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SYNOPSIS

The discussion begins by stressing  the
sufficient data before designing is startod,
discharges from the catchment area and rainfa
and slope of the channel, and from flood wiar
boen outlined and suggestions
{Ariicles 4-7).

Lmportance of collecting
Mathods for . calculating flood
11, from the conveyance facyor
ks on oxisting structurcs haye
made fop fixing the design discharyo

After giving an outline of the

Alluvium ”, the procedure for designing the linear waterway and ostimatmg
the normal depth of scour for alluvial Streaius has been included. This ig
followed by a discussion on the normal scour dopth of quasi-alluvial sireaing

and the effect of contraction on the scour depth, Rulos for calculating the
maximum depth of seoyr and

designing the depth of foundations have
been included. Their application has been illustrated with workoed oug
examples.

* Lucoy’s Theory of Flow in Incoherent

‘Notes on fixing the length and number

structural details of iy

{ of spans and on Some important
nor bridges coe next

f fow through bridges and itg application to the
calulation of discharges through existing Lridges as well ug of atAux through
propused Dbridgos have been doalt with in some detail, Examplos have been
worked out in illustration.

° Brief notes on how to deal with o
discussion concludes with Articlos on the f

ver~flows havy heen added. The
and the hydraulicg of dusigning then.

casibility of pipe and box culverts

) Six charts have bLeen added at the eng to facilitate routine computas
tion, ]

-
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INTRODUCTION

Road project estimates prepared for the‘ Fi‘ve—‘iezgla?ai.g
are sometimes based on insufﬁcient‘da.ta, a,nd'thls (éal;;le oy i
sanctioning them. While speed in execution o

essential, the quality of work has to be maintained.

The designing of a culvert. or a small tbgld§;11:2mnbztreg
small matter to be despised by engineers. It m_\(lis ein o ed
that the number of culverts and small bnfgesa n any road
project is so large that, together, they account for
portion of the total expenditure.

The object of this Note is to draw a.ttentiond torojs;)clilzlsf
aspects of designing culverts and small bridges for ro::,l ?ace ots.
What is said here might appear s:mpl_e and commodepin > out
experience has shown that serious mistakes are 111113. o these
simple matters and that leads to waste through un
uneconomical designs. '

i i i ly to small bridges
ations in this Paper apply on ' .
and Oct:fl?fcvr:s.l Larger structures require more detailed design
procedure.

ARTICLE 1
SITE INSPECTION

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

(i) which is situated on a straight reach of the stream,
sufficiently below bends;

f large
ii ich 1 far away from the confluence o ‘
) ::'?l;fl};alrsi:;) as&to be b}c’ayond their disturbing influence ;

(iii) which has well defined banks; and 7 .
(iv) which makes approach roads feasible on the straight.

isti i If, by chance, there
1.2, Existing Drainage Structures. R
is an ezxisting roga,d or railway bridge or culvert over thﬁ s%m:
stream and not very far away from the ;electeq :me_,a]tc ueIa teesit
ini i discharge is to ¢
means of ascertaining the maximum di e roulate &
ta collect d by personal inspection o _ )

f’:fl(:‘;n dfa[’ntelligent insgection and local enquiry will prpvxde f\lr:(l)-g
usef\'xl information, nawely, marks indicating the maximum
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level, the afflux, the tendency to scour, the probable maxi
discharge, the likelihood of collection of oo

brushwood during floods
and many other particulars. It should be seen whether the exis-
ting structure is too large or too small or whether it hyg other
defects. Al this should be carefully recorded.

1.3. Tnspection should also include taking

conditions from which the silt factor and the coe
can be estimated.

notes on channej
flicient of rugosity

ARTICLE 2

THE ESSENTIAL DESIGN DATA

2.1, In addition to the information obtained by personal
ingpection of an existing structure, the design data describeq in
the following Paragraphs have to be collected. What is 8pecified
here is sufficient only for small bridges and culverts. For larger
structures detailed instructions contained in the IRC Bridge
Code, clauses 100101, should be followed.

2.2, Catchrnent Area. When the catchment, as gepy from
the ‘“topo ”’ sheet, is less than about halt

23. Cross Sections. As
three cross sections should be
site, one upstream and another downstream of the site. A

mate distances, upstream and downstream of the selected 8
crossing, at which cross sections should be ta

& rule, for a sizeable Stream,
aken, namely, one at the selected

ite of
ken are g under :

Table 2.3.

Distar!ce (u/s & d/s of th; —
Crossing) at which crogg
sections should be taken,

Catchment Area. {
1. One square mile or less t 500 ft

2. From1lto s gquare mileg 1000 4

1 mile to 1 mjle,

3. Over 5 square miles
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The cross section at the proposed site of the cr(;ssml%s shg:llsd
show levels at close intervals and indicate outcrops o }:ocstr,e gm 5,
etc. Often an existing road or a cart track crosshes b :)ss cam, ab
the site selected for the bridge. In such a case § edc ose section
should not be taken along the centre line of the roa,d Osize Srack
as that will not represent the natural shape ant iz of the
channel. Instead, the cross section should 39 'ta.
distance npstream or downstream of the selected site.

24. In the case of very small streams (ca.tchni)ents r(;iu]l(l)o
acres or less) one cross section may do but it Shm:lldsh: :aof thy;
plotted so as to represent truly the normal size an P
channel on a straight reach.

2.5. All cross sections should be plotted to & smz;t;le v::t:ﬁi
If the horizontal and vertical scales are the same‘,}tion otted
pPerimeter can be measured directly from the cross se s
wise it has to be calculated (see para 5.8).

i i high flood

Maximum H. F. L. The maximum .
]e‘ve12.6&1'11011-1"(1e be ascertained by intelligent local observa;cxgx;,
supplemented by local enquiry, and marked on the cross sections.

i itudinal section should
-1 itudinal Section. The longitudina : ‘
extelz.(;’ ul;:;il:s:'xg\l and downstrea'm of the proposgad l(sixtehf)c:;
the distances indicated in the Table in para 21.13 aﬁld Fs IoJu 8
levels of the bed, the low water surface and the H. F. L.

ity Observation. Attempts should be made to
obsez.\;% th!selggl?city during an actual flood and,llf . tthatlil 3310(;1 l::
smaller than the maximum flood, the observed gq oci yor:) ould bo
suitably increased. The velocity thus optalxlne is ag
on the accuracy of that caloulated theoretically.

firm
9. Trial Pit Sections. Where the rock or some fir .
undiﬁt?xrb:d goil stratum is not likely to be far below theha;l;glzxgil‘
bed of the stream, a trial pit shouﬁdofeuilagisgsrv;:dt% rﬁ:c h rock or
fir il. But, if there is no roc f )

gmn;.tégle}ptthelow the stream bed lev_el, then the trial lfnt I:iag,i::
taken down roughly 2 times the maximum depth of _tle (: jsting
or anticipated) scour line. The location of eaqh trl;h pltsialv 2
be shown in the cross section of the prpposed gite. gt l: ouph
section should be plotted to show the kind of soils passed through.

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

i igni can be
2.11. In Conclusion. No satxsfactqry des:g_nmg
done unless the minimum essential design data hsted/above are
collected and recorded,
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These data can be collected with very little effort,.
collect these ean onl

1

-4

4
Failure to :
y result in desj

gns being based on guess work
and such designs are lik

ely to be either unneces

—+1 L
sarily costly or to
result in the failure of the structure when built,

1T

Pt

1T

ARTICLE 3
EMPIRICAL FORMUIL

)

414 44

<A NN

4444
T

AE FOR PEAK RUN-OFF FROM

CATCHMENT

i

3.1, Although records of rainf

all exist to some

records of floods are seldom

extent, actual
available in

such sufficiency as to
enable the engineer accurately to infer t

he worst flood conditions '
for which provision should be made

Therefore recourse has

in designing a bridge.
to be taken to theo

31
]
1

i ]
retical computations,
In this Article some of the most popular empirical formulae
are mentioned.

o

11

3.2. Dickens Formula.

1]

,'*— 1
N

1

Q=cu? Ny

11

AN

ﬁ
T

(3.2)
Where, @ =the peak run-off in cusecs and

M is the catchment
area in square miles.

L1 44

41
Al

(C'=800 ~ 1000 where the annual ra

-+ 1
At
N

infall is 25-50 in, ;
1000

- 1400 in Madhya Pradesh

-

1600

P41

in Western Ghats,

it

3.3. Ryve’s formula.

-

-+

SRIU IR B S

Q=0mt

- (3.3) P

This formula was devised for Madras,

T
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-

@=run-off in cusecs and M is the ca

T

tchment area in 8q.
miles.

=

! ¥ 4
C'=450 for areas within 15 miles of the coast,

i1}

563 between 15 and 100 miles of the coast

673 for limited areas near the hillg,

3.4, ‘These empirical formulae i

the area of th

]

v BT : R RS
¥ other factors that :
-off have to be taken care of in

selecting an appro.
priate value of the coefficient

]
i

<
1 4

7 T IDENNBNRAORED
T NREN
. This is extreme simplification of
the problem and cannot be expe

cted to yield accurate results.

Fig. 3»69
e of C' can only be derived for a given 2
analytical study of the measured flood

35. A correct valu
region from an extensive



" been determined in this way. Each basin h
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discharges vis-a-vis catchment ar
e

Any value of (! will be valiq only as of streams in the region.

for the region for which it has
as its ovivn singularities
i s are seldom availab

judgemer}t of the engineer, Maxlle};

affecting run-off, ;i

. (23 «
the formulae leave mr;c:h&t%t‘;?l flood record
other similar empiri 10

3.6- TO a 1 .
8318t routine computations Fig. 3.6 has been

u

r%fﬁ: have been plotted to represent the
. ana :ee curves, one for each of the comm
v» 3 and %, have been drawn. o

included in whj

. ich
equation Q:lOOO(}lI"C
values of n, viz., § 2

1 A
A e e T T
o HOFE < i g
yiy E] L}' 4444
it e HHH HH :
|2 R pEes S e o
T T T T FEE
%) : *mr',}& P T
I R - - ! 8 1
W AT
Nuad sun -4t 1 1
1 -] A!‘;] YLEI }V Vj" -’.P»Y—‘ : E -
: :+ 1 T
ST “0—0—»: 897 hﬁiﬁl
Y EE e T
! 7 peaneanzasoinaRin
_t__‘_w":—}-rf% "o aass 4—4—1-1—1-4—4_\{; :
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HEE i ‘ HT nass
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s t e TSI
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3.7. American Formulae.
In America the McMath and Burkli-Zeigler formulas are

popular, The former is:

Q=C.I,.802 43 3.7

where

() =the peak run-off in cusecs.

S =fall in feet per 100 ft length of th
flow.

A =area of basin in acres.

I,=critical intensity of rainfall in inches
next Article).

e main channel of

per hour (see

( = a coefficient.
=0.10 for large, weedy, flat areas;
=0.20 for cultivated farms;

=0.30 for thinly populated and unpaved s
gardens and lawns.

=0.40 for towns, not densely built upon.

uburbs, with

ARTICLE 4

RATIONAL FORMULA FOR PEAK RUN:OFF
FROM CATCHMENT

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

42. Main Factors. The size of the flood depends on the

4.!. In recent years hy

following major factors :

Rainfall

(1) Intensity
(2) Distribution in time and space

(3) Duration
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Nature of the Catchment,

(4)  Area
(8)  Shape
(6)  Slope

(7) Permeability of the soil

orn and vegetable cover
(8} Initia] state of wetnesy,

4.3. Relati . )
Suppose i ation between the Intensity and Duration of a Storm.

an individyaj storm, F inck f raj i
7 ‘ al s , inches of rain fa)] in
-thOIlUS,- thenﬁqver the whole Interval of time 7', the mean inten-
S1y L will be 7 mehes per hour. Now, within the duratio
gine a smaller ¢
not uniform g
time interva] ¢

the mean inteng;

‘ n 7 ima-
ime interva] ¢t (Fig. 4.3). Since the intensity is
oughout, the mean intensity reckoned over the
(placed suitably within Ty will be higher than
ty 7 taken over the whole period.

Y
p
[+ 4
)
o
[75]
('8
N A
>
= /
;
|/
z " /
0 CrtrAp

]
;

DURATION OF STorm -
Fig. 4.3,

We also know that the m i
duration can be higher than that of

In other words, the intensj
tion of its duration. It has be

N
I~ -+ ¢

where ¢ iy a constant,

§
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Analysis of rainfall statistics has shown th'at for all btg; ez;t:;}eimi?
cases, ¢ = 1 [6]* when time is measured in hours and precip

tation in inches,

Thus,

i ‘_;T + 1

Lo _ll’ 41

; TAIN (4.3,)
or 1 = 1 (t + 1) '

- _F A i (4.3;)
AISO, ) =T ¢ + | AR

. " -
Thus, if we know the total precipitation F and dzra;tlgvriliéh c;g :
storn; we can estimate the inte.n.sity corresponding to £,
time interval within the duration of the storm.

44. Yor an appreciation of the physical significance of this
relationship let us consider some typical cases. -
i i hich drops (say) 1.
Pirst, take an intense but brief storm which
inchgjssu;?;L ,rz,ai‘nei: 20 minutes. The average intensity comes t9t§:5
inches per hour. For a short intervg.l t of say 6h{11111nu1;es within
the duration of the storm the intensity can be as high a

1 . ‘
. F 74+ 1y o Lo 033 + 1 =5.55 inches
b= T’"(—m) 0.33 (0~1 + 1) per hour.

Storms of very short duration and 6-minute intensities within

" them (and in general all such high but momentary intensities of

i igni i i ith the design of

i little significance in connection wi : :
2?;11%2222 ke:;zgptlin buiglt-up areas where the concentration f1nme
can be very short (see para 4.6) due to the rapidity of flow from

Pavements and roofs.

i i f medium size and
ider a region where.stormg are o
duratNigfx{.; cSotfgpose 5 ir%ches of rain fa.lll1 in 3 h](;utr;ﬂ_. T&; a,evier:':,egre
i i orks out to 1.67 inches per hour. Butin a
;r;t;eg; xgzew;mrur within the storm the intensity can be a8 much as

5 (84 1 = 3.33 inches per hour.
3 (1 +1
L s -
of designing waterways of ‘bridges suo
stornl‘n‘(;z t:l:idp:;pt?:e:quivalent of a “One hour rainfail of 3.33
inches »,

i i longed storms,
Lastly, consider a very wet region of pro |
wherea: s);;rm drops, say, 7 inches of rain in 6 hours. Ina

*Rofers to the nuriiber of the book in the Bibliography given at the end
of the Paper,
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time interval of one hour within the storm the intensity can
a8 be high as

7 611

6 (l 1 4.08 inches per hour,

Thus such a storm ig equivalent of g

- ‘‘one hour storm of 4,08
inches ”’,

4.5. “One-hour Rainfall” for 2 Regi
ways of Bridges, Suppose we decid
be designed for the peak run

e that a bridge should
storm (in the region) that oc

off resulting from the Severest
curs once in 59 years

ipy . or an
other specified perjod. Let the total Precipitation of that
storm be F incheg and duration 7 hours, Consider g time
interval of one hour Somewhere withj

storm, The Precipitation in that hour co

r o 14 I N
T (m oré— F (l+’],)ln0heﬂ.
Hence the design of the bridge wil)

be based on ,
rainfall of say I, inches ", where ’

‘ one-hoyy

o = E(“':F ............... (4.5)

Suppose Fig 4.3 represents the gevepegy Storm 8Xperionced
in a region. Tf ¢ represents one hour, thep the shadeq area,
ABCD will represent, 1,

It is convenient and common thag the storm botential of ,

region for a given periog of years shoulq be characterigeq by
specifying the ‘“one hour rainfa]] » I, of the region fop thy
purposes of designing the Waterways of bridges in that region,

I, has to be determined from the ¥ and 7
may not necessarily be the

F and 7 of each of them, The maximum of the v
found should be accepted as ¢ the one hour rainfa]] 0% the
region for designing bridges,

The 7, of a reg;
design problem. T4 is ac¢

applies to a pretty vagt
conditions. [ i
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i total
has been approached to supply informag&%traétéol?s&g;’estorms
precipitation F and the duration 7' of a nthe con.  When that
inforood at as many places in India as ible }1730 analyse it and
information is available, it will be possi

. dia for storms
~-recommend values of I, for various parts of In

s ed, it will
of different frequencies. Exceptional ca,se:akf;x?uai‘ 4 to 5 in.
robably be sufficient in the meanWh.l]? E) and 2 to 3 in. for
?or a.rea?; of intensec and prolonged rau‘; oi ning minor bridges.
other areas in Tndia for the purposes of desig

ify it to suit the concentra-
i nd then modify i ! bra-
tion :‘i’ri:%ggg Yxﬁlt Ilga:a) of the catchment area in each spe

cage. This will now be explatned.

i the
i he time taken by
i entration. (f,). T. Y ent
41'?6 f Tlm:hgffaiot’]‘:est point on the penphe_ary gi ttll?ecggllvert )
z:ar,‘li:d :l?én critical point) to reach the site
called the ‘* concentration time ”’.

; i ipitation it was said
idering the intensity of precipitati inton-
th t,It,rli gﬁggtl;g:n:hge duration considered tl{@ Plgg::i;:?nglgor o
Sitt; Wi?l be. Thus safoty would see? t:ml;.?lni‘nterval of time.
igh i it ding to a ver ion
}]1311%1 ;;%{;:n?xll?efr::l”:ﬁgg?d n%t be shortertyha.n tl;e z:;:fsfii;‘:t;%le
i nt under considera ion, & o to
tf;llme fof th?iig::;]:m;arts of the catchment will niox:, rls);,eisil;g A
owh rﬁmb idge in time to make its contnbutuon.nin b Dacti,
poak T hn% Therefore, when we are exami itag ' part-
peak dlscha.rgn.t we need only consider the 1nter;§03' rres,
(;lcl)]ril‘ginc; tcf,omihe, duration equal to the concentrati p
(¢c) of the catchment.

i i te).

4.7, Estimating the Concentration Time :It;ea d(';:;l:}r::ntf I'(O‘;Z)n

oc centration time depends on (1) e ralocity ot

e 'C('ml oint to the culvert; and (2) the av:lx; groughness of

El;;cn%%aé II;tter . golvern?id Elfethgesgt?}feof& ngow.e Complicated

drai nnel an ) ) tod

:g:mgf:;n:fi:t fe(ga. deriving the time of conce::rzts;?sn }fxz(;vn;ver,
characteristics of the ca.tchmgnt. Fo_ril (éur purp s

the following simple relationship [11] will do.

3 .0, . v (4.7)
Cty = (11.9 X %‘ )O - (

: ime 1 S.
where £, = the concentration time in hour,

L = the distance from the critical point to the culvert in
.l * s t

. ﬂ:r:f:il in level from the critical point to the culver

in ft

~ *Since received and included in the Appendix,
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L and H can be found from the su

rvey plans of the catchment
area and 1, calculated from E

quation (4.7),

Plate | contains graphs from which ¢, ¢

an be direct] d
for known values of J, and H, y rea

4.8. The Critical or Design Intensity. The critica]
for a catchment is that maximum intensity which o
in a time interval equal to the concentration time
catchment during the severest storm (in the region) o
frequency. Call it 7,. Since each catchment has itg

intensity
an occur
t, of the
fa given

: own /,, it
will have its own /.
If we putt = ¢, in the basic equation (Equation 4.3)) and
write 7, for the resulting intensity, we get,
F T +1 '
lo=7(, +1) o (48

Combine this with Equation (4.5), we got

2
I, =1, (F+1) o (4.8)

4.9. Calculation of Run-Off. When one inch of rain falls
over one acre we get 3600 cu, ft. (precisely, 43560 x 1y = 3630
cu. ft.) of water. If this happens in one hour we get 3600 ou. ft,
per hour or 1 cu. ft. per second. Hence

‘“ A precipitation of one inch

: b Per hour over an area of one
acre gives rise to a run-off of

one cusec *’, '
Xt follows that g Precipation of 7,

nat inches per hour ever an area of
A acres, will give rige to a run-off

Q= A-IC cusecs,

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

Q = P.A.I 4.9)
where () = Max. run off in cusecs
A = Area of catchment in geres
I, = Critical intensity of rainfal] in in. per hour.
P = Percentage Coefficient of run-off for the catchment
characteristics, : ’

‘13
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. (5 itv of the soil (i)
The principal factors governing P are : (i) R(')‘roi;?getation COVOr.
area, shape and size of the catchment (11121 s (v) initial
((]'iv)‘ ’s{u'f(ace storage viz., existence of lakes an a;nc ,so e with
tate of wetness of the soil. Catchments v g; possible o
S‘ ; ’d to these characteristics that it is eviden ):Tud Do and
ileoga:xore than gleneralise on the va,h;es Xisop;see bele 10 for
experience must be used in fixing P.
guidance.

TABLE 4.9

MAXIMUM VALUE OF P IN THE
FORMULA Q@ = P. A. I

0.90

Steep, bare rock, Also city pavements a0
Rock, steep but wooded 0"70
Plateaus, lightly covered o0
Clayey soils, stiff and bare o5
do lightly covered 0
Loam, lightly cultivated or covered -
do largely cultivated 0 "
Sandy soil, light growth o

Sandy soil, covered, heavy brush

We
. d Spread of Storm.

; etween Intensity an ? f ‘the spread
. 4.:(()). falz'eﬁt:l)i';)exl?ately escheweg t?:g;gf: ggg;tg in the space
ave & 3 Q ! . iy

infall recording 8 oint intensities.
of the storm. Rainfall re ded there aro point intensities
tensities recor ion. The intensity will be
and therefore the in ding station. The 1 n
. d a recoraing iminish as we go farther
Imagine an ared EOUR" d will gradually diminis b
. nd will gradu covered by
highest at th; cigfxrtiea %ill at the fringes of thfhea;i:a o aderad
:lYaZtcf;?nm itnt:rlﬂity will be zero. Tthe 1&;‘%912 therefore logical t(;
€ ’ v .ntensl y- S 'Ze 0
one ir}??flfewn;l;azeimzrﬂﬁiayni; some inverse function of the si
88y tha

the area,

I I is the maximum point intensity at the centre of the
18 e

[ 3 3 me
i d overan area ‘“‘a " 18 80
Jan intensity reckone etk
?torﬁoﬁlei? ﬂ}? (r)rfle? .n'i‘he fraction f deper_xdsF (;nutlée:i% which s
tll;zcrelation is represented by the curve in ¥ig |

. . 2 .[5]
been constructed from statistical analysis

3
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Fig. 4.10.

In hydrological i
‘ . theories it i
storm is gica 1es it is assumed th
:5113};3 I i;l::llt etg :gebizr:g of the catchment. '?‘tlll:xg?oigri?%igf:lllg
ey aen | e same as the area of ner
analyais, ha(:’e ti)l::naigﬂ;xﬁ%tlogx lca.n lead to 2rrf)hr: :valf&]}xment.
o be limited to about 12 fre
per cent.[5)

4.11. The Fin
al Run-
the Equation 4.9 we gue'; off Formula., Introducing the factor f in

Q= P.fA
FolTpenioioseee e, (4.11,)

Also, combining with Equation (4.8)

Q=P.fA. 2
fAL, t.,+'1)

2.7.P

= 4lo ( fot-1

" In the } i
ast equation I, measures the role played
yed by the

clouds of the regio

the peak run-oﬁg n and N\ that of the catch

, : . ' ment in producin
g
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it should be clear from the foregoing Paras that the com-
ponents of \ are functions of A, I, and H of the catchment.

ps for Calculating the Run-off.

4.12. Resume of the Ste
and H in feet

; Step 1. Note down A in acres, L in miles,
rom the survey maps of the ares.

_ Eb'tep 9 stimate the I, for the region preferably from
rainfall  records: failing  that from local knowledge.

F 1
10=‘?-(l+"7,), where F is inches of rain dropped by the

severest storm in 7' hours.

Step. 3. See Plate |
for known values of L, H, and 4.

Then calculate \ = tg-[:)l .
C

p, snd f

and read values of .

Step 4. Calculate QmA. I\

(alculate the peak run-0
iven :

§ for designing

4.13. Example.
a bridge across a stream, g

Catohment : L=3 miles; H =100 it}
A =3.5 sq. miles. Loamy soil

largely cultivated.

Rainfall: The geverest storm that is
red in 20 yesrs droppe

known to have ocour-
d b inches of rain in

2.5 hours.
5 (2.5
Solution. 1,= -%-'-‘—;-4_*—-_—;)-.:3.5 Inches/Hour

From Plate |,
to=1.6 bours; f=097; P=0.30

9 x 0.97 X 0.30
:o )\l=~/—2<— -i’é:l‘:—l“-—‘—’ =0.224
3.5 x 640) X 3.6 X 0.22 = 1730 cuseocs.

mall Catchment Areas (Plate 2).
in aores and the

Q=
4.14. Run-off Curves for §

Suppose we know ‘the catchment area A
average slope & of the main drainage channel. we
tohment i8 3 times its’ width, -

assume that the length of the &
then both L and H (as defined in pera 4.7) can be expressed in
terms of 4 and § and then %, caloulated trom Equation &7 -
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- Also for small arcas, [ may be taken equal to one. Then,
vide para 4.11,
2
W=r. 1,4 (-2
! ol (t(,+ l.

For /=1 inch, thig becomes,

. 2
Q=1)'A(tai{ll ) (4.14)

Hence ¢ can be caleulated for various values of P4 and s,
This has been done and curves plotted in PLATE 2.

4.15. PLATE 2 can be used for sm
uptoe 3000 acres or about 5.0 Square miles. The values of run-off
read from Plate 2 are for * one hour rainfall”’, 1,, of one inch
These values have to bo multiplied by the 7
An example will illustrate the use of this Plate,

all culverts with basing

o of the region.

4.16. Example: The basin of g stream is lo
gely cultivated, and the aren of the catchment is 850 geres, The
average slope of the stream is 5 per cent. Caleulate the run-off.
(14, the one hour rainfall of the region, is 2.5 inches).

amy soil, lap-

Use Plate 2. Kor largely cultivated loamy soil, P=0.80 vide
the Table inset in Plate 2.

Enter the diagram at A =850 acres: move vertically up to
intersect the slope line of 5 per cent. Then, move horizontal]y

to intersect the 00 line ; join the intersection with P=03 and
extend to the run off (¢) scale and read

q=350 cusecs,
Multiply with I,
Q=350 X 2.5=875 cusecs.

4.17. In Conclusion.

The use of empirical formulae should be
primitive and are safe only in the hands o
average designer who cannot rely so much o
judgment should go by the rational procedure

The data required for the rational treatment, viz., 4, L, and
I can be eas@ly read from the survey plans, Ay regards 1 it

to be caleulated for
characterigtic of the
should be known to

each design problem.

whole region, with bretty vast area, and
the local enginecers,

% data can be colleeted. For smal
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. ite an abundance,
Complicated formulae, of which there lls qullfl?ier;r(ll, for a terse
been purposely avoided in this Article. .nd their interplay
rcabme b pth}a factors involved are so many at guch treatment
Z;eaét:)r::legll{é&te(l that vocourse need be taken to suc

h accurate
.« ave involved and
iy structures are , ‘mulae
only when very important sto 1 bridges the simple for

\given here should do.

ARTICLE 5

: FROM THE
DISCHARGE
:STIMATING FLOOD OPE
S ONVEYANGE FAGTOR AND SL

OF THE STREAM

. . < ks) thc
. . ; (bed and ban
e th rigid bognda;‘m‘:{ ‘foantly the same
] o dlft;l: :i‘o;: 'L(I)I; :vl:e cross section IIsf 81‘%213;:3“1)1’), plot the
S ape an i bsidence. . late the
?{UI'};IgL * ﬂo({) ({naésagxfxgzrtif: ?)l:zd slope it is simple to calcu
.F.L. an :

discharge.

5'2' Bub aQ 5'16(}. W vium W1 l hiwe & lal‘ er

) t which may be
) cross-sectional area when in flood than tha

N ing the
subsided. During
. . fter the flood has su :0] stream SCOUrs
Parvoyed and %lOtii;e%iZh and therefore an auu"[;dldi‘s[;inishes and
o ooy the flood subsides, the T it follows  that,
irs hod ; buty‘:;sﬁve]y silts up again. From ing capacity of the
Ehe; bed pr()%:w‘t- estimating the flood conveq}l’mugld ascertain the
elore we ato i we ¢
1 cross section, W scoured
Ztre;x}m ffromurtgﬁ(%)ll(;ﬁ: (onc the cross sect‘.lolll1 .tl;;e ﬂE:)\gle'.&ge
b:g liln% tslfa?t is likely to prevail during the hig

S holes in

T ing to do is to inspect the scour les in

Ve lhefbt?}fg E?t.l;l g look at the size la.m}lla,t‘}:ae &(Le%dea' of

incohasmmes 0f the rainé of the bed materlfa.  ave o A bone

iECOheli?:lffeove]ocit%r of flow during the ﬁoogi : :nuasy e e boble
;egtri)(l;?l‘ and then judge what should be ta

average scoured bed line.

5.4. Calculation of Velocity.

i the cross
Plot the probable scoureg a?éi vi:;:éd N;Z?f;iier o
sectional area 4 in sq. ft. an )

A
i = 4 ft
Then, caleulate the hydraulic mean depth E P

"

.+ Jinal
Next, measure the bed slope S from the plqtte(iil ng;g;?\lj:g:d
sectios of the Stream. Velocity can then be “easily
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from one of the mnany formulae. To mention one, viz,, Manning's
Formula :

. 1.4858

Ve BYOSh v (B.4y)
Where,

V=the Velocity in ft per sevc. considered uniform
throughout the cross section ;

R =the hydraulic mean depth ;

S =the energy slope which ma
bed slope, measured over a

n = the rugosity co-efficient,

For values of n see Table 5.4 below.
are necessary in selecting a proper val

Y be taken equal to the
reasonably long reach ;

Judgement and eXperience

ue of » for a given stream,
TABLE 5.4

Rugosity Co-Efficient.

Values of “n” in the Formula ¥ = 14__3,@ R ¢

Surface Perfect

(food l' Fair [ Bad
Natural streams '

(1) Clean, straight bank,

full stage, no rifts or

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

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

and shoals, clean ... 0.035  0.040 0.045
f4) Same as (3), lower

stages, more ineffec-

tive slope and sections 0.040  0.045 0.060  0.085
(6) Same as (3), some

weeds and stones ... (.033 0 035 0.040 0.045
(6) Same as (4), stony sec-

tions o 0045 0.050 0.0565

0.040

0.050

. 0,060
(7) Sluggish river reaches,

rather weedy or with

very deep pools e 0,060 0.060 0.070 0,080
(8) Very weedy reaches ... 0.075  0.100 0.125  0.150
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5.5. Calculation of Discharge.

Q= A.V.
........ 5.5)
_ 14868 gt gt (
n
.......... R X )]
e 8
.4858 B
Whe!‘ﬁ)\=1 - .A. R

the
and roughness of

he discharge
Thus the o factor

Now \ is a function of the size, :hgﬁret,or.
stream and is called ita conveyanc Iaotor. ts conveyenc
}:arrying capacity of a stream depen

and slope.
5.6. When the oross section is

ame horizonta:lly and ver
Ziﬂgé:h%: scaled off directly from

tural
t plotted to the na

t?:s.n)‘;) the wetted penmetber
the section and has to be

caloulated.
AN
: RS 130
; -
T | ‘
!' p 1 IIIIL.‘
' DU PR N N P I W
= 1"« SO FT,

Fig. 5.6.

i jent number of parts,
ine into a convenien T,
Divide up the WeFt?ed 5123 Consider one such %g.;:‘,s s.a.?r heg,
AB’IPRC : OdD Q%tct;e i(ts‘llirizontal and vertical projections. ¢
Let an

asured on the

%). Now, PR oan be mo the vertical.

PQ = NV (PR? 4 QF°). s-section and QR on 5

horizontal soale of lthela.gt;le‘:ie ! cS:'ionzalilm'ly each of the other parts is
PQ can then be caleu es the wetted perimeter.

calculated. Their sum gives m

If the shape of the oross section i8 1rlr]egv;ﬂg; ::g:gfix;:

e t ame rises above its banks apq rshtail eoohannel dows are

z'};?t:eg (BFI;;. B, It I8 T o go s:xl-)edilc‘:;?:i for each subsection,

bseotions. Then R andn vy ‘
;;tgh:;:i:uv;ooities and discharges computed separately.
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M F L

(— Sus SecTion I,
Ve 5.7
Y
Where further elaboration is jnstified, corrections

distribution, change of slo
1on, change slope, ete. may be : i
Hydraulies give standard methods for t.gis. ¢ srplied

for veloeity
Books on

5.8. Velocity Curves. To save ti i
. Save time in ati
have been plotted in Plate 3, Given R, § and o rabion
be read from this Plate. C

, eurves
and g, velocity can

) 5“9 tBetteI: Measure than Calculate Velocity

actually to observe the velocity during a h.'
it is r}ot possible to wait for the ocourrengee of lghhiflﬁog' }’Vhen
velocity may b.e observed in a moderate flood and usegd o Chene
on the theoretical calculation of velocity. In makinzsjelehg:k
A 4 ocity

observations the selected ronel (
select: aweh should be strag i
reasonahly long. traight, nniform, ang

It is preferable

5.10. The flood discharge s} .
three cross secbions, Whic])f: . 1(?]1;3;(;); <01Xl}(;1l1;?§23 at each of the
should be plotted for all except very small structum par? 2.3,
difference in the three discharges thus calculated ig o lf the
per cent the discrepancy has to be investigated, » more than 19

ARTICLE ¢

ESTIMATING FLOOD DISCHARG
FLOOD MARKS ON AN EXIS8
STRUCTURE

E FROM
TING

. 6.l: Having collected the

inspection as mentioned in para
existing structure can he cal

) > caleulated by applvi

vty b 3 Vo !

formula. In Article 17, some formulae f0£ pcy

from flood marks on existing bridges are

out examples have been includad in Article 19

necessary

informatj ,
1.2 the disch o rom

arge passed by an
nNgan appropriate
alqumting discharges
discussed, Worked

.

4

SMALL Bripges & CULVERTS 145

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

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

ARTICLE 7

FIXING DESIGN DISCHARGE

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

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

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

ARTICLE 8

ALLUVIAL STREAMS—LACEY'S EQUATIONS

8.1, The section of a stream, having rigid boundaries, is
the same during the flood and after its subsidence, But this is
4



146 (GIOVERDIANTAL ON SMALL Bripous & CULVERTS 147

T *W T T T \ icssst
[ I 1 L Wy 8 g8 1 i r - ;
! H t I, uRANE t : -1
8.2. Wholly Erodible Section. Lacey’s Theory. Strecams algEates ‘ : T
flowing in alluvium are wide and shallow and meander a H A { ' TR ] } ' 11
great deal. The surface width and the normal scoured depth HHHY TR
of such streams have to be caleulated theoretically from con- \ N T ‘ A \ k : : F
copts which arc not wholly rational. The thcory that has HH ﬁ:
gained wide popularity in India is “ Lacey’s Theory of Flow HIHH
in Incoherent Alluvium . The salient points of that Theory, \

not so in the case of streams tlowing within, partially or whelly,
erodible boundaries. In the latter case, a probable flood section
has to be evolved from theoretical premises for the purposes of
designing a bridge ; it ix seldom possible actually to measure the
cross section during the high flood.

o

relevant to the present subject, are outlined here.

8.3. A stream, whose bed and banks are composed of loose : : T
granular material, that has been deposited by the stream and R 5. 258 | u tes
can be picked up and transported again by the current during H | T 1HE Y ‘
flood, is said to flow through incoherent alluvium and may be it YT R i i
briefly referred to as an alluvial stream. Such a stream tends a8i auds HH-AH
to scour or silt up till it has acquired such a cross section and Aei e ndndti us Y HHHHH
(more particularly) such a slope that the resulting velocity is HEHHH HH X A\ iEmidhiiounyyisgns
¢ non-silting and non-scouring”’.  When this happens the stream TR H N i '
becomes stable and tends to maintain the acquired shape and = T
size of its cross section and the acquired siope. It is then said = oa: :
s to have come to regime’’ and can be regarded as stable. =

1311
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8.4. Lacey’s Equations. When an alluvial strecam carrying R INTEFEN FRER P
a known discharge () has come to regime, it has a regime wetted T : HEEH R ENAES -”LJ:_’ Exaes n
perimeter P, a regime slope S, and a regime hydraulic mean L C SR PN \ 1 HEH
depth R. In consequence, it will have a fixed area of cross = o 3 N
gection 4 and a fixed velocity V, ' 1e8s ”E} NN

13
31

131
11
pn!
t
s
T
T
Sasuass
T
-

For these regime characteristics of an alluvial channel
Lacey suggests (18} the following relationships. It should be =
noted that the only independent entities involved in them are @
and f. The *“ f* is called silt factor and its value depends on the o

size and looseness of the grains of the alluvium. Table 8.4 gives IR T
values of £,

T
17 TTT
T

M

11

T

.87, 04
T
1

V8 AP O
> uf

(a) Regime Cross Section HEH _-_j’—*:?':

T
L
)
1
T
T ¥l i
T+ H
1 37
L 1 H

(8.4,) g L

hf:‘x e (Bidy) [ . P " fadsx

0.000.542. f$
0F e (8.4)

T
T 1. :
5
T
"
il“ pgen
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(b) Regime Velocity and Slope

5 L y = 0794 @ x f3 . (8.4a)
] Il
| 1 26,0}
THEERT : da Y v (8.4y)
L, 7
HEE R TABLE 8.4
- i H ] T SILT FACTOR « f” IN LACEY'S EQUATIONS(18)
i _ ;i m Size of I e 10
' ‘ Grain in mm ’f (Sitt Factor)
& N . S § L
{ Silt,
Fine 00.120 00.600
7] Medium 00.233 00.850
s Standard 00.323 01.000
e}
v Sand.
3 1t Medium 00.505 01.250
& Coarse 10.72b 01.500
| I K Bajri.
. T Fine 00 988 01.750
F Medium 01.290 02.000
; Coarse 02.422 ©02.750 -
1 3 Gravel.
] ' ’ Medium 07.280 04.750
i » é Heavy 26.100 09.000
5 m Boulders.
ST Small 50.100 12.000
¥ ) ' Medium 72.500 15.000
. é 7 Large 188.800 24.000
H 8.5. The Regime Width and Depth. Provided a stream is
truly alluvial, it is destined to come to regime according to Lacey.
b I 1t will then be stable and have a section and slope conforming to
H ey ‘11" his equations. For wide alluvial streams the stable width W
Ilf {i* ‘ ‘ can be taken equal to the wetted perimeter P of Equation
T ] 1 (8.4,).
That is:

W = X Qé XY (S.SG)

8
3
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Also the normal depth of scour D on a straight and unobstructed

part of a wide stream may be taken as { i
moan radius K in Equation (8.4,). chccequdl o the hydraulio

p = 047304
fr} o (8.5)

8.6. Curves for D. In Iy 8.6 curve
from Equation (8.5,). Knowini;r (L)'a),n(cle;'\f?:- bave been Plotted

tho regime depth £) can be directly read off t}::‘.:c 23;1\:;1: ! stream,

ARTICLE 9

LINEAR WATERWAY OF BRIDGLES

9.1. The General Rule for Alluyial Streams. The linear
S8 & wholly a:lluvia,l stream ghould

9(1.2.' Unstable Meandering Streams.
meandering over a wide belt, may hav A
channels separated by land or shallow He};tms gf If:::’ll:gtaactwe
water. Its actual (aggregate) width may be much in e gnant,
the regime width required for stability, In bridgin Itces;;1 of
stream it is necessary to provide training works to cor%tr:z: tha.

®

stream. The cost of the latter, both initj .
be taken into account in ﬁxing, the lirllgztnrl a;i:tggv::;urrmg, has to

A large alluvial stream,

9.3. 1In the ultimate analysis i
ot alysis it may be fo i :
cases, that it is cheaper to adopt a lineary wa.ter;lvr:;f’ f:)xxl' :Emi i
somewhat in excess of the regime width given by Equatioz (sr‘gg)e
e

But, as far as possible, this sh .
ed lincar waterway exseody should be avoided. _ When the a

that the depth will become 1| i

bY, Equation (8.5;). Hence s ol tha:11 the o tip depth D given
bridge does not lead to
foundations. On the ¢

dopt-

training works,

9.4. Contraction to be Avoid
: ed.
the. brldg.e across an alluvial stream sh’lt;lllltlad
regime width of the stream Any desig
tion of the stream beyond the regime

linear waterway of
not be less than the
n, that envisages contrac-
width, necessarily has to
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provide for much deeper foundations. Much of the saving in cost
expected from decreasing the length of the hridge may be eaten
up by the concomitant increase in the depth of the substructure
and the size of training works. Hence, except where the section
of the stream is rigid, it is generally troublesome andalso futile
from economy consideration to attempt contracting the waterway.

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

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

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

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

ARTICLE 10

THE NORMAL VSCOUR D.EPTH OF ALLUVIAL STREAMS.

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

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

In nature, however, the flood discharge in a stream does not
have indefinite duration. For this reason the shape of the flood
section of any natural stream would be governed by the magnitude
and duration of the flood discharge carried by it. Some obgervers
have found that cyrves representing the natural stream sections
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during sustained floods have sharper curvature in the middle than
that of an ellipse. 1In consequence, it is believed that Lacey’s
normal depth is an under-estimate when applied to natural
streams subjeet to sustained floods. We will, however appl

Lacey’s Lquations, pending further research. ' Y

10.2.  As dizcussed later in Article 14 the depth of founda.
tions is fixed in relation to the maximum depth of scour, which
in turn is inferred from the normal depth of seour. The’normm]
depth of scour for alluvial streams is given by Iquation ¢ f;)
s0 long ag the bridge does not contract the stream beyond -thbe
regime width 1 given by Equation (8.5,)

10.3. If the linear waterway of the bridge 18, for some
special reason, kept less than the regime width of the stream
then the normal scour depth under the bridge will be greater than
the regime depth of the stream (Fig. 10.3).

where, W = the regime width of the stream.

L

I

the designed waterway. When the bridge is assumed
to cause contraction, 1. is less than IV,

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

This relationship is explained in Article 12.

i
in

/I

|
|

A N

FACE OF ABUTMENT™
This fig, represents a hypothetical condition i.e. Uniform
scour. D is the normal scour depth corresponding to

stream width W and D' normal scour depth corres-
ponding to reduced watorway under the bridge.,

Fig. 10.3.
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ARTICLE 11

THE NORMAL SCOUR DEPTH OF QUASI ALLUVIAL STREAMS

I1.I.  Quasi-Alluvial Streams. Some streams are not wholly
alluvial. A stream may flow between banks which are rigid
in so far as they successfully resist erosion, but its bed may be
composed of loose granular material which the current ‘can pick
up and transport. Such a stream may be called quasi-alluvial to
distinguish it, on the one hand, from a stream with wholly rigid
boundaries and, on the other, from a wholly alluvial stream.
Since such a stream is not free to erode its banks and flatten out
the boundaries of its cross section as a wholly alluvial stream
does, it does not acquire the regime cross section which Lacey’s
Equations prescribe.

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

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

11.3. In any such case the width W of the section, being
fixed between the rigid banks, can be measured. But the normal
scour depth D corresponding to the design discharge @ has
to be estimated theoretically as it cannot be measured during
the currency of a high flood.

I1.4. When the Stream Width is Large Compared to Depth.
In Article 5, for calculating the discharge of the stream from
its plotted cross section, we drew the probable scoured bed
line (para 5.3). When the stream scours down to that line it
should be capable of passing the discharge calculated there, say g
cusecs. But the discharge adopted for design, @, ma% be any-
thing upto 50 per cent more than g (See para 7.1). herefore,
the scour bed line will have to be lowered further. Suppose the
normal scour depth for @ is D and that for q is d, then,

p=ix(%) S 1)

s
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Since d is known, /) can be caleulated, This relationship
depends on the assumption that the width of the stream is lar rle
as compared with its depth, and therefore, the wetted perimetir
1s_approximately equal to the width and g not ma.tori'mlll
affected by variations in depth. Tt also assumes that the,ﬂ( .
remains unaltered, ore

@)= Area x Velocity,
= (R.P) (.1} &
= KR

where K is a constant.

. : . 3 . .

IHence,llz’, v]arm]s ag;l @ Since in such streams R is very
nearly equal to the depth, therefore, 1) varies as 0. H
Equation (11.4). @ ence the

From the above relationship it follows th; t i i
cent of g, D will equal to 1.27 per cent of d. M@ s 150 por
IL5. Alternatively the normal de th of : i
streams may be calculated as under., prthe widtﬁcg}uth:fst::;de
: g am

is large as compared with its de ' (
for R.g pared with its depth, we may write W for p and D

¢ = Area X% Velocity.
= (P.R)x V= (W.Dy.v.

. 0
e, D = ’
e Wy

Now, W is the known fixeq widtl
veloeity ¥ has actually been observed (plar?mf 513}:)6; ream,
caleulated from the above equation. '

If th
then D cap b:

11.6. Suppose the velocit has not
during a flood, but the slope Syis kr?o?:n, been actually Measured

@ = Area x Velocity_
1.
= (B x Py x (14958 ) rbsd

1.4858 i
=X W ><S'J~’ T
" XD (11.6)

Knowing ¢, w and 8, we g

equation. an caleulate D from this

For quickness Velocity i
eS8, y Curves in Plate 3
Assume a value of R and fix a suitable value ofczl?e l;?;gl;:‘iatdy:
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coefficient n appropriate for the stream. Corresponding to these
values and the known slope, read the velocity from Plate 3
Now calculate the discharge (=V X R X W). If this equals t.he
design discharge ¢, the assumed value of R is correct. Otherwise
assume another valuc of R and repeat. When the correct value
of R has been found, take D equal to R. (See the worked out
Example in para 18.8).

I1.7. Another Formula. The procedure described above
can be applied if we know either the slope of the stream or the
actual observed velocity. If we do not known qlther of these,
we can apply the following procedure for approximate calcula-
tion of the normal scour depth.

Suppose the wetted perimeter of the stream is P and its
hydraulic mean depth B. 'If Q is its discharge, then,

Q = Area x Velocity
= (P.R.) (. Rb.8%) o)

Now if this stream, carrying the discharge ), hagl been wholly
alluvial, with a wetted perimeter P, and Hydraulic mean depth

R, for regime conditions, then,

Q = (PR (C.RE S L (i)
Also for a wholly alluvial stream Lacey’s Theory would give :
P, = 267.0% o (i)
47,403
and R, = O;?Q (iv)
f .
Equating values of ) in (i) and (ii), and rearranging we get :
3 . '
B _ (LY - W)
7 =(F)

Now substituting values of P, and R; from equations

(iii) and (iv) in (v), we geb

.86. 0.63
p o 086.07% . (Vi)
£0.33 » po-60

If the width W of the stream is large co.mpared'with its depth
D, then we can write W for P and D for R in equation (vi). This
will give . ,
0.86.¢1-% . (11:7)

D= F038 060
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Thus, if the design discharge ¢}, the natural width W .
. factor f are known, the normal scour d , and the silt
from Equtaion (11.7), r depth D.can be calculated

The above reasoning assumes that the « : stion i
the actua-.l case undor consideration is the s‘:rlxsg st'tthtehglgezmofn l‘1u
hyI')otjhetlcal (Lacey’s) regime section, carrying the same d? /}2 b
This is 1}ot improbable where the stream is old and Sgt e
madterial is really incoherent alluvium. DBut if there ;s an; ?iol\ﬁg,

about this, the actual slope must Le measur
given in para 11.6 appliod. easured and the procedure

11.8. When the Stream is Not Very Wid ; i
the stream is not very large as comgared t’;fitlffitghtziewtl}?thth()f
the methods given above will not give accurate enou ﬁ ¢ 1en
In such a case draw the probable scoured bed line on 5110 relmtl-, b
cross section, measure the area and the wetted perim 113)0 e
calculate K. Corresponding to this value of R and t;hee ﬁr and
va.lues‘s of & a,{ld n, read velocity from Plate 8. If the ngwn
of this velocity and the area equals the design discharpro o
a,.ssumed scoured bed line is correct. Otherwise, assum & b
line and repeat. Then measure D. ’ © another

{1.9. Effect of Contraction on Normal
some special reason, the linear waterway Isfo:fr aD%prtil(li. elf, for
& quasi alluvial stream is kept less than the natural unogbst: Oross
width W of the strecam, (Fig. 10.3), then the normal scour (‘imted
under the bridge D' will be greater than the depth D ascert t?pth
above for the unobstructed stream. The following rela:ﬁ,ﬁ;’ﬁg

will apply.
W ~\0.61
D = D -
( L ) (14.9)

For proof see Article 12.

ARTICLE 12

THE EFFECT OF CONTRAGTION ON THE NORMAL
SCOUR DEPTH

121. In Fig. 12.1, W is the width, D the normal scour

depth, and « the veloeci .
upstream of the brid gcel.ty of the stream in an unobstructed reach
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i

i I
Yo T
| V0
X X \\ L ,’f‘
L

Fig. 12.1.

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

w=mx (DX e @)

Since the vent-area of the bridge is smaller than that of the
stream, therefore, when the water arrives at the bridge the initial
velocity V through the bridge will be greater than u. At that
stage,
Y w
V = U. I
The initial high velocity V under the bridge s momentary. 1t
starts further scouring and, in the process, itself begins to
decrease (because further scouring means more ares of flow
through the bridge) till equilibrium is reached. If in that state
of equilibrium, the depth under the bridge ir D and the final
reduced velocity », then by Kennedy again,

v=m (D»)0‘64 ......
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From equations (i) and (ii)
» Iy .64
+ =0, ) ...... (iif)
Now, since the discharge at all sections iy the same, therefore
wlW. =~ L1 ,

where L is the linear waterway through tle bridge.

Le., v = W.D.
R LD Xw (iv)
substituting for v, from (iv) in (iii), we get:
W \0.61
D =D
( P I (12.1)

Knowing D, W, and I we can ¢ ate the iner
of scour ' under the bridge from th(;aaimchl»lt)ljzhe(;&;blil(l);l.w%d depth

12.2.  In this discussion it is tacitly
dew?lop.s unifonply and  the bed line is lo{vejzfiu:;(iﬂssﬂt:ﬁz \S?OM
section (3f the bridge in a smooth curve. When that ila per N lO1le
depth D’ will l"’t the Normal scour depth. In lmtm'a,lnut o b
however, scour is not uniform, At some points there i;x ldef"ms’
scour than that at others. An expression for the deepest' ot n
such cases will be developed later (See para 13.5) s

ARTICLE 13
MAXIMUM SCOUR DEPTH

13.1. 1In considering b ;
g bed scour we are concerned with alluvi
and quasi-alluvial st i b uvial
rigidqbeds. reams only and not with streams which have

13.2. In natural streams the scourt i
18 not uniform all along the bed widlzfxl.nglatc?sonno:f :(1)1  ovon i
:pralggt :}?ac&le& Particularly at the bends as also round :l‘)r:trxl'ulcn
1ons to the flow, e.g. the piers of a brj i '
than n01:1na.l. In the following pamgrggﬁ; 1;}113;3 1?032;?091'15(;9“1'
the maximum scour depth are given. It will be seen tlra,i? ;r}ig
maximum scour depth is taken as a multiple of the normal ;
depth according to the circumstances of the case + soour

13.3. In order to estimate the i '
maximum : it 1
]necessa.ry first to cqlculate the normal seour d:(i)ot.lllll d’(la‘gghl’altttc:i
188 already been discussed in detail. To summa.riée What has

PR
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been said earlier, the normal scour depth will be caleulated as
under :

(i) Alluvial Streams. Provided the linear waterway of
the bridge is not less than the regime width of the
stream, the normal scour depth D is the regime depth
as calculated from Equation (8.5;).

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

in Article 11.

(iii) Modification of Normal Scour Depth. When the bridge
causes contraction, ie., L is less than W, both
foralluvial and quasi-alluvial streams, the modified

normal scour depth 1) is given by :

D =D (Z_’)O.GJ

Where, L = linear waterway of the bridge.

w

I

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

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

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

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

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

adopted.
D, = D( }Z)ljﬁ

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

13.5. Explanation of the Formula.

Dy = 1( ”Z)""’“

we have to revert to the discussion in Article 12. There we
assumed that scouring under the bridge was uniform and worked
out an expression for the normal scour depth under the bridge.
In natural streams scouring is not uniform and deeper scour
develops at some points than at others (Fig. 13.6). To work out
what tho maximum scour will be under such conditions we assume
that, as scour develops, the velocity through deepened:parts, P
and @ in Fig. 13.5, does not decrease. More water can rush into
portions of deeper scour from the sides and the initial velocity
through the bridge viz., V is maintained in those portions.

fe————— STREAM WIDTH W —— -
|
T
A
~ Mo G e § ] 3
N L/l prRY BED
7 q Om
g ~ '
7
TQ

NON-UNIFORM SCOuUR
Fig. 13.5.

v

V = 7 oo (b

When the maximum scour depth D,, has developed there will be

equilibrium between V and D,,.

Hence, by Kennedy,

V = m (D00 e (H)

SmaLL BripcEs & CULVERTS 161

Also, as in Article (11)

u = m(D) 08 (iii)
From (ii) & (iii) : .
v Dy \0-64 e (i)
w \D
Substituting for ¥ from (i) in (iv) and rearranging
1.56
D, = 1)(%’) (13.5)

i Rule 1 applies, the
13.6. It is easy to prove that, where ]
maximum gcour depgh given by it governs so long as thi Llfneﬁa}r
waterway of the bridge L is not less than 65 per ce}r; s
Beyond that limit, the maximum scour depth given by Equatio
(13.5) is greater. - X
i i depth, given by
But where Rule 2 applies, the maximum scour 1
it, Wi?l goern where L is anything down to 47 per cent 1?'f WCS;EI({:e
contractions below this limit are not resorted to in practice,

ing by Rule 3 becomes needless. |
Examples at the end of this Article will make this clear.
13.7. The finally adopted value of D,, must nol be less than

hole that may be
' below H.F.L.) of the deepest scour . &
}gﬁndf %t}}rl i(rlsi)g:;ion to e;ist at or near the site of the brldg_e.v -

¥

The following examples will illustrate the application of '@hq
rules in para 13.4 above. ‘

i i osed ’acros‘s an alluvial
8. E le I. A bridge is proposed a an
strea};a(f=lf;')'|garrying a discharge of 2(?,000 cusecs. ?fa.lculaj;e
the depth of maximum scour when the bridge consists of :

(a) 3 spans of 50, 75, & 50 ft;
(b) 5 spans of 50 ft each ;
{¢) 4 spans of 100 .fﬁ each.

‘Regime surface width of the stream
W =2.67 QF =2.67 x (20,000)} = 380
Regime depth
Qb _ 0.473x (‘22,000)% BT

=0.473" . : T
D _04’ f&' . AN '(1'2)'5' o R T4 -
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Case (a). Rule 2 applies, since the bridge has piers.
Dy =2x 1 =2x D(W/1))-61

=2x12.1 (380/175)"51 . 38.8 4

FFor check, calculate D,, by Equation (13.5)

D= D(W L) 196 = 121 « (380/175) 156 — 40.6 ft
Adopt 40.6 ft say 41 f¢

[Note. In this caso Kquatio
contraction exceeds 47%. Corgpa,re ;a(rla&ll? 6g§>vel'ns becnure the

Case (b). Rule 2 applies.
Dy =2Dr =2D(W/L)0-61
= 2 x 12.1 (380/250)7-61 — 31 2 f¢
Check by Equation (13.5),
Dy, = D (WiL)'58 = 121 (380/250)1'36 . 23.3,
Adopt 31.2 say 31 ft

Case (c). Rule 2 applies.
Dyp=2D =2 x 121 = 24.2 ¢
Equation (13.5) will not apply as L=W.

Adopt 24.2 say 24 ft

13.9. Example 2. A stream with rocky banks h i
of 300 ft. Its bed is alluvial (f = 1.2) and discharge 20’830&01‘;1;1:8}1
Calculate the maximum scour depth under a bridge (a) a Binglé

arch .
23((:) ftf;pa,n of 200 ft (b) three spans of total linear waterway

By Equation (11.7):
D = 0.86. Q0.63/(70.33  170.60

0.86 % (20,000)%-63/(1 2033 3000.6
= 13.5 ft

Case (a). By Rule 1:
Dy =15D =15 D(W/L)0~61

1.5 x 13.5(300/200)0-61
= 26
Check by Equation (13.5), 4

Dy = D (W/L)156 = 13 5 « (300/200)1-66
= 25.5 ft

Adopt 26 ft

[Note, when contraction i
give eQuaf values of Dmc] on 18 7%, Rule 1 and Equation (13.5)

i
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Case (b). By Rule 2:
Dy = 2X D' = 2xX Dx (W/L)"Y!
2% 13.5 X (300/200)0-61 = 34.5 ft
Check by Equation (13.5),
D,, = D(W/L)1-58 = 13.5x (300/200)!%
= 25.4 ft

i

Adopt 34.5 ft

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

ARTICLE 14

DEPTH OF BRIDGE FOUNDATIONS (Dy)

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

RULE (1) Erodible Beds. The foundations shall be taken
down to a depth below the maximum high flood
level one-third greater than the calculated depth
of maximum scour subject to a minimum depth
below the scour line of six feet for arched bridges,
and four feet for other bridges.

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

RULE (3) ANl Beds. The pressure on the foundation
material must be well within the  bearing
capacity of the material. ' =
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These rules enable us to fix the level i
bt aat of the foundatians of

14.2. The rules mentioned in the last para appl
bed ﬂoor_ls provided under the structure a.ndpthe stygxr)rll ‘ivsh(f’:tlao I:Jg
scour as it may. The structure is then said to have deep founda-
tions. It is sound to design deep foundations as
circumstances permit.

far as
14.3. 1In the case of small culverts, however, bed floors may

be provided. In this connection the following i i
sound practice for culverts on erodible soil : Ving 18 considered

Keep the top of the floor about a foot belo ;
Take the foundations of the a.butmenti ff lf(gzvl:et(llléevtﬁl.
of the floor. Provide an upstream curtain wall 3tob fl:;
deep and a downstream curtain wall 5 to 8 £t deep from
the top of the floor. The precise depth of the curtain wall
within the stated limits, will depend on the velocity (?E

flow through the structure and erodibili
material. nd erodibility of the bed

This rule may be followed when it is intended i
. - E o avoid
tion of maximum scour depths for want of sufficient sitle dca?tl:ul&-

ARTICLE 15

e '

LENGTH OF CLEAR SPAN AND NUMBER OF SPANS

IS.i. As a rule the number of spang

- 0 > » ; Sh
pqsglble,» since piers obstruct flow. %articulzl:%g be as small ay
regions, where torrential velocities prevail
from bank to bank using no piers if possibie

arly in mountainous
it is better to span

15.2. Considering only the vari i

5.2, 3 ariabl :
s‘ulpe‘r‘strl_mture increases and that of the :ub;t;?'rl?:t’u Be ost of
with an increase in the span length. The most. eeonre docreases

length is that, which satisfies the equation : omical span
Cost of the The €
= ost
Superstructure } = {Substr:ct::ethe

15.3. Whore the bridge is bi

R Y her ge is big,
antwl'patqd in the sinking of founclgati
examination of the economio aspect is
tion from the ideal case have to be jus

and_difficult conditions are
ons, accurate and detailed

essential and an ia-
tified strongly, y devia
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15.4. Length of Span. In small structures, where open foun-
dations can be laid and solid abutments and piers raised on the_m,
it has been anaylsed that the following approximate relationships
give economical designs. ‘

For masonry arched bridges :

S =2H | (15.4,)
- For R. C. C. Slab bridges: ,
S = 1.5H (15.4;):

Where § = clear span length in ft

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

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

Discharge Vertical Clearance
Below 10 cusecs 6 inches
10-100 1.0 ft
100-1000 ,, 2.0 ft
1000-10,000 ,, 3.0 ft

In designing culverts for roads across flat regions where streams
are wide and shallow (mostly undefined dips 1n the ground
surface), and in consequence the patural velocities of flow are
very low, the provision of clearance serves no purpose. Indeed
it is proper to design such culverts on the assumption that the
water at the inlet end will pond up and submerge the inlet to a
predetermined extent. . This will be discussed later in detail

(Articles 21 and 22).

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

I5.7. When L is more than the economical span length 8,
the number of spans required (N) is_tentatively found from the
following relation B

L = NS
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158. Since N must be a whole number (

) : ) preferably odd) § has
to be modified suitably. In doing so it is p’ermissibls; to)adopt
Za?};mg span lengths fm one structure to keep as close as possible

o the requirements of economy and to ¢ :

e o the flow. y ause the least obstruc-

15.9. 1t is assumed that each bridge pi :
. . pier causes ¢ .
in the filaments of water equal to half its thickness ozogfggc:;li(:l:
(Fig. 15.9). For this reason the finally selected number and
lengths of spans should be such that the sum of allclear span

lengths should be equal to the required lin
sum of the thicknesses of all pier?. car waterway plus the

Referring to Fig. 15.9,

S8 = Si4 St (15.8,)
*Va
Also, B = Sl 23t (15.8,)

Here 31 is the effective linear waterway required accordi
design, 8 = sum of all clear spans, Z¢ = sum of ali 1;;;% :ﬁiﬂll(e
nesses and B is the length of the bridge from face to fy ck-
abutments (See Fig 15.9). ce of

FILAMENTS
oF i
PIER WATER
PIER.
N
N
N W
t, Lo £
11 t2 to N 2
2 2 )

|
B(LencTH oF BRIDGE) “_"

W(WIOTH oF sTREAM)}——

Fig. 15.9

Smarn Bripees & CULVERTS 167

ARTICLE 16

STRUCTURAL DETAILS OF MINOR BRIDGES AND
GULVERTS

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

As regards other types of small bridges, the sections in

Fig. 16.1 may be adopted in simple cases not meriting elaborate
calculations.

{ ROAD SURFACE

Fig. 16.1

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

As regards top width ‘“ A” of the abutment and ‘B ” of the
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pier, sec Table 16,1 below.
TABLE 16.1

Top Widths of Abutments & Piers for Slab Bridges (14

CLEAR | CEMENT MASONRY !! LIMI. MASONRY
SPAN A of Abu- . UAofabut. | T
i ment B of pier j mzn‘t1 B of pier

Ft Ins Ins Ins In;h>

10 15 18 18 18

20 18 22 24 94

30 22 26 27 %0

40 26 30 32 5

50 30 35 4

i 37 42

16.2. Wing Wall and Return Walls. Long 3 .
walls should be avoided. Where the founda.gtior?;1 ohfetf;g wing
walls can be stepped up, having regard to the soil proﬁle“;,l}?.g
should be done for the sake of cconomy. Quite often short ret .
walls meet the requirements of the case and should bekadoi)tgdum

16.3. Unreinforced Masonry Arches. .
unreinforced masonry arches ):qhould be ué:d fi*:ll‘ p?esfe possible
R. C. C. slabs. The idea i3 to conserve steel (which ir(?nces to
supply) for lqrger structures. The unreinforced 8 in short
arches may be in stone, P. C. C. precast blocks magonry
Plate 4 gives complete details of design (17], Whe, or bricks.
arch is used the sections of abutments ang ) én & masonry
be taken from this Plate, piers should also

16.4. R. C. C Slabs. If a R, C.
its dimensions should conform to those gOi'veilait)1 '}}::e ;0 be used,
16.5, Width of Roadway. The
the direction of flow) shoulq be suchletrllnizhtl?; d&istc;ﬁve"’b (along
the outer faces of the parapets will equal the fuj} dea.ce etween
of the formation of the road. Any proposed wig igned width
road formation in the near future should also bemng of the
account in fixing the width of the culvert. © taken into

In small bfidges the length ( V
v » the parallel to the fi
?,hzuld be sufﬁclent to give a minimum clear rg:dcx:;e sgrgim)
etween the inner faces of the kerbs or wheel guardsvo Ext::

provision should b I
required. ° mado for foot paths eto, if any are

N

SmaLy BripeeEs & CULVERTS 169

ARTICLE 17

ELEMENTS OF THE HYDRAULICS OF FLOW
THROUGH BRIDGES

_17.1. The formulae for discharges passing over broad crested
weirs and drowned orifices have been developed ab initio in this
Section. These formulae are very useful for computing flood
discharges from the flood marks left on the piers and abutments
of existing bridges and calculating afflux in designing new
bridges. It is necessary to be familiar with the rationale of
these formulae to be able to apply them intelligently.

17.2. Broad Crested Weir Formula applied to Bridge

Openings,
PIER

2
{1}
I /2.9___. J A | energY LINE
3 e RESUIRE 7
X n.H
] X
T TS
W o DU. YV —t Dd
{ ol 1
1 BED 2
Fig. 17.2.
In Fig. 17.2, XX is the water surface profile, and ZZ the
total energy line.
At Section 1, the total energy,
H="24D. @)
29
At Section 2, let the velocity head AB be a fraction n of
H, ie, v
4B = U =nH, v ()
2 5
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Ignoring the loss of head due to entry and friotion. and
equating total energies at Sections 1 and 2: ’

H = AC = AB - BC = nH 4 B(

Hence, the depth B() = (l-n)H .. (i) ﬁ

The area of flow at Section 2,
a = BC x Linear waterway
= (I-n) Hx L.
Velocity at 2, from (ii),
v = (anH)i
Therefore, the discharge through the bridge
¢ = av.

= (I-n) H.L. X (29%[1)3"

To account for losses in friction a co-efficient ¢
introduced. Thus, w May be
Q@=0C,(1-nHL (.‘2_()7211)5'r

3 3
= Ow VfELHy (7"§ - ny)

The depth B(' adjusts itself so that the dijs
through it is maximum. In that condition,

(iv)

oharge passing

@ = ()
dn
je., }. nt — ‘?,7& =0,ie,n=1

Putting 2 = % in (iv)
@ =3080C, LH
Combining with (i),
_ ) wu?\s
¢ =308 0,L(D, +6_4) o (17.2,)

Since AB is LH, therefore B(! i

(17.2,)

83 H, or 667 per cent of H.

On exit from the bridge
converted into potential heg
and the water surface is raj
‘than BC, i.e., greater than 6
tions have proved that, in ¢

d due to the expansion of the section
sed, 80 that D; is somewhat groater
67 per cent of H. In fact, observa-
he limiting condition, Dy can be 8Q

, some of the velocity head is re-
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per cent of Dy. Hence, the following rule:

“So long as the afflux (Dy - Dy) 18 not less tgha:n } Dq, the
weir formula applies, i.e., Q depends on Dy and is independent
of Dy.”

The fact that the downstream depth Dy has no effect on the
discharge ), nor on the upstream depth D,, when the .afﬂux is ngt
less than 3 Dy, is due to the formation of the * Standing Wave .

The co-efficient €', may be taken as under :

(1) Narrow bridge opening with or
without floors .o 094

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

(3) Wide bridge opening with n
) bed floors 098

17.3. The Orifice Formula.

/;-DIER

l‘—jpﬁgq—'“\'_- f_ | EMERGY LINE o
S ST — “7h warer SumFacCE
uw el |~ f =l |
- v Y,
Du 1) Td
1 BED 2 ' :
Fig. 17.3,

When the downstream depth Dy is more than 80 per cent of
the upstream depth D., the Weir Formulg. does not hold
good, i.e., the performance of the bridge opening is no lomger
unaffected by Dj. '

In Fig. 17'3,, XX is the water surface line and ZZ the total
energy line, t ‘

Apply Bernouli’s Equation to points 1 and 2, ignoring the
loss of head (h) due to entry and friction. :
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3 2

w v
Du ) = [ + o
T2 %

22 u2
=Dy~ D .
or, % +29

r =N, o i W
( “ K 2g >
Put Du_D’ = /?/,-
— 2 \3}
Then, » =A/3; ( j L
'/( +f_)g )

The discharge through the Section 2,

¢ = anp,
B > , 14,2 ).'
= L0 V(i) (i)

Now the fractional differenc

e between 1)’ and .D i ,
Put Dy for D' in (i). a 18 small,

N . 2
Q = L.Da 3. [ +%]% (i)

In the field it is easier to work in terms of %
instead of 2'. But % is less than ¥,
the bridge the water surface rises,

(= Du - Dd,)
a8 on emergence from
due to recovery of some

velocity energy as potential head. Suppose e.u? represents

the velocity energy that is converted into potentig) head.

D

Then 2’ = % + ;‘
g

Substituting in (i1)

¢= Lo VE(iba !

3
Smarr Bripoes & CULVERTS 17

head
Now introduce a coefficient C, to account for losses of he
through the bridge. We get:

0-3

o-2

2
——u \} 17.3

. ' .3, [10].
For values of ¢ snd ¢, see Figures 17.3, and 17.3, (1]

— COEFRICIENT ‘e"—

—fOR—
—— THE ORIFICE_ FORMULA ——

- ..

\17\!- 3‘&'&3 rm‘i Swidtn of stream.

a- Avea of flow under the brldo?e .

As Unobsiructed Areo of How of the
eam.

T A .
05 o8 o7 0-8 -9 o

a L

—0r ——

A

Fig. 11.3,
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d out- in Article

175

g 18 and 19
x and

of the water
ce in levels of
of the bridge

— COEFFICIENT (
Co —
—fOR— 0- 175. Examples have been worke
THE ORIFIC to show how these formulae can be used to caloulate afflu
100 . E FORMULA — discharge under bridges. '
)
95 ARTICLE 18
| AFFLUX
) HHH I81. Theaflux ata bridge is the heading up
/ surface caused by it. Itis measured by the differen
090 4 the water surfaces upstream and downstream
v (Fig. 18.1).
g "
4= —f—/’j
PILER
0-8% _
e s - — — - 3 ;‘-“"'
L=Sum of bridge -
Co W=Unobstrudcg il v

. Sl e | 2T,

o-eo “Upobslructed Area of flow of thg D
oS | 06 07 07'8 OT'Q "
S, L o
AW " | 8ED
Fig. 17.3, )
SECTION

17.4. In Conclusion
points : Let us get clear on some important

(1) In all these formulae Dy i
¢ 4 18 not afl i
:)ge tclt)e existence of the bridge. dItec(;ggetig ey
the 1"hnvefyemce factor and slope of the ta'ls only on
erefore, got to be actually measurédrzge‘ IDd
calcu-

lated from Area-slope data of the channel
> a8

explained already in Article 11

(2) The Weir Formula applies only when a standi
8 ing

wave is formed i.
Is not less than } Dld‘.": when the afflux (h=D, -Dy)

(3) The Orifice Formula wit v
h the 8 of (
and ¢ should b .l Buggested alue "(
‘ € &pphed when the atflux is less than
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18.2. When the waterway area of the openings of a bridge is
less than the unobstructed natural waterway area of the sh%aa,n
i.e., when the bridge contraets the stream, afflux occurs Con‘t 1
tion of the stream is normally not done; but under s;ac-
circumstances it is taken recourse to, if itleads to pondoramz
economy. Also, in the case of some alluvial streams in Ilaing
the natural stream width may be much in excess of that recfuired
ior regime. ?Vhe‘;ﬁpanfgtnhg such a stream, it has to be contracted
o, more or less, the wi required s ili A
training works. 1 for stability by providing

18.3. Estimating afflux is necessary to see i

‘ , X 1 its effect
clearance undeg the bridge: on the regime of the c}?ar,lnt)}:ﬁ
upstream of the bridge ; and on the design of training works. '

18.4. Tor calculating afflux we must know (1) the di
(2! the unobstructed width of the stream W, (3) éhc)alineea,ll‘sgv};?;;fg';g);

of the bridge, L (4) and the average depth d
bridge Da. pth downstream of the

18.5. The downstream depth D, is not aff idoe -
it is controlled by the conveyance factor and (;fg;(i ‘?)%r 311; :}f;igeei
below the bridge. Also the depth, that prevails at the bridge sr']t
before the construction of the bridge, can be assumed to cogtin1 ;
to prevallv just downstream of the bridge after its constﬂ'uct‘ione
Thus Da is tho_depth that prevails at the bridgo site before it
construction. 'To estimate afflux we must know Dg. In act hi
problems, Dj is either given or can be calculated from the d::la,

supplied.
18.6. Example. A bridge, having a linear water
’ wa

ft, spans a 'cha,nnel 100 ft wide carrying a dischargeyofOf25gg
cusecs. Estimate the afflux when the downstream depth is 3.0 ft

Dg = 3it.; W = IOOftv; L =175 ft
Discharge through the bridge by the Orifice Formula,

Q=C\/"27.L.D~/ h u?

oV 20 L. Dy f (BT Fe g )

L _15
W 100
Corresponding to this, C, = 0.867, ¢ = 0.86

2500 = 0.867 X 8 x 75 x 3 J(h+ 1.861219)
g

b 0,028 47 = 2.56

= 0.75.

res e (l)
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Also, just upstream of the bridge
Q=W x (Di+5h Xu
2600 = 100 (3 + h) X
or h=2_3 RPN 1)
u

Substituting for & from (ii) in (i) and rearranging
u—0.0052 4® = 452 - u = 5.2 ft/sec.
Substituting for u in (i)
h =178 ft
Alternatively.
Assume that b is more than } Da
and apply the Weir Formula

Q = 3.08 x o, LHE
9500 = 3.08 x 0.92 X 75 ut
+ H = 5.16 it.

2
Now H = Du + '2‘-;—- Dy (approx.)
.. Dy = b5.15 ft approx.

Now, Q = W x Du X % i.e., 2600 = 100 X 5156 X u

2
oy = 485; ’2L= 0.37 ft
q

uﬂ
H = Dn+ qu'

ie., 5.15 = D, + 0.37
D, = 4.18 it
h=D, — Dy = 4.78-3.0 = 178 ft

Sinoce  is actually-more than } D therefore the assumption
made was correct and the application of the Weir Formula was
justified.

18.7. Example. The unobstructed cross sectional ares of
flow of & streamp is 2850 s. ft snd the width of flow is 300 ft. A
bridge of 4 spans of 60 ft clear i8 proposed across it. Calculate
the afflux when the discharge is 2,300 ousecs.

8
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W= 300t 7, = 240 4y; p, o %8(%) = 9.5

The depth before the construction of the bridge is the depth down-
stream of the bridge after itg construction, Hengce Dg = 9.5 1t

L 240
W= 300 = 0.8.  Therefore Co = 0,877 ande = 0,77,

By the orifice formula the discharge through the bridge

23,000 = 0.877 X & x 240 x 9.5 J( h+177 %
2y
= 160004/ (h - 0.0277 42)

Le, b+ 0.0277 w2 = 2.08 (i)
Now, the discharge just upstream of the bridge
23000 = 300 x (9.5 + h)u

or h=-""2 .95

Putting for % from (ii) in (i) and rearranging
1-0.00239.43 = 6.64
Lo o= T.75 ft] sec.
Putting for « in (ii)
h =04 ft ‘ .
18.8. Example. A bridge 5voff.sI'mns of 120 ft each ig pro-
posed across a stream, whose unobstructed widsh is 830 ft, slope

1/2000 and discharge 64,000 cusecs. Calculate the afux
(n = 0.03).

e 4 I

""““\W’ 830 FT-““‘\—-‘—-J

Q -« 64000 cusacs; §» Y2000 !
Fig. 18.8,

We have first to fing Dy.
Q = AV = (R.P) Va RW.V,

l
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: Q _ 64000 _ .

. locity for wvarious

Knowing n = 0.03; § = 1/2000, read v i

values of Rgfrom Plate 3 and select that pair whose product is
77, Thus we get

R =127
V= 61

Take D; = R = 12.7 ft

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

L _ 600 _ 29 therefore Co = 0.87; ¢ = 0.90
W= 830

By the orifice formula, the discharge throughzthe bridge
u
64,000 = 0.87 x 8 x 600 x 12.7 (4 +1.90§y)

e, b4 0.0202u2 = 146 .vviiiiiiniinnn R (i)
The discharge just upstream of the bridge
64000 = 830. (12.7 -+ h).u

ie,h = L 12.7
%

Put for A from (ii) in (i) and rearrange
u—0.00206 u3 = 5.44. .. u = 5.85 ft/sec,
Put this value of u in (ii), we get :
h=13815 - 12.7 = 045 ft

ARTICLE 19

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

19.1, Calculating Discharge by the weir Formulae.

Example. The unobstructed width of a stream is 230 ft.
The linear Waterway of a bridge across it is ) 64 ft. In a flood, thg
average depth of flow downstream of the bridge was 11.5 ft an
the afflux was 3.15 ft.  Calculate the discharge.
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‘ i e —
u ] \ hs3.15 1.
Dy = 14.65FT.
\‘ Dd N SFT.
1
Fig. 19.1.
N 3.15
D; = i1 = 0.282

Since  is m
apply. ore than 0.25 Dg, therefore the Weir Formula wilj

W 230 = f6; L = 154 ft; » = 3.15 ft

Let the velooit
4o y of approach b .
section just up stream of t}l)w bridgs z‘FfiZ/ ?;cj) The discharge at 4

€ =u X 1465 x 230 = 3373 u........
The dlscharge through the bridge by the Weir Formare T (i)
a

@ = 3.08 x 0.98 x154( 146 u? \§
. 66 -0 2\
(s r 2
2 .3
= 466( 14.656 + X \7
( 5+ &2 )
Equating values of @ from (i) and (ii)
3370 » -466(14.66 . “_)
" 84

Rearranging u? 0.00417 42 = 399
' oru = 87 ft/sec.
Putting the value of % in (i) or (ii) we
@ = 3370 x 8.7
= 29,300 cusecs,

get Q.

Try the Orifice Formula.

z 1'“54 0.67
W T 33p=0. .
230 * Oo = 0.865; ¢ = 0,95
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Discharge through the bridge by the Orifice Formula
. 2
Q=085x 8 x 1564 X 11.5 xJ(3.15 4195 x 2

= 12,250 v/ (3.15 - ‘0304 »?)......... ererre e
Discharge just upstream of the bridge

@ = 230 X 14.65 X u

= 3370 u........ ST PP PP PP
Equating values of ¢ in (i) and (ii)

12250 A/ (3.156 + -0304 »%) = 3370 «
Simplifying and squaring

u? = %l—(? .. u = 8.35 ft/sec.
Substituting for « in (i) or (ii} we get @

Q = 3370 x 8.35 = 28,200 cusecs,
This result is about the same as given by the first method.

In fact, the orifice formula, with the recommended values of C,

and e gives nearly correct results even where the conditions are
appropriate for the Weir Formula. But the eouverse is not true.

19.2. Calculating Discharge by the Orifice Formula.

Example. The unobstructed width of a stream is 425 f¢
and the linear waterway of a bridge across it 360 ft. During
& flood the average depth of flow downstream of the bridge was
85 ft and the afflux 0.35 ft. Calculate discharge.

— "B:’Z’i-a?s'i' -

Dj = 85 FT.

. Given: W — 4251t L = 350 ft h = 0.35 ft Let the velo-
city of approach be ». The discharge at & seotion just upstream

Fig. 19.2.
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of the bridge

Q = u X B85 X 426 = 3761 u
. L 3580
Contraction = L o teta
yi W= 1% 0.8256
Corresponding to this, C, = 0,88 and ¢
charge under the bridge, by the Orifice Formula,

@ = 088 % 8 X 85 x 350 J 1.63u2
x J(038 4+, )
~ 20000 v/ (0.35 + 0.0255 u2)

........................ {i1)
Equating values of @ in (i) and (i})

3761 u = 20900 x A/ (0.35 4 0.0255)u?
Squaring and rearranging

10.8
2 s == .
w=5s 51.4. . u = 1.18 ft/sec.
Substitute for 4 in (i) or (i) to get Q.
Q = 3761 x 7.18 = 27,000 cusecs.
{9.3. The Border-line Cases. An e
. 3 xample wi w
to illustrate what results are obtained by a%gly?r:g ﬂ?eo ‘:Veiil?lé%"'
n'm\a' and the Orifico Formula to cases which are on the border
line 4. ¢., where the afflux is just } Dy. e e
19-4. Example. A stream, whose
. : unobst i i
£t is spanned by a bridge whose linear wabe:wr:; t&d%g\?: hl)l?xrzig
a flood the average downstream depth was 8.5 £t and th |
9.1 ft. (Calculate the discharge ' the afflus e
B 21

Dd: *8*.“5‘?: 0.247

Since & is nearly } D; th .
Orifice Formula shou i{d a'dp Pl;x:efore both the Weir Formula and

—— [
‘ h=2-1F1.
DU;IO' 6 FT.
X D4 :8'5F¢T
- l

{

Fig. 19.4. -

= 0.43. The di¥

@
8 ‘ULVE“T‘
amatt RIDGES ¢
SSUENRE B ¥

By the Weir formula:

just apstres™
.charge 19°
ity of a.pptoz»c‘n is u, e disc
11 the velocity ©

(1)
. 7950
g = 150 % 10 u
n tho P S (i)
«he dischars® throu® N 5 e
5.08 % 0.9% % 650 10.6 64
¢ H and (i
; fues of @ grom () ™7
Touating v 2

2o50 u = 190 (108 +5
Rearranging

o \ 9 = 4‘8
ud _0.00610 %

pus for ¥ i:;g) % 1076 = 85,500 cusecs:
Q= | '

. C = (’.9 = 0.44.
Q = 750 X 10 t == 1950 W oo canet anace? . on-.-(‘ )
. anert
.

2002
21 +
Q ogxsxﬁﬁ‘)xs'{’( o4

¢.
528 _ 1203 % = 11.0 14[#°
u? = {3376

. t Q.
e o (3 or () ¥e &
gubstitutind i"(g“a“;égo % 11 ~87,450 cusecs:
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ARTICLE 20

OVERTOPPING OF THE BANKS

20,1. 1In plains where tho
b ground slo
natural velocities of flow in streams are lolv)\fst?x?ﬂgggﬂe s:::d Vo
spill over one or both the banks of the strea,n’l at places water may

20.2. Height of Approach Roads. i
the bulk of. the dischgfge is ca.rri:(si bgigzl(ﬁ;inth:h&casi where
small fra.ctlon of it flows over the banks somewhere unne; wnd o
the bridge. If the overflow strikes high ground at a sh pts e of
from the banks, it can be forced back into the stre ort distance
to pass through the bridge. This can be done b *
approach roads of the bridge solid and high so th
11;)h(_adoverﬂovg.l_J In thlis arrangement, the linear
ridge must be ample to handle the w i i
rr}enta.l afflux. Also the top level of tﬁglzg;%};zigixggom dotri-
high enough not to be overtopped. If the velocity of the sltl;:-::z] l;s

V, th . .
e water surface level, where it strikes the road embankment,

. vV L
will be 64 ft. higher than the H.F.L. in the Stream at the point

where the overflow starts. This arrangement is therefore

feasible Where‘the stream velocity is not immoderately hnOrma.lly

igh.

20.3. Subsidiary or Relief Culverts, i
overflow spreads fz?r and away froilrltsthe Sg:l:;;mes,l’,hl}owever’ 1’:he
freql;ently the case in alluvial plains, where the' gro 1:1118 not in-
gor}tmuoqsly away from the banks of the stream. I ac ovel fallg
1s impossible to force the overflow back into the I such cases it
The correct thing to do is to pass the overflow throgglnre]sit?ean;.

i el cul-

20.4. Permanent Dips and B i
. , reach 4 :
Road;zi Tt is sometimes feasible ag "‘:ge‘ Se:.t;on: in Approach
fﬁ‘oxg le permanent dips (or alterna.tively breachinconomxcal to
e bridge approaches to take ©Xcessive overf] g sections) in

The dips or breaching sections have to by sitg:zri&eggﬁgmgies.
80
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m does not become erosive,

th ' ‘ * shifti
8% the velocity of flow through thely leading to the shifting flf

cutting deep channels and ultimate

€ main current. q
20.5. Retrogression of Levels. Suppose water Over ows &
low bank somewghere upstream of the bridge and, after pai(:s‘}vne%
through a relief culvert, rejoins the main stream s.omewhere T
down. When the flood in the main channel subsides, the ponf&“
UpP water at the inlet of the subsidiary culvert gets a freg OVO:;ha e
nder such conditions deep erosion can take place. A deep and
Bel is formed, beginning at the outfall in the mailn Sf'r?a";t To
Tetrogressing towards the culvert. This endangers the cu Zx%a;n of
Provide against this, protection has to be designed dqwnswater o
the culvert so as to dissipate the energy of the falling o
the same lines as is done on irrigation *‘ falls " That 1:’. & the
able cistern and baffle wall should be added_ for dissipa hu;g e
énergy and the issuing current should be stilled throug pr

Perly designed expanding flume,

ARTICLE 21 A
FEASIBILITY OF PIPE AND BOX CULVERTS FLOWING

) ) 4
2Lk ain is one vast flat w1t1§out any deep_ an
defined dral\idna;lg); cal'lal')xinels in it. When the rain falls, .the; sg;faéie
Water moves in some direction in a wide sheet of nomina o n:ﬂu b
0 long ag this movement of water is unobstructed ml))a.nkmégt
may occur to property or crops. But when a road le!iliﬂ'w oD
18 thrown across the country intercepting the natura p Od " from
Ponds up on one side of it. Relief has then 0 be & oz t:r aorom
Possible damage from this ponding up by taking the W acl
® road through causeways or culverts. , A »
1.2, less regions the roa._d runs 6Oross wide
but shallowI I(liii,usc:n?ﬂg::fow thge most s.tralghtfqrwar.d way of
handling the surface flow is to provide suitable dips (1.91;;3 q&uas:;
Vays) in the longitudinal profile of the road and let water pa
over them, '

213, There may, however,

FULL

be cases where the above solu-

tion is not g, its limitations may_be oited.- Too
o best, Soine of its limita ‘

108Dy causeways or dips detract fror the usefulness of the r::;i'

'I-:lso, the flow of water over numerous seotlons of the .!‘::dr :Anga.in

1% Proper maintenance problematio and expen:; mitry e g

consider the oage of & wet cultivated or waterlogged :
i ing ar c ; .logged) Wwhere

the embankment, has necessarily got to be
9
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ground. Frequent dippi
g ent dipping down from hj
; ‘ . igh road tev
%;‘;)Iﬁ;:(i pxoducesa,very undesirable road profile A(:llcsl ©
cen relstc(ér\xrzrelte slab.z,h in dips across a waterlogged count’ryev?ll(;

nly on the mud underneat} ’

3 : ‘ath them. 7Th it wi
ot xes ) ) . us,
allsjee&l that'; constructing culverts in such circumstances showldwll;H
| er arrangement than providing dips or small cza.usewa,;rl °
8.

214, After we have deci

4. ) ¢ ided that a culvert

ZE;Cll 0111 t;d rgad_lymg across some such countrslrmivtg b;r(:)ons:;iruc-

dugl;eag;rfi sodlzlchargetby usifng one of the run-oft ,formula,e cﬁZvier
| 1e nature of the terrai i '8 ;

rainfall as already explained in Artv‘iaéfggf and the ntensity of

_ ‘But the natural velocity of flow canno i

(i) if there is no defined cro);s section o?ghz bceh:it;:gllag:d beoal.xse
we may take the area of cross section and wetted peri}nom yvhmh
(i) there is no measurable slope in the drainage line E:ter, ond
we could calculate or directly observe the velocity .it m o Dhero
small that we could not aim at passing water thro{x h thay b S0
at that velocity, because the area of waterway reguirede f(i)li'lvte}rt

e

culvert (4 = g) will be prohibitively large. In such cases the
design has to be based on an increased veloci
;,he gulvqrt and to create that velocity tl?elofilggigl(:f 1:113:; throu.gh
,01; heading up at the inlet end of the culvert. Economy ; p(liov‘lde
b gegs ith: a}jmgnary consideration, the correct practice yiligee?islgp
T inlegt X (Iinpe orha box culvert on the assumption that, water l:
cthe fnlet ¢ t;h@n.w,lyt ead up toa predetermined safe level aboa
Wa,t;erp of the inlet opening. This surface level of the head d i
A at the upstream end has to be so fixed that the roadeba,uk
n

should not be t A
damaged. overtopped, nor any property in the flood plain

Next, the level of the dow
'notefi down. This will depend
leading out channel and is, no
hatural unobstructed flow at’tbe
embankment is constructed,

hstream water surface sh
. oul
on the size and the slope o? tll::
rmally, the surface lovel of the
site, that prevails before the road

. After this we can calculate ¢
of the barrel of the culvea‘rb bh; rz
Hydrauhcs discussed in Article 22.

quired area of cross sectjo;
) ction
pplying the principles of

215, The procedure se

e t out

aple_ research has been carried ou:lzonvet}in: !f?
Pipe and box culverts, flowing full,

... 2.6, In the past, use |
o A6 . was extensively m i
.mulae thh gave the ventway area reciyuire?(;1 efgi e;n %gllfr:xl'tfog

tional and consider-

R

ow of water through .
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Dun’s Drainage Table is one of

1. This Table is still widely used,
calculations. But it is unfor-.

drain a given catchment area.
that class and is purely empirica

as it saves the trouble of hydraulic lations. 1 '
tunate that recourse is often taken rather indiscriminately to such-

short cuts, even where other more accurate and _ratxona.l, prooe-
dure is possible and warranted by the expense involved. Dun’s
Table, or others in that class, should NOT be used until sulta.b'le‘
correction factors have been carefully evolved from extensive.
observations (in each particular region with its own singularities’
of terrain and climate) of the adequacy Or otherwise of the exist-.
ing culverts vis-a-vis their catchment areas. :

s of economy require that small culverts,

21.7. Consideration
ructures across defined chan-

in contrast with relatively larger st : j
nels, need not be designed normally to function with adequate

clearance for passing floating matter. The depth of a culvert
should be small and it does not matter if the opening stops appre-.
ciably below the formation level of the roa,c.l. Indeed, it is cor'ract
t0 leave it in that position and let it function even with its inlet
submerged. This makes it possible to design low abutments sup-
porting an arch or a slab, or alternatively, to use round pipes or

square box barrels.

'21.8. Nor should high headwalls be provided for retaining
deep over-fills ; instead, the length of the culverts ghould be
increased suitably so that the road embankmen't,.wmh its natural
side slopes, is accommodated without high retainiug headwalls.

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

ARTICLE 22

HYDRAULICS OF THE PIPE AND BOX CULVERTS
FLOWING FULL

22.1. The Permissible Meading up at the inlet. 1t has been:
explained already that where a defined channel does not exist
and the natural velocity of flow is very low, it is ecogt_xmlcal
to design a culvert as consisting*of a pipe or a number of pipes of
circular or rectangular section functioning with the inlet sube
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merged. As the flood water starts heading up at the inlet, the
velocity through the barrol goes on increasing. This continues till
the discharge passing through the culvert equals the discharge
coming towards the oulvert. When this state of equilibrium g
reached the upstream water levol does not rise any higher.

For a given design discharge, the extent of upstream heading
up depends on the ventway of the culvert. The latter has to be so
chosen that tho heading up should not go higher than a predeter -
mined safe level, the criterion for safety being that the road
embankment should not be overstopped, mnor any property

damaged by submergence. The fixing of this level is the first step
in the design.

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

that
of the culvert
L. prevailing
ruction of the
ncentration of

22.3. The Operating Head When the Culverts Flow Full.

In
this connection the cases that have to be considered ae
illustrated in Figure 22.3. In cach case the inlet is submerged

i A I —
a— "'

L

— o

(b)

THE OPERATING MEAQ'H"
WHEN THE CULVERT FLows
FuLL.
Flg. 22-3r
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the tail race water
is flowing full. In _case ('a.) race water
:::fif:g: i(;ull):fcf:v ;;e crowng of the exit angi u;];:ls(zéb‘)‘ };’,1,3. aThus
i d in each case 18 .
wos Thet?pe‘I:&Vtﬁlf!lllgnh:ﬁc culvert flows full, the opergtufxﬁ’ !l:le:gé
VIVIQ ge:lfel: al;eight of the up stream water level n;efasx;;z | from the
su,r::oe level in the tail race or from the crown

culvert whichever is higher.” "
! i ea
22.4. The Velocity Generated by “H”. The opell“:tllll:igred d
somor .is; e s of f suﬁplylﬁgth:gﬁlvz?:r%g) forcing wa.texl'
. f flow through h ) { B
genemgetiixl:)e i‘r:‘laclazc(:ﬁal?e culvert, and (iii) overcox?;ii 21‘11? vf;:-z,l
f‘fal;i(::ince offered by the inside wetted surface o

ipe i ended in
if the velocity through the pipe 1s v, the head exp
ing it is - head expended at the entry,
generating it is 8" As regards the he

y i elocity
it i oustom&r to exp!‘ess ib as o frﬂct:l()n Ke Of the
it 18 v

. . th
head 2 Similarly, the head required for overcoming the
2g ! . |
i ion Kf of 5—. From this

friction of the pipe is expregsed as a fraction Kf % v

it follows, that ;

7 22-4
Hep+K+K Jo . (24

ity », which a

: the veloo
From this equation we can caloulate if we know K,

given head H will generate in a pipe flowing full,
and Kj.

incipally depends on the
of K. and Ky, K, principa :
Shap?az(;i'thzail:l?t. ’l‘hee following values are commonly used

0.08 for bevelled or 7\
K bell-mouthed entry - L

(226 o)

0:505 for sharp edged |
entry J

i i gth L of the culvert,

it is a function of the leng : s

its h?&?ﬁ?ﬁd&ﬁ ;adius R, and the coefficient of rugosity » o
its surface.

The following relationship exists between K ’ and 7.

2 L (225)
Kr = ‘Jg" % 2
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For cement concrete gircular pipes of cement plastered
10.0 ) masonry culverts of rectangular gection, the coefficient of rugo-
9.0 yity n = 0015, thercfore the above equation reduces 10 :
8.0 o \ )
7.0 W 50 L
6.0 ‘ k=" . . (225
5.0 / R
* L8 .
O N _ .
4.0 R 3 § The graphs in Fig. 22'5 are based on Equation 992-5,. Foro
~ LN P~ culvert of known gectional area and length, Kf can be directly
5.0 S\ N\, Ne . read from these graphs.
Q) X,
Py q
FE o\ Yol RN 126, Values of K, and Ky Modified through Research.
2.0 \ Q o\ ¥ N (onsiderable research has recently been carried out on the head
N N 0\( \§>\ \\ lost in flow through pipes. The results have unmistakably
O \ demonstrated the following:
1.5 S Q& E’ L\ L O\ \
T TN\ \ PN N
& X} ¥ AN TS N The entry 1088 coefficient, Ke depends not only on the shape
\¢ \ ‘ of the entry but also on the sizeé of entry aud the roughness of it8
$.0 e y y . .
0.9 N a2 N \l N\ wetted surface. In general K, increages with an increase inl the
0.8 N N AN 3 size of the inlet.
Q.7 \ N ANEAN . .
1_,0 6 \\ \\\ \\\ ‘\\ N ) N Also K, the friction loss coefficient, is not independent
xo s h \\ \\ k{ AN EA " of K, Attempts 0 make the entry efficient repercuss adver-
N 3N \\\ SEAVER sely on the frictional resistance to flow offered by the wetted
0-4 AVATA' AN AL A — surface of the barrel. In other words, if the entry conditions
iy P \ 2D AVAN A improve (i-e. i K, decreases), the friction of the barrel
0.3 FOR C‘L_—_ \\ S N\ N N increases (i.e., K, increases). his - phenomenon can be ex-
-C. PIPES 1 MA'RN L\ plained by thinking of the velocity distribution inside the pipe.
Ky - 90065l 1— WL \ N When the entry 18 SQuar® and sharp edged, high velocity
0.2 R \ Y N\ lines are concentrated nesrer the axis of the barrel; while the
‘[ff 1s required fo find ot bell mouthed entry gives uniform distribution of velocity over the
'Grf ?-md lost againsf l\ 3 : whole section of the barrel. From this it follows that, the aver-
nof”:on '? ﬁ.condud | \ \ age velocity being the same in both cases, the velocity near the
4 nq ! TN wetted surface of the pipe will be lower for square entry than for
Kexv %q) ‘ \ \\ bell mouthed entry. Hence the frictional resistance inside. the
e ’ \ \ . culvert {s smaller when the entry is square than when it is bell
SIZE€ OF CONDUIT l H:iouthed. Stream lining the entry is, therefore, not an unmized
OIAMET ER OF ROUND _advantage. ' :
Plpzs(n)_,.‘? N .
0 o & 2 ?vewl
SIDES © [ T © 0og 28 Consequently, it has beed suggested that the vales of K, and
F
SQUARE SEcT" N B « & | ' RN .K§ should be as given in Table 22.6. o
(Frxery ™% ¢ X @ = M A
B X ; 3\9;‘239 o T
0 " Naovgy

=
=
R
o
o
R
i



192

GOVERDIIANLAL onN
TABLE 22.6,

Values of K, anq K9]

» +§ Circular Pipes.

g,g e ——— Recﬁangular Culvertg
ESe s | | |
.2 quare Bevelled '
|~ 3 € o
S j: entry | entry b‘lutau, ; Bevelled

o} N{ entry , entry
) i

Ko= | 061 "% | T
: g 0.4503 |

o ‘ : j 0.05
] |

== 1.2 a1 | TTT——
Bp = | 0.005L/R"2 10.0005L/ 12 [0 0045 L/RL25 1 0045L/R1-25

e

22.7. Design Calculations,

We have said that
2
H =[1 + K, + Kf]gz

fe., v = 8(1¢£Wf)5‘

Hence,

- H
Q=4 xs(m)& 22

Suppose we know the o i
: Perating head
b_erel L; and assume that the diameterlc{fand fhe length of the
side of a square box culvert is 1), & round pipe or the

From D calculate th
! e ¢ i
hydraulic mean radius B of the r:l??vei:ctmn&l *ew 4 and the

Iuncgg:;a, ffrr%ﬁ RTZ,II])? L2;Oén Pl Ko and K, ugin
4 © 226. Th ;
(22.7).  If this equals the design s?éclf:r]gcgla.tﬁﬁ ¢ from” Equation
y the

the culvert is o .
repeat. Hrect: It not, assume & fregh yapur o D and
an

g appropriate
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22.8. Design Chart (PLATE 6.)
Equation (22.7) may be

written as

'Q = A4/ 2gH : (228,)
A

where \ = (1+ K.+ k)Y (22.8)

‘It is obvious that all components of X in
FEquation (22.8,) are functions of the cross section,
length, roughness, and the shape of the inlet of .the
pipe. Therefore \ represents the conveying capacity of the pipe
and:may ‘be called the ‘ Conveyance Factor’. The discharge,
then, depends on the conveyance factor of the pipe and the
operating head. In Plate 6 curves have been constructed from
Equation (22.8,) from which @ can be directly read for any known

values of \ and H,

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

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

22.9. Example. Data: (1) Circular Cement concrete pipe
full with bevelled- entry. flowing :
(2) Operating head = 3.0 ft

*(3) Length of the pipe.=,70 ft
(4) Diameter = 3.6 ft
Find the discharge. A ' .
See;. in Plate ‘6, the Table for. Circular Pipes with
Rounded Entry. . , ' ) A
For L = 75 ft and D = 3.5 ft, the éonveyance factor
, LIN=T8
.- Now refer to the : curves. in the same Plate. Fgggh = 7.8

. andW¥l . <.3.0 ft -
DﬂQ

= 108
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22.10. _Example._ Design a culvert consi
Concrete circular pipes with bevelled
given: (see Fig. 22.10)

sting  of Cement
entry and flowing full,

Discharge = 370 cusecs

R. L, of ground = 100.00

H. F. L. of tail race = 102.500 ?
Pgrmissible heading up at inlet R. L, 1056.50

Length of Culvert = 60 ft,

Since we shall try pi £ ai .
culvert will function ags%xelt)gfleg: diameters exceeding 2.5 ft, the

(4)
105.5 -
f = l H (6)
5.50 FT f _*toz; ' 6
D T 25K @
100:00 l (1)
——— 60 FT——— . A
Fig. 22.10. ®
Assumed value of D = (1) 3.0 £t ; (2) 3.5 ft ; (3) 4.0 £t
Corresponding (9)
H=55-D =(1)25f (2)2.0ft;(3) 1.5
Discharge per pipe
from PLATE 6, @, = (1)70 cus.; (2) 92 cus, ; (3) 105 cus.:
Num.ber of pipes , oo
required 370/ = (1)5.3; (2)40; (3)35
say b 88y 4 sa.y 4
Hence 4 pipes of 3.5 ft diameter will suit, 1
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HIGHE! Appendix
‘ March ‘ stober November | December | Highest intensity
0.75 0.36 0.14 0.01 3.12
1st 1952 $h 1948  24th 1951 J1st 1952 7th Sept. 1948
(18-19) 17-18) (19-20) (6-7) (8-9)
1,16 0.59 0.19 0.28 2.86
215t 1950  2Zh 1940  21st 1948  24th 1950 11th Aug. 1951
20-21 19-20 23-24 16-17 15-16
0.08 0.00 0.17 0.03 1,96
b 25th 1951 1 23rd 1951 31st 1952 17th July 1949
15-16 13-14 18-19 14«15
0.20 0.03 0.00 0.00 1.74
! 25th 1951 h 1952 17th July 1950
0-1 20-21 15-16
0.39 0.00 0.33 0.29 1.55
15th 1952 : 25th 1951 29th 1951 10th Aug. 1952
22-23 8-9 20-21 13-14
0.20 0.09 0.00 0.02 2.00
14th 1950 t 1950 24th 1950 5th July 1950
20-21 22-23 20-21 & 22-23 12-13
0.40 3.12 1.56 1.72 3.12
) 2l1st 1946 h 1947 20th 1946 1st 1952 4th Oct 1947
10-11 2«3 23-24 16-17 2-3
1.32 2.00 2.44 1.04 3.00
i oth 1911 3t 1952 8th 1916 8th 1942 26th Sep. 1903
17-18 14-15 15-16 18-19 23-24
1.32 2.58 1.14 C 072 2.58
H 25th 1951 h 1953 16th 1948 6th 1946 9th Oct. 1953
23-24 18-.19 23-24 19-20 18-19
0.01 2.03 0.83 0.00 3.00
2  22nd 1951 th 1950 25th 1951 23rd July 1951
17-18 2122 8-9 11-12
0.34 1.46 0.70 0.00 1.99
3 15th 1952  th 1953  23rd 1952 7th June 1953
18-19 8.9 23.24 4-5
1.58
18th July 1933
23-24
0.59 0.85 0.49 0.07 1.99
0  28th 1051  th 1940 = 5th 1948 30th 1950 24th Aug. 1952
16-17 6-7 15-16 10-11 15-16
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7.

10.

11.

12.

13.

14.

Station

New Delhi
(Safdarjung)

. Allahabad

(Bamrauli)

Jodhpur

Jaipur

Amritsar

Aligarh

Madras

Bangalore

Kodaikanal

Visakhapatnam

Trivendrum

Mangalore

Tiruchirapally

Nagpur

t January

l February

i
Amt 1.13 0.32
Date 15th 1953 4th 1949
Time (18-19) (1-2)
Amt 0.18 0.49
Date  25th 1950 5th 1953
Time 20-21 & 21-22 19-20
Amt 0.52 0.16
Date 18th 1948  20th 1948
Time 16-17 23-24
Amt 0.22 0.23
Date  11th 1953  20th 1952
Time 11-12 7-8
Amt 0.32 0.26
Date 15th 1953 4th 1952
Time 15-16 6-7
Amt 0.32 0.00
Date 24¢h 1950
Time 16-17
Amt 1.10 0.26
Date  27th 1947  23rd 1950
Time 23-24 10-11
Amt 2.02 2.34
Date 16th 1908  21st 1901
Time 0-1 20-21
Amt 1.40 0.67
Date 16th 1948  21st 1952
Time 19-20 11-12
Amt 0.40 0.16
Date  18th 1953  23rd 1952
Time 2-3 14-15
Amt 0.86 0.66
Date  24th 1953 218t 1953
Time 22-23 15-16
Amt
Date
Time
Amt .
Date
Time
Amt 0.33 0.37
Date 4th 1948 21st 1950
Time 00-01 4-5

May ( June * July

March ' April ‘ ‘ August September
0.75 0.20 0.53 0.48 1.96 1.48 3.12
1st 1952 2nd 1951 30th 1950  24th 1953  2lst 1949  16th 1952  7th 1948
(18-19) (8-9) (15-16) (4-3) (7-8) (15-16) (8-9)
1.16 0.34 0.24 2.37 1.14 2.86 1.46
21st 1950  2nd 1951 16¢h 1952  30th 1951  19th 1948  11th 1951  10th 1949
20-21 16-17 0-1 11-12 1-2 15-16 2-3
0.08 0.08 0.70 1.10 1.96 1.60 1.20
25th 1951  18th 1953  30th 1951  27th 1951  17th 1949  13th 1931  4th 1953
15-16 20-21 3-4 17-18 14-15 6-7 16-17
0.20 0.12 0.48 1.46 1.74 1.60 0.80
25th 1951  lst 1952 21st 1050  15th 1951  17th 1950  21st 1952  8th 1950
0-1 16-17 16-17 1-2 15-16 19-20 20-21
0.39 0.14 0.18 1.01 0.64 1.55 0.09
15th 1952  20th 1953  11th 1952  21st 1952  27th 1952  10th 1952  13th 1951
22-23 2-3 . 7-8 22-23 14-15 13-14 17-18
0.20 0.11 0.22 0.96 2.00 0.56 1.08
14th 1950  1st 1950  30th 1950  23rd 1950 5th 1950  30th 1950  1st 1950
20-21 23-24 17-18 0-1 12-13 10-11 14-15
0.40 1.80 2.07 L.12 0,97 2.45 1.73
21st 1946 1st 1945 19th 1952 1st 1949 9th 1946  25th 1930  23rd 1950
10-11 12-13 3-4 20-21 1-2 2-3 34
1.32 2.40 2.76 2.40 _2.35 2.79 3.00
9th 1911 9th 1943 30th 1900  1st 1952  25th 19186  5th 1948  26th 1903
17-18 18-19 19-20 2223 1-2 21.22 23-24
1.32 1.76 1.58 0.98 1.02 0.92 0.82
25th 1951 4th 1952 22nd 1951 5th 1951 7th 1949  23rd 1953& 12th 1948
23-24 17-18 17-18 17-18 12-13 28th 1950, 16-17

15-16 ; 16-17

0.01 1.57 1.20 0.67 3.00 2.20 2.11
22nd 1951  30th 1951 27¢h 1952 18th 1952  23rd 1951 20th 1951 22nd 1950

17-18 20-21 19-20 8-9 11-12 14-15 13-14

0.34 1.09 1.25 1.99 0.80 0.35 0.62
15th 1952 14th 1952 10th 1952 7th 1953 6th 1953 13th 1952 4th 1953

18-19 13-14 17-18 4-3 5-6 2-3 17-18

0.14 0.23 1.08 1.58 0.67 0.58
25th 1953  26th 1953  30th 1953  18th 1953  1st 1953 4th 1953

5-6 5-6 10-20 23-24 22.23 3-4

0.29 0.33 0.60
26th 1953  25th 1053  27th 1953
17-18 23-24 20-21

0.59 0.33 0.42 1.20 1.86 1,99 1.9
28th 1951  26th 1048  27th 10490  27th 1847  21st 1931  24th 1932  5th 1951

16-17 18-19 18-19 20-21 22-28 15-16 18-19

Appendix
October | November | December | Highest intensity
0.36 0.14 0.01 3.12
30th 1948  24th 1951  31st 1952 7th Sept. 1948
(17-18) {19-20) (6-7) (8-9)
0.59 0.19 0.28 2.86
20th 1949  21st 1948 24th 1950 11th Aug. 1951
19-20 23-24 16-17 15-18
0.00 0.17 0.03 1.96
23rd 1951  3let 1052 17th July 1949
13-14 18-19 14-15
0.03 0.00 0.00 1.74
4th 1952 17th July 1950
20-21 15-16
0.00 0.33 0.29 1.85
25th 1951 20th 1951 10th Aug. 1952
8-9 20-21 13-14
0.09 0.00 0.02 2.00
lst 1950 24th 1950 5th July 1950
2228 20-21 & 22-23 12-13
3.12 1.56 1.72 3.12
4th 1947 20th 1946 1st 1952 4th Oct 1947
2-3 23-24 16-17 2-3
2.00 2.44 1.04 3.00
21t 1952 8th 1916 8th 1942 26th Sep. 1903
14-15 15-16 18-19 23-24
2.58 1.14 0.72 2.58
9th 1953 16th 1948 6th 1946 9th Oct. 1953
18-19 23-24 19-20 18-19
2.03 0.83 0.00 3.00
28th 1950 25th 1951 23rd July 1951
21-22 8-9 11-12
1.48 0.70 0.00 1.99
25¢h 1953 23rd 1952 7th June 1953
8-9 23-24 4-5
e . 1.58
18th July 1953
23-24
0.85 0.49 0.07 1.99
10th 1949 = 5th 1948 30th 1080  24th Aug. 1952
16-7 15-16 10-11 15-16
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16.

17.

19,

20.

23.

26.

27.

28.

Station

3. Jagdalpur

Bhopal
(Bairagarh)

Poona

Calcutta
(Alip(nre)

Calcutta
(Dum Dum)

Asansol

. Chirrapunji

Port Blair

Saugor Island

Jamshedpur

. Gaya

Agartala

Mohanhbari
(Dibrugarh)

Bokaro

Amt
Dato
Thno

Amt
Dato
Time

Amt
Dato
Tino

Amt
Date
Time

Amt
Date
Time

Amt
Dato
Time

Amt
Date
Time

Amt
Date
Time

Amt
Date
Time

Amt
Date
Time

Amb
Date
Time

Amt
Date
Time

Amt
Date
Time

Amt
Date
Time

January

0.44
23rd 1943
1-2

040
22nd 1948
8-9

0.35
30th 1944
3-4

0.15
— 1948

0.54
— 1953

0.22
23rd 1953
22-23

0.37
1953

0.50
1953

0.60
27th 1949
20-21

0.46
27th 1949
18-19

0.11
11th 1952
9-10

7-8; 5-6

Fobruary March ‘ April May l June l July ‘ August September
0.00 0.00 ] %.13 0.00 0.55 0.78 115 1.45
5th 1953 5th 1953  22nd 1953 12th 1953 | 195
19-20 18-19 21-22 13-14 23;(;-{303
0.05 0.00 2.40 0.62 0.75
8th 1952 18th 1953  16th 1952  5th 1953 141;(}){7111,;-
7-8 & 8-9 15-18 15-18 45 1810
0.11 0.18 1.36 2.10 L7 0.67 1.32 1.60
24th 1938  26th 1038 & 1953 30th 1033 1053  4th 1932 15th 1047  2lst 19
10-20 27th 1047 17-18 . 12-13 2-3 e
15-16; 17-18 16
0.42 0.96 . 1.73 1.90 2.22 1.98 2.50 2.32
23rd 1046  13th 1948  25th 1952  21st 1947  23rd 1944  17th 1951  12th 1047  27th 1945
7-8 20-21 19-20 80 15-16 16-17 1-2 3eq
1.19 0.77 1.60 1.40 2.48 2.68 1.77 1.81
1948 1948 1049 1953 1953 1953 1951 1949
0.18 0.77 0.76 0.80 1.30 1.42 1.32
10th 1952 2nd 1952  22nd 1952  27th 1951  22nd 1052  6th 1953 10th 1950 103{813951
1213 20-21 16-17 21-22 14-15 3-4 16-17 16-17
100 2.04 3.60 3.64 4.28 5.00 2.96 4.20
10th 1950  30th 1051  7th 1047  1lth 1948  17th 1049  11th 1952  23rd 1951  14th 1951
4-5 2-3 23-24 0-1 8-7 0-1 11-12 0-1
1.02 0.52 0.40 2.00 1.40 1.18 2,33 1
1953 1952 1952 & 1953 1952 1953 1951 1953 '%51
1.36 0.62 1.92 1.64 2.16 2.54 3.00 2
6th 1948  10th 1952 1049  2lst 1940  10th 1950 1951  18th 1952 .'1712)51
9-10 18-19 22-23 10-11 9-10
0-41 0.76 0.81 2.14 3.38 1.94 2.43 1.68
4th 1048 24th 1951  11th 1040  20th 1940  10th 1040  17¢b 1953  20th 1953 14th 1050
15.16 18-19 21-22 15-16 0-1 2-3 21-22 23-24
0.25 0.58 0.46 1.02 1.64 1-76 2.40 1.85
5th 1040  24th 1948  10¢h 1953  12th 1946  22nd 1953  6th 1947  31st 1946  13th 1948
19-20 10-20 17-18 22.23 15-16 16-17 0-1 45
0.87 0.74 - " 0.83 1.4
1953 1053 1953 1053 l"fgaa
-—_ 1.40 1.69 1.24
1953 1953 1953
0.04 0.60 1.28 1.08 0.08 1.89 1.14 1
10th & 22nd . 16¢h 1952  10th 1951  26th 1951  28th 1952  11th 1951  17th 1951 th'slgas
1952 . 11-12 17-18 18-19 23-24 18-19 2.3 13-14

Qetober

0.83
10th 1933
18-17

0.03
14th 1952
3-4

154
18th 1932
21-22

2.08
15th 1882

1.36
1951

0.62
3rd 1951
15-16

1.74

4¢h 1951
11-12

2.30
1951

.1.29
114k 1952

:5-6

0.94
lat 19047
14-15

1.00
10th 1948
18-19

1.56
1933

0.656
1953

1.44
20th 1951

17-18

i
i
1

November l December | Highest intensity
1 (;l.llﬁ9 5 0 1.07 1.45
t. 5 th 1952 23rd Sept. 195
3-4 17-18 12?-})14 1953
0.00 0.28 2.40
20th 1952 18th June 1953
20-21 15.16
0.84 0.40 2.10
3rd 1931 1st 1932 30th May 1933
4-5 0-1 17-18
] 0.‘.1135 g 0.14 2.650
st 0 3rd 1947 12th Aug.
19-20 6-7 1y 1T
0.53 0.00 2.68
1950 July 1953
0.29 0.00 1.42
11th 1953 5th July 1953
6-7 3-4
0.66 0.14 5.00
18th 1950 20th 1951 11th July 1952
23-34 13-14 0-1
0.80 0.72 2.33
1951 1951 Aug. 1953
1.07 0.63 3.00
18th 1950 1947 18th Aug. 1952
8-9 9-10
0.70 0,11 3.38
25th 1948  14th 1947 10th June 1949
23-24 11.12 0-1
0.50 0.16 2.40.
27¢h 1948  28th 1952 3lst Aug, 1048
4-3 2-3 0.1
1.55
Oct. 1953
0.02 0.00 1.89
25th 1951 11th July 1951 &
21-22 10th Sept. 1052

“18-19; 13-14
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Station

29. Hazaribagh

30. Dhanbad

31. Bombay
(Colaba)

32. Bombay

(Santacruz)

33, Veraval

34. Vengurla

35. Ahemedabad

36. Baroda

37. Chikaltana

38. Hyderadad

(Begumpet)

39, Mahabaleshwar

—) January
Amt 0.17
Date 11th 1952
Time 4-5
Amt 0.08
Date 11th 1952
Time 10-11
Amt 1.84
Date 1926
Time
Amt 0.00
Date
Time
Amt 0.00
Date
Time
Amt 0.00
Date
Time
Amt 0.14
Date 1953
Time
Amt 0.17
Date 1953
Time
Amt Trace
Date 1953
Time
Amt 0.14
Date 1953
Time
Amt 0.20
Date  22nd 1948

Time

10-11

Fobruary

0.10
10th 1952
7-8
0.17
10th 1952
8-0

0.49
1937

0.00

0.00

Trace
1952

0.00

0.00

0.10
9th 1952
16-17

0.82
20th 1950
14-15

0.02
21st 1048
14-15

March April May June July August September
0.49 0.80 1.00 0.48 1.37 1.68 0.94
2nd 1952  15th 1952  28th 1952 26th 1952 16th 1952  19th 1952 10th 1952
17-18 14-13 14-15 15-16 18-19 22-23 23-24
0.14 0.24 0.61 1.24 1.93 1.24 1.35
16th 1052  14th 1952  12th 1952  15th 1952  24th 1952  6th 1952 7th 1952
12-13 16-17 34 10-11 19-20 8-7 1-2
0.11 0.11 2.17 4.22 2.68 2.14 5.06
1951 1951 & 53 1943 11th 1847 1949 1935 1949
0.00 0.00 0.00 3.28 3.60 0.83 1.08

1953 1952 1953 1953
0.00 0.00 0.00 0.85 1.00 0.98 0.94
24th 1952 18th 1952 1953 1953
12-13 9-10
0.00 0.39 0.50 1.80 1.66 0.60 0.53
18th 1952  25th 1052 4th 1952 1953 1053 1953
18-19 10-11 6-7
0.00 0.00 0.02 1.20 1.39 1.04 2.08
1953 1952 1953 17th 1951 1953
16-17
0.00 0.00 0.00 0.95 1.11 1.49 1.34
1953 11th 1950 1853 16th 1950
23-24 23-24
0.00 0.16 0.34 1,42 1.32 0.22 1.46
1953 22nd 1952 1953 1953 6th 1952 20th 1952
29-923 16-17 22-23
0.40 0.55 0.79 1.69 1.72 1.17 0.92
26th 1951  19th 1951 20th 1950 9th 1052 1953 1953 10th 1950
17-18 12-13 19-20 0-1 20-21
0.76 0.18 0.88 2.00 1.32 1.00 1,59
6th 1948 14th 1951 1949 23rd 1951 20th 1950 1946 1950
17-18 15-16 23-24 8-7

October | November | December | Highest Intensity
0.19 0.00 0.02 1.68
o¢h 19562 28th 1952  19th August 1952
15-16 7-8 22-23
1.20 0.00 0.00 1.93
13th 1952 24th July 1952
11-12 19-20
1.70 1.25 0.46 5.06
11th 1948 1927 & 22nd 1933 Sept. 1940
7-8 1948
-3 34
1.73 0.00 0.00 3.60
1952 July 1952
1.00
0.00 0.00 0.00 18th July 1952
9-10
0.97 0.00 0.03 1.80
Tth 1952 gth 1952 4th June 1952
22-23 20~21 e-7
0.00 0.00 0.00 2.08
Sept. 1953
0.00 0.00 0.00 1.49
August 1953
0.25 0.39 0.05 1.46
1st 1952 1951 13th 1952  20th Sept. 1952.
15-16 20-21 16-17
0.92 0.00 0.06 1.72
14t¢h 1951 11th 1952 July 1953
. 1416 14-15
1.78 114 0.04 2.00
1st 1951 20th 1951  26th 1950 23rd June 1951
15-16 21-22 11-12 23-24




CONCENTRATION TIME t. (Mours)

RUN OFF DATA

Q=AL - X
@ = RUN OFF IN CUSECS; A*AREA LOF CATCHMENT IN ACRES; I,= THE MAX:
. DNE HOUR STORM PRECIPITATION IN INCHES FOR THE REGION .

xe3LE

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

HOURS
o] ) TR
CURV
g \ b » ) & +o r =
7 ~ ™ _] RENN 09
T~ ] S~ | 1 ¢ ~NLTY o S o8 AN
60 - — -~ =17 o~ \
- ] o7 ~
5.0 \‘\ i \\ e w‘u - - )‘:‘\ T Fd<J-L]-J_1.0-60
= ~ X2 ~ [ T [ ‘G"’ ot 500
40 TS~ Le ™ ™~ e f.""r’o 10 20 30 40 50 6070 80 90 100
=3 ~—~_13 S N \\ N, AREA x 1000 aCYeS .Carea of CATCHMENT)
30 ~ ~ 2
3 e \\ > t.s ., \\\‘ \ ™~ B [ " ~\\
B —~— o e ~ 3 ] —~
201 ~ o s \X\\ SNLT R ST TS
] ~J ~y J ~
3 I~ ol I~ N ~ Lo N I~
-5 K\ il ol T S ~ T N \\ NS
* -
1 N . .y e~ a
\\J j\~L\ \\ 4 N \\\\ :K\‘:\\
1 T~ N ~~ T~ ~d TN TINISDN
1-0 7 o~ 2
0'2 M"E S S ~J
g: | D » I N N
N i ™
06 T ABLE —=t— - _ S~ ~ NN <IN
o5 MAX; VALUES OF P. P> o ~__ SuNs
STEEP, BARE ROCK.ALSO CITY PAVEMENTS ., 0.90 — [~ <
0-4 ROCK STEEP BUT wWoODED....... 0-80 -] P~ ~
PLATEAUS LIGHTLY COVERED.. . . ... 070 S~ y P ~
043 CLAYEY SOILS, STIFF AND BARE . . ... 060 & " -y
-pO- LIGHTLY COVERED. . ... 0-50 : 4 Ny (]
LOAM LIGHTLY CULTIVATED OR COVERED 0-40 ~ <]
0.2 -DO-,LARGELY CULTIVATED .. .... 0:30 - N
“ SANDY SOIL, LIGHT GROWTH . . . 0-20 <
SANDY SOIL , COVERED, HEAVY BRUSH. ©:10
NN
o-l'. ~ [P moqoos o » [V IR Y - WV IV 1 » W b ow - ¥ - N w & ,,.',.' ~ool
o o oooooog o ] °°§8°3 e 9 g 2 8 909090
EALL W CRt), — ° © oo o © 8 000006
e — o o © 00000

1913 \o.
TIME OF CONCENTRATION IN HOURS, te = —"R!L)o 385; WHERE L= LENGYH OF CHMANNEL IN MILES FROM THE CRITICAL POINT TO TNE CUI.V!R?’
W= FALL N FEET FROM THE CRITICAL POINT TO THE CULVERT,

CURVES FOR TIME OF CONCENTRATION
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GOVERDHANLAL ON OMALL BRIDGES & CULVERTS

AREA OF CAT £ i
Q, (CUSECS) '
o Q Q 2 © 0 0 oo " w »
5000+ . - ¥ - S ® 3 6o S 3 3 9
2T = ib:t D e o o s s e e s s e e s o o e e © SQ.Mu
NRNEES S e 0 S e . s A R R S e 0 0 5 0 40 5
4000/ R ShEssS S
ANY \\\\\ . o = :hj__ _5 HA.RT
N aESSSs g —— =
3000 1 _ {‘\‘\\ o e HH SMALL CATCHMENTS
. — ) R SESNNSmzIanass H pATA. AREA =850 ACRES ; SLOPE OF MAIN STREAM 5%
e 4 NN i H s OAM LARGELY CULTIVATED {p., PwQ-3 VIDE
g SSSRSNI s o] INSET TABLE; ONE HOUR RAIMFALL 1,22:5 MS. FIND Q.
=z 1 NENE HH ENTER_AT AREA= 850 ACRES; MOVE , VERTICALLY
w| 20004 tH 70 INTERSECT S= 5 % LINE ; MOVE HORIZONTALLY
% S K F 70 INTERSECT OO LINE; JOIN WITH P <0 -3 AND
o = g . = ;gn'.no 70 Q, SCALE . READ @, = 350 CUSECS.
‘6 s00] = R x?\ﬁ = T Q@= QI =350 25 = 875 CUSECS.
’TJ = 3 '
i -
< x
:dJJ AN —
| 10004
z SEEEEIANN =
P 9 OO—J P - -
X[ goo =
o - 10 ~
: 7004 -0 9 | s\
0 -0-8 = N =
x 600 0.7 P =
w ] o6 = s
(z) 500} L o5 = .
t | ] 0.4 TN, N\ — N
—— - + n —
% 400 o3~ 7 i S= SRS SS38E =
0 ] = S :
(S T I T SN =s £ l
NS, -
N o-2 =8 RS
8 300 = 7 =S ] <
4
) H e mEm s t 2
1 EmE= I SR 3 3
0 o1 A 8 L€ g E = s 4
2 200] P MAKIVALUES OF B, ' l >
g STLILP, BARE ROCK.ALSO CITY PAVEMENTS . 090 s !
g : ROCK STEEP QUT WOODED . .. ., ..., . 080 rd
w 1504 n PLATEAUS LIGHTLY COVERED. ............ o0 3
el CLAVEY SOILS, STIFF AND BARE. ... ..
e N == — " o R 040 S
—00 ~ LIGHTLY COVERED ......... 0-%0 1 :
z LOAM LIGHTLY CULTIVATED OR govtst! . 040 : 110
f=) - DO 4LARGELY CULTIVATELD . oo O30 1 p)
@ SANDY SOML, LIGHT GROWTW . - 1 HH<
L 1001 SANDY SONL, COVERED, NEAVY BRVN. - - ... 010 T T
901 : T
80+ -
704 $
¥
60 ; .
T T ¥ + :
5oj o i UL - ~ i 3 h ' 0 o ni'a - o :
3 > 9 8 3 ) @ :
q,(cuseCs) 8 ° o 8 3 8 8 68683 o 3 ACRES g
o ° o g 7

Fovnar, Vos XV[ILPert 2,
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Plate 3

.
—SLopPE 'S’ LINES
, 217 = y:' s S
A 4 S Z L7 : ATV~ u ' - ! >.
L ne z’ - ’:
AT o 7, H 1 — - 172
07,4 A7 v ] H Z - o]
V.av4 d M1 VAVA' S IS AP. ] (L)
1 ~ w4 ravA4 - :
i 4 lyI/,IA;lI' V' ¥V A 7 b 2] 4 A&
gd Vil . 0/. VAV 4 7 y y d 2
|? 22 A 7 ] 4 . -
y v/ AVAYS'S Voo - U
D\' Al . V. Y (o] F:
3 ) 74 y A Y7/ e A 3
A [ AL4 4 4 4 44 uy . =
[ Il )’ & III’ — y A 1 q = 1] 1 7 = z
.c. é)w lf:j ll Z, j i i $ i \ 1 a e — E
g A ai 2 A7 18y ! (9
o o ., y 11 ) E
. s 3 A4 .4 ‘I - ! . e
Z Q] 217 Z V. \ A d 3
y.av. v Z A ] O ' Z =
8 A0 4 Y id. [ v, . 4 . v Cld ' I - (@
AP d A 10! L . £ 2 041 1l
y 7 9 P avw. - 9 B [] \‘
Y 'y pd A Va4 4 y_ A | 1A 1 . ] P
” NV LY, A" S 4 rPd 44 . 4 a2, )
y, AL 4 LAY 1.5, /LA XV, a9”d B v
PP A 1_;01/ y. v, 2 y. 5 ¥ i >
p - g 4 f *Aalf el o | e e [l o = —-— L = 1 s L 1l pw P P
y oy 07 2 a7y 20l 1] : v
.-"Jﬂlfq, A AV AV AT ' 7 paP % A TR% 1A ZdRRRIAENRID A
Y, ' 4 ‘: J A TR g 6 ; ,// /I :/‘/ 1 ’ o' LA 1.C
“ / 05 E‘ st v/ ' ;’ 2 = S 4 a d o 4 ‘
VA p ¢ "a” A AN ey y /19 i % Rl % 4 S
< . -
7/ / ’ Fy 4 . o/ | H /N / U )r/ - //,/' «1D) 4 4 % A Py K
//, // é % {4 oY, i A M gl ! // A 1 a d al - LT
7 L | e e
= A P : — : S Ss ; HH }
7’L ' y 4 ~ + - i =i
. A1 - = | H = HHHHHHHHHHT
- - v '_ L1 I8 WBURE SRR RTER
77 : ] = . 5 6 7 8 910 15
2z, a “ —— —
iz : VELoCITY CURVES—
1 Y.
. 2
E ; - l’l “ A v .% R/aslz
. " -
1 d » - EXAMPLE, GIVEN R*5:2FT; N =0-02% $:0-0043
1 P ra 3 FIND VELOCITY.
'y 4 g ENTER THE CHARY AT R» 3-2 FT.} MOVE VERTICALLY
: 2 UPTO INTERSECT TLr0:02% CURVE} MOVE HORIZONTA
3 LLY TOINTERSECT $20:0045 CURVE; MOVE VERTICALLY
1 DOWN TO VELOCITY SCALE & READ V= 12.3 FT/SEC.
JX 11111 Y I|||IIIIﬁHI|lIllIII’ i . | i ) K i ) I .
: MRS SN SRRl 11 R L 1 1 ¢ M o
I‘IAL]!lllltllll!llll:]lr{wll! 8 ! | ) 4 l 1 1 I
4 5 6 7 8 910 15 20 25 30 1 . 2 3 4 % 6 7 8 910 L
VELOCITY (FT, PER SEC) | HyorAuLic MEAN Rapwus RGD
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GOVERDHANLAL ON SMALL BRibuks & CULVERTS

MASONRY ARCHES FOR HIGH LEVEL BRIDGES.

D =depth of haunch fi]ling at pier

S = dgor span. —— % chument = Lt
L = effective span=S+08T. ‘ |
holf span = Widths of wall to retain haunch filling:-
— — 2. = \ = i .
O - n SPO'l 85-'-0"2098 wkdr-m& wSlonIOP “a'f.'&
' = rise Upto 10° -0 =1y V-0" T 1=
: 20° -6~ I’-6” V=07 | -2
R = radius of curvature of intrados 30 U BT AT B ey
X 2+ Pl 40, a’~°” 2:-3'1 '|'—0' |l_|yzl:
T - ih’zi f arch at crown B = width of dbutment and cbutment
. T = thickness of arc - e ..
ier at gpringing.
C = cover over crown of arch p' p ging o
to road level P = widh of per at Spr'mgmg.
up fo roa .
25 30 35 40
EFFECTIVE SPAN IN  FEET (L) 4 8 0 15 20
TINTHMESS| COVER [THICKNESS] COVER |THICKNESS] COVER [THICKNESS] COVER [THICKNESS COVER JTHICKNESS| COVER |THICKNESS| COVER [THICKNESS COVER “'NICKN:SS COVER
ARCH THECKNESS AT CROVVN & TR A L I T L T m.. LAY S 2 X m.__n'. W LFY. N JFT  INTRT N JFT. N[ FT. N LR N [ FT v JET N
COVER OVER CROWN FOR :
(@ 1st. CLASS ORESSED STONE OR CEMENT GONCRETE 1—a|1—8| 1—0 2-0|t—0]|2-0 {—3 2—0 |l — 6 2-0 |-—8 2—3 | —9 2—6 =10 2—6 2—0 2-6
(1:2%2:5) BLOCK MASONRY IN CEMENT MORTAR (1:3)
(b isi. CLASS DRESSED STONE OR CEMENT CONCRETE I-0|1-¢| -0{2-0|t —3|2-0|1-6|2-0|1— 9/{2-0]1-10|2-3|2-0{2-6|/2-3|2-6|2—6|2-6
(1:2¥2:5) BLOCK MASONRY IN LiME MORTAR (1:2)
- —_ —_ - — — -7} -
(C) 1st. CLASS BRICK MASONRY IN CEMENT MORTAR (1:3) = 1% 1-6] I-1%| 2-0| | —I2|2-0]1 —6|2-0 I—I%Z-O 1-10212-3]12-3]2-6{2-3{2-6|2-7%|2-6
(d) lse CLASS BRICK MASONRY IN LIME MORTAR (i:2) I—1%2{1—6| I-1%|2-0| | —6|2-0[ 1-10%2—0} | -10%{2-0|2 -3|2-0(2-7/%|2-0{3-0{2-0|3-4%|2-0
— -6 - - 2-0 -3 2—-9
(€1 LIME CONCRETE (STONE METAL &) AT CROWN I—3 -6 -6 2-0 =8 2-0 =9 2-0 -12-0 2 2-0 3_0 2-0
HYDRAULIC LIME MORTAR) AT SPRINGING -3 I—-6 I-8 2-0 2-3 2—6
WIDTH AT SPRINGING:- FT. IN. PT. IN. FT. N FT. IN. | FT. IN, FT. IN. FT. IN. | FT. . FT. N,
ABUTMENTS & ABUTxEmNEMTTERSRT(E‘\ Geay 2—6 | 3—3|3—-—6 |4 —3|858 —0|5 —-—9|6 —86|7—3|8 —o0
MASON [¢] : — — — —
((?g) ::: gt::: BRICK MASONRY 1N CEMENT MORTAR (1:3) 2 — 72| 3 — 4| 3 — 9 [ 4 —6 |5 —3 |6 016 9 | 7 Z 8 3
PIERS (P) | — 8 | 2—3 |2 —6 |2 —9 |3 —3 |3 —9 |4 —3 |5 — 5 — 9
(6) fst. GLASS STONE MASONRY IN CEMENT MORTAR (1:3) —3 Cy— 3 — 9 2 3 5 — o 5 — o
(W st CLASS SYONE MASONRY IN LIME MORTAR (1:2) it — 00| 2 — 6 2 — 9' 3 o3 il A — il h — e — s o ——
@ st GLASS BRICK MASONRY IN CEMENT MORTAR (1:3) | = oA 2= 3 T2 —TR[3 — 0 = — e =3 18 =2
W) 1. CLASS BRICK MASONRYIN LIME MORTAR (1:2) | — 0% 2 — 72| 3 — g g : 32 2 : > —  —
) \n. GLASS STONE MASONRYIN LiMElroaume-  (#:2) | 2 — O 2 — 5, 2 - T ) 42 — %] 2 10% :
(6} 1at. CLASS BRICK MASONRY IN LIME] SUSM™ **™Y .2 ) I — 0% 2 —7/~]3 — O |3 — 42 - e

Paper No. 167—IxNp1aN RoaDps CoNarEss JOURNAL, VoL. XVIII-PAB'r;_z.
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Plate 4

Note :—1. The specification for the masonry of abutments, abutment piers and piers is assumed to be

the same as that used for the mansonry of the arch ring itself, except that

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

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

2. Thickness of abutments, abutment piers & piers at different depths below spring for arches
of various spans are given in separate tables anq graphs.

DESIGN LIVE LOAD:-
SHAPE OF ARCH :-

I. R. C. Standard Class ¢ A ° (Revised 1947) Wheel Load Train

Segmental,

RISE/SPAN RATIO(R/S:-) 1/4

DESIGN STRESSES SAFE STRESSES

MATERIALS OF CONSTRUCTION : IN TONS/a’

Compressive. Tensile.

First class dressed stone or cement concrete block masonry

in cement mortar 1 ;3 156 1.3 (20 LBS./a")
First class dressed stone or cement concrete block masonry

in lime mortar 1:2 : 8-9 0.65 (10 LBS./a")
First class brick masonry in cement mortar | : 3 8-9 1.3 (20LBS./a")
First class brick masonry in lime mortar 1:2 5-6 0.65 (10 LBS./a")
Lime concrete masonry (with stone metal & hydraulic lime mortar) 4-5 0.65 (10 LBS./a")



GOVERDHANLAL ON SMALL Bripaks & CuyLvERTS

TABLES FOR FREELY SUPPORTED R.C. SLABS FOR ROAD BRIDGES & CULVERTS
CLEAR SPANS 3 FT TO 25 FT,

4

C = Clear cover minimum 1.
¥
N = End cover or clearance 1%

or 2D whichever is more.

bar (from tables) .

ment (from fables).

L = Ef ®ective Span S +d.

D = piameter of main reinforcement

e = Spacing of distribution reinforce-

——— o

4~ 0.]% 8 -*PI‘

be

Paper or farred joiuf
r:lun slabs & pier cap.

CLEAR SPAN § FT.

S |

Nofe:- For clear spans of over 1011 a l(_mgiluz)iua] camber
of about ! inch per 10 ft. span is recommended.

d-=

Lengih of bearin

0.5+0.048 feet or 14" whichever is less.
Thickness of beuring slab or pier cap.
0.25+0.028 feet.

overall depth (from tables)

d+c+ Dy

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

TABLE A =FOR WEARING COAT. UP TO 3 INS. THICK TABLE B=FOR WEARING COAT OVER 3INS. AND UP TO 9 INS. THICK
MaxiM | 05’:::;*’::;7“""5 MAIN REINFORCEMENT RE"S‘:,?E%J&%'# ::::::: MAXIMUM | R AL [EFFECTIVE MAIN REINFORCEMENT R‘%‘g‘%’fg&gm
BENDING OF OF CLEAR SHEAR OF oF SPA
[ [roment | e skAe, | suke [ o Lm pensenhoorian] R e |G| wover | S | o | olts o, | gopenivo | R e
PER FOOT |\ ioTH |WEARING| WEARING | sans [CENTRESAT MIDSPANIUP P PORTION|  WIDTH wiorH | WIDTH | WEARNG| WEARING| BARs [CENTRESAT MIDSPANIUP £7 BACH WIDTH

WIDTH COAT | COAT oFy COAT | COAT OF
FT. ING. LBS. LBS. INS. INS. INS. INS. | Q. INS. NOS. INS, INS. | 8Q. IN. FT. INS. LBS. LBsS. INS. INS. INS. INS. | 3Q. INS. NOS. INS. INS. £Q. IN,

S M Y H d D As e S M Y H d D As e
3 | 34,000 3970 | 7.00| 575| 38 |3 | 0.408 il Y8 7 0.189 3 34,000| 3970 | 7.00{ 575]| % [ 3'% | 0408 nil A 7 0.189
4 | 46,000 4,440 | 7.00| 575 & |4l | 0.554 nil o 9%, | 0.241 4 46,000| 4,440 | 7.00| 575 % | a' | 0.554 nil /o 193 | 024
5 | 56000 4,520 | 800| 675] 2 | 4 | 0586 [linevery4| ' [9'4 | 0250 5 | 56000 4,520 | 8.00] 675] '» | 4 | 0.586 |linevery4| o [ 97| 0250
6 | 93000 5670 | 9.25| 8oo| 2 | 3 [ o785 [t» » 4| Y |8', | 0285 6 [102,000] 5670] 950 8.19] 5% | 4% | 0818 [1+ « 4| Y% |7 ]| 0314
=7 [113,000] 6050 |1000| 869 9B |4Vsa]| 0868 [I» ~» 4] Y5 |73 | 0304 7 [121,000| 6,050 [1025| 894 5% |4, [ 0868 [t» » 4] Yo 1774 ] 0314
8 138000 6250 [11.00] 969 ¥ | 4 | o920 [t » 4| Yo [7'2 ] 0314 8 |147,000] 6,250 | 11.25] 994| 5 | 3% | 0982 [1" « 4] Yo | 7%k | O3i4
9 [189,000] 6590 |11.75]1037] 34 |5V | 1010 i» » 4| Vo |75 | 0314 9 1170,000| 6,590 ]12.00[1062| 34 [ 5 | 1060 |1« » 4] ' | 7| 0325
10 [190,000] 6,660 [1275] t1.37[ 34 [434 ] 1120 1~ » 4] S | I 0.335 10 1204,000| 6,660 | 13.00]| 11-62] 3 [ 4% [ 1120 [ix » 4] W | 77| 0325
12 |250,000 7,210 [14.25[12.87] 3 |4 Vs | 1.248 {1~ 2| 5% [0 | 0.351 12 [273,000{ 7,210 1500]1362] % | 4 [ 1.325 [tv » 2] % [10% ] 0351
14 |320,000] 7,630 | 1600]1450] ¥ |3% | 1413 [i» ~ 2] 54 | 10 0.368 14 1351,000{ 7,660 | 1675|1537} 5 [ 3% | 1510 [1» » 2] S/ 9% | 0378
15 |357,000| 7,860 [17.00{ 1550 1 |e¥s| 1510 {1» ~ 2] 5 | 10 | 0368 15 [391,000 7,980 |17.75]16.25] | 6 1.570 {1» » 2| g [9'% | 0.388
16 |394,000| 8,160 |17.75] 16.25] | 6 1.571 [1” 2] 5 [9%, | 0378 16 [437,000] 8,310 1850 17.00] 1 5 | 1.640 J1» » 2| 5 | 94| 0398
18 |474,000] 8630 [1925]17.75] 1 |5V | 1714 [i» ~ 2] 54 [9'% | 0388 18 {526,000 8,930 [20.25[{1875] | | 5| 1795 |1 » 2] 5 | 9 | 0409
20 |567,000| 9,260 |21.00) 19.50| | s | 1ness ftv ~ 2] 58| 9 | 0409 20 |628,000 9,550 [22.00[20.50| | [ 4% ]| 1983 |1 +» 2| S5 | 8% | 0421
22 |662,000] 9,760 [22.50[21.00] 1 [4V2] 2090 [1» ~ 2] S |83 [ 0421 22 [742,000] 10,330 [23.78]22.25] | [4'g4[ 2216 |1+ + 2| Sa [8/| 0433
24 [755000] 10,380 [24.00[22.50] 1 [4Vs] 2216 |17 » 2] 5, | 12 | 0442 24 1866,000{ 11,170 | 25.50|24.00] | 4 |2356 Jir » 2] 9 [W'/] 0462
- 25 1830,000{ 10,750 [25.00{23.50| 1 4 1235 JIn » 2] 54| 12 | 0442 25 ]935000] 11,310 [26.50[25.00] | [3% [ 2510 J1» = 2| 34 [11'A] 0462~
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Plate §

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

load train.

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

18,000 lbs. per sq. in.

MODULAR RATIO—Fixed 15

Notes:—1.

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

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

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

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

'I;he area of distribution reinforcement should be not less than
vin times the area of the main reinforcement. Distribution

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

If full length bars are not available and joints have to be
provided, lap joints of length 40 D are permissible provided
no joint comes at midspan and all joints are well staggered.
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Plate 6
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STABILISATION OF CERTAIN CLAYEY SOILS IN
INDIA BY HEAT TREATMENT
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SYNOPSIS

This papor presonts tho results of a laboratory study on the stabilization
of the Dlack cotton soils  (Montmorillonite group) found in  the Decean.
The application of this mothod of stabilization on eertain alluvial soils in
tho Gangetic plain is also indicated,

Black “cotton soil c¢ould not bos stabilized ‘even with 20 por cont of
eement but o minimum of 10 per cent comont with 10 per cent limo promised
a satisfactory result, Tho samoe strongth can also he obtained by tho addition
of 40 to 50 per ceut sand to tho soil before mixing with 10 per cent
cemrent, But none of these methods are likely to ho economical,

Heating this soil to 500 deg. C. Drings it virtually to the nature of &
sandy soil which can be stabilizod with 10 per cont cement. But the addition
‘0f'20 per, ¢ont natural sqil to the heat-treated soil before the addition of 10
per cent cement greatly increases its compressive strength and brings it to a
value oqual to that obtained by mixing with 10 por cent cement and 10 per
cont limme or with 40 to 50 per cent sand and 10 per cent cement.

This soil can also bhe stabilizod with the addition of 7§ per cent natural
goil to the heat~treated soil and 6 per cent road tar No. 3.

These methods were applied to certain alluvial soils from Bengal (both
"Montmorillonite and Kaolinite groups) and the results are given. The
action of lime on theso soils is not as significant as in the case of the black
cotton soils. The addition of natural soil to the heat-treated goil of
‘Kaolinite  group shows decrease in strength’ against the increase noticed
in black cotton soils, However, tho effect of hoat-treatment on these two
soils from Bengal although not as remarkable as in the black cotton soil is
.gtill noticeable.

It is considered that & stage in the laboratory investigation has reached
:when confirmatory data from field trials are esgential to indicate further
investigation.

INTRODUCTION

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

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

"(a) * The Peninsula covered partly by red soils and lsterite
soils and partly by black cotton soils,
(b) .The Gangetic Plain containing alluvium in various
‘degrees of maturity,

{c) The Himalayan highlands having marked vertical
zonation and including brown earths developed
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naturally under deciduous forests, pedsolized soils and
clayey soils.1¥* :

3. The soil map of India by Dr. J. K. Basu® Figure 1,
shows the incidence of the principal soil-types. It is seen that
black cotton and alluvial soils cover more than half of the
country.
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4. As far as is known, a suitable and economioal method of.

large-scale road construction by stabilization of black cotton soils
found in India has not yet been developed. Investigations were,
therefore, initiated by the Author at the FEngineering Research
Wing of the College of Military Engineering, Kirkee, on a labora-
tory scale in 1951, This investigation has now reached a stage
where field trials are desirable.

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

assess the applicability or otherwise of this method to other
clayey soils.

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

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

(8) the Differential Thermal analysis, and
(b) the X-Ray Diffraction analysis,
In the Differential Thermal analysis, the sample is heated to

1000 deg. C. at a uniformly increasing rate in the course of which
spactions occur, which in some cases exothermio i.e.

) Bivi
heat and in others endothermic i.e., absorbing heat. Ttge ;:gte(:'ﬁ
of these reactions for a particular soil type provides a good guide

to the identification of the mineral contents and esti

quantities mating their

The X~Ray analysis is based on the

rinoipl .
‘planes difiract X-Rays. The diffracted X-tays ace yormrors) oo

Tays are registered on &
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i i i i i lines
hotographic film and the dimensional relationships of these

gre u%edpa.s a basis of computing the plane-spacing of orystal
planes?3,

In this investigation, the identification of clay minerals was
based on dehydratgion curves. This mebhod is dependent on '{'lﬁe
loss in weight of samples heated to different tempe:lattilres.h e
loss in weight is plotted against the temperature and the charac-
teristic dehydration curves are obtained. The dehydra}ncrg curve;
obtained by Kelly, Jenny and Brown* are shown lnS g}tlmz1 .
Dehydration curves of certain Indian goils published by Seshadry
and Krishnamurthy® have also been used for comparison.
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EXPERIMENTS ON BLACK COTTON SOIL

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

8. Characteristics of the Black Cotton Soils. Characteristics
of the black cotton soil investigated are given below :

TaBLE I

CHARAOTBRISTICS OF BrLaok Corron SoiL

(@) Particles Size Analysis.

per cent.
Gravel ... 1.0 | Specific gravity 2.76
Coarse sand S A :
F.ine gand 24..0 CBR value (modified
Silt ... 168 AASHO ab satu.
Clay e 540 rate condition) 2.3
per cent.

(b) Plasticity limits.

Liquid limit .. 62.5 | Maximum density
Plastic limit 34,2 | AASHO

- 103 1bs,
Plasticity index ... 30.1 per ou, ft.

(¢) Shrinkage tests. | Optimum Moisture
Shrinkage limit ... 17.80°] - content 24.2
Shrinkage ratio ... 212" er cent
Linear shrinkage ... 17.50 pH - p7.3 .‘
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(d) Chemical Characteristics.

Per cent
Residue of soil samples passing through No. 40
sieve remaining insoluble
in hydrochloric acid ... o 59.33
Fe,0, . 9.29
Al 0, 13.68
Ca 0 6.11°
Mg 0 .- 3.98
Organic matter 1.53

The dehydration curve of the black cotton soils - tested is

shown in figure 3.
para 6,

The curve was obtained as described in

12

n

0

v

)

PERCENTAGE LOTS N WERNT

—

N o w

—
-

-]

100 . 209

3

300 400 $S00 600 790 800 900

" TEMPERATURE IN' DEGREES CENTIGRAGE

Fig. 3

Dehydration Curve of the Black Cotton Soils investigated.

9. ' ‘Granular Stabilization of the Black Cotton Soil.. Soil samples

@ which the proport

ion of clay (less than 0.002 mm. dia.) ranged

om-42.4 to 1.2 per cent.were prepared by the addition of varying

2 to 3 parts.of black cotton soil and 7 to 8 parts of sand gave

(‘xmr}tity‘-ofrsand. The physical properties indicated that a-mix
)

uk:' minimum  plasticity index, minimym linear, shrinkage,

ximpm shrinkage

limit and maximum dry density.’ .

FP
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TasLE 2 10.  Stabilisation with Bituminous Road Oil. The soil mixes
‘ 3 . shown in Table 2 were tried with different percentages of shell
PROPERTIES OF VARIOUS MIXES op BT‘:ACK soil-stabilisation oil (SSS OQil) which is a commercial product,

containing bituwmen, fuel oil and wax. This oil, ranging from
1 to 4 per cent by weight of soil, was used alone as well as mixed
) with 2 to 3 per cent of lime. Specimens were subjected to direct
(@) Mechanical Analysis. shear, crushing, cone-penetration and water absorption tests.
The test results clearly indicated that the oil did not give

CorroN SO1L AND SanD

X . ' tisfactory stabilization of the black cotton soil,
Soil sample ' Coarse | Fine _\ sa y -
No. - Gravel | "4 sand Sils Clay. -
S I I These tests also showed:
1 1.7 9.0 29.9 17.0 ° 42 4 (a) Although the shear strength of SSS oiltreated soil was
2 0.7 16.9 26.4 16.0 40.0 greater than that of the untreated soil, the soil sample’
3 2.1 29.0 18.7 13.8 36:4 became saturated when immersed in water, indicating-
4 3.4 37.1 10.9 15.2 33 4 that the treatment by SSS oil failed to waterproof
g ;g fégg }4.6 9.2 19.8 the soil particles. <
. . 2.5 8.0 .
7 5.8 54.2 16.4 8.6 i‘zig (b) The shear strength of the saturated sample of the blaek
8 5.3 66.9 11.8 6.7 9'3 cotton soil treated with SSS oil was higher when mixed
9 6.8 78.7 5.1 3.9 5.5 with sand than without the sand. The addition of sand, |
10 8.3 83.9 5.4 1.2 1.9 tl‘llel‘efore, improved the water-proofing quality of 888
v oil.
~
" 4 {c) The addition of lime did not improvlre the water-proof-
i ti f the oil to any appreciable extent.
(b) Index Properties. ; 1ng action of the o1 y app '
Soil N . | Plasti- | Shrink- | Shrink- | 1 . { 11. Effect of Chemical Stabilizers.
Sample Liquid | Plastic oity ;lgne zlgzk Lme;‘ ) o ;
No. limit. limit. index. | limit. ratio. limit. j triedT"h—e following wellknown chemical .stabilizers were also
1 56.0 29.8 26-2 17.1 2.15 17.5] (a) Aneline-Furfural,
2 51.0 28.0 23.0 15.8 2.08 15.9 (b) Calcium Stearate
3 41.0 22.5 ) 18.5 16.4 2.08 14.4 = . ) >
4 36.0 202 168 = 164 2.03 10.0 (¢} Sodium Rosinate,
g ggg igg 1128 }g g }gg 8.0 ° (d) Cut-back bitumen RC + Aluminium Soap, and
K 315 181 134 185 190  5g (¢) Trethanol-Amine.

: . . Samples were prepared with various chemical stabilizers
Samples B, 8 and 10 showdd very little cha: noted above and were subjected to crushing and water absorption
P A very littie change from sample No, 7 X tests. Aneline—Furfural is the most effective of the stabilizers
used. But none of the chemical stabilizers was very satis-

The results in Table 2 indicate that black cotton sotl can i, factory.

stabilized only by the addition of coarse sand 3to 4ti :
t8
bulk. Assand hasto be transported over long dj o : Seahilion. ' i P
X sporee g distances in e 12 Ce Varyi - of
-Poona region, granular stabil o ¥, . . Stabilization with Cement. Varying percentages::of
uneconomigcaL g T stabuimation of black oottyoxva’ ’f”l "15 oqment;vere‘.&ddedtothe various mixes of s0jl and sand indicated
S * 1
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in Table 2 to determine the stabilizing effect. The test specimens
were sub]ecteq to crushing and durability tests, i.e., 12 cycles of
alternate wetting and drying. Figure 4 shows the compressive
strength of black cotton soil when mixed with various proportions
of‘sa.nd and cement, while figure 5 shows the index limits of the
soil with various percentages of cement. The composition of the
mixture of sand and soil used was the same as soil sample No. 10
in Table 2. ‘

PER S5Q.INCH

800 r—
REFERENCE
700 {SON WITH 6 PBRCENT CEMRNT —+—
. - 8 " “ -——
" .“ 10 . " -——
“0 ~ v 12 ” —-/o:—
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COMPRESSIVE STRENGTH N Lbs.

.
200 / < ‘
100 / / / ) ¢ I s
]
° g™ »>

o 20 30 40 SO ¢e 70 8Q 9o
PERCENTAGE OF SAND

Fig 4.
Compressive strength of Black Cotton Soil when mixed
with different proportions of sand and Cement

100

'Figure 4 indicates that the maximum com
generally occurs when 70 per cent sand an
cotton soil is mixed with cement. '

pressive strength
30 per cent blgck,

-

A]sé‘s per cent cement plus 45 per cent

sa
cement plus 25 per cent sand mixed with the soilngda.::; igug e:es?se':t
strength of 250 1b per sq. in. . The large quantity of sand xg ’ui:'eg.
for stabilization with . cement precludes the use of this met%od in
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areas where sand is not available in large quantities within
economic haulage,

120
100 ""\““4 i /
— . %) anans =S i
\ ] S )
80
we : .
s 9\-“‘1‘—‘/ ——t 1 ul .
-
PLASTICITY T
20

12345¢739"1,o
PERCENTAGE OF ADMIXTURE OF CEMENT
Fig 5. )
Index Limits of Black Cotton Soil mixed with different
percentages of Cement.

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

TaBre 3

THE COMPRESSIVE STRENGTH OF SOIL-CEMENT Mixgs
AprER 7 Davs CuRING. _
' lbs per sq. in.

Black cotton soil4 10 per cent cement 102
Black cotton soil+18 per cent cement 145
‘Black cotton soil420 per cent cement 192

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

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

The effect of mixing varying percentages of lime with the
black cotton soil in changing the index limits is shown in figure 6.
Although Liquid Limits decreases with the increase in the propor-
tion of lime, the Plastic Limit increases at first and remains high.

Qo

80 ‘-'Ju'b iMIT
I ]
60 PLASTIC HLimiT
—1 ‘

w; =

\
20 N\ PLASTICITY INDER o
0 -

i 2 3 4 5 6§ 7 8 9 o
PERCENTAGE OF AOMIXTURE OF LIMEg

Fig 6.

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

It was also observed that the addition of 4 per cent
of lime made the effective dispersal of the suspexrl)sion dim%:ﬂ:n (z;(:.
the determination of silt and clay. These samples (with lime)
were cured for 48 hours before carrying out the tests,

That the addition of lime or cement de
Limit and incremses the Plastic-Limit was
Spangler and Patel® in a laboratory study o
Properties of & heavy, sticky, clayey soil in

creases the Liquid
also reported by
f the engineering
Southwest . Iowa,
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U. S. A. This soil was selected by them because outwardly -it
appeared to be similar to black cotton soil in Southern India.
The results published in the paper referred to above are reprodu-
ced below

TaBLE 4

RiusvuLts oF Prastrorry TEsts oN GuMBO SOIL AND VaRIOUS
Mixgs or LiME AND CEMERT

. Liquid Plastio Plasticity
Mixture Limit Limit Index
N&tural soil 69.0 27.3 41.7
Soil-lime Mixtures

Soil 4 lime 1 per cent 64.0 47.0 17.0
Soil 4 lime 2 per cent 61.5 49.5 12.6
Soil + lime 3 per cent 57.0 - - 46.0 11.0
Soil + lime 4 per dent: 54.6 44.5 10.0
Soil 4 lime 8 per cent 81.0 43.5 7.5
Soil-cement Mixbures _

Soil + cement 1 per cent 62.0 32.0 30.0
Soil 4 cement 2 per cent 60.0 38.0 20.0
Soil + cement 3 per cent 58.0 36.0 22.0
Soil + cement 4 per cent  55.0 35.0 - 20.0
Soil + cement 8 per cent  55.0 41.0 7.8

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

TasLe 5—TABLE SHOWING THE IMPROVEMENT IN
STRENGTH AND WATER-PROO¥ING ACTION oF CEMENT-Limn:
STaBILIZATION

(a) Crushing Strength

Percentage of stabilizing

Crushing strength after
7 days curing & immersion

agents in water for 48 hours
Lime Cement b per sq. inch
3 6 53
6 3 69
3 .10 120
6 10 172
10 3 227
10 6 276
10 10 448
(b). Swelling and C.B.R. Values
Percentage of stabilizing | sgﬁfﬁfgaffeteﬂ C,,;fﬁ,'r]i' g: lge ‘
agents days immersion immersioﬁ
Lim Cement
0’ 0 7.4 1.9
3. 3 6-12 142
3 6 ..006 208
6 3 1-60 203
6 6 1-50 250
10 3 - 000 250 -
10 6 0:00 250
10 10 0:00 260

Note : The cement and lime formed g
after curing and the C.B.R. v
from the maximum reading of-
gauge. This usually occurred

- could penetrate for 0.1 inch bec
place before penetration was achi

structural material
alues were obtaineq *
the penetration dia]
before the piston

ause crushing took
eved.
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The results shown in Table 5 indicate that a combination of
at least 10 per cent lime and 10 per cent cement might give sabis.
factory stabilization of the black cotton soil. ‘Ihis can only be
confirmed by field trials.

The results with 10 per cent lime and 10 per cent cement are -
better than with 20 per cent cement (see Table 3 page 225).
The practical application of this method in areas far from rail-
ways i8 questionable because of the costs involved in the trans-
port of cement and lime.

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

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

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

TABLE 6

PrYSI0AL PROPERTIES OF BLACK Corrton Soin Hrarep
' " 10 DIFFERENT TEMPERATURES ’

(a) Index Properties. of the heated soil

- Plastioity

Temperature maintained Liquid - l Plastic
for one hour i Limit -Limit . Index
degrees Contigrade ' e

- 300 o 52.3 321 © 202

340 477 31.3° 164

360 Sl 454 320 - 184
w0 = — Non-plastis

500 . — — i odo s

800 — L [ R
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. TABLE 6 (Continued)
PrysicAL PrOPERTIES OoF BrLack Corron SoIL HEeAaTED
TO DIFFERENT TEMPERATURS

(b) Mechanical Analysis of the Heated Soil

heating for one hour sand | sand Silt Clay

Temperature of ; Coarse | Fine
1
|
\
|

Degrees Centigrade per cent| per cent| per cent| per cent
300 4.2 245 17.6 53.7
340 4.7 26.5 23.1 45.7
400 5.0 26.8 25.2 43.0
500 60.8 214 11.9 5.9
800 88.0 10.5 . 0.1 1.4
(c) Shear Value of the Heated Soil ‘
e —
Temperature of heat | Apparatus Angle of internal .
ing for one hour l used friction Cohesion
Deg. Centigrade
500 Constant strain 42° 11b per
Disc shear 8q. inch
apparatus
500 Triaxical shear 41.2° 21b per
apparatus 8q. inch

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

The observation recorded by Grainger on Nigerian soil is
interesting. In his tests for producing a low-grade aggregate from
black cotton soil, the best results were obtained by heating soil-
samples to temperatures ranging between 500 deg. C. and 700
deg. C. At lower temperatures, the material still Possessed the
properties of a soil and was easily broken up on impact. When
heated to over 700 deg. C. the material became harder and more

brittle till at the higher temperatures of burning it was again
more easily shattered,
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g ilization of Heat Treated Soil with Cement. The first
sot o% (I;bcf:a::cll;;’a?nvestigations were carried out to see‘lf the b]actlf
cotton soil heated to 500 deg. C. cou.ld be stabxllzed' ynth cgr;xlerid
The average crushing strength of soil samples stabilized w1t;d '
ﬁer cent cement at the optimum moisture content was found to
he

Crushing strength
Ib per 8q. inch

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

were much lower than the acpepta.ble minimum
é:lfl};e:? Jlagg::ength of cement-stabilized soil samples, dfurt?&z)-
tests were carried out in which the blgc_k cotton soil, heated to 0
deg. C. for one hour, was mixed w1t}} 'dlffere.nt percentagei of
na.tumi black cotton soil and then stabilized with 10 per cent o

.cement, The results on Proctor compacted specimens after 7

days of damp curing are shown in Table 7.

TasrLE 7

COMPRESSIVE STRENGTHS OF SPECIMENS OF HEATED BLACK
Corron Sort. (500° C) STaprLIzED WITH 10 PER CENT
CEMENT AND DIFFERENT PERCENTAGES OF
NatUuRAL Brack CorToN SOIL
Percentage of natural Compressive ;

black cotton soil

th in |
. added to the heated sﬁe;g qu_ ‘ Remarks
soil. (Cement 10 per inch |
cent throughout) ’l
126 \
g'g 293
) 380 The results tabulated are
égg 420 the average of six samples:
25.0 356
30.0 214

’ if 1i i . ix of heated

. hand, if lime is added to the mix of I
bl&cf ‘30?22: ?:,?f w?& 10 per cent cement, the increase in the
compressive strength of the soil sample registers no improvemeny

13
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on the strength obtained by mixing natural soil as will be seen
trom the following Table, .

TABLE 8
COMPRESSIVE STRENGTH OF SPECIMENS OF HearEDd Burack
CorroN Sorr (500 C) STABILIZED WITH 10 PER CENT
CeMENT AND VARIOUS PROPORTIONS OF LIME
T
Crushing strength 1b per sq. inch

Percentage of lime

0 126
2 165
4 217
6 277

~ The results shown in Table 7 are interesting. The compres-
sive strength of heated soil-cement mix inoreased with the
addition of natural soil up to 20 per cent. Beyond this limit,

further addition of the natural soil decreased the compressive
strength.

The opf.imum content in increasing the compressive strength
of the stabilized soil is understandable. Shear resistance is one
of the important physical properties for soil stability.

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

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

content increased beyond the amount required to coat all non-
clay mineral surfaces. ’

. That tﬁe addition of nutura)l
increasing the strength of the soil-
it should-redyce the cost of constr

soil to the heated soil in
cement mix is advantageous ag
uction considerably, -~ - -

w

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

But the proportion of tar can be reduced by h.eat-trea.ting
the soil. SuI:a.llp quantities of the black cotton soil heated to
500 deg. C. and treated with & per cent road tar, w"h.en immersed
in water for over a month, did not show signs of disintegration.

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

TaBLE 9

COMPRESSIVE STRENGTH OF SPECIMENS of HEATED Braok
Corron Soir (500° C.) STABILIZED Wite 6 PER CENT RoAD
Tar No. 3 AND DIFFERENT PEROENTAGES OF UNHEATED BLAOK

CorroN Soir (NATURAL SoIL)

After seven days air curing of Proctor compacted specimens

Compressive strength

, heated
Percentage of unhea in 1b per sq. inch,

black cot_;ton soil

00 112 (5 per cent Road Tar

used in this case.):
15 S 329 )
10.0 _ 280] (8 per cent Rosd
270 %y T
12.5 ~ | ~ Tar was used.)
15.0 267
200 267

1t is observed that for stabilization of heated bl.a.ck cotton
goil with Road Tar No. 3, the optimum clay content is obtained
by the addition_ of 7.5 per cent of natural soil. A fairly r_eas?na!.)!Q‘
strength, 329 1b per sq. in. is obtained. T R
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18. Summary. The black cotton soil used in this investiga-
tion has the following characteristics :

Per cent
Clay 54.0
Silt 16.8
Fine sand 4.2
Gravel 1.0
Liquid limi 62.5
Plastic limit 32.4

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

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

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

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

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

INVESTIGATION RELATING TO ALLUVIAL
SOILS IN GANGETIC PLAIN

19, Two representative samples of alluvial soils of the '

Gangetic plain were obtained for investigation from the deposits
in the humid climate of Bengal, .

bl
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| (1) From Kankinara which is situated about 12 miles north
of Calcutta, and

(2) from Panagarh which is situated about 100 miles north-
wost of Calcutta.

Both groups of alluvial soils show high silt contents.

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

TasLe 10

CHARACTERISTICS OF ALLUVIAL SO1LS

(8) Particle size analysis

Panagarh Kankinara

soil soil
Goar Per cent 14.9 1.6
Coarse sand
i " 28.9 317
F-l‘!;e sand " ol e
211 ' , 19.1 27.9
3 ay ’
i 1 15.0
i moisture content  ,, 13.
Optm'l“m 121 1b 112.2 1b
Density per cu. ft. per cu, ft.
(b) Plasticity Indices e
Liquid limit 32.?4 ‘ 27,2
Plastic limit 1'7.4 21.4
Plasticity index 15. 4
(o) Shrinkage
Shrinkage limit 17.2 2:,;)4
Shrinkage ratio 1.8 .
6.3 7.1
(@ pH . .

-

The dehydra&.ion ourves obtained for Kankinara and '
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Fig. 8 Dehydration Curve of Panagarh Soil
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Panagarh soils are shown in Figs. 7 and 8 respectively.

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

deg. C.

The dehydration curve of Panagarh soil, Fig. 8, shows. that
the soil type is akin to the Montomorillonite group as the sharp
rise in the logs of weight due to dehydration occurs over a temper-
ature range of 400 deg. C. to 550 deg. C. The soil from Kanki-
nars is therefore likely to behave more like black cotton soil than

the soil from Panagarh.

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

22. Stabilization with Cement and Lime. The action of lime
in increasing the compressive strength of soils from Kankinara
and Panagarh was first studied. The results are shown in
Table 11,

TaBLE 11

ErpecT oF LiME ON THE COMPRESSIVE STRENGTH

Compressive strength
after 7 days curing

'Pé'roentage of lime T 1s
added to natural soil | Pér;giglarh Kaf’:};;?a'"‘ 2

1b. per 8q. in. | lb. per sq. in.

2 ~ - 81 - 42
. R 09 -8
T 1me - 98

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

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

TaBLE 12

COMPRESSIVE STRENGTH OF UNHEATED SoILs
wiTH VaARrIOUs MixEs oF CRMENT aND LIME

| « .
Percentage addition of cement | Compressive strength after
and lime to natural soil | 7 days damp curing on Proctor
compaoted specimens

\ Panagarh soil | Kankinara soil

Cement Lime S . ,
i 1b. per 8q. in. | 1b. per sq. in.

5 0 196 165

10 0 370 221

10 2 384 236
10 4 384 244

10 6 384 251

15 0 550 478

15 2 550 485

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

" Although the addition of lime to Kankinara soil shows some
improvement in the compressive strength of the mix, the result is
not as significant as in the black cotton soils, Moreover, addi-
tion of 10 per cent cement and 6 per cent lime gives a compressive.:
strength of 251 pounds per sq. inch whereas 15 per cent cement
(which will be equivalent in cost to 10 per cent cement and
6 per cent lime) gives the much higher value of 478 pounds per
8q. inch, ‘ ' A

Crayey SoiLs 18 INDIA BY HEAT TREATMENT 239

23. Heat-treatment. The physical properties of the two 'éoil
types after these are heated to 500 deg. C. are shown in Table 13.

Tasre 13

MECHANIOAL ANALYSIS oF THE Soin-TypEs Arrrr HeaTing
i To 500 pre. C. For OnE HOUR

Particle-size Panagarh Kankinara.
analysis soil soil
o . Per cent Per cent
Coarse sand 28.1 : 27.3
Fine sand .. 358 25.2
Silt 32.6 . 30.3
Clay 3.7 8.2
» TaBLE 14

COMPRESSIVE STRENGTH OF HEAT-TREATED SOILS WITH
Varrous Mixes oF CEMENT AND UNHEATED SoiL

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

'l

Percentages of additions
to the heat-treated soil

[ . T
Panagarh soil | Kankinars soil

5. cement only . - 94 ' 89
5 cement plus 20 natural soil 83 170
7:b cement only 381 256
7-8 cement plus 20 natural soil 318 275
10 cement only ' . 516 . 812
10 cement plus 20 natural soil 413 381

- The resutts. shown in Table 14 reveal that the addition of
20 per cent natural soil to heated Panagarh soil reduces the
compressive strength rather than increase it. On the other hénd,
the addition of 20 per cent natural soil to Kankinara soil impstives
the compressive strength slightly. The black eotton soil, however,

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

A low cement-soil mix (b per cent cement) reduces the
compressive strength of the mix more in the heated soil than in
the case of unheated soil. The natural soils with 5 per cent cement
gave compressive strengths of 195 and 155 pounds per sq. inch
for the Panagarh and Kankinara soils respectively, whereas these
values were reduced to 94 and 89 1b per 8q. inch respectively

when 5 per cent cement was added to heat-treated soils, (See
Tables 12 and 14).

24. Stabilization using Road Tar with or without heat-treat-
ment. Road Tar No. 3 was mixed hot with the soil and the
samples were cured for 7 days in the air before testing for com-
pression, In the natural state, the soils required 10 per cent

Road Tar for thorough mixing. The compressive strengtha
obtained are shown below :

TasLr 15

COMPRESSIVE STRENGTH oF NaTuraL SoiL witH Roap TaRr

|
‘ Compressive strength

Percentage of

Road Tar used Panagarh Kankinara
i soil soil

Ib per 8q. in. 1b per 8q. in.
10 384 192
12 414 222

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

TABLE 16

CoMmPRESSIVE STRENGTH oF HEAT TREATED So1L

Soil type Percentage of Compressive
tar strength -«

e s

ek

Ib per sq. in,

- Kankinara soil 7 258
»jthnagarh soil 10 458
T PIrT——— —————— RN e o b e
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The effect of the heat-treatment for stabilization of soil could
be seen from the foregoing. But the method of stabilization must
be varied to suit different soils. For example, the addition of
natural soil up to 20 per cent is found necessary in the case of
black cotton soil heated to 500 deg. C. whereas any addition of
natural goil to heated Panagarh soil results in decreasing its com-
pressive strength.

METHOD OF APPLICATION OF HEAT TREATMENT ON A
LARGE SCALE

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

It is found most useful for heavy clayey soils which brpak up
in wet weather. Clay soils containing substances s_uph as lime or
potash are most easily treated ; refractory brickmaking clay need '
higher temperature. o

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

The machine consists of a travelling reverberatory type of -
furnace which burns firewood, the latest model being about 33 ft
long overall with the reverberatory portion of the furnace about
20 ft long and 6 ft wide; the level of the furnace is ad]ustab}e,
The whole machine weighs about 26-27 tons and travels on its
own road wheels. A petrol engine and gearing are fitted for the
purposes of locomotion. It cah be driven under its own power at
about 2 miles per hour; the normal spe?d when burning is 40 to
60 ft per hour. There is & mechanical digger incorporated in the
front part of the machine to break trp the previously consolidated

‘formation into clods which are more easily burnt than a flat sur-

face. It is sometimes found necessary to supplement this opera-
tion by using a tractor-drawn plough,

To construct & finished pavement, 12 ft wide and of reason-
able depth of consolidation, the machine makes four parallel
longitudinal runs, each 6 ft wide ; this produces a 24 ft w§de
strip burnt about 3} in. deep loose measure. The outer 6 ft strips
are turned in with a grader, thus giving one strip 12 ft w;de, .
About 10 per cent of binder is generally required, this is ‘added
and the whole consolidated with a road roller. The resulting
pavement is about 6 in. thick. Under certain conditions of soil -
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and traffic it may prove necessary to inorease the pavement thick-
ness by burning additional areas and grading thé material 80
produced on to the carriageway. -

The hardness of the product of the heat treatment depends on
the degree of compacting which has been done prior to burning.
The treated material consolidates well, but is liable to abrasion
under heavy ftraffic. It bhas been found advisable to seal the
surface with bitumen to minimise wear. The cost per mile i8

about the same as that for gravelled roadway of equal dimensions
under Australian conditions,

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

Although the Irvince road machine used in Australia indi-
cates the possibility of the use of mechanical means of soil
stabilization, in situ, by the heat treatment process, the machine

in its present stage would need considerable improvement for

greater speed of construction, Further details of this method are
given in the Appendix.
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Appendix

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

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

The Heat Treatment process has been used with success for
five years in Australia and the roads made using the process have
proved capable of carrying fast and peavy _traﬂjc ) under all
weather conditions. In many cases soil, which, in its natural
state, becomes so boggy a8 to be impassable to traffic in wet
weather economically treated.

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

The bearing capacity of the subgrade is also somewhat
increag:d by thge 'stall))ilizir}:g effect of a fraction of the heat which
penetrates to the soil in the road-bed. There cannot be any
well-defined separation between what may be regarded as road
paving and the base or roadbed because the former gradually
merges into the latter due to the gradual diminution of the
temperature from the surface downwards. :

The machine -works continuously throughout the "twenty—,
four hours and the crew consists of three operators wo;k_,mg one -
at & time in shifts under a foreman. The weekly cost of opera-
tion under Australian conditions and currency is as follows

 Wages —3 operators and 1 foreman . e £95
Firewood-26 cords at £ 1, or equivalent in coal
(1 ton of coal is approximately equal to 1 cord

of wood in calorific value) o L 28
- - Plant charge, to include capital depreciation, \
_ interest and repairs - T 26 -
Fuel Oil for power unit _ e 3
- Lubricants: - Co o .2 .
Sundries, say . ‘. N
" Total for one week - - £ 85

1

. (-"At: "'.o‘ux‘r‘éht: axgha;ﬂge}rbtﬂae: of 25 per cent = £ 68 sterling)
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By substituting the equivalent values in wages, materials
etc., the cost of working in any other country may be estimated.
In estimating the number of working hours per week duo
allowance must be made for delays due to wet weather, running
repairs and other causes. Under ordinary oonditions 120 hourﬁ
of work per week can be putin per week, based on a rate o
movement of 40 feet per hour, the output will be 3,200 square
yards per week. The rate of movement will vary between 30 and
80 feet per hour, acccording to the soil conditions and the
effect required. The machine can be adjusted to move at
any desired rate and the best rate should be determined by
experience. The unit cost actually realised is, on latest figures,

7.35 d (5.88 d. sterling) per square yard for a single course of
burning.

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

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

The combustion is carried out in two stages on the semi-
producer gas principle. The primary stage consists of the
reduction of the wood fuel to gas and charcoal, and the secondary
stage of the burning of these in direct contact with the road, the sur-
face of which has already been opened by an automatic devioe
attached to the front of the machine so that the burning gases can
enter the ground under pressure. The air for secondary combustion
is preheated by contact with the hot product as it emerges from
under the furnace and a large proportion of the heat which has
already been used to heat the product is thus collected and used
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in i i i i t has
the furnace. Besides saving heat this arrangemen
:ﬁ:lgﬁ:azt hgf l‘l'smepping up *’ the temperature of the secondary

combustion.

i i i ; “ i Road
information given above is extracted from ‘The Irvine

Mac{}i‘:: ;grogr;king eﬁl weather roads by heat treatment of soil” and
information supplied by the Secretary, Queensland Main Road Commission,
Brisbane reference his letter of 19th September 1851 to the Engineer

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

T

1. INTRODUCTION

1.1, The object of framing this Standard is to lay down a 1
basis for designing road components. The dimensions - and
weights of vehicles are cardinal factors in the design of road
elements. The width of the design vehicle has a bearing on the
width of traffic lanes and that of shoulders. The height of the
vehicle affects the clearance to be provided in designing road
under-bridges, electrical service lines, and other overhesd
structures. The overall length of the vehicle (including trailer
and semi-trailer combinations) has to be taken into consideration
in designing horizontal curves, and vertical curves, as also in
framing safety regulations for passing and overtaking. The axle
load affects the design of the thickness of pavement, whereas the
total weight of the vehicle governs limiting gradients,

. 1.2, At the Thirteenth Session of the Indian Roads Congress,
Paper No. 138 on ‘‘ Policy Concerning Maximura ‘Dimensions,
Weights, and Speeds of Motor Vehicles in India®’, presented by
the Specifications and Standards Committee was discussed. “The
recommendations of the Committee were accepted and are now
embodied in this Standard.

2. SCOPE

2.1. The Standard shall be applied in designing all road
structures except culverts and bridges, the latter being governed
by the 1. R. C. Bridge Code.

2.2. The Standard shall not be taken to confer authority for
over-riding any provisions of the Motor Vehicles Act of 1939 (a8

subsequently amended) or any rules framed thereunder.

2.3. Such of the maximum dimensions and weights, uot
of those specified here, shall be used that have the severest
effect in tht design of any road component. All road com-
ponents, to be newly built or improved, shall be so designed that
they are either initially adequate or are capable of being made
adequate subsequently, when the necessity arises, for the move-
ment of the vehicles conforming to this Standard, '

3. DEFINITIONS

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

3.2. Height, -overall, is the perpendicular distance between
the road surface and a plane parallel to the 1.'0a,d sprface through
the topmost point of the vehicle. (In applying this, fire escapes,
tower wagons, and other special features permitted by the
competent authority shall not be taken into account.)

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

exceeding 12 in. in length)

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

3 5. Trailer means any vehicle (other than a side-cz?,r) drawn
or intended to be drawn by a motor Vghxcle (See Fig. 3). A
semi-trailer is @ trailer, some part of which rests on the motor

vehicle that draws it (See Fig. 2).

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

4. DIMENSIONS OF ROAD-DESIGN VEHICLES

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

Maximum
Dimensions.
i . 96 in.
Width " i
Height— Single-decked vehicle 1268 in.
8 Doﬁble-decked vehicle 16 ft 6 in.
Length : » '
(a) Single unit with two axles 36 ft 0 in.

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

~ (Figure 2) S
(d). Traotor and Trailer Combination : I
o (Figure 3). - e 60 £ 0 ia.
15 . L. e -

50 ft 0 in.
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No combination shall consist of more than two units, and no

such combination, laden or unladen, shall have an overall length
excoeding 60 feet.

5. WEIGHTS OF VEHICLES

5.1.  No axle load shall exceed 18,000 1b.

5.2. The gross load of any wvehicle or combination of ﬁ%
vehicles shall not exceed that given by the following relation : i =
W = 1025 (L + 24) - 3L? Q) , @
where W = the gross weight of the vehicle in lbs. ; == 53 I

SINGLE UNIT
and L = the distance in feet between the extreme axles,

measured parallel to the axis of the vehicle, to » FIG. 4
the nearest foot.

The above relation applies when L is not less than 8 ft.

When L is less than 8 ft, the gross load shall not exceed
32,000 1b.

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

Digtance | Distance | (— I
hetween the ' Maximum total | between the | Maximum total , R
extreme axles ' total load of Jextremeaxles! load of the
forming the “ the group forming the ‘ group. J_
group ‘ group | ) ) -
(in feet) (in 1b.) (in feet) (in 1b) , sa
4 32,000 32 54,328 TRACTOR SEMI-TRAILER COMBINATION
6 32,000 34 55,982 Fie.2
8 32,608 36 67,612
10 34,550 38 69,218
12 36,468 40 60,800
14 38,362 42 62,368 —=
16 40,232 44 63,892 ) s
18 42,078 46 65,402 - 12-6
20 43,900 48 66,888 /7 @- l
22 45,698 50 68,350 2 @L |
24 47,472 52 69,788 N >
26 49,222 54 71,202 TRACTOR AND TRAILER COMBINATION
28 50,948 56 72,592 FIG.3.
-30 52,650 57 - - 78,278 Height of double decked Vehicle 15 ft 6 in.




ROUTE MARKER-SIGNS FOR NATIONAL HIGHWAYS

It has been congidered degirable for various reasons thatb
route-marking signs should be fixed along National Highways.
Some type designs were worked out in the Roads Organization of
the Ministry of Transport, Govt. of India, and discussed at the
Chief Kngineers’ meeting hield in April 1952, Fresh type designs,
modified in tho light of the Chief Kngineers’ suggestions, have

been issued by the Consulting Engineer to the Govt. of India
{Roads). )

SPECGIFICATIONS

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

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

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

4. The sign shall be erected as indicated in the drawing
titled ¢ Arrangement for the erection of N. H. route-marker
signs >’ (Plate 1V),

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

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

7. The sign may be of either enamelled or painted steel
. plate.
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13

LETTERS 55& w ( DETAILS IN PLATE XL )

BORDER BUACK

BACKGROUND WHITE OR LIGHT YELLOW

NUMERALS SLACK (DETAILS AS N PLATE TI)

THE N.M. ROUTE MARKERS SHALL BE
ERECTED AT ALL INTERSECTIONS OF WM.
WHERE THERE IS A BOSNIBILITY OF
THE MOTORIST LOSING THE ROUTE.

NATIONAL HIGHWAY
,& ROUTE MARKER
' SIGN

-

. Ixpias Roavs Coxoswss JouwaL, Voi. XVIII-Part.2i - :f
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Plate II
. KEY
e SPACING FOR LETTERS
g LT TTOILY " 7 [€? ™
r Almimn]i 1] e —
m2 BlT{n{ojl]N
clofwiri1[n I—1I
. NRLBAE lll”"‘!‘ o
E|I|F[RIT T -
Fil|W|s{0 |0
G iMITHIN LD d
IY-—1Ln]o.s¢
SR AT NHAMNEER
a Wi O—1
I 1 I{T|¥Yjm(m
JIVIDWITIE] iR -—my]o 38
™ ta o KiT|mix|w |W areasite
l l LIEVEE] |ayv—awl o
' MITIT{Z ¥ PARALLEL
|
L e b o |
i SPACINGS BETWEEN LETTERS
I USE OF “KEY" EXAMPLES -
ds Example : — RIGHT=—~1EFT| LETTERS | NUMERALS
A DETERMINE THE SPACINGs BETWEEN 4-IN.
LETTERS FORMING THE woRD DELHI T——1 | NI-UP-0H[ 11-22-21
Solution : : J—1
D 1§ TO THR LEFT Qo E UNDER THE I—1
o o © COLUMN ‘LEFT’ IN THE KEY AGAINST D
. - 22;» 230()? 1. E 18 TO THE * !:21*'{'1!12:; T"; LI -—-mﬂ VA-HT-OV-GX | 14245754
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c READ GROUP IV. SO THE SPACE BETWEEN WF —— LU| WR-KD-TB-YS | 41-34-6643
s Js D AND E IS GIVEN A8 (.36 IN. AGAINST I-—1 SR0Q
' COLUMN
. RIGHT<-3>LEFT Y ~— WN} wY-EA-CT 9
‘-2 Iy orromITL
. SIMILARLY SPACING BETWEEN E AND L . -— -1Y- -61-
s es WILL BE 0.30 18, BETWome 1 AxD Hm0.74  [IEUN| WAT-UI-AT | 63-61-76
P2 b3 = s - IN. AND BETWEEN H ANxDp 1m0.74 IN,
Ka - - -
e ka o ta DIMENSIONS (wcues) FOR 4 INCH HEIGHT OF LETTERS
¢ 'jk"_ a h,‘h, by lby[bg{Ci| €y CJchldllda dy] dy| dgi €1 |82
s TN AT P A P PR P - A R P X PR R PR P4
a Q is—zSBI! wl'gl's B5'n i Ik 3
O’V C;&es-ﬁfz";tyfsgl!!!}“l!shll;lhl';;"‘l
| DN RO
AR MMAE Kol ¥a|Ks|Ka] L4] Lol Ls] & M| Wiy
STANDARD LETTERS R e e A
be MR R Iugz-ajl-a_%_n
OF S 6] 1] %) 3152 el elicls
Cs NCH HEIGHT A A L L AL R LA A R A L
3
l A 4-1 S [BLBIE BB P 3 e | Rk | EPEIF PRl E[E
5 | w
' L + ‘ IN, 2 Y 1
L nasl Kas— fa Ke L T e g < {2 ? *j! IN ShE
ma 0Oa b4 bs b A8 e e 1 |

INpian Roaps CoNGREsSS JourNaL, Vor. XVIII-ParT 2.
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i

FOR HEIGHTS OF NUMERALS OTHER THAM 4 1N, THE

DIMENSIONS GIVEN (N TW
PROPORTIONATELY

€ YTABLE aRE TO BE
INCAEASED AND DECREASEQD.

DIMENSIONS (incues) FOR 4 INCH HEIGHT OF NUMERALS

ajbfcidle |f|f][8 FARSERE
N, 714 I T3 1T
i‘ 21628 |'s2 I EICAERE? i
71311188171, 8 7l 2|3
33|52 |53 | 7 [5ig )76 | e [V S ois|1as 16
Plars|t|vw|v|vy|w| x|y |y
B LS, 13 1s i3
6 gl gl ]3] 1 Bl a
7
13
32
KEY
SPACING FOR NUMERALS
(L
NumsER| LEFT | RIGUT! RIGHT «—» LEFT u‘;}-‘;‘ﬂ:
1 1 1 I 1
2 'n hid ] —= 11 0.74
3 (@I I -1
4 | N ¥ 10 -« WM
5 I1I IN -—- IX| O-56
6| x| 1 R S
7 | @I ¥ -— ON 0-38
8| o!lx OPPQSITE
o1 || |[UF -~ EE| 54,
o | o1 PARALLEL

STANDARD NUMERALS

OF

4 INCH HEIGHT

ScALE :— 'M&::-ﬂ“

For obtaining dimension of 8 inch numerals
multiply those given here by twe.

INp1aN Roaps CongrEss JOURNAL, VoL, XVIII-Parr 2.
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N.H. ROUTE NO.\~
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A SUGGESTED CLASSIFICATION
OF THE
BLACK COTTON SOILS OF INDIA
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FOREWORD

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

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

1t is hoped that with the help of a more accurate method
of classification it might be possible to treat these soils  more
successfully, in order to utilise them economically for the con-
struction of roads and other construction purposes. ‘

The studies were conducted as a part of the research pro-
gramme of the Central Road Research Institute. The Director
wishes to acknowledge the assistance given by Dr. H. L. Uppal
and Mr. H. 8. Bhatia in this study and the work done by Messrs
K. L. Nayar, A. K. Bose, A. L. Chatwal and O. Mascaranhas in
conducting the chemical and physical tests.

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

1. INTRODUGTION

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

. e soils are characterised by their ligbt to d_a.rk grey
coloull:,2 thgrl'lbrittle behaviour when dry, and their stickiness apd
swelling when wet. When dry they have a high bearing capacity
but develop wide shrinkage cracks on drying. They lose their
bearing capacity almost completcly when wet.

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

Fine sand 3 to 10%

Passing 200 mesh 70 to 1009
Colloidal clay 40 to 50%
Liquid Limit 40 to 100%
Plasticity Index 20 to 609
Volumetric shrinkage 40 to 50%

(on wet basis)
Hygroscopic moisture
Exchangeable Ca
Exchangeable Na{-K
Base exchange capacity

129% to 18%

40to0 50 m.e.*/100 gm soil.
2 to b m.e./100 gm soil.

40 to 50 m.e./100 gm soil,

8 to 99
H o
53003 5 to 15%
$i0, 50 to 559
Fegos 8% to 12%
$i0,/A1,0, 3% to 5%

lack Cotton Soils are generally shallow in depth and not
diﬂexl'i:: 1i{n o(;:lemical composition from their parent rock., There
are large areas of transported soils which are of_ten_ dqeper than
the surface crust and do not show much variation in profiles.
These soils generally lie over Kankar beds.

* milli-equivalent,
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1.4, Much work has been done on the Black Cotton
the Indian Agricultural Research Tnstitute. This work doe
all cases, include properties of the woils for const l
particularly for roads.

Soils in
I 8 not, in
ruetion purposes,

1.6. The object of this study is to find a more detailed and
therefore more suitable classification in order that it ms l(
possible  to utilize the classification  for construction )ur“g’ )0
The grouping of these soils into one or more groups Wi][Iﬂ lp %cl&q
helpful in  the treatment  of black cotton  soils for stal 'Ill’ I'Ht' e
purposes. abilization

2. COLLECTION OF THFE SOILS

In 1945 the Roads Wing of the Ministry of Transport
CGovernment of India, arranged for the collection of small sam le‘;
from the black cotton soil areas, of the States of Rom}?a l
H’yderabg.d and Madhya Pradesh. These samples were inadequa.%,é
in quantity as well as in variety and therefore a large number of
samples wero subsequently arranged for by the Central Road
Research Institute from these States in the years 1950 to 1952
The various places from where the samples were collected are
shown in Plate 1. In all 210 samples were investigated. l

3. CHEMICAL ANALYSIS

3.1. Fifty two samples from Hyderabad State wer i
to chemical tests and the following determinations wer:gl;?:?t_ed

1. Total soluble solids. Determination by the e i
: v
method with 1 : 5 soil-water suspensioyn. Aporation

2. (;arbonates. Carbonates which generally exist as cal-
cium carbonate were detcrmined by Schroter’s a
ratus. S Appa-

3. Exchapgeable calcium. The determinations were carried
out with acetate-oxalate-carbonate mixture.t

4. Exchangeable Na--K, The exchangeabl
determined by Ammonium (Ju.rbonite meetllfoad—,{;K s

<t

PH. pH was determined with Beckman pH-meter.
6. Organic carbon. Tho organic carbo
o n was det i
by Walkley and Black’s rapid titration methg(irsmmed

1. Refera to the Serial Nomber in Referoncoes,
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3.2. The results of the above-mentioned tests are given in
Table 1.

The results do not show any tendency of the soils of separa-
ting themselves into different groups. It can be concluded that
chemical analysis does not provide a sure means of dividing the
soils in 8o far as their behaviour in the field is concerned. There-
forc chemical analysis of the soils from the other two States,
namely Bombay and Madhya Pradesh, was not carried ous.
Further studies were confined to the investigation of the physical
and mechanical properties of the soils.

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

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

Some of these arc:

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

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

3. U. 8. Public Roads Administration classification ;
(based on suitability for road surfacings and bases;
using the liquid limit, plasticity index, mechanical
analysis and group indexes).

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

5. Compaction classification ; (based on maximum com-
paction attained by a soil).

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

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

CLASSIFICATION

5.1, This system

of clagsification wag adopted by the U. S. !
Bureau of Public Road

8 in 1942.4 In the system (1942 version)
all the different soils were divided

into eight groups, ranging
from A-1, a well-graded gravel-sand-clay mixture, to A8, a

5.2. The system is based on the foll
the soil, the tests for which

A8.1T.M. Sieve No. 40 :—

owing six properties of
are carried out on materia) passing

L. Particle size distribution ;

2. Liquid Limit;

3. Plasticity Index ;

4. Shrinkage Limit :

5. Field moisture equivalent; and
0.

Centrifuge moisture equivalent,

5.3. This system of classification of 1942* wus revised by

the United States Highway Research Board in 19455, he num-
ber of groups was reduced from eight to seven and, of the six

the seven revised groups are indicated.?

further converted into twelve sub
Table 3.

Figure 1 shows the pan
(1945 version)

A7 are added which are sho

ges for the groups A-4, A-5 ang A-7
The limits of the group

54. The P. R. A, Classification, version 1945, (Ref. 5)
limits group A-7 to Plasticity Index above 10 and Liquid Limit
above 40. TIn the same Reference weo find a description of the

soils ‘belonging to the group A-7 (similarly found in Ref. 9 on
Page 55} :

‘ The typical material of this group is gimilar o that
described under group A-6, except that it has the high
liguid limits characteristic of the A-5 group and may

i ject to high volume change.
ex values is | to 20 with in-
ing the combined effect of in-

TABLE 2.

'l-ﬁGHWAY RESEARCH BOARD CLASSIFICATION

OF SOILS AND SOIL-AGGREGATE

MIXTURES (REVISED VERSION 1942)

Granular Materials )
(35 per cent or less passing

Silt-Clay Materials

. General Classification
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and which may be highly elustic s well as subject to
considerable volume change '

' Sub-group A-7-6 includes those materials with high
Plasticity Tndex in relation to Liquid Limit and which
are subject to extremoly high volume change ”’ (Ref. 5,
page 378/9 and Ref. 9, page 506).

6. GROUPS INTO WHICGH THE INDIAN BLAGK
COTTON SOILS SHOULD BE DIVIDED

6.1. The present study investigates some of the Black Cotton
Soils of India, following the P.R.A. System (1945). All the sam-
ples from the States, Hyderabad (56 samples), Bombay (86

samples) and Madhya Pradesh (68 samples) were analysed accord-
ing to the three tests \—

(1) Fraction passing A.x1.M. Sieve No. 200
(2) Liquid Limit.
(3) Plasticity Index.

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

6.2. As can be seen from Figures 2,3 and 4 all the 210 soils
‘investigated fall into the A-7 group of the U.3.p.R.A. classifi-
cation of 1945, Some of them are in sub-group A~7-5 and the
rest in sub-group A-7-6, but all of them are relatively near to the
line, P.I. = L.L. - 30. With certainty, however, we find them
between the limits of the A-7 group defined according to the
revised 1942 version with 1.27 x P.I. = L.L. ~11.86 and 2.14 x
P.I. = L.L.--7.5 which are used in Figures 2, 3 and 4 (as per Ref.
7, page 73), whereas these were defined earlier in 1940 b

Plummer and Dore *, a8 1.6 X P.1. =L.L.~14 and 1.02 ._.3.’
L.L.—14. x P.L

6.3, Itis seen that, as far as these Black Cotto i
concerned, the limits of the A-7 group of the 1942t \‘f‘eli(;gg ::2
more precise than those of the 1945 version which are far too wide
The a.ddi.pional sub-grouping into groups A-7-5 and A-7-6 doba;
not help in classifying these soils. They give no improvement

68 SAMPLES FROM MADHYA PRADESH STATE

86 SAMPLES FROM BOMBAY STATE

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

6.4. The results of this investigation show that the soil
samples vary in their physical properties considerably oven
though they are in the same group A-T7; for instance their liquid
limit varies from 40 to 100, their Plasticity index from 20 to 60,

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

6.5. Since the composition of the soils is so ditferent their
physical behaviour is bound to vary accordingly. Tt is, therefore,
too big a generalisation to consider them all as belonging to one
group A-7 or oven to the two sub-groups, A-7-5 and A-7-8 More-

7. GROUP INDEX AS A CLASSIFYING SYSTEM

7.1. In the course of the Symposium on the identification
and classification of soils Atlantic City 1950, E. A. Willig®
explained the group index as follows : :

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

Group index = 0.2a 4 0.005 gc ~+ 0.01 b4
where

@ = that portion of percentage passing No, 200 sieve
greater than 35 and not exceeding 75, expressed as
a positive whole number (1 to 40);

b = that portion of percentage passing No, 200 sieve
greater than 15 per cent and not exceeding 55

per cent, expressed as g positive whole numb
(1 to 40); e

Tue Brack CorroN Sorrs or INDIA 273

. L tor
= ion of the numerical plasticity index groa
= :}1;21;1 pl(gt:::::i not exceeding‘ 30, exp’resse}c_l‘ ag a positive

whole number (1 to 20).

"

“ The group index is based on the following assumption :

i ing within Groups A-l-a, A-1-b, A-2-4;

® %ﬁgﬁgﬂié&lﬁg arle satisfa.clt);ory as sub-grade when

properly drained and compacted under moderate

thickness of pavement (base and/or surface ,_course)

of a type suitable for the traffic to be carried, Oﬁ‘

can be made satisfactory .by -addlthns of small
amounts of natural or artificial binders. :

i alling within the * clayey granular ”’ Groups
®) hﬁ?;?éﬁfdf A-2-% and the ¢¢ silt-cl.a,y ” Groups A-4, A-5,
A-6 and A-7 will range in quality as sub-grade from
the approximate equivalent of the good A-2-4 .and
A-2-5 sub-grades to fair an.d poor su]o-greades requiring
a layer of sub-base material or an increased t}nckness
of base course over that required under (a)in order
to furnish adequate support for traffic loads.

d critical ranges of percentages passing the
@) 113130 a;(gg?:e 35 to 75 neglecting plasticity and 15 to 55
as affected by plasticity indexes greater than 10. .

(d) The assumed critical range of liquid limit is 40 to 60,

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

¢ mula will give values ranging ffO!n a
fré.cig}: o:ffolr to 20, and is so weighted‘that tpe maxi-
mum influence of each of the three variables is in the
ratio of 8 for per cent passing the No. 200 sieve, 4 for
liquid limit, and 8 for plasticity index. Thxs weight-
ing and the adopted critical ranges represent the best
judgement of the committee based on the study; of
averagé relative evaluation _plaqed on su})grade materials
by several highway organizations which use the tests
involved in this classification system,

. l; . ] Ll ) - . L . d
‘“Under .average conditions of good drainage an
thorough dompaction the supporting value of & material
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ns subgrade may be assumed as an inverse ratio to ite
group index, that is, n group index of 0 indicates &
‘““good ” subgrade material and group index of 20
indicates a ‘“ very poor” subgrade material >’

7.2. The group index ix also determined from the dotted
portions of the two charts given in Fig. 5 by taking the sum of
the readings of both the charts. (The dotted lines give the
original charts for the calculation of the group indexes 1.20),

7.3. 1t may be seen from Table 3 (classification version
1945) that soils of group A-8 are allowed to have a group index
upto 2 maximum of 16, and soils of group A-7, including both
the sub-groups A-7-5 and A-7-6, upto s maximum of 20. It

therefore appears that soils with the group index from 16 to 20
are shown in group A-7,

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

8. EXTENSION OF THE GROUP INDEXES

8.1. As the original group index charts (vide Rig. 5) are
calculated for group indexes upto a maximum of 20, an extension
of these charts was designed by fixing higher limiting values for
the fraction passing through A.s T.M. Sieve No. 200, liquid
limit, and plasticity index. This was done by raising the critical
ranges of percentages passing sieve No. 200 from 35-75 to 35-100
and from 15-56 to 15-80, the liquid limit range from 40 to 60
to 40-85, and the plasticity index range from 10-30 to 10-44. The
factors for the calculation of the group indexes, following the
original equation as given in para 7.1, are now :—- .

« = that portion of percentage passing No. 200 sieve
greater than 356 and not exceeding 100, expressed as
a positive whole number (1 to 65); :

PERCENT PASSING 200 SIEVE

18

PERCENT PASSING 200 SIEVE
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h = that portion of poercentage passing No. 200 sieve
greater than 15 per cent and not exceeding 80 per cont,
expressed as o positive wholo number (1 to 65);

¢ = that portion of the numerical lquid limit greater
than 40 and not exceeding 85, cxpressed as a posi-
tive whole number (1 to 45); and

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

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

8.3. With these revised charts the group indexes of the
Black Cotton Soils investigated were determined and are shown
in Table 7, 8 and 9, arranged according to the group indexes

20 to 30, 30 to 40, and 40 to 50 respectively. The forms used °

in Figures 2, 3, and 4 werc adopted to plot these results in
Figures 6, 7 and 8 respectively for the three States with the
distinctive symbols for each sub-group: the sub-group with
group indexes 20-30 with crosses, those of 30-40 with hollow
circles, and those of 40-50 with dots.

8.4. Figures 6, 7 and 8 show a distinet separation of
the soils following the three sub-groups according to their
group indexes. First a horizontal line drawn identically in
all these figures on the liguid limit 65 divides one sub-group
from the other two, An almost clear partition of the remaining
sub-groups can be found horizontally in an arvea between the
plasticity index values of 40.5-43, which might be taken as a
boundary area. The dividing line itself can be located with some
exactness at the plasticity index 42. As the exact amount of
average error was not determined the plasticity index of 42 was
assumed a8 a provisionally fixed value. It may be shifted later
on to the calculated place within the limits mentioned above,

68 SAMPLES FROM MADHYA PRADESH STATE

30 25 30

FIGURE 8.
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LIQUID LIMIT IN PER CENT

8.5. Figure 9 shows, therefore, the spuce which uce :
allsamples investigated with relatively mhdcrate liquiﬁ(i(i):rl:i??a,d&)tﬁ:
56 to 65) and plasticity indexes (about 25 to about 42) with
the group indexes 20--30. The remaining samples with high
liquid limit are further divided into those with relatively low
(about 25 to abuut'«&AO) aud high (above 42.0) Plasticity indexes ;
the Iow.'er part having a group index from 30 to 40 and the hi helz
part with group indexes from 40 to 5(). b

. "y : .
8.6. lhe. soils of the previous group A-7 (1945 version),
having group indexes upto a maximu of 20, can also be easily

100 F*‘Vh— m
| Z
/
80—
2 \L GROUP INDEX -
o A-7-c= 40-50
[~~~ A-7-b= 30-40
|— A-7-a= 20-30
IA A-? = UPT020]..
554
\4\)
™
A"S ]
}
/[ Y
A-4 A-6 /
3 , —
i 10 20 25 30 40~42 ¢ 50 60 70

PLASTICITY INDEX

| :Li“:i:'AA::LOSGl:AELX ;o FIGURE 1. SHOWING THE GROUP RANGES
& A-4,A-5, A6, A7 AS WELL AS THE SUGGESTE
Sus GROuUPS A-7-a, A-7-b, AND A-7-¢ ACCORDING TO 'rumg E;Tﬁg

LIMITS, PLASTITY INDEX AND THEIR GROUP INDICES

1
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placed in the space given by the liquid limit lower than about 55
and the plasticity index lower than about 25. Table 10 shows in
o comparative statement the groups A-6 and A-7 (1945 version)
next to the suggested sub-groups.

8.7. ''herefore the soil may be characterised by group

““Slexes as under :

max 20 named A--7
20-30 named A-7a
30--40 named A-7b
40-50 named A--7c¢

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

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

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

A-7a will accommodate soils with liquid limit of 56 to 65
and a P.I. of 25 upto about 42. 1Its fraction passing
the AsTM sieve No. 200 ranges from 55 to 95 per cent
(as per Tables 2, 3 and 4).

A-Tb will accommodate soils with Jiquid limit higher than
65 and a P. 1. upto about 42, Its fraction passing the
AsTM sieve No. 200 ranges from 80 to 95 per cent (a8
per Tables 2, 3 and 4).

A-7¢ will accommodate soils with liquid limit above 65 and
a P. I. above about 42. 1Its fraction passing the agTM
sieve No. 200 ranging from 85 to 100 per cent (as per
Tables 2, 3 and 4).

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

9.1, An attempt was made to compare the proposed sub-divi-
sion of Black Cotton Soils with the results of some other physical
tests, because the method with which the group indexes were
caloulated-although based on physical soil properties—follows an
empirical formula. Therefore most of the soil samples were
subjected to the shrinkage limit, the field moisture equivalent,
and the hygroscopic moisture absorption tests. These tests. with
the exception of the third, are accepted and recommended b’y the
American Association of the State Highway Officials owing to the
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fact ¢ that important additional information can be obtained
from other standardized and recognised test procedures, and that
such additional information may be essential to the closest

possible evaluation of materials for use under particular condi-
tions *’.  (vide Ref. 5, under supplementary tests).

S

9.2. Studies with the Shrinkage Limit test.

With a view to finding out whether the volumetric changes of
Black Cotton Soils disclose a possibility of comparing results, 37
soils from Hyderabad were subjected to the shrinkage !nnit_ test.
The results are given in Table 11 and are plotted in Fig. 10
(according to Ref. 7, page 73). The range covered by the black
cotton soils extends over the groups A-6 and A-7 of the U.s. P,
R. A, System as shown in Fig. 10. It is thus seen that this test
does not give conclusive results, because all the black cotton soils
are definitely found to belong to the A~7 group. Further investi-
gation of the shrinkage limit was, therefore, not done,

!
90
[
x
-
s}
&
2 801
'g' 2
3
2 70, E—
4
5
60
) 10 \ 1 20 25
SHRINKAGE LIMIT IN PER CENT

FIGURE 10. RELATION BETWEEN LIQUID LIMIT AND SHRINKAGE LIMIT OF
37 SAMPLES FROM HYDERABAD STATE SHOWN AFTER REF.8 PAGE73.
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'This can be taken as a confirmation of the results arrived at
by Allen and reproduced in page 73 of Ref. 7 where, in the graph:
Shrinkage Limit/Liquid Limit, no limits were given to separate
the A-7 group.

-
h

9.3. Studies with the Field Moisture Equivalent test.

9.3.1. With 171 samples of black cotton soils, 41 from
Hyderabad State, 81 from Bombay State and 49 from Madhya
Pradesh, the Field Moisture Equivalent was determined and
plotted against the liquid limit, as per Table 12, 13 and 14 and
Figures 11, 12 and 13 (vide Ref. 7, page 73), using the same
symbols according to their proposed sub-groups as was done in
the Figures 6, 7, and 8. (group A-7a with crosses, group A-7b
with hollow circles and group A-7c with dots). The results show
that all the soils lie within the group A-7.

0.3.2. When, in all the three graphs, a horizontal line is
plotted at liquid limit = 65, it is seen that the group A-7a crosses
gets separated out from the rest. Thereafter, when a dividing
line is drawn vertically at the most probable place, it divides the
two remaining groups A-7b and A-7c (hollow circles and dots),
with negligible exceptions. It is seen that this line lies near the
value of field moisture equivalent of 46.5. This way of dividing
the three sub-groups is correct for all the three graphs given in
the Figures 11, 12 and 13. For any deviation in the results
some margin can be left, but this does not alter the principle that
the field moisture equivalent/liguid limit chart could be taken
a8 one of the confirmative tests.

9.4. Studies with the Hygroscopic Moisture Absorption test.

9.4.1. The physical behaviour of the clayey soils in the field
depends upon the amount of clay present and, therefore, upon the
Hygroscopic Moisture Absorption. The determination of the
Hygroscopic Moisture Absorption does not form one of the. tests
referred to as recognised in the U.S. P. R. A. specification, but
its results are also of interest even though the test is not usually
conducted.

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

19
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of constant humidity*.

The results are recorded in Tables 12,
13 and 14.

The values of the Hygroscopic Moisture Absorption in per
cent are plotted against the Liquid Limit in Figure 14 for the
soils from Hyderabad State, in Figure 15 for the soils from Bom-
bay State and in Figure 16 for the soils from Madhya Pradesh.

9.4.3.  Tho results wore plotted in the three graphs according
to their sub-group indexes 20-30, 30-40 and 40-50 respectively
and were marked similarly : group A-7a with crosses, groups A-7b
with hollow circles and A-7e with dots. As was done previously,
a horizontal line at ligquid limit 65 was plotted and it was seen
that it divided almogst without exception, the group indexes 20-30
(crosses) from those of 3040 and 40-50. Furthermore, a dividing
line was drawn vertically between the group indexes 30-40 and
40-50 (hollow circles and dots) which divided the two remaining
sub-groups with a few exceptions. Compared with Figures 6, 7
and 8 as well as Figures 11, 12 and 13 (Field Moisture Equivalent
Liguid Limit), we find that, in principle, the same system can be
applied. The vertical parting line lies at about 17.5 per cent
Hygroscopic Moisture Absorption for the soils from Hyderabad
State and Madhya Pradesh, and at about 18-75 per cent for the
soils from Bombay State in the three Figures 14, 15, and 16, The
remark concerning the amount of error as mentioned before in

para 8.4, which may possibly shift the horizontal and vertioal
parting lines, applies here also.

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

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

* Tive grams of soil, powdered to pass the sieve ASTM No, 40, was
dried in an oven at 105-107°C for 24 hours,

The sample was put into a weighing bottle of 13 in. diameter and 1 in.
height. Tho so0il in the open bottlo was kept in a dessicator over a solution
of normal sulphuric acid to create a humidity of 98 per cent. To provide this
constant huridity at different room temperatures, a vacuum of 10-15 m/m
{Mercury) had to be produced in the dessicator,

After some days in the dessicator, the weighing bottlo with the soil was
woighed and subsequontly on every alternate day until the weight was cons-

tant.  The wnximum meisture absorbed was caleulated on the weight of dry
goil. ' ;

For general information vide Ref, 6.
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10. DEILIBERATION

RS Y As the liguid Himit and the plastic limit are determined
with the fraction of & soil passing A.s.1.M. Sieve No. 40 ;ﬁe y
are not intluenced by the coarser part, ‘the s.a.ndy fracb"  of t;}?:
nlt}t(:rial retained on that sieve. Tt iy, therefore ossl'ot:; Otl (L
soils Wiﬂ.l’ﬂ. similar fine fraction as the Indian Bl;wE (‘(l)tte S‘m'l
et classified as belonging to one of the three sub- rr01; " -m}{ Ta
A‘-7b or A-7c. But as these three sub-groups are uh{:u‘:w%c;r‘i d—‘l;L
high group indexes (20 to 50), no soil, which has a co'm;idze bly
coarse fructum, will fall in these sub.groups, because i:‘a'tlei
(:a,luu'lat,lun of the group indexes, the entire ﬁr’leq aro ir,1 ll l((i
(passing or retained on As At Sieve No. 200). o o

10.2. For stabilisation, the aim is to bring
index to b\elow{l(i for soils having such highml%q:xiict)lwgr:}(}lle é{roEp
limits. If tpe Black Cotton Soils can be classified into p‘as "
sub-groups, it might be possible to stabilise them more in(lilf”'r((i)w
ally although they may be considered to belong to a compreh - 1:.-
main group. This c¢ould contribute to their hbein :?l?“g
economically as construetion materials by stabilisationg e

11, SUMMARY

15,1, A large number of Black Cotton Soi

. ! Soil sampl

India bave been anulysed. As aresult of the physical gxf:lyiz?sx{‘t»
can be sceu that the black cotton soils of India belong, in genel;a.l

to the A-7 group of the ‘U. 8. Publi ini i
T e igiv A 1blic Roads Administration

11.2. A method for the sub-division of the A

; : s AWT —_
extension of the group indexes from 20 to 50-—hasy be%f)mg)orl:gg
out _a,nd it ha.s‘ been S}l(}WIl that the heavy clay soils prevailing in
India d(_Blagk (t,l(;t?on Soils) can be divided into three S“b‘grogups
accordin r i ; AN C
indexea‘s. g to their group indexes, liquid limits, and plasticity

11.3. Tests with Field Moisture Equi

- ; valen i
Moisture Absorption confirm the a.dditi(clm of (:ahz. :ll:[(lie:lygbroswpm
to the main group A-7. sub-groups

11.4. HFurther investigatio
ny have to be conducted t
R . X . )
meté};c‘).dsl of <,9x1ve1jt1ng these soils economically into comtriwfigg
materialy. huch‘ investigation may be easier becuus %h 801
can now be clasuified more closely. e the wotle
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PasLs 1 Table 1—Clontd.

i #1100 gmn soil |
GHEMICGAL ANALYSIS OF , : Tetal w.e.*/100 gin : ic
ALYSIS OF BLACK GOTTON Serinl | Smmple | soluble | CaCo3 | Trchone Tixohans ,Organic
SOILS FROM HYDE N N lid Exchan- (Exchan-| pH carbon
DERABAD, NG NO. PSOI 8 iPer cent| gable gable Per cont
a : cromty Co | NatK[ |
e I Total m.e. %100 "3 i
Serial;  Nample soluble  CaCOy ~—»,——~lwﬂ.l°_ml, Organie 38 46 .210 5.55 45,50 4,80 8.30 0.51
No. No, solids — pe, ('(‘l‘lt Fxchun- ‘Kxchar- pit carbon 30 49 0.176 10.40 48,50 2.40 790 0.45
Por cont m‘d‘h‘ ‘ gahle Por eont: 40 50 0.240 1.85 t 45.70 4.80 8.20 ©0.57
! ! 282 500 | 2230 K40 860 2 a2 0.700 5.15 | 43.20 640 | 820  0.54
: PSR A IR B (B 1 o | oI 13 33 0.242 | 525 | 4560 | 400 | 890 038
. : 2 g1 42 . g > 5 : o 29, 3. . .
+ o | 775 15,13 2408501 0.30 4 g 33?3 1’?3) igtl)g ’ 333 2«71?) 8?1,
5 61 0aen | 1.55! 38.00 f'f:: N 351 ' B . B . 5 ' . '
! . L i, ) A ~ 0 BhYD — ¢
6 T T 1.su~“ - . o o o3t 785 | oe80 | 3'33 700 056
7 O T A B S R o s 38 0.168 540 | 1440 | 440 | 79 . 027
8 v 00 T o N VOO B pr 3 0180 8.20 | 5340 | 200 | 8.80  0.42
o 10 O W | ayse MU0 R0 o 50 60 0.116 - 690 | 120 | 760 | 0.45
o TR R V05 Gl 2o 820 ) 0.6 - ' ' T
: P S L B T 51 62 0.124 3.60 | 3200 | 140 | 8.80 | 0.27
I =T N T B 280 815 | o 52 64 0.114 3.20 | 36.30 040 | 7.80 . 0.48
2 15 0180 - T3 | 37.90 2.00 8,90 "7.f , ; !
13y 16 0116 745 | 5820 200 785 | oo
14 ] 7 0.018 | §.60 [ 2350 760 800 | 09
! | 18 0114 IR ) 0.20 9,91 “'('; *m.e. Milliequivalents.
\ it
18 19 0.200 700 | 38.90 5
b 2 02 .20 | G000 a1 e
: 2 182 £90 | 6L20 2.00 : "o
vz 1136 Ll | 36z odo gmg | Guu
- = .282 1.85 59.10 2 40 7.60 f 094
21 24 0.266 1.00 37.9 '
50 | gl i . 37,30 1.2 7. 57 :
2oz 08 w5 | R ye  7a Lo Tables 3 and 3—On pages 267 and 268,
1 2 170 145 | 5250 80 740 | o
I A N I S e
8 0.480 05 | 48.70 L40 850 . (.54
26 30 0278 200 39.70 Y !
27 | 8 . o6 | 230 | sddo | 1o | 1300 04
oo 019 | 450 a0 | 2o | 70 | ost
29 : 0 260 | 3270 ' 160 | 7.80 | ¢
30 35 0.288 3. : : B0 075
‘ .36 23.60 6.40 ! 8.00 i (.80
31 36 C 0,200 1.60 | 32.4 “
P N ! - N 2.40 3.2 : [}
32 W 0204 | 605 | 380 580 | wey | U080
33 10 0.148 - 21.70 120 o | 030
34 41 0.16 25 . . o740 0.93
35 12 0199 JEo 4980 160 | 830 | ¢.30
019 50| 4270 L2 730 0.4
16 43 0,164 2.25 2.1
. .16: : 580 L40 ( 7.90 |
M 45 C0.154 25 : bT.%0 0.51
| 50 | 5840 2,00 L l( 0.36

* o mMilliaquivalents,



. Soirs oF InNpIA
200 A SUGHRESTED CLASSIFLOATION OF Tae Brack Corron Soir 291

Tanty 4. . Table 4—Contd.

Fraction Passing
Serial No. Sample No.

Liquid Limit  Plasticity 200 siove

PHYSICAL PROPERTIES OF THE SOILS FROM

) per cont | Index |
HYDERABAD STATE. ‘ |___per cent
|
Loy T Moneiaise, leraetion passing 42 49 72.19 42.00 i 84.32
Serinl Na. 1 Numple No, | i Linies "!"**l‘"""‘ 200 miove 43 50 91.35 38.52 87.13
J per cont | Index per cont 44 51 79.54 41.90 ; 90.81
i . - ! - - o e 45 52 77.76 43.03 | 92,55
1 i | 80,36 ? 18,00 43.30 ‘
2 i 2 ) 76| pipy 87.32 46 53 ‘ 83.42 46.40 | 83.80
A ! 3 L 7660 17.89 ST.601 47 54 56.54 .85 63.30
; | : 171 18,18 K8, 13 48 55 80.14 44.82 87.10
5 6 : R6.05 30.83 R1.40 49 56 ‘ 87.94 5434 87.817
| 50 57 73.43 42.00 | 89.70
G 7 74,24 £1.99 330 ‘ o = \
7 N 62.50 36,70 714 51 a8 72.58 987 A0
8 0 8272 30.02 92.80 52 59 79-68 oo Bo oo
o 10 54.04 18.0} 91.80 53 60 83.57 o9 89.20
10 o G 30.87 980 o4 62 . & GO
‘ v 55 64 51.11 20.08 | 71.0
1 14 : 70,30 33.97 9489 - % 5 |
1 5 1.0 58.07 95,47 56 63 58.43 29.06 | 82.26
13 16 ‘ TH.48 3d.74 87.70
14 ; 17 Ri.63 54,449 90.50
15 I8 s | 4041 43.40
16 19 Rd.35 .05 02,31
17 20 .55 EURIY U6.88
i 3 84,02 43.98 96,35
v 2 83.28 44.02 95,42
20 9 X345 46.87 99.07
29 24 135,96 32.81 93.02
o 25 RN.55 17.05 96,00
23 26 60, 14 2445 83.20
24 27 10080 3824 83.0%
25 28 5,40 30.73 R3.20
26 20 61,47 24,08 84,60
27 30 646.35 32.42 92,80
o8 3 89.30 36.20 86.57
20 32 74.48 14.93 91.35
30 34 62.03 48.12 76.22
3 35 84,02 53.84 00.85
32 36 37,10 34,53 77.87
33 37 84,22 ah22 80,91
34 39 19.60 20,38 9,65
35 ) : 149,51 26.01 75.80
36 41 77.41 46.20 85,46
N 12 84.46 36,22 69.73
38 13 58.14 31.89 68.54
39 hi 83.40 34,13 05.35
40 16 00.17 51.86 9287
41 47 ( 5,59 47.39 86,17
: 20
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TABLE 5.

PHYSICAL PROPERTIES OF THE SOILS FROM BOMBAY

STATE,

Serial No.

12
13
14
15

16
17
18
1
20

21
22
23
24
25

26
27
28
20
30

31
32
33
34
35

36
37
38
39
40

|

¢ Sample No.

66
69
71
72
73

74
5
76
77
78

70
80
81
82
85

87
88
84
90
91

92
03
94
a3
06

07
08
100
102
103

104
106
106
107
108

109
110
111
112
113

Liquid Limit
por eont

42.31
417.76
55,42
H8.80)
51.47

67.61
64.05
62.18
81.01
73,42

81.20
62.62
56.23
73.28
88.38

65.63
76.32
80.44
75.63
66.57

88.34
72.22
79,13
81.69
75.92

84.43
67.65
68.80
65.37
01.74

70.96
84.00
64,02
45.36
83.83

87.63
72.59
74,06
66.06
78.40

Plasticity
Indox

22.87
25.03
30.50
27.49
22.28

41.25
23.71
26.67
40.59
37.31

50.95
27.9

30.62
45.02
49,86

27.21
42.685
42.42
30.81
3179

49,93
39.56
35.14
41.5])
35.02

46.88
20,78
31.76
29,06
54.35

29.95
41.82
31.76
53.98
42.58

24.13
32.47
43.76
32.10
37.01

Fraction passing
200 siove
Per cont

83.10
85.80
68.17
81.88
80.20

90.80
80.71
04.20
97.10
87.32

93.30
72.86
87.46
85.81
03.60

91.65
95.62
07.31
87.79
95.73

89.16
90.30
05.97
91.60
83.08

97.62
04.11
94.80
70.94
07.51

04.70
04.90
80.87
98.29
04.34

89,66
96.10
96.26
01,70
03.22

Tur Brack Corron Soins or INpIia

Table 5—Contd.

263

‘ N . . | Fraction passin
Serial No. | Sample No, !L‘%‘:rdcg';:;mb P]E?gg{ty ! 200 sieve ¢
per cent
41 114 AL 41.09 86.70
42 115 ‘ 89.84 37 39 77.40
43 116 L 18.40 37.01 93.22
44 17 83.88 43.56 90.00
45 118 75.85 20,53 84.00
46 19 . 67.80 39.50 89.70
47 120 ©71.88 40.38 88.80
48 121 67.16 32.02 01.80
49 122 80.50 42.80 93.15
50 123 71.43 39.03 90.45
51 124 61.64 95.64 84.95
52 125 62.39 23.72 1 91.15
53 126 75.96 36.43 ‘ 93.00
54 | 128 78.68 41.00 ‘ 85.00
35 i 130 94.95 48.92 ! 93.05
56 N 1 101.88 51.88 i 93.50
57 | 133 69.20 32.20 ; 83.75
58 | 134 69.98 34.27 ; 40.00
59 136 64.38 30.17 | 77.13
60 137 80.07 43.67 i 87.60
61 138 78.84 33.43 | 91,90
62 130 74.14 40.46 l 01.80
63 140 69.15 28.65 4 94.70
64 141 56.37 27.37 I 84.40
65 143 60.09 25.19 | 88.60
66 144 53.15 23.45 | 81.30
67 145 67.00 33.10 f 90.00
68 146 66.90 28.00 : 96.00
69 148 56.87 3177 . 76.80
70 149 60.12 28.42 1 95.60
71 150 90.09 60.70 | 86.90
72 151 56.72 28.15 i 90.00
73 152 70.31 39.44 = 81.50
74 153 76.42 40.84 ! 89.65
75 164 63.62 28.23 83.05
7% 156 92.44 52.29 ' 94.25
77 136 79.42 34.01 ! 88.90
78 157 71.05 34.31 88.15
79 158 7117 30.36 86.00
80 1590 86.74 36.74 83.40
81 160 71.51 36.01 93.20
82 161 72.07 38.67 82,00
83 162 62.92 30.42 89.85
84 163 71.16 33.36 86.35
85 164 71.59 39,09 80.75
1
86 170 67.44 31,17 : 96.25




Tue Bracx CorroN Soins oF INpia 205
294 A SU(}GESTED CLASS[FICATION Of

Table 6—Contd.
TaBLE 6,

Liquid Limit | Plasticity l Fraction pass-
i . | Sample No, | laquid Limi | ing 200 sieve
PHYSICAL PROPERTIES OF THE SOILS FROM i Serinl No P per cent frdex | por cent
P :
MADHYA PRADESH STATE. : i o5 686 . aLile | 89.20
12 216 66.03 34.76 i %. 3,
| Liquid Limit | Plasticity | Lraction pass- 43 iy CRe ) By 5.
- S N ; L ] sib) p o 218 38.42 ‘ 32.01 85.00
Serial No. Sample No. | purcont Tudox j mgpf:?;:r ig 219 60.16 ‘ 32.47 86.76
‘ ‘
1 172 | 66.08 | 32.00 94,40 46 222 72.82 i 3;8%
2 173 ‘ 67.04 S 73.46 47 223 83.81 43.71 23.01
3 174 5006 2009 85.40 48 24 oy o 86,04
+ 173 60,44 31.56 82.60 49 27 7.01 32.10 95.00
5 176 f 4l.44 33.36 §3.60 59 228 67.4 32. O
6 177 f 53,50 3051 | 77.10 51 229 6%'?«7 i%ﬁ,% gigg
7 178 ‘ 58.49 2864 94.31 52 230 72.19 3732 79.80
8 179 Y 33.06 87.50 53 231 pa.62 26 95 96.90
9 180 ‘ 72,10 4135 | 92.49 54 233 ")7'%3 ;fi‘ 54 87.13
10 181 om0 3730 98.15 55 233 7. ~ )
11 182 ‘ 66.37 | 38.10 05.00 56 234 53'*3 2(1)'2(2) g}?g
12 183 o awme 1 agla 80.38 57 285 g7 1814 89.16
13 184 65.08 38.80 96.00 38 236 5. 46.72 91,12
14 185 6076 32.01 85.05 59 287 ;’3'3’5 I 42,42 84.99
15 186 60.20 20.45 81.10 i 60 238 e B '
I
16 187 50.58 28.13 73.53 61 239 70'?? %(2;3(7) ‘ %gz
17 188 2018 | 23.46 66.97 62 240 90"’,, 3050 99,25
18 189 61.60 | 28.62 71.00 63 242 39.09 33.20 | 83.04
19 191 66.82 34.88 97.00 64 243 69.02 el 84,47
20 103 71.83 25.40 89.82 65 244 67.68 K } .
21 104 BLOO 1 420 93.78 66 245 77.55 - op 3
2 195 73.40 | 34.04 90.72 67 | 246 78.27 o6s | 03,90
23 106 6197 | 27.65 93.74 68 L 247 78.68 5063 | .
24 197 79.32 47.32 91.88 ‘
25 198 79.47 ‘ 45.51 91.60
26 199 50.85 26.40 84.08
27 200 36.64 24.01 78.91
28 201 67.07 39.34 92.39
29 202 52.06 29.99 79.28
30 203 75.58 36.58 83.76
«*
31 204 38.85 32,01 81.54
32 205 67.21 35.90 87.10
33 200 71,27 42.14 91.66
34 208 33.49 31,27 94,14
35 209 52.61 27.80 92.70
: ' oree)
36 210 73.96 36.06 91.49
37 211 53.84 25.27 94,10
38 212 49,33 26.38 97.42
30 213 58.52 27,12 04.30
40 214 58.74 31.03 02.60
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Table T—Contd.
TaBLE 7 1 — I Fraction
. | Agu astici assin, Grou
BLACK COTTON SOILS WITH GROUP INDEX 20-30, Sorial | Samplo Stato Limit | Vlesticity | passing Indox
SUBGROUP A-7a. No. | No. . (per ceut) '_(per cent)
. o ! - e T T T |
i s Fraction 5 \ ' ; ' ; 31.5 82.68. . 28
Sm;ml S Smrnpln F Stato Lli‘ilx‘.'.li(ti, I Plugticity passing | Group % 42 | 175  Madhya Pradesh gtl)ii ;é;g 83 60 i a0
No. J No. ‘ (por cont) | Indox 200 i Index 43 1176 7 53.30 30.51 77.10 23
— L “ 1 per cont) | 46 177 ” 58.49 28.64 94.31 | 29
[ i R, 45 178 | " 98- ;
1 8 Hydorabad 62.50 36.79 1 7714 29 . ‘ 59.24 93.96 87.50 1 29
2 0 . J 54,04 18,01 01.80 20 46 4 179 ” 49,22 28.20 89.38 25
3 2 " Lo600y | 2465 | wseg 25 47 4 183 » . 60.76 32.01 85.03 20
1 28 " © 6340 | 3078 | gyog 28 48 185 N 60.29 20,54 8L.10 = 26
51 2 N 6547 | o098 | 8460 23 oo » | 50,58 28,13 358 20
, ; ‘ 5 ! ” !
6 | 34 N Cezos | s 7622 1 ag ) 18 | | 4018 95.46 66.97 | 17
7 1 36 X 5715 34.53 | 7787 oy 1 e " 61.60 28.62 71.00 22
8 34 . o 4960 2038 1 79.65 | 92 532 108 ’ 67.37 27.65 93.74 S 30
9 | 4 N 4950 | gt 7380 1 9 58 1 o9 " 50.65 26.40 84.08 | 23
10 42 " | 6448 36.22 1 6973 0 9 54 ” 56.64 24.01 .01 | 22
! ; | 55 200 > i
143 . B ) R R S I VU N 202 52.06 29.99 79.28 | o
12| 5 N | 56,54 3485 | 63.30 | s 81 Sos N 58.85 32.91 81.54 28
13 60 . 63.57 3096 | 69.20 | 29 5 | oo ” 53.49 31.27 94.14 28
4 | 62 N S X A B 7530 | 22 81 o0 ” 52.61 27.80 92.70 27
15 64 ; L5111 20.98 .00 | 24 59 ” 53.84 25,27 94.10. 26
| | 60 | 211 ”
16 65 ’ [ 58.43 20,06 82,26 26 212 v 49.33 26.38 07.42 25
17 66 Bowbay | 23 22.87 83.19 18 & 1 e \ » 58.52 27.12 94.30 . 29
18 | 69 . 4776 | ws 83.80 22 &1 2 . 58.74 31.03 92.60 30
19 71 . 53.02 30.59 68.17 20 81 s . 56,86 31.16 89.20 20
2 | 2 " 38H0 2749 81.88 26 o " 59.44 32.34 86.91 20
| ' 6 | 217 "
21 73 v 51.47 22,28 80.20 19 218 58,42 32.01 85.00 t 30
2 5 . 64.05 | 23.71 80.71 23 ol B ” 60.16 32.47 86.47 30
23 76 . 62.18 | 26.67 94,20 20 67 | 2a » 55.62 27.42 79.80 23
24 80 . 62,62 | 27.90 72.86 22 98 gas . 57.43 26.25 96.90 28
25 81 ,, 56.23 | 30.62 87.46 28 69 ” 57.30 31.40 91.63 30
\ ‘J i 70 234 I
26 87 - . 65.63 | 2721 | 9155 29 240 60.57 29.97 79.53 26
21 | 102 " 65.37 | 20.06 | 70.04 a9 71 242 ” 59.03 30.59 92,95 30
28 | 106 | " 64.02 ' 31,76 & g0.87 29 72 43 ” 60.05 33.29 83.04 29
29 | 100 . . 9763 1 2413 | gy 5 |4 CR )
30 | 124 . 61.64 | 2584 . g492 | o5
3L | 125 | " | 62.39 [ 23.72 ) 915 | g4
32 136 | . 64.38 30.17 1 7713 | g
33 | 141 " 56.37 27,37 84.40 25
34 | 143 " ' 60.09 25.10 | 8360 25
3 | 144 . | 5515 2345 ' 8130 | g)
36 | 148 | " 56.47 3177 | 76.80 25
37 | 149 | " 60.12 2842 | 0560 30
38 | 151 | " 56.72 2815 w0.00 27
39 154 | » 63.52 2853 8305 | ug
0| 162 | . 62,92 3042 | 8035 | 19
H ! .
41 | 174 Madhya Pradesh| 50.06 29.99 8540 97
' i
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A SucursTED CLASSIFICATION OF

TaBLE 8

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

_ Lo i IFraction
3 ¢ |Samplo Stato [ldi(llll:ilt(ll Plasticity | passing iroup
B MY -
5 No, (por cont) Indox 200 Indox
24 por tent {por cont)
1 3 Hydorahad 71.60 37.89 87.61 37
2 6 . 86.05 30,85 81.40 98
3 7 , 73.23 41,23 83.00 38
4 11 ' 69.81 J0.87 98,00 35
5 14 “ 70.30 33.97 04,89 35
6 16 " 7548 34.74 87.70 35
7 24 2 65.96 32.81 03.02 34
8 30 »s 66.35 32.42 92.80 34
9 31 'y 649.30 36.29 86.56 34
10 49 .y 72.19 42.19 84,32 38
11 57 ye 73.43 42.00 89,70 40
12 58 " 72.58 39.87 91.00 40
13 74 Bombay 67.61 41.23 00.80 38
14 78 . 73.92 37.31 87.32 36
15 90 vy 75.63 39.81 87.79 39
16 01 ’e 66.57 31.79 035.73 34
17 93 - 72,92 30.56 00.30 39
18 04 I 79,13 35.14 95.97 40
19 96 . 75,92 35.92 83.08 35
20 08 v 67.65 29.78 94.11 33
21 100 " 68.80 31.76 94.80 34
22 104 . 70.96 20.95 94.70 34
23 110 vy 72.59 32.47 96.10 36
2 112 " 66.06 32.16 9170 32
25 114 . 73.19 41.09 86.70 40
28 115 v 89.84 37.39 77.40 32
27 | 116 . 78.40 37.01 93.22 40
28 118 . 75.85 20.53 84,00 32
29 119 v 67.86 39.50 89.70 37
30 120 " 71.88 40.38 88.80 39
31 121 ’e 87.16 32.02 91.80 33
32 123 ' 71.43 39.03 90.45 38
33 126 . 75.96 36.43 93.00 30
34 128 ve 78.68 41.00 83.00 30
35 133 " 69.20 32.20 85.75 31
36 134 . 69.08 34,27 90,00
a7 138 " 78.84 33.43 91.80 g;
38 139 ) 74.14 40.46 01.80 40
39 140 v 69.15 26.65 94,70 32
40 145 ' 67.00 33.10 90.00 33

TaE Brack Corron SoiLs or INDIa 299
Table 8—Contd.
!
:, J Liquid Plasticit Fract:ion G
8r. |Sample e asticity | passing roup
Nz. NOI.) : State I:m',lilt) Index 200 Index
‘ (per cent (per cent)
i l T ‘-. .
41 | 146 ’ Bombay ' 66.90 28.00 | 96.00 32
42 | 152 70.30 3044 81.50 35
43 0 153 | . 76.42 40.84 89.65 40
@ | 156 ! " 70.42 34.01 88.90 37
45 ¢ 157 " 71.05 3431 . 88.15 34
‘ ,
46 | 158 t " 71.17 30.36 86,00 31
47 ] 159 | - 86.74 36.74 83.40 37
48 | 160 | " 71.51 36.01 93.20 39
49 | 161 v 72,07 38.67 82.00 33
50 | 163 L T71.16 33.36 86.95 32
51 } 164 , Y7159 39.99 89.75 39
52 170 " 67.44 31.54 96,24 35
53 | 172 Madhya
) Pradesh  66.08 32.90 94,40 34
34 | 173 " L 67.04 42.79 73.46 34
55 | 180 Do 7219 A3 | 0240 0
56 181 " 73.10 37.39 08.15 40
57 182 " ' 66.37 38.10 93.00 38
58 184 " | 65.98 38.89 96.09 39
39 191 " | 66.82 34.88 97.00 37
60 193 - © 7183 35.40 80,82 368
61 195 w | 7340 34.04 90.72 36
62 201 . I 87.07 30,34 02.39 38
63 203 " | 75.58 36.58 83.76 36
64 205 " P82l 35.99 87.10 34
63 210 i ' 73.98 36.06 91.49 37
66 216 . I 66.03 34.76 90,36 3
67 | 292 ” | 7282 37.16 01.91 33
68 224 " | TL.18 37.16 82.38 34
69 229 " I 64.19 38.34 86.04 34
70 228 . ‘ 67.01 32.10 95.00 35
71 ’ 220 » | 88.87 41.25 83.54 | 37
72 | 230 . . 12,19 37.32 84.95 36
73 235 » . 82,52 30.42 91.13 31
74 | 238 " fo13.05 42,42 84.90 39
75 239 . I 7088 42.69 81.07 37
‘ .
76 244 . 67.68 30.97 84.47

21



300 < Tag Brack CoTToN SoILs OF INDIA 301-
( A SuvGersrin CLASSIFICATION OF '

TasLE 9—Contd.
TasLr 9,

I : ,
‘B ) P . . - . Tract
LACK: COTTON SOILS WITH GROUP INDEX 40-50, , Liquid | Plasticibty p;s;i:l(;l Group
SUBGROUP A-7c. Sorial |Sample ) gpage, Limit | " pgex |7 200 Index
No. . (per cent) (per cent) Sl
!
Sorial S Liquid R . ' l"l‘ﬂctiol\ - ‘
ul\nyl: SKL;\ITIA)I(! Stato Liglic Plasticity passing | Group 41 108 Bowbay 83.83 42.58 94,34: 46
. . (per cont) Indox 200 Indox £ 11 74.06 43.76 96.26 44
| (por cont) e 113 ’ 78.40 37.01 93,22 40
N ] ' L » $3.88 13.56 90.00 44
) « 44 17 . 8 e 031 | 48
) L Hydorabad 80,36 18,95 93.30 15 45 122 | " 80.50 -
2 ~ " 89.76 47.62 87.32 44 ’ < 93.05 | 47
3 4 5 04.95 48.92 3.05 |
: : . 25.7‘1 4 88,15 44 ig gg ” 101.88 51.88 93.50 47
3 13 . 2,72 50.02 92,80 46 4 ” 80.07 43.67 87.60 43
3 . 100,00 59,07 95,47 48 ig {gg . S pred 86.00 | 44
{ ”» ' 595 94.23 47
g 1 " 86.63 54.49 90.70 4 50 155 . 92.44 52.29 5
. 80.19 40.31 95.40 43 0178 | . 43
3 a9 . C 8455 44.05 92,31 46 51 194 | M. Pradesh ?333 ig'gg 91,88 |- 44
10 o " S 90.55 49.99 96.88 48 52 197 ” 7047 551 01.60 44
21 . 84.02 45,96 96.35 46 )i ;32 . 7047 P ‘1%88 ié
i W 4 ] . t‘ .00
n 22 . 8328 | 44.02 95.42 46 55 | 298 ,, 83.80 4371 r
13 23 . 83.45 46.87 99.07 49 76.88 st 87.13 o
&0 5 4 - I . " . 4.¢ . . o
14 2’; N lgg.-).) | f7.§)-) Jg.fzg :g ;—)6 233V 33 88.14 48.14° 89.16 45
15 9 . 10.80 ‘ 58.24 ? .s_ : :—)7 2368 m 93.38 46.72 91.12 46
32 ‘ . 74.48 ,: 44.03 01.35 42 ,33 gz; ; ' 7153 45.02 07.33 46
5 2 ‘ » ) € 5 3
}‘7’ :71 | . 84.02 | 53.84 og.gtls :g 60 248 - " 78.27 43.76 04,45 45
87 . 89.22 55.22 89. | ‘ o
18 41 . 7741 | 46.29 85.35 42 o1 247 . 78.68 50.63 93.20 45
19 45 N 85.49 54.13 95.35 48 .
20 a6 | ) 90.17 5188 | 9267 16
! .
21 47 ]l | 85.59 47.39 86.17 43
22 50 ” 91.36 ° 58.52 87.13 44
23 il ” 79.54 41,90 90.81 41
24 52 | SO v 43.03 92.55 13
25 58 | I : 83.42 46.49 83.80 43
i :
26 55 . . 80.14 | 44.82 87.10 43 able 10—on page 280
27 56 , 87.94 54.34 87.87 44 T P
28 59 l . 79.68 41.67 88.75 41 . . .
29 77 | Bowmbay | 81.01 | 40.59 97.10 44 : : .
e 9 | . 81.20 | 50.95 93.30 46 _
31~ T 82 l ’ 73.28 ) 45.92 93.60 44 , 3 L .
I I |
3: ! . .32 42.85 95.62 44 SN AN )
34 89 | . 80.44 | 4242 97.31 45 4 J b:\\ X
33 92 J 88,34 ‘ 49,93 89.16 45 ‘
36 - U5 ” 81.60 1 4151 91.60 3 . : PR \
37 97| " 89,43 46.88 97.62 3}: b
38 103 | . 91.74 54,35 97,51 48 ‘
39 105 | s 84.00 41.82 91.90 44
40 07 ” 95.36 53.98 98.29 49
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302 A SuGuEsTED CLASSIFIOATION oF rsn 19
T & HYGROSCOPIC MOISTURE
ISTURE EQUIVALEN
TasLe 11 gFIELD MO

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

OF 37 BLACK

L Field Moisture |Hygroscopic Moisture
COTTON SOILS FROM HYDERABAD STATE, Serial iSample| Liquid Limit Equivalent Ab;frcpefff "
No. No. percent per cent P
Serial Sample , Liquid Limig Shrinkage Limit 1 50.36 47.63 ig%g
No, i No. por cent por cent 1 . 71.60 42.59 17-87
T 3 4 03 53.00 15
4 6 86.05 34.33 14.20

l 1 80.36 16,07 4 7 73.23 .

2 2 ( R o . 12.44

2 2 80,76 14.38 62.55 31.76

4 4 81.70 11.68 7 v 51,04 33.50 10.52

5 6 86.03 17.12 8 10 60.81 43.14 ‘1 16.0

9 11 70,38 44.93 | -

6 8 62.50 15.07 10 14 ‘ 61.30 22,57

8 11 ; $9.81 12.60 12 16 75.48 1705 17.6

9 “ 14 ; 70.30 | 12.43 s [T 86.63 o o
10 15 | 100.00 15,90 18 80.10 . 19.76

| | | " 1 | 84.55 51.00
11 | 16 75.48 | 13.53 15 : 00,53 52.81 2150
12 17 86.63 | 12.44 16 20 34 02 47.33 .

: p ) s :
13 18 80.19 13.37 1 21 502 19.32
14 j 1y 84.55 15.58 18 22 MEH 48.56 16.85
5 ‘ 23 83.28 18.46 19 24 23-55 47.45 21.87

\ e ' 40.07 17.29
16 ' 23 83,453 . 15.79 . [ 60.19 o 14.87
: 5 9.49 21 26 - 35.08
17 24 ( 63.96 28 | 65.40 17.84
18 ‘ 26 60.19 {g-gg gi o 66.5 37.17 1408
! 27 100,80 : -
2 \ 28 8940 13.50 24 31 % e 37.33 16.76
‘ | 2 2 N 38.65 12.43
22 ‘ 31 ‘ 69.33 , 15.86 27 3% 84.02 37.08 16.05
23 , 32 ‘ 74.48 | 26.84 n S 5715 37.08 26.05
24 ; 34 62.03 ! }ggﬁ 20 37 | gg.zg 28.53 12.95
25 : 35 84,02 .30 .
= f ) | 2 ii 58.14 33.77 o
26 ] 37 | 89.22 ‘ 13,74 31 5.49 4.14 .
¥ : 41 | 77.41 s 13.48 32 4 %017 49.87 0.5
28 | 42 64.46 , 5.76 33 48 19.19 43.07 1702
29 43 - 58.14 ! 0.13 3 ) & frg 48.75 -
30 | 46 90.17 10.40 35 52.00 17.12
i 36 52 77.72 50.45 17.44
31 51 y 79.54 8.51 37 55 80.1 43.75 17.90
32 ‘ 52 77.78 9.80 38 56 87.9§ 40.50 14.17
33 ; 53 83.42 19.75 39 57 73.48 43.18 15.53
34 | 54 36.54 12,43 0 58 72,5 o do 1747
36 ‘( 55 80.14 14.56 a 59 73.33 37 -60 10.78
| 53. ' 10,
38 ; 58 7,58 12.21 2 | & 5111 37.01 0%
37 | 60 83.57 14.65 &3
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FIELD MOISTURE EQUIVALENT & HYGROSCOPIC MOISTURE
ABSORPTION OF BLACK COTTON SOILS FROM BOMBAY.

A SUGeESTED CLASSIFICATION of

Tasry 13

e gl
Sorial (Sample

No.

SO WL

=N JEN §o

10

11
12
13
14
15

16
17
18
19
20

21

25

!

No.

82
83

87
88
80
00
91

92
93
94
05
96

97
98
100
102
103

106
107
108
109
110

111
112
113
114
115

Liquid Limit
Por cont.

42.31
47.76
85.92
58.80
51.47

67.61
64.05
62.18
81.01
73.92

81.20
62.62
56.23
73.28
88.38

65.63
76.32
80.44
75.63
66.57

88.34
72.22
79.13
81.60
75.92

80.43
67.65
68.80
65,37
91.74

64,02
95.36
83.83
37.63
72.59

74.06
66.06
78.40
73.19
89.84

Fiold Moisture H;Sv’glj(?ﬂc()‘])x(z
]‘}(luivulmlf, \A}i)()lutlll.(a
Por cent Abaorption
Per cont

26.72 10.50
34.35 9‘77
32,07 12.93
37.17 14.90
38.16 13.13
37.43 16.97
353,96 15.58
40,27 16.96

- 22.50
45.16 17.63
45.31 17.54
43.88 18.13
3195 13.66
48.46 13.91
50.08 19.84
35.43 15.86
53.71 20,04
48.70 18.80
44.80 17.21
40.54 17,85
47.96 20.09
42.21 17.88
43.65 21.92

- 20.50
38.99 19,99

— 24,36
39.24 17.12
40.68 17.36
38.80 16"39
32.40 22.79
48.41 20.62
46.58 17.15
43.40 12,68
46.33 18.16
48,54 15.67
38.15 13.88
47.67 10,99
46,82 17.19
42.55 16.65

Tur Brack CorToN SoiLs oF INDIA

‘TaBLE 13— Contd.

305

Serial Sam, le

No.

.
R
,h\\ ‘l
42
43
44
45

46
47
48
49
50

5l
a3
54

(311

56
87
58
59
60

61
62
63
64
65

66
67
68
69
70

71

72
73
74
75

76
77
78
79
80

81
82
‘83
84

Liquid Limit ‘

Field Moisture

Hygroscopic

Equivalent Moisture
No. ‘(%}“V“ elé Absorption
rorcen Peor cont
116 78.40 417.67 19.48
117 83.88 46.94 21.22
118 15.85 17.88 14.70
119 67.86 35.72 15.46
120 71.88 43.96 17.90
121 67.16 41.37 15.84
122 80.50 51.10 23.29
123 71.43 41.34 16.71
124 61.64 42.14 16.47
123 62.39 38.47 16.73
126 75.96 35.26 19.50
128 78.68 44.95 20.49
130 94.95 59.20 21.15
132 101.88 30.96 22.24
133 69.20 42.44 16.31
134 69.98 41.44 17.99
136 64.38 42.96 16.33
137 80.07 46.10 19.68
138 78.84 i 44.06 20.22
139 74.14 | 42.50 18.02
140 69.15 ‘ 41.10 18.36
141 56.37 l 33.61 10,47
143 60.00 I 34.51 13.20
144 55.15 ! 33.86 10.57
145 67.00 ‘ 36.38 14.35
146 66.90 38,70 13.87
148 56.87 41.88 10.05
149 60.12 43.38 13.86
150 90.09 46.84 - 21.84
151 56.72 35.14 14.70
152 70.30 42,55 19.52
153 76.42 36.12 17.38
154 63.52 40.00 16.12
155 92.44 47.36 20.58
156 | 79.42 45.17 20.50
157 71.05 40.46 17.96
158 71.17 47.74 18,13
159 86.74 46.22 21.69
160 77.51 46.50 19.59
161 72,07 35.47 18.49
162 62.32 35.46 14.37 °
'163 71.10 4791 18.36 -
164 71.59 - 45.54 - - 18.42
170 67.44 - 40.20 - 16.99
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FIELD MOISTURYE EQUIVALENT & HYGROSCOPIC MOISTURE

A SvocEsSTED CLASSIFICATION OF
Brack Corron Soins or INDIA

TasLy 14

ABSORPTION OF BLACK COTTON SOILS FROM
MADHYA PRADESH

|

f 5 : | Hygroscopio
Sevinl' Sample  Liguid Limit l ¥ l;ld T_Vfrmlstu{m f Moisturo
No. No. ! Por cont ‘;i‘:“\ f‘\ 0;\ ’ Absorption
| i or cont Por conts
1 103 T1.83 46,47 20,38
2 194 31.00 52,79 19.93
3 (315 73.40 j 44 .02 16.57
41 106 67.37 ‘ 15.43 17.50
500 W7 79.32 ; 47.71 18,290
6 | 198 70.47 “ 50.61 19.77
7 ég‘} 30.65 33.00 10,18
8 200 56.64 38.59 12,97
9 | 208 67.07 ‘ 43.05 16.35
10 202 52.06 ‘ 37.11 11.20
11 ‘ 203 75.58 47.05 16.48
12 204 AR.R5 38,71 11.60
B olo205 67.21 4719 15,77
14 | 206 71.27 44.13 14.62
15 | 208 53.49 37.58 10.00
18 ; 200 52,61 \ 34.87 8.42
17 | 210 73.96 i 45.49 14.87
18 211 53.84 : 37.17 11.10
19 212 49,33 34,97 8.87
20 213 H8.52 | 33.47 11.39
21 214 58.74 ‘ 33.84 11.29
32 215 56.80 35.15 10.77
23 216 66.03 . 42.00 13.67
24 217 59.44 39.79 13.18
25 218 58.42 39.40 10.04
26 219 60.16 38.09 10.02
27 222 72.82 i 46.31 13.39
28 223 83.80 , 49.39 10.09
29 224 71.18 i 43.88 17.90
30 227 64.19 39.68 15.62
31 228 67.91 43.27 15.63
32 229 68.87 ' 42.39 16.556
33 230 72.19 | 43.80 : 17.58
94 231 55.62 43.31 14.82
35 232 57.43 : 37.74 13.05
36 233 76.80 ) 47.30 18.60
37 234 57.30 i 33.88 12.27
38 235 62.52 ‘ 36.28 14.20
39 238 88.14 32.15 18.98
40 237 93.38 \ 55,00 20.10
41 238 73.05 ‘ 43.70 13.43
42 239 70.88 \‘ 37.61 12.51
43 240 80.57 ' 33.33 11.06
44 242 59.09 ! 34.47 11.96
43 243 60.05 36.79 11.19
|

46 | 244 67.68 x 38.99 12.68
47 245 77.55 : 58.56 [ 18.15
48 246 78.27 | 46.42 18.60
49 427 78.63 43.57 18.53
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¢ CATERPILLAR?”

TEAM!

The gripping traction of a * Caterpillar ”
Diesel D4 Tractor packs heaped loads into
the bucket of a hydraulically-operated HT4
Tractor-Shovel-—and every load is a heaping
load of profit!

The team is designed and built to do a variety
of” tasks at low-cost-éxcavating. loading,
dozing, backfilling and others—with maxi-
‘num emcfency.

Engine power is converted into big digging
effort...a choice of five speeds enables the
unit 80 meet every ground condition in

D4-
HT4 TRACTOR-SHOVEL

There are four other Tractor-Shovel profite
makers, with bucker capacities of ¥ 10 4 cubic
yards, to match the work-ability of
“*Caterpillar” Diesel D2, D4, D6.and DT Tractors:

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

You, 100, can get in on these loads of profit,
Que sales engineers can tell and show you

how and where the team can work for you,

Caterpillar

ENGINES - TRACTORS
MOTOR GRADERS
EARTHMOVING EQUIPMENT

DIESEL

Caterpiftar Distributors in kndis -

CALCUTTA soMBATY! NEW BELHI
TRACTORS (INDIA} LARSEN & TOUBRO WILLCOX (BUCKWELL.
LIMITED LIMITED INDIAY LIMITED

® Q. BOX 323

£, Q, 80X 278

P. O 80X 289

Sales and Service



Journey ¢9 prosperity

The huge, long train chups and wheezes
and groans to a stop. Villagers —eager,

expectant, excited. -gather round . . . it it
an event ul‘hi,\'goric importance in the life

of the communii y.  For, village produce,
the fruit of their labour, will travel 1o

the city in this train.

In the years to come the produce of
our villages will flow to the cities on
thousands of miles of rails and roads,
3,000 miles of track will be rebuilt during
the period of the Five Year Plan, 770
miles of new concrete roads, 66 giant
bridges will be constructed to lay the
foundations of an efficient communica-
tions system.  Along these arteries of
. rade, commerce and culture our people
will journey to a richer, more complete tife.

Lakhs of tons of Steel wilt be used to implement
the many diverse projects of the Plan. And %0, in
aumerous significant ways Steel

will provide the
foundations for a richer,

more rewarding future for
our nation and our people,

THE TATA IRON & STEEL
COMPANY LIMITED

iy

GANNON, DUNKERLEY & CO., (MADRAS) LTD.

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

SPECIALISTS IN

DESIGN AND CONSTRUCTION OF R. C. C. STRUCTURES,

BRIDGES, BUILDINGS, WATER SUPPLY AND DRAINAGE

SCHEMES, SANITARY INSTALLATIONS, ETC.

*

Licencee for the Italian “R” System of Prestressed. Concr?te
and Licencees for Light-crete and Thermolitecrete, insulating

and acoustic boards{and blocks.

- Reéistered Oﬁ‘icé
14, BOAG ROAD, MADRAS- 7.

: VITOPUS

Telegrams

88316 & 88549

,Telebhone ’
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Here's a familiar sight—this gentlemnan is pouring

Bitumen on to a rond surface to bind and strengthen

it It is no exaggeration 1o say that the economy of

THICK STUFF-
BITUMEN !

the country as a whole depends upon good roads.

When Bitumen is used in their construction

they can
Withst

and present day traffic and monsoon rains,

canal linings (o prevent seep
build airficld runways,
courses

A8 and corrosjon. It g also used 10

to imvulate electrica) cables, for ¢

amp-proof
and for refrigeration purposes.

L B Y
S0, next time you are drivin,

g along a well-kept road, trying o

overtake 3 heavily-laden forry or a train of bullock carts,

consote

most of the strajn, Think of Bitumen, and think of Burmah-Shell.

BURMAH-SHELL..IN INDIAS LiFE AND PART OF IT

8sy-750

RAIND BRIDGE—Constructed near Ambikapur, Surguja, this

bridge has a total

The arch foundations are up to

GAMMON LIMITED

J. C.

aRiolds at" ng

h.
ches of 110 feet span eac
3{) féet deep below the bed.

OMBAY-1
BALLARD ESTATE BOMBAY-

HAMILTON HOUSE



Vv— (@ TRAVEL PLANTS,

Build Better Roads Easier at
Lower Cost

Minimum Equipment—Easy to OPeratel

The Barber-Gre

the standa ene Travel Plant sets Mixer .

Mo ety bonopine modlovhe  Losder™omng® e Taer picke 7

“mixed-in. L us or stabilized the a ; r, picks up

roads, ci:y’iltiiits"?'e““‘ for surfacing  been %?;gggt?ﬁ 3‘"‘-‘°§‘ has previously

Besides reducing :{50:;;‘;?22‘“1- gtc- vated aggregate sz}efiog\fé ﬂ'\rhe .el:;
x e mix

force, the Barber-Greene lnterlo:k:; hopper by the Bucket Loader. ‘

Proportioning and h CX The desired i

%rocess redt?ces mag?i"aff‘é‘c’fs’lf Mixing  bitumen, mecfng?:algf ?,ﬁgﬁﬁ,%i'jd‘&‘,‘:
nly in th ) Coe positive pro ioni )

Mixer is th:rzfai;k:)ef‘; g;f:;:: e('ioxl\)t_ltnuous twin-shat‘? p\?gox:\tilﬁnflgg ' z:;':i;;d ‘Etoc:,l;e

mechanically intérlock obitumen tinuous stream of uni . x

Ical ed.The volumetric  is di of uniformly coated mix

ro : h etric 1s d ;

proportioning is calibrated by weight, -for ;;igiggi:g 332‘2‘2, the plant ready

the rati
¢ 10 set and locked, and the entire Barber-Greene I~‘inishe11’ro1 grader or the

]Ob run with interl ck p
W ocked IO]pOl"t omgg. therature fOI' a complete understan in

of two simple units — the PORTABLE B.G  wons, . "CiPles and results is available-

Barber-Greene Overseas, Inc.

DISTRIBUTOR
5 OF BARHEIR GREENE PRODUCTS MANUFACTURED
by

BARBER-GRIFNE COMPANY, AUROUA

wa .
ARMEL-GIEENT OLDING COMPANT. L10 ILLINOLS, U s 5

INGLAN
o VARBIR-GREENE CANADA, 17D, (ANADA

vii

MILLARS’
: MACHINERY

Concrete Mixers—Tilting and non-Tilting Types.
Aspbalt Mixers—for Hot and Cold Mix.

Roller Pan Mixers—for Mortar.
Diaphragm Suction Pumps—for effective lift up to 25 ft.

Self-Priming Pumps—for handling Seepage at lowest
possible cost.

Tower Hoists—for speedy construction.
Wellpoint Pumping Equipment—for dewatering the only
successful method of combating running sand.

TIMBER

HARDWOODS - SOFTWOODS - PLYWOODS

MILLARS’ TIMBER & TRADING CO. LTD.
(

INCORPORATED IN ENGLAND)
Victoria House, Victoria Road, BOMBAY 21.
Telephone: 41077 Telegrams: JARRAH
Branches and dgents throughout the World.
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DAYA Bridge 13 Spans
of 716" on Screwcrete
Cylinder Piers, for the

Orissa  Government
near Bhubaneswar,

(INDIA) TIMITED,.

‘HIDE ROAD, KIDDERPORE, CALCUTTA
‘ aT«4% ,

ix

WARSOP

ROCK DRILL

'i‘he most modern
self-contained One
Man power-tool for

1. Stone Quarrying

2. Surface Mining

3 Prospecting

4. Trenching for power,
8.

water & sewage lines
Breaking concrete &
general demolition

BENFORD

CONCRETE MIXERS

Mizers from 5 c.ft. max.
input and 3} c.ft. max. out-

ut to 10 cft. input and
gc.ft. output—with Diesel,
Kerosene, Petrol or Elect-
ric drives—available from
stock.

ROAD & QUARRY PLANTS

The full range of Pegson machi-
nes includes:

. Jaw Crushers & Granulators
. Gyratory Crushers

. Vibrating & Rotary Screens
Complete Crushing & Screen-
ing plants, capacity from 3 to
400 tons per hour.

PNN.—!

Apply for details to:-

Branches :—

" 26, Errabalu Chetty St., Garlick € Co Ltd
G.T., MADRAS. e N S LR

cox st.’ co'MBAroRE. JACOWE CIRCLE, BOMBAY 1




USE 1007 INDIAN ROAD TAR

FROM INDIAN COAL MINE

N THROUGH
INDIAN

CHEMICAL INDUSTRY

O

Indian  Practical

CIVIL ENGINEERS' HANDBOOK

Edited by P, N. Khanna, AM.LE, (Ind.), AM. Inst. B.E, (Lond.)
THE STANDARD REFERENCE BOOK FOR ALL ENGINEERS

This book is a vast collection of up-to-date practical
data (with standards and formulae) and other valuable
technical information needed most in  daily work, not
usually considered or incorporated in text-books or found TO |ND|AN ROAD ¥
in any other single Indian publication. liundreds of copies
of this famous book are now in duily use by cvery grade
of engineer all over India. Users tell us they have found
it *highly Useful ” ready reference book.

Sections on:

Civil, Strucrural, Sanitary, Highways, Bridges,
Irrigation & Electrical Engineering. All condensed in about
950 pages with over 300 illustrations and 200 design tables.

Cloth bound Rs. 15,- (Postage extra Rs. 1-8.0.)
ENGINEERS® PUBLISHERS & ADVERTISERS, Patiala (Pepsu)

2" TARCRETE WORK IS IN PROGRESS
KRISHNAGAR - HRIDOYPUR ROAD

THE NATIONAL ECONOMY
BQ:‘GIKL |;IllIEEI;JI‘:CAL & PHARMACEUTICAL WORKS LTD.
94, Chittaranjan Avenue, Calcutta - 12
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FRANKI

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

Sole Licensees in India

THE BRAITHWAITE BURN
AND JESSOP CONSTRUCTION
COMPANY, LIMITED

P.13 MISSION ROW EXTENSION,
CALCUTTA




X1i

This complete unit loads, hauls and spreads
earth at speed upto 35 M. P. H.

Sizes available from 7 cu. yd. to 42 cu. vd.
ONLY Le Tourneau Westir.ghouse electric
controlled equipment gives you high speed, ease
of operation, trouble-free maintenance

and LOWEST NET COST PER CUBIC YARD.

Fcr any earthmoving job whether big or smoll

\ GKS'”
ASka‘ﬁdks c co.Ltd.

i1adras

wiltiamJ

Calcuttd

Bombay
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