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The Paper deseribes a method of estimating flood discharge from small ‘

.®tchments in Andhra Pradcsh by making use of the data available from

Taln gauges. The rain gauge data has been analysed and from that the
Qurly intensity of rainfall that could be expected by an analogy of the rain-
all characteristics collocted from the two automatic recording rain gauge
Stations at Begumpet and Visakhapatnam has Leen attempted.

. The Paper also deseribes the use of this hourly intensity to get the flood
discharge.

Tllustrative examples to show the application of the above date to actual
Problems met with in' Andhra Pradesh have been included.

A map of Andhra Pradesh with zones of equal hourly intensity has been
{)re}iar'ed to select suitable values for evaluating flood discharge in different -
ocalities.

* Engineer Liaison Officer (Govt. of India), Andhra Pradesh,
1
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1. INTRODUGTION

L1, Tt is well known that basic data like rainfall figures
and field characteristics of catchments is not casily available to
estimate the correct runofl for a proper design of the cross drain-
age works. No doubt the problem has been studied by many
engincers and each hag evolved a formula of his own for a parti-
cular locality, but the bagic data in regard to factors that aflect
the flow from « particular catchment is not usually available to
the dosigner to analyse each case on its merits.

1.2. As most of these fomulae tend to generalise all cases
they are not fully satisfactory. Individual catchments espe:
cially the small ones, have a strong influence on the mn(;unt of
runoff according to their peculiarity, whereas a ready-made
formula takes into account only the average characteristics. It
is, thercfore, nccessary that, in addition to the formulae, flood
discharge should be arrived at from an individual study of each

catchment, taking into account the basic factors that influence
the flood.

1.3.  The basic factors to be asse
discharge—

Q= KdAi

ssed for obtaining flood

@
for the catchment under study arc :
(1) The arca of the catchment (4);

(2) The average effective inte
catchment (i) ;

(3) The percentage that could be expected from t
called the coefficient of dischargep(K) hat area

These depend, of course, upon the locality,

o et > nat -
ment, its initial condition, shape and other facto wure of catch

TS,

1.4. The object of this Paper is to collect and inter

: pret-'

such data as is available for estimating flood dj y
_point of a stream in Andhra Prad g Hlood discharge at
formula.

: an
esh by making use of the abov};

- 1.5. Flood estimation for big projects is u
special s'taﬂ and with "considerable effort, Usually, it is the
small bridge or a culvert where so much effort is noé bestowed

for arriving at a reliable runoff. The scope of thi
therefore, been confined to the study of smgll'gatzlﬁﬁelx::ﬁer has,

sually done with

nsity of rainfall on tha,t'
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1.6. Tt is difficult to define precisely a small catchment. It
may be taken as ¢ that area which may be expected to get
covered under one cloudburst lasting sufficiently long to be
effective on the catchment .

1.7. An idea of the extent of the cloud coverage that may
be expected can be formed from a perusal of the isohyetal maps
given in Plate II (a,b,c,d) for different areas in Andhra Pradesh.
This does not mean that the rain fell all over that area at the
same time. It only represents the rain that fell in 24 hours over
that area. As will be seen in subsequent Chapters, this covering
alone is not the criterion; it is also essential to know whether it
persists long enough to suit the time factor of the particular
catchment. This requires a study of the duration of rain over
wider areas and also a study of the probability of its simul-
taneous occurrence and the periods.

1.8. When it is raining over an area A’, whether it is also
raining at the same time over a wider area of the same catchment
A”. This comes under the realm of probability called the
‘““ Combinatory analysis”’. The probabilities of occurrence of &
set of # independent events are p,, po, Py-eveerrer Pn., the possi-
bility that all the sets of events will ocour is :

P = Pi Pa cevcocnes Pn ‘

Thus, let there be only two events whosc probability of
suceess is p, = = and p, = 2 '
: VT my ° T ng

o My Mo
then p = P
= P1 D2

1.9. As an example, if it is required to find the probability

of occurrence of, say, ‘“ four hours ”’ of continuous rainfall in two.

areas of which one area receives 16 hours of rainfall and a larger

area in the same locality 12 hours of rainfall, then

(i) the probability of rain of 4hours duration taking

place in the first area A’ is 16/4, ie., 1in 4;

Ve

(ii) the probability of raining 4 hours continuously in.the
the area A" with 12 hours rainfall = 12/4, i.e., 1 in 3. -
Hence the probability of success in both the areas =

lin 4%x3 = 1in 12.

Thus the probability is there but the frequency of raining on“,

" the whole catchment for the required duration to producea::

maximum flood depends upon the size of the catchment and it8

time factor (explained later).
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1.10. To get a general idea of the size of the catchment to
be called a “ small catchment  for the purpose of this Paper
the duration of storms over areas has been plotted taking th.c:
average rainfall for the whole period as about half inc};
intensity per hour and making use of the isohyetals for
different areas. The time factor calculated for Qifferent 8izes
of catchment has been superimposed over the above graph
Fig. 1, to give the area considered suitable for the application of
“ the data collected. Of course, this will give only a rough idea, ag
the time factor for a catchment, as will be seen later. is no’t;
function of the size of the catchment alone, ’ .

1.11. From the above it could be roughly concluded
» » t
the following areas might be considered as sma.}{l > to apply 2}?2
data collected and interpreted in the following pages. '
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Maximum size of catchment
that could be taken to cover
“ small catchment’

1. For areas with 12 in. 800 to 1,000 sq. miles'depen-
of rainfall per dayand ding on the steepness of the
above. catchment and nature of the

soil.

2. For areas with 7 in. of 400 sq. miles.

rainfall per day.

3. Tor areas with 5 in. 300 sq. miles.
of rainfall per day.

1.12. TIf the area is larger than the areas contemplated
above, additional factors will have to be taken into account. It
may be that the catchment is under the influence of two or more
storms at different places and at differcnt times. Their combi-
nation is not a straight phenomenon. If the direction of the
storm is in the direction of flow, it is likely that the flood will
build up early as the upstream waters will have been on their
way to join the downstream fleod and create a peak flood,

2, PRESENT METHODS OF FLOOD ESTIMATION AND THEIR
LIMITATIONS

2.1. The present procedure followed in Andhra Pradesh for
arriving at a flood discharge for a small bridge or a culvert
which does not warrant a detailed investigation is to calculate
it by —

(i) Modified Dickens’ formula

(ii) Ryves’ formula

{iii) Area velocity method

Each of these methods gives result which is different from
the other and it is a problem to fix a suitable figure from
judgment. Ifa partioular method out of the three is taken for
Purposes of design, it may result in some bridges getting under
or over-designed. This point could be illustrated from examples
that have been selected of streams in' two different areas in
Telengana portion of Andhra' Pradesh. The two districts
selected have different terrain and rainfall characteristics. The
coefficients for Dickens’ and Ryves’ formulae have been adopted
according to the size of the catchment and as fixed by the local
P. W. D. Ryves’ formula is generally used in Telengana for the
design of irrigation works and it is not expected to give the -
maximum flood. Dickens’ formula s expected to give the
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maximum runoft and needs only to be congidered here. The
districts chosen aro Adilabad and Mehabubnagar which are to the
north and south of Hyderabad respectively. Rainfall is heavier
in Adilabad as compared to Mchabubnagar. :

No.

1
\

j:od

2.2. (1) Streams in Adilabad District

(a) Rainfall 37.02 in. average per year.
(b) Steeper catchment.

Tapie 1
= o ]
N " [ “
gL e ThE G sl o =ET e
wed | £ 25 228 2% £21E2g Rewmarks
o= cMESE ¥ne s N~
= I Eoadg~5o) 22088
¢ & ARE= I 1Aans= [Ae- B
4 J’ R
16 4,640 8,000 1.400 Arca veloeity me-
T thod gives the
% 6,380 ‘ 11,500 . 12,100 highest discharge
1 03,200 ‘ 41,500 58,000 + in this distriet
37 8,156 [ 15,200

15,200

* Surplus course of a tank,
(2) Streams in Mehabubnagar District

(a) Rainfall 22.95 in. average per year
(b) Flat catchment

TABLE 2
43~ © " o @,m =) ©
558 982 Fg 282 03 ®323%
£= - & & 5'g
No. ?SEE\}—:Z;:’E%% :‘9§%% _:‘CE'F:?Z Remarks
28&.1.2%3?3@‘33*’7% R
<3 ~ v hl s ~
sz ] e f =) = a
1. L5 786 1,727 1,314 Dickens’  formula
1.15 659 1,333 1,020 gives the maxij.
2. 0 " 1
A mum_discharge in
3. 17.4 4,002 8,500 2,760% this distriet
4. 146 775 1,600 1,685
5. 2.18 1,190 2,580 4,50047 -

" # Surplus course of a tank.

@ Timmediately below a tank.

Froop DISCHARGE ESTIMATION FOR SmaLp CarcHMENTS 227

2.3. The bridges in Adilabad District will be designed
according to discharge given by ““ Area Velocity ” method as it
gives the maximum runoff and the bridges in Mchabubnagar
District will be designed according to the Dicken’s formula as it
gives the greater discharge. It is likely that the bridges in
Mehabubnagar may be designed with the necessary or excessive
waterway and the bridges in Adilabad district may bo getting
under-designed. The Area Velocity method has no proper check
while the Dickens’ discharge is only a function of the area with
no relation to the special variations of the natural factors in
these two districts.

9.4. 'These examples also show (vidv items 4 and 5 of
Table 2) that special features have mo effect on the Dickens’
discharge figures. ' ! ‘

2.5. It may be concluded that anless the runoff given by
the Area Velocity method is checked by another method, which
also takes into account several local factors, it is not desirable to
fix the discharge from this data alone-

2.6. Even though the runoff obtained from the Area Velocity °
method should be qufficient for computing the discharge, it is
seen from experience that it is not fully reliable for the following
reasons:

(1) The full flood section is not usually obtained.

(2) No proper measurement of the flood slope is madedue
to wrong information in regard to correct High
Flood Line, which is usually ascertained by local
enquires.

The extent of the errors that are likely to be made by these
two methods could be seen from the following examples : '

Error due to non-availability of the area of full flood section

2.7. Usually the area of the full flood gection of the stream

is not taken during a high flood, but is taken after the floods
have subsided. This will naturally be a silted section of the

river. This point is completely ignored and the calculations are

made out as if the final section after the flood subsides is the .
same as during the flood with the high flood line recorded in the

former case. Consequently, the cross section not conforming t0 - ‘

the actual section will not give the correct discharge.

2.8. Coefficients assumed in the Manning’s or Kutter’s_’

formula for calculating velocity, which depend upon ‘discretion . :
and sre more correctly applicable to controlled channels, ‘aré

‘used to arrive at the velooity of flow.
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2.9. The extent of the day to day variations of the crosg -

gection of a river during a rising and falling fl is gi i
. ood i

Plate_ II1. .The. cross sections given there gWere plé;ttil(;ro;.lftm

gauging a river in actual floods. ‘ °r

2.10. The possible error that is likely if i

. 8 y if the flood

is c:t]culnted on the 12th day as compared to the peakdlf?gg(ailrgo
the ‘.)th day, is worked out below by superimposing the maxim .
H.F.L. on the cross section of the 12th day, Fig. 2. e

. CROSS SECTION DURING FLOODS
_ZBPERIMPOSED ONTHE CROSS SECTION AFTER Y bays
R e ,vf,,/[ I 30 Ty T
R A\ | . ; 8 A2 O LI DAY
t 1Y « 7 [F 1 I.‘“L‘—’——M e
s e e
By R R
. Sl
B R
R RN
Li\‘ L. spetiugnb 2 ‘!
o WLis0p rsn Lupdn TJ‘L_,,; un-JT ‘
e 377 e B ..-.L - 310 vn.s-[-» 374 .J; 296
SECTION Ol $14 DAY - - -~ = | .
SECTION OM {211 DAY —or——
Fig, 2
2.11. Considering the flood slope ¢ i
pe and coeffic :
to be the same on both these days (as it is the ;:‘r:ﬁeolf'i:r‘:a%oiﬁg

flood), the velocity V in the Manning’s fomula V = 1,‘4853’9

—Ry. Sg.
will be V = K(R)*/3, then if Q@ is the di
day and @ is the discharge on the 12th day and o e, oth

the H.M.D. d i i
e and cross sectional areas respectively for thege

Q K.4. R 23 A RN23
A'(R‘

QI:KA."Xlir;T/’;,: . .“(2)
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TaBLE 3

Flood section of the fifth day (maximum flood)

3 Mean . Wetted
z° Ordinate | Ordinate Distance ?;?1; perimeter
$ (2) (¥) y V@@ F %)

—_—b T P A

1 2 | 3 | 4 } 5| 6

Ft Tt

L.

2. 5.00 2.5 372 930.0 372.00
3. 7.00 6.00 560 3,360.0 560.00
4, 9.50 8.25 " 370 3,052.0 - 3701

5. 9,16 9.33 226 2,109.3 226.00
6. 17,00 13,30 374 4,974.2 374,04
1 19.00 18.00 296 5,328.0 296,00
8. 10.00 14.50 2453 3,552.5 245.06

S  17.00 8.50 80 680.00 80.07

lo. 0.00 3.50 30 105.00 30,80
Total 24,091.00 2,554.1 it .
' 4 24091.0
H i = = S0
ydraulic mean depth 7 = R 5541
=051t

Inserting these values in equation (2)—

Q 24091 (9.5\%/3 . e
?f =5i087 (57 x 100 = 115 per cepﬁ approximately. \
2.12. Thus it would be seen that in this case the error is "
about 15 per cent under-estimation of the flood after seven daye. .
of the recession of the flood. This may be more if the section if."
taken on a subsequent day or on a dry bed. o

2.13. The record of the full flood section is seldom availab ‘
unless speoial efforts are made to gauge the rivers during the
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TasLE 4

Flood section of the twelfth day

»’2 Ordinato Oﬂ?ﬁ:;to Distaneo Area I’z‘:‘?ltntstder
Al @ | W (wy V(x* )
77777 ) 2 3 4 5 i e
1. 0.0 0.00 372 0.0 :;;;_“h
2, 0.50 0.25 250 62.50 250
5.50 3.00 233 699.00 234
4. 3.60 4.50 113 508.00 114
5. 0.00 1.75 40 70.00 41
6. 0.00 0.00 690 0.00 690
1. 19.50 9.75 210 2,050.00 211
8. 29.50 24,50 205 5,020.00 217
9. 40.50 25.00 245 8,600.00 247
10. 24.50 32.50 140 4,550.00 143
- 12.25 35 430.00 37
Total 21,98’-7:(;;--m 2,556

Hydraulic mean depth = ‘/}, = = 21987
¢ 2556

floods. If this work is taken u :

b taken up by special staff engaged
bridge work, las no work is likely to be in progress du%igg th(;r(:
period, it will help in selecting suitable coefficients in Dickens’

formula as well as in the Mannine® ’
natural channols. nning’s and Kutter’s formulae for

Wrong assessment of the high flood level.

2.14. The flood marks are usuall ageertai '
enquiry and are not always reliable as );ould be 131:;(111 R‘%nioecl?l
follovymg example gelected from an estimate that came fe
scrutiny. Here the high flood mark at different sections of tl(:r
same stream is given. Even though the width and cross sectioe
are varying it would be seen that the flood slope has been conn.

oo
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stanut, which cannot be the case unless the cross section has been
uniform throughout.

TaBLE §

Stream: Geedimonivampu
Catchment area, 2 sq. miles

s
S, . '5 £ E’ % *E ig Discharge
No, Section ® o g_g Slope _%: § (cusecs)
| ; "l PR -8
1 5 chains UJs 738 447 1t 0.0075 5.95 4,390
2w o, 291 182 ,, 0.0075 5.86 1,710
3. At crossing 750 340 ,, 0.0075 7.33 5,560
4. 10 ohains DJs 291 173 ,, 0.0075 5.00 1,165
5. 25, 258 120 ,, 0.0075 715 1,842

The discharge given at various sections varies widely though
no stream of importance joins this stream in the length under
consideration. It would thus be seen that, unless there i &
rational method, it is very difficult to fix a suitable runoff for the
stream at any point.

2.15. Realising the unreliability of the flood discharge
given by the Dickens’ formula so far by using the prevailing
constants, Sarvashri P.R. Ahuja and Shenoy’ undertook a
study of the rivers in Andhra Pradesh to fix the value of C in the
Dickens’ equation. They studied thirty three streams and
rainfall of the area and correlated their computed discharge to
the size of catchment areas and the value of C.

They observed that the value of C is higher for smaller
catchments and is reduced as the size of the catchment increasges. -
This is to be expected as the effective intensity of rain on smaller
areas is likely to be higher. They also noticed that this was .not ,
the only factor affecting the discharge and found many points
not falling on the straight line drawn to compute d1§cy§r.ge
against area, Fig. 3. This is explained as due to the peculiarities
of the catchment like its shape, slope, location, and other local
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foatures. They have also fixed broadly the following revised
values for ¢ in the Dickens’ formula for future adoption :

TABLE 6
T e .| LW f [ =2 p o L] Size of catchment in 8q. miles Recor{l)rir;i:gg,d f‘i;lrl:ﬂf Cin
TR ; - T
§;’ HNERC Less than 30 2,400
P 4 e ‘;; - §
\ 5’?? g HEE g 30 - 100 2,200
N 35"5 HHEF AR 100 — 300 1,900
CEEREER HIHELE
- 2 A e RPLCULILIELE g 300 — 1000 1,500
* * [\ .
. N\ H
°f N\ 8 2.16. The basic concept of the method used in this Paper is
or & \\ 1] & that the maximum rate of runoff from a small drainage_basm
" N 8 occurs when the entire basin is contributing, and that this rate
3 A ] @ of runoff equals a percentage K of the average rate of rainfall,
N\ 2 2 In equation form: :
L) Bg Q = KA4i
© ! f! '
f ‘:.n where Q is the rate of runoff® in acre inches per hour or cubic
‘e S feet per second (1 acre inch per hour = 1.008 cubic feet per
e g < second, which may be taken as unity for all practical purposes),
° 2 K is the ratio of peak runoff to average rainfall, ¢ is the average
" ¥ rainfall intensity in inches per hour and A is the drainage aresa
- $5 in acres. Impliocit in the determination of 7 and in the stipula-
. . Rs tion ¢ when the entire basin is contributing > is the determina-
P L ] tion of what is usuaslly called the time of concentration, T, As
. > a visualised by earlier investigators T, is the time of travel of a
\ o water particle from the most remote point to the outlet of the
\ | drainage basin. Although this conéept of 7', is an oversimplifica~ .
\ 8 tion—assuming it for the moment to be correct, and if a rainfall
of uniform intensity and unlimited duration falls on a basin, the.
N\ 5
. i runoff rate per acre will reach a maximum ¢ = —% = K¢ at
] . . ' '
° tilme T, and then remain constant. Thus conceived, K repreﬁenﬁs
3 8 3 333 ’ the ratio of ¢ to 5. If the rainfall should stop at time T, the
¢ R 2382333 8 3 runoff would fall to zero during time 7,, Fig. 4. .

Rainfall seldom ocours uniformly in nature and this Tfi
difficulty is overcome by stating that it is only the average .:
rainfall intensity during the time of concentration and further: -
correction is added for the variation in the size of the area over:’
which the rainfall is taking place. The following Figures explain
the conoept of this average ¢ for 7', greater than one hour and 7' ;

S/5 0001 Ni, IDAYHINQ
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The dotailed determination of factors like the variation of
intensity of rain in time and area, the time of concentration and
the coeficient K to forecast the maximum flood that could be
sxpected from a particular catchment under study, are each
sxplained in subsequent sections.

3. RAINFALL AS A FUNCTION OF TIME

3.1. In this section, rainfall from typical cloudburst is
analysed for its variation in ‘ time” for catchments in Andhra
Pradesh,

3.2 If the rainfall during a storm is continuously recorded
aba given point, it will be found that the intensity varies,
generally rising to a maximum and falling off again. This could
be seen from Fig. 6 about the rainfall recorded at Begumpet
aerodrome from 3lst July 1954 to 1st Angust 1954.

T T 5

| yARIATIONIQF STORM

! INTENSITY INTIME.
i N
L
i \
6:50 /
: —

i, | A |/ \]
A -
L hl “”M;wu 1254 l | ’k 1

Fig. 6
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Readings taken at 15 minute intervals
TasLe 7
Amount of
infall duri
Date Timo r:ﬁ; aint 0;‘5:; g Percentago
(in.)
) — —

31-7—54 23.00 to 23.15 0.13 2,85
23.15 to 23.30 0.28 5.60

23.30 to 23.45 0.09 2.00

23.45-t0 24,00 0.43 8.20

1—8—354 00.00 to 00.15 0.40 7.80
00.15 to 00.30 1.20 22.90

00.30 to 00.45 L20 22,90

00.45 to 01.00 1.20 22.90

01.00 to 01.15 0.20 3.90

01.15 to 01.3¢ 0.04 0.95

5.17 100

3.3. This may be due to

the highest intensity being record
is over the measuring point.

of the rainfall during the wh
to be some fraction of the max;

3.4. The import

the movement of the storm,

ed when the centre of the storm
In either case, the average intensity
ole period o f the storm may be taken
mum intensity.

ance of assessing the rate of rainfall and

the frequency of its occurrence hag been analysed by many
investigators. Each Investigator has produced his own formula

which is derived from
constants vary from

to Forster *?

where

<.

-

WR Ny

is of the form :
F

? = — =

t t+a

R

T @+ ar

the dat
place to pl

a of a specific locality. The
ace. The usual formula according

= average intensity of rainfa]l during the period of
the storm at the point of maximum rainfall ip

inches

i

I

a constant

l

total rainfall of the storm in inches in time ¢

& rainfall coefficient which is constant for any
Particular storm

i E ¢
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3.4.1. Y¥rom the above equation any one factor may }1)9
arrived at if the other two factors are known. Taking the

H N . ¥
formula in its simple form, i.e., i — 4 1 o » the intensity (i) of & _

storm at any time interval (¢') could be found out if ¢', ¢, i and a
are known for that storm by: ‘

R
t _t4a
R
' o
. -t ¢ + a - vee (4)
i.e., V= 4 a ¢

3 ﬁs of ms;ny
3.4.2. Generally, it may be seen from the grap )
storm studies that if the hourly intensity at any pa.?thU?ll‘ Pl?:lel
is known then it will be possible to find the intensity of rain

in any smaller or larger time interval ¢ provided the factor a is
available by modifying the equation (4) in the form.

. Lty (one hour) ... (5)
a

infall
In order to get the value of a, data of _the same rain

intensity measured at two different time intervals shoull(;l 11:
available.so that knowing ¢, i, { and ¢, the value of a cou the
estimated. The hourly intensity has been chosen, pecausehour
Peak intensity in a big storm usually occurs th]nnh an ol
(Fig. 20) and is sustained in that interval. _After this the rai e
generally flattens out. In bigger storms this intensity m*tly oy
longer a8, for example, for one hour and forty five minutes du thg
the rain of October 1958, analysed in para 3.8. 1In such gasisﬁon
&verage intensity will have to be worked out taking thvﬁt Erf \his
into consideration to get the correct discharge. Thee efc t(l>1 Lthis
longer duration is shown in Fig. 7 and the effect o

' .
omare da’qr’ron bn
Efed Hli

\ dad
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g Teme 1n Hgurs
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demonstrated in Brample 3 given at the end. This is observed
only in very big storms, the effects of which cause great havoc,
and this point should, therefore, be kept in view while working
out the highest flood discharge for catchments having a rainfall
of 12 in. per day and above.

3.4.3. The intensity of the same storm measured at one hour
and 15 minute intervals obtained from automatic rain gauges
located at Begumpet and Visakhapatnam aerodromes has been
collected and the values of « have been worked out in Table 8 for
typical storms observed over Andhra Pradesh. These have been
worked out for time intervals of less than one hour and greater
than one hour as a is found to be varying differently in shorter
intervals of time as compared to a longer duration.

TABLE 8

P [ =~

" 8 !"r:'%og Value of «

€ 1 33%%

2% | 2z2E8

T ol gmEy .
Date g *? ‘ 5-5 9 % Less than Greater
-E a | = %4 & lono hour th?ln one
e | Kxo2 our
Begumpet
16th August 1955 1.16 1.80 11 0.52
¥2th August 1955 1.12 1.84 0.97 2.80
24/25th July 1933 .. L1 3.24 063 0.87
3lst July 1954
OISh JULY MY 4.00 4.80 3.
lst August 1034 360 1.23
20th July!1940 .. Leé 4.16 0.23 0.14
26/27th June 1943 0.94 242 0.225 3.85
24/25th June 1944 .. Lo8 1.84 1.47 117
25th July 1945 , 0.87 1.92 0.37 2.95
11th November 1948 1.78 2.72 1.17 —_
10/11th July 1950 1.03 1.96 058 Lllor2g
12th September 1959 0.80 144 C0.84 —
24thy July 1953 . L8832 0.30 2.5
Visakhapatnam

23rd July 1951 3.36 9.12 5.35 Not avai.

. lable
20th August 1951 2.20 4.00 0.67 do.
22nd September 1951 2.11 2.80 2.06 do.
28th September 1950 2.03 4,64 0.33 do.

]
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3.4.4. Graphs to show the variation of a with change in
intensity of rain have been plotted, Fig. 8. Where the value of a
has been plotted as a function of the intensity for catchments
with time factor of less than one hour, the value of a does nog

\/LL OF 6 Q@ [wrin RESPECY O
SltoRM INTENDITY 7 R s R T

— R |

r_ L H,_(_._ _},_j.__

. I
—

_ !
|
1
e .

® 1 2 3 4 S

indues of ramradLL INTERDITY (HOURLY) |

! 4
| f -
— i i I V.

Fig. 8

follow a straight line variation. The value of a for working out
the average intensity for such catchments should be taken from
this graph. The values of a suitable for various intqnsmes found
to cover most storms in Andhra Pradesh where the time factor for
catchments is less than one hour are given in Table 9.

3.4.5. From Fig. 9 where the value of a has been plotted
against different intensities for storms of greater than one hour
uration a.pplicable to catchments having a time factor of more
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TABLE 9
Hourly intensity in inches Valuo of a proposed for T, less than
- : one hour
1.50 -
175 050
2.00 1,00
2.5(_) 1'50 '
3.00 2.50

than one hour, it may be seen that, except i
. . , except
of a is practically the same and can be fakl;‘nl‘):; Il‘)a;ngzsli :l’le value

‘Y —
Yarug0ra i Time 156 ]
= 3 o L W'nm\ J)N:H.I" .

-

o=

AL uE
L!

1
HouJuy ntensr

Fig. 9

3.5.  Zones of Equal Hourly Intensity

The rainfall data on the basis of h i ities i
gen:li‘ally z?va.ilable. 1_&8 all variations of0 :;éi’l;gt:?: lt:'?rklsd oob
:I; o 3 ba,sfls_of'hoquy intensity, this could only be assesseg frout
8 stud 3(7} lf Slmlli'l’,rlfiy of areas and by comparing anunknow e
b aracteristics of a known area. From the know varta:
\;?s[;i hof s:orms at the two automatic rain gauge st:tigan?-

l apatnam and Begumpet, the rainfall variatio other
places have been analysed on the following basis: tons b other

(1) The relation between the av

“intensity at places whe
are known, wrot

erage intensity to hourly
he amount and duratiopn
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(2) The relation between the daily rainfall to the hourly
intensity at places where only the total daily rainfall
is known. : )

(3) Working back on the known discharges and fixing '
intensity on this basis. ‘

(4) Contiguity of the areas from a study of isohyetals.

A map of Andhra Pradesh, Plate I, has been prepared from
iis analysis dividing it into zones of equal hourly intensity from
hich values of @ and i can be selected for purpose of getting the
ood discharge.

. 3.6. Ratio of Hodrly Intensity to Average Intensity

To study the significance of the average intensity of known
torms whose duration, amount and maximum hourly intensity
re given in Table 10, 2 graph has been plotted, Fig.10. The X,
xig gives the duration of the storm and the Y axis the ratio of
iourly intensity to average intensity. From this it will be seen
hat this ratio increases with the duration of the storm. A long
h‘i}Wu out drizzle need not produce a burst of high intensity of
‘ain, ..

TasLe 10
| L
g8 | ] 5. g '
8o ] O KM =] .
8. SEo |E5q.8 ) 3% |EEEE el
N Date - 528 | wES g2s [ 788 | 2ERE
o. €5 | 853 ] >89 i gHel®
5.3 25T 8 258 au o8 pmaaly
AsT &3 T TR |EEE TR
I LS R S RSN P
1, 16-8-55 3 1.57 0.50 1.16 2,32
2, 12-8-55 1 3.11 0.44 1.12 2.90
3. 24-7-53 5 2.79 0.56 1.75 3.10
4. 31-7-54 9 .85 0.87 4,90 460
. .
5. 20-6-40 4 2.15 0.53 166 ~ 8.15
6. 28-6-43 3 2.56 0.52 | 094 1.80
. 24-6-44 5 2.27 045 1.28 2.90
8. 25-T-45 3 1.58 0.53 1.03 1,07
9. 11-7-54 5 2.26 0.55 1.03 1.87
.10, 7

12-9-50 2.60 0.27 0.86 2,32

|
]
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3.7. The maximum hourly intensity that could be e
from a rainfall of the order of 12 in. per day or near abci{):cvtg(:
made from a study of the heavy rainfall that occurred during

§
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Fig. 10

the 19th and 20th October 1958 near
¢ . 98 coast
isohyetal map showing the extent of the s’mrqrnailorfx rt‘;g:\.ltl;a‘;layA—n

Plate II (d), has been prepared f i
recorded at different places Ii)n the régilgn.a soudy of the rainfall

3.8. A graph taken out of the au i i .
the rainfall as it occurred during thatt;:;?(:’éci?é?v%zu%z B]}l.owmg
This rain caused floods which were responsible for the coll ig. 11.
many road bridges, Photographs 1, 2, 4 & 7, breach apse of
railway line and inundation of the Vis’akhap&t’nam tcov(;z in the

VISHAKAPATNAM. .. CHARY :
RY SET 8 4AM ON 19TH OCTOBER 9S8 REMOVED &AM ON 2
O Tr OCTOBER 4t

W e s 8 am

i) [P N SR

T
: T HIHER .
S e o ) 1 e
af o g 4 t _J_l‘_r H s t ”tt i CoT : Tunare
L i i e
SEISLEENIRNRISENIncaL ; 1&?1 T} 1° 1541 ’j*r;u?‘ RS ine wyas ¥ e e v e
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Fig, 11

An analysis of this rai
; infall v i i
one hour, the intensities work out :: i?)}?oﬁlf t during a period of
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(i) Maximum one hour intensity
The average intensity of rainfall from 01.00 a.m. to

2.45 a.m,:
1. Rainfall 108.76 mm
2, Time 1 hr. 45 minutes
. 08.76 x 4
Thevefore hourly intensity = ! 77 x*

9.45 in. per hour.

i

(ii) Maximum intensity
This occurred from 02.23 to 02.30 hours on 20. 10. 58. It
lasted for seven minutes. During that time :
1. Rainfall in 7 minutes 10.16 mm
10.16%60
7x2.4in.
= 3.43 in. per hour.

I

2. Rainfall per hour

The above results give a value of ¢ = 2.1 for 2.5in.
hour intensity.

39 The total rainfall in one day taking the figures from
the ordinary rain gauge after the automatic rain gauge Was put
out of order due to submergence by floods may Ve taken to be 13.3
inches. Thus an intensity of 2.5 in. per hour could be taken as
the intensity that might be expected in areas which receive &
rainfall of more than 12 in. a.day, and could have & duration of

nearly one hour and 30 minutes.

3.10. It is observed by examples of flow of -discharges
worked out by area velocity methods of streams in Adilabad and
Mehabubnagar Districts that for equal areas the streams in Adila-

bad District gave 40 per cent more yield considering thlatOK and
1.5 x 14
4 are the same. That will give an intensity of l”l_l—())%“ = 25

in. per hour in Adilabad District. Considering that 12 in. is
the rainfall in a day recorded in that zone, this is a good confir- -
mation of the assumption made in para 3.9.

_ 3.11. Theother boundaries of the zones have been drawn keep-
ing in view the isohyetal lines, total rainfall and average intensi~
ties, and these boundaries corrected after working out actual ex-
amples in the zones. The use of this map has been illustrated by
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working out examples based on this data, and suitable values for
designing cross drainage works in the zones could be selected from
this.

3.12. The rainfall collected and plotted at euch place is the
maximumnm recorded in any day as far as data is available. This
has been taken into account considering that it indicates the
possible high contour of an isohyetal that could position itself on
that area and produce a heavy shower. The definition of isohye-
tals and other area characteristics of a storm are explained
further.

4. RAINFALL AS A FUNCTION OF AREA

4.1. According to Richards!, if the rainfall during a storm
is measured at & number of points aflected by it and points of
equal rainfall (isohyetal lines) are plotted, the result will be g
chart resembling a contour map. Isohyetal lines for average
intensity of rainfall on a rainy day for three typical areas of
Andhra Pradesh, viz., (1) Telengana, (2) Rayalaseema and (3)
Coastal Andhra, have been prepared (Plate IT, a, b, ¢, and d).
There will be small areas of maximum rainfall with surrounding
areas of gradually decreasing rainfall defined by the isohyetal
lines_and the average rainfall over the whole area will be some
fraction of the maximum spot intensity at the focus of the storm.

. 4.2. The maximum intensity of rainfall as could be seen
from an isohyetal map occurs at a point over a small area at the
centre of the storm. Outside this, it gradually decreases so that
the average intensity over a larger area becomes less with
increase .of this area. Various factors such as air currents and
1rr.egular1txes of the ground lead to uneven distribution of the
rainfall as could be seen from the isohyetal maps given. Jn
» large storms of long duration the isohyetal chart may show more
than one summit under such irregular conditions. It can be
inferred from these charts that the ratio of the average rainfall
aver an area to the maximum rainfall decreases with increase of
the area. To plot the isohyetal lines would require the oollection
and analysis of synchronised readings of rain gauges suitably
located over the storm area in suffidient numbers to ensure that
a suitable isohyetal chart of a representative storm is obtained,
From this chart the average rainfall over the area up to each
isohyetal can be computed. Plotting these averages against the
corresponding areas, diagrams will be obtained which will show
the average intensity of rainfall over areas upto the full area of
the storm. Synchronised rain data of fairly heavy known storms
In Telengana, Rayalaseema and Coastal Andhra ocollected and
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plotted in Plate II (a, b, ¢, d) have been used to get curves
showing the spread of the storm as a function of the area, ]ﬁ.lg. 12.
Theso curves could also be prepared for each individual district

Rain Face As A Funcrion OF boea fon Stonms Ix Anonea Pravesh.

=TT T

fowitoastalt Aupnlea Nno
RSOl Fod L olub Sy ISR f LR
(For ARas Wiltn 127 OF Raun

}GAL\. PE r DA‘I

—
S1ge b ayadasiema AMD

T for 7L;€:;‘1’(wu

! Peagay:

. i _,,3,,-. -
°"°T‘ 1 For TxlLancads Buo Fop

Ar NA s\ AYH 5 0p[RAIN-
\r\\‘ aLLPaR DY,

0.
0 : 4 © ® 0 iy 14 6 18 r&

3 AREA AREA X4i000 S&NILES

Fig. 12

if sufficient number of rain gauge stations were available in the
18tricts. Unfortunately, there are no more of these rain gauges
than the number of talukas in each district and, therefore, use
48 to be made of the data collected and interpreted on
Zonal basis, '

.. 43. The areas of storms and the ratio of maximum inten-
81ty to average intensity have been computed and given in
Tables 11 to 13, ' ‘

4
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TABLE 13

Rayalaseema
Date of storm - 21st May 1940

246 Barwasnr Rao ox
TasLe 11
Telengana
Storm occurrence, 26th June 1956
| ©3 ‘ = @ !
wEw | koo E @ Y
Intonsity o=y % g~ = | E - —g é“s - Ratio
of rainfall g g *EEE 1 BB G2 | Avorago with
(inches) = 2 & W S sl g %D;;ig ingensity [maxitun
7 mu:é 7 l ;o; A 28 ! intonsity
: ‘ \ Al "
; A oB oo \ D oDB | LA
55 Y
5.50 40 40 220 220 3.50 1.000
4.50 288 328 1300 1520 +.70 0.850
. ok
3.50 1128 1456 3950 5470 3.75 0.690
e VE=g ’
2.110 mTJZ 4008 6420 11800 3.00 0.550
1.50 9564 13572 14400 26290 3.04 0.355
((J):j 5372 18044 4700 30909 1.62 0.295
.62 27 RIOD D 0~ ¢
- 17 6 26220 4413 35403 1.36 0.250
U. i 14i16 11036 53500 40903 1.30 0.235
.15 040/ 51436 R ¢
0 51436 1300 42203 1.02 0.185
TasLr 12
Coastal Andhra
Date of Storm - 18th November 1923
[ = )
et a P E- by 2 4 =
Intensity O'E% ' é S'EE £ .8 " ‘E“SO § &%
of rainfall | $EE ( £3 g8 & ’g | 2~ g Average | 2§ %8
(inches) £ SR AT Se N £33 |intensity FRER
8o 22¢%| & £ 283 Mo dg
¢ giRE| TTE | 27 1y
R R R & B e
. R T o )—“Tk"i [ R T -
; . T .
- | D | pB | i
15.00 12 12 186 186 155 1.00 )
14.50 96 10 ; 5
' 8 1392 1578 14.6 0.94
13.50 220 328 2070 4548 13.9 0.89
12.50 1140 1463 14250 18798 12.8 0.83
11.50 2600 4068 20000 48698 12,0 0.77
10.5 2 ' .
«; ?o 13(:; 6068 21000 69698  1L35 0.74
D o 5
L s 733(2) 12508 82256 11,2 0.72
¥ 8632 11050 93256 10.8 0.70

ow =~ ° g% h-]
am 29 aam \ = >0 '
Intensity | S~ | 3§72 £.8 | 8%g <258
ofrainfall | $88 | ¢ L8 | Eg 538 Averago 2858
. O n | &% ] . =1 intensity | 3% 2.8
(inches) B3 ¥E25, ir-hial ] A =R
" @ f S0 g | 2 E v 3 i &t
| 3 | & a i £
i \ A B | ¢ } D \ DB | f(4)
.50 40 40 260 260 6.50 1.00
5.50 1048 1088 6000 6260 5.98 0.92
4.50 . 1876 2464 6200 12460 5.10 0.79
3.50 3232 5696 11300 23760 4.86 0.75
2.50 7164 12860 17800 41560 3.24 0.50
1.50 9620 22480 14500 56060 2.50 0.30

—

4.4. These figures when plotted will give rainfall as &
function of area as in Fig. 12.

Fig. 12 suggests that the distribution of cloudbursts and -
rainfall is more extensive and uniform in coastal areas of Andhra
Pradesh than either in Central Telengana or in Rayalaseema.

'Thus the intensity <i’ in equation (1) after the discussions
in sections 3 and ¢ gets modified as a function of time and area

as follows: .
av. I = f(t, 4) I maximum.

1

5. TIME FACTOR FOR A CATCHMENT AND ITS RELATION
TO DISCHARGE '

51. It is clear from equation (3), given in para 3.4, that time
has effect on the average intensity of tainfall on a catchment.
Each catchment depending upon its size, shape and slope has &
time factor in which the full effect of rainfall over i would be felt.
Determination of this time factor is necessary to - modify the
known hourly intensity over that area to suit tho effective time
for the whole catchment for caleulating the runoff.

5.2. This time factor has been described by B.D. Richards?
as ‘“Time of Concentration.” This is the maximum time
required for the rainwater from all the points on the boundary
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of the catchment to reach the point of concentration—either a
bridge cr a culvert. This time depends upon :

(i} the length of travel of the rain from the boundaries
of the catchment ;

(ii) the slope of the catchment ;
(iii) the type of soil in the catchment ; and

(iv) the intensity of rainfall that coulq be expected on
the catchment,

. B.3. Considering a catchmont of length L, slope 8 and of
unit width, exposed to a uniform apq continuous rainfall of
average intensity 7, Richards obtained an equation for the time
of concentration. '

5.4. He assumed the slope from its head at a point ‘4’ to
the point of concentration 1 0 be <4, VWit the advent ot
storm, rain would commence to fall over the catchment. The
water reaching ‘B’ will at firgt pe only that falling in its
Vl(flnlﬁy, but it will gradually increase ag water from all other
points on the catchment arrives until, finally, when the water
from ‘A arrives in time 7, after the commencement of storm,

the point ‘B’ will be recejyj i
the Dot < B ving the flood contributed by the

Fig. 13

5.5. Assuming the depth of flow at 4 = o and hydraulj
mean radius = r=i (as the depth of flow is small), the S;.:;:.glg
veloeity will be equal to 2/3rd the maximum. From thi
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Richards! derives a formula for the time of concentration
T.as:

s 9 L e (6)
T =305« Kig.

where K = coefficient of runoff
(' = coefficient given by Bazin,

5.6, Dawson” in his Paper “*Discharge from Heavy Rain-
fall” arrives from similar assumptions : but considering residue
on the catchment : upstream of the point B:

fall of catchment in feet H

1t slope = length of catchment in miles I,

then both will reduce to:
) 5280 L9

T3, = i oKi F ... - (7) Richards
5280 L3
t = coi | H ws (8) Dawson
where H is in feet.
Both could be written in the form:
L3\ 4
T, = (¢ '1?) s v (9)
Lo\ &
= e .o 0
¢ (e H) (10)

According to Dawson, it is not necessary to take the time of
Soncentration to be that time which is taken by the water to
flow from the farthest point to the point of concentration as is
implicit in Richards’ assumption, but he proves that maximum
flood will have occurred by the time the water has reached
0.544th of the distance of the farthest point of the catchment,

5.7. The assumption made in both the methods is that the
catchment is sloping uniformly in one direction for an infinite
width. This does not take into account that, in practice, the
catchments will not give wholly unidirectional flow, but will be
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in a serics of valleys with cross, angula i

For all‘these factors to oven o’ut, v%hica ?sngeflycmgfr}?f: tﬂgwg'
dejzermme mathematically, the time of concentration g‘)q oive }fo
Richards has been taken for the purpose of this Paper as %}Wen' :
by which the flood could be considered eflective éc;n }fl t};ne
that the actual length of flow taken along the meaﬁderin Sll gt
as compared to straight length may be nearly dougl,engt.h
assumption is not far out from reality. © this

5.8. The value of ¢ is not a constant ‘
from equations {7) and (8), it depends o:; .'b“t ws conld o scen

(1) the intensity of rainfall on the catchment
(2) the nature of the soil forming the catchment

5.9. The effect of this combination i
oxcopt by oxperiments. This ;‘;}&O“ :}Znnotbgasgbtto evaluato
m;m.surmg'the time taken by a float or some such devio:ltne;;l o
xf), known distance and slope for a particular intensit of 0 .T{l.fVel
or a particular type of soil. If this is obtained 1l Yo vals
of ¢ could be obtained by substituting in the eq’uatjie:n Fhe vatue

¢ = (%)3” e (11)

5.10., Experiments to ascertain .
types of soils and intensities of t&&?ﬁﬁ ovagr)e f?r different
Suitable catchments for. observation were selected and t(l)lrrf‘lﬂated.
4 and slope were determined and the soil type noted air l?ngth
downpour the intensity of which was measured by the During a
water collected on an open pan, floats or oil were let 3 amount of
sour?ie and the time taken by them to traverse the d.OWn at the
SSIt:r . tThu.stga,ve directly the time of concentration fx?)ta'ﬂ()e was
availall!)]leentshl y ?f ram‘fall; Where such opportunit L
available, t! e value of ‘C’ was determined and from};h'iva's not
canx?ot o );(&P§TOX1mat10n. _The value of n to det - P was
are small a:dilllz r];)m values given by Manning as de tﬁlmme .
; e boundaries vast compared t pths of flow
fAss :styvell fkgown, the value 0 a stream or canal.
unction of depth of flo .
number and otﬁer fa.ctor:’ shape of flow, silt charge, Reynold’s

Experiment |

Location : Stream i .
’ in mile 17/7 of Li .
road (28th J anua,r/y 1%551;)‘-Hgampallx-Hyderabad

Type of catchment : Rock i i
: saor(:d y gravel mixed with moorum and

of 7 is not a constant but is g

o . .
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Intensity of rain: 2 in. per hour _
Average H. M. D. of stream = 0.6 by measurement

Length L = 11,728 ft

>

Fall I = 38.72 ft

38.72
st e U0 E L 0.0033
opo § 11728 15,0033
To find the valuo of € in V = C\/rs
Timo taken by the water to flow tlis distance = 1 hr.
40 min.
11728
Velocity = oo o = On/0.6 7 L0033
elocity 100 X 60 Ury0.6 x 003 .
¢ =14
1.66 x 5280 \° _ a
o= (s ) XY

16 for 2 in. intensity per hour.

it

Experiment 2 _
Location: Stream near Begumpet aerodrome
Type of soil: Sandy clay

Average HM.D. of the stream = 2.08
Length L = 810-ft

Fall H =161t

Time taken by the float for the
water to flow this distance

¢ = 17.

= 12.5 minutes

Experiment 3
Type of soil:
soil
Average HM.D. = 2.4
Length L = 5 miles = 26,400 ft
Fall I = 3001t
Timo taken by the float = 3 hours 20 minutos
C =13
(Estimated intensity of rainfall 2 in. per hour).

Black cotton mixed mostly with rocky
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Results of oxperiments on stream in mile 161/5 of National
Highway in Adilabad Distriet carried out on two separate occa-
stons were also obtained. On the first occasion by the timeoe the
origin of the stream was rcached, the rain stopped at the source

and the flood started roceding. At the second attempt the rain-.

fall was full and heavy with an cstimated intensity of 2.5 in,

o
[
23
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TasLE 15

Value of ¢ in equation (11)

Intensity of Hard soi with Soft soil like sandy Black cotton

rain per hour

gravel with grass and

per hour. 'The soil of the catchment is heavy black cotton.

TasLE 14 (a)

‘ L in | I in r, in‘ @ J"Jstinm.tn,(l
miles ft hours & _intonsity
‘.‘ minutes i, por hour
Strowm in milo 16175 of Nationul
Highway No. 7 (North)
1st oxperiment 5.00 388 J—33 8.7 5
2nd cxporimont 5.52 333 1—40 3 9.5

From thesc experiments and b
worked with these coefficients,
arriving at the time of concentra
rain have been fixed and given in Table 15. With
coming available, this Table would be made mor

include other kinds of soil like laterite, ete,
at a few more places are given in Table 14 (b),

TasLe 14 (b)

ased on the results of problems
the values of ¢ for purposes of
tion with different intensities of

more results he-

e broad based to
Results obtained

L Hin | Lein Estimated
f hours & o) intonsity
- " o minutes and soil
1. Nala at milo 3lj/4on 58006 47 O—l4  (va oo
Yerigiru 1jj Alampur H o8 g)ll?d;o?lot:;
road i !
. perhour
2. Causeway in mile 74/4 4.5 milos 97 -5
of Hyderabad-Hanu- 1=50 6.2 Black cot
makonda road to-" d soil
mixed with
red earth ;
2 in. per
hour
3. Stream inmile110;2 of 1.25 miles 3
Hy(}embad — Chanda ! 019 0.7 Soudu: 3
roac oudu; 3 in.
t Cholua per hour,
. Chelga strean  on 3.5 mile 22 35
Jugtial-Armur road yimies 2 033 12 Moorum ; 3

in.per hour,

These values have
catchments,

given satisfactory results when applied to similar

in inches rocky outerop close vegetation soil
e U S

175 19.00 28,60 ; .00

2.00 14,00 j 21,00 600

2,50 100 12.00 | 3.00

3.00 800 | 10.00 | 2.00

. 5.11. The values given in Table 15 can be combined to suit
different soil distribution to arrive at the time of concentration.
The catchments are generally not in one uniform slope. They
are mostly in two or three distinct slopes like the steep slope in
Mmountains or hills with a flatter slope in the plains.

5.12. Catchments with Varying Slopes

While calculating the time factor, it has been taken that the
velocity at the beginnig is zero, i.e., the H.M.D. is nil at the
start and increases as more water gathers. In order to keep the
Same assumption while calculating the time of concentration for
atchments with varying slopes, the velocity calculations for the
different slopes making up the catchment are made from the same
origin,

Consider a catchment 4 BC with a steep slope between 4 and B
and a flatter slope between B and C, Fig. 14. Extend the slope of
B ang C to X so that XC will have the same slope as BandC,
say, §,. : |

SYaep Sbepe

C

Fig. 14



256 Barwanr Rao oN

Let tho horizontal distances AB = I, and BC = I,, then
AC =L =1, 41,

The waters from . to B will low with a velocity due to
average H.M.D. between the two points and also due to the slope
between them.

Now OB has been produced to < X’ with the same slope as
BC. The slope 4B being steeper than X B, the veloeity at B will
be greater if the water travelled from 4 to B than if it travelled

from X to B, i.e., the water from A will arrive at B earlier than
from X.

From the point B the water will flow to ¢ with a volocity
dopending on the slopo and H.M.D. between B and C.

¥ig. 15

The excess velocity between 4 and B isdis
standing wave, Fig. 15, in a short length if the
critical and water flows between B and (
but with greater depth. This explains
many railway and road tracks laid on plain

sipated by a
slope is not
with slower velocity
the submergence of
s below hilly regions.

5.13. Other things being equal, the velocity j irec
function of the slope. Let BD, Fig. 16, represent tﬁelin:xggs;f
velocity (V max.) due to the slope 8, at B, let BE ropresent

V’ max. at B due to the slope § between A4
represent ¥ max. due to slope b‘: between 4 aﬁlclldC.B and let 06

The difference in velocity duo t
4 and B will bo. y 0 slopes'.S, and S, between
BD - BE = DK

The time gained by the water in the reach 4B due to the

: !
steeper slope is th = -t
P pe is thercfore Di

w2
jo)
-1
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Fig. 16

The time that would have taken for the water to reach the
point (! if the catchment had a uniform slope S, is :

= ll ‘l“ l9
C

L
GC
The time of concentration between 4 and ¢
3 i l‘
7. =5 (e - ps
.. asVa.v=§Vma.x.'

This is due to a net average velocity of

2(6¢ 4+ DB - EB)
or e =y [ot = (b = pn)]

=; [af? -4 (BIE - 1313)]

This procedure can be extended to any number of significant

slopes in the catchment,

fore, be:

(1) Work out the time of concentration between 4 and ¢ »i

due to flat slope between B and C extended up to X.

(2) Deduct from the above the difference in time of
conceptration between 4 and B and X and B, .

The procedure of getting the time of concentration will, there
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The use of this procedure is demonstrated in Kxample 1 at
the end and in the same problem the probable error that- may
creep in if this factor is ignored is also shown.

5.14. ‘This method of determining the time of concentration
takes the shape factor also into account. Fig. 17 illustrates the
effect of shape on the length of stream and consequently on the
time of concentration which, in turn, is used to determine the
average intensity over the whole catchment.

|

|
!
.

d[\ A 2b
]

-
I

.
4

Fig. 17

Here 1" and 1" vary according to ¢ and 7 . .
the shape of the catchment. ' » Which determine

5.15. Richards takes the time of ¢ i i
: oncentraion as the t
taken by the water from the farthest point on the catchmeentmtlie
reach the point of concentration N

. / This ma i

uniformly sloping catchment but in hilly caﬁ;(}fnf;rl::s :;:i;:?ievgiftﬁ
plains, the water from the farthest point with a steep fall may
reach the point of concentration very much earlier than a point
which is nearer but with a flat slope. Therefore, it is necessar
in such catchments to try and ob ’ ’

A nts 6 tain a few values of ‘T’ to
decide the effective time of concentratjon for that catchmené,

N

.
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5.16. TFrom the discussion so far the runoff from & catchment -
can, therefore, be expressed in the form:

Q= K.Ai.
= KAf (A1T0)1:)

14+ a .
f’ (A) 3. 1/3 -2 ]
= K.A. AR . (12)
[ (¢7) *¢

5.17. An inconsistency to be guarded against in this method
is in selecting the outer point on the boundary of the catchmens.
In a catchment of the shape shown in Fig. 18, if the area and the
time of concentration for the whole catchment from EF to AB

A C E

F

8 b l

Fig. 18

are 4, and T, respectively and for the cutfall from CD to 4B,
A, and T, respectively, then the discharge for the whole catch-
ment between EF to AB is:

. Ql = K. 'A-I il )
Here ¢, depends upon T, which being longer will give less mean
intensity over the whole area, whereas in @, = K 4, ig, T,
depends on outfall from CD to AB and will give a higher
intensity. The ratio of intensities ¢ /¢, may not be in the same
ratio as 4,/4, in all such cases. It is, therefore, suggested that

such narrow strips of catchments may be particularly taken
care of.

6. DETERMINATION OF THE COEFFICIENT
OF DISCHARGE ‘K’

6.1. The determination of the coefficient of discharge is a
very important factor as any error in this regard will directly
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affect the quantity of runoff. In bridges and culverts where the
maximum runoff that could be expected from a catchment is
required, the valuc of K should be kept on the high side unlike
the design of storage works where the average value or moderated
value or the integration of the unit hydrograph is desired.

_ 6.2, The runoff is the nett rain that comes out of a catch-
ment after allowing for losses like absorption and evaporation
from the catchment.

6.3. The cffect of the nature of the soil on the yield is taken
into account while determining the time of concentration for the
catchment. The nature of the ground influences the time of
concentration which, in turn, influences the effcetive ¢;° taken
for the calculation of the runoff,

6.4. The amount of losses that can be expected by
absorption and evaporation has been worked out by different
workers. Two examples, (1) by Strange and (2) work done on
small plots in America given by Forster are given below. From
these it may be seen (Table 16) that the percentage yield
increases as the quantity of rain increases. ‘

TaBLE 16
Original stato of ground
Daily rainfall
in inch i i
In Inches Dry yield 1 Damp yield Wot yield
per cent I per cent per cent
: | e e
0.25 - ! - 8
0.50 — ! 6 12
0.75 — 8 16
1.00 3 11 18
1.25 | 5 14 22
150 (l 6 16 25
1.75 8 19 0
2.00 ; 10 22 34
2.50 ;‘ 15 29 43
3.00 | 20 37 55
4.00 | 30 50 70
!

A graph plotted from the above values is given in Fig, 19,

About 70 per cent is the m
from a continuous rain of 4 inches,

aximum yield that can be expectod

(S8
<
Y—-
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Yexlmesves
T VieLp

T
it

i
1
1
z 2 » -~ 5 <

o ANFALL N NGUES [WET VIELD GRAFQ

Fig. 19

6.5. The effect of quantity of rain on yield from catchments
by simulated rainfall induced on small experimental plots is
given by Forster. The simulated rainfall was moderately_heavy,
ie., 1.55 in. per hour. Some seven minutes were required to
saturate the surface and overcome the surface detention
before the runoff started. The runoff gradually increaged for 50
minutes by which time a steady rate of 0.70 in. per hour was
reached. This rate continued until the rate of rainfall wa;
increased to 3.30 in. per hour whereupon the runoff rose to 2.4
in. per hour giving a yield of 73 per cent. -

6.6. Thus it appears that the loss is prs.»cticall.y the same
(0.85 in. to 0.88 in.) for any quantity of rain falling and the
Percentage yield increases with the quantity of rain and could btz
selected from the graph given in Fig. 19 according to the amoun
of rainfall on that area at any one time. In fact, it has been
observed by the workers in this field that the loss due to absorp- .
tion per hour goes on decreasing from 0.8 to 0.7 in. per h01_11' and
then to 0.6 in. per hour and so on, giving more and more yield as
the duration of rainfall continues to increase.

6.7. 1In addition, it may be expected that if the intensity of -
rainfall is great the water will flow at a faster rate and some of it
may not get absorbed or evaporated or held to the extent it
would have done if it had flowed at a lesser speed. To w.ha.t
extent the extra yield will be on account of these factors is a
matter for experimentation.

6.8. To find oyt the effect of rainfall intensity on yield

under field conditions, a small catchment was selected as near as -~

possible to the automatic rain gauge recorder at Beguplpet to _get' i
the intensity of rain falling on' the catchment. While selecting

.
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the location of the catchment it was chosen to be in the direction

of the storm passing over the automatic a
recording was true for the catchment undirusﬁiggrensum that the

6.9. The catchment feeding the gay in
to determine its area. The ares thuffr cglcuglavted
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6.11. The gauging was done on two days—17th and 24th
August 1958. The rain was steady for a longer period on 16/17th
ugust, whereas on 24th August it was of short duration l?u.t of
greater intensity. On both these days the ground conditions
Were wet,

6.12. On the 16th and 17th August, the rain came in a drizzle
of 0.375 in. per hour intensity, the total rain up to the time of
lneasurement being 23 mm or, say 1 inch. This gave a yield of
19 per cent as worked out below :

1. Applied quantity of rain = 6.64 x 0.375

= 2.49 cusecs
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2. Runoff measured at the gauging point :

(i) Depth of flow 1} in. = 1/8 ft (A steady depth
of this height was observed during the whole
duration of rain).

(ii) Width of flow = 3 ft 3 in.
8
(iii) Velocity 224 ft per second
. 1 13 _ 28
Y —
Yield = g X 4 X 24
= 0.47 cusecs

. 0.47
f'he percentage yiold = —»—-272()‘199 = 19 per cent

This compares well with the expected yield from 1 in. rain
given by Strange, Table 16,

6.13. The duration of rain on 24-8-58 was only 10 minutes
From gauge data for the first seven minutes, the intensity wag 1
in. and during the next 3 minutes the intensity was 2 in. per
hour. The quantity of rain in that period was 0.25 inch.

The percentage yield for these two periods is worked out
below :

TaBLE 17
! |
. Intensit Applied rain | C ing,
Tim \ 1 v pp ain | Corresponding, Percent,
me ; (inches) {cusecs) yield (cusecs) ‘ yieldago
; . — N S . —
13.63 to 14.00 ; i 6.64 0.95 15
16.00 to 16.03 % 2 13.28 3.66 28

6.14. The results show the effec
cient of discharge, For a 0.25 in. rai
like } in. per hour, the yield that co
per cent to 10 per cent, Table 15, but at 1 in, per hour the vi
18 15 per cent a,n_d at 2 in. per hour the yielcﬁ) is 28 pex'e g’ézltd
Thus the extra yield due to higher intensity is increasing in an
arithmetical progression. From this it would appear that the
fz:.‘ct((;r ths a fu(rllctilon- of both the quantity of rainfall, its time
(f)ormlfm lon and its intensity and could be expressed in the

K= f(Qi1,)

t of intensity on the coeff-
nfall at moderate intensity
uld be expected is about 8
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The measured yield at site during different intervals of time
are given below :

ety = | it D B B
Time : | o Velooity = Depth in inches | 13
hours & minutes ﬂts £t per second H = s
1605 ' 2.8 2 1.25 ; 0.96
16—08 3.6 ‘ 2.4 | 2.28
16—10 3.5 2.4 i 2.28
16—14 4 2.6 lg _Ef._
16—16 4 1\ 3.4 | | 3.66|
16—190 4 \’ 2.6 \ 2.8
16—24 4 ; 2.4 1 2.6
1632 4 1 2.1 ; 2.26
16—40 4 j 1.5 1.62
16—48 3.1 1.2 i 1.01
17—00 2.3 1.0 0.62
17-—12 1.5 0.80 0.32
1720 0.9 0.70 ‘ 0.17
17—35 0.8 0.45 0.10
17—45 0.5 0.2 [ 0.027

If the value of K is taken as the yield from Strange’s Ta.bllg
16 for the normal rainfall intensity of }in. per hour, it sho:h
be increased by an extra percentage to take into account thz
enhanced yield due to increase in the intensity of rain ondd o
catchment. The extent of extras that are proposed to be adde
are given in Table 19.

8.15. If the rainfall is 2 in. during one session, then the
expected yield for this rainfall from Table 16 is 34 per cent. }(fl
this rain has an intensity of 2 in. per hour, then the extra yleh
that could be expected will be 15 to 20 per cent. Therefore, the
final K will be between 0.34 4~ 0.15 to 0,20 = 0.49,%0 0.54 which
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Tavre 19

at, 175 in, at 2 in, at 2.5 in,

YA ATIN
per hour per hour por hour

por hour

Add: To value of K
tuken from "Table 16
wceording  to  tho |
amouut of rainfall’ * * " *
for that place 0.05 10 0.15 1 0.15 to 0.20 1 0.20 to 0.25] 0.25 to 0.98

could be selected from the knowledge of other factors like nearness
to the higher or lower intensity zone, etc. l

7. GONCLUDING REMARKS

7.1. The rainfall characteristics obtained from difforent
regions of Andhra Pradesh have been collected and analysed to
arrive at a reliable flood discharge for designing a bridge or g
culvert. These might have to be modified slightly with more
data available, but for practical purposes they could be con-
sidered reasonably accurate.

7.2. Tho engineer is interested not only in k i

maximum intensity but also how often it occu);'s. T}rll:‘:tl:g th?
rainfall frequency or return periods is essential for econobr]n(i)
reasons. 1t may not be justifiable to design a drainage work foc
an intensity of rainfall that may occur, say once in fift r
hundred years. T

7.3. The greater the intensity and durati i
less frequently it will occur as coulyd be seen ftrgxrxll O'i‘z:g;:sle(l)’ ths
21. The intensities adopted for the zones are for (;coho&n'
return periods of less than 12 years as could be made out fmlc
Tables 20 and 21. There is no data to compute the return er;o(rln
of the intensities in all the zones. An idea of thesepreto :
periods may be formed from a study of the data gathe‘:gg

for the Hyderabad ‘ - 4 .
18 yoars. yderabad area where such a record is available fqr

7.4, In Table 20, the return periods and thei
; » the § eir b
occurrence for different intensities are given. '[‘heymzilrl; ?:)l‘off

* H; ’
Higher values apply to areas nearer to zones of highor intensity
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period lasting half an hour and longer. From this it appears
that for this duration, the intensities of 1% in. to 2 in. per hour
Jccur overy year many times. 'Two in. to 21 in. per hour
secur fairly steadily but, omitting stray casces, could be con-
sidered to have a periodicity of five years with two or three years
of steady occurrence at a time.

Tasre 20

Begumpet Airport : Number of occasions of different

hourly rainfall intensities

[
33 to 4in. | 4todhin.

Year 13 to 2 in, ! 2 to 2} in. 2§40 3 . 1 3to3%in.

1840
1941
1942
1943
1044
1045
1946
1947
1048
1949
1950 - — - -
1951
1952 —
1953
1054 — - -
1953 — - - -
1956 — 1 - -
1957 1 - - -

— 1 1 - -

2 1 - - -
g S -

— o = L0 @I e e e
b—

I
|
- |
I
|
|

X
|

———a T

T ey

Noie : Those readings are for duration of half an hour and more.

7.5. If a study is made of the return periods of storms with
45 minute duration or above, which is nearer the basis of our
flood calculations, the picture alters considerably. It may be
seen from Table 21 given for the same years that 1.75 in.
intensity may be taken to have a periodicity of 10 to 12dy?ars.
Other higher intensities are freak and more data is needed for &
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longer period to decide about their return periods. By con-
sidering that the other zoncs aro contiguous their intensities
marked, they could be taken to have a return period of nearly 12
years. This period is considered sufficiently economical for the
design of most of our bridges and culverts.

TAaBLE 21

Returns of storms lasting between 45 minutes
to one hour.

}

, ]
Year [0-1 in.1to 1} in.| 13t02 in.j2t02x} in, f2§ to 3 in,

3to 3% 1In, I 33to 4 in.
1939 1 1 — - - .
1940 - (1.08") - - _ .
1940 - — — 1 — —
1941 - - 1 —_ - —
1042 — — - _ -
1943 - — — 1 —
1944 — — - — _
1945 - 1 — - _
1946 — — - - -
1947 — - - - _
1948 — 1 — - .
1949 - - - — -
1950 - — - — —
1951 - — — - _
1952 - - - - -
1953 — - 1 — -
1954 - — 1 — —
1955 ~ — — - _
1956 — - — - —_
1957 - - 1 - —

7.6. The intensity of 1.75 in er ho

. . u
about Hyderabad has been selected affer a sturdyfoorf a;r
storms. All known storms from 1939 to 19
Fig. 22. The ¢ X’ axis gives their duration at each
their measured intensity is shown on the Y-axis

of points indicates the number of times that intensity has

Yroop DiscHARGE KSTIMATION rOoR SMALL CATCHMENTS 269

occurred for a particular duration. This graph shows that the
shorter the duration the greater the intensity. Ior areas round
about Hyderabad, the valuo of the intensity for purposes of

I
GRAPH FHmea f‘rm.lou ATtONs-NTMSITiA_N_ﬁ
| FRE/QUENCIES OF RAIN NEARTHYDERARAD BETWEEN
1939-57
$
R S S _ _J -
<4
3 ™
I 3\ 3
N . L
%‘ \1'\'.: * |
\q '
\\S; 2 o ‘ﬁn\_\\
B
I £ 1
175" $elachsy o
o
4 o 30 30 40 50 6o

e QOuration CF Storm n minvtas

Fig. 22

. . . t-
design could be straightaway picked for any time of concen
ratign of less than one hour duration, without having to calcu-
late it by inserting the value of a in the equation (5). This
graph also shows how stray are the durations of storms of more

than half an hour.

ili ‘ from a

7.7. T liability of the data collected can be seen
Sulimary ofh:hfaedl?schar)ées obtained for streams, Table 22, and of
®xamples worked out at the end for various places in Andhra
P“"dsh as compared to the discharges obtained and considered

reliable from other aspects.
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Tavnr 22

By the rainfall Cg
Y Estimated by other

Name of stream data method given
in tho l’n,lwr sourees
Lo Chaanpayadd (Fxample 1) 1.76 000 cusces Not relinbhile
2. KNandalera (Kxample 2} L. 30000, 35.000 cusoca
3. At Kadam (Bxample d) YRR R1Y SU N 519,080
4., Bridge ot milo 474/8 of 5,850, 5.056
N. .3 (lixample 4) ) »
4. Vakkoru Vagu (BExampled 14,300
ple ) , o 9400,
"l'l_glnully assumod
found  inadequato,
wator  byo-puassed
the bridge
6. 'Tejangigedda (Example 6 20,60
ge ple 6) u,600 -, 14,800 to 17,470 cusecs

7.8. In areas where there ar : .
held il:l three dimensions, i.e., on tbh(ea Iglle‘(:l\lfr};d f;);gs;}fx,ttlileelwator .
trees in depth. The effect of this is to make the ﬂoo(ji&Ves of
oqt and prolonged. The effect of intensity is thus inte fevex(i
with. In such cases the effect of intensity may be considr ege
be .?O per cont cﬂecm'vc only for purposes of ostimating the cred to
This, however, requires more study and is yot to be Iﬁfmve(;‘unoﬂ.

7.9. Each of the factors mentioned in this Paper noeds

more detailed study and c: i ; S
own merits. y and can form a field of investigation on its
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EXAMPLES

Example |

Construction of a bridge across Champavati on Vijuya-
nagaram Palakonda Road ot mile 5/7.

The river Hows for about 14 miles in hills and 23 miles in
plaing. There is a bridge on National Highway No. 5 a few
miles downstream having a catchment wrea of about 4058 g,
miles more with o discharge caloulated cyual to 2,32,000 cusces
under that bridge.

Arxen of the catchmont = 490 sg. miles,

1. Discharge calculated according to Lillie’s formula =
1,50,000 cusecs,

2. Discharge ocalculatod according to  are: ol
method, 2,55,600 to 3,03,100 (g;ust:cs. L?lémvibt;w(‘:;!ta{;
found that the H.F.L. line iy difficult to fix because of
s railway bridge immediately downstream and ma
be vitiated due to afitux and not reliable. Tl;is
explains  the wide variations and exaggerated
discharge figures obtained by area velocity method.

3. Discharge according to Inglis formuls = 1,564,000
cuseus. M

4, Ryves formuls = 66,000 cusces.

5. According to Dickens assuming a val f e 18
= },66,000 cusecs. ° alue of ¢ = 1600
6. According to Dickens assuming a value of ¢ = 1170

= 1,21,400 cusecs

Discharge according to rainfall data collected :

1. Expected intensity on the catchmont = 2.5 inch.

hour por

2. Hilly portion

Length = 19 mijes

Fall = 3200 feet
3. Plains:

Length = 23 milos

Fall = 320 feot
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4. Area factor = [ (1) = .95
5, Valucofu = 1
* 6. Coef. of discharage K = 0.95(8.05 inches in a day)
7. Value of ¢ in rocky srea = 11
¢ in plains = 12

8. Time of concentration

(1} Time of concentration if worked in parts:

The time of concentration at the end of hill with steep
ﬂope .
193 7 3

a) = [Mlxaor | 3= 25 .

{a) [ X 3200] .85 hours

(b) when flat slope is produced for the above section

19794
= p1lx 2.3 =
T [ 954 6.70 hours.

Nett hours gained = 6,70 — 2.85 = 3.55 hours.

(¢) Time of concentration for the whole length taking

the flat slope
3
T, = [11.5 x 12

1
3
3d = 11.4 hours,

Therefore the time of concentration
= 11.4~ 3.85 = 7.55 hours...(i)

(2) If the slope was taken to be uniform throughout
then:

i
7, = [ 115 x% % .. 8.6 hours...(ii)

which will give an exclusive discharge as the time of concen-
tration is less when compared with the 7', calculated according
to change of slope of the catchment. -

9, Average inteunsity on the catchment

Te = [ 1+1 x 2.5 = 0,60 inches,

755 4 1.
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10. Then thoe maximum discharge that could he expectord a
this site will ho

0.95 x 490 x 640 % 0,95 x 0.60
1,70,000 cusecs approximately

i

i

ich appears to be roasonable a8 compared ?o the l_'elinbm
c‘;’i};:)(}\zargg) pmeasured at the road bridge on Nationa} nghw;;,y
downstream, under extraodinary floods.

Example 2

eru is a stream at M.87/7 on Madras-Calcutta road
(Natgz];]da}]{ighwmy No. 5.) near Gudur, Mogt of the streams jn
this area are subjocted to rolling floods and the assessment of
their flood discharge is difficult from conventional methods, The
discharge in the case of the stream reforred 4o above has been
caleulated from (1) Ryves (28,000 cusecs), (2) Area Cross Section
(83,602 cusecs) and (3) from gauging of the flood at the railway
briage (35,000 cusecs) about hg,lf a8 mile upstream. No other
streams are joining this stream ip that reach ung so this could he
considered as a reliable figure of discharge,

The particulars of the Kandalery a5 affecting the site are
given below

A. (1) Catchment area = 320 8q. miles,
16, = 320)(640 acres.

(2) Length of stream A8 measured from the topo sheets
= 48 miles.

(3) Total fall of the stream in thig distance = 490 feet.
(Fall due to hills in the beginning phag been ignored g4

it is for a shorg length ang will not influence the
general velocity of flow),

(4) Nature of gound : sandy . Clay ag inspected at gipo
and rocky at jgq beginning (1/3 distance),

B. (1) As most of the catchment ares (8hown 2 in Plate I)
extends over the region of 2 jn. per hour intensity gpd
some in 2.5ip, prer hour Zone, I is taken to be 2in.
per hour ag jt jg mostly in 2 in. yone,

(2) For this intenait
Fig. 9 is1.00

(3) The ground being sandy clay and Tocky the valne of @
In equation 9 from Ty, 14 is 14,

Y the value of (2} in equation (4) from

@

N

Froop Drsorance EstiMarioy FOR SMATTL Cararrweymg 275
The time of concentration 7, {eqn. )

for thig catchment wilj then be = [14 X 483.]:%
420,

= 16 hours,

. Using this value to find the intensity of rainfall effective for
thig catchment :

, 1410 2x2.0 _ x:
I = Ifi'ﬁMOOh:{: o X 2= 17~ = 0.235 in. per hour

) Az the rainfall per day is about 5 to 8 inches the value of (k)
18 taken to b 0.85 as the intensity is 9 ipn. per hour and mostly
In that yope, The area factor from Fig, 5 ig taken to be (.95 for

*yalaseema, Thep discharge @ = .35 X 320x 640 x 0.95 x 0.235
= 3«‘_),000 cusees which appears to agree with the discharge

Obigmned at the Railway bridge site which is considered more
reliable than others,

Example 3

. Probable discharge from the catchment for the road arch
brldge downstream of Kadam dam,

The top of the arch bridge was washed away during the
Tecent heavy floods of 1958. (Photog 3,5& 6)

1. Catchment area = 1000 sq. mjleg,

2. Distance of the farthest point = 46 mjleg,
3. Fall = 1810 _ 810 = 1200 ¢

4. Type of 50il = black cotton,

5, Intensity of rainfall - 24 in. per hour.

The discharge baged op one hour and one gnd kalf hour
duration of this intensity has been worked out considering that

latter wip give the highest flood, the other wij] give a high flood,

6. Value of @ = 3 for thig black cotton soi] & intensity.

. . 463 7 4
Time of concentration — [ 3_ X 260 = 6.2 hours,

{1) Discharge based on one hour intensity duration :

Average intensity of rajp on the eatchment

14 .
= 6".??“1 X 2.5 = 0,70 in,
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(a) Value of It = .95 for this intensity.
(b) Area factor c¢onsidering the storm  is of the samo
type as 12 in. rainfall - 0.95

) = 0.95x 1000 x 640 x 0.95x 0.7 = 4,05,000 cusces,

(2) Discharge based on 1} hour duration of this inten-
sity as the rainfall is of the order of 12 in. and more per day:
. . 1D -1 -
Average intonsity = 2'3 [_6,2 N X 3.4.)]
= 087 inches.

) = 0,05 x 10000 x 640 x 0.95 x 0.87

= 5,03,512 cusees which closely approximates the esti-
mated  highest flood of  5,19,000 cusces gbserved
during 1958,

Example 4

A threc span arch bridge at mile 474/8 on National Highway
No. 5 (Madras-—Calcutta Road) collapsed due to flood overflowing
it on October, 1958. The probable flood at this place taking
into account the rain that fell during that period as compared to
the discharge worked on the H. ¥. L. mark on that day is given
helow :

Discharge as calculated by the area velocity method.

Cross section Discharge cusecs

1200 ft upstream 5056
800 £t ’ 3715
100ft 4504

Rainfall method :

1. Catchment area= 8.7 sq. miles,

2. Length of the farthest point = 4 miles,
3. TFallin feet = 70

Type of soil = Sandy silt,

i&

wt

Intensity of rainfall = 2.45 inches per hour,

-

H.

A i Y
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6. ¢ adopted for the above datu = 20
13

1/3
] == 2,66 hours.
70

do, o= [20 X

Average olfcetive intensity over the catchment
R
2,66 -k 1
Area factor = 0.95 K = 0.8
)= 0.85 x 8.7 x 640 x 0.95 x 1.32
5,850 Cusecs.

% 245 =1.32 In.

!

{f

This is supported by the discharge calculated from the

dl“. L. actually observed during floods when the bridge collap-
sed,

Example 5

. The Vakkeru Vagu on Kurnool diversion of National Highway
{ Wag bridged but the approaches to this were washed out due
to the flood of 1958. The bridge was dosigned for 9,400 cusecs
axen previously based on Ryves formula. . The discharge for
rainfall data is worked out below :

1. Area of catchment = 70 sq. miles

2.  Length of stream = 20 miles

3. Fall of stream = 277 feet

g g 10021000

5. Intensity of rainfall = 1.75 in. per hour
20.4’]1/3

277

= 7.6 hours,

6. Time of concentration = [14.5 X

Averago intensity of rain that may be expected on the

ca'tchm t = _l.il N 51
en 761 X 1.75 = 0.405 in.

Area factor = 0.99 K =08
Q@ =08 x 70 X 640 x 099 x 0.406 = 14,300 cusecs.
which shows the inadequacy of the waterway and .confirms

t};)he Decessity for working out the discharge on a more rational
asis, '
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Example 6

Tajangigedda iy 5 stream in Chintapalli wron of the Ageno)&-
The proposal of a bridge at M, 2/8 of Lamsingi to ',[‘a._ya.ng_l rod
has been investigated. The dischu,rge 43 computed according to
area velovity and Dickeng method worky out ag follows :

ettt . s e e L T e e e pu——

Discharge

{cusecs)

1. Dickens 14,820
20800 ft g 16,550
3. At site of bridge 17,180
£ 300 5 D)y 17,470

Arca of catchment 19.45 sq. miles

I Hill portion
Length = L7 milog
Fall = 840 f

2. Plains B. ¢, $0il
Length = 5.7 mijeg

Fall = 244 fept
Ts in hill with 179173
steep slope = [14 X m = 0.43 hours
Lo in hill wity gentle {al] 17991/
continued = [y x L7010 0.85 hours
72
Nett gain = 0.42 boury .
: 7.491/3
Lo with fiag, slope for ¢he full length — [6 X sl
= 2 hkoury
Nett Po = 2.0 . 0.492 .. 1.48 hourg
Value of ¢ = a8 Tois > 1

Average intensity - 114;:431 X 2.5 = 2:28 = 2in.
¢ =085 x 19.45 X 640 x 0,95 5 P
2 20,600 Cusecs,

—————
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FULL VIEW OF DIMIN]I BRIDGE

Paper No. 217

“ DESIGN AND CONSTRUCTION OF PRESTRESSED
CONCRETE BRIDGES ACROSS KUNWARY RIVER™”

By
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SYNOPSIS

The River Kunwary flows through the northern districts of Madhya
Pradesh {Bhind and Morena). The river erosses the Morena—Ambah—
Mehgawan Road near Dimni and Budhara while it crosses the Bhind—
Etawah Road at Didi, The former is an important feeder road connectin
two National Highways viz, Agra-Bombay Road and Gwalior-Etawah Ro
(proposed National Highway).

_ At these three crossings high level prestressed concrete bridges are
heing construycted. Bridges atDidi sid Dimni have a maximum span o
132 {1 contre to centre with the R.C.C. deck slab supported on four main
girders while at Budbera there &re three main prestressed girders having
a maximum span of 127 ft centre to centre. The girders are oast in-situ and
post-tensioned by Freyssinet’s method. The .supporting piers are of
R.C.C. shell-typa and rest upon well foundations,

The Paper deals with the hydraualic investigations, design and eonsu"uc-
tion of these bridges. gations, cong

t Superintending Engineer, P.W.D., B. & R., Madhya Pradesh, Gwalior,
* Assistant Engineer, Designs, P.W.D., B. &R., Madhys Pradesh, ‘
Gwalior. . .

8
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1. INTRODUCTION

1.1. The Kunwary rivor flows eastwards through the districts
of Bhind and Morena in the northern region of Madhya Pradesh,
This river is a tributary of the Chambal which forms the boundary
line of Madhya Pradesh, Rajasthan and Uttar Pradesh,
Plate I.  The Kunwary crosses Agra—RBombay Natioral
Highway at a distance of three miles from Morena whish iy
district headquarters and a central marketing place for the agri-
cultural produce in the region. There is a high level bridge at
this crossing but at other crossings on internal district roads
there are only ‘Rapats’ (causewnys). At Dimni, Budbara
and Didi crossings, the traffic was ferried across the river during
monsoon. This arrangement was both inadequate and enmber-
some and the growth of vehicular traffic in these regions justificd

the construction of three high level bridges in the Second Five-
year Plan.

1.2.  The course of the Kunwary is mostly over & terrain of
yellow sandy soil of low cohesive property in its wet condition
which has caused soil erosion resulting in deep ravines in con-
siderable portion of its catchment ‘area. The rainfall is charac-
terisbic in being sudden and heavy and as & result of that the

river has gorged a deep hed along its course and is fordable at
very few points.

Such uncommunicable topography has naturally been very
inviting to the Thugs and Pindharies of the past and the nate-
rious dacoit gangs of present times to favour this ravinous
region for their cryptic existence where the hands of law cannot
reach easily. Even in a direct encounter the armed forces of the
Government are very much at disadvantage and it is very

unlikely that mere show of arms could ever wipe out the dacoit
menace from this area.

The socio-economic analysis of this region shows that uniess
poverty in this area is removed, the criminal outlook of the in-
habitants may not go and the prime measure adopted by Govern-
ment towards this end is to give maximum impetus to agri-
culture. The so-valled sandy soil has proved to be very fertile if
properly irrigated and manured. The canal water from the Cham-
bal and the soil-erosion control programme would entirely change
the face of the region by improvement in the sgricultural poten-
tial in the near future.” This in its turn will need more raads
and better means of communication. The' construction of

bridges at Dimui, Budhara and Didi is the beginning of a new
epoch to this ravaged region ' '

»
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i idi wyre ¢ -estressed concrete
1.3, Dimni, Budhara and Didi are all prestrosse

bridges and theix" locations are shown on the mdex‘ m;p,t :l‘llige rEf
Dimni bridge is on Morena—Ambah-—Road at a l?iv e
twelve miles from Morena while Budhara is thirty Bh'e i
away on the same route from Morena,.conncctmg }t_tf) . mmilea
Awbah and Mehgawan. The third bridge near Didi L;k vic milos
from Bhind on the Bhind—Etawah—Road which is like éyned v
upgraded as a National Highway. Dimni bridge W_rg? ot? oo is
trafic in January 1959. The construetion of DIA‘t Bndl%ara
complete and it has been opened to traffic recently. t‘:lre -
foundations, substructure and 75 per cent of supers&ruf e e
ready. The remaining work would. be completed a 1t
monsoon of 1459, Thus all these bridges would be opene
traffic before the end of 1959,

2, HYDRAULIC INVESTIGATIONS

. . PR L. ssign depth of
Hydraulic data, design flood discharge and d‘bsign‘
foundgtions are given in' Table 1. The investigations are based
on the following principles.

2.1.  Design Flood Discharge :

The maximum flood discharge at bridge site is ll_ikalyinb:
oceur only when the catchment area is saturated by earlier rains.
The discharge is influenced by —~ .

(i) nature and expanse of catchment area,
(ii) extent, intensity and duration of rainfall, and.

(iii) time of concentration of the flood.

When the maximum discharge occurs, other factors suclrlma;:
temperature, surface detention, etc., have least ygmﬁce;}xﬁg(gs el
magnitude of this discharge is calculated by various mett e
the site of Dimni bridge, the following figures of wmaxi
discharge were obtained : ' .

DATA AT DIMNI BRIDGE SITE
Catchment area e A = 1,140 8q. tniles
Length of river we L= 106 miles

Partviculars of oroes section at 700 feed
upstreatn of the site :

Waterway at H.¥.L. g )
R.L. 540,00

* Wetted perimeter P = 1,390 ft,

Aw = 19,100 sq. {t.
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Hydraulic men !
A . PR
«lnptll( 114')5 r= MO,
Bed slopo . s = 1 in 5,000
Cosflicient, of .
rugosity e n o= 1,025
(a)  Discharge by dnglis’ formuls
.. w4 ! oo 13 = 2,41,000 cusocs
SRRV
{h) Discharge by Dicken’s formula , .
: ‘ p L = ) USOCS
(assuning (¢ = $00) () = (1.4 1 s Q 1,60,000 cusocs

{¢} Discharge by area velocity )
method using Kutter'y voloeit, ¢ = 103,000 cusocs

; yho.
('1 = AI{J ‘//.‘u 5
4164+ S 0.0028)
View = " LY
: . XTI RN A8
1 B “1.() +
o N r

The empirical formula developed by Inglis is more suitable
for fan catchments while Dickens formula requires very careful
guess for adopting suitable coefficient, depending upon various
unknown factors, In this region value of ¢ is taken as 800 for
big catchments. Inglis and Dicken’s discharges are related to
catchment area only whercas in the *Area velocity method ’
velocity of the flow by Kutter’s formula and tho cross sectional
arca at H.F. L., have been considered,

(d) Rainfall data method

The discharges obtained in (2), (b) and (¢) cannot be relied
upon because important factors such as actual rainfall and shape
of catchment have not been accounted for. These factors are
considered in the rainfall data method *’ based on the Paper*

read by the Author before the Research Committee of the Central
Board of Irrigation in the year 1945,

In this Paper, the. Author worked out the time of concen-
tration of flood ag:

. 1.34 43 (i
= W
where I = Time in hours
4 = Catchment area in 8q. miles

Ip
I >

]

Silt factor

Intensity of rain per hour
during the period ** 7 **

i

* ** Flood Discharges of Rivers in fndin " by Y. K. Patil
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In working out formula (i), fan catelment having length of
iver equal to 1.41n/ 4 was assumed. Substituting actual length

L), the time of concentration is given by formula (ii) which can
@ applied to any shape of catchment.
0.95 L

T = e b

<(for & = L (1i)
Rainfall data for the Kunwary catchment

Maximum intonsitics of rainfall observed in the northern
listricts of Madhya Pradesh are as follows :

Gwalior district  5.70 in. in 14 hours P =0.407 in.

Guna district 8.82 in. in 16 hours P =0.551 in.

Shivpuri district  %.10 in, in 14 hours P =0.579 in.

Yor the adjoining districts of Bhind and Morena where the
tlimatic conditions are more or less the same, the maximum

rainfall intensity is assumed to be 8.10 in. in 14 hours
(P=0.579 in.).

The time of concentration of flood (7) is caleulated by
Successsive approximations. '

¥irst approximation with » equal to maximum intensity
of rainfall in thig region (0.579 in.)

L = 106 miles
i 0.95 x 106 4 = 1140 8q. miles )
L= 1140578 x 0.57917¢ P = 0.579 in. during a

period of 14 hours
7, = 34 hours

But to get exact time of concentration, P for a period ¢ 7,’
has to be considered. Thus —

8.10 .
P = 3= 0.2382 in.

Second approximation with I = 0.2382, period of concen-
tration works out to:

7 0.95 x 106
* T 1140t/ % (33830
= 39.5 hours
<~ Reduced intensity during 7',

8.1 .
P = 395 = 0.205 in. per hour,
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The inteusity of runoff which js ajways less than the inton-

gity of raiu is given by :
Py = 096 x pteoa
= 096 % 0.2057.02
= 01895 in. per hour

. Discharge per square milo

It

q GH) 01895 -2 1214 eusous
L o= 1140 x 121 .4

= 1,38,500 cusecs.

This valuo is adopted as the design discharge for Dimni
bridge. Design discharges for Budhara and Didi, given in
Table 1, are likewise calculated,

It must be emphasised that this particular catchment arca
is elongated, Average width up to Dimni is 1149

106 = 10.8 miles,
and length to breadth rutio is 9.8. Had this catchment area

been fan-shaped, the length of the river would have been much
less than 106 miles. Consequently, the time of concentration

would have been lessor resulting in more intensity of runoff than
the above figures,

2.2. Design Depth of Foundation

The depth of foundation, firstly, depends upon the safe
bearing capacity of strata met with in foundations and, secondly,
on the considerations of scour depth. Where there is no rock in
the foundations and the strata is erodible, scour depth is the
guiding factor. At Dimni, borings were taken upto 60 feet below
the lowest bed level. Results in Table 1-B reveal that no rock

was met within 60 ft. The strata at this depth was yellow soil
mixed with kankar,

. Accogcii_;ldg 1to Clause 109 of IRC Code, normal dopth of
47301/3 .
scour = 3,, - Maximum scour depth at the nose of the

pieris double the normal scour depth. The (Code further lays
down that the minimum depth of foundation should be 4/3 times
the maximum depth of scour. The scour depth formula is true
fo:: alluvial streams which have reached regime conditions. In
this case the streams are quasi-alluvial, hence the formula is only

-t
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partially true. ¥xperiments earr.iod out z:,kt Poona Hydraulic
Research Station reveal the following faets :

T th of scour round a pier is little affected by

© tlh}(:eggre)gml material of bed so longas it is 1nc§hergﬁ:
but where scour is resisted, as by a clay be Y S(:sher
round a pier may increase and will be }?‘rh °r
increased by the effect of curvature of flow w 1130'011s
normally induced in the vicinity of obstructi
where there is resistant bed material.

i isc rs before
b) Where a sudden increase of discharge occurs [
) the bed has time to scour or where there is I:(Z,lsmt&b?t
bed layer, scour action is likely to be considerably
intensified.

’ .charge of
0O the bed becomes shrouded by super-c
) sanrfg flowing near the bed, the scour hole round the
pier tends to decrease in depth.

i i i d the
d) In general, (b) & (c) will be in action at one an
@ sarfe time e(xzzept where curvature of flow mde-tracl;;
the bed sand. This means that the curvature o
flow is the dominant factor causing maximu
scour.

The formula based on these experiments for scour is Dd'?-
L7b o022 g 052 yhere b = width of pier and g, is ghe ulla
charge per rft. on the upstream of the pier. This dorm
generally holds independently of the grade of the bed sand.

i i ial such as
In streams where there is cohesive _bed materia
clay or clay mixed with kankar, it is obvious that the tepdencg
to scour is reduced and there will be practically no scour in sue
strata,. . :

- . t
The depths of foundations in such cases, therefore, need .no ‘
be govern’eg by the formula given in Clauses 109 ar}d 110l of
IRC Code for obvious reasons. The depth of foundation be ov;
the maximum scour depth is governed by rthe a,dequa.c):I o
anchorages developed by passive pressure of the surroux(x1 u};g
earth, to withstand the overturning forces and moments a.nf t 3
safe bearing capacity of the soil. It has been empirically 4mfu:a 1
that this depth (below maximum scour) is not more than 4 fee

* Research Publication No. 6 of C, I: & H, R. Station, Poona, 1941-42; . -
pages 32-33, st
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for non-arch type of bridges. Ttdepends wpon the span of the
bridge and depth of piers.  Clause 110, therefore, recommends &
minimum depth of 4 feet below the maximum scour level for
founding the piers.

The bed stratas at Dimni, Budhara and Didi are neither fuily
sandy nor fully clayey. The top layers upto 20 ft contain soil
with large percentage of sand, the proportion of which goes on
decreasing at lower depths. However, maximum scour depth
was caleulated by assuming alluvial stream. Design foundntion
depth was based on this maximum scour depth but actual depth
for plugging the wells was determined by observing the resistancs
offered by the soil during sinking of wells,

TaprLy 1-A

Hydraulic data

S, . ) Dimni Budhara idi
No. Dotails ? brilge bridge hridge
L Catehmnont aren (in sq. 1140 2030 2400
miloes)
2,  Length of river up to 106 128 138
the hridge (in mileg)
3. Design discharge (in 1,38,500 2,21,800 2,39,500
cusecs) o
4.  Linear waterway pro- 376 479 500
vided (fvet) .
5.  Formation level R. L, 552,38 R. L. 12000 R. L. 516.00
6. High flood level ... R.L.54000 R.L. 11600 R.T. 504.00
7.  Low water level R. L. 502.60 R.L. 8450 R. L. 470.00
8 Tlowest scour level R. 1., 481,00 R.L, 0900 R, L, 445.00
(calculated) )
9. Design foundation R. L, 474.00 R. L. 40,00 R, L, 495.50
level B

10.  Actual lowest founda- R. L. 463.00 R, L, 32,00
tion level

1.  Average height of 83
bridge befwecn for-
mation and foundue
tion level (feat)

*®

-t
jo 23
[

Note: The datum for roduced lpvels is differont in cach cage

PrEsTRESSED CONCRET

£ BripuEs Across KUNWARY RIVER 295

Tasne 1-B

Bore data at Dimni bridge site

m—a———

Reduced Depth below I Depthof Nature of soil

level bed level { the strata B B
ft in. ) it in.
51177 a 0 — iround level
501.21 w6 10 ¢ Sand mixed with soil
494,71 17 0 6 6 Sand
489.71 22 9 & 0 Blackish soil with sand
479,71 32 0 10 0 Yellow Padua soil
' ’ 31 i ittle
: 19 O Yellow Padua &dil with litt
10974 , Y kankar
448,71 83 0 a4 U Yollow Padua soil mixed with

kankar

3. TYPE AND DETAILS OF BRIDGES

3.1, Type

Table 1-A reveals that the average height between the forma-
tion lele and the lowest level of foundation is a.mppro‘xxmately 35
£t out of which 40 ft are below the bed of river in a _aartx)lg'
strata. In such a case, well foundations are unavoid : 0-
Economic span for these conditions would be in tho vm(lim Sr’x o
120 ft to 140 ft. Superstructure may be either balance caand
lever R.C.C. T-beam and slab or prestressed concrete gxrderst d
R.C.C. deck slab. The State P.W.D. proposed R.C.C. supers (;’l;)
ture on masonry piers. However, among the tenders regelge iersx;
the department, the tenders of Messrs Gammons with R.C. t‘ ;;' ors
and prestressed concrete superstructure, being the lowes o
accepted. Relative economy in the consumption of c(e)meﬁo ond
steel in the prestressed concrete design over the R.C.C. alternsg
tive is discussed under Statistics (Section 8).

'

3.2. Details

ions, pi idges are

The foundations, piers and abutments of all the brid, -
similar with slight variation in the heights. The su;]);r?ﬁ'ucav

tures of Dimni-and Didi bridges are §dentlcg,1 while at Bud! adrr
bridge, three girder system is adopted in place of the four girde
gystem of Dimni and Didi. _

9
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Table 2-A gives the spans which are actually provided.
TasLe 2-A

Spans and lengths of bridges

[ (

T h
Length of Total longt
i

| . .
S. Sy | Numboer  Span (4C n including
No. Bridge at of spans  of piors tn'u}rrlllr return
structure walls
ftoin. fi in. {t i
\' 130 1 )
1. Dimni 3 132 0 392 2 146 2
{ 130 1
(125 01
D) |
2. Budhara s i A T
: 125 0 J
130 1)
3. Didi PO i 524 2 578 2
[ 130 1
Details of bridges are given in Table 2-B.
TasLe 2-B
Salient features of bridges
' Didi & Dimni bridges Budhara bridge
Particulars | Four girder systom Three girder system
span 132 -2 in. span 127 ft-0 in.
|
{(Note—Plate II gives goneral details of Dimni bridge)
1. FOUNDAT1ON—colcrete (1 : 3) twin wells

(a) Below piors Quter diameter — 16 ft — 0 in, {Refer Plate

(27 £t — 9 in. long) Inner »» — 10 ft — 6 in,
(b) Below abutments Outer ’ — 16 ft — 0 in. ( Refer Plate
(29 ft — 9 in, long) Inner ’ — 11 ft — 6 in. { V.

WELL CAPS—R. C. C. 1 : 2: 4 high grado mix

27 ft — 9 in. X 16 ft —~ 0 in. X 24 in. thick
29 ft — 9 in. X 18 ft —~ 0 in. X 320 in.
PIERS—R. C. ¢, 1:2: 4 high grade mix, cellular typo (Plate III)

. X ) { Semi- )
28{t—6in.X6{t—6in, | circular | 244 ~ 2in. X6t
12 in. thick 1cut and 8 in,

(a) Below piors
(b) Below sbutiments

’

Overall size

(a) Outer wall
ease 8 in, thick
wator
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TaRLE 2-B contd.

" Didi & Dimni bridges
Four girder system
span 132 ft — 2 in.

Budhara Bridge
Three girder system
span 127 ft — 0 in.

Particulars

{b) Cross walls 4 Nos. 6 in. thick 3 Nos. 6 in.
(located below thick

@ 8 ft—0 in, ¢/c.

each main girder) @ 5 ft—8 in. centre to centre

4. PIER CAP—R.C. C.1:2: 4 high grade mix 1 ft—6 in. thick
(Plate III).
29 {t—0 in. X9 ft—0 in 96 ft—6 in.X9ft 0 in..
) (Semicircular ends)
5. BEARINGS—R. C.C.1:1:2 mix special grade (Plate V)
18 ft—6 in. X0 ft —9in.X1{t~6in, 17 ft—9} in.X0 ft
~9in.X1i{t-6in.
6. MAIN GIRDERS—special grade concrete 1 : 1} : 3 (prestressed)
(8) Overall depth 6 ft—10 in. 7t —0in.
(b) Top flange (deck= 0 {t—6 in. thick 0 ft —7 in. thick
slab 23 ft wide)
(¢) Bottom flange 154 in. X 10 in, 164 in. X 9 in.
(d) Thickness of webh. (Plates VI & VII}
at the centre 5in, 5% in.
at the support 15 in. 16 inu
{e) Diaphragms 6 in. x5 ft—6 in. 6 in.X5 ft—7% in.
@ 15 ft—"T7% in, ¢/c. @ 20 ft—1% in. centre
t,0 centre
(f) Cables 74 Nos. 68 Nos.

19 each in outer beam 23 each in outer beam
and 18 each in inner and 22 in inner beam
beam

Cables projecting out 14 Nos. 16 Nos.
from deck slab
(g) Spacing of main 5 ft—6 in, 8 ft—0 in,
girders,

(h) Clear roadway 22 £t~0 in. with 9 in. kerbs on each side

7. PARAPETS Pipe railing (3 tier) carried through precast
R. C. C. posts spaced at 6 {t cfe.

8. ABUTMENTS & RE~

R. C. C.1:2: 4 high grade mix-box type end
abutment with front and return walls in
beam and slab construction, the walls being
stiffened by a centrally placed counterfort
in the front wall and cross ties between the
return walls...... all of them anchored in well
cap slab. A portion of return wall is canti-
levered out beyond the rear face of well cap.

/ (Refer Plate IV). -

TURN WALLS
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4. SPECIFICATIONS AND PERMISSIBLE STRESSES

Brief specifications of various structural materials uged in
the construction work are as follows

4.1. Concrete

Specifications of conereto mixes for various parts of the
bridges aro indicated in Tablo 2-B. Coarse aggregate for all
R.C.C. work was obtained from quarries of black trap near
Gwalior, whilo sand was obtained from Chambal or Sindh river
as Kunwary sand is not found suitable for the purpose. The
mixes were batched by volume and thoroughly vibrated in order

to get the specified strengths. Ordinary Portland cement of ISI
specifications was used.

4.2, Colcrete

From the view point of composition, colerete is in between
concrete and stone masonry. The process of casting is very
quick. Rubble upto the maximum size of 9 in. is packed between
formwork. Cement and sand in the ratio (1:3) are mixed to
form a slurry. About 7 gallons of water are required per bag of
cement. The slurry is carried through pipes and injected in the
voids of packed rubble under pressure. The slurry fills the voids
and a dense mass having a strength equivalent t0 1:3:6 cement
concrete is formed. The colerete is used for well steinings and

bottom plug. 100 cu. ft. of colerete require about 10.5 bags of
cement, ’

4.3 Steel

Tested mild steol was specified for R.C.C. works while high
tensile steel having an ultimate strength of over 100 tong per 8q.
in. was used for prestressed girders.

4.4.  Anchorages

The girders were prestressed b
method. The male and femal
were imported from France,

¥ Freyssinet post-tensioning
€ cones required for anchorages

4.5.  Permissible Stresses jn Concrete and Steel

Permissible stresge

8 in concrete and steel, specified above,
are as follows :

ik
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(A) Special grade concrete I:13:3 mix 1b per sq. in,

(i) Cube strength at 28 days (6 in. cubes) 5000
(ii) Ultimate tensile strength 500
(iii) Permissible permanent compres- 1667

81ve stress
(iv) Permissible compressive stress
during prestressing 2100

(v} Permissible tensile stress 167

(vi) Young’s modulus ¥, 5% 108
(vii) Modular ratio m 6
(B) High grade concrete | : 2 : 4 mix ;

() 28 days cube strength 3000
(i) Permissible compressive stress 950
(iii) Shear or tensile stress 95
(iv) Modular ratio  m = 15

(C) Mild steel

(i) Permissible tensile stress 18000
(ii) Permissible compressive stress 18000
(iii) Young’s modulus Z, 30x 10¢

(D) H.T. steel .
tons per aq. in,

(i) Ultimate strength 100 to 110
(i) 0.1 per cent proof stress 80
(iii) Permissible stress 66

(iv) Final prestress with 15 per cent

-losses 56
(v) Young’s modulus E, 29/ 30x 108 1b per sq. in.

5. DESIGN

It is not possible in the scope of this Paper to give detailed
designs of all parts of the bridges. Important features only are
discussed below, The bridges are designed for I.R.C. Class A,‘
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two train foad. Maximum velocity of #Hlood is assumed to be
13 6 por second for the design of piers and wells, The design i8
based on conventional elastic theory,

5.1. Foundation

() Safe load on foundation

Maximum depth of foundation below the lowest bed level i8
37 feet, 50 fect and 44 feet for Dimni, Budhara and Didi bridges
respectively. It has been pointed out that bed strats at this
depth is yellow soil mixed with kankar. Safe load on foundation
at a depth of, say, 37 fect, hy assuming purely sandy bed and
purely clayey bed, works out to:

First assumption : purely sandy strata

Assume water table up to the bed level

= 1x BN, 4Dy ¥, - D | ()

o
2% 3240 { 7
where ¢ = safe load in tons per square foot
B = the width of foundation in ft
7 = unit weight in b per cu. ft,
N, = bearing capacity factor
N, = ' ~do-

N, and Ny gepend upon the angle of repose of the sand. Assum-
ing ¢ = 34°, values of N, and N, are taken from ¢ Foundation

Engineering’ by Peck, Hanson and Tornburn, page 22¢ :
N, = 25
N, = 25
B = 154
Dy = 314

r = 110 ib per cu. {t.

Substituting these values
g = 8.8 tons per sq. ft, e (a)

Second assumption : Fully clayey sosl

(when Dy =0, g = 1.5 tong per 8q. ft. at the bed level)

Photo 2.

Traffic on Didi bridge

Photo 4.

Girder system of Didi &
Dimni bridges, view of
the underside

Phota 3.

Budhara bridge under
cémstruction

- N
N \‘\

Photo 8.

Girder system of Budhara
bridge



Photo 6. Photo 7.

Diver’s equipment Diving in the well

Photo 8. Photo 9.

Test load of Dimni bridge Measuring of deflection on

Dimni bridge
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Assume compressive strength of the soil ¢, =8 tons per sq. ft.

g =095 x ¢. (1 4+ 0.3 ﬁ) (11)

I

B = width of pier = 151{t .
L = length of pier = (27.75—1.75) = 26 {t
q = 9 tons per sq. ft. e (D)

In formulae (i) and (ii), values of ¢, » and ¢, are to be found
out by actual field experiments. No such experiments were
carried out but safer values were assumed. These calculations
are made only to have a rough idea about the safe bearing
capacity of soil, assuming it was either purely sandy or purely
clayey. Actual nature of soil being different, a safe capacity of
7,t0”3 per sq. ft. has been assumed in the design of founda-
tions. While deciding this figure, foundations of existing
bridges across the Kunwary and other rivers in this region were
studied. Full load test on Dimni bridge and on the wells of
Budhara bridge proved that the assumed bearing capacity of 7
tons per sq. ft. was quite safe.

(b) Well steining and well cap below piers

_ Design load and moments for wells below central piers of
Dimni bridge are as follows:

(i) Dead load from superstructure
pier and wells deducting the

effect of buoyancy 867 tons
(ii) Live load 230 tons
(iii) Moment in the direction of road 2120 {t tons
(iv) Moment in the direction of 1876 ft tons
current

Maximum pressure on steining is 12.75 tons per sq. ft. which
can be safely borne by colecrete without reinforcement.
Eowever, 45 number of } in. diameter vertical bars and } in. dia.
circular rings at 3 ft centre to centre were provided in the stein-
lng in order to withstand constructional stresses during sinking.
The well cap below piers is designed as a freely supported circular
slab with an effective diameter of 11 ft 6 in. Bending moments
thus obtained are reduced by 20 per cent to allow for the effect of
partial fixity. In the case of wells supporting the end abutment
and box return walls, direct load is 1305 tons. The moments in"
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both the directions are much less than those for contral wells.
However, the diamcter of end wells is increased by 1 foob
(11 f6 6 in.) in order to accommodate the abutment and return
walls properly.

5.2. R.C.C. Cellular Piers—Dimni Bridge

' Maximum hcight of pier shaft between the woll cap and the
pier cap is 38 f6 0.in. Tt is designed for a direct load of 630
tons and a moment of 1193 foot tons in the direction of road and
468 foot tons ”}.the perpendicular dircetion. Maximum pressure
on the pier is 334 1b per sq. in. compressive and 36 1b per sq.
in. tensile. As such, uo vertical reinforcement is necessary.

However, nominal reinforeement wus provided for temperature
and shrinkage eflects.

(a) - Haunches

The haunched portions between the outer walls of pier shaft
and th(_a cross wall.s are designed as columns carrying all the load
from girders. _ With this assumption even though no reinforce-
ment Is required in the columns, .8 per cent reinforcement is
provided in the section of the Launch.

f<—24"—>] |
{ 1:2'
_
}
3" /

i

b~
Fig, 1

(b) Piers walls

The piers being hollow, the outer walls are designed for

horizontal water pressure which increases wi :
w
The walls span over 4 cross walls ith the depth of pier.

5.3. Superstructure

The section of the bridge with gir
girders and the deck slab is
ltrea,ted as & homogeneous section subjected to dead ?.oa?icarfdalive
c_»a.d bending moments, The same mix of concrete is used in
girders and slabs. The deck slab, which is treated as the top
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flange of the section, is provided with sufficient mild steel
remforpement agsuming it to act as a R.C.C. slab continuous
over girders and cantilevered out at the ends.

5.3.1. Distribution of load on the girders

A homogeneous section presupposes that any superload on
the bridge will be borne by the entire section. This should

result in identical bending stress (:7}{) at any horizontal plane
of the entire cross section. The identical stress can occur only
when the reaction on each girder is equal (i.e., R = %7-, where 7

is the number of girders), irrespective of the position of load
along the width of the deck. It is doubtful whether this effect
could be achieved cent per cent. The share of load by each girder
will vary, firstly, according to the distance of the load from the

-girder and, secondly, according to the nature of connection

between the deck slab and the girder. The deck slab is rigidly
:ﬁ)m;ected to the girder but there is only a partial fixity between
e two.

. When L.R.C. Class ‘ A’ trains move very close from the kerb
line, the outer girder on that side shall take a greater share of
the live load ; whereas at other positions of the trains the inner
girder may take the maximum share of load. But the results
obtained by this analysis will have to be modified on account of
the following considerations : ’

(i) Had there not been diaphragms rigidly fixed to the
main girders at intervals, the unequal reactions
might have created differential deflections in the
girders. But the diaphragms try to equalise these
differential deflections which, in turn, should in-
fluence the distribution of load on the girders.
During the testing of Dimni bridge, equal deflec-
tions were recorded in all the four girders.

(ii) Secondly, the section of the bridge is comparatively
much thinner than the section of a similar R.C.C.
bridge of the same span. It has been noticed on
Dimni and Didi bridges that even a small live load
creates vibrations in the bridge. This indicates
higher resilience in the structure.

Tt is rather difficult to calculate the maximum share of each
girder exactly. For the purpose of design the effect of the live
and dead load is assumed to be equal on all the girders but the
live load moment is incressed in order to account for such

10
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shifting of live load in the width of bridge that may create
maximum reactions on tho inner or outer girders., The ratio of
the ¢ design live lond moment ’ and the ¢ actual live load moment’
is termed as tho Side shift factor.

5.3.2. Side shift factor

For a particular clear roadway, the side shift factor is
governed by the number of girders and their spacing. It is taken
as the mean of the maximum reaction factors for inner and
outer girders. The position of trains in each case would be
obviously different. Two support conditions are assumed
in the ealculations :

(i) The deck slab resting on elastic supports of girders.
(ii) The deck slab acting as a continuous slab over firm
supports of girders,

Maximum reaction factor for, say, an outer girder, is the
mean value of reaction factor obtained in case (i) and case (ii).
Fig. 2 gives the position of live loads that would create
maximum reaction on the girder under consideration. 'The
values are given in Table 3.

TanLe 3

Side shift factors
For Class ‘A’ Loading, 2 lanes

Reaction factors

Condition of support Four girder system | Three girder system
Quter Inner Outer Inner
girder girder girder girder

Flastio supports 0.642 0.549 0.831 0.870
Firm supports e 0732 0.493 e.727 0.852
Mean reaction factors 0.688 0.521 0.779 0.761
Mean reaction on each girder ... 0.608 0.773
Total effective load of 2 trains... 2418 2,32

Average side shift factor 1.200 1.18

—

TRESSED CONCRETE BrIDGES AcRoss KUNWARY River 307

(A) ELASTIC _SUPPORTS
(A)l. FOUR GIRDER SYSTEM *(INNER & QUTER GIRDER)

W
12

I S S
—“‘-‘j 60 T"F4~ 7_{_"‘5”[" ““”\'
[ sy —
s A . $ .
18" 5.6 ——pe—— 5-6 — §-C 2-974
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(A)2. THREE GIRDER SYSTEM -(INNER & OUTER GIRDER)

¥ ¥
41»(?'—— 6'~O”~-~vl<‘ 4" 5"~4'3-:—— ¢-0"- a;%
t ? ? pusms |
e 50" 8. Q" —$——' 80— 3.0
{Ax By Az

(B) FIRM SUPPORTS
(B)! FOUR GIRDER SYSTEM — OUTER GIRDER

¥ ¥ . "

4LE . 6.0 ¢-o .E,'p-

..4.41..‘, -0 ..,ji r \
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FOUR GIRDER SYSTEM - INNER GIRDER (B1)
¥ ¥
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(B)2. THREE GIRDER SYSTEM - OUTER GIRDER
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THREE GIRDER SYSTEM - INNER GIRDER
¥ 0" ¥ ok §L0™ ¥

i b—weo_j:-uﬁ co..t _

ws‘%/ glo"~ ~~:‘/‘..T<—J 8.0 - v:é:'o'f‘i

Fig. 2. Position of Class ‘“ A" loads for tnaximum reaction




J08 Parin'& KAND ON

5.3.3. Girder system

The analysis given in Table 8 reveals that the average side
shift factor for four girder system is 1.209. It moans that
the distribution of live load on account of the arrangement
of girders is such that homogencous scction of girders and slab 18
required to be designed for 20.9 por cent more bending moment
than the actual bending moment of two trains. It can, therefore,
be argued that if the number of girders in a fixed roadway
is increased, the total load on cach girder is not reduced in the
same proportion. It follows logically that tho lesser the number
of girders, the smaller is the side shift factor. It is obvious
that in one girder system the side shift factor is uniby.
The factor varies directly with the number of girders. From this
view point one girder system is the most economical system
of girder and slab bridges; but this cannot be adopted
extensively on account of practical difficulties. Two girder
system has been adopted economically at many places, e.g.,
Mahi bridge at Vasad in Bombay State.

In the opinion of the Authors the three girder system gives
s more rigid structure than the two girder system and is the best
system of girder and slab bridges. The side shift factor
for this system at Budhara bridge is 1.16 which is less than the
same for the four girder system of Didi and Dimni bridges.
Secondly in the three girder system the total dead load of girders

and slab shall be less than the same for the four girder system’

which results in reduction of dead load bending moment also.

If economic design is carried out, the reduction in totaldesign
bending movement of the three girder bridge in comparison with
the four girder bridge would be between 5 to 10 per cent. Thus
in the three girder bridge there is saving in the cost of concrete,
steel and also centering as one girder is eliminated. Actual
reduction in the overall rate of Budhara bridge in comparison
with Didi may be seen in Table 7.

5.3.4, Economic spacing of girders

) In a particular girder system for a fixed width of roadway,
if the spacing of girders is varied, the reaction factors also vary
accordingly. There is a particular spacing which may give the
minimum reaction factors and hence most economical design for
that system. This spacing should be such that the design
of deck slab also is economical. The girders should be as close a8
possible because thereby the length of piers can be reduced which
leads to economy in the cost of substructure. On investigating &
number of alternative spacings in the three girder svstem for
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) .
‘gfé} a.}r‘xd 24 ft. dee' ro'adways, the Authors are of the opinion
et the spacings indicated in Vig. 3 give economical design.

Y L, | S
‘w
J * ! | !
:éa" l( L';
b 340 e e 708 - e 718" e 510"+
22  ROAD-WAY

s 240" - ol -
. R ’J I '
% 84" % 8-4" M‘d'ﬂ"—{
24 ROAD-WAY

RECOMMENDED SPACINGS OF THREE GIRDERS

Fig. 3

The reaction factors and side shift factors for these spacings are
g1ven in Table 4.

TasLE 4

Recommend_ed three girder system

j Reaction and side shift factors

{Class * A’ loading, 2 lanes)
8 R e
. . 22 feet roadway 24 feet roadway
No. Particulars spacing 7 ft 8 in. c/c | spacing 8 it 4 in. o0
Outer Inner Outer Inner
| girder girder girder girder
1. Elastic supports . 083 0.667 0.887 0.667
2. Firm supports .. 0.768 0.817 0.834 0.811
8. Mean reaction 0.801 0.742 0.860 0.730
4

8ide shift factor 1.188 1,200




310 Pari, & Kanp on

The recommonded spacings and sidoe shift factors can be
adopted for R.C.C. as well as prestressed conereto girder and
slab' bridges of any span, subjected to LR.C. Class ‘A’, 2 lane
traffic. If the bridge is to be designed for Class *A A’ loading also,

the same spacings will be all right. Maximum design live load
moment may, howover, chango.

5.3.5. Stresses and ultimate strength

(i) Stresses—Propertics of the central section of the
girdors, dosign moments and stresses at various

gtag‘gs for both types of girder systems are given
in Fig. 4.

(ii) First crack—1It is worth while to investigate the live
load which will cause cracks in the bottom fiber.
The first crack may appear when the total tensile
stress is 500 1b per sq. in. In case of Dimni bridge,
if extra load that would create a stress of 522 1b
p-8.1. tensile at the bottom fibre is added, the section
shall start cracking. Calculations indicate that
thlg load is 44 per cent above the load of two Class A
trains. The factor of safoty against first crack is,
therefore, 1.44 with respect to live load and 1.155
with respect to the total specified dead and live load.

(iii)  Ultimate strength—Exact analysis for the ultimate
strength of a prestressed concrete section under
flexure is a complicated theoretical problem because
both steel and concrete are generally stressed
beyoqd then: elastic range. For the purpose of
practical design, empirical formulae based on the
tes_;t.result.s are available. Such formulae presuppose
critical failure in the flexural. The behaviour of
prestressed member  after progressive straing
causing tonsile cracks in the region adjoining the
cable is somewhat analogous to that of an R.C.C.
member. Varjous formulae have been developed to
predict the failure capacity of well balanced
sectl‘ons.. According to the formulae specified in
the ‘Criteria for Prestressed Concrete Bridges”,
the ultimate flexural strength in the case of the
Dimni bridge is 2.14 times the ‘design maximum
bending moment. The factor of safoty against
ultimate strength is, therefore, 2.14.

6.3.6. Frictional losses and extensions

In post-tensioned s
; | ystemn of prestressed concrete forces
applied at the jack end are not fully transmitted in all the parts
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of the cable on account of the friction developed (i) in the jack
and anchorage, (ii) between cable surface and the body of
sheathing material or concrete and (iii) on account of the
designed profile of the cable. The friction is calculated by
B.M. Cooley’s procedurc. Frictional losses are halved if the

cableg aro stressed from both ends, Fven then the total friction

in some cables is as much as 20 per cent of the force applied. In
such cases if a stress of 66 tony per square inch is to be developed
at the centre of span, the pressure required to be applied at the

jack end is é’%-_:SZ.G tons per sq. inch. Table 5 gives actual

recorded extension of one cable. 1t should be noted that from
the recorded manometer readings at least 6 per cent to 8 per cent
losses will have to be accounted for jack friction. Hence, actual
stress on cablo is about 93 per cont of the reading. For
420 kg/em® the stress in the cable =81.00 tons per sguare
inch.

TaBre 5

Extensions of cables

Manomeoter reading in Elongation in inches |
kg por sq. em. Lenyth of cable 130 £t 13 in.
q, R A - R . \\ Tot“l
No. 'l Right | Lefs Right Tofy | cXtension
bank f bank bank hank }
1. 100 100 10{16 14/16
2. 150 150 14/16 1116
3. 200 200 1-17/16 1~-11/18
4. 250 250 I—14/16 2—3/16
5, 300 300 2-=7/16 2~12/16
G, 340 340 2--12/16 3—~7/16
7. 400 400 3716 4—2/16
8. 420 420 4~-2/16 4—3/18 8—~11/18

After locking and dewed-"

N > )
ging, locking prossuroj 4—1/10

18 constant at 480 kg + 4—8/16 =  8—p/i6

per 8q. cm, 8t both ends

Note: Table 5 gives elongations of cablo No. & in the i i f the
first span at Didi bridge. in the inzer girder o

Elongation actually obtained oo 8—~9/18 in.
Calculated elongation N 8~1/2 in,
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6, CONSTRUCTION
The unusual problems deseribed below which came forth
during the construction of these bridges were mainly t'rvo,
“shifting and tilting of wells at Didi bridge” and ¢ artesian
fountain in the foundabions of Budhara bridge.” The sequence

of casting the girders and stressing the cables also needs to bo
mentioned.

6.1, Shifting and Tilting of Wells at Didi Bridge

At Didi bridge ono of the central wells was partially sunk
before the monsoons of 1956. It was left in that state on
account of floods. During the floods the well shifted bodily by
10} inches and there was also some tilt. To remove the tilt,
Uheven loading was employed during the remaining sinking.
When the well reached the depth of plugging, there was still a
bilt of 3} in. which being less than 1;60th of the depth was allowed.
It was, however, not possible to remove the shift altogether.
The defect was corrected by cantilevering out the well cap
suitably towards the upstream side in order to orient the pier
shaft correctly.

6.2. Artesian Spring in Well Foundation
(a) The spring

At Budhara bridge, while sinking wells for pier No. 8 noar
the right bank, an artesian spring having a constant discharge
of 1.5to 2 cusecs was encountered at R.L. 39.50, about 43 feot
below the bed level. The spring had a hydraulic head of about
62 feet from the level where it was tapped. Dewatering the well
by pumps for putting in 3 ft 6 in. bottom piug of colerete was not
possible in the powerful spring. The problem was rather
formidable.

Such a phenomenon is not heard of in any of the bridge
foundations in this region which is not known for artesian
conditions, The causes of the spring, therefore, cannot be
ascertained exactly, Artesian springs arc generally encountered
at greater depths. In this case the depth was only 43 fect. It
Wwould be a problem worth investigation by employing seismic
methods to study the lower strata.

(b) Process of plugging the wells

The wells were sunk to the designed depth. Dredging in the
wells was stopped when it became oxtremely diffienlt to excavate
further. The main problem was how to carry out colerete plug-

11
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Irig. 5. Plugging of wells in artesian spring at
Budhara bridge, pier No. 3.

ging under flowing water. This was effectively tackled by
raising the well steining above the bed level upto R. L. 102.50
and making it fairly water tight. The spring water rose upto
I. L. 101.50 and having lost its head and velocity remained
steady at this level. When no more rise was observed for a fow
days, further work was commenced.

In one of the twin wells, a 2 ft 6 in. layer of boulders was
packed at the bottom with the help of a diver. The diver was
again sent inside with a hose pipe conneccted to a plant which
supplicd cement and sand slurry at pressure. At the bottom
most section 1:1 cement sand slurry was injected at a pressure
of 75 Ib per sq. inch for a few inches and then 1:3 mix for the
remaining depth, During colereting it wag observed that no
particle of cement or sand came to the surface of clean spring-
water. The same process was followed in othor wolls, Thus a
total bottom plug of 10 ft was colcreted in 8 shiftg (4 shifts for
cach well). Water in the wells was then pumped out and extra

steining was dismantled. Fig. 5 illustrates the process of colere-
ting under water.

In other wells where such a spring was not tapped, only
31t 6 in. bottom plug was provided. In thiy caso, 10 ft p]l’Jg was
felt necessary in order to withstand the upward thrust of the
spring. This was purely a practical decision.

(c) Testing of wells

On account of the existence

of strong spring below, it
was feared that the spring

might cause some trouble in future

i i
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Hence, before proceeding with further work, it was decided to
test the cflcct of design dead and live loads on the well. The
wells were loaded by means of sand bags weighing 668 tons.
They were equipped with an arrangement to measure sinking to
the accuracy of 1/24 in. After cight days of loading, no settle-
ment was recorded, The work was, therefore, continued further
with confidence.

The same spring was met with below pier No. 2 and it was
dealt with in a similar way.

TEST LOAD =663 TONS
l. 16500 GUNNY BAGS FHLLED
WETH  SAND

SCALE

L TIMBER STRID FIXED
TO  STEINING

S le——10tglyd

N

15-9 oy

FILLING

% Lo’eor-rom PLUG

SPRING

Fig. 6. Budhara bridge, testing of wells at pler No, 3

6.3 The sequence of concreting and stressing the cables

The procedure of concreting and the sequence of stressing
cables in case of one of the bridges (Budhara) are as follows:

Casting of main girders of one span (127 ft centre to centre
piers) required about 12 days. Seven days after this, the work of
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arranging reinforcement of deck slab was taken up which required
about a week. Two lower cables in cach girder were then stresse(%
and the deck slab was coneretod in the next weck. Another 46
cables were strossed 7 days after the last batch of conerete “:a,s
poured in the deck slah, at the rato of 8 cables per day. The
bottom centering of girders and deck slab was then removed.
The remaining 16 cables which project out through the deok
slab were stressed after laying wearing coat and fixing the
railings. The sequence of stressing was such that at no stage

immediate temporary stress in the concrete was more than
2100 1b per square inch,

In case of Didi and Dimnj bridges, out of the 74 cables,

only 4 cables wero left to he stressoed after putting wearing coat
and railings.

1. TESTING OF DIMNI BRIDGE

The construction of Dimnj bridge w
monsoon of 1958. There were no constructional! difficulties as
such. The extensions of cablog actually obtained tallied with
the theoretical values. Similarly, compressive strengths of
6 in. X 6 in, X6 in. concrete cubes, taken from timo o $ime during
construction, were in no case losg than the specified strength.
Yet, this being the first prestressed concrete work constructed
by Madhya Pradesh P.W.D_ it was decided to test the bridge for
fulllive load. The test was carried oyt by the simple ficld mcthod
recommended by Shri S. V. Natu *, Th&t Pa,pep recommends that
the bridge should be tested for three loads.

1. Tull live load with impact.

2, For load causing
bottom.

as completed before the

permissible tensile stress at the

3. For load causing first crack,

the extensions in some
less than the theoretical extensions

these defects, perhaps, Bhima bridge
loads. Since no such difficulties
live load with impact was conside

was tested for the above
arose at Dimni, testing for full
red adequate.

Table 6 gives the result of the test w
by photographs. A load of 265,000 11 g
22x 20 ft placed at the centre of the

hich is illustrated
pread over an area of
Span, would cause design
* Paper No. 180 —* Load Testing of the Prostrossed Concrote Bridgé

across Bhima River at Takli on Sho]apur—Bijapur Road | vol. XXTI-Part )
of the T.R.C Journal, February 1957, ) i

g o r\ u 1, k) 7
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TArLE 6

Load test-deflections

Particulars Beam 1 eam2 | Boam 3 | Beam 4
———— el [7 , \
I. DEFLECTIONS WHILI ! !
INCREASING THE LOAD i |
FROM o TO FULL LOAD
(17-7-58) . " 5 0.75
25 por cont lnad ‘ 0.75 0.75 | (,)17;6 1.63
50 per cent Joad 1-9“ ‘1)'60 ; 250 2.50
75 por eent load : ?"’“ ! “?:: L 360 3.50
100 per cent load L ] - J
{
|
2 DEFLECTION 24 HOURS ' ! | 4.00
AFTER LOADING . 4.00 IR 4.00 '
i i
3. UNLOADING AFTER : f |
36 HOURS ON 19.7-38 , | ! 0 4.30
At the beginning 1 4-;}0 i gg?) ! ggo 3.50
75 por cent load g':'” ! 01.;() } 2:90 2.90
50 por cent load ;'JO 200 | 200 2.00
25 per cont load o200 o 40 0.40 -0.40
0 per cent load 0.40 ; ’
; | |
4 DEFLECTION § HOURS | | ; :
LEC § L i .30 0.30
AFTHR UNLOADING 0.30 ] 0.30 | 0
———————— r

4.30 .
Actual deflection 5 = 0.86 in.
Theoreticnl defleetion 1.1 in,

i This
live load bending moment of 7.64x 10® ft 1b at the centre.
oading lwaesny()l\!lxt:gon 17th July 1958 and regdin.gs_ Werghtakferlxlatlsoig
intervyl of 25 per cent load. After ma,mta,mmlgI 1 elQ’;IS ond
or 36 hours unloading was comn.lenced on 19.thd uly ‘r'e .foil-nd
deﬁections z’n.b various loadings in all the gir ers vIv;: > found
identica), The maximum deﬂec.tlon was 0.86 "ilah  as loss
th‘?“ o thooretical nglue Whircllilnglsa llirllilfglrmB;aitios throughout
Value j ed assu ]
the girdirC&lzl:zlt:fally, ythe section increases g:%dually égzv‘:é‘g:
e end (;f span. Considering this f_act, the di egeréf:
actual defiection and calculated value is not appreciable,

8. STATISTICS

8.1. Comparative Study

Tenders for Dimni, Budhara and Didi bridgti;% w:ll;ee i?’:;i)tlei(ci
on the basis of R. C. C. bridge designs prepared by
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Works Department. For Dimni bridge, the Department pro-
posed 6 spans of R.C.C. T beam and slab spaced at 66 feet
centre to contre and supported on coarsed rubble masonry piers
(1 : 6 cement mortar), which were to rest on twin well foundations
of 1:3:6 cement concrete. This alternative would have required :

864 tons
150 tons

Cement
Mild steel

whereas the approved design of Messrs Gammons required the
following quantitiex apporoximately :

Cement 520 tons
Mild steel 110 tons
H.T. steel 16.5 tons

It should be noted that the approved design provided R.C C
substructure which consumed considerable quantities of steel and
cement in comparison with the coarsed rubble masonry sub-
gstructure of the alternative. Even then, there is appreciable
gaving in steel and cement. This is, firstly, on account of
reduction in the number of piers and wells and, secondly, on
account of the adoption of prestressed concrete superstructire.

8.2.

Table 7 gives approximate requirements of cement and
steel for the ‘entire bridge’ and also for the superstructyre c;n]
of the Dimni, Budhara and Didi bridges. Approximate total
cost of bridge proper and per running foot, square foot and
cubic foot costs in each case are also included in the Table, Tt j
quite clear that probable consumption of cement and H T Stel.‘;
and per running foot cost of Budhara bridge Whel.‘e.thre
girder system is adopted is less than that for four irdee
bridge at Didi. The statistical figures thus S“Pportg t}c:r
discussion in para 5.3, e

Economy on account of three girder system

8.3. General statistics

Average rate of these bridges
running foot. This is based on the
prevailing in 1956. Since the present
are about 30 per %ent higher than the r
were based, probable present rate of a simil i
Rs 1,800 per running foot. Percentage cost Ofag@l;;ggte awr?llﬂdt b?
shall be approximately as given in Talle g Table (3"‘ $e
indicates per running foot requirements of these l.naterials vme

works out to Rg 1,685 per
rates of cement ang steel
rates of these materialg
ates on which the tenders

‘REsTRBsSED Conerirr Bripars Across Kuvwary Bivee
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Statistical data of bridges
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(2) Figures in the brackets indicate the quantities of materials in the superstructure only.
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TasLe 8
Consumption of cement and steel
(In entire bridge)

1
Quantity Lor cont cost ‘ DPor cent cost

| outhe 1956 :on the proba-
: > rit, > 1
3. No. Matorial poll“,f(lmef | rate of | blo prosent
I ors Bs 1685 por | rate of Rs 1500
| rft. | por rft,
o , S I o
- B S —
1. . Coment . 1.2y 7.8 0.3
|
i ‘ ‘
a2, i Mild stecl .29 12.0 14.7
. i
3. } H.T. steol 0.041 3.0 3.7
1. | Reomaining materials - ) 71.5 7.3

j and labour ote,

9. CONCLUSIONS

On studying various as
of bridges across Kunwary
Authors are as follows :

1. The design flood discha
related to the maximum intensit
ration.a,nd other hydraulic characteristics of the catchment.
Empirical formulae alone should not be relied upon.

2. Three girder bridge is economic
bridge for 2 laue traflic. If the girders are suitably spaced,
maximum economy in the superstructure g well as in the
substructure is possible. In the opinion of Authors, & ft 4 in.

spacing for 24 feet roadway and 7 {4 8 j i ft
roadway can be treated ag ideal Spacing, 0. spacing for 22

pects of the design and counstruction
river, principal conclusions of the

rge at a bridge site should be
¥ of rainfall, time of concent-

al than the four girder
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SYNOPSIS

The Paper presents sn approach to the problem of integrated high«
woy planning, based on & pattern of roads designated as ** Crystal Pattern ”,
with special reference to Uttar Pradesh.

The fundamentsl requirements of highway planning in respect of
accessibility to s road and road milags on ares basie are considered and the
&gplmation of theso prineiples in the evolution of the Crystal Pattern Formula
of road planning isdeseribed.

The merits of this pattern are discussed in detail and the targets of
Aifferont olasses of rosds obtained by its application are given.

. The proparation of & Master Plan of roads for any area by the applics=
Jion of the method described in the Paper is aleo explained.

1. INTRODUGTION

L1 Highways are the life-lines of & country and provide
facilitios for the free and economic flow of men and materials

* Executive Enginner l;larming, “Public Works Department, Uttar
Pradesh. . . ~ L ,
12
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from place to place. Apart from the transport of commodities,
a good highway system also helps in the cultural, social and ethi-
cal development that follows. Roads are also required for the
development of industries in the countryside or to bring an area
under cultivation or habitation, Tt is rightly said that * 477
progress starts with roads. They lead and civilisation follows.

1.2. Tt is true that roads have existed ever since the dawn
of civilisation. The movement of human beings in different
directions created tracks which later developed into roads of
some form or other in different ages. In India, asin other coun-
tries, the modes of transport in riverain areas were primarily
boats, and pack-animals were used in the interior. The bullock
cart can no longer cope with the increasing demand of the present
age nor the requirements of the future in which motor transport
will play an increasingly important part. An efficient system
of motor transport requires a network of good roads,

Railways 19,225 bassenger coaches
199,094 goods wagons
Road Transport 34,411 buges

85,799 goods and other
vehicles

9,600,000 bullock carts

Water Transport 217,202 India-owned ton-
nage of coasta)
shipping,

This needs further development to meet the in .
demands of the country. ¢ increasing futyre

1.4. In the sphere of development of our hj
tive study of the statistics, ag comga,red to othe Svys, a rola-
tries, given in Appendix I, reveals that Indjg stands at th
rung of the ladder. The country needs to develop its ¢

cation system at least fourfolq to cope with ;
port requirements, p the growi

1.5. In 1943, the Nagpur Plan was drawn y i
S s n ¢
of Grid and Star Formulg, and the targets wereptgen ]f]iexsg ?:
match the needs of the next 2¢ years or 80, but the develo pmen
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in'the country since Independence has been more rapid than
anticipated and has necessitated the evolution of & more scien.
tific and economical approach to road development. The
Crystal Pattern Formuls has, therefore, been evolved to obtain
the outlines for drawing up detailed road development schemes
for any State, or India ag g whole, based on a scientific approach
to the problem.

2. PLANNING AS§ APPLIED TO ROADS

2.1. Roads occupy an important place in the development
of a country ; thejr selection, construction or improvement should
not be haphazarq to become wasteful at & later date but should
be plauned rationally in g scientific and economic manner to
serve the very core of the nation—the rural areas which are the
bulwark of the country. To accomplish this task it is obligatory

growth of population and production, are intelligently investiga-
ted and studied together with the geographical and topogra-
phical conditions in the country.

2.2, Economic and Scientific Planning

2.21. TFor a study of the factors that assist in the scjen-
tific and economic planning of a highway system, the first stage
is to collect the relevant statistics relating to the basic factors
which govern the fixation of targets of road milage in & particular
area for different types of roads, their alignments to suit the
economic needs of transport, and the intensities of traffic to
determine the thickness of road crust, road width, type of sur-
face, etc., to suit the traffic requirements.

2.2.2. The first part is accomplished by a Factual Survey of
the areas known as ‘ Fact Finding Survey . Intelligent
interpretation of the results of such surveys determines other
guiding factors, These have already been discussed briefly by
Shri P, N, Srivastava, Superintending Engineer, P.W.D,, Uttar
Pradesh, in hig Paper No. 186 published in the Indian Roads
Congress Journal, Vol. XX-3, December 1955, The informa-
tion is collected and compiled separately under different heads
given in Appendix II and is plotted on different maps, as
given in Appendix III, for each district as a unit and js then
studied in relation to the adjoining districts,

. ..22.3. The factual information plotted on the maps  will
indicate at 5 glance:

(8) the existing traffic, its direction of flow, intensity
and future trends of development;;
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(b)

(¢)

MITAL ON

tho potentialities of the areas in different sectors
and their need for development of the communi-
cation system ;

present importance of different sectors in relation to
each other and their scope for future development.

2.9.4. A study of these maps will further indicate that:

(a)

(b)

(c)

(d)

(e)

()

(2)

there is a tendency of direct links between towns
and villages having a population above 2,000 in
plains, above 1000 in semi-hilly areas and above
500 in hilly areas, unless they are obstructed by
some unsurmountable natural impediments, and
also for each village or town to link itself to its
nucleus ;

the villages below B00 population are scattered in
productive areas and they cluster round bigger
towns in plains as their satellites. In hilly regions,
the spread over of small villages is observed more in
valleys wherever small areas are available for culti-
vation ;

the number of roads radiating from each village or
town depends upon the potentiality and population
of the place;

the dispersal of traffic in the countryside is like the
roots of a tree spread over the entire area and
converging to a nucleus point, which is symbolic of
a Grid and Star pattern, and which indicates how
the highway plan should be developed so that it will
best suit the needs of the country ;

every big village or town has its own zone of
influence within which traffic is concentrated
towards a nucleus both for inward and outward
traffic, and it is from this nucleus that traffic
proceeds likewise to other bigger towns ;

traffic intensity is in proportion to the population
and produce in the area and develops wherever

production or any industry or commercial centre
is developed ;

natural obstructions like rivers have impeded
development of certain areas which can be
developed by bridging such gaps on the river
crossings. Wherever traffic has not developed in
the absence of proper means of communication,
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TYPICAL TRAFFIC VOLUME DISPERSAL DIAGRAM.

such areas have become the abode of dacoits and
are & source of menace to the social life of the
country ;

(h) there are places in hilly or semi-hilly areas which
are capable of development as health resorts or
which are rich in raw materials but have not been
explored for want of proper means of approach.

3. FUNDAMENTALS OF HIGHWAY PLANNING

8.1. The bullock oart is an ancient heritage for transport
in India. The substitute for an animal drawn vehicle is a power
driven vehiole which has still to develop fully in this country.
But there is no denying the fact that even the bullock cary
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today needs better roads to raise its economic value and it has
to be co-ordinated with motor vehicles. Railways should not be
afraid of the devolopment of roads as they have their own
functions to perform and both the systems can develop side by
side and be more efficacious by mutual co-ordination. Construc-
tion of roads will foster the development of rail transport
by making railways approachable to the interior where they
themselves cannot reach directly.

3.2. It is, therefore, very necessary that & very clear
asgesment of the future trends of development should be made at
this stage and basic fundamentals of highway planning studied
carefully to draw up a plan of development of the future
highway system in the country with proper co-ordination of all
other means of transport.

3.3. Accessibility milage relation in the layout of highway
system

3.3.1. The design of a road system is dependent upon the
accessibility intended to be achieved, be it to any road or to
any place. In the latter case, the target of road milage may
become infinite and it is for this reason that the accessibility to
a road should be considered.

3.3.2. The approach to all places should be as direct as
possible within the framework of the road system so that the
length is minimum and thus economical to construct and
maintain.

3.3.3. The length of the road system is dependent on the
form of its layout and vice versa. It is expedient that the road
pattern should be such that every place is directly accessible in
all directions with minimum detour.

3.4, Principles of growth

3.4.1. Road planners must take into consi i
principles of growth inherent in highway traﬁis‘ldeﬁtl‘ggl tg:
uneconomical to design for traffic expected a century ahead
but a gradual upgrading with a clear conception of the futa ’
requirements will be economical so that road improvement j i
balance with traffic requirements both in time and place e

3.5. Division of Road System by Function

3.5.1. The road system should be divided b i in
different classes but there must be harmon§ f‘i‘éﬁ&ﬁfﬁ '?ﬁg
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different classes of roads in spite of the difference of interest of
each class.

3.6. Highway Traffic Characteristics

3.6.1. Traffic is where people are, being greatest where
populution concentration is the greatest, and each centre has
its own zone of influence varying according to its import and
export potentialities. Traffic also develops in an area where the
development of countryside takes place.

3.6.2. Traffic varies directly with the population and
produce Of. connected towns and villages and inversely as &
power of distance, the index of power being one or more.

... 3.63. Highway traffic is one of short range as trip milage
is limited to short lengths and concentrated in a small radius
round the towns and cities.

3'6:4: Highway traffic is complementary and seldom
competitive with rail traffic which primarily serves . long
distance transportation,

3.6.5. The highway traffic from towns proceeds outwards
and from the rural areas towards their marketing centres to feed
the needs of the people and transport the produce to the urban
areas on commeroial scale. The cities and towns are thus the
magnets but not independent generators of traffic.

3.6.6. Citios cannot bo by-passed on their poripherics.
What is required is the distribution of traffic in the city by
intersecting circles or rings.

3.6.7. Highway traffic is composed of various speeds and
there should be facility for the free flow of traﬁ%c. Approa_.ch to
uniformity of speed is the approach to resolving congestion of
traflic.

3.7. Road Design

3.7.1. Improvement of roads should nob be slowed down
as it will be difficult to make up the lag and road investments
will depreciate.

3.7.2. Roads can be built for any vehicle but not for an
indefinite vehicle. The factors which influence the design of a
road are:

Axle load —on pavements

Gross and axle loads —on bridges
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Width —on lane and pavement width
Height —on vertical clearance
Length —on curvature and sight
distance
Braking capacity —on sight distance
Power —on grades

3.7.3. Road design, vehicle regulation, and vehicle taxation
must be in balance as roads are built for vehicles. Vehicles are
to be regulated for the capacity of roads that are built.
There is great disparity in maintaining this balance in India
and greater co-operation is necessary between the different
organizations dealing with road construction, regulation of
vehicles and taxation of vehicles.

3.8. These fundamentals, if kept in view, would enable the
planner to indicate what his plan should be. The minimum
milage of the highway system with maximum accessibility
bringing maximum benefit and minimum expenditure in const-
ruction and maintenance is the goal to be achieved. In India,
maximum accessibility may be assessed in relation to dispersal
of its villages. This varies from 1 to 4 miles in developed agri-
cultural areas. From various considerations the average
accessibility of one mile to any road and of 2 miles to a metalled
road may, therefore, be reasonable to adopt at present so as to
link up all the villages and towns with a population of 2,000-and
over to a metalled road. A lower standard than this is not
desirable considering the backwardness of the country in respect
of road communications as compared to other countries of the
world, and a higher standard, though desirable, would probably
not be feasible in view of the limited resources available. '

3.9. In a democratic society, the function of the Govern-
ment is to create conditions to supply the basic framework of
efficient material environment in the form of various public
services. The development of the highway system is an impor-
tant requisite for the economic development of the nation and it
is up to the Government to finance and execute this nation-
building activity from the public sector.

3.10. Development of the highway system being a colossal
affair needs to be divided broadly into two categories for pur-
pose of allocating the share of responsibility. The framework
of the highway structure, comprising mainly National High-
ways, State Highways, Major District Roads, and Other District
Roads should be allocated to the State’s share and the develope
ment of the feeder and link roads should appropriately be the
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job of both public and private scctors although the latter can as

well asstst the State by rendering voluntary serviee for State
Roads.

1. EVOLUTION OF A FORMULA AND PATTERN FOR
INTEGRATED HIGHWAY SYSTEM

4.1.  The Chief Engineers of all the States in India, in their
meeting held at Nagpur in December 1943, evolved for the first
time a ¢ Grid and Star” formula to evaluate the requirements
of different categories of roads with a view to balance the needs
of the highway system during the next 20 years. This formula
was represented symbolically as follows:

A

(#) Milage for mctalled roads = +§O S+ N5T+D~R

Cli< (=]

,+%+ R, +254D

(b) ~do- unmetalled roads =

where .1 represents agricultural area.
B represents non-agricultural area.

S or N represents number of towns and villages in the ared
in question having a population between 2001 to 5000

T ~do- ~do- over 5000

v ~do- ~do- below 500

Q -do- ~do-- between 501 to 1000

R, ~do- ~-do- between 1001 to 2000

D represents development allowance assessed at 15
per cent

R represents railway milage in the area wunder
consideration.

4.2. The bagis of these formulae is not indicated in the
Nagpur Plan as to how they were arrived at and what was their
scientific bearing. Obviously, they appear to be purely empiri-
cal with arbitrary constants and co-efficients. They also do not
indicate any specific pattern for the layout of the road system.
It will not be wrong to presume that the selection of roads for
post-war schemes has so far been based on different conside-
rations in different States with a wide divergence in some cases.
The principles so far adopted may not, therefore, be universally
applicable and fundamentally sound.

13
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4.3. Revision of Grid and Star Formula

4.3.1. 'Tho rate of development in the country since Inde-
pendonce has been more rapid than anticipated; the targots
worked out according to the Grid and Star formula have been
found to be far too inadequate for tho nceds of this country.
India’s position today in the road statistics of the world is
rather disappointing. It is for theso reasons that the Chiof
Engineers of all the States decided to revise the Grid and Star
formula in such a manner that the targets for the next 20 years
from 1961 to 1981 may be more realistic than before. The
revised formulae finalised by the Committee of Chief lingincers
in their meeting held in January 19539 at Hyderabad are given
in Appendix TV,

4.3.2. Thesc formulae are in one way an improvement over
the Grid and Star formulae but they still do not indicate any
scientific approach to the problem in the sense that they still
contain arbitrary constants and co-efficients. The milage on arca
basis has now been practically doubled than beforc but this
increase is still not in proportion to the overall increase in the
co-efficients of other constants. The targets of road milages that
work out for different categories of areas are different with
different ranges of accessibility as indicated in Tables 1 and 1 (a).

4.3.3. According to these formulae, the targets of road
milage for different regions also differ widely and, in some
cases, the average milage per hundred square miles of area
works out in excess by about 40 to 50 per cent and, in other
cases, much less. This state of diversity can neither ensure
equal range of accessibility in the various regions nor parity in
development between the different regions.

4.4. Graphical Representation of Grid and Star Formula

4.4.1. In the absence of any indication in the CGrid and
Star formula as to how it could be made applicable to decide the
alignment and layout of the road system, no technical and
scientific interpretation can be given to it matching the original
interpretation of the designers. However, in view of the first
principle of highway planning, ie., “length of road system is
dependent on the form of its layout and vice versa ”’, a graphic
interpretation of the original Grid and Star formula is discussed
here. This will serve as a foundation for the Crystal Patt;arn
formula proposed in this Paper.

4.4.2. The original Grid and Star formulae for metalled and
unmetalled roads were designed independent of each other. The
first interprotation that can, therefore, be given to them is that
the metalled roads were designed to form the framework of the
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highway structure and the unmetalled roads as their connecting
links and feeders. [Ifor further interpretation of the individual
formulae, some data hLas to be asscssed for the values of their
constants. The data given in Appendix V is adopted in the
present calculations.

_ 443. The milage of metalled roads per hundred square
miles of total area, according to the original Grid and Star
formula, will work out as under :

Milage = )' 4-;]"2) 4+ N45T 4+D-R
81 19
=5 T
= 16.20 -+ 0.95 4 2.40 ++ 1.355 + D—R
= 20,905 4- D— R miles,

42445 x%x 02714+ D-F

'..l‘hlﬁ indicates that the distance between two metalled roads
is n_ot to cxceed 10 miles as it is then alone that it will be
])stl_ble to bring towns with a population of 5,000 and above
within 5 miles of a metalled road.

4.4.4. Considering the formula for metalled roads only, the
structure of the road system can be represented graphically as
below within the aforesaid interpretation :

(a) The length of road works out to 20.905 miles per
hundred square miles of arca excluding consideration
of development allowance at 15 per cent, less railway
milage at 2.74 miles per hundred square miles of
total area (the former has been reduced from 15 to 5
per cent and the latter has been deleted in the
revised formula). In an area of 25 sq. miles, the
length of the road will, therefore, be 5.226 miles as
indicated in Fig. 1.

This will leave gaps of 1.844 miles in between two
diagonal lengths to join in a continuous line and
these will be located at a distance of 3.535 miles
apart in parallel lines.

{b\ Tf out of every three such parallel rows two rows of
these strips are removed, it will increase the
distance between them to 10.605 miles which is near
the maximum permissible distance as indicated
above. These spare lengths of the two rows can be
utilised to fill up the gaps of every third row and
for placing ordinates or perpendiculars on the
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through roads so formed, so as to join them with

cross roads at certain distances as indicated in
Fig. 2.
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The length of the two rows removed is 10.452 miles.
Opposite each gap of third row, after utilising 1.844
miles for the gap, it leaves 8.608 miles for the
perpendicular ordinates which are thus distanced
7.07 miles apart. These ordinates fall short in
length by 1.997 miles.

If the distances of these ordinates are increased to
10.605 miles as against 7.07 miles distance of the
parallel roads, it will save one perpendicular length
out of every three, which will be utilised, as given in
Iig. 3, to extend a length of 1.997 miles in each of
the other two and will still leave 4.614 miles spare.

{ 11' [ T I

! o ; !

i LU *__M_._h,

i N

| o | ' |

| 1 \ |

i I ] [}

- - 4—0 603 R
! . | ‘
] ! f
! ! ' !
| ! l !
i ' I !
J ! | |
f /0.605 ' I
. R
Fig, 3

This spare length can be utilised as perpendicular
to the sides in alength of 1.154 miles on all the
four sides as indicated in Fig. 4. This figure
indicates the layout of roads such that no place will
be more than 5 miles from a metalled road. This
pattern is still defective in the sense that one has to
travel along the opposite end and thus it will
detour for about 40 per cent of the actual distance
and will be uneconomical in transport.
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4.4.5. However, this form is still capable of further
improvement so that it could give minimum detour. From
Plate I, giving the typical layout of the road system as naturally
developed in the countryside, it is observed that roads radiate
from each village in all directions, the number of radiating
roads depending upon the potentiality of each village and its
population. These radiating roads linked together form peri-
phery roads, and a pattern of radiating and circumferential
roads similar to a spider’s web is observed to have developed
depending upon the conveniences and natural tendencies of the
people but without any scientific plan or foresight as to how
these tracks will adjust in the future trend of development
of the highway system. It is for this reason that some of these
tracks cannot be developed at this stage and some of them will
need improvement in their alignment to be more usef

. . . ul b
economic considerations. y

4.4.6. If this form of layout of the road system is adopted
with some improvement to give a maximum accessibility of
6 miles, the length of detour can be climinated greatly. To
design such a pattern of road system, a form given in Fxg 5 is

indicated by trial and error method after calculati i
for difierent patterns. ating the milage

4.4.7. This specific pattern of

. layout
requires 396.96 miles of metalled ronds of road system

ropds for an area of
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1,794.37 sq. miles. According to the Crid & Star formula, the
20.905
100

= 375.03 miles only. A gap of 396,96 — 375.03 = 21.93 miles or

milage of roads for this area works out to 1,794.37 X

1.20 miles per hundred sq. miles of area, or about 5.52 per cent of
the milage, is still required. This can be covered with advan-
tage by the development allowance of 15 per cent as originally
assumed. This pattern will have radial roads in all directions
with a maximum accessibility of 5 miles and will be an economi-
cal layout for purposes of transport, It is not obligatory that
the roads should be built along all these alignments at one
time because some alignments may have to be altered or deferred
due to unfavourable physical features of the country or some
other reason. Thus the milage with this pattern will not
exceed the calculated milage of the formula.

44.8. In the formula for unmetalled roads, the maximum
distance provided for any vjllage with a population of 2,000 to
5,000 is only 2 miles, meaning thereby that such villages shall
not be more than 2 miles away from a metalled road. Butin
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caso of other villages, the milage proposed is very much loss,
ie., V|5, @2, I, cte. 'This means onc mile for cvery five
villages having a population below 500, onc mile for every
two villages having a population botween 500 to 1,000 and
one mile for every village having a population between 1,000
to 2,000.

4.4.9. The villages of different population up to 10,000
are spread over generally at a distance of } to 8 miles—the small
villages being dispersed at % to 4 miles apart. Obviously,
therefore, the (irid and Star formulae, both original and revised,
are not suitable in their present form for a directapproach to the
present and future problem of highway development and s more
roalistic and rational approach is required to balance the needs
of the country at the present rate of progress for tho next
20 years.

5. CRYSTAL PATTERN FORMULA

5.1. Road milage in an arca depends upon the form of
layout of the road system in that area, the layout in turn
depending upon the desired accessibility to the road system from
any point within the area. This indicates that it is the
accessibility to a road which should be assessed first. But, for a
general appraisal, it is better to establish a general relationship
between the accessibility to a road and the road milage that
would be required with a certain pattern of layout of the road
system such that no road once built is lost at any later stage.
There can be different patterns to meet this requirement but the
one that has been found more suitable is discussed here.

5.2. Accessibility-Milage Ratio

5.2.1. This relationship is represented in the accessibility-
milage ratio chart given in Plate II. The curve seems to be
parabolic but it is not so, as it does not show a point at which
the characteristics reverse. Further, it is not part of a parabola
or an ellipse as negative values for accessibility or increase in
targets in reverse direction are impossible. Secondly, at two
points, viz., when accessibility is zero and when the increase in
milage; arget is zero, there are two asymptotes and at these
points a part of the curve tends to infinity. A peculiar feature
of this curve is that the differences in tho increase of milage
target for corresponding decrease in accessibility in arithmetical
progression are in geometrical progression with a common ratio of
1.5 up to accessibility of 5 miles ; thereafter, it is in arithmetical
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progression with a common difference of one up to 10 miles
accessibility. A similar range of differences in milage targets is
observed when the accessibility increases from 10 to 50 miles and
50 to 100 miles respectively. However, this curve gives &
varying range of milage targets for different values of accessibi-
lity and enables a designer to read the milage target for any
required accessibility direct from the curve. Road milages
dispersed according to this pattern for different values of
accessibility, Figs. 6 to 15, are found to be in agreement with the
results obtained from this curve. This indicates that this
pattern is not only elastic but also permits of stage development
where no road constructed according to this system will be lost
later on as the system grows and the figure of accessibility on
the same pattern decreases.

5.2.2. The geomotric pattern, designated as ‘‘ Crystal
Pattern ”’, with 1 mile accessibility for evaluating road milages
of different classes of roads is given in Plate IIL.

CRYSTAL PATTERN

DISPLRSAL OF ROADS FOR VARIOUS AC@LSS\BIL\TI&S‘

€64 MILES T0 6T MULES ACcESSIBUITY <1 MILE

Voo SQA.MILES

A5 10 485 MILES
S/oc Ha MILES

ACCESSIBILITY ~ 2MILES
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380 MILES Tbo DG MILES

1eA ML LA fan G MILED

200 MiLts Yoo 50 MiLs

160 Mitts %, $q Mites

Miran ox

ACCESSIBILITY ~ I My

Accr ooty - 4 Mnes

ACCESSIBILITY - 5 MiLes

Accrssiiury - ¢ mis
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130 Mites %o Sa_Mnts

WO Muss %, Sa Mits

100 MiLEs Yoo Sa MILLS.

a5 MiLEs Yoo Sa Mues

32}

ACCESSIBIITY = T MIEY

Fig. 12

ACCESSIBILITY ~ 8 MiLes

Fig. 13

ACCESSIBILITY - 9 MiLES,

ACCESSIBILITY « \0 Mies

Fig, 156
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5.3. The area of one grid is assumed as 1794.] i
with a side of 42.36 miles, and the road systemrlis‘l;]‘;e'iyi;r(\l(;(lrzll(l)%s:
radial and circumferential alignments. No place in this atterrgl’
shall be more than one mile from an unmetalled road und% miles
from a metalled road. The total milage of the road system wilLl
be about 66.4 miles per 100 sq. miles of total area with a facility
to restrict tho milage to any lower limits with increased
accessibility figure, -

5.4.  Location of Nucleus Centres and Their Field of Influence

5.4.1.  Since the crystal pattern is o ificati

the (irid and Stm: formula, tKe location n(1)¥ t?xg :t?:rllllh;l?gl;n O:
nucleus centres, is an important factor. Rvery nulo’louq cmntz:'o
ha.g its zone 9f influence and will develop radiating roﬁdg w/i’tlhin
f;hns zone. Kor cconomic development of the eountry (tllxerofor('
it becomes necessary to rostrict the location and dev‘e’lopmcnt of
nucleus c'entre§ in such a manner that the field of influence of one
does.not' impair or adversely affect that of the other Izmd over-
lapping is avoided. The field of influence judged for cach village
and town of different potentiality, with a slight marein of e .

on the favourable side, is suggested below : & rreim ot errer

- Fi i
(i) Towns and villages with lgld of influence

& population between 2000-5000 About 2 to 3 miles
on all sides} v

(ii) ~do - 5000- 1000

- 0 ,, 3to 4 -do-

('lu) ~do - 10000- 50000 ,, 4to 6 —g(c).~ P
(n‘;) ~-do- 50000-100000 ,, 6to 8 -do- L A
(v) ~do- 100000 and over,, 8 to 12 -do-

5.4.2. The range of influenc i i
2 . e may be said to i
gz(}))rsf:gg:l grogre(sis'uon with a common factor of llngrfec?rsegr;lieg
épending upon the importance a a iali

of the place and facilities of trans i 1 ghotentiality

: i port available. F
‘c;;géghvcv:t?;g pl}mmr:g, t]lsxe nucleus centres may !()); Sﬁggﬁfgs
und ories ‘A’ ‘B’ and ‘C’ as indicated ab
dﬁtriﬁ?f Cli?as ;ifs]t;r,xithhplaﬁlqlaarters with the except?i?:{ ofC]}?isli
digtr ; C ehsil headquarters or a distri
in hilly region; and Class ‘C’ treated as a localnccetn?r?('lquarterl.
areas, .These centres will be fed by all the villages of emalie
pt?ﬁ)ula.txon around them and each centre, in turn will fsmdaller
ob er centre of greater potentiality and importan’ce o hee the
above that depending upon the proximity, " the noxt

5.5.  Areas of Different Categories

5.5.1. When the object is to develo

. . t i i
80 as to increase its resources both in rep ho ontire countryside

spect of agricultural and
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in(_iustrial production, no area should be ignored or given low
priority for development because it is an undeveloped and thinly
populated area. Such areas should rather be given higher priority
as they would not only increase production but would also assist
in providing accommodation for rehabilitation of increasing
population. Areas of this type are, in fact, not isolated but are
generally pockets in developed areas except in case of hilly
regions and the State of Rajasthan. The principle of providing
a lower range of milage for semi-developed areas, i.e., B/6or 50
per cent of developed areas, is not a fair treatment. The same
consideration should be given to semi-developed areas as for
dgveloped areas for the reasons that, firstly, the areas of
(.hﬁ'erent categories are not located independently and separately
in the country but they are generally interwoven with developed
areas in such a manner that they cannot be separated one
from the other. Secondly, even if they are isolated, they are
possibly the unexplored treasures of the nation’s wealth.

5.5.2. There could, however, be some justification to treat
the areas on geographical considerations and to divide the
into the following categories:

(a) Hilly regions
(b) Semi-hilly regions
(c) Plains:
(i) Tertile
(ii) Unculturable and barren.

The pattern of road development in either case shall be the
same as discussed heretofore, i.e.,

(a) In case of hilly regions, areas above 10,000 ft alti-
tude are generally not inhabited but for strategic
considerations road construction is essential in
certain reaches. In such areas the milage of the
road system can be reduced by 50 per cent only.

(b) In semi-hilly regions, no deduction in road milage
is advisable.

(¢) In plains, which are barren or desert land, the
need for full length of road milage may not be
immediately necessary but the target should be kept
on the same basis. Construction may be limited
to through routes and essential feeders to begin
with and further constructions could follow as
need arises, but the system should not develop in a
haphazard manner,
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5.6. Classification of Highways

5.6.1. The intensity and naturo of traflic on the highways
varies according to their importance and it is necessary that tho
system of roads should be grouped under differont classos
These can be assessed on tho basis of administrative and
other considerations and the importance of each road. Broadly
speaking, the system of roads can be divided into four groups :

(i) Group I—Super Primary road—system to comprise
inter-State system of roads-National Highways
Fixpress Highways and State Highways, o

(ii) Group H— Primary road system--to comnpi ai
District Roads, ) prise Major

(iii) Group lll- - Secondary road system--to i
metalled and unmet‘:&lled ()thertl)istrict 'Puoafl(:xn;r‘;:'ilcsl?
may be upgraded in subsequent phases and form
part of the main highway structure.

(iv) Group IV— Feeder road system_—t i
talled or metalled feede{ roads f:orfnozﬁ%r;;ies;n?}e;
villages or villages which are not on the main roa 13
and roads for interlinking villages for social a(d,
other considerations. social an

5.7. Description of Highways

5.7.1. (a) Group [—Super Primary Road System
(i) National Highways - Thege shall be the main arterial
routes throughogt the length and breadth of tlhe
country connecting State capitals, important indus-
trial, commercial and trading centres places of
national importance, and also such royads )
required for strategic considerations. o

(ii) Express Highways— In the heavi

highly industrialised a.rea,s,hi::r}ill)l lf:nngeecs::sd M::d
provide extra parallel lengths of roads s ec'aﬁry llo
meant for uninterrupted flow of heﬂ.vypanldc? )t’
:;hrough_ traffic. Such highways will have level 'uas-
iions with National Highways and State Hi h] y
a(,;zlmlr lxmpori:an:‘,i tgwns while all other typeé o% r‘zggs

be crossed by over or under-bridpes i
crossings. These being supplemontlx;.rby“r(li‘i;s gﬁnth'e“‘
parallel to the highway system do not find pla o in
the pattern and are not to he accounted f ! in the
target of road milage, or in the
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(iii) State Highways — These will be main highways simi-
lar to the National Highways and will interconnect
district headquarters within a State and in the
adjoining States,

(b) Group li—Primary Road System

(i) Major District Roads -~ All the roads radiating from
the star in a grid other than National Highways and
State Highways and those forming the framework of
the highway system along periphery roads shall be
known as Major District Roads. They shall supple-
ment the State Highways for interlinking main
centres of development to sub-centres in the region
of their grid as well as in the adjacent grids.

(¢) Group lll—Secondary Road System

(i) Other District Roads— All roads running parallel to
the Major District Roads shall be classified as Other
District Roads and alternate ones will be metalled
in the first phase, the rest to be metalled in subse-
quent phases. These shall also form part of the
integrated highway system.

(d) Group IV—Feeder Roads

These roads shall be small village jroads or feeder
roads to main roads connecting villages together or to
the main highways. They shall be unmetalled or
metalled depending upon the nature of traffic they
carry. They shall be constructed and maintained
by the Gram Panchayats or Antarim Zila Parishads
being of local importance only.

5.8. Targets of Road Milage

5.8.1. According to the Crystal Pattern of highway system,
roads radiate from the star in a grid and the Group I roads, i.e.,
Super Primary Roads, shall comprise these roads as they are
through roads. There are two sets of roads which radiate from
each star, one set of diagonal roads and the other of cross roads.
The length of the diagonal roads in one grid of 1,794 sq. miles is

7 miles per hundred square miles and of cross roads 4.7 miles
per hundred square miles. Since the average condition for the
whole of India cannot be applicable to Uttar Pradesh and similar
regions, the targets for such regions will have to be worked out
geparately and the maximum of the limits obtained adopted for

eveloped and agricultural areas like Uttar Pradesh. Table 2
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indicates the values of constants for diflerent acceossibilitics to he
adopted for evaluating road milcage.

5.8.2. (a) Group | — Super Primary Roads

(i) National Highways: In the alternate design of tho layout
of main highways, the spacing between two Nat'xonal Highways
can be selected either 30, 42.4, 60, 85 or 120 m!les. The lower
limits of 30 and 42.4 miles may be copsxdered suitable foy State
Highways as they will connect district .headquarters which are
genorally spaced at such distances in agricultural areas like Uttar
Pradesh. The limit of 85 and 120 miles can be suitably adopted for
National Highways to suit well developed a,reu.s'a)n(.l thi_nly popu-
lated areas respectively. To provigie an even distribution of_ the
highways with a spacing of 85 miles, the target for National
Highway milage works out t02.35 miles per 100 sq. miles, and
with a spacing of 120 miles apart it works out to 1.7 miles per
100 sq. miles. Thus the former can be reasonably adopted in
well developed areas. For evaluating the milage for the country
as a whole, an avérage of these two figures, i.e., 2.03 miles per
100 sq. miles, will serve the purpose reasonably well at present.

Thelength of National Highways will, therefore, work out to:

2.03

(1) F¥or India 12,66,900 x Ton = 26,718 miles

By adding 5 per cent for development = 27,000 miles

2.35

(2) For Uttar Pradesh 1,13,409 x Too = 2,665

1

By adding & per cent for development = 2,800 ,,

(ii) Express Highways: These highways have no place in the
design of the pattern as already discussed, but being essential
bye-roads for fast through traffic, a milage at 0.45 miles per
100 sq. miles of area or 5 per cent of the milage of National and
State Highways may be provided for them. The total length for
such highways in India may be assessed at 5,800 miles and in
Uttar Pradesh it may be 510 or, say, 500 miles.

(iii) State Highways: Out of the radial roads, if the
National Highways are selected along diagonal roads at 1.7 miles
per 100 sq. miles of area and located at a distance of 120 miles
apart, the remaining diagonal roads, i.e.,, 5.0 miles per 100 8q.
miles, shall be treated as State Highways. Where National
Highwaye are laid out along the cross roads of the Crystal
Pattern in the grid, the full length of diagonal roads, i.e., 6.7
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miles per 10 3q. miles, will be taken for evaluating mileage of
State Highways.  For total length of State Highways in India,

the average figure is 5.85 miles per 100 sq. miles and should be
adopted,

. . _ 585 .
(1) For India 12,66,900 x 00 = 74,114 miles
Adding 5 per cent for development = 3,706 ,,
= 77,820
(%) For Uttar Pradesh  1,13.400 x 57 = 7505
Adding 5 per cent for development,say = 880 ,,
= 7978

Say 8,000 ,,
(b) Group Il—Primary Road System

Out of the two sets of radial roads of the pattern discussed
for Group I roads, in one case all the four cross roads, the length
of which is 4.7 miles per 100 8q. miles of area are, left over and,
in another case, half of this length, i.e., 2.35 miles, is left over
t0 be classified as Major District Roads. In addition, there are
other radial and circumferential roads in the pattern which form
the primary framework of the road system and their length is
25.65 miles per 100 8q. miles of area. The basis for overall
average milage of Major District Roads for India will, therefore,

beﬁjﬁ—{—%ﬁﬁ = 29.2 miles per 100 sq. miles of total

area and their length for India will be %gl)%oig?}
= 3,69,935, say, 3,88,432 miles including 5 per cent development
allowance. For Uttar Pradesh, 25.65 4 2.35 = 28 miles per
100 sq. miles is to be adopted and the length will be

1,13,403 x 28.0
\‘—H

100 = 31,766 miles, say, 33,343 miles including
b per cent development allowance,

(¢) Group lil—Secondary Road System

Other District Roads (0.D.Rs.): As discussed before, this
type of roads shall be both metalled and unmetalled. The tota]
milage of 0,D.Rs. in the Crystal Pattern for one mile accessi-

1ty works out to 29.3 miles per 100 sq. miles of the grid. - Qut
of ﬂ}ls, about 9 miles per 100 sq. miles shall be metalled in the
ra llgstance and the remaining 20.3 miles will be considered for
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metalling when the accessibility figure from a meotalled road is
proposed to be reduced to onc mile.

1 Milage including 5 per cont
Length of Other developmont allowance
District Roads

Metalled Unmetalled Total
in India LINT22 | 270040 3,89,762
in Uttar Pradesh 10,717 24,173 | 34,890

5.8.3. The results are summed up in Tables 3 and 4

5.9. Advantages of Crystal Pattern Formula

(a) T_his formula is based on the layout of the ultimate
picture of_ a road system in the centire area that shall
give maximum accessibility to a road system with
minimum milage to construct and maintain. It is

not based on arbitrary constants ;
changes. _ susceptible to

(b) No place in the Crystal Pattern layout of roads will
be more than one mile from a road or 2 miles from a
metalled road within the target of 66.4 miles per
100 sq. miles of total arca, whereas the Reviged
Grid & St.ar Formula (1959) claims an accessibilit
of 1.5 miles from any road and 4 miles from ');
metallzﬁ rcfjiad onl§; in developed areas and in other
areas the figure of accessibility i
12 miles from a metalled rO;)clll.lty nereases to 8 and

f . .
() E;lrc:dlé)’rmula is simple to understand and easy to

(d) The formula iselastic in the sense that it vi i
> § at it
the pltlmate picture capable of reductiorll :cl:ztg:gis:gs
to circumstances and can be adopted for different
ranges of accessibilities without difficulty.

e) It will i . . .
(e) deto';:i, ensure a direct approach with minimum

f) It wil _
&y fa»ciiwilty.ensure approach to cvery area with equal
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(g) The layout of the road system will be of the form
developed naturally so far and will accommodate
the existing system to a great extent to fit in the
pattern with minimum wastage.

(h) The big towns will be directly connected to each
other without any extra feeder roads.

(i) The feeder roads necessitated will be reduced to a
minimum and will generally be of lower grade.

(i) What is built will not be lost.

6. MASTER PLAN-PREPARATION AND PHASING
OF THE ROAD SYSTEM

6.1. There exists a great disparity in the dispersal of
population not only in different types of areas in different States
but also amongst their district units. It will, therefore, be
advisable to group a few districts together to_ design their
combined road system. A single district can be considered
independently but the results may not be very satisfactory.
The road system should always be designed for a district in
conjunction with its adjoining districts.

(8) Group I — Super Primary Roads

For designing this system of roads for each State, it is
advisable to consider each State along with portions of the
adjoining States so that selection and alignment of these
highways may be in continuity.

(b) Group 1I — Primary Road System

The roads of this system continue from one distriet to
another and cannot, therefore, be designed independently for
each district. They should likewise be designed for every
district along with its adjoining districts to maintain continuity
of the system.

6.2. To prepare a Master Plan of the road system for any
district or group of districts, the first step according to fun-
damentals of highway planning is to decide the accessibility
aimed at by the system. For the desired accessibility, the target
of probable milage of roads per thousand esquare miles of area
may be obtained from the Accessibility-Mileage Ratio Chart
(Plate II). This figure when multiplied by the total area under
consideration will give the total milage required for that area,
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Next, a map of the area should be prepared to a scale of 1 in. =2
miles and it should be numbered as map ‘M’ (M, & M,)
(Plate 1V) for futuro reference. This map should contain all the
information as discussed in para 2.2.2 and mentioned in Appendix
T1I. In case it is not possible to show this information on one
map, it may be shown on two or three maps so that each set of
information is intelligible to the designer.

6.3. The second step is to place a tracing paper on one of the
aforcsaid maps depicting all the villages, towns, roads, railways,
rivers, ctc., and to trace the existing system of roads on this
tracing papor. This will bo known as map <P’ (Plate V). The
roads proposed by different agencics shall be marked in pencil on
this tracing paper so that they may also be considered while
drawing up the Master Plan.

6.4. In designing the Master Plan, the following oconsi-
derations shall be kept in view :

(a) The layout of the road system shall, as far as
possible, be developed in the form approaching the
‘ Crystal Pattern,” though it may not be exactly

in the same geometrical form, depending upon the

geographical features of the countryside, ete.

(b) All the towns and villages above 2,000 population

in plains, above 1,000 in semi-hilly areas and 500

in hilly regions shall, as far as possible, be

connected directly by the Super Primary or Primary
road system.

(¢) All industrial and commercial centres, places of
pilgrimage, historical places, places of excursions
for tourists and health resorts, places of strategic
importance, tehsil and police headquarters shall
also have to be connected and inter-connected
by the metalled road system in each grid.

6.5. The road system should be developed on the i
paper, map ‘P’ (Plate V), keeping in view the a.ll))ove conside::i(i};]l%
as well as the physical features and topography of the countr
qu selecting alignments, existing tracks as indicated on 1 in —yi
mile scale map during the course of factual survey will be ta.k-en
as a guide. It will be observed that the existing metalled roads
and the demands of different agencies will automatically be
adjusted with the development of this pattern if it is worked up
a little intelligently. The layout should be ohecked at least
twice after it is designed and it will be observed that the plan is
greatly improved in ohecking and rechecking. It needs 4
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little patience and judicious thought to select the correct
layout of the road system even though the pattern may be before
the designer. The selection of roads should be done with all the
Possible considerations in view.

6.6. The third step is to check the system to see if it
conforms with the pattern. If not, such roads should be
rechecked which deviate from the aforesaid principles z'a.nd it
will be found that, unless there is any serious natural imped‘lment,
these layouts are susceptible of correction to accord with the
pattern.” The classification of roads may then be decided in
accordance with the pattern to give relative importance to each
road by virtue of its location and utility. While ﬁxx-ng the
classification, the alternative designs for the National Highway
system should also be considered as it is not necessary that
the National Highways should pass through each star of all the
grids,

6.7. The fourth step is to test each road in the system for
its utility per mile with respect to population and productivity
of the area where the road lies. The total area can be divided
into different sectors to facilitate tabulating the roads for testing
their utility. This is done as follows.

6.7.1. On the Master Plan, Map ¢ P’, place a tracing paper
and on this paper trace the designed road system with different
classifications. This will be map ‘R’ (Plate VI). Mark the
zones of each road with dotted lines drawn parallgl to each road
at a distance of the required accessibility fo.r Whl_ch 'the system
has been designed. Towns and villages lying within the zone
of each road on either side shall determine its utility. Place
map ‘R’ on original map ‘M’ on which population is mg,rk?d,
80 that the existing roads and boundaries of the one coincide
with those of the other, The villages and towns of different
population lying within the zone of each roa.d' in each sectgr
may be listed separately under their respective columns in
Table:5. The villages of 2,000 to 5,000 population in plains,
1,000 to 5,000 in semi-hilly regions and 500 to 2,000 in hilly

_regions may be treated as one unit. Those with a population

below 2,000 in plains, below 1,000 in semi-hilly regions and
below 500 in hilly regions may be treated as half a unit.
Those between 5,000 to 50,000 population may be treated as
2 units and above 50,000 as 4 units. The number of units served
by each road shall accordingly be calculated and recorded in
the Table. The total number of units served per mile shall
be determined and noted in the required columns. On relative
comparison of their utility, the priorities for each road can be
allotted in this order and noted in the column for priority.
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6.8. Similarly, the total productivity served by each road
should be worked out by placing map ‘R’ over the original
map ‘M’ on which the productivity is marked. This shall
be calculated by multiplying tho zonal arca of each road for
each of its productivity by the productivity in maunds or tons

er acre or per square mile for that area and recorded in
Table 5. The productivity served per mile and the priority
in relation to this may likewise be tabulated. This process
should be done for metalled and unmetalled roads separately
and combinedly to indicate their relative merits and priorities.
Administrative considerations will give weightage to a road
for increasing its priority even though it may have a lower
priority as regards its utility. This consideration will apply
in case of strategic or administrative routes only.

6.9. Phasing of the Road System

6.9.1. The results of Table 5 for metalled and unmetalled
roads are plotted to a scale on Figs. 16 and 17 for comparative
study of population and productivity per mile separately of the

PoPULATION SERVED

ROADS NUMBCH 1 LI
@ s e

:l! i 0, VED.
.,’H, RER .
.n.,_,,,u_f_mﬂfu I

W @mie ay w p P PRSI

Fig. 16

Comparative study of population & productivity served for
individual new metalled roads in Meerut district

entire road system at a glance. By drawing a line across the
population utility ordinates for each metalled road at a stage of
one unit per mile, the ordinates that stand projected above this
line will indicate a higher priority for the respeotive roads and
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can be grouped in Phase I. The relative height of these ordi-
nates above this line will indicate their relative priorities,

6.9.2. Similarly, when a line is drawn across these ordinates
for a utility of 0.75 unit per mile, the ordinates projecting above
this line will indicate roads which should fall under Phase II and
their relative heights will indicate their relative priorities.
Likewise, the process can be repeated by drawing lines at
different stages of utility, say, 0.5 and 0.25 unit per mile for
Phases I1I and IV respectively.

6.9.3. The above process will facilitate the selection of
individual roads on their real merits and on a rational basis. It
will be advisable to spread the development of roads in each
sector with a view to utilise local labour and provide employ-
ment. Since road construction is a continuous process and is
done in stages, if in any sector & road is not justified as a metalled
road in the first phase it may be taken up as an unmetalled road,
provided it is justified as such with sufficiently high priority.

6.9.4. A similar process is to be adopted in respect of
unmetalled roads but in their case the unit standards for utility



368 MITAL oN

have to be downgraded for each phase as noted below :

Unit per mile

and above
For Phuse 1  the utility standard will be 0.5
~do - It - do~ 0.3
~do- III - do- 0.2
do- 1V ~do-- below 0.2

The proposed metalled roads which do not get high priority
amongst themselves should again be considered along with the
unmetalled roads, and if they get higher priority amongst them
they should be selected for stage development in preference to
unmetalled roads and constructed as unmetalled roads in Phase I
This will facilitate selection of roads in each sector and lbheil:
development will be spread all over the area in each phase.

6.9.5. The roads under each phase shall be tabul i
their costs in the order of their relative priority, %l?:ego:?f}fl
minor bridges and culver.ts on such roads shall be included in the
cost of the roads. Major bridges above 100 ft span should
iml;vever, be .stgown lsepurately for each road so that they can bé
aken up either along with the congtryctj
subsequently at a later stage. uetion of the road or

6.9.6. Bach phased programme shall incl
¢ : ] ude all
works, i.e., rqconstructlon,.1mprovements, new conztr:g?iz?l g§
roadg.and bridges and buildings, tools and plant required in
relation thereto and other miscellaneous jtems. The programme

may be divided under the following sub-heads :

A. Reconstruction and improvements
B. New road construction

C. Major bridges

D. Miscellaneous works

6.9.7. Reconstruction and jm
: . provement are esgential i
t(”mses where trafﬁc- Intensity has increased ang the e;?sltlixxlx tlsxose
'I?ce cannot be maintained economically for the increased t%afgr.
he traffic conditions may necessitate upgrading or widening gf

the traffic 1 i Ao 4
o tra& c.c ane which shall be provided for acoording to the needs

6.9.8. New construction of roads will i
will includ
znq unmetalled roads. The construction of the:e l;%zl:ime;an?g
© In accordance with their relative priorities, ° shon
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6.9.9. Major bridges: Al unbridged crossings on cxisting
oads shall be given preference in fixing priority if other con-
litions arc similar and those on new roads can be taken up along
vith the construction of roads or immediately thereafter.

6.9.10. Miscellaneous items: Under this sub-head provision
‘or requirements of buildings such as inspection houses, godowns
mnd other ancillary buildings, requirements of tools and plant
wnd machinery and implements for research work should
be made,

6.9.11. The Master Plan so prepared and phased will be a
rational and cconomical plan based on scientific principles. A
sample Master Plan explaining the different processes as det‘axle:i
in the foregoing paras is iliustrated in maps ‘M’, ‘P and ‘R’
(Plates IV, V & VI1.)
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Appendix 1

Relative Study of . Road Statistics of Different Countries

to

[

® N2

10.
11.
12,

Countries

Groat Britain
France
Belgium
Switzerland
Poland

Austria

West Germany
Hungary
U.S8.A.

Ttaly
Czechoslavakia

India

Miles per 100 sq. [Miles per lakh of

miles of area

population
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Appendix 1
[nformation to bé Collected During Factual
Survey under Ditferent Sub-heads
{iy Aren  (a) Total uron of a distriet;

(b} Arca under eultivation;
(¢} Cultivable area but sot cultivated;
(d) Ares under forest;

o) Uncultiv > i . L .
()hurbren.\&me ares not available for cultivation and

{ii} Populsiion

{a} Disperaal and location of

it .
graded population eities, towns and villages of

{1} Balow 500 —

(i) Betwoen 3600 to 1,000
(i) . 1o0l e 2,000
(iv) " 2,001 o 5,000
(t:) . 5,001 to 16,000
(\Tf) . 10,001 to 20,000
(i::; iZ0,0()I to 50,000
' , 50,001 te 1,00,800

{ix) ' L0, 000 Lo ——

(b) ﬁ:::});:]zh of popuintion during lass 20 Yoars ar o and ita
(i} By bigth,
, (i) By migration and s canses;

{c) Possibilities of future growth,
{iii) Agricultural produce in w*;m’wy

() Cropa grown, area sown far each cro

different crops por nere; p and produss for

(b} Expart and import of agricalbural produce, with origin

and destination. quantity transported either way;
. ]

{e) Podologieal condit it wi
different arpas. Hibiana of aoll with

{iv) Commercigl & markoting centres

(&) Location of centres, thei
v thelr zones of jpg
trsx;:_apiort to and from these centrex iio‘:egq%’ Srtent of
modities at different seasons of & year Hierent com-

{b) Meung of transport adopted, ’

productivity Jn

Hicnway PLaANNING IN 1xpia 381
vy Industries
{8} Ly pos of (elusbrioy and thoir Joeation s
(hy Bstent of itaporb of raw malorinls with thetr sources
) Hxporet of tinishal produsts, quantity, Jdostination and
directions;
{¥) Monns of transport mlopted ;
(¢} Trallic otbor ihan prausport lor raw materials and
products.

{vi) Miscellaneous
(8) places of fairs, pilgrimaege, tourist contres aud their
locations; .

headquarters, tehsil  hesdquarters,

by Administrative hsil  head
) d putposts aud their jurisdictions ;

police stations an
{e) Post oftiees, hospitals, sehoals and their loeations ;

unication system, ite type and

4} Existing means of comnt : : _
“@ & canals, rvivers, bridged and

loeatiou~—roads, raila,
unbridged crossings ;

(o} Topographical and geographical condisions of the
counpryside.,

{vii} Enginesting suyrveys
(a) TraiBe census on varioud roads sud consus points all
aver ;

{b) Number and by
faverage movernen

po of transport vehicles and their
t in different directions

{¢} Road uso statisticd ;

(3} Road life stavistics ;

{e) Origin-destination surveys;

{f) Period of maximuia end minimum traffic ;

{g) Soil studies for procurement of road making meterials;

(b} Losativn of guarries for road meteriala.
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Appendix III

List of Maps to Indicate the Factual Data Collected

in Fact-Finding Survey of a Disirict

(i) Map I - shall indicate :

(8} all tho villagoes and towns of ditforent, population with
difforent legends,  Classification of area, viz., culturable
under cultivation & unculturable,

(h) existing  metalled and unmetadled ronds, rails, rivers,
canals and  Dbridged  awd  unbridged crossings, post
offices, schools,  hospitals, polico  stations, tehsil
headquarters and parganas with their  jurisdictions.
places of fuir, pilgrimnge, industrin) and  commeorcial
centres, markets and mandios.

(iy Map IT = shall indieato tho varying intonsitios of productivity of
the soil and its distribution in different arcas, commor-
cial, industrial and marketing centros and their zones
and diroctions of import and export with probahlo
intonsities.

(iii) Map III - shall indicato tho proposals of roads made by locul
people and authorities, the topography and geographi-
cal features of the country and the soil classification as
mentioned in Map II above.

(iv) Map IV - shall indicato tho latest traftic consus along difteront
roads, soil classification, commereial markoting contres
& quarries for road materials.
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Appendix IV

The following modified ‘GRID AND STAR’ FORMULAE formulae
aro proposed for milages of different. classes of roads:

T. National Highways

. A B N M '
Milage = 404-',)0-1-6~0+( 20K + 10 +2;) +D;

TT. National Highways and State Highways

Vilage = .2 + 240 4 (30K + 15M + IN + P) + D;
125 T35 T 20

TIT. National Highways, State Highways and Major District Roads
1 B C 11k .
Milage = 5(1\ +., -+ j) 4+ (30K + 15M + 7N + 6P + 4Q
' + 15R) + D;

1V. National Highways, State Highways, Major District Roads and
Other District Roads

3/ B C
Milage = 1-;( Aty ot 3\) +( 30K + 15M + 7N + 6P + 8Q

+2,5R+§+T5-)+D;

V. National Highways, State Highways, Major District Roads,
Other District Roads and Classified Village Roads

Milage = §<A + f—i—f;) + (30}\’ 4+ 15M + 7N + 6P +8Q +

3.7R+s+%+sl)+n;

where A = Developed and agricultural area in square miles,

B = Semi-developed aroa in square miles,

¢ = Undeveloped and uncultivable area in square miles,
K

= Number of towns with population over 1,00,000,
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M = No. of towns with population hetwoeen 1,00,000 and 50,000,
N = . " ' . 50,000 and 20,000,
r = v . - ys 20,000 and 10,000,
Q = " " ’ " 10,000 and 5,000,
R = ’ ' ’e - 5,000 and 2,000,
S = " . Y . 2,000 and 1,000,
T = . ' s ' 1,000 and 500,
V = . v ’s below 500, and

D =

Allowance (assumod as 5 per eent) for futuro development
and other unforescen factors.

While ecaleulating the milage of roads an allowanco of 10 per cent
inerease in - the milage in mountainous and hilly areas is to be made because
of the ecircuitous nature of the alignionts. In this connection the areas
situated above 7,000 feot altitude need not be taken into secount as such
arens would need very few roads in view of sparse population,

Hicnway PrannNine 1N Inpra 385

Appendix V

Land usage, Distribution of Population, and milage
Targets for India

{1) Distribution of area by Por 100 sq. miles
land usage

(i) Agricultural & deve-  7,60,700 sq.miles 60.5 sq. miles

loped aroas say 3/5th
(A)
(i) Semi-developed arcas,  2,59,600 sq. miles 205 sq. miles
forests, ote. . say 1/5th
(13)
(iii) Undeveloped & un-  2,46,600 sq. miles 19.0 sq. miles
cultivable arcas say 1/5th
©)

12,66,900 ,, ,, 100.0

(2) Number of towns and villages of

different populations
(1951 census)

Size of towns and villages {

(population) Total No. } Symbol
Over 1,00,000 71 K
Between 50,000 & 1,00,000 93 M
v 20,000 & 50,000 352 N
sy 10,000 & 20,000 652 P
»» 5,000 & 10,000 1,176 Q
' 2,000 & 5,000 20,508 R
» 1,000 & 2,000 51,769 S
»» 500 & 1,000 1,04,268 T
Below 500 3,80,019 v

Allowance for industries, future development and other specific
aspects D (5 per cent)

Semi-
. Developed Undeveloped
Assumptions ares developed oron p
area
(i) Distribution of towns 90 per cent 7 per cent 3 per oent
& villages with popu-
lation of 2,000 and
above
(i1) Distribution of towns 85 per cent 10 per cent 5 per ceny
& villages with popu-

lation of less than 2,000
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Appendix V-A

Targets for Uttar Pradesh

1. Area 1,13,400 aq. miles
2. Population ... 0,3215,742
3. Arca under cultivation 67,887 sq. miles (59.75 por cent)
4. Cultivable but not ecultivated 16,681 s, milos  (15.00 po )
area.
5 Aroa of uncultivablo lands ... 29,061 s, miles (25,25 o)
6. Number of towns and villagos
on the hasis of 1951 consus
Size of t(f;)\ggi{{l;é;}n\l’)ilI&gﬂs Total No, Symbol
Ovor 1,00,000 15 K
Botween 50,600 & 1,00,000 14 M
. 20,000 & 50,000 47 N
' 10,000 & 20,000 74 P
' 5,000 & 10.000 209 Q
), 2,000 & 5,000 2,818 R
v 1,000 & 2,000 10,272 S
. 500 & 1,000 23,211 T

Below 500 75,458 \%
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SYNOPSIS

Some experimental stretches of stabilised soil roads were constructed
around Batala, Punjab (India), some years ago. These roads which
performed well for a number of years were affected in some portions by
floods in 1956.

Investigation of these experimental strotches was undertaken by the
Central Road Research Institute, Now Delhi, towards the end of 1956, Some
of the roads constructed around Batala hased on conventional methods
were also covered by the investigation for a better understanding of the
failures of some of the portions of these roads.

Various fiold tests were conducted on tho affected and unaffected
sections, The results of these tests and the conclusions drawn therefrom
arc presented in this Paper.

The affected stretches were reconstructed during January to May 1958
primarily consisting of Bituminous envelope for the road crust and designing
the road crust using C.B.RR. mothod of designing. So far the condition of the
strotohes is good,

* Contral Road Rescarch Institute, Now Delhi,

18
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1. INTRODUCTION

"The country around Batala, a town in Gurdaspur District,
4 of an alluvial deposit and, as such, iy very flat in
nature.  Tho town with its Hurr'om'ulings was flooded by L}'w
waters of Kasur Nalla and Patti Nalla once in tho year 1955
and twice in the yoar 1956. .Even though the inten.q.it;y of the
flash flood which occurred in 1955 was far more higher than
that of the flood in 1956, the duration of the flood in 1955 was
only about three to four days whereay the 1'100(1 in 1956 remained
for weeks togother followgd by continuous heavy rain.
Due to unusual high intensity of the rainfall and two conse-
cutive floods, one towards tho ond of August and the other
ecarly in Octobor 1956, the country around Batals was water-
logged unusually for a long time.  In some of the portions of the
country the water was stagnating on cither side of the roadway
for a period of more than six wecks. 1t is claimed by some that
the duration of the floods in 1956 was the longest in the living

memory.

Punjab, i

Subsequent to the floods in 1956, some of the portions of
the roads around Batala deteriorated rapidly.

After preliminary inspection the following roads were
gelected for intensive investigation:

1. Batala - Siri Hargobindpur Road, miles 2/5 to 18/5.
2. Batala - Qadian Road, miles 1/3 to 2/0.

3. Batala - Kahnuwan Road, miles 00 to 4/5.

4. Batala - Amritsar Road, 22nd mile.

Tig. 1 shows the general location of ' :
investigation together with the other iml)ig;iaiiuio;%aé&li;‘(xlrﬁ
Batala. For detailed investigation, portions of roads both
flooded and unflooded as well as affected and unaflected stretches
in each category were chosen as represcntative lengthy, in order
to have a comparative study of the various sections, ’ :

As the field investigation was ex ' i
. pected to be completed in
a})out a fortn}ght due to the large number of tests, uomg of them
time consuming, to be done at each sclected location only 13
locations were selected for detailed investigation. '
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Fig. 1. A general blan of roads around Batala
2. FIELD INVESTIGATION

2.1, General
(a) Field tests conducted at each selected location

With a few exceptions, due to diflerent types of road beds
involved in the investigation, in general, the following field tests -
were conducted :

Field C.B.R. test: On subgrade, base and wearing coat at the
existing moisture coutentas well as after
24 hours soaking.

Plate Bearing test: On subgrade, base and wearing coat at the
' existing moisture content as well as after
soaking for 24 hours in a few cases.

North Dakota Cone On subgrade and base both at the existing
Penetrometer Test : moisture as well as after 24 hours soaking.

Field density Test: On subgrade and base.

Moisture content: On subgrade, bage and wearing coat at the
existing moisture content as well as after
soaking. At different depths of subgrade
from water table to the top of roadway.

Depth of water table: At all seleoted locations,

——— ROADS INVESTIGATED
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Attorberg limits : Of subgrado soils in all cases: of hase and
wearing coat in some locations.

Mochanieal analysis: Of subgr:.ulc soil 5 of l-m,so, and wearing coat
samples in some locations.

Sulphate content:  Of subgrade and base soil samples.

Tn addition to the above mentioned tests on Batala-Siri
Hargobindpur Road, levels were taken to a distance of about
200 ft on either side of the roadway at cach of the test sections.

Note: 1. BExisting moisture content -— this refers to  the
moisture content existing in the road bed at the
actual time of field test,

92 Wherever sonking was done, the test aren was
ponded with water for about 24 hours prior to the
test.

(h) Field testing technique

Tor conducting the various tests on subgrade, base and
wearing course, the plan adopted is as shown in Figs. 2 and 3.

¢ ,

I—A—O-

o
5
=z
! N\L o
R :
qe 3 @ s
N o &y
l.
7Y
: O, ® 5 1 .
l . ) oW

=]
¢

INDEX

PLATE BEARING TEST

FIELD C.8.R, TEST

CONE PEMETROMETER TEST

DENSITY TEgT

Tig. 2. General details of the test pit dug at each
selected location

”
- 10-0
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Fig. 3. Enlarged view of the disposition of various tests
on a portion of a test section

Field C.B.R. test:

Plate Bearing test:

The load was applied by means of a four-
ton mechanical jack and was measured by
means of a five-ton proving ring. The
necessary reaction for the application of
the load was obtained from a five-ton
loaded truck. The rest of the procedure
followed for the test was as per the general
practice.

The same loaded truck, jack and proving
ring used for field C.B.R. test were used for
the plate bearing tests also. Due to the
limited reaction conveniently available in
the field, the plate bearing tests were con-
ducted only with 12 in. diameter plate.
The plates used for the tests were of 12 in.,
9 in., 6 in. and 4 in. diameters. To avoid
eccentric loading, the load from the jack to
the plate was transmittted through a ball
and socket device. Two to three dial gauges
were used to measure the settlement of the
plate. The modulus of subgrade reaction
presented in the data is calculated for a
12 in. diameter plate for 0.05 inch average
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settlement.  The rest of the procedure
followed was as per the general practice.

Moisture Content The moisture content determination for the
Determination : various samples was done by alcohol
method or by heating the sample containers
by means of a pressure stove at low inten-

sity.

Depth of Water By digging a pit of about threo fect hy
Table: three feet in cross section on the herm,
adjacent to the area of testing, the actual
depth of ground water was measured in

each case,

Field Density Test: The sand replacement method was used for
measuring the field density.

For all the remaining tests, the standard

procedures for the respective tests were
adopted.

2.2.  Investigation of Batala-Siri Hargobindpur road 2/5 to 18/5
2.2.1, Brief history

An experimental stretch of soil stabilised ro

ed on Batala-Siri Hargobindpur road at miles g%zzslg?é'”fr“.“‘
1945. The road bed consisted of a stabilised base i Tone
and half inches loose compacted to three lnches ¢
of sheeps foot rollers and a wearing coas, four
loose, compacted to three inches thickness ne
smooth wheel roller. The wearing coat consiste
two parts of graded soil and one part of brick ha
and downwards,

course of four
hick by means
and half inches
w by means of a
d of a mixure of
llast of one inch

The road behaved very well till the q

due to partition of country. Ag there w i
) ) 0 . a8 no
during the period of disturbances and as extremely ﬂﬁg;mzmﬁi
) C i ue to t ’
population, the wearing course had completely wg:n %‘f&h::gzl?:

traffic was using the base cours
e. In due co
also was damaged. © course the base course

isturbances started

_ Hence the road bed §v
th:h sixpiligr base and wegr
1} in. size in the wearing ¢

88 reconstructed during 1950.1951
ing coat together with graft stone of
ourse at the rate of cubic feet per
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100 square feet and a surface trecatment using 6 cubic feet of
chips per 100 square feet.

'The performance of the road was quite satisfactory till about
October 1956,  But soon after the second flood of 1956 in October,
some of the stretches in mile 2/5 to 11/5 were found damaged.

2.2.2. Field test portion

With a view to make a comparative study of the affected
and unaffected stretchoes, eight portions were selected for study
and the details of the same are furnished in Table 1.

TaprLe 1

Details of the test locations on Batala-Siri
Hargobindpur Road

Mile/Furlong Description
6/6 I"looded and unatfocted,
6/7 Flovded and affected by extensive patches
combined with rutting,
78 Flooded and affectod by extensive patches
combined with rutting, '
8/2 Flouded and unaffected.
8/4 . Not flooded but affected in patches.
8/7 Not flooded and unaffected.
11/4 Not flooded and unaffected so far.
But symptoms of cracking are seen on scattered
areas.
115 Not flooded but affected, cracking and ravells

ing of surface,

Photo 1 shows the stepped up test pit dug at mile 8/2 before
test and Photo 2 shows the test pit under soaking in mile 8/7.
Photo 3 shows the field laboratory. The traffic intensity at vari-
ous points during the past seven years is shown in Table 2.
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Fig. 5. Correlation between C. B. R. values

It is clear from the results in Fi
_ g. 6 that the depth of
water table is only at two to four feot below the road s?xrfzge.

(iii) Effect of floods: There were two floods in quick

succession in 1956. The duration of i
far longer than that of 1955, of the floods in 1956 had been

(iv) Continuity of increased traffic durin
) t | and after floods : The
important point that is to be remembered gis the con:i?msity of

Roap Fammures 18N NorTH WESTERN INDIA 413

WL — CAOUND WATER LEVIL BATALA — SIRIHARGOBINDPUR ROAD
WILE $/4 FALLED WLE 11/S FARED WLE H/14 FANED WILE 8/7 SOUND
0 0§ 0 0
) ] ! !
2 2 2 2
<3 34 3 3
° 4 4 e 4 WL =-----D--- 4 EWL - - -D-toe

[TIC

ul PRI o RR

0 10 20 30 100 20 30 0 10 20 300 10 20 30
WLE /T FARED NLE /8 FALED WILE 876 SOUKD HILE 82 SOUND

0 0 D 0
g 11 %\6 f | ° 1
= : et -0-e 2 2 [1 TR -- 2
<3 3 [ TR S~ Rt | b 1 AP AVTRR < R
54 4 4 4
nay L ~
0 0" 20 300 10 20 30 0 00 20 300 -0 20 3
HOIRTUR 1@ PRACUNT MOISTURE W PERCENT MOISTURE M PER CENT  MOISTURE IN PER CENY

Fig. 6, Moisture variation from the ground water level to
riding surface on B. S. road

BATALA SIRIHARGOBINDPUR ROAD

@ ---- FAILED
® ----SOUND

&

INDEX
o
i

(3
o

201

PLASTICITY

&) 6

20 3 40 By 60 70 80 90 100
LiQuid LIMIT — PER CENT

Fig. 7. Plasticity chart for subgrade soils

the traffic during and after floods. The close proximity of the
ground water table aided by the side stagnated water ha.d goften-
ed the subgrade considerably. The continuous and increased
traffic on the highway with this softened subgrade was one of the
potential causes for resulting in sinking of the subgrade and its

after effects,
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TABLE 3
Results of strength tests on Batala-Siri Hargobindpur road
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..... BATALA SIRIHARGOBINDPUR  ROAD
...... OBSERVATION WELLS

Fig. 8. Plan showing the observation wells for measuring
ground water level on either side of Batala-~
Siri Hargobindpur road

By the time this investigation was taken up, there was no
surface water in the adjoining fields except at a few places and
in road dam portions. This shows the stage of ingress of the
moisture wave from the subgrade. With a view to simulate the
moisture condition at the time of floods, the field testing was
done before and after soaking. Even though the test pits were
soaked for 24 hours for the tests conducted after soaking, depen-
ding upon the type of soil, the degree of saturation due to
such soaking is of course questionable compared to the soaking
done for the laboratory samples or saturation of subgrade as g
result of rise in water table.

Results in Table 3 indicate that the field C.B.R. values of all
failed sections before soaking range from 9 to 44 whereas they
reduce to 2 to 28 after soaking.
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TaprLr |
Rise in ground water table at the observation wells
near Batala - Siri Hargobindpur road

Grid VIII
Woll Nos, in the Grid
6 A i 7 8 { 9 I 10 flOA
Rise in feot i ‘ ) I
be;:;vdeelrz);sgoo 3.2 Nil ' 5.7 10.6 7.5 3.3 0.5
Grid IX

Well Nos. in the Cirid

? | BA b 7w | J l w | n
[, . ! i i
Rise in foot. ; - ' o
between 1950 | 5.6 4.6 ¢ 3.6 . o - f
and 1056 P86 | 162 | 182 155 1 94 | 0.3

In the case of sound portions, the values of field C.B.R

after soaking, vary f{ro 59. This indi .
features : & y m 27 to 59. This indicates two important

I.  The non-uniformity of the subgrade soil.

2. The effect of prolonged flood on the subgrade soil

The low sand content, the high
. X s U rh percentage of .
material and the high plasticity iondex of su%)gm(;};&zo;n(iln sx}}ﬁ%

failed sections are all contributing {
These characteristics contribute gtan}tl?ars for o weak subgrade.

moisture and thus resulting in poor bearinirri:z)tv(;zr absorption of
The longer duration of tlood in 195
I r 56 and th ice i
short interval of time had contributed to the sx?lg f;c‘;od, tw‘;ce bing
greater amount of moisture than what it had a,% s:)a. oiag
the short dura.tton of the flood in 1955. This mi fhtl?(;)r o, curing
for the non-failure of some of the failed d ® tho reason

flood in 1955, and failing during the floods I;ﬁr;&%s, during the
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From the traffic census given in Table 2, it will be seen that
the motor vehicle traffic intensity rose from 165 tons in 1952 to
about 1000 tons in 1955]56 per day. Based on the clagsification
of Road Research Laboratory, Harmondsworth, the traffic as
stated above on Batala-Siri Hargobindpur Road is clasgified as
class C for interpretation of the C.B.R. test results.

The curves developed by  the Road Wesearch Laboratory,
Harmondsworth, U.X., are based on the laboratory C.B.R. values
and are given in }ig. 9. Hence for proper interpretation of the
field C.B.R. values obtained in this investigation, it is essential
to derive the relationship betweon laboratory and field C.B.R.
values, Iven though it is possible in the laboratory to compact
the specimen to the satie density and moisture content as existed
in the field, it is not possible to reproduce the same soil structure
as that existing in the field, Rescarch so far done on this aspect
is very limited. Some of the studies made * indicate that, for
the particular type of soils and traffic involved in the studies,
the values of field C.B.R. are any where from one to two times
the values of the laboratory C.B.R., depending upon the range
of values.

Limited laboratory C.B.R. tests had been done on some
subgrade soils covered in this investigation. For conducting the
laboratory C.B.R. test, it would have been better if the samples
were cut from the road itself with a C.B.R. mould and a cutting
collar. But this procedure could not be fq,dopted in the field for
want of proper equipment for taking undisturbed samples in the
field. The results in Pable 5 show the comparative values
of field C.B.Ik. after soaking for 24 hours in situ and the
laboratory and C.B.R. values with 4 days soaking. Even though
it was realized that greater aumber of samples for laboratory
C.B.R. test would have given more reliable data, the limited data
presented indicates & regular trend and consistency. The
moisture content in the field of the three subgrade §a.mp1es after
soaking varied from 10.6 to 13.4 per cent whereas, In the labora-
tory, the same varied from 12.6 to 18.6 per cent. This clearly
indicates that the 24 hours soaking effect in the field is not
simulating the laboratory conditions.

H ; ‘Jer to evaluate the subgrade strength using
(}_B,R?nc&rl\gsmevolved hy the Road Research Laboratory
(Harmondsworth) it is more appropriate to take .la.bora,tory
C.B.R. values than the field C.B.R. values after soaking. From

* 1 lvés(;i4;ati(;n of Field and Laboratory Methaods for Evaluating
Subgrade éuppox%’t. in the Design of Highway Flexible P&Vex_nents.” By
Baker, R. 1. & Drake, W.B.; Engineering lxporiment Station Bulletin
No. 13‘., Sept. 1949, University of Kentueky, U.S.A., Page 42,
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Stepped up pit under soaking for 24 hours at mile 8/7 of
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Photo 3.

The field laboratory of the Central Road
Research Institute at Batala
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Photo 4.

General view of the waterlogged area on both sides
at mile 7/8 of Batala-Siri Hargobind pur road

Photo 6.

Cross-section of
mile 8/2 (sound
section) of Batala-
Siri Hargobind-
pur road

Photo 5.
Cross-section of
mile 7/8 (failed

section) of Batala-

Siri Hargobindpur

road. The uniform

thickness of

wearing course

and the complete
sinking of all
the layers may

be seen

Photo 7.

Close up view of
bituminous
surfacing of mile
11/4 of Batala-
Siri Hargobindpur
road showing
the numerous
cracks and surface
ravelling



'hote 8.

The ravelled
bituminous sur-
face at mile 115

of Batala-
Siri Hargobindpur
road. The lighter
traffic prefer

to use the berms

’hoto 10,

The crack pattern
and ravelling on
Amritsar-Batala
road after being
affected by fHloods

Photo 9.

The bituminous
surfuce at mile 82
of Batala-Siri
Hargobindpur
road showing the
absence of any
rutting

Photo 12,
General view of
reconstructed
portion (mile 7 4)
of Batala-
3iri Hargobindpur
road after a year’s
traffic

Photo 11.
The two wheel
tracks formed on
Batala-Kahnuwan
road mile 3/5

Photo 13.
Close up view of
the surface of tl'c

reconditioned
portion of 7;4 of
Batala-Siri Har-
gobindpur road
after 1 year of
traffic
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Photo 15,

Photo 14,

Batala-Siri Hargobindpur road after
1 year of traffic

Reconstructed portion (mile 8/3) of
portion of 8/3 of Batala-Siri Hargobindpur
road after 1 year of traffic

Close up of the surface of the re-conditioned

20
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the values of tho laboratory C.B.R. for the three subgrade
samples covered in Table 5, the roquired superimposcd total
thickness of the road bed for satisfactory performance under the
prevailing traffic works out to about I3} inches, whercas the
existing thickness of the pavement laid at these locations was
6} inches. Judging from C.B.R. method of design, this indicates
that the pavement failure at these three places is due to the
scttlement of subgrade. Photo 5 showing the section of the road
bed under the wheel track in mile 7/58 clearly indicates the bend-
ing of base and wearing coat, resulting due to the sinking of the
subgrade. In comparison, Photo 6 shows the sound portion at
mile 8/2 where the uniform thickness of wearing course and basce
with the right camber is retained.

The significant fall in strength on account of ingress of
moisture in the sub-grade us shown by the field C.B.R. values is
also confirmed by the results of North Dakota Cone Penctro-
meter test. Table 3 shows that the bearing power of the sub-
grade on soaking, varies from 240 to 490 pounds per square inch
in the case of failed sections and from 450 to 1990 in the cage of
sound sections. At existing moisture condition, the subgrae
lias given a bearing power varying from 450 to 1700 pounds per
sq. in. for the failed sections and 700 to 3000 pounds per sq. in.
for the sound sections.

A study of Table 3 regarding the strength of base course

at existing moisturc and soaked conditions, both in the failed and
sound stretches, would reveal that there is no significant fall in
the strength by the ingress of moisture except in stray cages., In
the case of base course, there is no significant change in
field C.B.R. values before and after soaking, as compared to
subgrade.  The field C.B.R. value of base course after soaking
varies from 40 to 60. As already stated in para 2,23, the
. variation between laboratory and field C.B.R. values is of the
order of one to two, the variation getting decreased with increase
in C.B.R. values. Even taking the very conservative variation
of 2, the laboratory C.B.R. value of bage after soaking, for an
average field C.B.R. value of 50, works out to 25 From the
C.B.R. curves the thickness required for the prevailing traffic and
for a laboratory C.B.R. of 25 is 5% inches, whereas the existing
thickness of wearing course and surfacing varies from 41 to 5
inches. Hence this again indicates that it is a subgrade failure.

The crack pattern on the bituminous surfacing occurring in
& few cases oould be understood properly if the mechanism of
failure is dealt with in detail. Under the waterlogged condition
the strength of the subgrade has been considerubly decreased as
evidenced by the C.B.R. values, after soaking. Consequently
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the subgrade with the insufficient thickness of the superimposed
road bed sank under passing traffic. As a result of the sinking,
high tensile stresses developed on the top bituminous surface,
thus cracking the same,

In such cases, if water comes on top, infiltration takes place
from top to bottom and thus further deteriorating the subgrade
and intensifying the cracking. The asphaltic surfaces taken at
miles 11/4 and 11/5 and believed to be cracked on the above
mentioned analogy are shown in Photos 7 & 8.

With the cracking up of the asphaltic surface, ravelling of
the surface takes place by the passing traffic as will be scen from
the photograph taken at mile 11/5, Photo 8. The traffic prefers to
use the berms than the ravelled road.

Continued motor traffic over this ravelled section disturbs
completely the wearing course and disturbs the base as well. It
is quite probable that the variation in the strength of base
course at some failed sections on soaking is due to the distur-
bance by traffic as described above.

Observations at miles 6/7, 7/8 and 8/4 show that the deep
rutting and destruction of surfacing and wearing course occurred,
by the continued use of the affected sections by mixed
traffic. In comparison, the photograph of the sound section
taken at mile 8/2 is shown in Photo 9.

The consistency in field C.B.R. and cone penetrometer
values at mile 8/4 both for base and subgrade, even after soaking
indicates that the depression caused.at the area of the patch may
be due to surface failure. The subgrade soil at this test location
has a sand content as high as 46 per cent and a plasticity index
of 9.9 per cent. These characteristics, coupled with high strength
even after soaking, show that the subgrade is strong enough but -
the failure may be caused from top. As the tar surfacing was
laid about five and half years back and in the absence of any
further renewal coat, the surfacing has shown signs of excessive
wearing and oxidation of tar. It is quite probable that the
failure at this test location and some scattered portions in this
furlong may be due to the worn out surfacing. With the gradual
wearing of the surface, the traffic might have used the wearing
course, causing rutting.

The above assumption is confirmed by an examination of
the cross section of the road bed at the test location, which
revealed the absence of any depression of the interface of the
base course and subgrade. -
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The poor soil characteristics, the significant fall in strength
on ingresy of moisture and the inadequato thickness of road bed
for the traflic encountered, all contribute to the sinking of the
subgrade as noticed in the failed soctions at miles 7/8, 114
and 11/5.

Thus the results of thiy investigation indicate that the main
cause for failure at miles 6/7, 7/8, *11/4, and 11/5 s due to
softening of the subgrade, whereas at mile 8/4 the failure is due
to infiltration of water from top through the cracked bituminous
gurfacing.

2.3. Investigation of other roads around Batala
2.3.1.  Brief History
A Batala-Kahnuwan Road mile 0,0 to 4/5

An experimental streteh of soil stablised road was construct-
ed on Batala-Kahnuwan Road in May 1955. The road bed
consisted of a stabilised soil base course of four and half inches
loose compacted to three inches thick by means of sheopsfoot
rollers and a wearing coat of four and half inches loose com-
pacted to threo inches thick by means of a smooth wheel roller.
The wearing course consisted of & mixture of two parts of graded
soil and one part of brick ballast of one inch and downwards.
The wearing coursc was surface treated with 33 1b of tar and

three and three-fourths cubic feet of §—1/8 in. aggregate per.

100 sq. ft.

A second coat of surface treatment was given in May 1956
with 22 pounds of bitumen and two and quarter cubic feet of
3/8—1/8 in. aggregate per 100 sq. ft. :

In some of the low-lying arcas, deep wheel tracks had bheen
formed.

B. Batala-Qadian Road mile 0/0 to 2/0

This road was constructed in February 1955 with the con-
ventional tye of construction. The soling consisted of one flat
brick with the frog down on the existing soil subgrade and the
base consisted of three inch loose water bound macadam com-
pacted to two and half inches thick. The water bound macadam
was surface dressed with 45 pounds of tar and four and half
cub_ic feet of $ to 1/8 in. aggregate per 100 sq. ft. The road was
again surfaco dressod in May 1956 with 22 pounds of bitumen
and three cubic fect of 3/8 to 1/8 in. aggregate per 100 sq. ft.

The road was not aficcted by the floods,

\
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C. Amritsar-Batala Road mile 22/2

This road is the Cirand Trunk Road connecting Amritsar and
Pathankot »/« Batala. The road is of conventional type of con-
struction using brick soling, water bound macadam and surface
dressing. The surface dressing was renewed from time to time.

Some portions of the road were considerably affected by the
recent floods.  The surface cracked and ravelled extensively.

2.3.2. Field test locations

The details of field test locations selected for study are given
in Table 6.

The traffic intensity of Batala-Kahnuwan Road and Batala.
Qadian Road is given in Table 7.

The results of various tests are presented in Tables 8 to 11,

TABLE 6
Details of the test locations

A, Batala-Kahnuwan Road

Mile/Furiong Descriptims1
07 Unflooded and Unaffeeted.
1/5 IMooded - Cracking and  slight sinking are
soen.
3/5 Flooded and affected.

&

Batala-Qadian Road
1/6 Flooded and unaffected.

C. Amritsar-Batala Road

22/2 Flooded and affected.
TaBLE 7
/ : Traffic census

N

\. Batala-Kahnuwan Road ,
Date of consus ~ 24-5-1956.
Motor traffe — 18.5 tons for 24 hours.
Non motor traffic — 24,0 tons for 24 hours,

B. Batala-Qadian Road
Date of consus ~ 27-5-19586.
Motor traffic = 83.5 tona for 24 hours,
Non Motor traffic ~ 46.5 tons for 24 hours,
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2.3.3. Discussion of Test Results

Investigation of Amritsar-Batala Road and Batala-Qadian
Road were undertken with a view to have a comparative study
of atfected and unaffected sections both in the conventional and
soil stabilized road constructions.

Table 8 shows that the field C.B.R. values of the subgrade
do not indicate any appreciable full after soaking,

From the field C.B.Ik. values of subgrade on soaking, and
for the traffic intensity of Batalu-Qadian Road as in Table 7, the
thickness of road bed is quite adequato.

The Amritsar-Batala Iboad is a state highway with a traffic
intensity of about 2000 tons per day. The field C.B.R. of subgrade
after soaking was 15 only. From the general trend of differences
between field C.B.R. values and comparable laboratory C.B.R.
values, taking the laboratory C.B.R. as 7, for the above men-
tioned traffic on this road, the thickness required for successful
performance works out to 12 inches. But the existing thickness
of the road at the timo of investigation was only about 8 inches.
This indicated that the failure of tho road was due to inadequate
thickness of the road crust for the prevailing subgrade and
traffic. The crack pattern and ravelling on Amritsar-Batala
Road after being affected by floods, is shown in Photo 10.

_ In miles 1/5 and 3/5 of Batala-Kahnuwan Road, the field
C.B.R. values of base show an appreciable fall on so;a.king on
account of comparatively low density. The slight settlem’ent
in the wearing course has led to surface cracking and slight wheel
tracking in mile 1/5 of Batala-Kahnuwan Road. Butat mile 3/6
the settlement of 'the wearing course was appreciable and it has
slowly developed into the base course as well, resulting in deep
wheel tracks. An examination of cross section of the road
revealed that phe thickness of the wearing course is reduced at
the rutped portion in comparison to the thickness of the wearing
course in the adjacent side. The wheel tracks of this furlong are
shown in P.hoto 11.  With only bullock-cart traffic on this
rqa,d and with the resulting high intensity of stress on top and
with the decreased depth of stress influence, it seems Witlz)h the
low C.B.R. values after soaking, the base and wearin éourse ot
consolidated under the wheels resulting in wheel tra,ckgs 8

In mile 0/7 of Batala-Kahnuwan Road
. the
high embankment. The Plasticity index of subg::?i: is ae high
a8 18 per cent and the sand content of the same is as low as g15
per cent. This furlong had not shown any signs of deterioration.
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This might be due to the presence of high embankment resulting

in creating less detrimental effects due to nonflooding of the

goadfway. The depth of water table at this furlong is more than
ve feet.

3. CONCLUSIONS

(1) The failure in patches on Batala-Siri Hargobindpur
Road in miles 6/7, 7/8, 11/4 and 11/5 is due to the sink-
ing of the subgrade caused by ingress of excess moisture.

(2) The failure on Batala-Siri Hargobindpur Road as in
mile 8/4 might be due to the surface failure.

(3) The failure in patches on Batala-Kahnuwan Road
might be due to the seftlement in the wearing course
and base itself.

(4) The failure of Amritsar-Batala Road might be due to
inadequate thickness of pavement over the subgrade
with its decreased bearing value due to the ingress of
excess moisture.

(5) The cause for the successful performance of the
Qadian Road, with conventional method of construc-
tion, seems due to the fact that the existing thickness
is adequate from the C.B.R. design point of view.

4., RECOMMENDATIONS

(1) 1In order to minimise the effects of capillarity occurring
due to high water-table and possible floods, it is recom-
mended to adopt one or more of the following alterna-
tives using the locally available material. The parti-
cular method to be adopted should be arrived at on
examining the cost analysis of the various alternatives.

(a) Running the road on embankment. The height of
. the embankment to be constructed from locally
available soils should be kept at the required mini-
mum from the point of the highest level of water

in the adjoining field.
(b) Stabilization either with cement or lime.

(6) Enveloping the road crust completely with an
impervious layer.
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6. RECONDITIONING THE FAILED SECTIONS

The damaged portions 6/7 to 9,0 of Batala-Siri Hargobindpur
Road were reconditioned during January to May 1958, adopting
the following specifications :

(a) The existing crust was dug up and the subgrade
below was levelled and rolled.

(b) Shell primer No.1 (50 per cent of bitumen 80/100
and 50 per cent diesel oil) was spread over the
prepared subgrade including on sides of the road
crust at the rate of 401b per 100 8q. ft. in two
coats and allowed to soak through each time.

(¢) Immediately above the shell primer, a 9in. loose
thickness of sulphate frec natural soil was spread
and compacted to 6 in. thickness a optimum
moisture with a 6 ton power roller.

(d) Over the compacted natural soil g base course and
a wearing course each of 3 in. thick compacted
thickness were constructed together with grafting
following Mehra’s method of stabilization.

(e) Surface treatment consisting of two coats of
Shalimar Road Tar No. 3 using 60 1b per 100
square feet (for both the coats) and 3.5 cu. ft. per
100 sq. ft. of 4 in. chips in the Ist coat and 2.5 ou.ft.

per 100 sq. ft. of { in. chips in the second was laid
over the grafted wearing course,

(f) Brick on edge was provided on both sides.

The road is giving satisfactory performance go far and
photos taken in June 1959, one year after reconstruction, are
- presented in photos 12 to 15. .

6. SUGGESTIONS FOR FURTHER RESEARCH

I. The correlation between fisld and laboratery C.B.R.
values should be established for proper interpretation of C.B.R.
design curves using field C.B.R. values.

. I Study of available literature on the effect of variation
In rate of loading for the C.B.R. test should be conducted.
Then, if necessary, the study to have a proper understanding

of the variation in C.B.R. values due to variation in the rate of
loa.ding should he continued, n the ra
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ITI. TInvestigation of the various causes contributing to
different types of cracking in bituminous surfacings should be
carried out. In order to simulate the present day practice, to
start with, the above investigation has to be made with regard
to surface dressings under the following conditions:

(a) Due to weak subgrade
(b) Due to weak base course
{¢) Due to weak wearing course
(d) Due to over-heated bitumen
(¢) Due to stripping of bitumen in the presence of
water
(f) Due to oxidation of bitumen on prolonged weather-
ing. v .
Experimental stretches cons_t;ructed at test track sgale
have to be subjected to both distributed as well as channelized

traffic. Some of the scctions have to be designed for long range
studies under natural weathering conditions.
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SYNOPSIS

This Paper deals with an attempt to determine the quantities of binder
and aggrogates required for a full grout penetration macadam using hot
binder, A laboratory stability test on the principle of extrusion was set up
and utilised for determining the optimum quantity of binder required and
the various quautities are worked out.

1. INTRODUCTION

It is well known that a bituminous surface treatment is the
cheapest form of a bituminous road construction which acts only
a8 & thin waterproofing without imparting any strength to the
road structure as such. However, the stresses set up in the
pavement immediately below the wheels by iron tyred traffic
like bullock carts are very severe and are often sufficient to
overcome the inherent stability of the water bound macadam
pavement (which is essentially due to the stones being keyed
tightly together with a slightly plastic -binder), by forcing the

—_—

't Central ltoad Research Institute, New Delhi,
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stones out of position. A possible means of preventing this i8
to strongthen tho structurc of the pavemont by introducing &
bituminous binder into the road to hold the aggregates firmly in
position.

.

The term ¢ bituminous macadam’ designates a macadam
road surface into which asphaltic material or refined tar is
introduced cither by mixing with the coarse aggregatos before
they are placed on tho road or by pouring after the coarse aggre-
gates are laid in place and allowing the binder to penetrate.
However, this definition is not universal since, according to the
American practice, bituminous macadam means only a penetra-
tion type of construction!, whereas according to the British
practice, it means a pre-coated type of construction?. Hence, in
order to avoid the confusion it is proposed to use the terms
¢ bituminous pre-coated macadam’ and ‘¢ bituminous penetra-
tion or grouted macadam > for the two different types of
construction. Whereas the former forms either a base course or
a binder course or a surface course in a road pavement according
to the size and gradations of the stones employed, the latter
always requires a cover coat.

When the binder is allowed to penetrate to the full depth of
the stonelayer it is called ¢ Full-grout’ whilo, when it penetrates
to only half the depth or less, it is known as * Semi-grout’. It
is the usual practice tohave a consolidated thickness of 2 to 3
inches in the full-grout construction according to the traffic
cconditions and 2 inches in the semi-grout.

Bituminous penetration macadam, or grouted macadam .as it
is often called is probably the simplest way of producin,g an
asphalt pavement, as the coating of the aggregate with the
binder is carried, out in the road itself without the aid of
mechanical mixers.

2. AGGREGATES FOR PENETRATION MACADAM

2.1. General

The success of a bituminous penetration macadam depends'

on the stability built up in the wearing course i

binder that was poured into it and gby the inT::l%I;:lﬁl }:)}f’ 211::
aggregates. Unfioulgtedly, the wearing course with the meximum
aggregate density, i.e., the stone layer built by closely graded
aggregates 8o that minimum voids are left in it, will be the most
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stauble one. But, such o layer of aguregates cannot be
coated by the hot binder by just pouring it in” for the obvious
reason that the binder cannot low  into such small voids. Since
the aggregates vet coated only by the penetration of the binder
into the layer, it is obvious that the aggregate layer should
contain voids which are big both in total volume and in indivi-
dual size.  Hence, in order to strike at o balance between the
stability and the ageregate density, the mineral aggregate for a
bituminons macadam surface is normally of three gradings,
given as below :

1. The main wearing coursc or COArse 1n
macadam material sizo

2. The choke material or key intermediate
stone in gize

3. The blotter or cover material fine in
for seal coat . . size

And it goes without saying that the aggregates should be
hard and tough,

Normally, broken stones passing a 24 in. and retained on a
Ly in. and passing a 2 in. and retained on a 1in. squarc mesh
form thoe chi‘ing course material for a 3 in, and 2 in. thick penet-
ration macadam respectively. The coarse aggregate is spread on
the prepared base course in specified quantities so as to produce
the required compacted thickness. After rolling and the first
application of the bituminous binder, the 1nte1'meqmte sized
stones, frequently designated as key stone and sometimes callled
as the choke stone, chips, splinters or peastones, of sizes from 14 in.
to # in. and from 1 in. to }in. for 3in. and 2 in. thick penetration
macadam respectively, are spread uniformly in specified quanti- .
ties and rolled until the surface becomes firm and tight. /The:n, to
produce the seal coab, a second applicuytio_n of the bituminous
material in gpecificd quantities is made why;h is fo_llow.ed by t.;he
application of the cover material and the final rolling is carried

out,

2.2, Quantity of Aggregates

1t is cssential that only the correct amount of .aggrega,tes
should be used, because excess aggregates in the wearing course
will lead to a thicker layer where tho voids will tend to bo less
completely filled with bituminous material and with chips and
fine stones. ‘

The quantity of aggregates required for 3 in. and 2in. thick
penetration macadam pavements cali be worked out in the
22
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following manner:
(a) 3 in. penetration macadam
Assuming tho per cenb voids in the compacted layor as 40, it
may be seen that the solid volume oceupied by the aggregates
alone will be
== total volume — volume of voids cu. ft.

= 100x F—100 x 1 x 4, cu. ft.
'y i 10

= 2510
= 15 cu. ft.

Assuming an average specilic gravity of 2.7 for the ALUTO-
gates, the total weight of the solid aggregate filling the volume of
15 cu. ft. is

= 15x2.7x62.41b
527 1b

Lo

Assuming o bulk density of 85 Ib per cu. ft., the total bulk
volume of aggregate required is

= 2527/85 cu. ft, .
= 30 cu. ft.

(b) 2in. penetration macadam

Working in a similar manner it' can be seen that the
quantity of aggregates required for the wearing course of a 2 in.
penetration macadam will be about 20 cu. ft.

3. BINDER FOR PENETRATION MACADAM
3.1. Characteristics of the Binder

The important characteristic of the binder should be its
capacity to penetrate into the compacted stone layer and hold
the aggregates firmly against the disrupting forces set up by the
traffic. Bituminous cmulsions and cut-backs readily satisfy the
first condition but take some time to cure before imparting the
needed strength to the structure. "However, the advantage in
using these binders is that they are applied cold and that tho
construction can be done even in cold weather.

On the other hand, residual bitumens and refined tars have
to be heated sufficiently before spraying on the aggregatos.
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Although the temperature of the hot binder is relatively high it
will readily cool off to the temperature of the stone when sprayed
on the cold aggregates, which will hamper its penetration into
the layer, and the binder will be unable to flow freely into
all the cavities, Hence, it is of paramount importance to choose
a binder of ¢ such a viscosity as will allow it to penetrate the
aggregates before cooling. In this connection it must be
remembered that the maximum permissible penetration for the
bitumen is 65, which may be considerably reduced by the filler
with which it is afterwards loaded "'+,

However, in a country like India where the summer tempe-
rature is very high, a still harder grade binder such as 30/40
penetration could be used without any disadvantage when the
ntmospheric temperature is above 100°F. At other times,
binders of (0/70 or 80/100 penetration could be used. ‘

When tar is employed as the binder, it is preferable to use
as hard a grade as possible, such as R.T. 4 or R.T. 5, which will
hold the aggregates more tightly and firmly than the softer grades
by virtue of their higher viscosity.

It has been the experience elsewhere that the harder grades
of binder have lcd to a greater success in the construction of
bituminous penetration macadam pavements®. This suggests the
use of harder grades of bitumen and tar cut-backs with suitable

solvents,

3.2. Quantity of Binder

It is often erroneously held that in a penetration macadam
the binder is supposed to fill 'in all the voids of the aggregates
completely. This will be understood when it is considered that
to fill up the 40 per cent of voids in the compacted layer, 10 cu. ft.
of the binder by volume is required, in other words, 6251b of
binder for every 100 sq. ft., which is obviously too much for any
pavement, Moreover, any free binder filling the voids which are
sufficiently big in volume will do more harm than good by lubri-
cating instead of binding the aggregates.

Since the purpose of the binder is to strengthen the structure
of the pavement by holding the aggregates tightly it should pene-
trate and coat as much of the suface area of the aggregates as
possible. However, it must be noted that the coating will be much
thicker than in a premix type, because the coating is eﬁ.ected
only by the free flow of the binder. Hence, the quantity of
binder in a penetration macadam shoud be such as to impart
maximum stability to the structure by coating the maximum
surface area of the aggregates and such as not to leave excess pf
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free binder m the voids which i likely to be fll':hil\C(l ().H'. With
this in view, an attempt was made to dntoymfnu i\ﬂmrnnvnL:m”y
the corveet quantity of binder required for o bxtqmmmm penotra-
tion macadanm ax deserthed in the following Sections

3.3, Test Procedure
3.3.1.

The stability of the penctration maeadam was determined as
the total load in pounds required to extrude a speciman of 9 1t
Oin. % 2160 in, % 0 {6-3 in. through a 5 in. diameter hole by
a 2} in. diameter plunger. The test specimon was prepared and
tested in the following manner,

A steel tray of 2 f6-0 in. % 2 f6-0 in. x 0 ft-3 in, with a
“eentral hole of & in. dia. was placed on a cement concroto plat-
form, and 1.2 cu. ft. of coarse aggregates pagsing 21 in. and
retained on 1} in. square mesh (I, R, (. Std. 2 1in.) were spread on
the tray, corresponding to o rate of 30 cu. ft, per 100 sq. {t.,
Photo 1. A galvanized iron sheet wag spread over the aggres
gates and a I ton vibratory roller was brought on the (1. T. sheet,
Photo 2. Rolling was done for ahout 3 minutes till the aggre-
gates were well compacted and the surface was firm and uniform.

3 in. penetration macadam

The binder was heated to iy application temperature and was
hand-sprayed on the agaregates in specified quantity by mecans
of a perforated tin, care being taken to spray the binder uni-
formly all over the aggregates. Asphaltic bitumen 80,100 and
road tar RT-5 were employed in this investigation. The sprayed
surface was allowed to cure for 24 hours.

After curing, the tray was gently lifted up and supported
below by means of concrete blocks about 3in. high. A port-
able loading frame was fixed over the specimen (as shown in
Photo 3) and the specimen was contred. A plunger of 21 in._ dia.
was placed at the centre of the sprayed surface, where the voids
were filled with dry, coarse sand over which a thin film of plaster
of paris was applied, for uniform seating of the plunger. After the
plaster of paris had set, the load was applied by means of a pro-
ving ring at the rate of 0.25 in. per minute. The maximum
load at failure in pounds was recorded as the stability of the
specimen. A series of tests was repeated for the same binder
content and the average of the best three values was taken as the
stability for the particular rate of binder. The tests were car-
ried out at an atmospheric temperature of about 28°(,

The rates of application of the binder tried were : 50, 100,

125, 150, 165, 185, and 200 1h per 100 aq. ft. Tro
given in Tables 1 bo 4. P q e test results are
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Tavue 1 '
Stability values for 2 in. penetration’
macadam using bitumen 86/100
Quantity of hindor W per 100 sq. {4, Stahility 1h
0 200
' 50 350
100 GO0
125 725
150 1175
05 1460
185 1500
200 1575
Tavra 2
Ratio of cohesive resistance/drained binder for 3 in.
penetration‘macadam using bitumen §0/100
; o4 iv | . Cohesive
. Binder [Sffective i ohesive |
Binder usod dr].f:,linc(l binder I(:Z]]l‘m::((; < mmsm_noo/
Ih per 100 or 100 Ih per 100 h © effective
Ih pe ’ bind
s ft, «. ft. s, ft. | hinder
50 - 50 150 «
100 — 160 400 o«
125 125 - 0h25 o
- —
150 3 147 975 =~ 325
165 8! 1567 1200 45
i 3
185 183 166} 1300 70
200 36 164 1375 36
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Tacre 3
Stability values for 3 in. penetration
macadam using tar R.'T. 5,

!
Quantity of binder b per 100 sq. {1, J Stabitity Ih
|
0 200
100 500
125 675
[ &) oo
165 1175
t83 1250
=00 1250

Tanre 4
Ratio of cohesive resistance/drained binder
for 3 in. penetration macadam
using tar R.T. 5

I

Bindor used : (l':l"]l:}:‘fi I,t:‘;{‘(;;l:o (/‘n.lmsi\'u E f““.h‘;si:;:‘/
”’Sl(’:rf:fm m per 100 I por 100 ‘ "“R'Tﬁ“w\' ! l:,ls:-lifi‘rtl‘(‘-fl/

i sq. ft. se). fb, binder
100 — 100 360 o
125 — 125 475 o
150 6 144 800 133.3
165 22 143 975 44.3
i85 i Ih4 1040 J3.8
200 H0 150 1050 21

After the stability was determined, the tray was emptied of
the aggregates and woig]_md with the binder sticking to the plate.
The quantity of tho binder that had drained to the base plate
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was found out by substracting the tare weight of the tray from
this weight. The quantity of cifective binder wuas obtained by
deducting the quantity of the drained binder from the total
quantity of the binder that was used, Table 2.

3.3.2. 2 in. penetration macadam :

A similar test was carried out to determine the quantity of
binder required for a 2 in. penetration macadam. In this case
the size of the tray was1ft-6iin.x 1 f6-6 in. x 0 ft-2 in. with a cen-
tral bole of 4 in. in diameter and the plunger used to extrude the
specimen was 2 in. in diameter, othorwise the preparation and
the testing of the specimen wore the same. About § cu. ft, of
aggregates passing 2 in. sieve and retained on 1 in. sieve (LR.C.
Std. 1! in.) was used correspoding to 20 cu. ft. per-100 sq. ft.

The following rates of application of the binder were tried:
50, 70, 90, 110, 130, and 150 1b per 100 sq. f6. The test data
arc given in Tables 5 to 8.

3.4. Discussion of Test Results

3.4.1. Before any attempt is made to interpret tho tost data
it iy significant to recall the shortcomings pf this test procedure
80 a4 to appreciate the oxtent of bhg validity of thg test .rcsglts.
Since the prepared ‘specimen’ for test comprises big s;ze‘d
irregular aggregates of varying shape spread on a large area, it 1s

TaBLE 5
Stability values for 2 in. penetration macadam
using bitumen 80/100

Quantity of bindor b por 100 sq. ft. Stability Ib

o o 225
" 125
7 550
00 625
110 $ 770
130 950 .
150 1250
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TasrLe 6
Ratio of cohesive resistance/drained binder for 2 in..
penetration macadam using bitumen 80/100

o

Binder used | Bindor i Liflective Cohesive |

. - . Cohosive . ;e
A LT A R i
30 — a0 200 «
70 = 70 325 &<
90 — 90 400 «
110 3 107 550 183
130 11 1o 725 66
150 u2 128 1025 16.5

TavrLe 7

Stability valucs for a 2 in. penetration macadam
using tar R.T. 5

|

Quantity of binder h per 100 sq. ft. - Stability th

0 | 225

70 450

o 575

10 725

130 900

150 1200

180 1300

- impossible to produce specimens of
though the same quantity of binder a
prepare ‘identical’ specimens, their

test is bound to show some differenco
interlock of the aggregates )

identical nature. Hence,
nd aggrogates were used 0
behaviour in an extrusion
1c6 beeause of the position of
being  dissimilar in different

v

I’hoto 1.

1! in. loose aggregates in steel tray of size
) 2[__0”><2/__0//><0’__3/!

Photo 2.
Rolling with the vibratory roller
in progress
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Photo 3.
Test assembly with the portable loading
frame and proving ring

PN e g . - L ' . k.

Photo 4,

Keystones spread
and ro
binder-snrav.a - Nea over the

-more or less equiva

* the question of confinement withi
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TABLE 8

Ratio of cohesive resistance/drained binder for
2 in. penetration macadam

using tar R.T. 5

Cohesive Cohesive

Binder used Binder Eﬁe;tive z\ ! ‘
1b per 100 | drainedlb binder b per | resistance | resistance
sq. ft. per 100 se. ft. | 100 sq. ft. i 1o | jdrained binder
e
0 - — — —
0 - 0 925 <
90 - 90 350 «
110 3.5 1065 500 142
130 11 119 " 875 61 .
150 33 117 975 29
180 50 130 1075 215

specimens. For this reason, the test was repeatevd for & number

of times and the average of three near-abont identioal test results
was taken for the purpose of their interpretation. -

. i der the plunger (4 in, and 5 in. dia.) is
T miz?x: :,10 the a.res? of contact of & loaded vehicle

and, si is small com red to the area of the steel tray,
e e 2 onfiner pa.n the tray is easily overcome.

As regards the saw-tooth bond thab is normalfy obtained in

the field between the macadam layer and the base, in j;he
laboratory test it is purposely eliminatefi, not only with a view
to eliminate the wide variations of this effect but -more so to
avoid the effect of the binder drained into the base. For, the

object of this investigation is only to study the increase in the

strength of an individual compacted layer of stones, as a result
of increasing quantities of the grouted binder,

Henoe, though the test method is & purely empirical one, the
test dats could be interpreted in rational manner to some
extent as shown:in the following Section subject to the . above
mentioned limitations. -

23-

B
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34.2. In Fig. 1 is drawn the relationship between the

quantity of binder employed and the stability value in 1b. From

the Figure it can be seen that even the uncoated aggregates have

RELATIONSHIP BETWEEN THE STABILITY
AND

THE QUANTITY OF BINDER

[
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i
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FIG. 1. STABILTY 2 Lys.

a stability of 220-225 Ib indicating the interlocking resistance of '

the ocoarse aggregates when com

¢ ¢ pacted. With th

:g::xmg (;}f the binder, the stability increases gra;u:llllbssq‘?on:
ain optimum value beyond which it is seen that theyingreaee

in stability for a corresponding i i i
in the initial stages. poncing Inorease of binder is lower than

This indicates that the stabili i ;
structure is made up of two distin(l:?}a?(fh};lstu:;;nous Penotration
4 ]

(a) resistance due to interlo
> ck of the
gates which can be sssumed to b(;oxgg)::: edta.%gre~
given aggregate, and aib fora

(b) resistance due to cohesio
) to o n brought int
binder and which is variable (o%tai‘nx:do l?y}azul:)%rz’;?

ting the interlocki : .
value). rlocking resistance from the stability

Normally in a water-bo
_ v \ r<bound macadam
supplied by the plastic filling material empl:)y:gi:vh:;h:z;?;ivl:
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strength is extremely variable depending on moisture and other
conditions, The importance of high cohesive strength in the
layers immediately below the wheels of traffic has been very well
brought out by various investigations such as shown in the
A.A.S.H.O. test report 4. And so it is obvious that where only
a thin surface treatmentis given, the macadam layer below it
should possess as high a cohesive strength as possible.

This poses the question as regards the quantity of bitumen
that is necessary o supply this cohesion. It is well known that
the cohesive resistance due to a bituminous binder in & road
structure is & function of the surface area coated, the thickness
of the coated film and the consistency of the binder. Assuming
that the last two faotors are constant in the test, it follows that
the increase in cohesion is due to an increased coated ares of the
aggregates as a result of increased quantities of binder. But
then as can be seen in Figure 1, there is an optimum value at
which the surface area coated is maximum and beyond which
use of an excess of binder does not materially increase the
strength but, on the other hand,-only gets drained.

Tt can be seen from Fig. 2 that as the binder gquantities are
increased beyond a certain value, the amount of binder drained
goes on increasing and also from Tables 2, 4, 6 and 8 it can be

RELATIONSHIP BETWEEN THE BINDER USED
AND .

THE BINDER DRAINED TO THE BASE
50 4
TR LEGEND
¥y —_ s: BTUMEN
é —_— 5 ™
Eg %0 - ceee T WITUMEN
gz - TAR
g =i
[ 204
§
10
o : oz .
L 60 ) 100 0 140 10 180 0

FIG 2. PNDER  USED  L4S/100 §.FT.

.
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seen that, beyond a certain value, the effective binder (the
quantity of binder employed minus the quantity of drained
binder) remains more or less constant. Though it may be said
that at very low quantities of binder there is practically no loss
in the form of drained binder, yet the adequate stability may
not be obtained, for which reason the maximum finite value
obtained for the ratio of the stability value to the drained binder
will also have to be considered, Fig. 3.

RELATIONSHIP BETWEEN THE QUANTITY OF BINDER
AND

THE RATIO OF STABILITY/ DRAINED BINDER

000 |
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12 Lteews
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FI6 3 QUANTITY OF ‘BiNDER Le8/100 §.F1.

So, in order to fix the quantit .
criteria should be as under: Auantity of binder necessary, the

(a) A ressonably high value of stability should be.

aimed at,.

(b) There should be a minj : '
drained bioger. minimum lo{s in the form of

(¢) A reasonably high value for the ratj o
- the drained binder should also be ajmen - 117 °f

. Bearing in mind thé above crj
3 in. penetration macadam with bituminous binder

of bitumen of 140.150 1p per 100 sq. ft, » the quantity

would be quite satig-

4
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factory, and for a 2 in. penetration macadam, the figure would
be about 110 1b per 100 sq. ft.

As regards using tar as a binder, it can be seen that the
behaviour in general is similar to that with bitumen. However,
for both the 3 in. and the 2 in. layers, the stability values are
correspondingly lower than for bitumen. Also the corres-
ponding quantity of drained binder is more in the case of tars than
in bitumens. These are obviously due to the lower viscosities of
the tars. Because of this very same reason, the same quantities
are indicated for both, in spite of the higher specific gravity of
the tar as against that of bitumen.

In Table 9, it can be seen that the prevalent practices advo-
cate extremely varying quantities of binder such as 120-220 1b
per 100 sq. ft. for a 3 in. and 100-180 Ib for & 2 in. macadam.
By adopting the figures indicated in this Paper, it is felt that a
saving to the tune of 15-20 b per 100 sq. ft. can easily be

. effected.

TABLE 9

Quantity of binder used for the wearing course in the
penetration macadam in 1b per 100 sq. ft.

Binder for

Naz;ze of authority
. 3 in. macadam | 2 in. macadam’

teria, it can be geen that for a

1. Bureau of Public Roads, U. S. A, 165 — »
2. Asphalt Institute, U. 8. A, 220 —
3. State of Madras 165 110
4. Btate of Bombay J130-170 140-168
8. Central P. W. D. 130 100
6. Burmah Shell 150 100
7. Standard Vaouum Oil Co. @ in.l:lﬁ ok) 112 ‘
8. Caltex India Ltd. 165 ' —_—

9. Shalimar Tar i’roduotl Ltd, - —_ ) 180
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4, KEYSTONES

4.1. After application of the hot binder for grouting, the
keystones are spread to secure a good interlock at the surface.
The quantities and sizes should be such that the voids of the
macadam layer are filled sufficiently. Excess of aggrogates will
only remain loose and be whipped off by traffic.

A lower quantity would result in the wearing off of the
macadam stones instead of the keystones and the seal.coat.
Again, in_order to produce a non-skid and less rough texture
grading of the keystone has also been suggested. ’

So in order to assess the guantities and sizes of keystones
required for a 3 in. and 2 in. macadam, the following test was
adopted. .

4.2. 3 in. Penetration Macadam

After spraying a suitable quantity of binder over the rolled
macadam in the tray, aggregates passing 1} in. and retained on
1 in. sieve were placed by hand in the voids to fill up the bigger
sized voids and those passing 1 in. and retained on £ in s?egve
were placed in the smaller sized voids. After completely p;),ckin
the voids, the small sized aggregates were spread on the ma.cada.n%
course material so as to make shoulder to shoulder contact with
the aggregate, already packed, so that all the sprayed area
was covered completely, Photo 4. Then the whole surface
was rolled and, where necessary, further quantity of the small
sized aggregate was placed by hand. The quantity of the
keystones thus used was then determined.

It was found that the keystones necessary to fill y  voi
of the wearing course and to spread on they whole sﬁrtfl;;: ?,;::
a.t;ogt (31.5 cug. ft. per 100 1ig.hft. of aggregates passing 1} in. and
retained on § in. sieve, which was made up of 1 Sy
and 5 parts of 1 to $ in. sizes. pot Lpartof 13to1 in.

4.3. 2in. Penetration Macadam

Carrying out a similar test, it was foun
necessary to fill up the voids of the wearingngozlxl':: :1111?1 l:gy: to: 83
on the whole surface were about 5 cu. ft. per 100 sq. ft, of £ rar
gates passing 1 in. and retained on } in. sieve which ‘wa.s lﬁgl:-
up of 1 part of 1 to } in. and 5 parts of § to } in. sizes, nee
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5. SEAL COAT

No attempt is made in this investigation to include( seal
coating which should be given on a penetration macadam course
after the application of the keystones to suit the particular type
and volume of traffic and to give the pavement a smooth and
non-skid surface. This can be achieved by adopting any suitable
specification for a seal coat.

6. CONCLUSIONS

1 The results of the laboratory investigations seem to
indicate that the quantities of aggregates and bitu-
minous materials required for the wearing course of
3 in. and 2 in. penetration macadam constructions of
hot-grouted process to yield a stable and economical
pavement should be as given in Table 10.

2. It appears that asphaltic bitumen or road tar can be

used as binder in equal quantities by weight in penet-
ration macadam constructions, '

TABLE 10 .

Quantities of aggregates and bindgr, bitumen or tar,
for wearing course of penetration macadam

Aggregates for wearing Keystones w"ﬁ -
ocourse g &
, o
N - @0
si 3
3 120 O
Corpacted Sise & < .
thickness |———— | &5 o Bee |l S8
inches % 5 A= g A% 1oy
. W oo | B | S ® a8 w | RV o2
508 | 5e8 | 3:8| Ees G2 |85 B
ERCRR- R A g235 (428 (O% ge
de8 geE | § |4%8|3¥E | § | BE
A & ) @ & ®
9 9 1 20 1 1 "8 110
(LR.C. 1} in,)
3 24 13 30 13 3 6.5 150

(LR.C. 2in.)
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“STRESS AT A POINT WITHIN A SEMI-INFINITE
ELASTIC MEDIUM SUBJECTED TO A SURFACE
VIBRATORY LOAD”

By
C. N. NaGgaRAT* B.Sc., B.E,, D.I.C. (LONDON), A.M.L.E.,
Am. ASCE,
& -
H. A, BaLaxrisaNa Raof, B.E., M.E. (¢ & H)

SYNOPSIS

The objsct of this Paper is to present the stress-strain relationship in
soils under static loads and also the elastic and plastic deformations under
vibratory loads. The Paper gives the stress condition ata point in a soil
mass subjected to a surface vibratory load. This aspect has a large bearing*
on the pressure generated by mechanical compaetion equipment used in
the field and these factors are discussed. .

The Paper also gives a désoription of the * Degebo’ type of vibration
generator and srain gauge pressure pick-up both designed and fabricated for
research work at the Soil-Mechanics Laboratory of the Indian Institute of

Science.

1. STRESS-STRAIN RELATIONS FOR SOIL

For a soil specimen subjected to & constant lateral stress ¢,
and a vertical increasing stress d,, if a graph of ¢, against the
strain in the vertical direction is plotted, it may be observed
that this curve is more or less non-linear one throughout its
length. The stress value reaches to a maximum and falls down
and the type of curve obtained depends on the type of soil.
The peak stress is assumed to be the failure stress. The slope of
the more or less straight portion st the initial range is referred
as the modulus of deformation. In the lower ranges of the
stress-strain curve, the strains are reversible. This is the range
of elastic deformation. But on applying the stress to a little
less than the ultimate load, the strain caused is mno longer
reversible and this is the range of plastic deformation.

* Aggigtant Professor in 8
~ Bangalore.

t+ Senior Spientific Officer, Indian Institute of Science, Bangalore,

oil-Mechanios, Indian Tnstitute of Sciem;e,



462 NAGARAT AND BALARRISHNA R0 o

If a soil specimen is repeatedly loaded and unloaded a
number of times, keeping the value of the maximum load a little
less than the peak load, and if stress-strain relationship is
plotted for each cycle of load, the modulus of deformation starts
increasing gradually and the permianent strain for each load
repetition appears to be constant after a number of load
repetitions. This behaviour is shown in Fig. 1. Now if similar
repetitional loads are applied on the surface of a soil-medium,

t
L
L t
+ L
L
LA L
&
5 L .
STRAIN »
Initiat «
= permanent .t

strain ey v
Additional permanent stming-

L+ Approximate fimit of proportionatity

Fig. 1. Typical stress-strain relatidnshlp for repeated
application of compressive load to sandy clay

the general trend of the stress-strain i

- graph will be .
the same as tl.mt shown in Fig, I, I')I'he effect lc?fo;;i:rli;?s
repetition is to increase the bulk-density of the soil. Confining

the study in this Paper to sand a) ibili
for the granular soilg to have th:ix? graias roummanree possibilities

and they are explained in Fig. 2.2
The three conditions are:

(8} The elastic condition
(/b) The plastic condition

(¢) The reallocation oondition,
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If a pressure cell is embedded in the soil and if the elastic
condition prevails, the stress on the sarface generates a pressure
which is recorded by the cell and this pressure vanishes
completely on removal of stress from the surface. But under
the plastic condition, the pressure recorded by the cell does

(a) ELASTNC DEFORMATION
PREDOMINANT
| FULL RECOVERY

BEFORE LOADWE LOAD APPLIED | LOAD REMOVED
DENSIFICATION
PRESSURE CELLS

[5] a o .
SEYTLEMENT INDIC, & NO . YES NO
PRESS, CELL INDIC, [ YES No

0

grains rearranged or deformed

g -
: we
()) |PLASTIC DEFORNATION “ " !g
PREDOMINANT T8
NO RECOVERY % JH:
PERMANENT g
DENSIFICATION 5 3
PRESSURE CELLS
SETTLEMENT INDIC. © NO YES YES
PRESS CELL INDIC. § LY Vlts ) YES
=% -
() |WORiZONTAL DISPLACE- : 1 ; z
MEAT PREDOMINANT I_—A_\-_J_‘ i
RELOCATION % éﬁ
PERMANENT 5
DENSIFICATION 5 i
PRESSURE CELLS
SETTLEMENT INDIC. * 0 Yes
PRESS. GELL INODIC. © no [ »o

Frc 2. Diagram [lustrating Suriace Settlement, Pressure Cell Indication, and Soil Density
(Spheres of Equal Diameter Assumed) (AFTER - 8 ERNHARDC FIVELLL)

} i i ' A : face
not vanish despite the fact that the stress from i‘;he‘ sur

is removed. I? the reallocation condition prevails due to
horizontal displacement of soil-grains, the pressure cell does -

not record any stress. - )

i hat the soil mass behaves elastically, aqalys‘is l_ms
beenAcslzlgeIsuE;gr 1.iB:)?‘ussinesq for the pressure distribution inside
the semi-infinite elastic medium due to & surf?.ce load. * This .
has been done by assuming & stress function tosuit the boundary

" conditions. and also satisfying the biharmonic equation. The .

simplified form of Boussingsq’s equation reads as: :

3Q - o , io...... 3;:, 1 A’-',;,A
a‘g= 2—?"-[? COS \p . "P‘ -L") B
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Where ¢, is the intensity of verti
e d, cal stress at a depth
a point surface load @ 'ahd is the opth Z below
. 4 & i
lvlrector and tho vertical line th;l(’)ugh the Sl!:!gfl:cgelt;:gen It: ° ;adll‘:ls
owever, be borne in mind that this equation has ¢ f- o,
application for granular soils. as a limited

From the above equation, it i i
c;)nd!ti.on inside the st()lil does nl:t lse;:)nvéogz :ﬁ:t the stress
Zastlclty and the density of the medium. It is modulus of
:aw contours of equal vertical stress called thgolS)s‘lbble t?
pressuro, which for a perfect elastic medium and for psoi::t

loads are spheres. The "
of the medium. se spheres are tangential to the surface

2. EFFECT OF DENSITY ON THE STATIC PRESSURES
AT A POINT '

It has heen observed b i
. ! ) Yy some in i i
;?;‘;:g;t%rs%qgon is taken and the pre:gitzgsat:;s: tha.t, if &
plotted for « J_erftalr:t densities of soil, the Ppressure P ar;
aro much n wha.ltnh e gase of loose soils than in the ca.:e refcgrde
e inarey hat t:ls ‘gen shown by Whiffin+ contrad'ot GE'SB
transmitteé und:r o lIng Y“th et shat the Peak pressur
e od Jnde a roller increases with density. Th Péessure;
Jensity does no arige in the case of Boussinesq e uet? ect O
bonao the thgence of density needs further qva'lf;m fmd
Hovere: ,chan the %resept context, we may take it fw1 "
tpow Sho cha ge 1n density alters the or granted
86 I8 an Increase or decrease would not matte
o a8 We

are dealing with the combi {
explained in the next Sectior?.med effects of the three aspeots

3.
EFFECT OF A SURFACE VIBRATOR' ON TH
DENSITY OF SAND N

. The operation of & vi
I : ibrato
;i:iilrlutfelg_ causes re-arran gemenlf; a.:ft;l:&?;ll:face of
each ép ividual pa._rtiele is excited into o (')f thp
0¥ a mndot‘ the vibrator. If g vibrato §cxl]atxo
o 5 and, bed ond operted, hore - con
e medium and th i
measured by ¢ : e densit
peured ¢ g; xﬁex:xe}t;hods. by the use of a tii?:'a})le; coumtfaly
3)’ these methods thztaﬂlz);ogmg.céeviee. gonverse® eh&?!sﬁlv?g
- 1 ensity of i i
pth approximately equal to thz wifizﬁ.d oéstﬁem:.;gx:m ;t 8
or base,

sar_ld medium
son(li, because
n during the
k.ept on the sugrface
siderable variation

{

stress at a point. Whether -

\ EhERER] Jean ! Al X
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Fig. 3 is a typical record of the cont of .
before and after run. ntours of equal densxt).r

o Appfo)tiﬂ]ﬂ\e Surfoce lof i
- (et 2 after Run
Oi\ N ! @\ E 5 ; §:
~—50uth ?//&% North ——s=

5- ’ Distance from ‘i of Vibrator, in. \
g 50 20 ) 0

0 10 20 30
g _T[— !
g el \ /
: . Lf /4_,0 J\ \ ‘a’é'
£ 120~ - = ‘ >t 6%
2 a6l o L~ =~ B\
3 j‘;ac N , ,,;5’\*
2 A \ \ 4 b
T ¢Pe AR Eee iR
" &5 L_‘L/ ‘ Before Run
a / P / After Run

o - 84 y 2
40 s N S 187 <84
\ PPYsS O
B\ /Ef
Dead Loed (Vibralor) =725 \ |7 N
Mox Dynomic force  -tgoOW ' >

Bose Plate Diameter =157 in

Tofal Settle
during ?“m'?;n;:‘f“wbmhr -

F16,3 Curves of Equal Dry Weight—Per
Vertical sachion through vibrater center line

Cent of Modified AASHO.
vetore and after e 36, (AFTER - CONVERSE.)

ation at a point inside the soil mass

The pressure vari
ue to the following three

due to a surface vibrator can occur d
CHUS6S ,

(a) Due to the variation of density which is consi<
derably affected by the operation of the vibrator.

(b) Due to the settlement of the vibrator, which in
turn causes nearness of the load to the pressure’
cell (neglecting the displacement of the pressure

cell itself).

(¢) Due to the plastic deformation which can be a
predominant factor. The effect of this is that
the cell cannot come back to zero-reading at the.

Y ond of each load cycle and the succeeding cycle
causes an addition of stress to the residusl stress of -

the earlier oycle.

like the boundary effects,

There ate many other conditions
the arching effects, . and

the discontinuity at the cell region,
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the sensitivity of the cell used. All theso ure nogligible
or can be made as small as possible while the above three are
prominent.

4, PRESSURES GENERATED BY THE COMPACTION
EQUIPMENT

To record the dynamic pressure generated by a compaction
equipment throe types of gauges arc available :

(a) Piezoelectric gauge
" (b) Acoustic gauge

(¢) Differential pressure coll.

~ The piezoelectric gauge depends on the principle that &
piezoelectric substance like quartz crystal when subjected to &
stress generates a voltage. C

_ The acoustic gauge depends on the principle of a vibrating
wire w_'hose length varies due to the stress on a deflecting disc
which in turn causes change in natural frequency.

The differential transformer is used in differential pressure
cell. The movement of a ‘membrane ocsuses movement of
a soft iron core which in turn creates a change in voltage.

Whiffin used acoustic gagues to measure the dynamic
stresses generated by the movement of a compacting device,
like the roller on the surface of the soil, keeping the pick-ups
at different depths. One of the typical records of Whiffin’s

experiment is shown in Fig. 4. Some of the conclusions
reached are: : R

(a) The peak pressure recorded increases with the num-
ber of passes and attains a limiting maximum value.

(b) The dry density of the soil attains g i
maximum
value when the peak presgure recorded ig max;mum
which in turn depends on the number of passes.

These follow from many test runs made §
W r or ¢ t
N ‘.l‘_types of compaction equipments (like smooth wheel r%?le(:ui)e:\e'gl'
‘ raqmr, frog rammer, etc.) and for different types of soils, oy
’ B
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5. INVESTIGATIONS AT THE INS‘TITUTE

In the light of the above findings, the following aspects are
under investigation. : ,

\

1. Does the pressure increase as & function of time inside
the soil mass due to & stationary vibratory load ?

2. Has the ares and shape of the surface base plate any
offect on the stress at & point inside the soil mass?

It should now be pointed out that studies on instantaneous
pressures are not aimed at. But the sum total of the effective
increase or decrease of static pressure due to the increase of
density, due to the settlement of the vibrator, and due to t1§e
possible plastic condition is aimed at and the soil chqsen fo:: this
study is only sand as this does not present many difficulties to

compact in a standard manner.

2) The details of the set-up. A brick masonry tank of
43 ft(>2 4} ft x 4 ft was constructed. On two opposite walls two
small pillars of cement concrete Wwere -constructed with
proper reinforcements. A channel section 1s fixed over these

26
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two pillars. Kig. 5 shows the completed set-up. Inside the tank |

& bitumen lining is given so that the reflection of the waves from
the solid boundary is decreased considerably, when the vibrator

! !! l CoRa Swaar
e - Mg Py

CoRc Sngar

DET-UP _For Son_Visrarion
F1G. §

starts operating. Sand passing 7 sieve (B.S.8 .

h A .8.8.) and
72 sieve (B.S.8.) was filled in. After laying evZary 50593331:&15%?
sand it was levelled and tamped by a tamping device of 9 pounds
weight distributed over an area of 6in. x 18 in Th}?
dropped from about 3 in. height,. ) 18 was

(b) The pressure cell and its calibration i iti
type of pressure pick-up was designed by'usingﬁ. i:gzliyn szﬁmzs
a.dvery i‘;ﬂhm circular aluminium disc, simply supportegd og: its
:hges. Each one of these cells was calibrated by measuring

e variation of resistance due to a uniform compressed air

re pressure‘by an A-C measuring bridge. This. Mridge has the faols
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lities for the variation of resistances and capacitances to com-
pensate the differences in amplitude and phase components of
the' active and temperature compensating gauges. A typical
calibration chart for one of the pick-ups is given in Table 1,
and this is plotted as a graph in Fig. 6, showing the relation

STRAIN QAGE PRI UP NQ £

“»
DETAKS
1 120 .0 GAGE WITH DU MFSS GASL
2 AVERAGE OF 3 CALRATION
5 SENSITIVITY POSITION /00, ‘Hoe. R
] — P Disc Yed”
Y} P S D e
i T ]
] i . _ /‘/ l%
» 1’ /I
.o el
- / |
2 -
.
P -
=3 ’
. e 3 e 3 ado 2] apo npe g » 24

o s 200 e o L% o0

9 s 5o 18 ) s “
DRECT A M. BRIDEE READINGS
4

between the surface uniform pressure and the corresponding
reading on the measuring bridge. A detailed description of the
cell and its calibration are given’. .

TaBLE 1

Calibration of pressure pick-up No. 2
Sensitivity position 1/00; Disc: 1/64 in.

Presgure in psi I II II1
0 0.00 0.00
4 4,50 4.50
(] 7.00 6.80
8 9.20 9.00
10 11,00 - 11.00

(Average of the above three is taken)
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(c) The vibrator. A Degobo type of vibration generator .

was designed and fabricated in the workshops

gearwhoels rotaf:mg in opposite directions pa,nd l;l::;ee::gn:xg
masses are 80 situated that the horizontal components of the
centrifugal forces vanish and the vertical components of thi
force w.xll give a pure sine wave. These wheels are c obl l?
'generatn}g a.bput 1000 pound weight of maximum dyn i 1e 3
The static weight of the vibrator is 70 pounds. A on); ﬁr[gcd'qa ¢
current motor with a 6 foet flexible shaft dx:i'ves the .v"b ut.sec
The_D.C. motor is of separately excited type and is su I} (ﬁ) vo
rectifier with a Thyratron Control and the speed ca.xll)pbclaeea.sxi'l;

regulated by a
spood. y a manual controller capable of smooth changes in

_ (d) The base plates and the stati i :
ing size base plates were tried in ttl?e:a ';’;g;':‘it‘(’)‘;‘;c.e. The follow-

1. Rectangle 12 in, ><.18 in. 2. Rectangle 9 in x 18 in
3. Rectangle 9in. x13}in, 4. Square 12 in. x 12 in

5. Circular 12 in, diam. 6. Octagon of 6 in. sides

Three different static loadin

these are : g conditions were triod and

1. 16861b (30st) 2. 22181b (40 st) 3. 2778 1b (50 st)

Hitherto the apﬁroach on the

. problem .

sta}ijlc load has been to keep the stress intesn:iiydg:?;};nl% load or
to ea constant, for comparison. But -based on e bage plate
tions® it was proposed to keep the total load on a,llso;)l;:e ;]i)a.s:;: a.a;

constant. But by the present set- i i
static and dynamic loads are possillwllg. differen combinations of

(e) Pressure increase as a functi i

pre?sure fplﬁk‘uf’ was placed at aogi:tfa.:xlc'ge.of 3} Sirein gauge
surface of the ped and placing the plates, iack In. from the
surface the vibrator was made to run a:t %c » ote., on the
about 10 seconds generating about 375 000 R. P. M. in
dynamic load. The pressure was record%?lu
reg.dmgs of the measuring bridge at one mj

minutes after starting the vibrator s o
caution for constancy of speed Of"rot
& Stroboscope wag also used throughoyt

n_ds of maximum
In terms of the
te intervals till B
Ag an additional pre-
ation of the vibrator
he experiment, ’
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When the vibratdr starts operating there is a rapid settle-
ment of the base plate and this causes the static load to come
down in value, but immediately this is made good by operating
the jack so that the dial gauge of the proving ring always oscil-
lates on the mean position.

After running the experiments, the loads and the base plate
were removed and the sand bed was thoroughly disturbed by
raking to a depth of 6 to 8 inches till the pressure pick-up
reading comes back to zero and the surface is again levelled and
tamped. Any discrepancy in the initial reading is corrected and
the set-up was kept idle for the next fifteen minutes. It was
noticed that there was very little difference in the level of the
sand after this process. Fig.7 shows the pressure increase with
reference to time. It may be mentioned here that the calibration
chart of the pressure cell is more or less linear in the,initial ranges

T T T T T T T T - T

sofn
sol ¥
N
-«
%
‘o j
L§ . BASE NATE 12500 h
“ PICK UP .30 .
sl § P ) FREQ - 2500.
H OYN. LOAD - SO0 W
i : ' oaprH 9K B4L0W SURFNE |
¢

2e |

Timg=e=

st

and for the load ranges measured ; the correction for the initial
reading from experiment to experiment, which is sometimes
positive and sometimes “negative, does not matter at all because
these are extremely small. But the' o.nl.y.. disadvantage of the
pick-up is that there is a change in the initial reading for a pure
static load from experiment to experiment, but the_ increase is.
more or less the same for all the expe'nments. Figs. 7and 8
show the trend of pressure increase with reference to time for
two different base plates for three static loads and a definite

dynamic load,
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{(f) Conclusions. 1. It appears obviou

' L s that th

3ncr§ase depends on time and the major pressure incrgasgrggzl;::

;.np:a.l(:u:a}u? lf% mlg\ube;s after starting the vibrator and attains
] after 5 minutes. The f i i

15 minutes is negligibly small, © further increase in the next

2, There appears to be a i inati
: particular combination of. i
::edo?yp!:‘::];:f loagst }flor a base plate which gives maxh;lluorfz ?ﬁﬁ:ﬁ
re at the point and for higher inati
of total loads the pressure increase a.pp%&rs ;)(1; l‘;)ewlzléscombmatlon

3. These results pertain to one poi i
7 point which 1j i
bel'olv th:hcentre of the base plate. The state of str;g: ;i;r::;g
points, the effect of frequency on the pressure increase, the

distribution pressure increase i .
planes are still under study. e in the horizontal and vertioal‘
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KARAMNASA BRIDGE

\ Reinforced Concrete beam and slab bridge of balanced cantilever design
1 the three central spans of 106’ each and two end spans of 70" each.
‘he above view shows the two main beams resting on R.C.C. rockers and
ollers which have proved very successful. Incidentally, the 106" main
pan is one of the largest spans constructed in R.C.C.

Jesigned and constructed in 1958 to the orders of the Chief Engineer,
W.D. (B & R), Uttar Pradesh.

GAMMON INDIA PRIVATE LIMITED,

CIVIL ENGINEERS & CONTRACTORS
HAMILTON HOUSE - BALLARD ESTATE - BOMBAY-I

slephone: 264511 (5 lines) Telegrams: ‘“GAMMON ™,



Budhilal and

Every day, for five years, Budhilal
took 45 minutes to carry 4 ‘ghadas’
containing 60 seers of milk to the
main village ...

Today, the scene has changed. In
his village square stands a Tata-
Mercedes-Benz truck, and Budhilal
has found that road transport is
fast. This Tata-Mercedes-Benz truck

his 45-minute walk

makes two trips each day — the cost
is economical — and it can reach the
heart of the remotest village.

Now Budhilal’s son accompanies
him with an additional 60 secrs of
creamy milk to the Tata-Mercedes-
Benz truck. ..

TATA-MERCEDES-BENZ

TATA LOCOMOTIVE & ENGINEERING CO. LTD.
Automobile Division: 148, Mahatma Gandhi Road, Bombay-!

59.10A

111

Canals and rivers are waicr rozds.
Water roads to progress.

They irrigate the land.

Bring power to the village.

Canals and rivers spell prosperity.

More Food...

But the great dangers are
seepage and erosion.

Water must be kept under control.

Water is useful only in the
places where it is wanted.

with Water Roads

That's where Bitumen comes in.

Bitumen is one of the most useful
and most flexible waterprooting
materials known to man.

" In North Bengal some rivers
have already been controlled —
thanks to Bitumen.

Canals and rivers protected with
Bitumen are durable,

Bitumen is inexpensive,
Easy to handle.
Long-lasting. Hard-wearing.

Supplied by Burmah-Shell.

BURMAH-SHELL BITUMEN 1S MORE THAN AN
IMPORTANT MATERIAL—IT'S A SERVICE.
BURMAH-SHELL MAKE AVAILABLE SKILLED
ENGINEERS, WHOSE JOB IT iS TO ASSIST IN
THE CORRECT APPLICATION CF BITUMEN
FOR HYDRAULIC WORKS, AND IN THE
CONSTRUCTION OF ROADS.

o BURMAH-SHELL BITUMEN FOR BETTER ROADS



THE HAND LOADED
SWING WEIGHBATCHERS

FOR

QUALITY CONTROLLED CONCRETE

Correct control of proportioning of all materials used

in concrete work, reduces appreciably the variation in

strength. Weighbatching controls the measuring of sand,
coarse aggregate and cement, mdst effectively, which is

essential for Quality Concrete.

Manufactured in India under licence from

ROAD MACHINES (DRAYTON) LTD.
WEST DRAYTON, MIDDLESEX.

ALSO SEND YOUR ENQUIRIES FOR
fully automatic BATCHING

Manualiy-operated and
Plants, CEMENT SILOS, MONO-RAIL  TRANSPORTERS,

BRAITHWAITE & CO I ROAD FINISHERS & DUMPERS.

(INDIA) LIMIT
HIDE ROAD, KIDgERPORE,E(lI)ALCUTTA
' SELLING AGENTS IN INDIA:

HEATLY & GRESHAM LTD.

CALCUTTA o BOMBAY e MADRAS o NEW DELHI

PSBT.83




no trouble a

SHALIMAR TAR

CALCUTTA  + DELM  »

Agents *

tall...

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

PRODUCTS

S

BITUMEN
EMULSION

(1935) LiMiTED

ROMBAY  «  LUCKNOW «  CHANDIGARM
The Bambay Co. Privace Ltd, Madras 1 o R.C. Abrola Co. (Private) Ltd., New Delthi 1

... in one easy
application

LYP”

BUILDING

CONSTRUCTION

WARSOP ROCK DRILL

BITUMEN BOILERS

ASPHALT MIXER

GARLICKS

CAPACITY 200 GALLONS

AND UPWARDS,

PRIVATE LTD.

I Garlick:Co.

CRUSHING
MACHINE

JACOB CIRCLE, BOMBAY |}i.

Vil

netty Street, Madras &
26, Errabr

Jacob Circle, Bombay-11,

AND ALSO AT: Cox Street, Coimbatore.

HEAD OFFICE :

18-B, Nizamuddin West, New Delhi-13.



IER.

LCUTTA

s,

STRUCTURAL STEEL WORK,
REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.
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USE 59/ INDIAN ROAD TAR

FROM INDIAN COAL,MINE

T~

~>

THROUGH
INDIAN

TO INDIAN ROAD

2" PREMIXED CARPET WITH ROAD S':_'ABI:NGAL
LAID IN 1951 ON N. H. 34, NEAR SANTIPUR, WE Y
AND HELP THE NATIONAL ECONO

BENGAL CHEMICAL & PHARMACEUTICAL WORKS LD.
L Peamach Chunder Avenue, CalCUtta'B



The above view shows work in

T . progress on the construction of

19” diameter Piles For DHAMDACHA Bridge in Navsari Dangs Division
for Bombay P.W.D.

Undertaken by
THE CEMENTATION COMPANY LIMITED

STEELCRETE HOUSE,
Dinshaw Vachha Road,
BOMBAY-|,

Main Contractors for the Bridge—Messrs. C. I. PATEL & CO
Specialists in: .
® Bored Piling Also offices at :
Guniting
3, Esplanade East, Calcutta

°
® Drilling
. 5, McLean Street, Madras

Pressure Grouting

with over thirty years’
experience.

e ——

it came out
of a tree

A school boy, writing an essay
on Dunlop,said: “When Dunlop
first came into being it came out
of a tree. There were two men
walking in the forest one day
one man kept throwing his knife
in the trees. He came to one
tree and through his knife in
it and something sticky came
out. After a while it stopped
coming out and at the bottom

of the tree there was a big ball
of rubber. After a while they
started playing football with it
and that is how it came into
being. 1 will now tell you what
Dunlop is used for...”

At this stage, perhaps, we
should rescue our readers from
school boy language and list
the products that Dunlop make
in India...

TYRES AND TUBES; ACCESSORIES: BRAIDED HOSE: TRANSMISSION,
VEE AND CONVEYOR BELTS: BICYCLE RIMS: DUNLOPILLO

THE DUNLOP RUBBER CO. (INDIA) LTD.

DC-508



W ALL

GRAND SOUTHEAN TRUNK ROAD
28 E R (MAURAS —-CAPL COMORIN)

oncrete

30 YEARS S2ics

- 31YEARS "2
MOGHALSARAI ROAD

pads

for long, maintenance-free service

Build to last with

ACC cement

*—plenty available
at controlled price

nl;hth'ﬁu i
THE AssOUTINED i companies LIMITED

The Cement Marketing Company of India Private Limited
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