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PREFACE.

THis is a Manual for students and young engineers and
not a treatise for experts. Written for the use of students at
the Thomason Civil Engineering College, Roorkee, India, by
one who was trained at that college and afterwards served in
the United Provinces; it deals chiefly with the roads of Upper
India, but the later chapters introduce the senior student to
the roads of other countries. The writer has read with interest
the books and papers mentioned below and gratefully acknow-
ledges the help he has received from them.

W. P. HousbpeN.
Dated the 21st May, 1918.
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CHAPTER 1.

INTRODUCTORY GENERAL PRINCIPLES.

1. Roads are made in order to facilitate the carriage of passengers
and goods from place lo place with the least expenditure of motive power
consistent with economy of construction and maintenance.

2. The first idea of a road is a path, or track, on which a foot-
passenger can travel.  Tif forests treesare perhaps ¢ blazed,” or marked,
to show the direction ; on the praivies men travel by compass, or by the
stars, or by watching their own shadows. Successive travellers following
the same route will tread down a path, which is the first step towards
road-making. On such a road rivers would be crossed by swimming, or
wading, or by means of rafts, or of felled trees used as bridges over
narrow streams, while ranges of hills would be passed by tollowing the
beds of streams ax far as possible.

3. A« intercourse increases various animals are used as beasts of
burden. Pack horses were employed in England down to a very late
period 5 camels, horsex, mules, asses and bullocks are used all over the
Fast, while even sheep and goats carry tea and salt over the passes
from India to Thibet. The employment of any of these animals neces-
sitates the improvement of the roads, the footpaths are widened, the
jungle is cleared, rude hridges are made.

4. But animal power is always more economically employed in
draught than in carriage, so cartx are built for conveying goods and
passengers, hetter gradients hecome necessary, the road must be raised
clear of inundation, better bridges must be provided, and eventually the
road surface must be metalled to diminish friction.

5. With each step of improvement it ix found that the traffic can
pass casily over some gradients, or longitudinal slopes, on the road, but
is checked by others.  Over a rough country the tracks made by the
inhabitants for themsclves and their cattle are as direct as possible, but
they are compelled to deviate from the straight line where the footpath,
or cattle track, rcaches ground which slopes at an angle steeper than
men or cattle can climb. So also the road engincer is compelled to
deviate from a direct route in order to admit on the road only such
gradients as the traffic can traverse with case. The stecpest gradient
considered advisable would be the maximum, or limiting, or ruling
gradient for the road, and in order to avoid stecper grades, it would be
necessary for engineer to cut through obstacles or to go round ther,
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6. The first consideration in laying out a road connecting two
points is that they should be joined up by the shortest route, but a road
that is straight in plan is not always the best and casiest and cheapest,
for a straight road may nced steep gradients, or deep cuttings where
there are hills, or high banks where valleys have to be traversed. Tt is
generally better to go round a hill than straight over it, for in this way
casicr grades can be sccured without, of necessity, lengthening the road,
since a road round a hill is not always longer than a surface road over it ;
but cases may arise in which it would be better to improve the gradients
on a straight road by excavation, than to make a long detour as the
engineer has to avoid too lengthy a road as well as to avoid over-exertion
of animal power.

7. It is also inadvisable to carry a road into low-lying land where
high banks are necessary, if by a moderate deviation it can be run on to
ground where good grades can bhe sceured ; but, on the other hand, it may
be advisable in some cases to adopt the straight embanked line.  Circum-
stances will decide cach case.

v 8. Basy gradients, as stated above, are more important on a road
than a badly-graded direct route, a fact which must always be borne in
mind ; but, at the same time, excessive length must be avoided, for, if there
is any unneccssary increase in the length of the road, time will be wasted
in travelling over it, and there will be unnecessary cxpenditure on its
construction and maintenance.  For the purpose of avoiding a steep
slope it is allowable to inecrcase the length of a road surfaced with broken
stone by as much as, or more than, fiftcen or twenty times the vertical
height avoided by the detour, but no arbitrary rule or formula can be laid
down for cases such as this, since the advisable increase depends not only on
the road surface, but on the nature of the country and on the time which
would be taken in travelling over the detour. See paragraphs 55 to 58.
~ 9. Small deviations do not add much to the length of a road. A
deviation to the right or left of a straight line cqual to 10 per cent.
of the length of the line will increase the length by 2 per cent. only.
This allows for some latitude in design and for the inclusion, in the
scheme of a road, of towns and villages of any importance which are not
far from the line. Where such towns and villages are included in the
scheme, the road would ordinarily pass through any that had good Wwide
streets, and would skirt thosc of which ‘the strcets werc narrow, or
crooked, and therefore expensive to widen and improve.

10. Whether towns and villages situated at some distance to the
right or left of the direct line should he included depends on commercial
considevations as well as on the physical character of the country.
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In a new country the situation of towns is often determined by the posi-
tion of the pioncer roads, but in an old ¢ountry the alignment of a new
road may depend on the positions of towns, or on land values, as well as
on the natural features of the country.

v 11.  Suppose that in a country in which the natural features do not
determine the alignment of a road it is desired to make a road from}A to B,

Fig.).
c

. ~
A o 8

and that there is, on onc side of the line, a town ¢ which it is advisable
to include in the scheme on account of its importance ; the junction of
the three towns may be effected in three ways.  Tn the first place three
roads AB, AC, (B may be made. These would reduce the distances
between A and B, A and (!, B and (! to the least possible length, but
the expense would be great and the aggregate length of the roads would
be greater than if, from a point D on the road AB, a branch road were
made to (! in a direction perpendicular to AB. By thix second method
the length of the roads would be decreased and only a slight increase
would be occasioned in the distance between (! and the other two towns.
The third way would be to join AC and BC, and, as a rule, it may be
taken that this mothod is the best and most convenient for the public,
that is to say, that, if the physical character of the country does not
determine the course of the road, it will generally be found best not to
adopt a perfectly straight line, but to vary the line, so as to serve the
principal towns near its general course.

12, Inlaying out a line of road there are three cases which may have
to be treated. First, two places to be connected may both be situated
in a valley and upon the same side of it, that is, they are not separated
from each other by the main stream which drains the valley. This is
the simplest case.  Sccondly, though both are in the same valley, the two
places may be on the opposite sides of the valley, being separated by the
main river. Thirdly, they may be situated in different valleys, separated
be an intervening ridge of ground more or less elevated. In laying out
an extensive line of réad, it frequently happens that all these cases have
to be dealt with, and cach will have to be treated on its merits, for the
numerous and diverse circumstances met with in the construction of roads
are such that no definite rules can be laid down to embrace all cases.
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13. In European and American practice a minimum gradient is
recommended, that is, roads should not be quite level, for slight gradients
keep a better road surface than a dead level, as they drain better, See
paragraphs 32 and 33.

14, The question of the extent to which gradionts can be reduced by
curves and cuttings is often decided by the geological structure of the
country. In some cases the whole alignment dopends on geological
considerations, or on the question of water-supply along the route, and the
engincer, in prospecting for his line, should pay particular rogard to these
matters. He will find that there is often a great difference in the
character of the ground on opposite sides of spurs and valloys, for while
one side may be bare and rocky, the othor may he covered with soil and
forest, and have casy slopes and a good water-supply. The forests will
yield timber that is useful in many ways on road works. The trees and
bushes will give shade and make the road picturesque, while breaking the
force of the rainfall. Nevertheless it may sometimes be better to carry
the road along a bare rocky hillside as in places where snow lies long on
the ground, or where the sheltered side of the spur or valley is liable to
landslips. The stratification will often dotermine the alignment, for,

Section which is liable to slip.

Fig. 3.

Section which is likely to be safe unless there is a fault in the strata,
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Section which requires benching back on once side.

where. the strata are inclined, a road on the side of the hill towards which
thesedip would be liable to slip, whila a road on the other face of the
hill would probably be safe.  In such cases a good deal would depend on
the angle of inclination of the strata and the anglo of roposa of the
soil,

15. Whaore a road A crossos a stream by a causeway thero is a
choice of two alignments for the approaches as AB, A, and if B gives

Fig 5 as  good a cross-
TT—— ing as (!, the site
B should be chosen
for the causeway, as
AB ix shorter than
AC though on the
same grado.

16. Roads should be made as wide as is consistent with traffic needs,
for wide roads wear better and dry casier than narrow ones. They

should also, as far as possible, be raised above the lovel of floods.

17.  Consideration will show that the choice of a road alignment,
while depending on principles more or less easily stated, requires judg-
ment and the cxercise of much common ~ense.  Especially are care and
skill and judgment necessary when the construction of a hill road is heing
considered. In level country there are not, as a rule, many alternative
routes between two points, but in hilly country there may be several.
One line may give good gradients, but may prove to be too long, another
may be more direct, but may have to descend after a long ascent. A road
may rise 1,200 feet between two points A and B, and also rise 400 feet
in going from B to A, though A is 800 feet lower than B. The problem
is to eliminate this superfluous rise and yet to secure as direct a' route:
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as possible without great cost. The following case is sometimes quoted
a8 showing what improvement can be made in laying out a road :—

“An old road in Anglesea rose and foll botween its extremities,
24 miles apart, a total perpendicular amount of 3,540 fect ; while a new
road laid out by Telford betwcen the same points rose and fell only 2,237
feot 5 so that 1,283 foet of vertical height is now done away with, which

overy horse passing ovor the road had proviously been obliged to ascend
and descond with its load. The new road is, besidas, more than two miles

shortor. Such is one of the results of the labours of a skilful road-
makor.”

18. The following example of how the comparative cost of construe-
tion may be approached in the simple case of short lengths of road in
the plains of India will prove of interest. It is taken from Chapter IL
of the 7th edition of the College Manual on Roads :—

“The following memoranda, by an experienced Road Engineer, on
this important subjoct, though necessarily applying to a certain class of
roads, i.e., those in tha plains, are a good example of the way the subject
should be looked at :—

The average section of our Imperial roads in Upper India may be taken at as
follow:—

Breadth of top of embankment, 40 feot.

Height of embankment, 4 feet

Slopes, b horizontal to 1 vertical,

Breadth of arches of bridges, 30 feet,

Breadth of metal, 16 feet by 9 inches thick,

Rate of earthwork, Rs, 2-8 per 1,000 cubic feet.

Rate of consolidated metal per inch depth per mile, Rs, 750.
Cost of maintenance per mile yearly, Rs. 780,

Cost of drain bridges per running foot of waterway, from Rs, 75 to Rs, 100 up to 16
feet span.

Cost of large bridges, from Rs, 200 to Rs, 400 per foot,

From the above data we obtain the following comparative cost of embankments,
bridges and metal for this class of road :—

Cost of one mile of embankment (40 X 20) X 4 = 240 @ Rs, 2-8 per 1,000 = 0 60, or
Re. 0-9-7 per foot.

.4 One mile cost 5,280 x 0'60 = Rs, 3,168,

5
The cost of drain bridges is -712120 = Rs. 87-8 per foot, and of large bridges Rs, 350 per

foot run of waterway.

Therefore the cost of one mile of embankment equals only 36 feet of waterway for
drain bridges, and less than 10 running feet of waterway of large bridges.

‘One mile of metal costs 750 X 9 = Rs, 6,750, or more than double the embankment ;
and taking the maintenance of road at Rs, 700 a year for metal and Rs, 50 for earthwork,
at 20 years' purchase, we have metal 700 X 20 = Rs, 14,000 a mile ; therefore the cost of
metal is Rs 20,750 a mile or more than six times the cost of the emhankment, and it is
evident that all cross-drainage should be avoided where practicable, and that tke height of
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embankments should not be so much taken into consideration s the length of road, so as to
save metal.

Secondly, as the cost of metal is such an important item, and as this so much depends
on the distance from the quarries m selecting a new lne, the procimity to material for
metalling should form a very great reason for adopting one line vn preferencee to another.

Supposing the wear and tear of metal to be 7,500 cubic feet a year per mile, and that
8 annas per 100 cubic feet are saved for cach mile the road is nearer the quarres, the
actual saving per annum would be Rs, 37-8 a mile, which at 20 years’ purchasc equal
Rs 750, Thus, if 4 mules could be saved in cairiage, 1t would equal the hrst cost of the
embankment nearly ; or the road may be lengthened one-sixth between two points without
adding to its cost, thatis, 1t might be 16:66 per cent. longer, which would admit of a
diversion of about one-third of the total distance out of the straight line

Lastly, where nothing 18 to be gained by deviating from the straight hne, either in
avording drainage o1 being nearer kanhar beds, the cmbankment may be rased as tollows,
without adding to the cost of the road, : e, with the tollowing rates for carthwork .—

Hecight of embankment up to 5 feet, Rs. 2-8 per 1,000,

. ’ above 5 and up to 10, Rs. 3 per 1,000
’ » 10 and up to 15, Rs. 3-8 per 1,000,
Saving in distance 1 mile 1n 2, or }, embankment may be rased to 1300 feet.

1 ” " 3 ” :'l ” ” 10.00 1"
| T | ” »” 840
Loy w3y 8 ”» ” (X SR
l ikl ” 6 " * " ” 6'64 1"
1 ” " 7 ” ‘} ” ” 0.10 "
l " ” 8 " * 1" » a 80 "
Ly, w9 » ” ”» 550
oy w10y i ” 533
1 ” " 15 i) 1‘.‘» ” ” 500 »

That is, if the road can beshuitencd 1-20th to 1-15th of its length, it wall allow of an
addition of one toot to height on an average thioughout the whole length ot embankment ,
from 1-15th to 19th, we may add 1} feet; fiom 1-9th to 1-7th, 2 feet, tor 1-oth and 1-5th,
3 feet ; 1f 4 is gamed, 4} teet ; where §, 6 feet ; and where the distance 15 halved, we may
add no less than 9 fect to the height of embankment., That 18 supposing a valley to
intervene, which 1s one mule broad, and 1equires an embankment averaging 13 feet ngh to
cross 1t, and that by going a circuitous road we should avoud this bad ground, but add one
mile t the length of the road (all other circumstances remamng the same along the line)
it 18 as ckeap to make the 13 feet embankment as to go the same circuitous route, while
travellers are saved one mile. In other words, it 18 very seldom a road should be made to
deviate tiom the straight hime on account of camthwoik only, except in a hlly country
where steep gradients would interfere,

Considerable deviations can, however, be mude from the straight line without adding much
to the actual length of road, as will be scen by the following :—Let A and B be (say) 40 miles
apart, and half way, at the point C, lay oft the,
perpendicular line CD. Suppose CD 1s one-tenth ot AB, Figo
the line ADB will only exceed AB 2 per cent, The En- g 20 c 20
gineer, therefore, at half the distance between the two
points to be connected, has a breadth of 8 miles to
select from, without adding more than 2 per cent. to 1
the whole length of road.
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As long as the direction of no part of the line deviates more than 10° either way, from
the direction ot the stiaight line joining the terminal points of the road, then, for all
practical puiposes, the road will be nearly as short as the direct line, while it gives the
engimeer considerable scope for selecting hus line.  In doing which he should consider,
first, the Dramage; secondly, the supply of metal; and lustly, the Earthwory, which
though at first sight 1t appears the greatest, 18 1 reality insignificant in comparison to
the other two items

A straight line is undoubtedly the shortest distance between two points, but notbing
is more monotonous than to have to march along a straight road. In fact, onc should
never be able to sce more than threc miles along any road; and this can be easily
accomplished by passing round a village or a clump of trees, Curves, however, are
unsightly in an open plam, unless there be some natural feature in the country necesst-
tating a curve, such as to cross a stream at right angles, or to avoid low marshy ground, or
some high mound  In the latter case the mound can be taken advantage of in hiding the
road. Where, however, all is one extensive plain, as one often meets with in India, to put
a curve in a road and not to Aide it appears as if a mistahe had been made 1 limng it out,
which is worse than a continuous long line.

Curves may, howevelr, be given at every three miles, so that no portion of the road
can be seen for a greater distance, and the road greatly improved, not only in appearance,

A I0 mnes )
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but also in comfort to travellers Suppose the distance between the two points it is
necessary to connect 15 30 mles, and that the country is one open uniform plain. The
shortest line would, no doubt, be one unitorm straicht, but it would be too tedious and would
involve long marches of 15 miles cach, with nothing to break the monotony of the tharch.
By itroducing double or & curves at cvery three miles and planting two clumps of trees
near them on either side of the road, with a well i the centre of one of them, the road
could only be seen along three miles of its length. and wearied travellers would have
comfortuble shade with water to drink, A Police Chauki could be placed in the other
clump, as to afford protection to property. '

Supposing DE to be cqual to 1,000 fect, and CD cqual 50 feet, than a/T,000° + B0?
= 1001 24 feet. or nine of these curves may be introduced, and only add to the length of
the road in a distance of 30 miles. some four yards,”

19. The rates given in this example do not apply to any particular
part of India. Those for kankar arc higher than are prevalent in the
United Provinces where also banks are made 30 feet wide, with side
plopes of 2 to 1, and are not often of an average height of 4 feet.
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20. Another example is reproduced from the Manual on Roads, 7th
edition, Chapter IT, paragraphs 44 and 43, as follows :—

¢ Say that it is proposad to substitute a good metalled road in place of
a kachcha road actually existing in any district, the road being already
raised and bridged.

As a first step, returns of actual trafic must be made, These will be
taken by observers stationed at different points with printed forms in
their hands, showing the number and deseription of carriages, carts and
animals, whether laden .or unladen, passing to and fro. They should be
taken for several successive days, cave heing taken to ascertain whether
it is average, traffic or due to any special and temporary cause, such as
the holding of a fair of tho like.

The cost of thix traffic is next to be considered. Let us neglect the
question of speed and consider only the weight. Assume that the road
is 30 miles long, and that 500,000 maunds (of passengers, cattle, grain,
ete., a very moderate amount) are annually carried.  The average friction
of a kachcha rond may be taken at J;th of the weight.  The annual force
of draught required will, therefore, he 25,000 maundx= 2,000,000 lbs. If
the average power of draught of a bullock at 1+5 miles an hour for 10
hours a day be taken at 30 Ibs., there would be required 80,000 bullocks
to transport the above in one day.  And taking the daily hire of a bullock
at 4 annas, the anpual cost of transport of the above traffic would be
Rs. 20,000.

Let the road now be supposed to be metalleds—so that the animals
would draw three times as much as hefore.

Then the saving would evidently he Rs. 13,333 per annum, which the
carriers could afford to pay either in tools or in paying for the metalling
themselves.  If the money were borrowed at 10 per cent., this would
represent a capital of 1% lakhs, and as the cost of the metalling would
not exceed Rs. 90,000 at Rs. 3,000 a mile, there would be a clear gain of
Rs..40,000 or 30 per cent., besides the saving in time, and in wear and
tear of animals and vehicles, and the profit on extra traffic, which would
be attracted to the good road, which might he sot against the annual cost
of repairs,

Next, suppose the old road is only to be improvéd by being shortened
a mile by a new alignment of part of it. Then jlth of the original
distance, and therefore lahour=Rs. 667, would be saved, representing
a capital of Rs. 6,670, and if the proposed diversion can be made for
this sum, it should be made at once. Tt is clear there will be a further
saving in having a mile of road less to repair.

2
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Next, suppose that the original road has a heavy gradient, 1 mile
long at a slope of 10 to 1 to the top of a hill, which it descends by a
similar gradient on the other side ; and that by making a detour of a
mile the gradient can be reduced to 30 to 1. Tt iz generally allowed

than an animal can draw 2} times as much in the latter case as in the

former, so that to draw the above the traffic would cost Rs. -2—%:"#)9—0 =

Rs. 3,333 more annually than with the higher gradient ; so that if the
oxtra mile could he made for Rs. 30,000 it would be worth making,.
These calculations will show the principles "on which similar ones in

like cases should be conducted. Some such calculations should, when-
ever practicable, accompany every design for a new road. It is true, as
remarked above, that the pecuniary return would be nominal, rather
than real, so far as the Government was concerned, but it would at least
serve to show the absolute benefit to the community that would arise
from constructing or improving the road ; and indirectly no doubt a good
road is as profitable to Government as a good canal.”

21.  As an exercise the student should make the ealculations on the
assumption that the average friction of an earth road is one-tenth of the
load to be drawn.

One-titteenth of the whole distance,



CHAPTER II.

CONTOURS AND GRADIENTS.

22. A good map is of great help in the choice of the preliminary line
of a road, and if the map is a contoured one, a good deal of work in the
field will be saved. Contours are lines of equal altitude and represent
imaginary lines running round a hill, or a valley, or a lake, at the same
level all the way at certain heights above a known tixed point termed the
datum, these heights being indicated by the figures written on the lines.
The vertical intervals between consccutive contours are equal. The
horizontal distance apart of the lines representing them depends on the
slope of the ground. When the lines are far apart the slopes they
represent are eaxy; when they are close together they represent steep
slopes.

23, Imagine a lake that is gradually filling with water and suppose
that an outline plan of
fhc wetted perimeter Fig. 9.
is drawn whenever the
water surface rises five
feet. The  completed
drawing, Fig. 9, would
show contours at 3 feet
vertical intervals and
contours pointing away
from the centre, i.e.,
salients, would indicate
drainage lines, lma-
gine now a hill, Iig. 10, - Fig. 10.
from which flood waters
are receding. As the
flood falls & feet con-
tour lines are drawn, as
in the case of the lake,
and the completed plan
again indicates contours
at 5 feet vertical
intervals, but in this
case contours pointing; away from the centre of the plan, ie., slients,

indicate spurs, while drainage lines are indicated by contours that bend
in towards the contre of the plan, i.e., re-entrants.
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24. Contour lines, by their greater or smaller distance apart on
a drawing, have the effect of shading and show at a glance ridges, spurs,
drainage lines, steep slopes, casy slopes. The heights of points on the
drawing can be calculated by counting the number of contour lines from
any convenient level when the contour heights are not all marked in
figures on the plan. The difference in level between two places is found
by multiplying the number of intervening contours by the vertical
height between contours.

25. A rough trace of a road at any gradient can be marked out rapid-
ly on a contoured plan.  For instance, if the contours are at 5 fect inter-
vals and the gradient is 1in 30 or 5 in 150, it is necessary only to separate
the points of a divider to a distance apart representing 150 feet on the
scale of the drawing, to place onc point of the dividers on a contour line,
and the other on an adjacent contour line, and a trace of 1 in 30 is at
once indicated. If it is necessary to ease the grade, this can be done by
scaling off more than 150 feet on the dividers.

26, A small contoured plan for use in the design of bridge ap-
proaches, or protective embankments, can very casily be prepared if a
number of levels are taken and plotted on a plan.  When this is done it is
a simple matter to connect up points of equal altitude. For large plans,
where agery large number of levels is required, such an instrument as a
tacheometer nceds to be used, to save time and labour in making the
survey.

27. Models of hills and valleys can be made from a contoured plan.
To make a model it is necessary to take a tracing of each contour, to place
each tracing scparately on wood of a given thickness, say quarter inch
wood, and to cut with a fretsaw along the contour lines. The resulting
wooden shapes when placed on each other in their correct positions
and order will form a stepped model of the country represented by the
map. When the stepped cdges have been sloped off by means of wood-
carving tools and the surface has been painted, the model will be ready.

28. In dealing with contoured maps it is necessary to under-
gtand the usec of a scale of slopes. Gradients may be cexpressed by
the difference in level which occurs in a certain horizontal length
compared with that horizontal length as, for example, 1 in 20 or 5 per
cent., or the slope may be expressed in degreces of clevation above a
horizontal plane. A slope of one degree represents a risc of omne foot
vertically in a horizontal distance of 57 + 3 feet and se for 2°, 3° 4°, 5°,
6° the distances are 286, 19-1, 14-3, 114, 9'b feet, respectively, If
thewe distances are marked out on the same scale as the contaured plan,
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they will represent a scale of slopes by which the angles of the slopes
of the hills, ete., shown on the plan can bs measured.

Fig =
Scale of siopes '
. ° 2° *~ P s e
d V in 60 T30 Tvinzo s n 158 i

For all practical purposes of rough calculation—

1° is equivalent to a slope of 1 in 60
2° . 1 in 30
3° ’ 1 in 20
4° ’ 1in 15
5° ’ 1 in 12
6° " 1 in 10
“ 29, From a contoured plan a longitudinal section can readily be

drawn along any given line on the plan by noting where the given
line cuts the contour lines and setting up ordinates at thesc points on
which the heights of the points can be marked, and connected by lines
which will represent the surface of the ground.

30.  The gradient of a road is its longitudinal slope, whicb‘may be

expressed in degrees of clevation above a horizontal planc or as a pro-
portion between the ascent or fall in a certain horizontal length and the
horizontal length, i.e., the tangent of the angle of clevation, as 1 in 20,
which may also be called 20 to 1 or a 5 per cent. grade. A grade of 1°
is cquivalent to a grade of 1 in 573, a grade of 2° is cquivalent to a
grade of 1 in 28'6, and so on, as explained above in paragraph 23.
Sometimes grades are 1110:.1:511@1 by the rise or fall in a certain
length, measured along the road surface, as compared with this
length, 7.e., as the sine of the angle of clevation which, for grades up to
6° (which corresponds very nearly to 1 in 10) is about the same as the
tangent of the same angle.
" 31. The grades allowed on a road vary from the minimum grade to
the maximum. Between these would lic the average grade which, in
the case of a constantly ascending or descending road, is the total rise or
fall divided by the total distance.( The minimum gradient is the least
that can be allowed consistent with good drainage. The maximum ad-
visable gradient is the steepost grade that animals drawing a load can
traverse for short distances by excrting about double the energy that is
needed to move the same load on the level,  This is also called the ruling
gradient, or the limiting gradient
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32. In European and American practice it is accepted that roads
should not he quite level, and’they arc made as far as possible with a
minimum longitudinal slope for purposes of good drainage. This slope
is fixed by onc authority at 1 in 80, by another 1 in 115, and in France at
1in 125. While it is cay to secare a minimum gradient in undulating
country, or in country that has a natural uniform slope, in the direction
of the road, greater than the fixed minimum gradient, cases must arise
where the slope of the country in the dircction of the road is less than
the grade of 1 in 125 indicated above, and it would be necessary, in such
cases, in order to sccure a minimum gradient of 1 in 123, to make a
scries of alternate slopes or reverse gradients. In these cases the mini-
mum slope cannot well be worked to.

33.  The adoption of a minimum grade in a flat coutitry such as the
plains of India is not always practicable, but, at the sumne time, long
stretches of flat road should be avoided, especially in cuttings, for, while
an  approximately level road does not seriously affect traction, an
accurately level road is cither not properly drained or has, in towns,
gutters and side drains which require to be made to slope to inconvenient
depths below ground. |Slight gradients maintain a better road surface
than docs a dead level, a result which is generally to be attributed to
the better drainage on the incline; and it is said that on level roads the
consumption of materials for repairs, compaved with that of a similar
length of road on a slight incline, and subjected to the same amount of
traffic, is some 15 to 25 per cent. greater in the former case than in the
latter. <The cross-slope of a road, from the centre to the edge, is intended
to assist drainage, but as the ypad surface tends to wear into longitudi-
nal ruts or tracks which interferc with this drainage, water lics on the
road surface, where it is on a dead level longitudinally, and damage
results.  Whether alternate slopes of slight gradient are less fatiguing
to horses than a dead level is a matter on which authorities are divided,
but it is accepted that an approximately level road does not affect
traction appreciably and drains better and costs less to maintain than
truly level roads.

34. Steep gradients, on the other hand, affect traction greatly and
the question of maximum gradients is of great importance. This
question is closely connected with the character of the road, its align-
ment, and the sort of traflic that preponderates in the particular district
under consideration.

- 35. Although a ruling gradient may be laid down in an engineer’s
instructions for a road in a flat country, he may be able to choose
a cheap and short line and yet may not be obliged to adopt gradients
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nearly as steep as the ruling gradient, except in special places such, for
example, as some bridge approaches. (In the caso of a mountain road
the ruling gradient needs more consideration, because the road is likely
to be made as near the ruling grade as possible. The engineer may be
instructed not to give more than a stated proportion of the length of
his road, or more than a certain continuous length, a gradient as steep
as the ruling gradient; but if he is not thus restrictod he will adopt the
ruling gradient, as far as possible, because the stecpest grade admissible
is l‘y‘y to give the shortest and cheapest route,

36. (The theoretical maximum gradient for any given surface is
fixed chiefly by two considerations: one relating to the power expended
in ascending, the other to the acceleration in descending the incline,
both of which depend on the nature of the road surface; but, in practice,
questions of cost of construction and of the time taken in travelling over
the road have to be thought of. In the case of mechanically propelled
vehicles it is possible to calculate approximately the influence of slopes,
and speeds, and surfaces, on tractive power; hut in the case of animal
draught the hours of work, and the fact that a horse loses power on
slopes out of proportion to the mathematical loss of power, alter the
problem. } All tables given below must, therefore, be treated as approxi-
mations. The figures, while of little value as an absolute measure of
what may be done in any particular case, are of use as a rough compa-
rison of the relative tractive properties for animal draught, of different
surfaces and grades.

37. Authorities differ as to what should bhe taken as the tractive
power of a horse, and thix is not to be wondered at when the varying
designs of vehicles, and the varying diameters of their wheels, and the
strength and speed of individual horces are taken into consideration
along with their adaptability or training for any particular class of
work. For the purposes of the calculations given below, it will be held
that a horse trotting on an ordinary macadamized road in good order
draws a load of about 1 ton. Tt will also bhe held that the resistance to
traction on the level ix one-thirticth of the load, or say 75 lbs., taking
the load at 2,250 lbs.

38. Some notes on resistance to traction are given here. For
others, e.g., the conclusions of Morin, Dupuit. ete., (‘hapter XIV. should
be referred to. .

39. Resistance to traction of a vehicle consists of I.—Wind resis-
tance, IT.—Axle friction, III.—Rolling resistance, IV.—Grade resistance.

I.—Wind resistance is variable. Its average results must be consi-
dered as included in the result of experiments on rolling resistance. A
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light breeze at 15 miles an hour represents 1-11 lb. per superficial foot
normal to its direction, while at a velocity of 50 miles an hour the foreo
is equal to 12:30 Ibs. por square foot of the surface exposed to it.

II. Axle friction has nothing to do with the ordinary surface of a
road and is less in a properly-designed vehicle than in a rudely-built
conveyance,

ITI.—The resistance of a wheel to rolling is due to the yielding, or
indontation, of the road which causes the wheel constantly to be climb-
ing an inclination. Tt varies with—

(a) The diameter of the wheel. Morin says inversely as the
diameter.  Dupuit says inversely as the square root of tho
diameter.  Clark says inversely as the cube root of the
diameter.  Baker says inversely as the square root of the
mean diamator.

(5) The width of the tyre. If the wheel tends to cut into the
road, the resistance to traction is inereased as the tyro
width decreases, otherwise the width beyond 3 or 4 inches
has practically no effect on the traction,

(¢) The gpeed.  The resistance inereases to some extent with the
velocity.

(d) The presence or absence of springs on the vehiele.  Springs de-
crease the resistance to traction by decreasing the concussion
due to irregularities of the ground and obstacles on a road.

(¢) The nature of the road surface. The harder and smoother the
surface the less the resistance.

IV.—Grade resistance is due to the force of gravity and is repre-
gented by w sin @ (which is practically the same as w tan a for grades
up to 1 in 10) where @ is the inclination of the slope to a horizontal plane.

Fig. 12
a 6

Ty

v
w

40. If a body of weight w is drawn up an inclined plane, on which
the co-efficient of friction is u, and which is inclined at an angle of a
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degrees to the horizontal by a force T, considered in these examples as
parallel to the plane, and if & is the reaction perpendicular to the plane,
then the friction between the hody and the plane, which is indicated by F,
is equal to pr, and—

T, = wsin ¢ 4+ F (along the plane)

= wsina + pR
R = W cos a (perpendicular to the plane)
o T =WGENE + BCoS d)ieeeninnnnnn (1)

1

w
41. If the body i coming down the plane, and if a is less than the
angle of friction ¢, it needs a foree 1, to pull it down, and—
To + Wsin @ = F == pRk == p W Cot @
T =w (¢ cos a—sin @) (2)
but if a is greater than the angle of friction the body needs to be
retarded so—
T, + F = wsina
T3 = W (sin @ — £ COS @)evrrerianeninsa(3)
42, By (1)1 = w (zina + p cos a)
= wslna + p WcCosa
v it cos @ is unity for small values of a, so—
Pp= W + WD i (4)
Now u w is the force that must be exerted if there is friction, but no
gradient, and w sin « is the force that must be exerted if there is a
gradient a, but no friction, and thux it follows that, for small values of a,
the pulling force on a vehicle when it is being pulled up a slope of 1 in n

is equal to the pull necessary on a level road plus rll-th of the weight of the
vehicle. For small values of «, tan @ and sin « are practically the same and

if grade is 1 in n, for which tana = L, dn a may be taken as—.
n n

If 5 is written for tan @ or sin a or -;];—
T = pw + W =w (@l + Shecrrrernnrirenne(5)
and from this formula it is possible to calculate the effects of gralients

on selfepropelled vehicles,
3
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Supposc, for instance, that the weight is 2,250 lba and the co-efficient of

friction is ——, then w = 2,250 1bs. on the level, but on a slope of 1in 20.

W=—= '1—:1—‘1= 121,
30 20
= 900 Ibs. only.
43. In the case of animal draught, apart from other matters, the
weight of the animal has to be considered in caleulating the loads that can
be drawn on slopes, for it is not taken into consideration in estimating

the amount of the load Tt that can be drawn on level roads and the

ll.
formula—

=AW A4 SW 4 SHeeverunenenenenenennnnd(6)
should be used, H being taken to represent the weight of the horse.
A horse can easily pull with a force equal to onc-tonth of his weight or—

H
10 ~SH = pu 4 8W
H
——8
o H
w=
nr48 seesee sreerseotntean taasseres O]

and for short dlatanccs he can excrt about double this pull (sometimes
more) so that—

H

— —BSH

[
W:"—'_‘—'
BAS e s o (8)

and for very bricf periods of time he can pull with a force equal to half
his weight, or more, as in starting a load.

44. The weights of horses and their tractive force vary considerably
and the loads drawn may he considered in terms of their weight as in
Table I below :— )

TasLe 1.

Loads drawn in terms of weight-when exertion = %‘

H
— —SH .
10 H_ Tractive force.
Wo ————— 10
p+SN
Co-efficient of friction p
Grade S, 1 1 1 1
100 30 20 10
Level, .., 1000 300 2:00 1:00
1in 100, .., 450 208 1'50 82
1, 40, . 214 128 100 60
1, 30, . 158 160 ‘80 50
1, 20, .. 83 i 60 *50 *33
1, 10. .. oo i ™ oo ..

This table shows how surfaces and grades affect the load that can be drawn
when the draught power remains unchauged. The tiguves ore relative. If a horse pulling
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one-tenth its weight H can draw 450 H on a grade of 1 in 100 when u= it can

2
100’
draw only 2:08 H when p= §1(T on the same grade, and it can draw only 100 I when
p= -3% on a grade of 1in 30, It cannot draw anything over a grade of 1 in 10,

45. The next table expresses the loads for the same draught in
terms of the loads on the level.

TasLe II
Loads drawn in terms of loads on thejlevel when exertion = TH(;.
H
— —Sa .
10 R — Tractive force.
W= 10
p=>5
Co-efficient of friction p
Grade 8, 1 1 l 1 \ 1
100 30 | 20 ‘ T0
| |
Level, ... 1:00 1:00 1 100 ! 100
1 in 100, ... 45 69 | ) | 82
1, 40, .. 21 43 I 30 | +60
1, 30, .. 1 33 ] 40 ’ 50
1, 20, .. 08 20 25 33
1, 10, .. . } . !
Approximate 1 N 1 - 1
values of Asphalt 100 Metalled road ) Farth road 0

This table shows how, for the same load, power 18 lost on grades on smooth surfaces
quicker than on rough surfaces, but 1t must be remembered that greater loads can be drawn
on smooth surfaces than on rongh ones

46, The fact that a horse can exert double th;' ordinary pull for a
short time has sometimes been used in connection with the formula—
T=,uW+ SW
to determine the maximum advisable gradient for short lengths, the
reasoning adopted being that the load for the level road should be  fixed
so as to make pw cqual to the ordinary tractive power of the horse,
and, since twice this tractive power ocan be exerted for short distances,
sW may be made cqual to pw or s = p, that is the maximum gradient
should not exceed the co-cfficient of friction.

But this calculation omits the cffect of gravity on the wicght of the
horse. The maximum advisable gradient should be calculated from the
formula—

21 = p W + SW + SHoeerieneneenne(9)

Taking = _%-lbw= 2,250 lbs. on the level, 7, = 75 lbs. and H =

750 lbs., the maximum advisable gradient would, in the former case, be
1 in 30 and in the latter 1 in 40,
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47. Table ITT below gives the load in terms of weight of the horse
when the tractive pull is one-fifth of the weight, i.e., twico as much as is
considered in Table T, paragraph 44.

TasrLe TIT.

. ) , ' H
Loads drawn in terms of weight H when exertion = .
)

[ i,
We — % == Tractive force.
. T op+s
Co-efficiont of friction u
Grade S.

L 1 T Y
100 30 20 10
Level, 90+00 6 00 4:00 2:00
1 in 100, 9:50 438 317 173
1, 40 500 300 243 140
1, 30, 385 250 200 125
1, 20, 2:50 180 150 1:00
1, 10, 91 Th 66 50
1, 5 Nil Nil Nil Nil

Approxixﬁate values of g, 1 1 RE

’ Asphalt o5 Stone road 30 Earth 0

Read with Table I, this table shows that if a horse can draw 3 times his weight on a
level macadam road, he can, by doubling his exertion for a short time, draw 3 times his
weight over a short length of a grade of 1 in 40, which may thus be taken as the maxi-
mum advisable gradient on a metalled road for horse-dvawn traftic. If stecper grades aie
to be used, as they must be on hill roads, the roads must be reduced.

48. @s regards the down grade, it is known that a horse can trot
on a down grade of 1in 30 on a metalled road, so 1 in 40 cannot be
objected to. A gradient of 1 in 40 may, therefore, be accepted as the
maximum advisablo gradient for quick traffic on short lengths of a
metalled road, whenever this gradient can be worked to, as in the case
of a road on the plains, where, as stated above, an engineer can generally
design a road with gradients which may not be nearly as stcep as the
maximum.

49. In the case of hill roads, however, it is not practicable to adopt
even the maximum that is desirable in the interests of the traffic. A
hill road of broken stone planned at 1 in 40 would be expensive and long.
Roads in the hills have, therefore, to be made with steeper gradients and
lighter loads have to be carried. Experience shows that 1 in 20 is too
severe a grade to permit of carriages drawn by horses ascending for
any distance except at a slow pace without a great expenditure of
energy, so this grade should not- be used for any but very short lengths
even 'with light loads, and it is not advieable to prescribe it asa maximum
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gradient, This may bo 1 in 25 for a metalled road in the hills which is
inténded for quick traffie, with "pormission to use 1 in 20 for very short
lengths where 1 in 25 ocannot bo arranged for. If the road is not to
carry quick traffic, the grade may be 1 in 20 instead of .1 in 25. With a
grade of 1 in 25 slow traffic could surmount a continuous ascent of 10
miles without a halt or undue exertion. Such a grade would not reduce
quick traffic to a walk, and it would permit of horses doscending with
safety at a fair speed. :

30, Whatevor grade is adopted the loads should eonform to it, or
there will be resultant cruclty to animals, for if, as very often happens,
loads are fixed with reforence to performance on the lovel, it is expecting
too much of animals to require them to haul these loads up continuous
grades of 1 in 25 when douhle their ordinary exertion will serve only to
carry the loads over short lengths of 1 in 40,

51. The remarks made ahove have reference to water bound metalled
roads. Any smoother surface would mean casier gradionts, longer roads
and greater expense. Tar-sprayed matalled roads are becoming a necossity
in many countries and will be reforred to in a later chapter. Cobble
stones, asphalt, wood blocks, stone setts are other forms of road surface,
and each will have its own maximum gradient ; but these surfaces gre
not suitable for hill roads. .

25. Just as authorities differ in matters relating to the draught of
animals, so in questions of the resistance of surfaces there are differences.
Experiments are made in many ways, on many kinds of surfaces, under
varying conditions, and it is impossible to summarise the results so as to
give a definite reply to the question :—« What is the co-efficiont of fric-
tion of a given road surfacing material ?”

53.  For broken stene roads carly authorities adopted 3% as the value
of 4 and Telford proscribed a ruling gradient of 1 in 30 for the roads he
improved, admitting, however, 1 in 22 and 1 in 17 for very short lengths,
The maximum grade adopted by French engineers for macadamized roads
is 1 in 20. Tt is evident from what has been said above that no fixed
maximum gradient can he adopted in all situations, and it is sometimes
said that for fast and light traffic the grade on macadam should not exceed
2 per cent , for mixed traffic 3 per cent. may be adopted, while for slow
wheeled traffic combined with economy 5 per cent. should not be
exceeded, a grade which i practicable, but not convenient. The maximum
grades recommended in this Manual for fast traffic on macadamized
roads vary from 24 per cent. for exceptional situations on roads which
are otherwise provided with very easy grades to 4 per cent. on
continuous lengths of hill roads, with grades of 5 per cent. in exceptional
situations and for very 'short lengths of a few hundred feet, The
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Military Works Handbook prescribes a maximum of 1in 20 for hill roads,
with 300 feet practically level in each mile and a rise of less than 240
feet per mile, but it is better to work to 1 in 25 as far as is practicable,
54. From a table of thg resistance to traction on different road
surfaces prepared by Rudolf Hering and published in Byrne’s ¢ Highway
Construction” the following figures of tho resistance in pounds per ton
are extracted. It should be noted that they are not all from experiments by
one authority or at the same speed, a fact that discounts their usefulness,
but they will serve to give an idea of tho advantages of a smooth and firm

surface. Only some of the figures in the list have been extracted:—
Resistance in pounds per ton,

Sand, o e . o 448
Sandy road, o e I e 187
Gravel (loose), o o 320
»  (hard rolled), ver . 76
Earth (ordinary road), ... . ‘e 224
o (dry and hard), .. o - . 100 to 76
Cobble stones (ordinary), . oo e - 280
» «(good), ee . e 16
Macadam {old), . . .t 90
» (good, slightly muddy), . . 75 to 41
" (very hard and smooth), ... 45
" (best), " . e 52 to 30
» (bad), e 160
Gramte block (ordinary), - . 90
” (good), 45
Planked roadway, . . "o 56 to 40
Asphalt, o . e . 17
Iron tramwny, e o 11

55. A question sometimes arises as to the allowable increase that
may be made in a length of road if it is carried on the level in order to

avoid a height or a dip.

Fig. 14.
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If a is less than ¢ (the angle of friction)
Ty up AB = W (sin @ + p cos a)
1, down BC = W (u cos ¢ — sin a).
Sy + T, = 2W opcos a
which for small values of @ is practically the same as 2 p w.

Therefore theory says that the length of the road should not be
increased when a is less than the angle of friction for the work along
ABC is about the same as along AnC.

56. In dealing with maximum gradicnts it was said that a nearly
lovel road does not appreciably affect traction, :m.llis calculation shows
there is no harm in short reverse grades, or alternate slops, when the
inclination is less than the angle of friction. Some poople go so far as
to say they arc better than a level road from the point of view of the
horse, asa dead level fatigues a horse more than alternate slopes of
slight gradients. [his has not been established. Theoretically they
give him no extra work to do and they certainly assist in draining the
road surface.

57. When a is greater than ¢

T, = w (sin @ + p cos a)
1 = w (sin @ — p cos a)
ST+ T3 = 2w sin g

Therefore the theorctical work done along ABc is the same as that

done in lifting the weight w through twice the height of the obstacle sp.

Flg. 16,

O cmm e oo

Aﬁ
c €

Now if AE is taken to represent the distance on the level on which
the work done is equivalent to the work along ABc
AE X pw= 28D X W
28D 2h
AE = T E TS
and the extra length is AE — Ac (as Ac practically equals AB + Be) i.e.,—

yup 2h _2h
AE — 2AD = " 5

-n(2-d)

1
For a road on which p = :;6— and 8 = 5o the extralength = 20h, so
if b = 132 foet, the road may be made half a mile longer on the level,
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58. This is the theoretical increase based on the power expended;
but reasoning based on tractive force is not cqually applicable to roads
and railways, to animal draught and motors. Vital cnergy as expended
by draught animals is one thing, mechamcal force ix another. A man
would prefer to walk five miles up an ascent of 1 in 24 to tramping
10 miles on the level.  He would be less fatigued by his exertion on the
shorter journey. With draught cattle it is the same within certain
limits. With steam or other power the matter is reduced to a question

of cost. 2w

K
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CURVES AND CULVERTS.

59, 'Where a road is for horse-drawn traffic, the radius of a suitahle
ourve would depend on the over-all length of the horses and carriago
and the width of the road, and in American practice it is usual to allow,
in the case of a vehicle drawn by four horsex on a 12-foot road, an insido
radius of about 100 fect, on a 16-foot roadway 75 feet, and on an 18-foot
roadway 66 fcet.

60. For hill roads St. Clair Wilkins recommends a radius of 100
feet, but in difficult situations allows for a curve of 90 degrees a radius
of 60 fect, for a curve of 60 degrees a radius of 70 feet, and for a curve
equal to or exceeding a semi-circle a radius of 80 feot, measured in each
case to the centre line of the road, which ix taken as 20 feot wide.

61. In France it was usual to allow for horse-drawn traffic on main
and departmental roads of which the tramway is 20 to 22 feet wide, 165
foct, and in extreme cases 100 feet ; on principal country roads, which
aro 20 feot wide, 50 feet, measured presumably to the centre of the road
in each case.

-— 62, In “Roads: their construction and maintenance,” by Greenwell
and Elsden, it is said that the curvature on a first class road should not
excoed 50 feet in radius, although in hilly or mountainous country it
may bo necossary to increase the curvature to a 20-feet radius, while
Major Paul, R.E., “Road construction and maintenance’ says that
excopt in hills or mountains, sharp curves are never required, or very
rarely, and on a cart-road they should not be less than 45 feet radius, and
if thoy are less, the road should be widened to 26 fect clear at the
curve. Whother the measurements are to the centre or edge of the
road is not stated in the case of this or the next paragraph.

63. Byrne in * Highway Construction” says the radius of curves
should never be less than 50 feet and the curves may be circular or
parabolic, the deviations from the tangent in the latter case being less
than in the case of circular arcs. The width of the wheelway on curves
should be increased, the increase being one-quarter of the width for
angles between 90 and 120 degrecs, “and one-half the width for angles
between 60 and 90 degrees.

64. In streets sharp curves are unavoidable, since a rectangular block
system will always form the basis of the plan and radii of from four to
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twelve feet to the edge have to be used, the smaller for wide and tke
large for narrow streets..

65. Now that motor traffic has to be considered, such sharp curves
a8 those of 50 feet radius cannot be regarded as suitable, and though
circumstances may require the use of curves of 60 to 80 feet radius
for hill roads, it will always be advisable to see whether easier curves
cannot be provided. On roads in open country such small radii should
not be allowed. The First International Road Congress held in Paris
in 1908 decided that the radii of curves should be as great as possible,
50 metres or 164 feet at least, the curves being connected with the
tangents by parabolic arcs ; that the outside of curves should be slightly
raised, but not so as to inconvenience ordinary vehicles, and that no
obstructions to the view should be allowed at curves. Mr. Wakelam,
County Bngincer, Middlesex, suggests a radius of 125 feet for motor
traffic. Less than 200 feet should not be allowed on new main roads in
India, except hill roads and, as a rule, easicr curves should be given.
For other metalled roads 150 feet may be allowed.

66. Sometimes it is advisable to increase the width of the metalling
at curves and to shift the crown towards the outer edge. This is the
method adopted by the Los Angeles Highway Commission of 1910,

Fig. 17
Shewing widening ofroad at curve

“Ra . Fig.18.
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In this case the 16-foot road is made 8 fect wider on the inside and
the road surface is thus ¢ banked ” to some extent.

67. ¢ Banking,” or superelevation, means that on curves the outside
of the track should be higher than the inner edge to neutralize the effect
of centrifugal force, and to prevent a car from sliding or upsetting
outwards. The formula generally used to arrive at the superelevation
required is— )

tana = .
where a is the angle of elevation, v is the veloeity in feet per second,
¥ is the radius of curvature in feet to the centre of the road, and g is the
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acceleration due to gravity in feet per second. If instead of v the speed
M in miles per hour is considered, the formula becomes—

M?
tan a = TR
Then for a curve of 120 feet radius and a speed of 10 miles an hour a
cross-slope of 1 in 18 is required. Tho values of tan a for speeds of 10,
15, 20 and 25 miles an hour and for curves of 50, 100, 150 and 200 feet
are given in the following table :—

TABLE 1V.
. M?
Values tan a or cross-slope of road in tan a = TR
Speed in miles per hour,
Radius of curve in feet.

10, 15 20, 25

0, 2 & 2 =
15 1 16 6

1 3 4 b

100, 15 20 T 12
2 1 8 5

150, T 10 3 s
1 3 2 5

200, . 30 ) 1 2

These figures indicate clearly the value of easy curves and low speeds.
L

68. In practice it will not be possible to adopt the “banking’
indicated by this formula for such a speed, for cxample, ax 15 miles an
gﬁr on a curve of 30 feot radius. It will be enough to adopt a cross-
slope of 1 in 10 as a maximum and to limit the spced at severe curves.
As mentioned in the chapter on Hill Roads, the slope will be inwards
on salient and outwards on re-cntrant curves. The road can often be
widened cheaply at salients. At re-entrants the widening is more expen-
sive, as the width of bridges between parapets has to be increased.

69. Curves for bridle-roads do not nced to be as easy as those for
cart-roads. For camel traffic curves should not be of less radius than 10 feet
at centre and on all curves less than 20 feet, the road should be level for
20 fect. For mule roads a radius of not less than 6 feet iy needed and
the roads should be level for 10 fect.

70. At railway crossings the minimum curve should be of 200 feet
radius in the ease of all main roads and 150 feet in the case of other
metalled roads, measured in each case to the centre of the road. The
angle of crossing should not be less than 43 degrees,
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71. Bridges and culverts arc dealt with in the College Manual on
Bridges, and it is not necessary to make more than a few remarks about
them here. )

72. The lineal waterway of road culverts is somestimes worked out
by calculating the discharge from the drainage area by empirical formula
and then assuming a high flood level and a velocity. The high flood level
assumed should approximate to the high flood level of the stream, and the
assumed velocity should not be taken at less than, or much more than, the
actual or estimated velocity of the stream. This is not always carefully
considered.

Take the case of a stream that ix flowing at 7 feet per second in a
broad shallow bed in which its depth is 2 feet. It would be wrong in this
case to assume the high flood level as, say, 6 feet and the velocity as, say,
5 feet per sccond, for the velocity cannot be less than 7 feet per second,
and will be considerably more if the stream heads up to anything like the
oxtent assumed, heading up which may swamp cultivated fields or buildings
or an encamping ground above the bridge site and may destroy the bridge.

- 73.  Where there is no objection to flood waters heing held back by
a road bank some heading up 1s advisable and small culverts may be
adopted, but unless they are well protected, there is always a chance of
their foundations being scoured out. It is well, therefore, to take some
trouble in collecting data as to the drainage or catchment avea, the flood
lovel, the velocity and the soil when culverts are being designed. A
road engincer can often save a culvert by cutting the road bank, and
can subsequently put in a metalled dip to act as a safety valve, or buj
an additional culvert ; but these expedients will not give him as m&
satisfaction as a well-designed culvert to start with, He should always
give the down-stream side of his culverts deep foundations unless they
rest on rock.  With these and with liberal waterway to start with there
will be no need later on for protective works which give trouble and
cost money. “Bunds” above the culvert may have to be added if the
stream develops a tendency to cut into the approaches, but the need for
these may be mdependent of questions of waterway, Culverts are
sometimes huilt with straight wings at right angles to the abutment and
sometimes with splayed wings. The former arc supposed to create
eddies, but, as a rule, they answer very well, for the curve of the bank
guides tho stream.

74 The approaches of a culvert should be easy. They should never
exceed 1 in 40 on metalled roads and 1 in 30 for earth roads, and the
culvert should ordinarily be the full width of the road embankment, Many
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roads arc spoiled by the introduction of cmlvertx which measure but
little more between parapet kerbs than the width of the metalled
portion of the road. This doex not apply to bridges which are usully 16
fect to 20 feet between kerbs.  The height of the roadway above bed
level of the stream should be made as little ax it can be consistent with
other nceds, and the road surface above the culvert and to distance of
20 feet on cach side of it should be meade level.  Unless these matters
are attended to, motor cars will bump as they pass over a culvert. Rein-
forced concrete slabs used instead of arches will assist in keeping down
the bumps at culverts built over shallow channels in places where the
road bank is low.

— 15, For carrying water for irrigation across from one side of the road
to the other brick or masonry or concrete or pipe siphon drain of simple
design are needed.

76, The various formula used for calculating the discharge from a
small catchment arca give different results.  In the United Rrovinces it
is usual, except in submontane tracts and for large works, take the
discharge as follows :—

sThe maximum portion of rainfall whick is likely to run off the catch-
ment area in 24 hours may be taken as :—

9 inches for areas up to, .. . «+ 1 square mile,

6 " " o LA o 3 ” ”

5 " e . w 6y, .,

+ " . . o 100, y e

a run of onc inch being taken as equivalent to 27 cusces, the higher values
being applied to miles nearer the point of discharge, and the lower
values to more remote points.

Thus for 8 square miles :—

1 square mile at 9 inches, . . . o 9
2 ” ” 6 ” .. .. .. o 12
3 ” " 5 ” LAl L "o LX) 15
2 " 4 . . . . 8
8 square mules, . . . o+ 44 inches,

Discharge equals 44 x 27 cusces =: 1,188 cusecs.  The results are very
much the same as those which would be given by D = 250 M{ where D
is the discharge in cusecs and M the area of the catchment basin in square
miles. \

77. Sometimes corrugated-iron pipe culverts or concrete culverts
ate used, and of late years reinforced concrete slab culverts have been
adopted? Road bridges and culverts on main roads should be designed
to carry a 15-ton steam-roller (which weighs 16'6 tons when ready for
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work). For other roads the loads that bridges are likely to be called
upon to carry should be considered in each casc.

78. In places where heavy motor vehicles are licensed, notices need
to be put up on each approach to a bridge stating what is the maximum
axle-weight that the bridge can carry. An engincer 'needs, therefore, to
study the carrying capacity of all the bridges on each road on which
heavy motor vehicles are likely to be run.



CHAPTER IV.

THE CROSS-SEOTION OF A METALLED ROAD IN THE PLAINS.

79. More land will be taken up for a road on the plains than for
one in the hills, but occasionally the conditions will be reversed ; for there
are localities in the plains in which these approximate to the conditions
predominating on hill roads, and occasionally on the hills there are to be
found open stretches of country where a cross-section suited to level
country can be adopted.

80. For a metalled road in level country it is advisable to acquire
a strip of land 100 feet wide, wherever this can be done, and to have
the centre line of this strip coinciding with the centre line of the road.
Sometimes the width has to be reduced, as when the road line passes
through villages or valuable ficlds, which should be avoided as far as
is possible, but not to the extent of making the road into a series of
serpentine curves.
~ 81, On the centre line of the land taken up is made an embank-
ment of earth taken from borrow pits along the road boundary and from
temporarily acquired land outside the road boundary. Not more than 12
inches in depth of earth should be removed from the temporarily acquired
land, which will thus come under cultivation again in a short time, and
the borrow pits in this case may be 50 feet long in the direction of the
road, 5 feet apart, and of a width depending on the quantity of earth
required for the bank in excess of that which can be obtained from the
permanent borrow pits, which may be 50 feet long, of an average width
of 4 feet, 2 feet deep, and at distances apart of 5 feet, the strip of land 5
feet wide between the adjacent borrow pits being intended to keep them
from acting as a drain. In places it may be found convenient or neces-
sary to convert them into a drain, but, as a general rule, in the country
it is better to leave the barrier between adjacent pits. Near towns and
villages borrow pits which Jiold water and form breeding-places for
mosquitoes should not be made. The dimensions given above are intended
only as a guide. Occasionally it may be advisable to make the borrow
pits on the permanently acquired land wider or shallower than above-
mentioned.

82. The embankment should be 30 feet wide at formation level,
with side slopes of 2 to 1, and it should ordinarily be 18 inches higher
than flood level, including any afflux, and 12 inches to 18, inches higher
than the level of the country where this is higher than flood level, but
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the top of the bank should not follow slavishly the undulations of the
ground. As explained in dealing with the longitudinal section and with
gradients, the formation line should have casy gradients, and these it
cannot always have if it runs parallel to the undulations of the country.
Doprossions must be filled and tops of hillocks and spurs removed in
order to socure casy grades, so the cross-section of the road will vary
throughout its length, the bank being sometimes some fect above ground
level and somctimes 18 inches or 12 inches above it, and occasionally
there will be no bank at all as in cuttings, or where dips or Irish bridges
aro made, and sometimes a long length of road may be made with
scarcely any bank at all, if any, as in situations where the spill waters of
a large river are met with and there are not enough funds available for
building sufficient bridges or culverts.

83. On the formation is laid the metalling of kankar. or stone, or
other material, the object being to provide as smooth,.and as firm, and
as water-tight a covering to the road as possible. Ordinarily the metal-
ling will have a width of 12 feet, except in towns, but in the case of roads
on which the traffic is light the widthTs somotimes 9 fect, and occasionally
10 feet, and necar towns, or in places where there is heavy traffic, it
may even be 30 feet. A width of 12 feet has heen adopted as a standard
for roads in the United Provinces on which there is a fair amount of
mixed traffic. Tt is not a good width for heavy traffic, in view of the
fact that a width of about 16 foet is required to enable two carts to pass
each other, without leaving the metalled surface and tending to damage
its edges, but it is enough for roads with average mixed traffic.

84. Roads 9 teet wide have a reputation for ¢ tracking” or forming
“ruts” very casily ; this does no harm where carts alone are concerned,
and the road is casily repaired at intervalx by cutting out the ruts and
refilling them, once in three or four or more years, but ruts interfere
much with fast traffic and become dangerous when they are deep, and a
nuisance when loose road metal is spread on them in order to divert the
traffic. A partial remedy is to widen the road, but this is not always
effective, for in certain conditions of traffic, (e.y., where the traffic is slow
and all in one direction as from small villages to a central mart) it is not
so much the narrowness of the road as the nature of the traffic that leads
to tracking and a 12-foot road will track as readily as a 9-foot road. On
the whole, however, the 12-foot road is £o be preferred and it should not
cost more in the cnd than the 9-foot road if it is properly looked after,
after being thoroughly well consolidated to start with.

85. The thickness of the road metalling should not be less than two
goats of 44 inches each, which will consolidate to about 3 inches each when

v
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rolled or rammed. The resulting thickness depends on the quality of
the material used and tho thoroughness of the consolidation. The two
coats of 44 inches will be sufficient for ordinary traffic if laid on well-
made banks of good earth, but if the earth is easily compressed, or the
goil is spongy, it will be necessary to put down in addition a soling, or
foundation, course of tightly-packed bricks, or stone, or block kankar,
or other material, and sometimes it may be necessary to provide for the
drainage of the bank or of the soil below. Two 3-inch coats (as laid, not
as consolidated) are sometimes suggested for a new road without a
foundation, but it is not advisable to adopt so thin a coating, for a third
ocoat has to be added almost immediately as special “rencwal” in order
to prevent the complete destruction of the road, and the result is not as
satisfactory as if the work had been properly done at first.

86. It is advisable at this point to review briefly the history of road
construction and to trace the improvements that have been made since the
close of the 18th century.

87. Thé first roads of which there is any authentic record are these
in the Assyrian Empire constructed about 1900 B.C. These roads radia-
tod from Babylon, and it is said that the remains of one can be seen
between Baghdad and Ispahan. It was not, however, till the time of the
Roman Empire that roads were built on a large scale.

88. Roman roads, very straight and regardless of gradients, and
made usually for military purposes, were not banked, but were built up
after all loose soil had been removed and a solid substratum reached. On
a foundation of large stones was placed a layer of broken stone set in
mortar, and about 9 inches thick, over which was another layer 6 inches
thick of mixed stones, broken brick and pottery, set in mortar and topped
by a pavement of large stones of which the joints were filled with mortar,
Sometimes piles were driven in order to make the foundation stable and
sometimes more layoers of material than are mentioned above were used, so
that the road was as much as 4 feet thick in places ; but this was not usual.

89. These roads were allowed to fall into disrepair during the middle
ages and the condition of all roads in Europe in the 17th century was bad,
being better, however, in France than in England, where, in some places,
the rough materials were laid in a narrow line not exceeding 7 feet or 8
feet in width, and of great convexity, forcing carriages, for convenience
or for safety, to keep to the middle and soon wearing into deep ruts. In
France before 1764 the metalled roadway was generally 18 feet wide,
with a depth of 18 inches at the centre and 12 inches at the sides, and it
consisted of stones laid flat in two or more layers as a foundation. On
this foundation a layer of small stones was laid and beaten down and the"

5
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surface of the road was formed with a finishing coat of stones broken
smaller than those immediately beneath.

Fig- i9.
Early trunk road
o e < 8 crown t0 surface flat Subgrade —— .

As the roads were till 1764 maintained by statute labour and repaired
only twice a year, it was necessary to make them about 18 inches thick,
as with less depth they would have been cut through and destroyed in a
few months,

90. The suppression of statute labour in 1764 led to a change in
design, the depth being reduced to such dimensions as were enough for
that roadsion the improved plan, and repaired under a system of constant
maintenance, were made at less than one-half of the cost of the old roads
and lasted for ten years.

M. Tresaguet’s section was as follows :—

Fig. 20.
M.Tresaguets road
Ot e ——6"CrOWN 10 SUrface and to subgrade

.
’
3

— - e e e e e 18— - —

91. The bottom line or, as itis st};Ied in American practice, the
sub-grade, was parallel to the surface at a depth of 10 inches below it, a
foundation of stones was laid edgewise and beaten to a rough surface, and
over this a layer of smaller stones was laid by hand and beaten and
broken coarsely with a large hammer, the finishing layer over this being
of roughly broken stones, the size of walnuts, spread with a shovel to a
depth of 3 inches, none but stone of the hardest quality being used. The
cross-slope was 6 inches in the width of 18 feat.

92. Later on, about 1820, the Macadam system attracted some atten-
tion in France, and the good results of using sharp angular broken stone
in consolidating the surface was recognised, leading gradually to the
official adoption in 1830 of this system for the construction of roads.

Fig. 2l
, Road on Macadams system
3'Crown 1o surface and 10 su6grade —mm— ~——i
10 thick :
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93. Macadam passed his early days in America, but returned to
Scotland when 27 years old, in 1783, and from 1798 till about 1815, when
he was made surveyor of roads in Bristol, he travelled about in England,
as often as he had leisure, to make notes on road-work. He noted that
the roads were extremely bad in all parts of Great Britain and that very
little improvement took place in them between 1798 and 1815, which he
attributed to the ignorance of the persons who had charge of them and
the total want of science used in their construction. He saw that the
materials were so applied that the roads were all loose, and carriages, in-
stead of passing over them, ploughed them, which was duc to the bad selec-
tion of the materials and the bad preparation and unskilful laying of them.

94. In Bristol he found opportunity for putting into practice the
improvement in road-making which he had evolved and which he had
previously experimented with successfully on a small scale. This was
to put sharp angular broken stone on a road and let it unite by its own
angles, under the influence of traffic, so as to form a hard solid surface.
The stone was in cubical pieces about 14 inches to 2 inches cube, or 6
ounces in weight, broken from larger pieces, and was spread so as to
form a layer about 10 inches thick over the road surface after this had
been shaped and drained where necessary. The road bed was made
parallel to the road surface, no foundation was used, and the use of
binding material was not allowed for filling up the interstices in the
metal, which was left to work in and unite by its own angles by means
of the traffic, the material being rogularly raked during the process of
consolidation.

95. The cross-slope was just sufficient to cause the rain water to run
easily off the surface into the side channels, that is about 1 in 36, for
Macadam considered it a mistake to make the crown of the road very high,
a procecding which induced the traffic to follow the centre of the road as
the sides were steep, and to wear it into holes from which the water
could not escape. He held that the flattened surface which he adopted
would drain better than the surface which had a greater crown. As
remarked above, he adopm foundation for his roads, for he heliaved
in an elastic road bed. Associated with the period in which Macadam
demonstrated the success of his method of construction arc the names of
others who helped to further the principles of good road making as
Edgworth, an Irish proprictor, and Foster of Bedfordshire.

96. It was also carly in the 19th century that Telford began the
work that has made him famous, He did not, as Macadam did, believe
in an elastio road bed, but considered it necessary to »epurate completely
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the road metalling from the sub-soil by a firm and regular bottomi ngor
foundation. Unlike Tresaguet and Macadam he did not make the road
bed, or sub-grade, parallel to the road surface, but made it horizontal,
and over it, when these were available, he placed a close firm handset
pavement of stones of varying sizes.  In some cases they were 7 inches
in depth in the middle of the road, 5 inches at 9 feet from the centre,
4 inches at 12 feet and 3 inches at 15 feet. They were set on their
broadest edges lengthwisc across the road and the breadth of their upper
edges wag limited to 4 inches. When they were in position, all the
irregularitics of the upper part were broken off by means of hammers
and all the interstices were filled with stone chips firmly wedged or
packed by hand, with a light hammer, so that when the whole pavement
was finished there was a convexity of 4 inches in the width of 30 fect.
‘When stones were not available gravel, or chalk, or other local materials,
were used to make a perfeetly firm and regular bottoming to receive the
top metal and to prevent its coming into contact with clay.

97. The middle 18 feet of pavement were coated with hard angular
stones to a depth of 6 inches. Of these, 4 inches were first put on and
worked in by the traffic, care being taken to rake in the ruts until the
surface became firm and conolidated, after which the remaining 2 inches
were put on. These stones were broken in picces as nearly cubical
as possible, so that the largest picee, in it< largest dimension, passed
through a ring of 2% inches inside diameter and weighed about 8 ounces.
The paved spaces on cach side of the middle 18 fect were coated with
broken stones, or well-cleaned gravel, up to the footpath or other
boundary of the road o as to make the whole convexity of the road
6 inches from the centre to the sides, and over all was put a layer 1}
inches thick of good gravel free from clay and earth.
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98. It was the complete separation of the road metalling from the
sub-soil by a firm and regular bottoming that Telford insisted on as
necessary, for he says, particular attention should be paid either to
find a natufally dry bottom for the roadway or to construct one, and
avoid as much as possible suffering the workable materials coming into
sontact with the olay. And this may always be accomplished by means
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of gravel, sand, vegétable soil, chalk, or bottoming stones; but the
bottoming should be made perfectly firm and regular, so as to receive
the top workable metal of equal thickness”” Thus, though he always
advised a paved bottom when it could be laid, many picces of road were
made under Telford’s direction without the paved foundation with which
his name has been associated. It is not unusual to find a road without
a foundation spoken of as a Macadam road, and one with a foundation
spoken of as a Telford road, and, in one case, in which the central portion
had a foundation and the sides had not, the road was described as
a Telford road with Macadam wings. Outside road literature the term
Macadam has come to mecan broken stone and a macadamized road
is gencrally understood to be one made of broken stone, waterbound.
It is only in road literature that the distinction between a Macadam
road and a Telford road appears.
“ 99, Most engineers now favour the adoption of a foundation on
the ground that it reduces wear in the lower parts of the road, prevents
clayey sub-soils from working upwards into the road crust, and keeps the
broken stone from working down into the sub-soil. They do not, however,
always make the road bed horizontal, but often curve it to correspond to
the curve of the road surface. Both forms are used, and the foundation is
sometimes made of cement concrete which may ecven be reinforced when
the road has to carry very heavy traffic, asin London and other large cities.
v~ 100. Metalled roads are not now always made 10 inches to 12 inches
thick (see paragraph 85), but it is not advisable, even on the best soil, to
have a new road less than 6 inches thick when consolidated. A road
4 inches thick has been known to give excellent service even under heavy
traffic at Bridgeport in America, but the conditions in this case were said
to be very favourable.
’ 101. Attempts to adopt a formula by which the thickness of the road
metal can be calculated have not been successful.  In the case of buildings
it is possible to calculate, in a way, the pressure on the soil below the
foundations and so to fix the width of the foundations. In such
cases, the pressure is usually considered to spread at an apex angle of 60°;,
but this angle is sometimes taken as 903) The Massachusctts Highway
Commission in 190® assumed the pressure of a wheel on a road to be
uniformly distributed over an arca equal to the square of twice the
thickness of the layer of broken stone, so that if ¢ = the thickness '8 the
stone in inches, w = the maximum weight in pounds per wheel, p =
supporting power of the soil in pounds per square inch—

w
b= N
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102. The formula is not quoted here for adoption in designing
roads. As Baker says in “ Roads and pavements” :—* It is not wise to
attempt to find a mathematital relation between the load on the wheel
and the resulting pressurc on the earth, since neither the angle of the cone
nor the distribution of pressure on the basc of the cone are known. It is
reasonably certain, however, that the supporting power of crushed stone
road varies as the square of the depth. This is an important relation to
bear in mind when a road is to be strengthened.”

103. The question of the shape of the road profile in cross-section
is one that has led to some discussion. All agree that, for roads in level
country, the crown should be raiscd more or less above the edges, which
should be on one level, but they differ as to the amount and form of
the convexity. The amount will naturally vary with the materials used,
and, at present, only metalled roads are being considered. Telford said
that 30 feet should be allotted to the roadway, to be formed of one
regular convexity, a segment of a flat ellipse with a fall of 6 inches from
the centre to the side channels, but his speciications do not always follow
this. Macadam said that he had generally made roads 3 inches higher in
the centre than at the sides when they were 18 feet wide. He considered
that a road should not have a high ecrown, because much convexity forced
the traffic to the centre of the road and wore it into ruts. With a crown of
3 inchesin a smooth and well-made road 18 feet wide, or 1 in 36, the water,
he said, would run off very easily and carriages would travel nearly upright.
_ 104, Other authorities recommend a segment of a circle, or a
parabolic curve, or, again, two planes inclined at a slope of from 1 in 24
to 1 in 36, and connccted at the crown, for a length of 6 fect, by a
segment of circle having a radius of 90 feet or more. Some give
elaborate formulwe for calculating the crown in terms of the horizontal
slope of the road, and others suggest various offsets from a horizontal line
tangential to the crown which are intended to ease the steep slope of a convex
curve near the edges of the road and prevent its being too flat at the crown.
105, The following rule gives a good section for a road with side
gutters. Divide half the width of the roadway into four parts and,
starting from the centre, give a fall of *02 feet per fogt to the first part,
*03 feet per foot to the second part, ‘04 feet per foot to the third part,
and *05 feet per foot to the fourth part near the edge of the road. See
also paragraph 370,

—— 106. In the United Provinces, the authorised section is represented
by two inclined planes sloping at 1 in 36 and meeting at the centre of the
roads In practice the apex is slightly rounded off during consolidation,
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107. The surface slopes of the various sections referred to are
shown in the accompanying table, assuming the curves to be made up of
four planes j—

TaBLE V,
Curvature of cross-sections.
?Fi»s?egé. 1st part. | 2nd part, | 8rd part. | 4th part,
Rule, e 63’ |1in 601 in 33 |(11in 26 |1 in 20
Ellipse, 60" |1, 287|1, 74|1, 363[1 , 114
Parabola, 60" 1, 120(1, 401 , 24 1, 17
Segment, 60’ |1, 118(1 .. 401, 24 |1 , 17
Two planes, o 50" |1, 8|1, 861, 36 |1 36
" " 60’ |1, 8}|1, 87 1, 3 |1, 80

It will be seen that the ellipse is very flat at the crown and steep at
the edges, the parabola and segment, which are practically identical,
are also flat at the crown, the rule gives a very workable section, while
the inclined planes have the merit of uniformity. They are, however,
condemned by several authorities and St. Clair Wilkins writes in his
“Treatise on Mountain Roads” :— ‘

“If the sides of a road are made flat they will not keep so. This
method leaves no cushion for wear on the sides of the road. The segmental
section of Mr. Telford is preferred. It is true that with the curved
section the nearer a vehicle approaches the gutter the more it leans over,
whereas with the flat-sided road the inclination is the same ; but with a
slope of 1 in 30 the inclination is slight, and with a curved surface a
greater breadth of road approaches the level than by the other plan,
besides all coachmen keep as near the centre as they can when driving
over country roads.” As a matter of fact the Telford road has a
much greater slope than 1 in 30 near its edges, though the average slope
is 1 in 30, a very different matter.
 108. In practice the two plane section has been found to answer
very well in the United Provinces when it has been properly made by
thoroughly ramming the edges of the road before the centre is rammed.
Otherwise, the road has a tendency to get flat during consolidation.
In effect, the road when finished may be said to consist of two planes
slightly rounded at the crown, for there is never a marked central ridge
ou the finished road. The upiform and-easy slope on each side prevents
the formation of f@grows, or gullies, at frequent intervals such as are
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to be seen on convex roads on which the drainage runs rapidly down the
stoep marginal slbpos, and this is specially the case where roads are made

of kankar.

. 109. It should be borne in mind that regularity of section and
evenness of surface are of more consequence than slight differences
between one curve and another, and care should be taken to see that these
are attained when the road is made. This regularity of section and even-
ness of surface are more easily secured when two inclined planes are used
than when convex surfaces are specified, and there is another reason
why two inclined planes are to be preferred to a convex curve in Indian
roads. A oconvex curvo dr(%s“ rapidly near the outer edges of the road,
and, as in most Indian roads gutters are not used, except in towns and
hill roads (the road consisting of the central metalled portion and
two earthen shoulders or ¢ patris”), the steep marginal slope of a
convex profile, of the whole width of 30 feet, would let the rain water
cut-up the outer cdges of the earthen shoulders and reduce the effective
formation width. In the case of a road that is motalled throughout its
width a convex section can sometimes be used with advantage, for it
gives a deeper gutter and so prevents the drainage from spreading on to
the road, but it cannot be used on a normal Indian road without damage
to the earthen shoulders or “patris.”  Theso should have the same slope,
1 in 36, as the central metalled portion.

110. The side slopes of the carthen embankment will usually be 2
to 1, but this may be varied if the soil, or the hcight of the bank, or the
locality, require it. It is not always necessary to turf the hanks, or to
sow grass on them, or to pitch them with stones, or block kankar, or to
make masonry or dry stone drains down them; but each of these pro-
tective measures may become necessary on occasion.

= 111. At intervals carthen platforms at road level, but projecting
beyond the 30-foot bank, will be required for the purpose of stacking
maintenance metal. These may have a surface area of 45 feet by 10 feet
and thus be capable of holding 200 cubic feet of repair metal if the
sectional arca of the stacks is made 5 square fect. The platforms are
usually made opposite each mile and furlong stone, so 1,600 cubic feet
of repair metal can be stacked on them in each mile.
~ 112, Railings are not ordinarily required on roads in level country,
but occasionally there is need for them and many varieties are used,
from banks of earth, or sundried bricks, to railings made of reinforced
concrete posts, or stone posts, with wire or gas pipe horizontals, or crossed
wire. The use of wooden railings is not recommended,
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113, Culverts and bridges are treated of in the College Manual on
Bridges and are referred to in Chapter 1II., paragraph 71 above.
~ 114, Furlong stones should he built on platforms of earth project-
ing beyond the 30 feet bank. They will ordinarily be of stone 5 or 6
inches square and about 2' 6" long of which 1' 9" will be above ground
level and 9 inches below ground lovel, the bottom 3 inches being set in
concrete 1' 6" x 1’ 6" x 6" and the next 12 inches in brick-work in lime
mortar 1' 3" x 1’3" x 1' 0" of which 6 inches will be below and 6 inches
above ground level. There will thus be 1’ 3" of stone above the 6 inch
brick-wark plinth, and on onoe face of this stone will be cut the number
of the furlong in a figure 4% inches high by 3 inches broad by % inch
wide, %0 as to be visible from a distance. The details of the plinth, ete.,
can be varied. Sometimes a truncated pyramid of kankar is built
round the plinth and whitewashed. The figure on the furlong stone should
be painted black.
A, 115. Mile-stones may be of various patterns and may be of stone or
cast-iron, those of stone heing preferable. The latest pattern prescribed
for use in the United Provinces is illustrated.  Mile-stones should ordi-
narily be placed five feet from the edge of the road bank, but where the
“patris” are narrow, the stone may be at 21 feet from the centre of the
road. A border of one foot of carth should be left at the back and sides
of the stone and the carthen platform sloped off at 2 to 1. See figures
24 and 23,

Fig 23
Furlong stone
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116. Boundary pillars of stone are required at intervals along the
road -and, at all points, where there is a change in land widths. Such
changes should be infrequent, but, whenever they occur, they should be
recorded on g land plan signed by the “Civil Officer. The stones shosdtlt

6
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be buried deep into the ground, with about 9 inches showing above
ground, and their positions should be checked from time to time.

— 117. Trees are sometimes planted at the road boundary, where they
are useloss for shade for people on the road, and sometimes so near the
edgo of the road bank that they are hurtful to the road surface which
seldom dries after rain. Their proper distance apart, across the road,
depends naturally on the variety of tree planted out. What is to
be aimed at is to shade the road surface while allowing it to get air and
sunshine; and it will be found that a suitable distance for ordinary
avenues is 18 to 24 feet from the edgo of the metallod surface. See also
Chapter X.

118. Whenever a cart track or unmetalled road crosses the main
road, but is situated at a lower level, a properly graded approach should
be made on each side at a slope of 1 in 30 to 1 in 50, according to
circumstances, with a width of 30 feet for a road and 15 feet for a cart
track. For railway crossings, see paragraph 70.

119. During road construction, and for inspection purposes sub-
sequently, shelter for ofticors and subordinates ix required, and if the sites
for inspection housex have been definitely settled, it is as well to build
these of permanent materials at once.  An inspection house which is
placed where two officers will halt together during inspections should
have a common room and two bedrooms about 18 feet by 16 feet with
dressing and bathroom~. The rooms in Upper India should be arranged
to catch the cast and west winds and there should be a pantry and
godown that will not interfere with this. In less frequented localities
smaller bungalows may be built. The number of out-buildings will
depend on whether there are to be inspection quarters for a subordinate
and rooms for naukar coolics, who will generally be given naukar cooly
huts of semi-permanent materials and convenient centres, but are some-
times given shelter in the compound of an inspection house. A well
should always be provided at inpscction bungalows, and wire gauze
shutters to doors and windows should be given whenever possible.
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CHAPTER V.

SURVEY, DESIGN AND LSTIMATE OF A METALLED ROAD IN FLAT
COUNTRY sucll As THE UNITED PRoOVINCES.

120. The road might be a new road or an improvement of an
existing unmetalled road.

121, In the absence of standing orders or of special instructions, the
engineer should decide to make the road of the scction here shown and

Fig 26
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(6) The minimum curve, eve 200 feot
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122. He should, if he can do so, get a subordinate who has an cye
for country and with him he should make a preliminary reconnaissance of
the ground to be traversed. The oftener he can go over it the better.
Perhaps his other duties will prevent more than one or two visits. He
should do his best. During his reconnaissance he should make as full
notes as possible of every matter that may have a useful bearing on
the project. If a good map is available, he should mark on it points
through which the road must pass as, for example, a part of a river
suitable for a bridge, or what the road should, if possible, avoid, such as
valuable groves of fruit-bearing trees, and he should sclect one or more
trial lines from which the final route.will be closen. His subordinate
should make a survey embracing the selected trial lines and should record
in his field-book and notc-book full details of existing roads, railways,
canals, irrigation channels, their levels, their widths, He should locate
all prominent points by compass beapings where they are too far to be
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measured by offsets. He should find out where quarrics for road metal
exist and should note all about the roads, or tracks to these. If there
are no existing quarrics, he should make enquiry as to the position of, and
means of access to, new quarries. Ho should note the levels and positions
of all adjacent masonry wells, for use as bench-marks, noting the water
level in them, and also the levels and positions of any other masonry
buildings suitable for use as bench-marks, and he should prepare a list of
all these bench marks. He should ascertain the low water level and the
high flood level of all streams, or flooded land, the drainage area of
streams, the slope of their beds, the naturc of the soil. _As regards large
bridges, he should follow the instructions given in the Manual on Bridges,
taking a longitudinal section of the river bed and cross-sections at the
bridge site, and at distances of a mile above and below it, noting that he
should try to place the bridge at right angles to the direction of the river
when in flood, even if the road has to come on to the bridge by a double
curve, which may, in fact, prove satisfactory from an wsthetic point of
view. In fixing the alignment of the road, he should take care not to
introduce sharp curves into any part of it. The alignment should be
marked at intervals by masonry pillars. _

123. Where the final direction of the road can be fixed upon in the
field, or from existing maps, the traverse line of the survey may follow
the centre of the road and levels along the centre line can be recorded as

the work proceeds; bLut whm this is not possible, the centre line of the
road must subscquent]y.duseN

gl from the traverse line and the levels
connected with j final levels must be taken along the line thus
obtained, . e interpolated from the levels already obtained.
Thcs - rccordvd at mtuv'\ls of 100 feet, but where the

» 'elght mchos to a mlle, levda may be tal\un at every half furlong,
using a chain of 66 feet, with intermediate readings where the nature
of the ground requires. {Levels for cross-sections should also be obtained,
the number of readings recorded on cach side of the centre line depending
on the nature of the country and on the question of possible deviations
of the centre line. Where the country is regular and with a gentle cross-
slope, and where deviations arc not likely to be required, it will be
sufficient, for all practical purposes, to place a levelling staff at 50 feet
on each side of the centre line and to observe the level of the ground.
Irregularities of the ground will necessitate more readings, the object
being to secure information that will enable the subordinate to lay befote
the engineer such full information as will enable him, in turn, to decide
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on the formation levels of the road and to alter the alignment where
necessary.

124.  When an old unmetalled road is being improved by altering the
alignment, casing curves, and raising the road surface, levels of the
centre line of the old road and its edges are very necessary, in addition
to levels of the ground, for it often happens that the surface of the old
road is much lower than the level of the country ; but these need be taken
only where the old and the new alignments- follow practically the same
line. Sometimes the new alignment will leave the old line completely,
and when it does so, the levels of the old road are not necessary.

125. For the survey the subordinate will follow tha instructions
given in the Manual on Surveying. He will probably need a chain, 10-
foot rod and tape, a level and staves, a prismatic compass, or a plane-
table, or theodolite, and, if he can get one, he will find a tachcometer
may be used with advantage. Somectimes work can be helped in the field
and in the office by the use of tracings made from the village field maps
(patwari’s maps) which arc published by the Board of Revenue and
can be obtained on loan from Clollectors of districts, or purchased. These
maps show every field and its number and are most uscful. Drainage
lines can be marked on them by getting villagers to show at which point
of their field boundaries they let the w ater out into the next lower field.
Levels for contours can be taken quicklymofing in which field and in
what part of it the staff has been held and marking the point and its
level on the map. Watersheds of catchment arcas can be ascertained in
this way. These maps arc also of great use in preparing the land plans
which are required to assist the Revenue department in assessing  the
land compensation payable for land required permanently or temporarily
for the road.

126.  For surveys of small arcas scction paper, known somstimes as
graph paper, cap be used when worked in connection with a chain, 10-
foot rod, tape, flags and any instrument, however simple, that will give
horizontal readings of 90 degrees. No drawing instruments are wanted,
because all the lines needed can be drawn free-hand over the ruled lines
which serve, too, as a scale for the main lines and their offsets. The
south point can be ascertained by a reading on a watch or by noting
the direction of the sun at noon ; and in this way the north point can be
found tolerably correctly, If the hour hand on a watch is pointed
towards the sun, a line bisecting the angle between the hour hand and
XII, will point to the south,
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«.127." The scale to which the road plan should be prepared will

ordinarily, ‘be that of the longitudinal section for which a convenicnt
horizontal scale is eight inches to the mile, but if the village field maps
(scale 16 inches = 1 mile) arc used in preparing the survey, they should
be used in preparing the road plan. Full information as to levels,
bench-marks, ete., that has been collected during the survey, and is of use,
should be given on the plan as well as on the longitudinal section. The
north point should appear on all plans. Quarries should be indicated
by arrow heads pointing to them, and their distance should be recorded.
The road mileage should be very clearly shown and also any other items
mentioned below which will not crowd up the plan too much.
. 128. The longitudinal scetion is plotted to two scales, the vertical
scale being an exaggerated scale intended to show small differences of
level more clearly than would be the case if the longitudinal scale were
used for this also. The longitudinal or horizontal scale may be cight
inches to the mile. The vertical scale may be twenty feet to one inch.
Neither of these is an absolute scale.  They may be varied in different pro-
jeots. There is, however, an advantage to an engineer in keeping the same
proportion between the horizontal and vertical scales, for, if this is done,
the eye gets accustomed to the exaggorated gradients which, morcover,
can be drawn by means of specially cut set-squares or by ordinary set-
squares on which the exaggerated gradients are marked. &Lthe longi-
tudinal scction should be shown the reduced levels.of the country along
the centre of the road and on cach side of it, the levels of the existing
road when there is one, names of villages whose land the road passes
through, bearings of straight lengths of the new road, the radius, to the
centre of the road, of all curves, the points at which the curves begin
and end,* all bench-marks, road, rail, canal and other crossings, flood
levels, the nature of the soil, distances and bearings to quarries, and, in
fact, anything that will prove useful to the man who makes the estimato
and the man who arranges the conttact and carries out the work. A blank
form used for drawing longitudinal sections is given opposite this page.
See also paragraph 132.

129. The formation line should now be plotted on the section, the
paragraphs on gmdlents and on the cross-section, gnd the introductory
general priciples bemg followed in order to provide lengitudinal slopes
that will not be too flat or too steep, or below flood level, or unnecessarily
above it. In doing this the exercise of common sense and judgment are
required. When the gradients have been decided on they should be marked
on the section, as should also the formation levels, the heights of the
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bank, the depths of cuttings. Care must, of course, be taken to see that
-railways and canals are crossed at suitable levels, and at angles of not
less than 45 degrees.

130. When the longitudinal section is ready, the earthwork estimate
can be prepared from it. If the stations have been plotted at intervals
of 100 feet, the mileage will not fit in nicely with the sections, and it will
be advisable to consider the estimate in stations of, say, 500 fcet, or
1,000 feet, after calculating the quantities for each chain of 100 feet.
If the stations are plotted at 66 feet intervals, or multiples of 66 feet,
the estimate can be prepared by furlongs and miles. The quickest
method of estimating quantities of earthwork is to use the form here

shown:—
Helght l?éfg}?t SH B+ SH? C
. or 2 B x H 2, +§ ontent
Station, depth. . or H?, B=30.| 8 =9 < F L, feet, C.F,
3 depth,
Feet, H
6 16 18 32 54:0 64 604 100 6,040
7 18 17 29 510 h8 56-8 100 5,680
8 22 20 40 600 i 80 680 100 6,800

which may be modified to suit special cases.  When an old road is being
improved, it will be necessary to deduet, from the figures so calculated,
the contents of the existing bank or to add something to allow for filling
which is necessary when the old road has worn down below the level of
the country.

131. Separate schedules should be made out for land compensation,
for earthwork in bank or in cutting, for road metal collection and con-
solidation, for mile stones and furl%ng stones and boundary pillars, for
culverts and bridges for inspection houses, naukar cooly huts, parapets,
drains, gutters, etc., and for anything else that may be required on any
particular road. Requirements will naturally vary with circumstances.
When all that is needed has been calculated in detail, the figures
of cost for each futlong or 500 feet or 100 feet may be brought together
in a methodical manner. They should include all small works, such as
culverts, but meed not include big works, such as bridges, the cost of
which can be separately shown. By grouping his estimated figures
systematically, the engineer can watch the progress and the expenditure
better than he could otherwise flo. He should, in addition to this






CHAPTER VL

HiLL ROADS.

137. Beforc deciding on the alignment of a road in the hills the

engineer should get a good map and study it carefully, and sec if he can
mark on it’the general alignment he would select, assuming that there is
nothing in the geological features to prevent the adoption of this line. He
should then go over the ground to see whether the line could be followed,
and in hix reconnaissance he should be accompained by a subordinate whose
usefulness will be great if he has a good eye for country and has pre-
viously been employed on work in the hills. Together they should study
the locality, examine the suggested alignment, see if it leads therh into
difficult situations, try alternative alignments if it does, and fix on
obligatory points which the road must pass through.
— 138. - No map can make up for personal knowledge and the more
thoroughly the reconnaissance is made, the hetter will be the final survey
and alignment. Sometimes the first reconnaissance has to be made in new
country and an ancroid barometer is needed in order to ascertain the
relative heights of the hills that the road must cross.

139. Geological features should be carefully noted, existing and old
established lines should not be hastily abandoned, the question of water-
supply should be examined, and if the alignment chosen appears possible,
the subordinate should proceed to mark it out on the ground.

- 140. Tn marking out a line two methods can be followed. One is
the vertical system in which the point marked lies in the <ame vertical
plane as the centre of the road, the other the horizontal system in which
the point marked lies in the same horizontal planc as the edge of the road
surface. The former is the method followed in marking out a road in
easy country, the latter is the best method for marking out a road in a
hilly country with steep slopes. Occnsionally,es when the mountain
road is to cut through a spur, the vertical xystem Ix most suitable. The
horizontal system requires that pegs should be driven into the ground at
points which, when connceted up, give a trace of the road along the
side of the mountain, and if a path is made along this trace, a person
who walks along this path is following a narrow strip of the road (subject
to small alterations) and ascending, or descending, at practically the
game grade as the road. A line cut to conncet pegs driven in on the
vertical system will follow the direction and curves of the road, but will
be at varying hcights above or below its surface, For the vertical
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gystem a theodolite or compass is required and for the horizontal system
a clinometer, or Abney’s level, or ghat tracer.

141. The College Manual on Surveying describes surveying instru-
ments and the methods of using them, and should be referred to for
information; but a brief description may he given here of a simple road
tracer which can be made up by a carpenter and is mentioned in the
College Manual on Roads, 7th Edition. A stout staff with a point to
enable it to be driven firmly into the ground has a quadrant of card, or
board, swinging in a vertical plane, attached to it. The quadrant ix
graduated round the are and hax a plumb hob depending from its centro.
If the quadrant is turned and fixed by means of a nut provided for this
purpose #o that the selected slope coineides with the plumb bob, the
upper radius, which can have two sights fixed on it, will read the desired
slopo and a rod marked at the same height as the centre of the quadrant
can be held at any suitable distance, being moved up or down the hill-
side by an assistant, while the surveyor, fixing the foot of the staff on the
trace, looks through the ~sights and reads on to the mark on the rod.  The
foot of the rod will then be a point on the trace.  This instrument, or any
clinometer, would be uwsed for a rough trace only, the final gradients
being marked out with a level.

142, With the clinometer, staves and chain the surveyor would
begin work from an obligatory point on the top of a hill, e.g., a pass
through which the road must go, and would work down the spur which
had been seleeted after the first reconnaissance, putting in pegs at 100
feet apart, or 66 feet apart, or at smaller intervals if the nature of the
ground required it, and connecting them up by a « dayhbel,” i.e., a furrow
in the ground.  The reason for starting work at the top of a hill i~ that
the ground gets casier asx the lower slopes are reached and diversions
and deviations can be made to enable the road to reach any point in the
valley, while these could not be made with case if the surveyor worked
upwards towards the pass. Wing up arc that the
road would bhe cither too high or too low [or the pass. In the former
Tase the grade could he ecased, which would inercase the length to some
extent, but in the latter case it would be necessary to make a zig-zag.
Now zig-zags are to he avoided in places where the slopes are steep, for
a steep slope affords but little room to turn in. It is better to put
them in as curves in easier ground lower down the hill.

© 143. Tt is not always necessary to look for a pass as on obligatory
point, for very often a hill can he * turned” and the road may bo able
to go round it, without being any longer than the road that would go
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over it, thus saving rise and fall, and even if it is somewhat longer,
the alignment round the hill may be beiter than the other, assuming
always that both roads are cqually suitable in other respects. Which
has the best shade ?  Which passes nearest a village that must be near
the road?  Which has the best water-supply ? Which is the easier to
construct 7 Which is the easier to maintain? These are questions for
consideration. Others will be suggested by the circumstances of each
case, but they will not affect the main fact that the survey should start
from the highest point chosen and work downwards.

144. The surveyor should, as he proceeds, collect information as to
the soil and the slope of the hillside at each station, and on the correct-
ness of the information he gathers will depend the correctness of the
estimate subsequently made. He should judge how much of the road
width will be cut out of the hillside and how much will be in bank, for
it is not neccessary to cut the full width except in a few places. He
should note where retaining walls are needed and where the soil needs
breast walls.

145. The following method, introduced by Captain H. S. Rogers,
R.E., and described in “Road Construction and Maintenance ” by
Major E. M. Paul, r.r, affords a simple method of recording the
quantity of cutting for narrow roads on steep ground and does away
with the necessity for cross-scctions. It wasx found especially valuable
in arriving at the comparative cost of alternative alignments :—

«“ Assuming that the outer cutting edge is run with the clinometer
and marked out, chaining ix commenced at the top, the computing party

Fig. 27.

provided with a slope template working with the back chainman.
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The template is used for setting off the estimated back slope on which
the area of the cutting largely depends. It oonsists of a stout vertical
batten (2} inches by 2 inches) graduated in feet, and provided at the
foot with a hinged or knuckle joint, into which is fitted a long light
bamboo. To this bamboo arm a wire is attached, which passes over a
pulley in the batten and ends in a ring for hooking over screws or cleats,
placed 5o as to enable the arm to be sot at slopes, with the batten placed
vertically, of 1 to 1, 1} to 1 to, say, 4 to 1. To uso it the template is set
up by one man on the spot fixed by the back chainman. A second with
a long straight bamboo marked at 4 feet, 6 foot, 8 fect from one end,
(i-e., the widths for the cuttings) and standing on the slope above the
template, places one hand at the mark given (in the cases referred to
usually 8 feet full cutting for a mule road); he then holds the bamboo
high and horizontal, with his hand against the moveable arm, lowering
the rod—maintained horizontal—until the end touches the ground slope,
The height is then rcad from the vertical rod and rocorded, together
with the area of cutting and the quantity under the soil column. It
then remains only to total and price the work at the end of the day,
The field-book is ruled thus :—

Soil in cubic feet,
Chain 100 Back Width Height Sup,
feet. slope, Feet, Feet, feet area. Hard Mediam Soft
Brought forward, 10,270 18,980 25,460
19 3/1 8 6 24 2,400 .
20 231 8 4 16 1,600
21 31 8 8 32 1,600 1,600
22 2/l 6 5 15 1,600
And 50 on,
Carried over
]

In the remarks column entries can be made where streams are crossed,
other details entered and any special points regarding the soil and
excavation noted.  Sufficient accuracy can usually be attained by
dividing the work into hard, i.e., soil requiring blasting; medium, i.e.,
requiring blasting and jumper work; and soft or pick and jumper work.

146, For wide roads the method deseribed above cannot be nsed, and
in estimating for these, it is advisable to mecasure the front or natural
slope in degrees, and to state the back slope in degrees,l and to plot a
cross-section at each station on which can be shown such retaining and
breast walls as may be required, and from which the final estimate can
be prepared.

A table can be made giving the areas of the cuttings with various
.natural and back slopes for various widths of cutting, and with the
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aid of this table the. estimate of the excavation csn be taken out very
quickly. Such a table is given in Appendix I.

Table can also be prepared of the areas of retaining walls and breast
walls. Specimen tables are given in Appendix I. These tables were
prepared for use in the Second Circle of Superintendence, Buildings and
Roads, Lucknow, by Mr. H. J. Oliphant, Exccutive Engineer, Naini Tal
division, to whom the writer is indebted for them,

« 147, The tables for retaining walls, which are walls built at the
outer edge of a road, are for the section here shown.

Fig. 28.
Retaining wall -
Fo—-2t-—d

Vertico)
back

S~

Those for broast walls, which are walls built to support the hillside
above a road, are for the section here shown.

Fig. 29
Breast wall

[ANS

e
S~ B

-
-
-

3
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148. Tt will be noticed that each section starts With a top width of
2 feet. The rotaining wall has a vertical back and a front batter of 1
in 3. The breast wall has a front batter of 1 in 2 and a back batter of
1in 3. [ { The back should be left rough, some stones projecting further
than others, and the ¢backing” of each wall, that is, the filling in
between the wall and the hillside, should be of loose stone. The base line
should be at right angles to the front which should be rough dressed and
pointed and there should be plenty of weep holes in the walls. Small
stones will not make a good wall. The largest stones that can be handled
should be used and there should be as many through stones as possible.
Walls 6 feet high may be of dry stone masonry.” Walls of greater height
should have the top six feet of dry stone masonry and the rest of masonry
in lime mortar., Other sections of walls can be used if thoy are preferred
and sometimes the whole wall may be built in lime mortar.

149. Some engineers like to make a hill road with its surface on an
inward slope, that is, with the outer edge on a higher level than the inner
edge, and this is the form recommended in the College Manual on Roads,
7th Edition, which in paragraph 19 says :—

“ In a road round a hill the cross-section should be a single slope
inclining inwards, with a ditch on the inside; this is to prevent the
road being washed away at its edge (which often has to be built up),
and to avoid the danger, especially in turning a corner, of the passenger
falling over the precipice. The drainage water, flowing from the hill
above, is also intercepted by the ditch on the inside, which has cross-
drains at intervals leading under the roadway to the face of the cliff.
A catch water drain should also be constructed on the hill slope consider-
ably above the rpad, to intercept the drainage and lead it to ravines
and watercourses.”) And in paragraph 66 it says: ¢ The shape generally
given to the mictalled road surface in cutting along a mountain side is a
slope of 1 in 18 from the outside to the inside. It has been objected to
this slope, that it converts the road into a drain, which is cut away and
becomes impassable in heavy dow npom‘{, and in some of the Madras hill
roads the slope runs from the inside to the outside. ( Both systems have
their respective advantages, but on the whole, the inside slope is
preferable when the cross-draing are sufficiently large and numerous,
and -the side drains rocky, or properly protected by boulder paving.
The usual practicc is to adopt the outside slope until the drains
are all built, and the side slopes have taken their bearings when,
as a permanent arrangement, the road is finished and metalled with
an inside slope. When, however, a road is carried through forests, the
ordinary barrelled surface of roads in the plains may be adopted with



HILL Roki?%'.

small cuts from the_outer drain at every 30 or 40 feet, as the thick
vegetation softens the rainfall and prevents the hillside being carried
away by tho drainage ; but on hillsides which are bare such a section
would be unsuitable and a slope inwards should be given, more or less
pronounced according to the steepness of the side slope’ of the hill and
to tho nature of the soil.).The rule adopted on the Ramnagar and
Ranikhet cart-road from the plains was to make the road surface curved,
where the height of the outer retaining wall (if there is one) does not
oxceed 5 or 6 feet, and in all other places the entire surface to slope
inwards with an inclination somewhat greater than the longitudinal
slope of the road.”

150. These views were not shared by Colonel F. D. M. Brown, v.c.,
Principal of the College, who, in the College Manual on Earthwork, 6th
Edition, writes in paragraph 104 :—

“ From the long experience I have had in the maintenance of hill
cart-roads I consider the best seetion for a hill cart-road to be one that
has the entire slope outwards with no inside drain. This section is
always adopted on bridle roads in the hills, the cost of maintenance of
which is trifling, whilst for a cart-road the inside slope or a hogbacked
section is always recommended. A hill cart-road is only about 10 feet
wider than a bridle road, and the extra rainfall to be discharged for this
small portion, provided it has an immediate outlet, will be found on
calculation to be quite insignificant. Long experience ou hill bridle
roads and a few ycars cxperimenting on the Naini Tal tonga road,
where the rainfall is excessive and the soil very bad, have proved to me
that a hill road with an cntirely outward slope and no inside drain is
more easily and more cconomically maintained than with any other
section. A side drain may be necessary in places to lead away a spring
from a soft part of the road, ctc., but these are the only exceptions, which
pertain to the gencral engineering of the road.l A slope entirely out-
wards or with a hogbacked scetion is especially unsuitable where the sides
are liable to slip. | The smallest slip of a few buckets full of earth or
evon the collection of a fow leaves which allow the silt to accumulate will
choke the inside drain, when the accumulated water will course down the
road, causing much injury to the surface, and discharge itself over the
edge in a strong stream, often at a weak place, which may cut away the
bank or destroy a retaining wall. Similar damage may be done when a
scupper gets choked. The inside drain is also contrary to one of the
first principles of hill engineering, which'is that water should not be
allowed to accumulate, except of course in the main streams. As &
matter of fact maintenance gangs invariably sock sholter during & heavy
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fall of ramn, and 1t 1s during the actual falling of the rain that the chief
damage is done to a road. Ten minutes after the rain has stopped the
side drains are practically dry. The best arrangements therefore that
keep the road properly drained during heavy rainfall should be adopted.
Tho outside slope has not in practice been found inconvenient for fast
traffic. The tongas travel downhill on the Naini Tal road at 10 and 11
miles an hour, without more inconvenience on the miles with the outward
slope than on the miles with the hogbacked section. Any danger that
may be anticipated from the centrifugal force at salient angles could not
affect a vehicle until it was on the outside half of the road ; and then it
would be immaterial whether the other (inner half) had a slope upwards
or downwards. No faster traffic than a tonga is ever likely to travel on
a hill road. The drivers have invariably told me that they prefer the
outward slope, as they have only to look out for danger on ono gide,
whereas on the old section they had also to take care to avoid the inside
drain. An outside slope of 1 in 20 has been found in practice to be the
most suitable, but with a small rainfall or a slight gradient it may be a
little less. When a road is made with an outside slope the following
precautions have to be borne in mind for its proper maintenance :—

“~ (1) The outlet at A low enough to discharge the road drainage freely.
This is often blocked by

(a) The road wearing down in the centre.

(6) When slips arc cleared away, a lot of the spoil is left at the
outlet and thus a bank is formed at A (as shown in dotted
lines) which obstructs the free flow of the road drainage.

Fig. 30.

" (2) The catth from slips should be cleared clean away to the full
width of the toad, and not left banked up agninst the, side by a
lazy gang, as the width of the road is thereby reduced. hen these
‘precantions are not observed the road may esssume the section
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shown by dotted lines, when the centre of the road would becotne
a water course and be thereby destroyed. The outlet A mentioned
above refer to the 3 feet intervals left in the parapet walls to pass the
surface drainage, the parapet walls being built in lengths of 10 feet
with 3 feet intervals. By this arrangement 3f13ths of the pampét
walling is saved, whilst they are equally efficacious as an outside fence.
Or the parapets may be built in 7 feet lengths with 2 feet openings.
Another advantage of the outside slope is that the road is widened by
the 2 feet required for the inside drains, or the width of the cutting
may be reduced 2 feet in first construction. As this is the inside 2 fect
where the heaviest digging is required, the saving in first construction
would be great. Scuppers”at every three or four hundred feet also
become unnecessary, as also their expensive maintenance,) Should the soil
be strong and the rainfall moderate there is no objection, except so-far as
the great increase of cost iy concerned, to making the road with a hogged
back and with an inside drain and scuppers, if this section is preferred;
but with an cxcessive rainfall or in bad soil liable to slip or be washed
away there is no question but that, from an engincering point of view,
the outside slope should be adopted; and I am very sure if the engineer
has to maintain any hill road after he has made it, he will be for ever
thankful if he gives it an outside slope.”

151. General St. Clair Wilkins, R.E., in his ¢ Treatise on Mountain
Roads,” hardly touches the question of an outward slope, but discusses at
length the relative merits of an inward slope and a convex section, which
is the hogged back scction written of by Colonel Brown. In this
discussion he quotes the opinions of several officers. Thus Major
Rose, Engincer of the Rawalpindi and Murree Road, writes in May
1365 in the Roorkee Professional Papers :—

“In most places the cross-section is now higher in the centre than
at the sides ; when it was first made, and the width was only 12 feet, it
sloped inwards. From the experience of last scason, when the rains were
heavy and wheeled traffic considerable, it is cvident that the rise in the
centre is much better than having the highest point outside, even with a
slope of 1 in 15 which it would have been difficult to give. In many
places it was found impossible to keep the surface of the road in tolerable
order, but where the road had been made with the rise in the centre and
the carth had settled it remained, comparatively speaking, dry and firm.”
And in 1850 Major Kennedy writing on the subject of the crog:=slope in
connection with the road from Simla towards Tibet said :—

“It W well to know that some authorm(.s on this subject have
tecommended the cross-slope of roads on declivities to run the vholg
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way from the outside verge to the inside, while others advise just the
reverse, and not from the centre to cach side. The chief objeet of the
first recommendation is to prevent the corrosion of the outside verge
by the surfaco water, and that of the second to prevent any accumulation
of water in the water tables, but they both appear to be most objection-
able in practice, as they necessarily throw every darriage off its level
and bring an unequal portion of the load on the wheels of one side.
They also give a longer run to the surface waters on the road. No
professional man should permit so serious an inconvenience to be

inflicted on the public. His ingenuity ought to provide a remedy of a
different kind.”

152. Thix is not a strong argument ax far as the balance of carriages
is concerned, for cven on a comvex section carriages must lean to ono
side or the other as they pass each othery but 1t is correct in saying that
an inward or an outward slope gives a longer run to the surface water
on the road. Thix i~ what Sir Henry Parnell said in his treatise, when
dealing with the subject of roads in mountainous countries :—

“ Attention in making the surface of a proper convex form is particu-
larly necessary on hills, in order that the water may have a tendency to
fall from the cecutre to the sides.”

153. General St. Clair Wilkins fuither quotes the opinion of an
engineer of experience who had charge of a large district containing
several mountain roads and writes :(—

¢ The ~ystem of sloping the roadway from the outer to the inner edge
is faulty and liable to cause injury to the surface from the excess of rain
water made to pass over the whole width of the road hefore it is carried
off by the inner channel i/ the great slope necessitated in the transverse
soction of the road by this arrangement is also a very serious objection to
carts proceedings smoothly along, and prevent the full width of the road
being made use of in places where its dimensions are necessarily limited.
Most of the Ghat roads in this district appear to have heen formed on this
principle, and their unsatizfactoy state during the rainy scason is suffi-
cient proof that it is ill-adapted to roads in localities where such a large
rainfall takes place, and where the first object should be to drain the
road surface as fast as possible by side channels on cach side.”

154. General St. Clair Wilkins after giving the opinions of several
other officery, and mentioning cases in which the inward slope has been
abandoned in favour of a convex scction, argues that carefully made
gutters will save damage to the outer edge of a new road, that a broad
flat surface sloping inwards will wear casily and will turn into a gutter
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for the passage of the drainage of the whole width of the road, that an
inward slope if considered safe at salients must be considered dangerous
at re~entrant angles, that a convex section has been adopted by common
consent as tho best section for a road in level and in comparatively level
country, from the point of view of the engincer and of the user of the road,
and that in mountain roads the convex section is, therefore, the one best
suited for the traffic, for the drainage of its surface, and for economy of
maintenance. He advocates the ¢ segmental scction ” of Mr. Telford and
says that finished mountain roads with a grade of 1 in 24 should have a
crown of 5 inches for a width of 20 or 21 feet and of 6 inches with a
grade of 1 in 20. The Telford section, it should be remarked, is not a
“sogment.” It is referred to as a flat ellipse, and an cllipse has sides
that are steep and a central portion that does not drain well., An ellipse
is not the best form for a metalled road profile. The writer recommends
that two planes inclined at 1 in 36, which are adopted for use in level
country in the United Provinces, should be used for hill roads also, except
at curves, the side drains being on onc level and the meeting point or
apex of the planes being rounded off during consolidation after, but not
before, the edges have been thoroughly rammed and the sides have been
compacted to a truo slope.  What should be arrived at is a true smooth
finished surface, without an excessive slope at the edges, and this the
two-plane section best gives.

HILL ROAD CROSS-SECTIONS.

Foundations may be necessary below the road metal in each case.

Fig. 3L
in ordinary soil
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Fig. 32.
in harder soil

As an alternative the width of the excavation may be: increased and

the retaining wall reduced.

An exceptional seetion adopted to maintain an easy gradient,



HILL ROADS. .61

\\., Fig. 34.
- Full width excavationinrock

~
~

Gutters may, in thig ease, be shaped out of the rock.

Fig. 35.
Half tunnel in rock

-~ \
L)

. . . |}
This section is more \
adapted to narrower

roads.

Gutters may be <haped out of the rock though shown as built with

slabs.
Fig. 86
'Section in cutting

-~
Sea,

Slopes vary with nature of soil.
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Section at salient curre showing ¢ banking.”

The road may be widened with advantage,

Section at re-entrant enrve showing « banking.”’

Usually there will be a bridge or culvert at re-entrant ¢urves.
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Fig. 39.

Fig. 40.

Stippin
oy

Section showing breast wall and retaining wall.

155. At curves it is necessary, now that motor traffic has arrived, to
“Dbank > the road giving it an outward slope at re-entrant curves and an
inward slope at salient curves ; these slopes merging into one or other side
of the two-planc section at a distance of about 50 fect from the end of the
curve. For particulars regarding ‘ banking™ the paragraphs on curves
should be referred to.

156. The rcasons that lead the writer to prefer for straight lengths,
the two-plane profile, arc that it is the scction chosen for roads on the
plains and it works,out automatically from the two contrary scctions of
the inward slope and the outward sjope.  Neither of these could be used
throughout the whole length of a hill road carrying fast traffic and one
niust change to the othier, in the interests of the traffic,, as the road curves
tound salients and re-entrants.

137, A road surface of two planes inclined at 1 in 36 means, fot a
grade of 1 in 25, that the flow of the water down the road will be at an,
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angle of 35° to the centre line of the road. Tf it is desired to get the
water away carlier, the cross slope can be increased at some inconvenience
to the traffic ; but this is hardly necessary,) It will be scen that General
St. Clair Wilkins makes the longitudinal grade and the average cross-
slope the same, and this looks as if the wator ran off at an angle of 45° to
the centre line of the road which, however, it would not do, for the
clliptical cross-scction is much flatter ncar the crown than its average
cross-slope. The two plane scction gets rid of the water soonest. At
curves the slope of the cross-section will depend on the amount of “banking”
which will vary with the sharpness of the curve, as mentioned in the
paragraphs on curves.

158. If itis desired to throw open a road to slow trafic quickly,

and before it can be said to be finished, the principle of the outward
slope may be adopted, with due precautions, as the road is casily made
and has no inner drain or scuppers ; but such a road, carrying as it docs
all the drainage of the hillside above it and of its own surface, must
constantly be covered with débris, and it wide, roughened by the large
flow of water over it, and it has to be completed by being properly shaped
and drained before the engineer is satistied with it, or can keep it in
really good order.
« 159. If, again, economy of construction ix aimed at rather than the
convenience of the traffic, a hill road that i meant for slow cart traffic
may be made with an outward slope and without gutters. Such a road
might be 12 feet or 14 feet wide between the parapet and the hillside.
But if a finished cart-road is required for fast traffic, the width of the
metalled roadway should be at least 16 feet with space for 18-inch kerb
and channel drains on cach side and a width of two feet to three feet on
the outside for a substantial parapet : a total width of 21 or 22 feet.

160. In his “Treatisc on Mountain Roads” General St. Clair Wilkins
specifics a width of metal of 204 feet between gutters for which he allows
nine inches for the outer and three feet for the inner gutter, with one
and-a-half feet beyond the outer gutter for a dry stone parapet: a total
width of 25} feet ; but a portion of the metalled surface in this case is
encroached upon by guard stones placed at 4-foot intervals along the
edge of the inner gutter at ~alient curves and along the outer gutter at
re-entering curves, The width mentiohed above, viz., 16 feet of metalled
road, is enough 1f kerb and channel drains are used. It is not necessary
to cut the tull width of the road except in special cases, for part can be
in bank, supported sometimes by a retaining wall, Occasionally the
full width is cut out as a half tunnel, but this is not often done for a
16+foot voad, being wore frequently used in the case of narrow roady



HILL '"ROADS. 65’

crossing a short steep cliff. Tunnels are not often used on roads. For
descriptions of these the Manual on Railways should be consulted.

161./ Side drains or gutters should be of the simplest pattern, and
there is nothing to beat the ordinary kerb and channel shape wherever it
can be used.  Deep narrow drains are dangerous ; shallow wide rectangu-
lar drains take up too much room—and ncither of these should be necessary
if the drainage is got rid off as soon as ever this can be managed by means
of scuppers under the road:; Very large drains of masonry or reinforced
concrete or wood may be required at speeial places above and below a
road to catch the water before it soaks into the soil, which may he on the
move, and to pass it off to firm ground below the road ; hut these are not
side drains. 7Experience of particular lengths of roads will show what
kind and size of drain should be used.  The general principle of construc-
tion of a side drain or gutter is explained here.  This consists of a series
of vertical slabs about 1§ feet
long by onc foot wide by two

inches thick which are sunk Fig 41 -
into the ground to a depth of < ..,
one foot below the lowest point ’ -f
of the gutter, the bed of the ¢
gutter being the natural rock, __:'
shaped to scetion or slabs one '
and-a-half feet by one foot by :;
two inches or small stones laid E‘
to a slope. The vertical slab is __l i
S ]

backed by filling between it and
the natural soil or the parapet.
Sometimes boulders are used to form the bed of the gutter ; sometimes
it i~ shaped out of the natural rock.)

162. If the quantity of water to he carried off by gutter is small,
the cross-slope of the road (1 in 36) can be continued to form the hed of
the gutter, but if much water hias to be drained off, the depth of the gutter
must be increased in order to keep the drainage from spreading over the
edge of the road. Thi~ can be doune by inereasing the bed slope of the
gutter to as much as 1in 6. And when gutters are used, the convex form
of road profile, which does not work in well with the carthen “patris”
of a road in level country, may be adopted if it is preferred to the section
formed of two planes meeting at the centre of the road.

« 163, To keep down the quantity of water that will run in the gutters,
the water from the outer gutter should be led off between adjacent
lengths of the parapet wall and from the imner gutter by scuppers
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under the road.  Somotimes small Irish bridges are made for the purpose
of carrying water across the road from the inner gutter, but these are
out of place even on a bridle road and are certainly out of place on a
cart-road.

Scuppers should, if possible, discharge over ~olid rock, or firm soil, so
rocky spurs are good places for putting them in.  They should be of
simple design, a shallow trench covered with slabs being enough.

- 164. The engineor who ranges out the line of a hill road should
remember that if he marks it out at the slope of the maximum gradient,
he is likely to find that parts of the road when finished will have grades
steeper than the maximum gradient.  General St. Clair Wilkins says that
the following rules ~hould be observed in marking out a road of which
the ruling gradient is 1 in 24 :—

1. All straight or slightly curved reaches to be laid cut at 1 in 25.
2. At re-entering angles where a drain, culvert or bridge would
occur the line to be taken across level.
3. At charp-angled salients the chord of the curve to be taken
through on the level.

4. At less prominent salients the chord of the curve to he taken
through at 3 in 100.

5. At easy ralients the curve to be carried round at 1 in 26.

“These rules,” he says, “may he followed with advantage by the
experienced engineer.  The inexperienced engincer will do well to flatten
his grades still more, otherwise his finished 1¢ad will Le sure to work out

steeper than his ruling gradient.”

- 165. The linc, before work i~ begun, should e clearly marked out
with masonry pillars, onc chain apart, and intermediate pegs, at 20-foot
intervals, which should not be moved till the woik is finished. Work
can be given out to contractors in 5-chain lengths, but no contractor
should be permitted to break ground in more than one chain at a time,
work in the second chain being started when that in the first has been
measured up and paid for. If this is not done, some contractors will
finish all the casy work in a 5-chain length and refuse to do the
more difficult work. It is not necessary to complete the full shape
of the road at first. _It is sometimes advantageous to cut the back
slope vertical and to pay later for the soil that slips, while the carth is
tpking up its natural angle, as »lip clearance 15 cheaper than cxcavation,

EY
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166. Methods of measuring up the work vary. A simple method
is to use two thin well-stretched ropes, an end of one being fixed at the
middle of the other, the junction being taken as a zero point from which
the ropes are marked off in feet, every fifth foot being marked with blue
cloth and every tenth foot with red. By moving about the ropes till
AEB is a right angle and again til ABD is a right angle and noting
the distances AE, EC, EB, AB, DB, it is possible to estimate the areas of
the triangles AB(Y, ABD, (‘BD. 1If preferred, a rope and a 50-foot tape
may be used or the areas of cross-sections can be calculated by noting the

slope of the ground and the back slope of the excavation as also the width
AB.

167. If the estimate has been recorded in such a form as the one
given on page 72, it is possible to watch the expenditure chain by chain
and to see if excesses are likely to occur or if savings are possible. The
form looks puzzling at first sight, hut on examination it will be found to
contain just about what is required for a normal road, recorded in a
systematic and methodical manner. Modifications of it will suggest
themselves to officers who have road work to do.

168. The maintenance of a hill cart-road resembles that of a road
on the plains, as far as attention to the road surface and drains and
culverts are concerned, but larger road gangs may be wanted in places,
for there is the road surface to be watered, where water is available, and
as the traffic on a hill road is generally heavy, repairs have to be done
quickly and slips cleared a< <oon as possible. For water-supply, it is
necessary to build cisterns over a spring above the road and to convey
the w‘t,uter through pipes to the road, where it may discharge through a
mnson‘ry standpost into a long trough, where cattle and horses can drink
and froip which the overflow can he conveyed along the roadside drain

and used‘\i'or watering the road, the grass on parapet walls, ete,’
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— 169. Special care should he taken to see that all drains are kept
clear and the waterway of culverts is not choked. It is usual to provide
catohpits above road culverts to prevent the waterway, if it is at all
restricted, getting blocked with stones and débris, and these shounld be
cleared before the rains. The heds of streams should be watched to see
that they do not cut back and endanger the foundations of bridges and
any accumulation of water in the stream bed above a bridge, owing to
landslips into the stream, should be noticed and dealt with, or there may
be a lake-burst that will wash away a bridge and damage the road.
Where an accident of this nature occurs, a temporary diversion of the
road must be made and a temporary bridge put up as soon as possible.

. 170. Catch-water drains above a road and drains below a road
should always he kept in working order, and the walls below a road
which are intended to hold up slipping soil should be inspected from
time to time and renewed, or repaired, as need arises. Slips of earth
on to a road should be dealt with promptly by a breakdown gang,
rocks blasted, and fallen trees removed, and the road surface made good.

171.  All bridges should be examined at least once a year and iron
bridges should he <pecially seen to and re-painted from time to time.
Inspection houses should be kept in thoroughly good order and their
surroundings should bhe kept in a sanitary condition, special attention
being paid to the water-supply. The furniture and cooking utensils,
lamps and crockery should he examined during road inspections and kept
clean and fit for use.

172. As a rule, arhoriculture is not munch attended to on hill roads,
but something can he done in places, where there are no forests,
towards providing shade for travellers, and ” chestnut and walnut
trees may be induced to grow along trecless stretches of road. As in
the case of arboriculture on the plains, a programme of operations and

“elar,

much supervision are needed if systematic results ave to be attained.

173. The following descriptive report of the estimate for the
Chakrata hill cart-road from Kalsi on the Jumna in the Dehra Dun
district to Chakrata is extracted from the College Manual on Roads, 7th
Edition, and may be taken as a fair sample of a repert on works of this

class in the outer ranges of the Himalayas :—

The plains road is held to terminate, and the hill 10ad to commence. at Kalsi, On
the former the ruling eardient is 3 in 100, on the Jatter 5 an 100,

Descraption of country, lower section —From Kalw to Sahia, a distance measured on
the line of 103 miles, the road lics on the high lands, which form the western side of the
Umlawa valley. These, 1 their lower features near the level of the river, abound in steep
rocky ground and precipices, the river in many places passing through narrow gullies
channelled out of the solid rock by the action of the water. At an elevation of 800 or 1,000
feet above the river's bed the ground is not so steep, and the surface 15 covered with soi]
and frequently under cultivation.
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A line was laid out originally rising rapidly from Kalsl, until these comparatively flat
grounds were reached and then earried along them,

This line, however, encountered a very serious landslip, in the 6th mile, which pre-
gented an obstacle insurmountable by any ordinary mecans, This lies back in a valley
around which the line wound. The soil of loose shale slips from a height of about 500
feet above the line and over a length of about 1,000 feet. It was essential that this slip
should be avoided altogether, which could only be done by crossing the gorge of the valley
below it,

The only work of any importance whatever executed on this line was opening out
a gallery in the precipices of the 3rd mile. Theie was, therefore, no need for hesitation in
abandoning nearly the wholg of the old line and adopting another, whieh should avoid the
landslip, cut across the throat of the Dudhow vallev. and present a gradually rising gradient
and level portions, instead of a continuous rise followed by a fall.

The galleries in the precipices of the 31d mile have been retained in the line, and
doing this causes, in fact, the onlv difficulty with which we have to deal.

Zig-zaa 1beve Kulsr —To preserve the ruling eradient, the line has to be carried back
up the valley above Kalsi and to return, formimg the only zig-zag that occurs in the whole
line, The turn has been made as easy as possible on a flat table with a radius of 80 feet.

Gradients.—Above the preeipices level portions have been inserted in every mile,
alternating with giadients not steeper than 5 in 100 up to the 8th mile, from which point
the line runs level to the erossing of the Umlawa, The Umlawa valley was said to be
very malarious, and that it was considered essential to carry the line at a considerable
height above the river  The line, a< at present laid down, lies generally about 600 feet above
the bed from the 2nd mile to Dudhow, from which pomnt they gradually approach each other
till at Sahia they comcide In this upper part the valley expands very much and is free
from jungle, and malara need not be apprebended.

Why lLme was not carred to east of T'mlawa —It may he asked why the line was
commenced on the west side of the Umlawa and not on the ecast, on which side (‘hakrata,
the final terminus, lies The valley of the Umlawa on ite castern side is exceedingly
precipitous, 1t consists, in fact, of a single bold ehiff rising abruptly to a height of about
1,000 feet from the river's bed, and extending for about five miles up 1ts course, where 1t 1s
broken by a ravine wiich discharges a water course into the river It would have been
impossible to cross this ravine, excepting at the level of 1ts junction with the Umlawa, and
at thig elevation the whole 10ad would have had to be cut ont of the solid 10eh.  The valley
behind the ravine to the cast does not extend in the divection m which the line has to he
carried, a long detour would have heen necessary throueh Pokri. and the 10ad would
probably have been 35 miles long mstead of 25,

Large bridges —There are hut two works of any magnitude on the lower part of this
section, that 14 up to Sahia, 2.z, the landshp bridge in the 6th and the Umlawa bridee in the
10th mile  The fomer conasts of a single apan of 50 feet. a circular segment of 120° erossing
the neck of what we have termed the landslip valley.

In seclecting the position for the bridee, 1t was necessary to keep entirely clear of, and
below, the landslip, and at the same time not to ¢o much below, as the lower the line the
more rocky and precipitous the ground  The rock on cther side 1s not of the nature to
afford secure foundations of itself. Tt is rather shaly and friable. The bed of the stream
is formed partly of tins shale and partly of large rocks and boulders fallen from above, The
bridge spans the throat of the valley , 1t 18 much larger than it 18 required to pass the
water. but it is neccessary to throw back the abutments in order that they may not be
inyured by the larger masses of <tone brought down. Tt is also very questionable whether
a reduction in the span, which would mvolve much increased work in wing-walls, etc,
would be economical,
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Umlawa bridge.—The Umlawa river rises in the Deobund range, about 10 miles above
the point at which we cross it. This poiat was selected with special regard to advantage
of position for tormmg the bridge, bounded in a measure by the linnts within which 1t
was necessary to commence the ascent towards Chakrata. The river collects the whole of
the rainfall of the western side ot the Chakiata, Pokr and Bairat spurs, of the eastern side
of the Naga spur, nnd of the southern slopes of Deobund lying between them. There 1sa
consuderable perennial low of water 1n the river easily foirdable m the dry seasons, increas-
g duning rain to a pertectly rmpassable torrent In the course of about 18 hours after
the cessation of heavy rain 1t subsides and becomes Lordable with some dithculty The
fall 1n the bed between Salia and Kalsi1s 1,700 feet 1n a length of bed of nine miles about ,
fiom Dudhow downwatds 1t 13 steeper than trom Sahia to Dudhow, indeed 1n the lower
portions 1t falls in a succession ot cascades  The fall in the bed, as measued for one mvie

above the crossing, 15 about 150 teet per mile

The water channel at Sahia 13 well defined , the valley has expanded and has a
moderately level bottom, the river having channelled ont a course for 1tself, and the ground
rising from 1t on either side m cultivated terraces partly of artiticial formation

When the river 18 1 flood, the torce ot the water 13 very gieat, catrying large masses
of stone betore1t I think 1t, therctore, expedient not to place a pier in the bed subject to
rude shocks, but rather to span the channel by a single arch of 60 feet.

Good building stone abounds 1a the neighbowrhood, and although, tor an arch of thig
size, 1t will be necessary to prepaic voussoirs ot diessed ashlm, the cost will not, I think,
appear extravagant,

In this cuse the lett abutment can be placed securely in a solid mass of roek which
projects from the bank, and the position of which tormed a chiet feature n iducing the
gelection of this crossing. The force ot the current 18 dirccted towards this side The
stream will pass as dircctly through the bridge as can be hoped for in the short reaches of
a rivel of which the coulse 18 so tortuous,

Line above Sahia.—The character ot the giound over which the hne ot road runs
above Sahia 18 very different irom that below. The slopes arc gencrally easy, and com-
paratively but little 1ocky ground 13 met with  The distance along the road from Suhia to
where the line cuts the tudge at the depot 18 16 miles.

Sawngh valley bridge.— As at first laid down, the line entered a valley below Sainjh. in
which 1t tan back for nearly a mile, the thioat of this valley 15 tormed by two abiuptly
projecting 1o0cks, separated by an mterval of between 60and 70 feet, and enclosing a
chasm 70 feet n depth It was decided that this chasm should be spanned either by an
nonguder o1 stone arch and the long detour around the valley be saved.

There 18 nothing else on this upper section on which 1t appears necessary to offer
special remarks

Mai ches for troops —Troops proceeding to the sanatorium will probably have to make
two marches {rom Kalst to Chakrata The distance by the cart-road 13 25} mules from
the lower encampment at Kalsi to the point at which the line stiikes the ridge near the
depot ; the mte for the regiment 18 ubout one mule turther on  Whilst the cainage must
of necesmity follow the cart-1oad. the men might march partly by this road and partly by
paths ot stecper gradicut that may be constructed to cut off some ot the long detours

The most favourable place for an intermediate encampment is Sahiaat the Umlawa
bridge ; hero there 1s moderately flat ground and an  ample supply ot good water fiom the
river. The lower section of 10§ wiles cannot be shortened by the oxpedient above named,
but the upper section of 156 miles may probably be reduced by paths on a gradient of 10
in 100 to 13 mules. These paths may be opencd at & very small oxpense, probably not
more than Re. 500 per mile, as the teatures and soil on the uppe: section are tuvourable.
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Water.—~Water is found at intervals all’ \along the line, but in abundance only at
the Isndship, Dudhow, the Umnlawa, Korwa, aud at the streams i 10 and J1 miles of
upper section.

Surveys,—The surveys and estimate have been prepured with the utmost care, A fter
the line had been flagged out, it was repeatedly examined and corrected, where necessary.
to secure the best points at which to cross the watercourses, or to avoud difficult ground
without falling mto other errors or difficulties A pathway wasthen cut, on which the
levels were taken and a traversed line surveyed; a cross--scction was taken every 100 feet,
and these have been plotted on the plans in contour lines at vertical ntervals of 50 feet.
The nature ot the soil was ascertained i cach 100 feet, and has veen ¢xhibited by different
shades of colour on the drawing Permanent bench-mairks have been sot up at frequent
intervals. The ceutre hine ot every culvert has been marked by strong pickets

Estunates— Evcavatwns —Lhe quantitics ot excavation have been tuken out mile by
mule for every 100 fect on a tabular torm, classifying the work under the three headings of
rock, stony and sotl. The speciheations ot whien are stated to be —

Rock—that which can be removed only by blasting and the crow-ba,

Stony—soil ticely mtermixed with stones of such nature that the combined use of
crow-bar and pickaxe 1s necessawry tor it removal

Soil—that which can be 1emoved by the phaora

Culverts —The culverts have heen aranged under the standard spans of 2§, 5, 74,
10 and 15 feet ; any opening of larger size 19 classed as a bridge The quantities of work
1n culverts are taken out mile by mile according to the standard drawings, allowance being
made for extra work 1n those of which the piers are higher than provided 1u the standard, -

Wadth of road —A 15-fout width ot roadway clear has been given to the culverts, one
foot more than has been allowed mn galleries cut in precipices The width of road in the
several portions have alieady been fixed by Government,

Scuppers —The small opemings tor discharge ot 1vad dianage 18" X 18" have been
termed scuppers; they hive beea provided 1n the proportion of trom 15 to 40 m the mile
of road according to the natwe of the ground. The position of each scupper has been
determined after a caretul consideration of the features of the ground, the nature of the
soil, gradient of r10ad and extent ot hil slope below which it ocews It may possibly be
necessary to add to their number, It1s ditheult to detexmine this until the road has been
opened to 1ts tull width. ‘The scuppers are takeu out by the mule in the ¢stimate,

Parapet wallng,—The parapet walling 19 estimated mie by mule, divided into diy
stone and 1 mortar. The dimensions and nature of the walling have been discussed n
previous correspondeuce, Au opening ot one foot 14 lett at each culvert, and one of three
feet at every 500 teet, to permut of cattle passing to graze on the hillside,

Metulling.—Metalling has been piovided to the full wuith of the road and thickness
of six inches.

Compensatwn for land —Compensation will have to be given tor a very small amount
of cultivated land 1n th bed of the Umlawa and at the villages of Sainjh and Korwa,
The whole ot the rest of the line runs over waste ground.

HRates— Total cost and cost per mile —The rates have been determuned by the oxpe-
rience already gamed 1 opemug out pathways and toimng galleries 1n the precipices
above Sahia. The total cost per mile ot the lme, Rs, 13,623, does not appear high by
comparison with the cost of the Natm T'al 10ad.

On the other hand, I do not think that we have eired on the side of too great economy ;
the principal outlay 18 in excavation, the rates of which are based on the experience
already gained,

Method of caloulaling excavations.—It 18 to be observed that in ground of this nature, it
fo impomsible to estimate the quantity ot cutting with the uccuracy attainable on ordinary
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roads, nor is it ensy to foresee precisely where it may be necessary to substitute retain-
ing walls of earthen slopes above the road. The caleulations have been based on the
following considerations, Where the natural slope of the hillside has a base of 2 to 1
perpendicular, the soil is generally not tenacious, and frequently the dip of the stiata wall
be with the slope, in this casc we have assumed that the back slope may be left at 45°
or basc = perpendicular . .

Where the natural slope has a base ot 1§ to 1 perpendicular, the conditions point to
the conclusion that the soil is tenactous, or that the strata lic nearly horizontally, and
here we assume for the back slope a hase of § to I perpendicular. Itis m these places that we
may most probably have to add retaimng walls, as wheie there are any symptoms of failure
in go1l, 1t would be more economical to build a breast wall than to add to the cutting by the
very large arca that would have to be taken out m section to seeure a back slope that would
suit the soil,  In these cases the sectional area of cutting saved by the breast wall will pro-
bably nearly compensate for 1ts cost.

Where the natural slope 1s 45° or stecper, theie 1s evidence from thus fact that the soil
must be very tenacious, that it is on rock, or that the dip of the strata 1s opposed to the slope.
In these cases we have assumed sections varymg, in the back slope, from § to 1 to a vertical
wall.

Patttern eross-sections of ercaration.—Nme pattern cross-sections have been plotted
on these prineiples. the areas of which are apphed 1n the table of quantities to each successive
100 fect, according to the local natural slope ascertained, as I have above said, by measure-
ment on the ground

I do not see how we could arnve at an estimate of the quantities likely to be much nearer
the truth, until by opening perhaps half the width we can ascertam the exact nature of the
soil at every point. It may, perhaps, be accepted as sufficient to pronuse that on the work
reaching this stage, the table of quantities shall be revised with a view to determimng
whether the gross quantitics provided will cover the cost of the completed work,

The quantities and cost of all the other descriptions of work can of cowse, bhe
arrived at very closely, and exception within a moderate it being allowed 1 the
cage of the scuppers, to the number of which some addition may, i certamn places, be
necessary.

10



CHAPTER VII.

(JOLLECTION AND CONSOLIDATION OF KANKAR.

174. Kankar is a form of limestone which is found in layers at
various depths below ground, very often in land impregnated with
saltpetre or ¢ reh”” and known asx “wusar” land in the United Provinces.
The thickness of the beds varics. Often the kanhkar is found in very
hard layers and has to be broken into blocks. This i~ known as block
kankar or “chatt” or ‘silia.” It can be used for building purposes, or
for pitching, and, when broken to a 2-inch or 1}-inch ~ize, for road work.
It is often very hard and has to be consolidated, as stonc is consolidated,
that is, with the addition of binding material as the work nears comple-
tion. The nodular form of kankar is called * lichwa.” It may be
found in clay soil or in sandy soil, its quality as road material varying
with the nature of the soil. That found in “ usar” i> generally white
and soft, while sandy clay produces weaker kankar than is obtained from
clay soils. Sometimes it will be found that a quarry yiclds stuff that
looks good, but that breaks up into very very small picces which do not
make a good road. Occasionally nodules will be found above the soil
in ravines. These are clean and hard, but difficult to consolidate and
make an indifferent road.

175.  Good lime, sometimes rich, sometines hydraulic, can be made
from kankar, but the best road kankar docs not make the best lime, nor
does the best lime-producing kankar make the best material for road
work. Good kankar for road work should be heavy and hard, and dark
in colour when fractured. Most quarries, especially of block kankar, will
produce some that is of poor quality, breaking casily, crushing to powder,
unfit for road work, and this will be carted to the roadsides as will also
a quantity of earth, unless measurcs are taken to sce that *cleaning” is
done at quarry.

. 176. Quarries will generally be found on private land, and land-
owners or zamindars will often object to their being worked, but in the
United Provinces, it is recognized that the Government owns the kankar
and can have it on payment of a royalty of four annas per hundred cubic
feet as compensation for the disturbance of the land.  Failing agreement
on these lines acquisition of the land under the Land Acquisition Act
becomes necessary. In some districts neighbouring landlords try to
impose a fee as compensation for damage done to their crops by dust
taised by passing carts loaded with kankar, but this should not be allowed,
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177, The men who dig kankar are paid in different ways in different
districts. Sometimes they are paid a daily wage ; at other places they
receiye payment according to the work they do. The quantity of kankar
they can dig depends on the quality and on the depth at which the layers
are found. Taking the daily task at 15 cubic feet and the daily wage
at 4 annas, the cost of 100 cubic fect of metal is roughly Rs. 1-12, and
if the task is 12 cubic feet, the cost is approximately Rs. 2. This
is for digging, breaking and cleaning at the quarry. In addition
4 annas have to be paid as land compensation for every 100 cubic feet
and 8 annas for further breaking and cleaning, and for stacking at the
roadside. The rate for the metal stacked at the roadside exclusive of
carriage would, therefore, be about Rs. 2-8 to Rs. 2-12 per 100 cubic
feet, but might be less or more according to the task and the labour rate.

178. In estimating what the task should be, due consideration
should be given to the quantity of inferior metal that a quarry produces,
for sometimes nearly all that is dug can be used, and sometimes 20 per
cent. may have to be put aside. Tn one district a contractor paid eight
annas for a “ paimana” of 30 cubic feet, which reduced to 22 cubic feet
when cleaned, so the rate became Rs. 3 per 100 cubic feet, including four
annas for royalty and cight annas for cleaning, breaking and stacking.
In another case six heaps of 13 cubic feet cost Re. 1, and the waste was
10 per cent., making the rate, after adding 12 annas as above, Rs. 2-2-6
per 100 cubic feet. Officers who prepare rate lists need to collect
information of this kind and in as great detail as possible.

179.  The two examples given below are taken from notes of work
done in different places :—

(«) Five men, at 4 annas cach, dig 10 feet by 10 feet by 5 feet, and
produce 70 cubic feet of metal, which they clean and which
reduces to 60 cubic feet.

Rs, a. p.

.. 100 cubic fect cost, 210
Land compensation, 0 4 0
Break, clean, stack 0 8 0
Total cost of 100 cubic feet, exclusive of carriage, 13 0

| o

(») Kankar layer is 12 inches decp and three feet below ground.
For 100 cubic feet of kankar an arca of 134 sup. feet is dug out.

Rs.
Earthwork 134 X 3 at Rs 2 per thousand,... . == 800
Kankar 134 X 1 at Rs. 4 per thousand, e =536
Break and sepmiate 134 at 6 annas per cent , . . = B00
Clean, break and stack 100 at 10 annas per cent., ) e =626
Royalty or land compensation,... v =260
Total for 100 cubic feet, 2711

Exclusive of carriage, say Rs., e 2-12-0



"6 CHAPIFR VII,

180. Carriage is sometimes paid for at a rate of eight annas per
hundred cubic feet per mile, estimated, probably, on a daily task of 25
cubic feet carried 16 miles at a rate of one rupee per cart for a day,

Thus for N miles—

16
Number of estimated trips, e e =3
16 X 25
Quantity delivered at a cost of 16 annas, . = 3N
. 100 X 2N X 16 8N
.* 100 cubic feet cost, ... 16 x 95 °F 8N annas,

which is 8 annas per mile,

181, For short journeys the rate per mile should be higher than for
a long lead. Tt is difficult to find a rate that will suit most ca~ex.  To find
a rate that will cuit all is impossible, for what suits one road will not suit
another where the villages along a road, and near it, in which perhaps the
cartmen live, or halt, during journeys, ave differently placed, or where,
again, a stretch of very <andy «oil has to be crossed in one case and not in
another, or a stream to he negotiated, and it will sometimes he found that
there will be a rush of contractors for some miles of collection, while none
will tender for others.  In a case like this an officer who frequently
inspects quarries and makes himself well acquainted with every circam-
stance connected with them will be able to say why this is =0 and will
get the rates adjusted.

182, The rates for carriage given below are based on the assump-
tion that a cart costs 14 annax a day and can carry 25 cubic feet to 30
cubic feet of metal.  The quantities that can be delivered by cach cart
daily may be taken as 100 cubic feet tor the first mile, 55 cubic feet for
the <econd, 40 cubic teet for the third and 32 cubie feet for the fourth
mile. These are not absolute figures, tor they will vary with circumstances.
They are based on four trips, two trips and oune and-a-half trips for

miles 1, 2 and 3 respectively.

Then the carriage rates will he for 100 cubie foet—

Mile, Re. a, p.

1, oo ‘e W 0140

2, . .1 10 0 or 12 annas more,

3y oo e <« 2 4 0 or 10 annas more than for 2,
4, .ee . ee 2 12 0 or 8 annas more than for 3.

For mile 5 and subsequent miles add 6 annas per mile per 100 cubie
feet, '



COLLECTION AND CONSOLIDATION OF EKANKAR. "

183. The rates for carriage will, therefore, be as given in the table
below ;—

TasLe VI,
Kankar collection.—Carriage vate for 100 cubic feet.

Mile. Cost. ! Rate per mile. Mile, Cost. Rate per mile.
Rs, a. p, Rs. a. p. Rs, a. p, Rs, a. p.

1 0 14 0 0 14 0 1 5 60 0 710

2 1 10 0 0 15 0 12 5 12 0 0o 78

8 2 4 0 0 12 0 13 6 2 0 0 7 6

4 2 12 0 011 0 14 6 8 0 0 75

5 3 20 010 0 15 6 14 0 ' 0 74

6 38 0 0 9 4 16 7 40 0 73

7 3 14 ¢ 0 810 17 710 0 0 7 2

8 4 40 0 8 6 18 8 0 0 0 71

9 4 10 0 0 8 19 8 6 0 0 71

10 5 00 08 0 20| 8120 0 70

Mile 20. In this case about two and-a-half days are required for one
trip, »0 25 cubic feet will cost Re. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>