUS

Telegrams

Telephone

J




BSY-750

Hiter- '

Here's a familiar sight—this gentleman is pouring
Bitumen on to a road surface to bind and strengthen

it. It is no exaggeration to say that the economy of

-

—_— the country as a whole depends upon good roads.
- eV . . . .
THICK STUFF == When Bitumen is used in their construction they can
_—————
BlTUMEN 1 S===—=—==— wilhstand present day traflic and monsoon rains,
v ——————

F eov o0

For irrigation schemes too, Bitumen is important as it is used for
canal linings (o prevent seepage and corrosion. It is alvo used 10
build airficld runways, to insulate clectricat cables. for damp-proof

courses and for refrigeration purposes.

o o 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
yourself 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

8

barrel

dations are up to

this bridge has a to.tal
id frame spans varyin

R.C.C.
BOMBAY-1

ri
illed spandrel

urguja,
The arch foun

S
f R.C.C.

8 feet each and of f

length of 598 feet consisting o

from 31 feet to 4
BALLARD ESTATE

J. C. GAMMON LIMITED

arches of 110 feet span each.

FE—Constructed near Ambikapur,
20 feet deep below the bed.

RAIND BRIDG

HAMILTON HOUSE
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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 interlocked for
positive proportioning, are fed into the
twin-shaft pugmill for mixing. A con-
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:

vii

MILLARS’
MACHINERY

Coancrete Mixers—Tilting and non-Tilting Types.

Asphalt Mixers—for Hot and Cold Mix.

Roller Pan Mixers—for Mortar.

pDiaphragm Suction Pumps—for effective lift up to 25 ft.

Self-Priming Pumps—for handling Scepage at lowest

possible cost.

Tower Hoists—for speedy construction.

Wellpoint Pumping Equipment—ifor dewatering the only
successful method of combating running sand.

TIMBER
HARDWOQOODS - SOFTWOODS - PLYWOODS
MILLARS’ TIMBER & TRADING CO. LTD.
(INCORPORATED IN ENGLAND)
Victoria House, Victoria Road, BOMBAY 27.

Telephone . 41077 Telegrams: JARRAH
Branches and Agents throughout the World.

ti
AD-169A,>

Barber-Greene Overseas, Inc.

UISTRIBUTORS OF BARBER-GREENE PRODUCTS MANUFACTURED BY-
BARBER-GREENE COMPANY, AURORA, ILLINOIS, U.5.A.

BARBER-GREENE OlﬁlNG COMPANY, LTD., ENGLAND + QARBER-GREENE CANADA, LTD., CANADA




DAYA Bridge 13 Spans
of 71'6” on Screwcrete
Cylinder Piers, for che

Orissa  Government

near Bhubaneswar.

BRAITHWAITE & CO.,
(INDIA) LIMITED.

HIDE ROAD, KIDDERPORE, CALCUTTA'
87-45 4

ix

[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

S/
P AN S

wn

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.

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.

- -

Apply for details to:-

Branches :—

26, Errabalu Chetty St., . Ghrlick e Co Ltd.

G.T., MADRAS. .. S
Cox St., COIMBATORE. . JACOB CIRCLE. BEOMBAY 11




Indian Practical

CIVIL ENGINEERS' HANDBOOK

Edited by P. N. Khanna, A.M.LE. (Ind.), A.M. Inst. HE. {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
technicul information necded most in  daily work, not
usually considered or incorporated in text-books or found
in any other single Indian publication. Hundreds of copies
of this famous book uare now in daily use by every grade
of engineer all over India. 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 Ras. 15 - (Postage extra Rs. 1-8-0)
ENGINEERS' PUBLISHERS & ADVERTISERS, Patiala (Pepsu)

X-&

USE 1007 INDIAN ROAD TAR

FROM INDIAN COAL MINE

N THROUGH
INDIAN

CHEMICAL INDUSTRY

7O INDIAN ROAD ¥

2" TARCRETE WORK IS IN PROGRESS
KRISHNAGAR - HRIDOYPUR ROA

AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LTD.
94, Chittaranjan Avenue, Calcutta - 12
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FRANKI

COMPRESSED CONCRETE FOUNDATION PILING
AND
REINFORCED CONCRETE SHEET PILING
(All-India Products)

Sole [licensees im India

THE BRAITHWAITE BURN
AND JESSOP CONSTRUCTION

COMPANY, LIMITED

P.13 MISSION ROW EXTENSION,
CALCUTTA




Le Tourneau Westinghouse electric
ed equipment gives you high speed, ease
operation, trouble-free maintenance

d LOWEST NET COST PER CUBIC YARD,

Fcr any earthmoving job whether big or small

wixX 143
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