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PREFACE.

THE need of a Handbook in concise form dealing with Road
Construction and Maintenance has prompted the publication of

these notes.
No claim to originality is made for the contents.

The author desires to acknowledge the co-operation of many
brother officers of the Corps of Royal Engineers in various parts
of the world, who have given the benefit of their experience, and

furnished useful notes and practical hints.

Most of the illustrations have been contributed by R.E. Officers
from photographs of works executed under their charge.

Several members—past and present—of the Instructional Staff
of the School of Military Engineering have contributed considerable
assistance in preparing the figures and plates, and it is hoped
that the Manual may be revised in the future so as to keep it
up-to-date. )

Few Tables have been reproduced, as it is assumed that R.E.
Officers have access to the usual Engineering Pocket Books, and
to the several publications on Reconnaissance, Topography, and

Military Engineering.

It is hoped that the advertisements at the end of the text may
be of use to those using this Handbook.

E. M. PAUL, MaJor, R.E,
Instructional Staf.
School of Military Engineering, Chatham, )
May, 1908
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ROADS.

CONSTRUCTION—MAINTENANCE AND COST,
CULVERTS AND WATERWAY.

CHAPTER 1.

PRELIMINARIES, FOUNDATIONS, SURFACE, ACCESSORIES, ETC.

Goop roads are a national asset, essential for the prosperity of
every country, and, from a military standpoint, furnish invaluable
aids for defence.

To connect two points at some distance apart by means of a road
seems an easy matter. In reality it is not so, in most cases
considerable skill and experience being necessary, apart from the
study of principles. .

Neglect of main principles has caused many a road to be badly
engineered.

A good eye for country, common sense, and knowledge of prin-
ciples are essentials in a good road prospector.

The subject divides itself into road-building in :—

(a). Civilized countries.
(b). Partly civilized, or entirely unopened country, mountainous
regions, as in India, Africa, Canada, and Colonies.

CiviLizep CouNTriEs.—The conditions to be dealt with are
generally where :—

(1). Wheel traffic is great.

(2). Gradients are easy as a rule.

(3). Land is valuable.

(4). Appliances for repair, etc., are easily obtained.

N.B.—Mountain and hill roads exist equally in civilized countries, but will

be dealt with later.
B



New CoOUNTRIES.

(6).
(7).

. Inhabitants may be hostile, not amenable to labour.

. Land of little value.

. Labour cheap and plentiful.

. Materials for repairs, etc., cheap, although the appliances

may be difficult to obtain.

. Engineering difficulties in the matter of rivers, swamps,

" forests, and mountains may be much greater.
Climatic conditions may be unfavourable.
Transport difficulties usually considerable.

In civilized countries the difficulties to be overcome may be
equally great, but in new countries, owing to want of existing
communication, they are usually emphasized, especially in the matter
of transport.

Roads will be considered under the following headings as regards
their construction, ete. :—

. Preliminaries.

. Foundations.

. Surface.

. Accessories.

. Compensation for Damuge.

. Military Roads in New Countries.
. Roads during Military Operations.
. Organization of Labour.

. Maintenance.

. Inspections and Standing Orders.

. Prevention of Dust.

. Estimates, Specifications, etc., etc.

(13).

Approximate Cost of Roads.

Preliminaries.-—The first step is the selection of the route after
careful reconnaissance of the district lying between the two points to
be connected by road, so as to select alternative routes.

The main considerations which decide the alignment are :—

P e P P
T UM QO LY -
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. Shortness, consistent with least rise and fall.
. Ruling gradient.
. Curves of minimum radius.

Economy of earthwork, culverts, and bridges.

Proximity of quarries, water, villages, or towns.

Strategic and political reasons, trade routes, etec.

Sites for camping grounds and defence during military
operations.



3

RuLine Grapient.—For wheeled traftic in England there is nc
fixed limit, but it should not be steeper than 1 in 20. Telford
adopted 1 in 30 as a rule.

In France and India the ruling gradient is 1 in 20.

In America the ruling gradient is 1 in 11.

In general, the grade should he reduced to 1 in 35 if possible,
which is the best grade for driving fast downhill, and is easy to
climb.

1 in 17 is permissible, but 1 in 20 should not be exceeded.

In some Inll roads grades as steep as 1 1 10 oceur, but the strain on dranght
and pack animals is very great.

In ll roads the ascending grade which is practicable for laden carts and
bullocks rules. A man walks slowly uphill and quickly downhill ; a horse
does the reverse, the steeper the ascent, the faster he will attempt to travel
until fatigued ; hence, steep ascents are most trying to animals in general.
For foot and bridle paths, for men, pomes, and pack ammals, the conditions
are again reversed. Men and amimals can chmb steeper places than they can
descend ; besides, animals cannot be ridden or retan their loads down steep
descents, which, as ascents, are quite practicable ; hence, for bridle paths, the
descending grade rules.

A good horse, weighing 1,200 1bs., can pull 1 ton at 2} miles per
hour, 10 hours a day, on a good level road.

On a smooth grade of 1 in 20 he can only pull 40 per cent.

For a short time a horse can exert twice the power of an average
day’s work ; hence the resistance of gradient should not exceed
twice that of the level.

The following important facts, determined by experiment with
regard to animal traction, have been taken mainly from Roads,
Streets, and Pavements, Colonel Gillmore, U.S.A., p. 21:—

1. The force of traction varies directly with the load, inversely
with the diameter of the wheels.

9. Resistance is practically independent of the width of the tyre
on hard roads, if that width is over 3 inches or 4 inches.

3. At a walking speed the traction is the same for carriages with
or without springs.

4. Force of traction increases with the speed on paved or hard
roads. When the speed exceeds 24 miles per hour, increase in the
resistance varies directly with increase in velocity.

5. On soft muddy roads or gravel the traction is independent of
the velocity.

6. Wear and tear varies inversely as the diameter of wheels ; it
is greater with small wheeled carriages than large, and if without
springs than with. Tt has also been proved experimentally that
wheels with 24-inch tyres cause double the wear produced by

vehicles with 43}-inch tyres.
B2
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It a wagon and load weigh 1 ton, the following will be the force just required
to move it slowly on a level, over different road surfaces :—

(1). Smooth pavement, asphalt .... .- ... 12 lbs., 1 of load.
(2). Telford road ..........ccoeeviveiiier v v on o . 46 ,, "
(3). Macadamized road ...... .. ..... ... ... .65 ., 4% '
4). Gravelroad.. ... ..cooovvvevee it v 140 ,, % .
(5), Common earth ........ «eo oo oeeen w2 2200 ,, "

To apply these facts to the deternination of the gradients in a road. If W
be the load on an cline 7, =angle ot repose against shiding, the force required
to prevent W from rolling down =the force which would just pull W along on
the level, for that is the force required to overcome the friction of the road

T smet _h

Th Siner A
en w as sie 90° [

, t.6., a gradient of hn { (see Fig. 1).

N

W

Fie. 1.

Substituting for T and W from the above, we can find the gradient on
which 1 ton can be just moved.
T 12 _n_ 1
{

W 2240 186
For (1) smooth pavement. T 12 1bs., W 2,240, a grade of 1 in 186.
y» (2) Telford road. T 46 ,, eorviiriiiirireieirinnnns 1,, 49.
,» (3) macadamised road. T 65 ,, .. ...... 1, 34.
,,» (4) gravel road. T140 ,, .. ... . .. 1,, 16.
,, () earth road. T200 ,, ... . .vieen. . 1,, 11,

Hence it will be seen that the smoother and better the road, the
less should be the gradient ; it is evident that each surface presents
to a vehicle a certain angle of repose, which increases with roughness.
Practically it comes to this, that on a slightly inclined but very
smooth road the horse and vehicle receive less assistance to
prevent the load slipping down than on a rough incline, where the

¥
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force ef friction, tending to prevent sliding down, is greater, and
the influence of gravity is consequently felt less. On a smooth
pavement, inclined at 1 in 186 (the angle of repose for this class of
road), a horse, to pull 1 ton, must exert 12 lbs. to overcome
friction + 12 lbs, to draw up the load.

On good hard surface roads a heavy road engine, 10 h.p.
(nominal), of weight W will draw :—

On a slope 1 in 10, a load W.

bRl " 1 ’y :20. ') PAVAS
” » 14, 30, 3y 3W.

Ruling grades for different pavements :—

Wood .......... .. ceves ceee Lin 25,
Stone setts ......... C e 1,, 40.
Asphalt, powder .................1 ,, 50.

’ mastic ..... ... 1,, 60.

The disadvantages of steep gradients are :—

(1). Loss of power.

(2) Water from heavy rain tends to damage a road.

(3). Greater wear and tear by draught animals’ feet, ascending
and descending, and, indirectly, fatigue to the animals
themselves, and increased cost of maintenance.

(4). Destructive influence of brakes, slipper drags, skidding
wheels.

‘With the introduction of motor traffic these are, to a certain
extent, minimized, and a flatter, impermeable, compact, smooth-
surfaced, dustless road becomes an emphasized necessity.

A longitudinal gradient of 1 in 100 to 1 in 150 is desirable for
efficient drainage.

In mountain roads a grade of 1 in 20 is rather too steep for
continuous ascents exceeding five or six miles in length. For such
it is desirable to work to a ruling grade of 1 in 25 if possible.

For grade table see Appendix A.

Where long gradients are necessary, let the lowest portion be
steepest, and break with occasional stretches of level, or widen at
intervals, where teams can be halted, outspanned, and loads lifted
whilst resting.

WiprH oF Roap depends on :—

(1). Expected traffic.
(2). Land available.
(3). Money available.

In England it is usual to take multiples of 8 feet, that being the
width required for one vehicle, i.c, a 16-foot road will allow two



6

carts to pass each other. Ordinary turnpike or main roads are
30 feet in England. .

Where the country is intersected with railways, the width* of
roadway of various kinds, whether over or under railways, is fixed
by law ; the minimum is 12 feet, measured over ditches and paths.

To carry a 2nd class road under a railway, 25 feet.
» o o» 1st ” ” ” 35,

In general, where land is cheap and can be easily procured, it is
as well to allow a few feet extra to the multiple of & feet, so as to
provide for :—

(1). Metal to be stacked and broken at sight.
(2). Hedges, banks, and ditches.
(3). Against future widening.

A width of 6 feet will suffice for infantry in fours and for pack animals
moving in one direction, but a width of 9 feet is desirable.

A width of 14 feet will allow laden animals (including camels and elephants)
to pass each other comfortably.

A width of 10 feet is sufficient for loaded wagons and carts, with passing
places at intervals ; 12 feet will allow mounted men to pass wagons.

A width of 16 feet is the most economical, as mounted men and wagons
can pass each other without difficulty, and allows the passage of two columns
in opposite directions.

The Grand Trunk Roads of India are 40 feet over all—16 feet
metalled (see /%g. 23 and p. 32). The section Attock to Peshawar
has 12 feet metalled ; less important roads have only 8 feet or 9 feet
metalled. But the narrow width induces continuous cart tracks and
ruts to quickly form,

Foorparas must be allowed for extra; width generally taken as
one-fifth of the roadway.

Cross SecTioN.—A much-discussed question as regards * camber.”
This may either be  barrelled,” elliptical in shape, or with flat sides
rounded off at the crown. In America a road is specified as
“crowned 6 inches or 12 inches ” (Figs. 2 and 3).

The ¢ formation surface,” or “subgrade,” should have a regular
slope; the rise at the centre is generally 1/60 total clear width
between the kerbs.

Radius of curvature of finished metal surface should be about
90 feet. Camber for asphalt, 1/80 to 1/100, clear width; stone
setts and wood pavement, 1/60 to 1/80, ditto; as this gradually
wears down, the metal must be renewed. For setting out camber
vide Molesworth’s Poclket-Book, 25th edition, p. 672.

* Molesworth's Pocket-Book, p. 200.



7

For modern traffic, the flatter the road contour the better, con-
sistent with drainage of the surface ; the provision of a sound even
waterproof surface therefore enables the camber to be considerably
reduced. In a comparatively dry climate like England, not subject
to torrential rains, the tendency is to diminish the camber and fill
in the ditches, so as to give greater traffic width, arranging at the
roadsides for shallow drainage over the actual metal. In wet
climates, where rainfall is excessive, the camber must be increased.

— Riae

Rise & To 8 Clear widlh (w).

F16. 2 —Barrel Section.

. 6 OC-.¥%

Fi1c. 3.—Plane and Curve Profile.

Excessive camber in general induces the whole of the traffic to
keep to the centre of the roadway and produce uneven wear ; other-
wise the wide wheels of self-propelled vehicles only bear upon the
road surface for a proportion -of their width. Excessive camber is
also dangerous to swift traffic, and adds to the danger of skidding if
the surface becomes slippery (see p. 22).
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It is advisable to make a ““ template,” or gauge (Fig. 4), to secure
correct barrelling. On narrow roads a board cut to the curve,
edged with iron, will suffice.

Fia. 4. —Road Level.

Livitine  CurveEs.—Small wheel traffic can go round much
sharper curves than engines or rolling stock on rails.

Except in hills or mountains, sharp curves are never required, or
very rarely. On a cart road they should not be less than 45 feet
radius ; if less, the road should be widened to 26 feet clear at the
curve.

To find the radius of curvature of a staked-out curve, pegs being equidistant,
stretch a string from any stake to the 3vd, 5th, or 7th peg, in erther dirce-
tion, and measure the offset from the peg opposite 1ts middle pont (u.e., obtain
a middle ordimate). Then radius of curvature in feet =length of string 1n feet,
squared, -+ 8 times the middle ordnate m fect.

The grades on curves should be eased as much as possible.

Foundations.—The foundation of a road is of the greatest
importance, as it is upon this that its strength mainly depends to
resist the blows of heavy traffic. Therefore avoid perishable rubbish.

Once put in, the foundation cannot be altered ; therefore prepare
the subgrade carefully. ~Chalk forms a good foundation, provided
no water gets to it. For very heavy street traffic 9 inches of good
cement concrete, made with good hard stone or clinker, is advisable.

In forming earthen embankments in India, Africa, ete., by
native labour, the gangs should be compelled to traverse the newly
deposited layers, both going and returning to the borrow pits, or
source of spoil, s0 as to assist consolidation of the material.

A bank should be allowed one season to settle before metalling,
and the foundation should be 3 inches thicker than on natural
ground.
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Where good sub-soil, firm and fairly unyielding, is met with,
either of the two ordinary methods may bhe adopted, viz. :—

(a). Telford* system.
(b). Macadam* system.

TeLrorp System (see Fig. 5).—To be used where stone is
plentiful. First a rough rock paving, 7 inches to 10 inches deep, of
medium and large blocks is laid by hand, filled in with smaller
blocks, and all projecting points broken off, so that when laid the
surface may be fairly even.

Essentials and important points :— Blocks—hand-laid, broad end
downwards, large and medium sizes—longways across the road;
chips and spalls to be wedged in.

The stone used not to be very hard, but durable.

At the sides the “ bottoming ” need only be about 4 inches thick,
50 as to give a rise to the foundation.

The object of this foundation is:—

(1). To carry and sustain the blows of heavy traffic.
(2). To prevent earth from the sub-soil being squeezed up.

X3 " 2o o 3 A
4—}{471&7:%&&0%’8&%

Fra. 5.—Modern Telford Section.

The cross section is made up of :-—

(1). Foundation, hand-pitched rock, 7 to 8 inches deep, interstices
filled with small stones and consolidated.

(2). Layer of 3-inch stone, rolled until 3 inches thick.

(3). Layer of 4 inch of sand or gravel, rolled dry.

(4). Layer of 2-inch stone, rolled until 4 inches thick.

(5). Layer 4 inch sand—dry.

(6). Final coating of clean, sharp sand, rolled wet until smooth.

Macapam SySTEM (see Fig. 6).—An entirely different system,
more general, perhaps; largely used in India and America.

The rock or stone bottoming is dispensed with.

The road metal is broken to 2-inck ring and spread over the site
in three successive layers, each 3 inches to 4 inches deep, and
separately rolled or rammed ; thus a firm, compact bed of angular
fragments of stone, about 8 inches to 10 inches thick is formed,

* From the names of engineers who practised them.
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which should be impervious to water, or nearly so, and which soon
acquires a smooth surface.

The advantage claimed over the Telford road is that it gives an
elastic bottom, as against the unyielding slabs of rock.

Colonel Gillmore, a well-known American authority, considered
that, in either case, the bottoming or metal should be laid first over
a layer of fascines ; but this has greater application in soft places on
subgrades.,

Binding of Sharp Sand
¢ Stones rolled 4" thick

e, . , ——’

8" Stomes rolled 8 thick

F1a. 6.— Modern Macadam Section.

In making a macadam road, drains are dug along the sides and the
earth thrown up and spread over the road site, filling in inequalities,
and raising it slightly ; the metal is then spread and consolidated in
layers—first, 3-inch stones rolled until 8 inches thick, then 2-inch
stones rolled until 4 inches thick, finally sand and water spread over
the top and rolled.

Defects of Telford Road.—(1). A large percentage of voids in the
foundations, which may allow water to percolate and carry away
natural soil or else soften it; the subgrade and foundation then
give, and the road sinks.

(2). If the foundation is harder than the metalling, the latter
gets gradually pounded up.

Defects of Macadam Road.—(1). It is not quite impervious ;
soil will creep up through interstices, which cannot be reduced in
the first instance by rolling to less than 25 per cent.

Tue MoperN FirsT-Crass Roap is a modification of the Telford-
Macadam systems :—

(1). Bottoming—12 inches of hard rubbish rolled to 9 inches
carefully to proper contour.

(2). 5-inch Thames ballast (or stones and sand) rolled to
3 inches.

(8). 3-inch layer of 2-inch granite rolled down to 2 inches.

(4). 3-inch »  2-inch ’ ’ 2 inches.

(5). Sprinkling of sand, well watered, and rolled to a finished
surface.
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Sometimes (1) bottoming is formed of 6-inch good Portland cement,
1 to 6, or lime, 1 to 4, concrete; then a 3-inch layer of 2-inch
granite is laid before the concrete has set hard, which provides a
rough ‘““key ” to the metalling.

In the N.W. Frontier Province, India, roads are made with a
soling of boulders, or pieces of rock, 6 inches to 9 inches thick, with
the interstices filled in with small stones and earth. A coat of
6-inch or 9-inch stone metal is spread in two layers, each consoli-
dated separately. The thickness depends upon the nature of the
soil. The gauge of the metal should be 14 inches if to be con-
solidated by bullock rollers, and 2 inches by steam rollers ; hard
limestone 1% inches, softer stone 2 inches.

Tar Macapam, an old method—in its newer form, i.e., tarred
granite, blast furnace slag, limestone, or other metal—is non-
absorbent, dust free, easily cleansed, economical in watering
(summer) and scavenging; it must be laid in dry weather; it is
likely to be very extensively used in future, to lessen the dust
nuisance.

It has been largely adopted in Paris, and on the highway between
Cannes, Nice, and Mentone. The use of tar macadam doubles the
cost of the road, but quadruples its life, and saves considerably in
scavenging and watering. An occasional spraying with tar is an
improvement.

Gradient slope, 1 in 25 maximum recommended.

Process.—Layers of 2-inch broken stone are warmed on an iron
floor to expel all moisture ; hot gas tar, 6—8 gallons to each ton, is
then mixed with hot shovels, and the whole stacked under cover for
two months. Also as top dressing, two parts §-inch stone with
one of coke breeze heated, mixed with tar, and stacked for use;
or, as an alternative, }-inch to }-inch stone alone, with 12 gallons
tar per cube yard. To be successful, the material must be absolutely
dry before being tarred.

The best stone for tar macadam is limestone and Kentish rag—in
India, kankar nodules ; granite and blast furnace slag are also used.

The foundation is laid as for macadam, then 3-inch layer of
2-inch and #-inch stuff mixed, and well rolled ; dressed with one
layer of 4-inch stuff alone, rolled to 4 inch ; finish with a sprinkling
of }-inch sand, granite or limestone siftings, well rolled dry ; or a
flushing of hot tar and }-inch to }-inch stone chips rolled in. The
foundation surface may be flushed with well-boiled tar or Portland
cement grout before laying the tar macadam.

The tar should not contain more than 5 per cent. of water, and
not less than 55 per cent. of pitch. Good and bad tar may be
chemically the same.

Ordinary gas tar should be boiled until, when cool, it can be
drawn out into thread-like filaments.
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It should be kept at boiling point for three or four hours; the
lighter the tar, the longer should it boil, so as to drive off the
ammonia, volatile oils, and water; but avoid overboiling. Refined
or distilled tar is better than crude.

Defective tar macadam is due to () unsuitable stone, (b) inferior
tar, or (c) faulty preparation.

“Tarmac,” a patent, made of blast furnace slag, impregnated
with tar, appears to be a very good material. Opinions differ as to
cost as compared with granite macadam, although the initial cost
may be higher (about 10 per cent.). “Tarmac” on a large scale
will probably prove more economical to maintain in the long run,
whilst the expenditure in scavenging, watering, etc., will be reduced
to a very small figure (see Appendix B).

Tar macadam differs essentially from ‘tarmac,” in that in the
former the road metal is, in general, merely cemented together with
tar, whereas in the latter, by the patent process, the pores of the
slag are impregnated, thus excluding wet, and so making the
resulting road surface waterproof.

“ Tarmac” has one well-marked fault, namely, that the slag wears
to a very fine state of subdivision, producing a slippery mud which,
under the influence of frost, is an element of risk to tratfic.

“Slag tar macadam ” and ¢ Tarlithic ” are proprietary materials
which promise well.

Impregnation of metal with tar 1s believed by some to be the real secret
of successful tar macadam, but not solely ro ; softer metals will absorb more
and wear down quickly, producing more dust than hard metal ; a hard metal
which breaks with a fracture sutficiently rough to secure thorough adherence
of the tar scems cqually essential. Hard, rough porous blast furnace slag

and granite fulfil thesc requirements. Further remarks upon the employment
of tar as a “‘ binder” and tor *‘sealing” the road surface are given on p. 105.

Roaps over Marsuy GrouNp.—Where a road is to be made
over a swamp or marshy ground, the site must first be treated so
as to provide a firm foundation, otherwise the road will certainly
sink after it is made.

One method is to make shallow trenches, V-shaped in plan, 2 or
3 feet deep, 20 yards apart, and fill with coarse gravel or rubble
stone, draining to side channels.

A careful system of drainage, which will remain clear and
unobstructed, 1s essential ; side drains require to be wider and
deeper than under ordinary conditions.

On very soft spongy ground, tree trunks, logs, reeds, sapling
mats, fascines, coarse grass, millet stalks, or brushwood in bundles
9 inches to 12 inches diameter, about 20 feet long, are laid alter-
nately, and pegged down lengthwise and crosswise, 18 inches thick,
until a grillage is formed; if alternately wet or dry, it will soon
decay ; gravel and road metal is then spread over the top. The
top row of fascines must lie across the direction of traffic.
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If there is much wheeled traffic, a reserve of material should be
collected and prepared to make good hollows and damage.

The most troublesome thing to meet is a small stream in marshy
ground ; each case must be dealt with on its merits, but in general
it is advisable to canalize and train the stream to a definite line,
with fascines, etc., cut from long grass and reeds, which are usually
to be found on marshy sites.

In the construction of durable roads across low-lying lands, such
as salt marshes and meadows situated by tidal estuaries, the chief
trouble is that the road must possess the rather opposing character-
istics of lightness and strength—Ilightness in order that it may not
sink into the soft ground on which it is laid, and strength in order
that it may resist the wash of the waves that may occasionally flood
it during stormy weather. Naturally these two qualifications are
not always easy to obtain. As a means of securing a foundation
for such a road, large trees, with two opposite sides flattened, may
be laid lengthwise, one being placed in the centre and one on each
side of the road, the outside ones being placed about under where
the wheels would pass. Poles about 3 inches in diameter at the
small end should be laid across these, the space between the stringers
having been first filled with earth and stones or shingle. At each
side, over the ends of the poles, 2" x 6” kerb planks are placed,
securely fastened, edge up, to cedar piles driven 6 feet into the
ground, and projecting 4 feet above the planks. The piles are
placed 8 feet on each side of the centre line, thus giving a
16-foot roadway. Against the outside of the planks a mud
bank is carefully thrown up and consolidated; grass growing
through this helps to secure it. On the inside of the planks a line
of compact earthen bank, about 2 feet wide, forms an almost
water-tight trough. Earth and stones can then be filled into the
space between the kerb planks and brought level with their tops.
Shells, gravel, and shingle, three bushels per square yard, can be
spread and consolidated by rolling to a thickness of 6 or 8 inches.
This form of construction gives an elevation above the tides, except
during severe storms. This road, though topped by storm-tides, is
likely to withstand them.

FasciNne Roaps 1IN Norwav.—Made of fir baulks, etc., laid
lengthwise and crosswise, with branches and twigs (‘lop and top ”),
and finished off as in #4g. 7.

Metal

Larth Bank ____
Lop and Top —
Fir Cruss-wire
Firs Lengthwise ;

\\\\\\\\\\\\\\\\\\\\\

\\\\‘\\‘ \ Plank

//'_.-“

.05 or
5od Revetinent

Fi6. 7.—Fascine Road over Marsh, Norway.
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Another plan is to drive short piles and top them with brush-
wood or fascines; hurdles on a layer of dry peat, stone ballast on
top, are sometimes used. ’

Corpuroy Roaps are often constructed in forest tracts where
timber is plentiful. Trees with straight trunks, fairly uniform in
size, are felled and laid transversely to the road ; charcoal, clay,
sand, and gravel, and stones or other suitable substance, is then
spread over to pack in between the trunks; a certain amount of
rough adzing may also be done to improve the surface inequalities
and reduce the slippery surface where the bark has stripped. At
best, such roads are only temporary, as they deteriorate with

use.
Ribands should be provided and pegged to the logs.

Roaps Across SAND AND DEsSErT.—In Upper Sindh, where the
whole country is a sandy plain, without a stone for miles, the road
surface is formed by spreading layers of ‘“moonj,” a long reedy
grass somewhat like pampas grass. The reeds are laid transversely,
and a little sand or loam on top. Permanent improvement is hardly
possible, but incorporating fine clay till the sand and clay harden is
beneficial.

In China millet stalks (kaoliang) are used for the same purpose.

In parts of Afghanistan similar plains exist, besides mountains
and hills;, but no grass, so that little or nothing can be done in such
tracts.

In forest land charcoal makes very compact roads, and they are
easily and cheaply made.

Surface.—It is essential that the surface shall provide :—

(i.). A waterproof covering.
(ii.). A wear-resisting medium to protect the foundations.

Failure in road-building will certainly result if neither principle
is satisfied.

The heavier the traffic, the harder and more compact must be the
metal and road surface.

Traffic is therefore the determining factor in the lzf¢ of a road.

In self-propelled traffic four factors govern road wear, viz, (i.)
axle load, (ii.) tyre width, (iii.) wheel diameter, (iv.) camber.

The size of metal should be limited to 2 inches every way—
generally spoken of as 2-inch ring, ie., will pass through a ring
2-inch diameter; one-inch ring for hand laying ; it should be laid
in 3-inch layers, so that the top layer comes rather above the
finished surface.
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The essentials in metal are :—

(1). T'oughness.—To offer resistance to being broken up, but
yet to be breakable, though not flakey ; it should break
into cubical pieces.

(2). Resist Abrasion.—i.e., corners should not easily knock off.
The test is to revolve a certain quantity in a closed
cylinder with perforated sides a certain number of
times, and compare weights before and after.

(3). Resist Compression.—Test by placing under a lever.

(4). Not suffer Decomposition on exposure to weather or frost ;
a very porous stone is bad.

The cheapest stone is not always the best.
The following are a few varieties of metal :—

Basalt.—Imported Rhenish basalt is a hard, close-grained,
excellent metal.

Syenite.—Good ; the darker the better.

Granite.—Good ; the closer in texture the better.

Trap, basalt, and other igneous rocks are good, e.g., Scotch
whinstone.

Gneiss and Quartzose rocks are friable and do not last.

Laterite and “ Moorum” in India make good surfaces, but do
not stand much heavy traffic (see p. 94).

Flint is fairly good, but too brittle ; should only be used in
default of better stone or material ; flints picked off fields
are better than those from chalk pits.

Kentish Rag is a fair metal, but inferior to granite, ete.

Limestone.—Generally good, except oolitic and lias. Too weak
for heavy traffic. The chief objection to limestones is that
they are dusty in summer, greasy and muddy in winter ; a
good all-round metal, especially useful for tar macadam.

Overburnt Brick.—If uniform clinker — good.

Clay-slate and Sandstone are bad.

Blastfurnace Slag is hard, angular, and heavy; not a good
binder, but absorbs tar, and is more durable than limestone.

Kankar.—A calcareous deposit, a species of “ tufa,” is largely
used in N.W. India, and makes good roads. It is found as
nodules mixed with a good deal of earthy matter ; it is also
dug out from quarries in blocks. Block kankar is inferior
to nodule kankar (see p. 94). * Bechwa ” with blue fracture
is the best.

N.B.—A very hard sharp stone metal is destructive to horses’
feet. The harder the metal, the smaller should be the gauge.

RoLLiNG.—Metal should be properly consolidated by rolling or
ramming each layer separately as laid, and not left to be worn
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smooth by traffic, as the surface is sure to become uneven, and the
horses’ feet will suffer.

A new road unrolled will never be used if it can be avoided by
detours or side tracks.

Rollers used—either steam or hand; their weight should not
exceed 10 to 15 tons, for they will otherwise be likely to break
pipes under the roadway or crush the metal; if too wide, they
cannot maintain a proper contour of cross section.

Commerrce by rolling the sides, or ‘ haunches,” so as to press up
the metal towards the centre, and finish off at the centre.

Rolling should be done at least five times dry before finishing
with water and binding material, such as sand, gravel, or granite
chips, or screenings, and then rolled 20 to 30 times. This binding
is spread from shovels in front of the roller, and water sprinkled as
well. The binding fills in spaces and keeps the metal together.

About 15 to 20 per cent. of good binding, evenly spread, is
required for every 100 tons of metal.

Mud or road-scrapings should on no account be used (see also p. 103).

“ Hard rolling, minimum of binding,” is a good maxim.

Men should keep sweeping the roads behind the roller and the
cylinders, so as to ensure every cavity being filled.

A few days should elapse for the road to dry before regular traffic
is allowed over it ; nothing is likely to do more harm to a newly
made-up or repaired road than premature use by vehicular traffic.

Bullock rollers are used in India, ox rollers in South Africa,
etc. ; those with reversible poles are best ; increased weight with
water ballast.

Paving oF STREETS.— Various materials are employed—stone,
wood, asphalt, India rubber, etc.

Stone Setts or «“ Cobbles” are very durable (Roman roads).

In England granite ‘“setts,” cubical blocks, 3 inches to 4 inches
square, or 3" x 7" x 9” in section (9 inches depth, 7 inches across the
road, 3-inch grip for horses’ hoofs), are laid on a solid base, formed
of broken stone or of concrete (see Fig. 8). Setts of Aberdeen
granite are superior to setts of Norwegian granite.

2n3

Fic. 8.—Cross Section of Pitched Pavement,
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Fine gravel or sand is scattered over the top to act as a cushion ;
it saves wear and reduces noise; the granite setts are arranged
fairly close upon this. ¢ Cobbles” are about 3 inches square in plan.
The interstices are filled with hard, dry, very fine shingle, and a
mixture of hot creosote oil and pltch* run in gradually to deaden
the sound. The setts are rammed home with paviours’ mauls
(“ beetles ”), the sand being spread over the surface, so as to
gradually work its way down. Allow six or seven days to elapse
before trafhic

Some setts are wedge-shaped, the narrow end up and small chips
or wedges of granite are driven in between with fine sand ; others
equal ended. Sometimes a stiff, though not very rich, cement
mortar or grout is run in ; bituminous grout* is by far the best for
reducing dust.

In streets on an incline it is a good plan to project each course
1 inch to provide foothold, and arrange the setts diagonally, as this
assists the flow of surface water to the side drains ; also at corners
to herring bone, s0 as to ease the turns.

Granite setts are liable to wear smooth and get depressed, and
the street becomes slippery and uneven ; the addition of sand as a
remedy tends to increase the polish; water cleansing is alone
effective.

“ Random ” setts are undersized irregular setts, only suitable for
third-rate roads.

“Kleinpflaster ”—variously known as “Durax ” or ¢ Cubette "—
is a sort of hand-packed, “random,” uniform-sized granite sett
paving in intersecting curves, and when truly laid forms a sort of
mosaic. Sizes—35" x 3%" with 4-inch variations; depth, 4 inches.
Very little dust is “formed, which fact chiefly commends its use. It
will stand very heavy tra,fhc lasts long, is clean and easy to lay; it
is less noisy than ordinary setts, and the edges of the cubes do not
spall.

pConcret;e as a foundation is very advantageous; it forms the best
unyielding surface, and protects water and gas pipes from frost in
cold climates.

In some places, e.q., Leicesber, 3" x 3" granite setts have been
successfully bedded on 2} inches of tur concrete, overlaying a
4-inch cement concrete foundation. The setts are wedfred up with
chippings, and finally grouted and rammed in with pxtch and tar.

On the Continent (old Italian towns, Messina, etc.) streets have
been paved with square slabs, set diagonally; the traction is
smoother than setts, and they are more easily cleaned, but if the
stones become worn or broken, which latter is very likely to occur,
they are more expensive to replace.

* Pitch, 3 parts ; creosote tar, 1 part (or creosote tar, 8 gallons to beiled
pitch, 3 cwt.).
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The most perfect granite surfaces are to be seen at Hamburg,
where large setts are used, cut and laid with great accuracy, so that
the joints are very fine and good ; except for the clatter of animals’
hoofs, this type of street pavement is practically noiseless.

The disadvantage of stone setts or cobbles lies in their being :—

(1). Noisy and jarring.
(2). Slippery and greasy in muddy weather.

NB.—If is dangerous for road engimes mn wet weather to attempt to ascend
or descend grades steeper than 1 in 14 laid with gramte setts.

Other materials, mainly proprietary, are :—

“ Quarrite.”—Limestone treated with a tar preparation.

“ T'aafelt.”—Granite, ditto, ditto.

“ Parlithic.” —Blue Fifeshire granite treated with tar.

« Strongite.”—Granite set by chemical action with limestone
and rood tar.

Wood Paving in some respects is better than stone :—

(1). Less noisy.

(2). Safer for horses if kept clean.

(3). Easily swept and cleansed by flushing.
(4). Traction good.

(5). Easily repaired.

The disadvantages are :—

(1). Absorbent, and consequently unhealthy after a time,
especially soft wood block.

(2). Liable to decay.

(3). Liable to swell from moisture.

(4). Slippery in wet weather.

(9). Cannot withstand heavy traffic.

Australian Hard Woods.—Jarrah and karri, cherry-coloured
woods from West Australia, equally good. Jarrah burns to a
black ash; karri to a echite. Karri shrinks, and is less absorbent
than jarrah.

Red gum, blackbutt, red mahogany (N.S. Wales) —the latter
very similar to jarrah-—are efficient substitutes.

Tallow-wood—canary yellow to pale brown in colour, from N.S,
Wales—shrinks less, and is very good.

The weight of all these hard ‘woods is about 55 to 70 lbs. per
cubic foot.

Pyinkado (Burma) is good.

Avoid stringy bark, blue gum (Tasmania), and American red gum.

¢ Prismatic oak,” an English compound block of oak, is believed
to be sound and useful.
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Soft Woods.—Creosoted or * carbolened ” yellow deal (Baltic fir)
and other soft woods impregnated with coarse sugar (Powell process)
are said to give good results. Red deal (St. Petersburg or Viborg
is best. Swedish yellow deal is largely used.

In general, experience shows that Australian and American harc
woods wear unevenly; fine-grained creosoted yellow deals of well
seasoned timber hold their own for moderately heavy traffic.

Blocks 3 inches wide by 6 inches by 8 inches or 9 inches long are
usually employed. Nowadays the depth seldom-exceeds 5 inches ot
6 inches (hard wood), often only 4% inches; soft woods, 6 inches.
Deeper blocks are wasteful, more costly, and less stable.

Formerly the blocks were laid on a cushion of sand on a concrete
bed, and grouted with a cement mortar, and the surface run all over
with hot coal tar, upon which fine sand or gravel was scattered.

Blocks are laid end on to grain ; all sappy wood and split blocks
must be picked out and rejected. A margin of a few inches should
be left near the kerb to allow for expansion of new blocks after wet ;
with wuncreosoted blocks, 4 inches to 5 inches for a 40-foot road ;
with creosoted blocks, 1 inch for 40-foot, 14 inches for 60-foot,
2 inches for 80-foot road widths.

, 7)e Expansion joinl filled with dedr.s

I x 3 Plank, 72 peet long.
Woold block 48 & dasp.

i
Sdesp /,}/7-
S

F1c. 9.—Cross Section of Modern Wood Pavement.

The more modern method is to lay on concrete as before, but
each block is dipped in pitch as laid, and set close up witl.lout
joints ; or a thin grouting of pitch may be poured into the joints,
but the former is preferable. Fine chips of stone, gravel, or sand
are sometimes sprinkled at the finish, but are not necessary. They
only coagulate with the tar and form a sticky mud, which must
subsequently be scraped off. Hard wood blocks are close jointed
and hammered up at every twelfth row (vide Fig. 9).

Tt is essential to prohibit traffic, to let the concrete set after the
wood blocks have been laid; }-inch spaces between the rows of
blocks are filled in with tar and asphalt, ete.

Wood paving is best laid in hot weather. )

c
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Asphalt.—Manufactured from natural rock asphaltum, which is
carbonate of lime, with 5 to 15 per cent. of bitumen.

Asphalt is usually laid on a concrete foundation (Portland
cement—not lime, which sometimes “ blows”), floated with cement.
It is laid either as a powder or a viscous fluid.

Powdered or Compressed Asphalt—1/10 inch mesh, heated to
250° F., laid hot, 1% inches to 2 inches thick, rammed with hot
rammers ; then rolled with 12-cwt. rollers till cool. Sand sprinkled
on top. The heating fuel should be coal, peat, or hard wood, not
coke (which is injurious).

Mastic Asphalt.—An artificially prepared compound ; limestone,
85 per cent.; bitumen, 15 per cent.; sold in blocks. To lay it,
break up the blocks and add a little bitumen ; heat in a cauldron
and add grit.

The proportions average per ton—

Asphalt, blocks (4 cwt. each) .. e 124 cwt.
Refined bitumen . $ ,, orless.
Sharp grit, 3-inch mesh, limestone

preferred . . .. ... 6% , ,, more

In tropical countries increase the proportion of grit and reduce
the bitumen,

In melting asphalt it is essential to keep the cauldron covered, to
prevent the escape of volatile oils. At the start melt a little
bitumen in the cauldron before adding the asphalt.

“Cooking ” occupies four to six hours, and it must be constantly
stirred. When the material is properly “cooked,” jets of blue
smoke are emitted from the surface, and the material will not
adhere to a rod thrust into the mass. Care must be taken to
prevent the mastic burning.  All burnt pieces must be thrown out.

Asphalt should never be laid in wet weather, or at a temperature
below freezing point ; the surface of a concrete foundation must be
quite dry before laying.

Granite Asphalt. —*Granite asphalt has now been used in Paris
for some years with most satisfactory results. The substance
consists of various minerals, notably granite chippings, mixed hot
in an ordinary tar-boiler with natural asphalt. A thorough incor-
poration at a proper temperature is requisite, and it is claimed that
the constituents react on each other. Granite asphalt is unaffected
by acids or oils; its hardness, which is not reduced by moderate
heat, is generally in excess of that possessed by ordinary asphalt,
and though admittedly inferior to granite in this respect, it is
practically equal to the sandstones of Fontainebleau. One of the

* Extract from Le Genie Civil, Paris, Vol. XLV., pg‘. 434-6, quoted in the
Minutes of Proceedings of the Institution of Civil Engineers, Vol. CLX.,
pp 417.
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advantages claimed for the substance is that a street laid with it
can be easily patched without a total relaying, which would be
necessary if setts were used.

Advantages of asphalt :—

(1). Smooth.

(2). Clean and very sanitary.

(3). Durable—life, 15 to 20 years.

(4). Uniform in surface.

(5). Healthy.

(6). Little or no noise.

(7). Easy traction.

(8). Comparatively cheap and easy to lay and repair.

Disadvantages :—

(1). Initial cost heavy.

(2). Unsuitable for grades.

(3). Slippery if not kept guite clean, and then causes skidding.

(4). Melts in hot climates, and “creeps ” if the slope exceeds
1 in 60.

It is much used in London, Berlin, and Paris.

There are several good companies — Val de Travers (Swiss),
Seyssel (France), Limmer (Hanover), Trinidad, etc.

The supply and laying of asphalt form a special contract on
‘W.D. work.

India Rubber.—This has been used in Hanover, laid in large
sheets 1 inch thick. It is almost perfect, except for the expense.

It has also been tried at the approaches to hotels and public
buildings (e.y., the entrances to Euston Road Station and the Savoy
Hotel), but the cost is prohibitive for streets.

Corlk Pavement is a patent elastic material composed of ground
cork mixed with bitumen and fibre ; it is compressed into blocks
about the size of an ordinary brick. It is laid in hot tar on a firm
foundation, coated over with hot tar (1 gallon) and tallow (4 ozs.).

The cork blocks are dipped in a jointing mixture composed mainly
of asphalt, and laid like wood paving.

It is claimed that the paving is non-absorbent, non-slipping, and
practically noiseless.

It has been used in Nottingham, Bournemouth, Windsor, and
York, and by some of the Railway Companies, with varying success.

The cost is about 10s. 6d. per square yard in London, exclusive of
foundation.-—Roadmaking, etc., T. Aitken, p. 366.

As a summary of suitability of pavings for animel transport,
the best of all is dry wood block, and the most dangerous dry
granite setts.
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PrEVENTION OF SKIDDING.—With tHe introduction of motor
vehicles the construction, of a road surface which will reduce
“skidding ” is an important consideration.

Any such expedients as studs, spikes, sharp-edged tyres, ete., is
to be deprecated.

A bad, improperly kept road surface, aided often by a needlessly
high camber, forms a dangerous track to travel on.

Wood helds the field at present, but creosote oil on wood tends to
make this kind of pavement slippery; cork may prove useful ;
asphalt must be kept scrupulously clean.

Tar paving is uncertain for streets with more than the lightest
traffic. Flint gravel is cheap and quiet, and the least greasy. Setts
of granite, etc., are satisfactory, though noisy.

‘When a road surface is dry, sideslips will not occur ; when a road
has a sticky mud, as from limestone, metal, etc., it is best to liquefy
and remove the mud by copious flushing with water from fire hose
(Gibraltar).

Judicious scattering of shingle and screenings will always prevent
skidding ; but as fast as this is ground to mud it must be removed.
Shingle of flint cuts rubber tyres, but preserves its grittiness longer
than granite screenings.

Kccessories.

(1). Footpaths and sidewalks.
(2). Water channels and drains.
(3). Kerbs.

FoorpaTs.—With slight slope, 1 in 90, towards the gutter,
allowed for in the foundation, The materials used are :—

(a). Gravel.—Fine stone chippings, clinker from refuse destruc-
tors or ashes (only admissible in country roads where
there is little traffic).

(). T'ar Pavement.— Of gravel, tar, and furnace slag, stone, etc.

Coal tar, 1 cubic foot.*

Stone, }-inch, 3-inch, §-inch, 1}-inch gauge, 12 cubic
feet.

If damp, the stone should first be heated. The whole is
rammed, or rolled with §-ton roller; larger stones first
layer, smallest top layer.

(¢). Asphait.—Either mastic or powder compressed, on a con-
crete foundation.

* Alternative.—Tar, 12 gallons; pitch, § cwt.; creosote oil, 2 gallons;
screened aggregate, 1}-inch gauge decreasing to }-inch, 1 ton.
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(d). Slabs or Flagstones.—Yorkshire stones, so-called ¢ Silex ”
brand, are good, and it is believed will last 20 years
under constant traffic. Usual thickness, 24 inches to
3 inches.

A foundation, 3 inches or 4 inches of broken brick or
gravel, well consolidated, is usually given; some poor
mortar is spread over this to level up for bedding the
flagstones. Even bedding is essential, and there should
not be more than 14 stones per 108 square feet of
paving. Edges must butt true and square, and the
jJoints be grouted up. Slabs 2 feet square are usually
laid to break joint with 1-foot or 18-inch closers (see

Fig. 10). -
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Fra. 10.—Flaystone Footpauth.

(#). Concrete.—1 Portland cement to 4, 6, or 8 of aggregate,
finished with 4-inch granite siftings. It should be laid
in 6-foot bays, or else as separate moulded blocks.
Usual depth, 4 inches to 6 inches.

(f). Bricks or T'iles laid flat or on edge—uncommon except in
villages in the Midlands. Blue Staffs. or ¢brindles”
are the best, being less slippery. Burgess Hill clinker
bricks and Candy’s buff vitrified bricks are also very

ood.
Thigs paving is cheap and easily repaired, but is liable to
wear irregularly and sink down.
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Sidewalks.—These are most commonly made now of cement
concrete in situ or of purpose-made blocks. The proportions may
be 1 of cement to 4, 5, 6 of aggregate—granite chippings the best.

A foundation of 4 inches of consolidated clinker or brickbats is
well rolled in the first instance. A bottom layer of 1} inches of
granite chippings ( inch), 2 parts to cement 1. Top layer, § inch
to 1 inch of finer chippings and cement 2 to 1, well trowelled and
kept damp.”

N.B.—A thickness of 43 inches, with 1 inch of good cement mortar finishing
coat laid on at the time, is better than 6 inches floated over with a thin skin of

cement dusted on. The surface 15 sometimes * pitted,” to render 1t non-
shpping, by impressing a block ot wood with metal studs over the face.

The following precautions should be noted : —

(1). Use clean sand, especially in the wearing coat.

(2). Use the same brand of cement throughout.

(3). Thoroughly mix the sand and cement dry, adding merely
sufficient water to bring the mortar to the consistency
of a moist brown sugar.

(4). Thoroughly mix the mortar and ag ggregate till ‘each stone
is coated, and consolidate by light ramming, particularly
at the edge.

(5). Avoid long slabs, and also broken joints. A width of
4 feet to 6 feet, with jointing strips, is suflicient for
each slab.

(6). Clean the concrete bed thoroughly before applying the
wearing coat, which should be put on before the former
sets, using pressure in trowelling.

(7). See that the plane slopes true.

(8). Keep the walk damp for several days.

(Extracted mainly from Baker’s Koads and Pavements, p. 613).

N.B.—There are various patent artificial stone flags on the market.  Non-
slip ” (hard Yorkshire stone) paving is much used (cost, 7s. per square yard,
laid complete).

WaTER CHANNELS, ErC. (F7g. 11). —The channel or water  table,”
as it is called, is very important, and trouble should be taken in
preparing and laying.

\\. //// ‘9\» §//4, ‘o

F1a. 11.- Stone Kerb and Water Talble.
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Without side drains, whether in streets or country roads, the
haunches of the roads will become damaged by rain. In streets the
kerb acts as a wheeler for vehicles.

In Streets they may be either of concrete or stone. If stone
slabs or setts, they should be bedded solidly and grouted with
cement or bitumen.

The channel should slope 1 in 250, the slope being made in setting
the table, independent of the kerb, if the road has a less gradient
than 1 in 250.

To prevent a continuous rut forming next to the edge of gutter,
insert stones as headers when laying the stone slab water tables
(Fig. 12).

Footpath.

Road Nurface.

Frc. 12.—Gutter en Plan.

These channels discharge the water and silt either through gullies
(various types—Grosvenor slanting bar grating, etc.) and “buddle
holes” at intervals into conduits under the -street leading to the
sewers or drains ; these must be trapped, without exception, so as
to disconnect from foul drainage conduits.

A silt trap should be provided, and cleaned out reyularly, as a
good deal of mud, leaves, and refuse would otherwise get into the
conduit and choke it.

The cover or grating should offer no obstacle to traffic ; duplicates
should be kept to replace broken gratings without delay. The bars
should never be parallel to the direction of traffic.

The drainage of all country roads is very important (see p. 67).

A water-logged road soon cuts up.

In country roads ditches are dug at the roadsides, preferably
beyond the boundary hedge if close to the haunches, when the land
is dear and the strip of road site narrow (Fig. 13) (see also p. 7,
under camber).

They are usually 2} to 3 feet deep, and if close to the road ma
be filled up with a blind drain of stone slabs and stones, wit
brushwood on top, so as to prevent accident from a vehicle going
into one.



Fia. 13.—Ditch, Country Road, with Blind Drain.

Where a road is made in side-long ground, or in cutting, drainage
of the slopes above is effected by ‘catch-water drains.” Each site
must be dealt with on its merits, remembering that the main
thing is to divert the water from the road site as quickly as possible
(Figs. 14 and 15).

Fre. 14.—Cuteh- Water Drainage.

Fig¢. 15.—8ection,
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Kers.—These are of stone, iron, or concrete, sometimes hollow,
forming conduits for electric cables, ete. (see Figs. 16—22).

Footpath
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Fic. 20.—Standard Concrete Kerh and Guiter.
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I A

Fira. 22. —8t. Lowws Conerete Kerh and Gutter,

Iron kerbs are costly, and liable to expand, wear smooth, and
become slippery.

They are usually of very hard stone (Syenite granite), split into
slabs of 3 to 6-foot lengths, at least 9 inches deep and 4 inches wide.
They should be dressed partially (only on the exposed faces), bedded
in cement, and rammed with packing at the sides to prevent
shifting.

Stone kerbs should have a 1-inch draft inargin, and clean, sharp
arrises at the sides and ends, to butt true.

Their depth should be regulated so that the thrust of the earth
and path behind shall not cause the blocks to tilt.

Kerbs, as in Figs. 20 and 21, are very usual in America, and are
found satisfactory. The final surfacing is made with Portland
cement mortar, 1 to 1} or 2, laid whilst the concrete bedding is
fresh and unset, so as to secure an intimate attachment. The face
is finished by being floated, trowelled, or brushed.

Parapes.——The principles underlying the construction of metalled
roads apply equally in the making of parade grounds—barrack
squares—for drill purposes.
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Before laying the metal or gravel filling, the formation surface
should be graded to the required falls to correspond with the
proposed finished surface of the parade, to ensure proper drainage.

Foot parades should be formed of 4 inches of hard filling and
3 inches of screened gravel, fine stuff for binding being added as
required.

Parades for mounted troops should have 4 inches of filling and
4 inches of hard stone, broken to 13-inch gauge, with sufficient fine
screened gravel to fill the interstices.

The surface should be currented to the surface channels and well
rolled with a steam roller.

To reduce dust the surface may be treated with refined tar,
sprayed on hot (see p. 104). It is possible that the Gladwell
system of road repair may prove effective for parade grounds
(see p. 105).

The following are suitable for hard filling and gravelling :—

Burnt clay, ballast, quarry siftings, chippings, forge and
furnace ashes, clinker, slag, and flints.

(Design and Construction of Military Buildings, p. 14).

Compensation for Damage to Roads.—Compensation is fre
quently claimed for damage due to ‘‘extraordinary trattic,” e.g., by
troops and vehicles over a manceuvre area temporarily occupied for
military operations in peace.

A “Road Compensation Officer” is usually appointed to assess
the compensation for damage. .

The following points should be borne in mind when detailed for
such a duty, after being provided with a 6-inch map of the whole
area :—

1. Ascertain what local authorities maintain each road. For this
purpose refer to the office of the county surveyors, who can indicate
the district surveyors and their areas.

N.B.—1In some cases the same road is maintained by more than one body
along different sections ; some by contract, others administratively.

9. Pass over the entire length of roads included within the whole
area with them about 14 days before the troops begin to assemble,
and make general notes by enquiry at farms, counting carts, etec., etc.
The hire of a motor car for this purpose is essential.

3. Classify roads of all kinds (private and public) under four or
six heads, according to the actual condition of their surface, and
without reference to their breadth. Where the roads are in a bad
state, the attention of the local authority should be drawn to their
condition, and an agreement come to regarding the classification
before manceuvres commence.
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4. The following classification recorded by distinctive colours on
the map is recommended :—

Good I Fair. Bad.
Metalled .. ... Dark blue. ‘ Crimson. Black.
Unmetalled :. Violet. ]‘ Scarlet. Brown.
Gravel ... . . Light blue. ! Pink. Yellow.
Grass . ... .. Light green. i — Dark green.
|

5. During manceuvres take note, as far as possible, of what
military traftic passes over each road per diem.
6. [mmediately after manceuvres—

(i.). Write to all surveyors, asking them to inspect their roads
and notify the places for which they propose to claim,
and the amounts.

N.B.—Some difficulty may he experienced in getting claims sent
unless an ultimate date 1s given.

(ii.). Make appointments with claimants, and re-traverse the
roads in question.

7. The War Office will only pay for damage done by ¢ eatra-
ordinary” military traffic ; the mere marching of troops and the
passage of vehicles to and fro, on arrival at and departure from
the manceuvre area, should not be included under the term
“extraordinary.”

The troops are entitled to use public roads as citizens and
individuals.

8. The War Office is not bound by the by-laws of local road
authorities. = Where the Manceuvre Act is not in force the
claimants in a disputed case must either sue the W.D. or come to
some agreement with the Road Compensation Officer ; the latter is
preferable for all parties,

9. Repairs should be postponed till after manceuvres. If the
local authority is insistent on immediate repairs, the road must be
carefully inspected and condition noted at once. Further com-
pensation should be refused, as fresh metal, newly laid, will not
consolidate under traffic ; it is bad practice.

10. If the weather during manceuvres be dry, some roads,
especially gravel and flint metalled, will break up rapidly under
animal traffic, and appear more heavily damaged than is really the
case. Assessment of damage should be postponed till after some
falls of rain, as this will consolidate the surface very quickly.
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11. Horses’ hoofs do more damage than ordunary wheeled trathc;
therefore pay close attention to roads used by mounted units, and
make repeated visits.

12, Resist all claims for extensive renewals, 1.e, grants for new
metalling, and give way on scarifying, steam rolling, watering, etc.
The cost of new metal soon totals to a large sum.

N.B.—TIt has been ascertained experimentally that 1t takes more trathic to
wear down a road surface } inch than 15 at all probable durig the arerage
duration of ordimary peace manweuyres.

13. Private road owners may make unreasonable demands ; there-
fore he on the lookout for weeds, etc., growing on the road surface,
which are a good indication of the infrequency of ordinary traffic.

14. Any agreement come to will probably have to be based on a
mileage rate at what the repairs 2/ cost, and not Lave cost.

15. Obtain a record of local prices and labour rates, and collect
all available data as to actual cost of all kinds of road work
generally.

16. Use a manifold letter writer, so as to keep a complete record
of all correspondence ; this may prove invaluable as a reference in
case of litigation or dispute.

A Precipice Cart Road.



CHAPTER II

MiLitary Roaps IN New CoUNTRIES, R0ADS DURING MILITARY
OPERATIONS, ETC.

Military Roads in New Countries.—The broad principles are
the same as already enumerated, but the application is often altered
by ecircumstances, e.g., in hill and mountain roads the gradient
nearly always rules; next come obligatory points, such as bridge
sites, economy and limiting amount of earthwork, etc.; again,
where land can be acquired for almost nothing to make roads across
open country, the width of the road metalling is limited more by
the cost of maintenance than by traffic.

In India, United Provinces, and the Punjab it is not uncommon
for first-class roads to take up a width of over 100 feet, assuming
the road to be on a 2-foot embankment, so as to be above the level
of floods.

The width may appear excessive, but as land is invariably cheap
in new countries, a greater width will admit of the planting of
avenues of trees, which in time will provide shade and protection to
caravans, and also allow of separate tracts for slow and.fast traffic
(see p. 39).

In such cases the earth is obtained from  borrow pits” at the
side. These should not be continuous, but separated by carthen
partitions left natural ; they may be connected by pipes.

The cross section (/%g. 23) shows the kind of road aligned for
many miles in parts of India. The unmetalled portions, 15 feet
wide, between the pit and the bank are used by bullock carts,

Fi¢. 23.—Cross Section of Grand Trunk Road, India.
1,500 Miles, Calcutta to Peshawar.
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strings of which pass along slowly night and day. Even shod
bullocks soon suffer in their feet on metalled roads. The central
metalled portion is for rapid traffic. The banks should be allowed
one season to settle before metalling. In forming embankments the
earth layers should slope inwards; if convex, the bank will tend to
slide (Fays. 24 and 25).

Fic. 25.—Embankment formed Incorrectly.

In Central India and Bombay roads are not so extensive—about
72 feet, including the ¢ kutcha ” part.

In “black cotton soil ” thorough drainage is of first importance ;
a coating of sand (6 inches) should always be laid on an embanked
or road bed surface, whether to be metalled or not.

EarraeNy Roaps.—By earthen, or natural soil roads (‘kutcha,”
India) is meant those formed entirely of clay, sand, and gravel and
sand, and the ordinary earths.

In tropical Africa the majority of the roads are formed of earth;
their surface bakes very hard and gets well consolidated from the
traffic of thousands of natives passing over it barefoot ; there is no
wheeled traffic to cut them up.

To form earth roads:—

Remove all mud, perishable and loose material.

Roll and compact surface, and break up all lumps.

Provide ample drainage and keep surface exposed to wind and
sun.

Cover with a layer of 3 inches to 5 inches sand, gravel, shells,
cinders, furnace slag, or broken burnt clay, and consolidate
well.

D
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Surface to be well barrelled to throw off rain, or in the hills
inclined inwards.

In the hills the outer edge to be banked up from excavation to
form a parapet.

Streams crossed to be taken over the road by causeways or in
culverts, according as they are intermittent or perennial.

Gravelly- soils on either a sandy or clay foundation make good
roads—provided the foundation is previously well rolled and
«crowned ” (1 in 20).

Each layer should be uniform and not exceed 3 or 4 inches in
thickness ; be spread carefully and consolidated separately, otherwise
a compact surface overlaying loose Jayers below will result.

%c«m lie

Fii. 26.— Earth Road, Tropwal Africa.
Cross Section on Steep Hillxide.

~~~~~
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Fro. 27.—Earth Road, T'ropical Africu
Cross Section on Slightly Sloping Ground.

" In Burma a top dressing of sand has been used to make an
otherwise muddy road passable in the rains. The effect is much the
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same as that observable on the sea beach when the tide has receded
and the sand is wet and hard.

In maintaining earth roads, neither vuts nor holes should ever be
filled with sods or turf, as they rot and cause mud ; nor should they
be filled with broken stone, else hard ridges and uneven wear will
result.

When an earthen road is much cut up with ruts and mud, the
simplest method of reclaiming it, and restoring the contour and
surface, is by going over it with a “split-log scraper,” drawn by a
team of hovses. The scraper or drag is made from the two halves of
a 10-foot log, about 10 or 12 inches in thickness, set on edge about
2§ to 3 feet apart, and kept in position by three hard wood bars
tenoned into the split logs. A plank is nailed to these close up to the
back of one log for the driver to stand on. A pair of animals or a team
is hitched to a chain fastened to within 1§ feet of the ends of the front
split log, and in such a way that the drag will run at an angle of
about 40° to 145° with the direction of the road. As it advances,
taking one-half of the road width at a time, the drag levels down
the ruts and moves the surface earth towards the centre of the road,
as well as acting as a mud scraper. In course of time the surface
will harden, as it gets cleaned more frequently and dries quicker than
if left coated with mud and full of ruts.

Roan-CoNstructiNG MACHINERY. — American practice is very
much in advance of English practice in the methods of preparing
the “subgrade ” (i.c., the formation surface level or bed) upon which
a road foundation is laid.

For small jobs the wheelbarrow and “dobbin cart” for long past
have been superseded by some form of “drag scraper,” drawn by a
horse, which moves the soil after it has been turned up by a plough.
(For comparison and cost see 7'runticrne’s Pocket-Book, p. T47).

There are various kinds (Figs. 28 to 33)—Drag scoop, tongue
scraper, buck scraper, wheel scraper.

Fia, 28. - /)/([1/ Stoop Nevaprr,




Fre 29 - Dy Scoop Nevagn

Nowadays it is found that subgrades, hoth for roads and rail-
ways, can be much more expeditiously, cheaply, and better
prepared by special machines called “ Road Scraping or Elevating
Graders.”

The Scoop and Tanyare S puper, 36 and 38 inches wide, cost from
25s. to 30s.

i, 30. =Tongue Scraper.

The Buck Seraper vuns 34, 4, and 5 feet wide, with capacities of
8, 10, and 12 cubic feet, and has a prime cost between £4 and £5,
according to size,
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The Wheel Seraper is made in three sizes, having a capacity of
9, 12, and 16 cubic feet respectively, corresponding cost between £6
and £8.

Fic. 33.—Wheel Sesaper, Filling.

A Serapiny Grader costs from £48 to £50, and requires four to
six horses ora traction engine to draw it ; it can be operated by one
man,

Fic. 34, —Champion Seraging (rader.
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The cost of building an ordinary prairie road 30 to 35 feet wide in
the States with this machine amounts to £6 to £9 per mile.

Scraping grader work in prairie soil usually costs from 1d. to 13d.
per cubic yard.

The Elevating Grader is specially adapted to constructing prairie
roads and earth banks, or filling wagons ; it can be drawn by horse
or steam traction.

A small machine will grade a quarter mile of prairie road 25 to
30 feet wide in one day.

A large machine will place 1,000 cubic yards of earth in an
embankment, or load 600 cubic yards into wagons in 10 hours,
under 3d. a cubic yard.*

ProspEcriNg, Plains.—In prospecting for a road in a flat country
it is natural to seek to align it as direct as possible.

Consult the Civil and Irrigation Authorities where they exist as to
what arrangements are required as regards traffic, and for passing irri-
gation water across the proposed road ; if thisis not donein the first
instance unforeseen extras, e.g., culverts and waterways, may be found
necessary, with a corresponding increase in the estimated cost.

It is desirable, however, to consider proximity to quarries for metal,
claims of traffic from neighbouring villages and towns, diverting the
alignment in their direction for the purpose, if need be. The extra
length caused thereby will probably not add much to the cost, and
may be a great boon to more than one community.

Native towns are of less importance, as a rule, than European
cantonments and military garrisons ; hence direct routes between
the latter will claim preference, and may cause the route to skirt
native centres, to which branch roads can be constructed later.

Rest houses can be built on the main route, where water is obtain-
able ; in a short time an enterprising native community will create
a “bazaar ” near a frequented rest house, and the native village will
extend in that direction. By relegating the bazaar and natives to a
“reserve ” selected beforchand, clear of the rest house, there is less
chance of the water supply being polluted, and considerable incon-
venience to travellers may be saved in future. To camp beside a
main route which passes through a native centre has obvious
disadvantages as regards sanitation and otherwise.

The monotony of a perfectly straight road should be broken ; this
may be done, failing natural deviation, by introducing a curve, and
planting trees, digging wells, etc, to hide it, lest the curve be inter-
preted as a makeshift or error through faulty alignment Apart
from this, shade and water are acceptable in hot climates.

A special grant of money is made in India for the planting of
trees along roads and canals.

* Baker— Roads and Pavements, 1903, Chapter 3.
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Roap Survey.—The following procedure is recommended for
carrying out road survey work in :—
(«). Undulating and hill country covered with jungle, e.g.,
Chin Hills, Burma, tropical Africa, and India, ete.
(b). Mountainous tracts devoid of vegetation, ¢¢., the Indo-
Afghan frontier and higher Himalayas, etc,

All preliminaries regarding detailing of survey parties, and staff,
transport, camp equipment, tools and plant, surveying instruments,
rations, collection of labour gangs, method of payment, and, if
necessary, military escort, hospital and medical arrangements, must
be carefully thought out beforehand at the base, before any field-
work is started. Meantime available maps should be consulted and
studied.

(). Undulating and Hill Country.—1. If a reliable map of the
country exists (say, + miles equals 1 inch), the line of the proposed
road may be approximately located.

2. The field engineer and assistants make, traverse, and prospect
the proposed line and adjacent country; if time permits, make
a rough plane-table survey, or some kind of preliminary reconnais-
sance, taking a series of ‘“flying levels ” careful aneroid barometer
readings* of all “ruling” (obligatory) and important points, such as
heights of saddles, passes, villages, railway and river crossings and
junctions, irrigation passages, bridge sites, etc., watersheds, marshes,
and low ground; isolated hills, landmarks, escarpments, natural
gradients and slopes, wells and water holes, perennial streams,
attitude of natives, labour market and supplies, building materials
available, etc., etc. Highest flood levels should be recorded after
careful enquiry and close observation of their effects and traces on
the route.

3. Divide up the line into sections, and allot to survey parties in
charge of a responsible subordinate.

4. A tracing party pegs out the line by eye, using a De Lisle
clinometer, or can blaze trees and cut a line in the jungle. A
theodolite takes too long. 1In tall elephant grass use a high-step.
ladder.

5. Labour gangs follow and cut a path 1 ft. 6 ins. or 2 feet~
wide along the final pegged alignment. N

6. Make a finished plane-table survey and longitudinal section
where required, with cross sections at intervals, noting nature of
soil, rock, jungle, drainage lines, sites for waterways, culverts and
bridges in a fieldbook.

The results of ecach day's work should be plotted without delay at
night, if necessary, and levels of the important points above
mentioned carefully preserved in a second book, in case of accidental
loss, crossing a river, etc.

* Watkin’s pattern (3} inches), by Hicks, Hatton Garden, is recommended.
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When a river crossing to be bridged exceeds 15 feet span, a longi-
tudinal section of the river bed, and two cross sections half a mile
above and below, should be taken, whence requisite data for comput-
ing the waterway can be obtained.

In any case a reconnaissance of the district should be made, not
merely what appears a suitable line, the whole length heing com-
pleted efore work is commenced on the road. Doubtful and
alternative routes should be sketched and recorded.

On the return journey improved alignment can doubtless be
selected, which may necessitate additional survey, cross sections, and
sketches.

7. Prepare plans, estimates, and report, duplicating, where desir-
able, for future reference.

N.B.—TIt will be of asustance to peruse reports and notes of previous road
surveys 1 the same country, 1t possible.

(b). Mowntrwons Tracts.~-Where a road has to be in mountainous
country, as in the Himalayas, it is usually carried above the valley
slopes, at some height above the rivers and beyond flood level.

The general procedure 1s much the same, except that it may be
desivable to run a eareful trarrse hme as a basis for all wotk,
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including the river, contouring ropghly from the water’s edge to
100 feet above the traverse.

Permanent bench marks should be cut on well-built massive
masonry pillars or on existing large rock surfaces every half mile for
the guidance of following parties, to indicate points on the route and
important chauges of direction and gradient.

The, traverse can be made with a theodolite or a 6-inch prismatic
compass on tripod stand ; the latter is more portable where cliffs
have to be negotiated; it saves time, as long shots are seldom
possible.

For chaining a steel tape* is preferable; a 12-foot horizontal
staff, with a spirit level, and vertical ranging rods, with plumb bob
or spirit level attachment, are useful where chaining up and down
very steep slopes.

If contours are required, points on the valley slopes can be
determined by using a plane table, upon which the traverse is plotted
for taking rays up and down hill.

Set up an Abney’s level (set at zero) on a 5-foot rod, siting any-
where on the hillside, along the rays ; points on the hillside can be
found 5 feet above the trace, and plotted by measuring the horizontal
distance; this may be effected more rapidly by using the 12-foot
horizontal rod.

On regular hillsides the ordinary method of taking slopes with a
clinometer and plotting the horizontal distances of the contours is
sufficiently accurate.

In putting a pencil line on to a contoured plan it is a help to
mark the *“grade contour” or line where the plane of the grade
strikes the natural ground surface.

In general it is better to select a route which can be opened at small
casgt and improved later, as funds admit.

Time devoted to careful location is well spent.

In roadmaking, more than in anything else, “ more haste means
less speed,” and it may also be added “incalculable expense.”

The best line for a mountain road is that in which the total sum
of the ascents and of the descents between extreme points is the
least. It should always be remembered that length to overcome
height is the one thing sought for ;" every possible foot of rise
gained should be maintained and never lost.

In this manner it is possible to select a probable alignment which,
when afterwards surveyed in detail, will not be far out. In selecting
a probable route native tracks are useful, but not always reliable,

* J. Halden & Co., Albert Square, Manchester ; Lufkin Rule Co., 24,
IIJI:;gom, London, and Saginaw, Mich.,, U.8.A., or Chesterfield & Co.,
on.



43

and, therefore, should not be accepted as necessarily the best. For
instance, the track may avoid some precipice or obstacle, which,
although insurmountable by foot traftic, may not be so to engineering
skill (see Plate 1.). At the same time native tracks should be
examined and utilized as a base for surveying and observations. In

A 45-ft. Through Cutting in Hard Shale.

wooded countries they are invaluable, and usually safe to follow as a
guide. In thick jungle and in the hills they are unreliable ; as a
rule the trend of native tracks is determined by camping and
pasture grounds, which must receive considerations in the selection
of routes.
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The straightest alignment is not necessarily the nearest in hilly
country. The expense of deep cuttings should only be incurred
when the total rise can be reduced thereby, and there is ample time,
thus :—

Take two points, A, B, with a hill intervening, but whose base
can be traversed. The length A to B, over the top A, D, B, equals
the distance A, C, B, round the base, but the loss in power exerted,
80 as to rise’ from A to D, is obviated by the detour on the level ;
hence it is permissible—as a working rule—to increase the length
20 times the height saved by detour, ¢.¢., a 2,000-foot detour of
extra length is allowable to avoid a hill 100 feet in height.

Traflic is hindered less by an extra mile of good road than by a
few hundred yards of bad.

Where a road has to be made in the hills, consisting of low ranges
and cultivated valleys, it is best to avoid the low ground and skirt
the high ground of the valley slopes where the ground is drier; by
this means, besides getting a better foundation in all probability
for bridges and culverts, the water courses can be crossed higher up
nearer their source by a series of small culverts and drainage open-
ings, instead of where these small streams have united to form a
river, which would require a bridge, often entailing troublesome
foundations and embanked approaches. In other words, aim at
working along watersheds ; it may take longer and be more difficult
to construct, but a better road will be secured and the cost of subse-
quent maintenance will be small.

There are other important matters which influence the selection
of a route, whether on one side of a valley or the other, viz. (see
Figs. 35 to 38):—

(1). Dip of strata, whether towards or away from face of hill ;
occurrence of faults.

(2). Whether acted upon by sun or sheltered, for action of sun
is relied upon for melting snow, which, if collected in
drifts on a sheltered road, may lie several months as a

. bar to traffic.

(3). Whether the strata quarried in cutting the road will pro-
vide good blocks and slabs for masonry work—culverts,
retaining and revetment walls, ete.

In the Himalayas northern slopes are often thickly wooded,
where southern slopes are bare. As a rule, the wooded side should
be selected, notwithstanding the increased labour of tracing and
clearing, because trees break the force of rainfall, and the mould
beneath the trees passes it off gently over the road, which might, in
a bare hillside, be cut away by an unchecked rush of water ; on the
other hand, the wooded portion has a greater depth of soft soil and
roots, which are a disadvantage.
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In laying out a road with many bridges, select the bridge sites
first, and lay out the centre line of the bridge before fixing the
direction of the approaches.
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Fro 35.—Rond Unsafe (Strata Shelving ).

Fi1a. 36.—Roud Safe.
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Fii. 37.—Stratification Favourable, but Rowd Unxafe
on Account of Faultx,

Fie. 38.—Mountain Road, Cutting Section.
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TraciNGg.—The De Lisle clinometer is the best portable instrument
for laying out yrades ; Abney’s level for obtaining level lines along
precipices and sidelong ground. In lining out a hill road with
steep gradients, commence from the top, ¢.g., at a pass, if possible,
as hills and mountains being steeper towards the summit, there is
far less choice of line than lower down. If the gradient trace is
commenced at the foot slopes, there is no guarantee that a given pass
in the watershed can be reached without resorting to zigzags, which
ought to be considered inadmissible. Therefore traverse down from
“neks” and up from bridye sites. Note by eye points up hillsides,
especially at salients, which the maximum grade line will cut ; the
road will then not exceed the maximum grade.

If laying out along the ins and outs in sidelong ground by forward
shots, it must be borne in mind that the original trace of curve must
be laid out a good deal easier than the gradient intended for the
road when completed. The allowance to be made varies with the
nature of the ground ; in general, 1 in 37 will work down to 1 in 35,
and 1in 22 to 1 in 20. It is a sound plan in laying out to conform
to surface gradients as far as possible. In tracing over rock, line
out with whitewash and red paint; make the bench marks very
distinct, so as to be easily identified.

In wooded country “blaze” the trees, i.c., cut marks; in dense
wood, or in tall elephant grass, use flags and smoke to align upon,
and take observations from the highest trees; or, better still,
portable high-step ladders.

The trace should be laid cut, when there is ample time, with
regular curves and straights if possible ; it looks better and is easier
in the long run ; the grade should be eased on curves.

Where reverse or S curves occur—and such are common—they
should be connected by a piece of straight; similarly where two
curves of different radii occur, trending in the same direction
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they should not run one into the other, but be separated by a
straight length. They are then simpler to lay out, and in case any
deviation is necessary, the &traight piece affords a margin to bring
their springings nearer, if need be; but this applies more to railway
work.

In following a contour, the inner edge of the road should be kept
above the contour, to avoid holding up water or putting in a
culvert (see Fiyx. 39—41).

Fia. 40, —Section at F. F. Fic. 41.—Section at E. L.

CoxstructioN.—No road should ever be commenced until the
trace is cut throughout ; it is often tempting to disregard this when
time presses, but to do so is not sound practice. The great thing is
to get a 4 foot path, or even a one-foot path, right through as soon as
possible ; this can be widened to 6 feet, 8 feet, or more, according to
requirements (see pp. 6, 55, 86).

In opening the first 4-foot track, where very difticult cliffs occur
in the line, temporary tracks may be made either above or below the
proper level, as the nature of the case may permit, taking care after
passing the obstacle immediately to regain the proper level. By
this means an immediate passage can be obtained long before the
permanent route, could be made in its proper position. And it is
desirable that such temporary passages should be above rather than
below the proper level, because, in that case, the progress of the
permanent route, in its proper position along the cliff, will not be
impeded by persons passing over the temporary track. The width
of these temporary tracks should be suitable for the passage of mules,
and they may, in many cases, be made to occupy either the brow of
the cliff, which will ultimately be worked down to the road level, or
the foundation of a wall, to be subsequently built up to that level.

In actually cutting the alignment, start with a narrow path and
peg out every 100 yards, or less, if desirable, one peg in the middle
of the road (finished breadth) if possible, and one at the side, to
enable this to be found ; the centre one should be put in below the
ground level and covered over. Spit lock the boundaries on level
ground ; in sidelong ground mark the owter cutting line only, and
work inwards, not down, from the cutting line on the hill slope.
Keep a careful check on level pegs, and replace with supplementary
mark as soon as they have to be moved.
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Cutting lines should be laid out at least one day in advance of
the  construction party. so as to avoid confusion, mistakes, and
delay in commencing the dav’s work.

Cliff Work—A Temporary Track.—Tibet.

A width of 1 feet should be cut into the hillside for the whole
length : each section can then be widened In sidelong ground,
where the road is wholly in bank, the foundation for the retaining
walls should be got out with care and huilt as svon as possible

A useful series of sections for mountain 1oads i rock and various
soils is eiven m Frgs, 12-49.

Where the Inllade as ot gentle slope, halt ot the vond may be carried on
blasted debrisg with cueful munh hmlding up.

The tasks can then he set as follows ——ach headman, or ganger,
is given a certain number of yards vun along the route, according to
the number of men in cach gang o party. The length per man will
vary from I yard o very steep, hard, or difiicult ground to 8 or
10 yards on easy level stretches. A couple of weehs’ experience
will soon indicate to the engineer in charee what is a fair allotment.
Thus on the same day one vang may have 3 vards per man, another
1 yards, and so on (see also p. 116).

E
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Each gang should be required to complete the allotted task, collect
and return stores, tools, etc., before being dismissed.

All the stumps, obstacles, and small stones must be removed;
boulders too massive to shift are left to be blasted by trained men.
Before doing so the road gang must clear out the earth from around
the boulders, below the surface, so as to ensure an effective blast
(see p. 83).

Fio. 42.—Mounntain Road, Section in Sidelony (round.

It is well to remember that very few natives have an eye for a
straight line, nor do they appreciate the necessity of accurate align-
ment ; therefore all tasks must be properly laid out with tracing lines
and pegs beforehand. '

During progress of the work levels must be frequently checked, as
roadmen have no hesitation in obliterating marks less easily detected,
and putting fresh marks of their own in more convenient places to
work in.
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Fi16. 44.—Mountain Road, Saddle Section.

E2



Fie. 43.-=Mountan Road Section i Soft Soil for Nlopes from lerel
to 2to I,

Dry Stone Walling
-
)

£

Fic. 47.—Mountain Roud Section in Hard Soil for Slopes from level to 2 to 1.
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The importance of level pegs also is usually not appreciated by the
road contractor’s labourer. In India a useful deterrent to prevent
removal of pegs is to place a ¢ chattie ” (earthenware pot) over every
peg, whitewash it, and take a receipt from the ganger or contractor
as each is put down ; then fine him a rupee for each peg missing or
moved.

A most important point to remember is newver to cnt below the
level given to work to.

A road can be cut down if need be, but filling and making up is
permanently unsatisfactory.

In sidelong ground the embanked portion should have a steeper
inward slope than the part in cutting, so as to allow for settlement.

No earthwork is sufficiently consolidated for completing the
surface and drains in tropical countries under two rainy seasons.

Fro. 48. —Mountain Road Section wn Hard Soil for Slopes from .2 to 1 to 1% to 1.

Sides of banks and cuttings when settled should be turfed, pitched,
or sown with grass seed—American grass seed preferred—scattered
over the surface, which may be prepared beforehand with a mud and
cow-dung plaster.

In metalling, lay the stone along the probable line a driver will
take, i.e., clipping corners not necessarily equally on either side of
the centre line of roadway ; in any case a greater breadth of metal
is required at curves than on the straight.

Moraines.—Where these cross a road alignment, the best arrange-
ment is to leave their surface untouched and build up over them,
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without attempting to remove enormous boulders, which frequently
lie on their surface ; to cut through a moraine is risky and creates a
danger spot.

Fia. 49. —Mowntain Road Section in Cutting, Slopes for various Soils.

GrADIENTS.—The maximum gradients that are generally admissible
on metalled or good unmetalled roads are :—

1 in 25 for wheel traffic, with continuous ascents exceeding
5 miles.

1 in 20 for wheel traffic in general.

1 in 17 is practicable for a cart road.

1 in 16 for laden camels and mule carts.

1 in 10 for pack horses.

1 in 8 for mules.

1 in 5 for foot traffic.

1 in 4 for a mule path is practicable, but wearing and most
fatiguing.

Ease where possible.

Camels soon fail on continuous steep grades; oxen, on the con-
trary, pull well on long steep slopes.

A Table of grades per mile is given as Appendix A ; see also
Molesworth’s Pocket-Book (1905, p. 240), Trautwine, p. 723, and
Roorkee Treatise, Vol. 1L, p. 220.

A continuous rise at the maximum gradient for more than
600 yards should be avoided by breaks with stretches of level or
very flat grades ; such stretches may be but small, 40 or 50 yards,
or less ; they not only ease animals, but break drainage and prevent
accumulation of water, which would otherwise scour the surface.
It is better to cross precipices and difficult places on the level, if

possible.
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In approaching “drifts” short lengths at 1 in 10 or 12 are often”
unavoidable, but they should always be straight.
The average grade on any hill road should he much less than the
above :—
1 1mn 50 for cart trafiic.
I in 20 for camels.
1 in 15 for pack animals.
1 m 8 for foot tratlic.

The Simla-Kalka cart road tises 7000 feet m 56 miles, giving an aycerage
grade of Tin 42 The ruling grade 15 T 20
The Amba-Ghat Road (Western India), 20 teet clear width, has an average

grade of 1 m 232 with o hnmting grade of 1120 ; mmimum curve, 80-foot
radius

The Tonga Road, hetween Rawal Pindi and Murree, and beyond, m many
places has grades as steep as 1 an 10, but the stramn on animals 15 excessive.
(N.B —A “tonga™1sa low two-wheeled cart tor a pair of ponies).

Zugzags.—TIt often happens that in crossing a watershed in a
mountain range the opposite sides present very different conditions,
a gradual rise on one side often leading to a precipitous descent on
the other - in such a case the road must be doubled upon the spurs

A Precipitous Descent-—9 Miles al 1 iQeegidem
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or zigzags formed. In either case the plan to be adopted is to
select suitable spots for turning places, and then connect these
obligatory points by the easiest surface grades possible.

The character of the valleys of approach must determine the
system of gradients to be adopted. If a river emerges in a caflon,
some system of zigzags will be necessary to get from the head of
the pass to the bottom of the valley, which the road must then
follow.to the end of the cafion.

The Georgian Military Road from Vladikavkaz to Tiflis, in the
Caucasus, presents features of this character.

Zigzags are undesirable in any alignment except for foot traffic,
or in a special case where it is necessary to keep the road under the
protective fire of some commanding post or fort, which could not
otherwise be effected.

Zigzags seldom advance progress to destination ; height is sur-
mounted, but horizontal distance is not overcome. If the drainage
cannot be carried clear of the road at the end of each “reach,” it
must be taken under each reach by a succession of culverts until it
can be carried clear. They are most dangerous, and.accidents, with
loss of life, both to men and animals, frequently result.

Even if no such disaster occurs from a runaway cart or fractious
beast, they invariably cause hopeless hlocks, especially where strings
of bullock carts meet at the angle.

Sharp curves are to be avoided ; 45 feet is a minimum radius, and
the roadway should be widened at curves.

Where guns are to be transported, the roadway must be wider at
re-entering angles (to allow for the increased track of trail and
limber), and the gradient should be increased for, say, 100 yards to
more than 1 in 20, if thereby a zigzag can be avoided.

To estimate the amount of widening when the radius of curvature
is under 200 feet, make width of road owtside the centre line
equal to 1,600 +radius of curvature in feet; this will suffice for a
wagon and team of eight mules in pairs.

In the Indian frontier campaigns several military roads have had
to be constructed, and where zigzags were introduced, in most cases
accidents occurred. If absolutely unavoidable, the angles or turning
places must be level not at a grade, and the road should be widened ;
if possible, they should be located on a natural ledge on the hillside,
and so as to avoid much cutting (see #%g. 50). On the inner return
of a zigzag very substantial guard stones or cairns should be placed
to prevent overturning of wheel traffic through clipping the corners.

No zigzag should ever have an angle, but always an inner curve, if
possible not less than a circle of 3 feet radius, or on the outer a curve
of 50 feet radius. There should also be a masonry wall, no matter how
roughly built, around the curve to prevent strings of animals trying
to cut off the corner, leading to blocks of traffic and endless delays.
Camels especially are inclined to offend in this way.
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Fra. 50.—Zigzay, Widened Turuing Place.

Bripce Sites.—These form obligatory points in a road; the
following maxims should be remembered :—

(4)-
(5).

(6).
(7).

(8).
(9).

(10).

. Cross a valley high where the stream is smaller ; there is

less liability to flood, and it is cheaper.

. A narrow gorge site is economical, as the river is not

likely to shift, and probably rock foundations can be
obtained.

. Single span, if possible ; piers are liable to damage, but if

the foundations are very sound, arches are easier to
build ; reduce the waterway as little as possible ; place
the arch springing above flood level.

Cross well above flood level ; this can generally be detected
by examining tree trunk roots.

Approaches to be straight, at least 20 yards at each end.

Bridge itself to be straight rather than skewed.

Descend banks upstream—(shortest route).

In crossing a ravine or deep chasm with a low-level bridge it 18
sometimes a gain to carry the road upstream, so as to reach the
crossing in a shorter descent than if the approach were taken
downstream.

Bear in mind where materials for construction will come
from.

Leave old ford approaches undisturbed, if possible, to fall
back upon during construction, and in case the bridge
gets destroyed b{ flood or otherwise.

Never reduce the bridge span by building out abutments,
and so encroaching on the waterway. .

Drifts and River Causeways.—* Nullahs,” or water courses which
are dry the greater part of the year, but which after heavy rain come
down in flood with enormous force, have often to be crossed.

When

lasting bridging materials are not available, small streams
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are best crossed by means of “drifts” (see Figs. 51, 52, and 53).
They should be constructed as far as possible during dry weather to
allow settlement and consolidation to take place before freshets and
tloods come on.

Ditch
;Oﬁ ’ LY §
re——
F1a. 51.—Plan of Drift.
Ground Level
2z, 227 Ground Level
ZH -
70,
Road Level “

e Teer.
Sets S

Road over Drift

T16. 52. - Section across Drift.

Large Stones
Fic. 53.—Cross Section of Drift (Enlarged).

Such streams have, as a rule, steep banks ; the roadway should be
ramped down 1 in 10 at right angles or obliquely to the banks up-
stream according to slope of descent ; the foot of the ramps must be
protected by ¢ bunds,” revetment walls, and ““spurs” of timber, or
large boulders, “sausage work” (see p. 142), placed close by up-
stream, to prevent erosion, and so cause a drop of from 1 to 2 feet
each time a spate comes down and reduces the level of the nullah
bed. In narrow nullahs not subject to heavy floods, 20 to 30 yards
across, one method which answers well'is to construct a dry stone
drop wall on the downstream side with the largest boulders that
can be obtained, finishing the top of the drop wall a foot above the
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nullah bed, and sloping the face of the wall downstream to the
nullah bed (see Fg. 54).

LTIV

Fia. 54.—Drift in Narrow Nullah not subject to Heary Flood.

In flood time the water hecomes evenly distributed over the wall,
and the debris which is brought down is collected up to the height
of the wall, thereby raising the nullah bed ; the height of the wall
can then be increased, so as to increase the * make.”

Another method—usually adopted in crossing sandy nullahs—is
by dumping bags of concrete and rubble in lime finished off with
slabs 9" x 7', 18 inches and 12 inches thick. Trenches on both sides
of the causeway are first excavated to a depth of 10 or 15 feet,
according to probabilities of scour; lime concrete is thrown in.
Strong walls are then built on the upstream and downstream sides
of the causeway, which is laid down, and consists of 24 feet or more
of rubble stone and concrete, finally finished with slabs or bags of
concrete (see Fiy. 55).
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Fi6. 556.—Drop Walls and Canseway, to withstand Scour.

This method is more expensive and usually involves the employ-
ment of a gang of men for removing the sand, which collects daily,
due to wind or flood.

In building drifts, put on one or two gangs to complete the work
without change. Avoid dividing up gangs.

% With large rivers subject to flood it is better to assemble big
boulders across the bed of the stream and level up with smaller
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stones ; then lay a foundation of large stones and spread metal on top
to form a roadway. This forms a sort of open dam, which will allow
the water to flow through instead of over the causeway.

Causeways of large boulders act well where not much water flows
down, but in floods they get carried away.

If heavy floods are to be expected, it iy generally best merely to
ramp down both banks and clear the nullah bed of boulders, so that
wheeled traffic can pass. After each flood the nullah bed must be
cleared afresh.

Protection of Fords.— A ford can be conserved to withstand heavy
floods and scour by being protected with a timber crib weir filled
with large boulders, the crest being formed with a stout log.

It is better to be content with a safe ford than attempt cheap
bridging, providing a substantial bridge structure later when funds
admit.

The approaches to a ford should be carried into the water ; they
should be well pitched to provide good foothold, or metalled and
drained for 200 yards or so on both banks, else they will soon
become ‘“poached,” or deep in mud, from water dripping from
animals after crossing. It is advisable to station men to scrape
and clean the road, as animals invariably stale after crossing a
stream, and soon render the ford site insanitary.

Syow must be reckoned with over 8,000 feet above M.S.L. in
India as practically permanent in higher latitudes, and occurring
for a shorter period and at greater heights as the equator is
approached ; it is much worse than rain for damaging the road
surface and substratum.

In mountain roads, through high passes which have to be cleared
in the spring when the winter snows begin to melt, it often appears
difficult to locate the track in the abseuce of telegraph poles,
especially where the road doubles back or zigzags up a mountain
side. It has been observed that, however deep the snow, light will
be refracted at a slightly different angle from the snow overlaying
the track, owing to it sinking as the roadside drains discharge.
This difference can easily be detected, in a good light, by an
observer at a short distance below the track, who can then direct a
man along the alignment without difficulty. i

In this connection it should be noted that the best approach to the head of
a valley or obligatory point, from an engineering point of view, may happen
to be through a ravine so sheltered from the sun that snow will remain
unmelted for weeks longer than on another less favourable approach, and so
block the road for a longer period.

In such a case the less favourable approach for construction purposes would
have to be adopted.

Snow drifts are caused through the currents of air, carrying snow close to
the ground surface, being checked, when the snow will immediately subside.
Cuttings on fairly level ground, in this way, get quickly blocked.
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The usual vemedy s tovvect high, Jose feneing across the direetion of the pre-
valmg winds a sufhioent distanee from the edge of theentting that the snow will
e up on the windward side, and not extend into the cut. Open pale fencing
and hedgerows along a road alow snow to blow through, thongh they check
the wind . consequently tences should he entirely open or quite tight

A rule, deep cattings thiongh hnolls and mounds which mse abruptly
requite o protection, becanse, atter the wind blows the sides of the knoll
bare, httle snow will be blown mto or over the cutting, most of 1t hemy
cannied yound the hase.

Sone walls, 13 feet Tagh, 7 feet hase, are used on the Talan Mericional
Radway, and also m Hungary and USAC T Russia post and 1l panel
fences, fised 1o old sleepers, ae very general.  Panel tences may also he
portable and leaned alternately one aganst another, crossed, and secured Iy
bolts at the tops and tied by stips at the feet

On Russtan ralway s stunted pune and - hedges are planted, up to three or
more tows, and 130 1o 175 feet from the track

T shallow cnttings, - the absence of timber 10 frequently possible: to
crade the slopes to i 10, and pile up the excavated earth as asoow fenee
hevond — The flattened slopes will atlord aneasy conrse tor the wind, winch,
m this way, will blow a entting clear.

Avalunche Traeks.—Avoid places where avalanches haye occurred
they ave sure to oceur there agamn.  Therefore, if these spots must
he passed, build snow sheds or “ tunnels.”  Gool examples may he
seen I the Caucasus roads, in the US.A, and in Canada (see Figs.
6 to 60).

The usual plan adopted in the Caucasus is to have two routes, one

Sheds at Avalanche Tracks.
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covered or tunnelled, adjoining the mountain slope, the other open
alongside ; the latter is used ,whenever the road can be assured clear,
1.e., after avalanches have fallen, or when clear of snow and safe.

The “tunnel” or shed is made thus :—High and low retaining
walls, with a pent or trussed roof, according to space, etc., so that
the contour slope of the mountain side is more or less kept to. If
of any great length, it should be lighted artificially (see Fuy. 56).
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Fie. 57.—8now Shed, Central Pacific Railway.
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The roof may be merely of galvanized, plain, or corrugated iron
on timber. Though in itself not sufficient to stand the direct fall
of avalanche of mass of snow, earth, and stones, still the corrugated
iron presents a good smooth slope for the mass to slide over ; the
momentum will invariably carry it over the outside track.

Fi6. 59. —Snow Shed, Denver and Rio Grande Railway. '
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Rock-filled Crib
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Fra. 60.-—Typical Snow Shed, Canadian Pucific Railway.

The Swiss method of dealing with avalanches is to prevent their
development and gathering by building cross walls in herringbone
plan to overlap along their track, so that the déhris falling on one
1s deflected, and becomes piled back behind the next.

Lanpsrips.—These are most troublesome to deal with. As a
vule they are due to ponded up water, land springs, faults in strata,
frost, natural earth movements, fresh excavation.

Emergency Remedy.—(a). In rocky strata, build a retaining wall
at the toe and divert water above—away to either side of slip.

(b). In loose strata, revet with wall, and terrace back the slope
with fascine steps, pickets, turf, etc.; afterwards plant grass,
shrubs, and willows (see Fig. 61).

Shrubs or
Saplings

Fie. 6).—Landslip in Loose Strata.
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Shale and clay slips are the worst ; often they cannot be stopped.
One expedient is to pile and pack in branches, or else clear away
and wait until the dry season ; then dig away, build a very stout
retaining wall with plenty of dry packing (stone and boulders),
and provide good drainage over the top; plant grass and shrubs
abundantly.

Another plan is to burn the clay in situ with an admixture of
fuel, as in a brick clamp ; then dress down the resulting clinkers to
a suitable slope.

If a slip of earth—overlying rock—starts, let it go, and encourage
by adding water.

If a road is breached, re-bridge at the same site, but do not cut
back into the hillside out of the alignment.

Irresistible landslips which foil all remedies must be left to work
out and settle of themselves in course of years.

Where it is necessary to build up from the river-bed a retaining
wall for a roadway, as for instance on a narrow terrace at the foot
of a steep cliff which has slipped, and there are no means of laying
dry the bottom, it is best to employ timber cribwork filled with
rubble in preference to a masonry wall, which, unless very securely
founded, is easily undermined by a mountain torrent.

Slipping “nullahs” (water courses) are best arrested by cross walls
built at short intervals and projecting just above the level of the
water-course bed, using the heaviest stones available. These cross
walls are not meant to act as retaining walls, but to arrest and
reduce the water velocity. No small stones should be used, as
water must pass freely through the interstices.

Cross SucrioN.—The same vules as given for roads in civilized
countries apply more or less, but on hill roads there has been a
great difference of opinion.* The main object is to get all water
falling on the road surface to pass off by natural means as rapidly
as possible.

Usually it is stated in text books that a hill road should have an
uniform inward slope the whole way towards the inner edge.

The chief argument tn favour of this is that all water drains into
the gutter, and does not go over the embankment without proper
means of discharge, and that the super-elevation eases traffic and
reduces outward pressure and danger ; the construction of parapet
walls will to a certain extent obviate the latter.

The reasons against are that, as heavy traffic tends to clip
carners, the drain gets soon and easily damaged ; attendant on this,
water collects, and as the traflic will continue to hug the inner face,

* The whole question of cross section has heen very fully discussed by
Colonel Wilkins, R.K., in his Treatise o Mountain Roads and Bridges.
Thacker (Bombay), 1879. )

F
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.the outer portion of the road will not be used. The road therefore
gets scoured out into a sort of water course; to some extent this
may be prevented by the judicious use of guard stones.

By using a barrelled cross section and a parapet wall, say 2 feet
high, 14 feet thick, the outer drainage can be turned off at
safe places, and if one part gets damaged, vehicles can avoid it
eagier.

Some engipeers prefer an outward slope, to cast off all water, but
experience 1s generally in favour of the barrelled section. For cart
roads and paths in the hills, and when the width is less than 16 feet,
an inward slope should be given.

Fg. 62 gives the half or modified barrelled section.

Larth or Sods———
Camber 3 to 6 inchex,

Braces notched
into Timbers,

Bollard

Fic. 62.—Modified Barrelled Cross Section.

The slopes should be adjusted so that drainage will flow to the
side channels and not down the road, i.e., the slope where possible
should be steeper than the gradient.

Where the road runs along steep hillsides, it has often to be cut
half in cutting and bank, more or less. The embankment is then
supported with dry stone walling ; the natural slope should be cut
into steps before the bank is formed, or a log revetment may be
employed if timber is plentiful (Figs. 42, 48, and 63).

Sometimes the cutting requires similar support, and the batter
should then be 3 in 1, the base being horizontal. In both the back
face is vertical, or nearly so.

For tables of contents in sidelong ground, retaining walls,
natural earth slopes, etc., see Molesworth’s Pocket-Book, edition
1905, pp. 76—80 and 90.



Dry Stone.
Rock Pitching.

Fre. 63. —Mountain Road Section in Steep Rock.

DraiNace. —Most important ; there are :—

(a). Side drains.
(). Cross drains under and over the road.
(¢). Catchwaters.

(@). Side drains take water flowing down face of rocks, etc.,
between catchwaters and the road; they are very liable to scour;
they should be paved and properly connected, with cross setts every
10 to 15 feet to check velocity ; also water cushions (see Figs. 64 and
65) every few tens of yards, according to gradient and amount of
water. In the hills these depressions fill up too rapidly to do much
good. When crossing marshy ground the side drains should be
deepened to 2 or 3 feet, and made 2 feet wide.
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Fra. 65.—Nection at A.B. anwld Water Cushions.

Drains should not be taken round curves, but continued along
the tangent and taken wnder the roadway, so as to discharge with a
straight course over the lower slope.

A long drain on a steady grade will be more efficient if made
gradually larger from the upper to the lower end.

(b). Cross drains under and over the road. Water may be
carried wnder a hill road by :-—

(i.). Permanent bridges and culverts.
(ii.). Dry stone culverts.
(iii.). Corrugated iron or reinforced concrete pipe culverts (see
p. 130).
(iv.). Percolating causeways of large boulders, assembled with
ample interval.

Water may be carried over a road by :—

(i.). Paved crossings of dry stone hammer dressed.
(1i.). Saucer drains of dry stone paving.

Dry stone and corrugated iron pipe culverts get undermined and
washed out where liable to a heavy rush of water; the latter, how-
ever, are easily replaced.

Saucer drains jar tratlic, and should be replaced whenever
possible by small culverts, to pass the water under the road. If
used, they can be filled up during the dry weather with gravel and
shingle, which will get quickly washed out with the first heavy
rainfall, when the drain will serve its purpose.

On some second class roads drainage is often arranged so as to be
arrested at intervals, and run across the roads by a system of cross
ridging by diagonal lines of stone setts or planks. This is not a
sound arrangement for wheeled traftic ; if made so they should be
covered over, else in case of landslip they will get choked ; on the
other hand, in hill paths for mule traffic the arrangement is most
useful.

Cross drains should be carried at right angles under the road ;
oblique drains are longer, and introduce acute and obtuse angle
terminations to piers and abutments or coverings, but, on the other
hand, provide an easy change in direction of flow of the water. A
catchpool should be provided at the head of every cross drain or
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culvert for arresting boulders and débris washed down from the
ravines above. The bottom of a catchpool should be a foot or more
below the floor or sill of the cross drain. Unless in rock, the sides
must be lined (see Figs. 66 and 67).
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F16. 66 —Culvert and Catchpi.

F16. 67.—Section through Culvert and Catchpit.

With paved cross drains the blocks of stone used should be closely
fitted together in the actual bed of the crossing, while those on the
apron below should be very massive, with as gentle a slope as
possible, so as to break the cataract of flowing water.

On both sides of the crossing the longitudinal slope of the road
should either be level or sloping towards the crossing. There should

not be a falling grade in either direction, from the crossing to the
road surface. '
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(¢). Catchwaters are provided 15 feet to 20 feet up a hillside, to
carry water from the higher slopes away from road site, and prevent
any falling upon the road. They are arranged as inverted V’s, to
follow the contours and discharge into catchpits and leading under
the road through a culvert (Plate 11.). ,

On some mountain ‘roads, where the rainfall is excessive, they
may be as wide as 25 feet, and 5 feet deep (l.ahore-Peshawar
Road) ;.elsewhere, 10’ x 3’ deep (Kangra Road). In general, never
less than 6’ x 23’ deep. The sides and bottom require pitching.

A slight fall (1 in 125) in the length of the road assists drainage
more than crowning of the cross section.

Any waterfall shooting over a road site or cliff must be treated
in the same way by being cut back and conducted under the road
by a culvert along the level floor, or over steps cut in the rock.
Collect large boulders under the fall to break the momentum of the
falling water.

Every spring that is tapped should be carefully preserved from
contamination by troughs or barrels placed in a hollow beside the
road.

It should be noted that the mere excavation of a wide road along
a hillside at once alters the whole system of natural drainage ; it is
useless, therefore, to commence drainage works until after the
experience of one rainy season. Also that small drains in tropical
climates subject to sudden and heavy rainfall are quite useless;
24" x 2’ should be the minimum size in such cases.

It cannot be too strongly impressed upon subordinates in charge
of road gangs how essential it is to maintain road drainage in first-
class order.

An unusual type of road construction is followed in Sikkim and
Assam, which i1s found to withstand torrential rains and remain
passable This paving is practically a continuous Irish bridge;
large stones or logs (the latter are best for hasty work) are placed
on the outer and inner limits of the track, and the centre filled
with stones on edge, very firmly wedged and hammered in; any
sharp projecting points are then broken and roughly smoothed with
a heavy hammer, and the whole covered with sand or gravel. This
kind of track remains passable in any kind of weather, and is very
lasting for pack-animal traffic. Some maintenance is necessary, to
the extent of keeping earth spread over the stones, as otherwise
mules and ponies are apt to get lame. When tree trunks are used,
as on corduroy roads, on a grade they must be very firmly battened
down by stout ribands at each side, to prevent the logs creeping
-and leaving awkward gaps. .

REeTaINING AND BrrasT WALLS.—These are usually built dry in
coursed rubble or random rubble, coursed at convenient heights not
exceeding the breadth of the road ; careful bonding of the founda-
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tion is the key of success; they must always be founded on the
original, not made ground ; special attention must be paid to the
bonding of the hearting. They can be calculated or designed
graphically (see Molesworth’s Pocket-Book, 1904, pp. 86—90).

Rough rule—2 feet or 2 ft. 3 ins. wide at top (18 inches if less
than 4 feet high).

Front slope—4 to 1 or 41 to 1 ordinary; 3 to 1 if surcharged
(see Hlwrst, p. 127). Back vertical—base at right angles to front
face or sloping ; in soft soils both faces may batter. Inner—8 to 1.

Dry Stone Walling. -Hazaras Widening Road and
Removing Dangerous Rocks.
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High walls require a good masonry in mortar foundation, 2 feet
thick ; walls over 12 feet should have courses of masonry in mortar,
say, every 6 feet of height.

The rules laid down by General Fanbhawe, R.E., for thickness at
base in decimals of the height for various batters were as follows:—

24 H, batter 5 to 1. 28 H, batter 12 to 1.
25 H, , 6tol. 30H, ,, 24tol.
26 H, ., 8tol. 32 H, vertical wall.
27TH, , 10tol.

Sandstone as a foundation, however hard and durable it may
appear, is unsuitable ; under the influence of tropical rains and sun,
in damp situations, it will soon disintegrate into sand.

Boulders and stone chips, not earth, should be filled in as backing.

‘Where “rifts ” have to be filled in with dry stone walling, the

. bottom and sides should be benched so as to bond the masonry into
the rock ; ends and foundations of the wall should be built with
mortar.

Lay courses longitudinally horizontal, in regular courses through-
out the wall, from the outer to the inner face, sloping inwards;
step foundations ; use long ¢ headers ” to give through-bond. When
skilled walling masons are not available, bond may also be obtained
by introducing wooden frames of notched and spiked timbers at
vertical distances apart, not exceeding the breadth of the wall; but
they will rot, and so become a source of weakness in course of time.
Face stones may be anchored back by iron bars, hoop iron, or
telegraph wire, expanded metal, or netting tarred and sanded.
Drains or a concrete apron should be laid along the foot to protect
the foundations; weep holes should always be provided (refer
Trautwine Pocket-Book, p. 683, et seq.). In any case, the toe and
top must be protected with earth if a concrete apron coping is not
built.

Parapers.—Parapet walls are essential for safety, especially in
deep gorges. The stones should be large, else carters will remove them
to chock up wheels at a halt, or use to form camp kettle fireplaces.

If large stones are not available, use a cement coping, or one
of sods or earth, as a temporary expedient. Parapet walls with
the copings topped with earth are less tempting as seats; the
stones also will be less liable to become detached by pedestrians
leaning over.

Allow ample openings, say one every 20 feet, for the passage of
drainage and removal of débris; openings should not be less than
3 feet or 4 feet without some cross-bar protection.

Giant boulders form good substitutes for masonry parapet and
walling, but are usually too bulky for the width of roadway if this
is less than 16 feet.
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Open parapet formed of railway bars built in between masonry
pillars affords a satisfactory protection (see p. 77).

On bad or made ground, fencing, where necessary, should be
light, but substantially fixed so as not to be removed, as on the
Indian Frontier, for the sake of the metal ; iron, not wood, should

Road in Deep Gorge-- Hard Shale. Open Parapet—
Masonry Pillars and Iron Rails.

be used, as less liable to decay, removal for firewood, etc. Where
snowdrifts occur fencing should be either quite close or entirely
open (see p. 61).
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SuNDRIES.—Camping grounds should be arranged for every five
miles, or at longer intervals, on mountain roads; trees should be
planted and spring water conserved.

Water Troughs.—Butts or tanks of galvanized iron, masonry or
concrete, as convenient. Arrange in series both for men and
animals.

Guard Stones.—3 feet high, and sloping to be substantially sunk
18 inches into firm ground on the inside of all curves. Rough
rule—hdlf ouf, half in ground ; lower half rough dressed.

Milestones and Signposts.— Marked on both faces to read up and
down ; use for bench marks; they should be set up on the same
side of the road throughout ; figures 4 or 5 inches in height, painted
black on a white ground, so as to be very distinct (see Figs. 68 to 70).
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Stereks of Metal —Stack to proper trapezoidal shape in the “cess”
cut out at roadside, 1,000 cubic feet per mile. Arrange depiots and
emergency stacks. Whitewash all metal stacks after measurement
and inspection.

Culverts and bridges should be numbered and recorded in a
register with mileage.

Prrcieice Work.—A road may be constructed along a precipice
either by :—

(1). Cutting down from the top.

(2). Blasting out a half-tunnel.
(3). Forming a cliff gallery.

Precipice Work.—Heavy Rock Cutting in Deep Gorge.
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(1). Cutting downr is resorted to in loose rocks, and may entail
considerable masonry face work and breast walling, depending upon
the character and slope of the rock face (see F7iy. 71).

Fi16. 71.—Precipice Work.—Cutting Down from the Top : Loose Strata.

(2). Half-tunnels can only be made with safety when the rock is
hard, sound, and free from dangerous fissures; otherwise it is
best to cut down or make a cliff gallery if the side slope is too
precipitous.



lilitary Road, India, —Half-Tunnel Work in Hard Shale. Open
Pillars and Iron Rails.
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The rock is blasted out from a lodgment formed about 20 feet
above the intended road level (see Figs. 72 to 74), and dressed
off; if the rock is too soft and rotten to admit of this, it is better
to blow out the whole by a large mine, and resort to cutting back
(see Fig. T1). All this requires care and the use of long safety
fuze ; road levels will, of course, get lost unless independently
checked by outside measurement;s

Pl

and facilitate rupture, but are

Holex which determine cleavage
not fired.

F1e. 73.—End Attack of Face for Half Tunnel.

Half Tunnel showing
arrangement of
e // e=ige lBlaatmq Holex (a).
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Fi6. 74.—Face Attack for Half Tunnel,
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(3). Clyff Galleries.—These are usually the outcome of the local
people being unable to blast (as in Baltistan, Indus Valley, etc.,
India). They are troublesome and dangerous to construct, but
often the cheapest and simplest arrangement where the strata are
inclined inwards from the face, thereby affording easy attachment
for the jumpers and holdfasts (see Figx. 75 to 77).

Fra. 76. —COUff Gallery.
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The road is carried by chesses resting on projecting timbers or
brackets secured to the face of the precipice. To obtain a foothold
of some kind it is necessary to lower down one or two men from the
top to the proper level, armed with a crowbar and jumping tool,
etc., to make a hole in which to place the crowbar. It is a tedious
process, but effective when complete ; gun-barrels will do instead of
crowbars as temporary supports.

,xo A

EYES
20-0 -
—:
u U u
Transverse Nection of Elevation of Two Cradle Peers and Intermediate Bay.

Cradle and Roadl-
way abore (.
Fre. 77.—Clig Gallery.

REMARKS.

A e bent jumper ' lony, of wheel 18" wre lel wnto the Cliff and 18" secured to
the capping piece.

B Sill Block.

C Cradle Cap 9" x 4"

J Stanchions of Bar Iron 25"

P Cradle Posts 9" x 9",

Q) Stanchion. Cap 6" x J".

8 Cradle Struts 9" x 4",

T Braces .—notched into struts and capping piece,

The spans of the girders are wot of wiiform length : they rary from 15 to 25 feed,

Asa rule 18 and 20 feet arve found the most convenent spans.

If the top of the precipice is inaccessible, the only way is to scale
from below, or commence at the end of the road as far as it has
been brought, jumping holes and driving in crowbars a few feet in
advance of a log projected forward along the surface.

Another plan which may be applicable is to pass two ropes along
the face of the cliff from two accessible point$ on the road trace,
one as a hand-rope, the other for foothold, the latter being obtained
with a double stirrup or small platform suspended from it, upon
which & man could stand and work. The cables would have to be
strained until the man was at the right height, and in order to
keep it close to the face of the rock.
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The chesses and cross-bearers of the cradle should tilt nwards,
lest, when the cradles draw away from the face of the cliff and lean
forward when the roadway becomes loaded with traffic, the surface
should slope outwards and be dangerous (see Figs. 78 and 79).

/7 <)~ Wire Rope

/_:jR / |

Water

Fic. 78.—Cradle.



Large Stones to
prevent Cradle
leaning outwards

Water

F16. 79.—Section of Precipice and Cradle in Position.

BrastiNe.—Employ task work, if possible, under skilled (European
or intelligent native) supervision ; a few of the best of each gang
may have to be taught in the first place ; the task for each pair may
be taken as four holes (13 inches) of average depth, which can be
completed by hand in seven to eight hours.

The chief difficulty with native quarrymen is to prevent them
wasting time and explosive in sinking shallow blast holes.

The ordinary daily task of boring, per man, is 60 inches in sand-
stone or conglomerate, 45 inches in limestone, and 30 to 32 inches
in granite. With steel boring bars and hammers, 3 skilled men

(2 strikers, 1 borer), with a 2-inch bar, should bore 8 feet of granite
in 10 hours.
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Charging, tamping of holes, preparation of fuze, and firing should
be done by an European; natives do not understand the violent
action of explosives. Black pebble powder is best for ¢ shaking ”
rock. A barrel contains 100 lbs.; 1 Ib. occupies 30 cubic inches.

Dynamite is better than guncotton, as it can be rammed with a
wooden or copper-tipped rammer into any size hole, and fired with
a commercial detonating cap. Ammonal is a very safe substitute.*

Blasting a Road on a CIiff Face.

Before firing a charge, it is necessary to see that the earth has
been removed from around boulders and rock , otherwise, only that
portion above ground will be broken.

* Ammonal Explosives Co., 29, Great St. Helen's Street, K.C.
}. b 9 )
Gz
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“Kankar” rock (limestone conglomerate, resembling petrified
sponge) is very tough, and hard to drill or jump.

In blasting fissured and honeycombed rock, the best result is
obtained by using fine-grained powder, filled into very thick iron
plate cartridge cases, with a small hole in the top for a priming
needle.

In attacking a cliff with large mines, a line of scaffolding must
first be erected along the whole face, and galleries 3’ x 2}’ driven
into the rock, chambers being formed at the “end of return galleries
to the right and left. Charges should be placed at a horizontal
distance from the cliff face of 2 feet more than the proposed width
of the road, to ensure masses of rock being blown out on both sides,
in each case, to a distance equal to the least line of resistance (L),
i.e., with a 20-foot road and two chambers a length of cliff (20 + 2)
+2 99 x 2= 88 feet by 22 feet wide.

For powder, charges should be :—

3
In granite rock......coooevieviin i If s

8

3
,» limestone or hard sandstone ...... ........ {_‘0 s
I8
» conglomerate, shale, and slate L

where L is in feet and the charge lbs.

Tamping of these galleries can best be effected in such impractic-
able localities by using sandbags made of native matting, filled with
damp clay. Behind the chmge 4" x 4" baulks are dropped, with
chases cut in the sides of the gallery to hold back the charge ; then
10 or 11 feet of sandbags, closed with a 2-foot wall of sun-dried
brick and 2-foot cushion of sand, the whole tamping being finally
closed with another wall of 4-inch baulks (see Figy. 80). Time
required to tamp, 12 feet per hour.
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Fia. 80.—Tamping a Qallery.

It is usually much more economical and effective to fire several
mines simultaneously than singly. Under these conditions it has
been found that each Ib. of powder may be reckoned on to dislodge
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200 cubic feet of conglomerate rock, 115 cubic feet limestone, 75 to,
85 cubic feet granite (Kangra Valley Road, Himalayas, 1872).
Cost of excavation worked out to 7s. per 1,000 cubic feet. Ordinary
blasting in single charges would be four times greater.*

For further information on blasting vide Instruction in Military
Engineering, Part IV., and Blasting, by Oscar Guttman, published
by Griffin, Strand.

The clearing of large rock masses detached by a blast may be
expeditiously effected by exploding howitzer shells under or behind
them, and fired with a fuze.

Amongst snow mountains, where fuel is abundant and blasting
materials are not available, rock may be cracked and shivered
sufficiently to be manipulated with crowbars by being alternately
intensely heated, and then quickly deluged with snow water.

The use of nitro-glycerine at high altitudes, owing to its liability
to freeze, is risky; otherwise, it is very handy to use in hardly
accessible places. The charge may be tamped by filling the blast
holes with water in sealed rubber tubing if there is any likelihood
of it escaping or being absorbed into the rock.

Roads during Military Operations.—The military importance
of roads is but imperfectly appreciated in the British Isles. Con-
tinental nations have had the bitter experience of war; in this
country our experience is confined to a few weeks’ manceuvres in
recent years.

Few persons have any idea what military traffic, continuous for
months, means. The high roads will stand it, no doubt, but many
of the contributory roads would fail utterly after a few weeks ; it is
just these roads which would need to be used and kept clear, else
the main routes would very soon get blocked.

Moreover, it is practically certain that self-propelled transpogt
will figure more largely than hitherto in any area of military
operations ; hence the necessity of constructing roads which will
withstand the trathic.

It must also be remembered that bridges and culverts will, in
many cases, be destroyed, and, until replaced, deviations will be
necessary. To construct such with material which will consolidate
rapidly and withstand continuous traftic is difficult. It is probable
that the Gladwell process of metalling (vide p. 105) will likely
prove effective in such cases, but the essential ingredient, tar, may
not be immediately procurable.

During military operations in hilly country temporary roads are
often required, and have to be made rapidly, prospecting, tracing,

* Minutes of Proceedings of the Institute of Civil Engineers, Vol. XXX VIIL,
Ea.ie 77, * Mountain Roads in Tropical Countries,” by Ma]or James Browne
(the late Mujor-General Sir James Browne, K.C.S.1.). .
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and construction proceeding simultaneously. They should be made
as short and stratght as possible, even if 1t is necessary to adopt
very steep grades. Long teyms of draught animals are useless
round curves and zigzags. Even if the grade is very steep, a block
and tackle can be attached to assist.

The necessity of improving the alignment and grade along the
wain route should always be kept in view.

It there is any likelihood of a narrow hill road-—say 6 feet—
being eventually widened to a cart road, then work to a cart road
gradient (see p. 55). A G-foot mule track at 1 in 20, when widened
to 12 feet ov 16 feet, will probably work out to a grade of 1 in 16,
which would be very steep.

i

Roadwork, Chitral.—Temporary Bridge and Bridge-head.

The longer the road is to be used, the greater the improvement
desirable.

Steep temporary roads are very trying to transport animals, and
unless improved as time admits, will increase the mortality con-
siderably, especially if the military expedition continues longer than
anticipated, which is usually the case.
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A difficult place should never be passed without deciding how to
get guns across. Men of the advance guard should be ordered to
remove all boulders, trees, etc., which can be shifted without tools,
from the track. Difficult ground often appears worse than it is
found to be when a little engineering skill is applied. It often
proves true that the road which is the hardest to cut is the best to
last.

It pays best in the long run to attack difficult places at once,
without seeking for easier diversions and detours, where lesser or
equal troubles are often in store and occur unexpectedly (see p. 116).

One great evil may be more easily overcome than a number of
lesser evils, Improvements can be introduced subsequently.

Organization of Labour.—In military operations on the
Indian frontier, Coolie Corps are sometimes raised for roadmaking - -
1,000 strong, comranded by R.E. officers, of whom there should be
not less than three, with three or four picked European or native
subordinates with linguistic attainments and ability. Hazaras,
Pathans, and Garwhalis are enlisted round Quetta, Peshawar, and
Mussoorie respectively. They have to be organized and despatched
in batches, accompawied by an officer, to avoid confusion, to the
base. Whilst the corps are being raised and despatched to
destination, the routes should be explored well in advance. Their
organization requires considerable forethought as to equipment,
food, and transport. Waterproof sheets and light tents must be
carried by the coolies themselves. Huts can be erected at depdts
formed later, as required. A reserve of tents and sheets should be
available at an advanced base.

The staff required for work on a difficult transfrontier road
(India) should comprise the following, their numbers depending
upon the extent of the work :—

1 field engineer in charge, with office establishment, head
storekeeper and assistant, 1 or 2 hospital assistants, with
subordinate staff, commissariat and transport officer and
clerks, and perhaps a personal assistant.

2 assistant field engineers, controlling and supervising
500 coolies apiece, and three or four sections of road each.

2 European or native overseers of experience to each
assistant field engineer, with 5 sub-overseers, one for
every 100 men, with 4 head masons, one to each section
of 25 men.

This would give a total of 1,080, exclusive of military escort (see
Plate TI1.).
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Printed Standing Orders should be issued, and only amended
where absolutely necessary, and as seldom as possible.

The senior ofticer in charge may have to arrange for the supply of
food and issue of rations, not unfrequently at short notice, with the
aid of an inexperienced staff ; possibly, in addition, to organize his
own transport (coolic or pack animal) and food for same. Definite
understanding, tn writing, with the G.0.C. upon this point should
be arrived at, as the supply and transport corps may otherwise be
unable to meet, the demands of non-combatants.

The field engincer should be responsible for all organization and
arrangements — correspondence, accounts, medical, commissariat,
transport, stores, tools, and plant To his personal assistant he
may delegate supervision of a portion as convenient. The field
engineer should control and supervise the work as a whole, dele-
gating such sections to the assistant field engineers, in proper
proportions, according to the nature of the work and their capacity.

The assistant field engineers should exercise supervision over
“ divisions ” of grouped ‘ sections,” and be made responsible for the
arrangements, in detail, for rations, transport, tools, explosives,
postal service, and works oflice in their own groups.

In the Tibet expedition 2,400 lbs. of food were consumed by 1,000 coolies
per doy ; as many as 3,400 were catered for, which meant about 3% tons, i.e.,
nearly 100 loads for food alone per day, and, in addition, a like weight of
tools. Each coolie carried an 80-1b. load per day over a five-mile stage ; each
pack animal two loads the same distance, over rugged and steep hills.—
R.E. Journal, 1905, p. 293, *‘ Construction of Nathu-la Road,” Capt. R. £t. J.
Gillespie, R.E.

Overseers (European or native), sub-overseers, and head masons
must always be on the site of works to give levels and bench marks
to work to, assisting the contractor’s gangs and headmen in every
way.

Assistant storekeepers will be required at tool depodts, one to each
assistant field engineer and magazine.

TooLs aAND PrantT.—The supply of tools will present ditliculties
unless careful arrangements are made in advance ; the delivery at
a railhead will, as a rule, be up to date, but the transport beyond
must early be organized, and, if possible, experienced storekeepers
engaged. An ample supply of portable forges and smiths’ tools
should be taken to sharpen the hundreds of jumpers in daily use.

Before indenting for or purchasing tools, it is desirable to
ascertain, by personal observation if possible, what rock or soil is
likely to be met with, and what proportion of blasting tools and
explosive will be necessary. Some gravels are more expeditiously
loosened and removed by explosives than with picks.

A list is given for 100 coolies working in ordinary country, with
a few trees and a certain amount of rock.
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Tools for 100 Coolies.

Axes, felling ... 12
» hand or ¢ kukenes (cutlasses) 30
’ plck . 60
Bars, jumping (13 mches) .. 15
yy CrOW 6
Bellows, braz1ers, %ma.ll . . 2
” smiths’ or forges (por table) 2
Baskets for earthwork (or barrows) .. .. 100
Carpenters’ tools 32 Sets.
Hammers, masons’ 6
Knives, cla.sp . 6
’ line (100 fr.) ... 5
Nativehoes (“phoura.hq )orshovels (um\ ersal) ) 65
Tapes (steel, 100 feet, 50 feet, 25 feet) 3
Smiths’ tools 3
Trowels, masons’ 6
Spare helves (short and long) 80

In addition to the above, 20 per cent. should be obtained as a
reserve in case of unexpected delay in getting supplies, and other
losses. If much rock is anticipated, more jumping bars or jumpers
with sledge hammers are better.

Two smiths and two carpenters will be required to keep tools,
etc., in order and execute minor repairs.

If the country is wooded, reduce the helves ; if there are no trees,
charcoal and small coal must be carried. Tools to which the native
labour engaged is accustomed must be taken; for example, an
African or Indian, if supplied with a wheelbarrow, would carry it on
his head ; therefore take baskets. Natives usually do not under-
stand the use of the European spade, and, moreover, are usually
barefooted ; therefore obtain native “phourahs,”* ¢.e., hoes, etc.,
which they can use.

Storekeepers have to keep a very careful check on the issue and
receipt of all tools and plant, ropes, explosives, fuzes, etc. (for which
purpose proper books should be taken). No issues should be made
without a written voucher endorsed and filed for reference.

The selection of steel for pointing jumpers and picks requires care
and practical knowledge ; not every steel is suitable owing to variety
of temper and qualities manufactured. Practical test beforehand is
the best guide. Hard steel points will not be touched by a file;
blue to straw colour of temper is best ; if harder, the point may be
too brittle.

Damage to tools is frequently due to careless supervision by
allowing weaker tools to be applied where stronger are essential ; for

* Mamootie is another name for the same tool.
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instance, pickaxes and hoes, when used in place of crowbars and
wedges for removing large stones and boulders, soon get destroyed ;
the lighter tools should only be gmployed against clays and gravels.

As regards other requirements, e.g., compressed air plant for
ingersoll drills, explosives, cordage, waterproof bags, timber for
rafting, boats (collapsible), wire cable, huts and roofing material,
tents, padlocks, “dogs,” spikes, blocks, pulleys, crabs, various
utensils, spare equipment, etc., the officer in charge must use his
own discretion and forethought according to the circumstances.

ESSENTIALS — for success in the construction of any road —

(1). Commence work at several places, giving preference to the
most difficult, simultaneously, and connect up with a
continuous path if possible.

(2). Set skilled masons and quarry men to work where rock
cutting and blasting are required, so as to get stone
dressed for masonry works, culverts, etc.

(3). Entire removal of vegetable soil and perishable material.

(4). Sub-soil drainage if the subgrade be the least soft.

(5). Roll and punn “formation surface,” prepare “subgrade”

*and “crown ” properly before laying a stone.

(6). Leave new embankments to consolidate for one season if
possible, before completing foundation.

(7). Use unscreened stone chips to fill interstices.

(8). Exclude all clay and earth from metal, whether for
foundations or tcp dressing.

(9). Sand or gravel to be clean for binding, and use only just
enough.

(10). Water-sprinkle or swish in moderation when consolidating
the surface.

(11). Roll thoroughly and slowly 30, 50, or more times.

(12). Leave for a few days before permitting traffic.

Avoid :—

(1). Round stones, especially in foundation.

(2). Clay, earth, or road-scrapings for binding.

(3). Large stones for surface; maximum 2 inches, better
13 inches; 1 inch when hand laid, and no rollers are
available.

(4). Any admixture of soft and hard metal.

(5). Procrastination in tackling difficult places “till a more
convenient, season.”



CHAPTER TIII.
MAINTENANCE, INsprorioNs, PreveNrioNn or Dust, EstiMates, ErC.

Maintenance.—Road maintenance means keeping the surface
covering in such a condition as to fulfil the essentials given on p. 14.
However well made in the first instance, every road requires main-
tenance in some form ; to do so economically and well demands close
attention to principles, and careful scrutiny and study of the
conditions and tratlic prevailing at every mile of road, combined
with constant vigilance by the roadmen and staff. Maintenance
includes (i.) repairs ; (ii.), renewals. The one is quite distinct from
the other.
The main principles to be followed are :—

(1). Frequent removal of mud or dust, which, if left, greatly
assists deterioration by grinding action.

(2). Prompt repairs by the renewal of lost material.

(3). Complete »enecwal of the waterproof covering to the
foundation before the surface has worn through.

(4). Efficient drainage.

Owing to the increasing loads of self-propelled trattic, and’ its
extensive use of contributory roads (i.e., other than main highways),
many roads give out very quickly under modern tratlic.

Road engines travel faster and with less steam over a road which
has a good foundation than over one whose foundation is weak, or,
in the proper sense, wanting.

Heavy traffic tends to displace the metal and squeeze the whole
road into a series of corrugations ; the bulging of sidewalks, rising
of haunches, displacement of gutters, and interrupted drainage are
clear indications of an unstable, weak foundation and excessive
weight of traffic.

When such roads were first made, nothing but slow and very light
traftic was likely to use them, so that little money and less thought
were given at the time to the three essentials for a good and lasting
road, namely, a sound foundation, a waterproof and wear-resisting
surface.

How to deal with the question is a matter engaging the attention
of the road-maintaining authorities of to-day, and the problem is a
difficult one.

To re-bottom the whole of the contributory roads throughout the
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United Kingdom, to meet the increased weight and frequency of
modern traflic, is an extravagant fancy ; but something can be, and
is being, done in this direction.. The designers of road vehicles, on
their part, are endeavouring to improve the design of self-propelled
wagons by making the driving wheels as large as possible, 8o as to
reduce the intensity of load impact per square foot on the road sub-
grade and surface.

In Northumberland a few miles of road are being treated annually
with success. The cost of providing a foundation varies from 11d. to
1s. 6d. per square yard, which includes labour, carting, etc., of hard
whinstone, handpacking to 12 inches in the centre and 4 inches at
the side, the natural subgrade being of clay; so considerable a
thickness as 12 inches in the centre would not be necessary where the
natural subgrade was harder. The saving in maintenance on a
well-bottomed road is considerable.

Elsewhere a partial remedy hasbeen tried with good results, namely,
to cut out the weak *‘ shoulders,” or road haunches only, and relay,
after putting in sound foundations, which act as abutments to the
roadway covering of fresh metal filled in between them.

Experience, however, tends to show that if for a few years a little
more stone of rather larger gauge is added to a road than is either
usual or actually required to replace the annual wear, the requisite
standard of strength can be attained with economy and efficiency.

One of the most promising and recent efforts in the renewal of
roads is the method introduced by Mr. Arthur Gladwell, surveyor,
of Eton R.D.C. The process is a waterproofing system, which will
make a strong road of one whose foundation is not liable to destruc-
tion by water. It is fully described later, p. 105.

In tropical countries, where labour is very scarce in the wet
season, as in British Central Africa, road maintenance has to be
deferred until the end of the rains. This necessitates very large
gangs working a short time. Two or three miles a day of earthen
road can be repaired then by 500 to 600 men.

The cost of repairing a length of 100 miles of such earthen roads
(see Figs. 26 and 27) works out at the rate of £4 per mile, 1,500
natives being employed under three Europeans.

The best roads in Europe are in France, Switzerland, and Italy,
where an admirable system of maintenance and inspection, under a
Government staff, is organized. Some of the roads in Austria and
Spain are very well engineered and maintained.

In France each road is divided into sections, varying in length
from a few hundred yards to several miles in some cases, but usually
14 to 2 miles, according to tratlic. Each section is under a labourer
“cantonnier,” whose duty it is to keep drains clear, roads scraped
and cleaned, remove loose stones, break and stack metal for repair,
trim the trees, and maintain the milestones, signposts, etc. (paint
and whitewash them).
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Six sections, forming a brigade, are under one foreman, ¢ chief
cantonnier.” Several foremen are under one inspector. Several
inspectors are under one engineer-in-chief in charge of the district,
perhaps one county.

Wear.—The relative proportions in which a road surface is worn
down from various causes is generally as follows :—

Atmospheric . . ... 20 per cent.
Wheel traffic. . .. 3 ’
Animals’ hoofs .. 4D

"

The blows of a horse’s hoofs produce considerable dynamic effect,
and form depressions, which are soon enlarged by wheel trattic
unless rapidly made good. At a walk a horse drawing a heavxly
loaded wagon, does more injury than several horses dr. awing the
same load in lwht vehicles at a quick pace.

The average “loss of thickness in roads in Europe apparently does
not exceed 1 inch per annum. In England, on main roads, the loss
varies from 40 cubic vmds per mile in the country to 1,000 cubic
yards, and even 1,500, in the vicinity of large towns. The general
average seems to be 70 to &0 cubic yards, “and the least 10 cubic
yards per mile.

In France and Austria the annual consumption of metal per mile
to replace wear works out to 70 cubic yards.

Repairs.—Metal for maintenance is usually stacked in the “cess”
at the roadside at intervals, the stack being so arranged that the
cross section is constant and corresponds with a gauge containing
an even number of square feet, so that by measuring the length and
multiplying by the square capacity of the gauge the quantity of
metal can be quickly assessed.

‘When repairing a ruf the metal should be picked up and cleared
out to a depth of 3 inches to 44 inches, so as to leave it rectangular.
This is then filled in with new material and rammed, water and
gravel being added; it should be rolled and finished to a level
surface, but not raised above the general contour.

‘Where, from unavoidable causes, three ruts or tracks have been
formed, the material should never be put in all the three tracks at
once, else fresh ruts will soon be formed between the rows of freshly
laid stone by traffic avoiding them. It is best to fill up first the
track made by animals’ feet ; they will avoid the newly-laid stone.
As fresh tracks appear, first one wheel track should be filled, then the
other. By judiciously spreading metal in small quantities, first on
one part of the road and then on the other, the traftic is dispersed
all over the road, the surface is kept level and hard, water runs off
quickly, and there will be less tendency for ruts to form.

Renewals, as distinct from ordinary repairs, means re-metalling
the whole width of road throughout or for any length, a.ccordmg to
its condition and traffic.
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Before applying any fresh metal, the existing road surface should
be picked over, undersized metal and dust screened out, and the
hollows filled up. The stone is scattered as evenly as can be from
shovels, and rolled twice, dry, etc., as already described. See that
gradients are preserved.

The best time for renewing roads is towards the end of the rainy
season, but this may be carried out at any time, provided ample
water is obtainable.

Metal broker by hand is usually more regular and evenly propor-
tioned than that crushed by machinery, which pulverizes the stone
and produces a superfluity of dust and fine stuff, which causes loose
binding and a soft surface.

“ Raveling,” i.e., when stones work loose on the surface, occurs
after very dry weather, or from insufficiency of binding material.
It can be remedied by sprinkling water or sand and re-rolling.

In India ““kankar ” is largely employed as a road metal, especially
in the United Provinces.

It is usual to stack kankar for renewals dlong the roadside and
leave it there for one year, so that all the earthy matter may be
washed out by rain, and, moreover, to allow it to harden by
exposure.

It is laid in the usual manner already described (p. 16), usually
by hand, as steam rollers are seldom available. As good, if not
better, results can be obtained by gangs of coolies working close
together and rammmg simultaneously with iron rammers. Slmul-
taneous action is the chief thing, and this is usually effected to the
strains of a monotonous native melody. Consolidation by heavy
rollers drawn by bullocks is often resorted to.

In Bengal, where kankar is not universally available, overburnt
or clinker brick is employed. This, if uniformly overburnt and
hard, makes very good, smooth, dry roads, but they are not very
lasting.

In Bombay, besides the igneous rock metalling employed on the
large trunk roads and streets of towns, the most usual metal is
“moorum,” a kind of decayed igneous rock, having the appearance
of a gravelly sandstone of reddish-brown colour; it is readily quarried
by a pick, and easily broken under a hammer. It is found within
a foot or two of the ground surface in the Deccan Tableland, and
generally at the site of most roads. It is not so durable as other
metal, and requires more care and attention ; no sand or binding is
necessary in laying or rolling it. The roller for consolidating should
not exceed 10 tons, nor be less than 4 tons.

In Madras, Burma, and the W. Coast of India, on country roads
for light traffic, where such are metalled, laterite is used ; it is a
reddish rock—consisting of silicate of alumina and oxide of iron—
and is believed to be gneiss is an altered form, due to atmospheric
agenqy extending over a long period.
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It hardens on exposure to air and water, being quite soft when
dug out. It is usually consolidated like “kankar ” metal. Like
“ moorum,” or any decayed rock, it is easily broken up, and makes
smooth roads, but soon wears down.

It is a great mistake to repair roads, metalled with one kind of
stone, with another of a different nature and texture.

At seaport towns in the East it is almost always practicable to
obtain stone from ships arriving in ballast to load with rice, wheat,
wood, or other cargoes.

Good binding, or ““hogging,” such as sharp sand, “bajri” (disin-
tegrated rock, India), gravel, sandstone, and granite chips, is essential
for ordinary metal, but it is certain to produce dust.

Every foreman should have a proper supply of tools:—Picks,
shovels, spades, hoes, rakes, rammers, barrows, billhooks, scrapers,
brooms, hammers (various), metal gauge, contour template, straight-
edges, level and plummets, pruning knives, axes, and saws.

SysTeM aND Cnarr o Roap MaINTENANCE—Indic.—In India
roads are kept up from Government grants, civil or military; or
from local funds and taxes, imposed by municipalities.*

Such funds may be : —

Imperial military—for M.W.S. roads (Military Works Services).

Imperial civil—for provincial roads of the P.W.D.

Municipal—for roads in towns, within the municipal limits of
any city.

Cantonment—under the Cantonment magistrate.

N.B.—1In every office there should be « register and chart with a
corresponding plan of the roads, their true lengths being marked
thereon,

On the tracing or map these roads should be shown by distinctive
colours, according to the grant from which they are repaired, so that
no confusion may arise. As a rule, a Garrison Engineer, R.E.
(M.W.8.), is only concerned with Imperial military, except on the
frontier, and sometimes with the Cantonment fund roads.

On the same map there should be Tables for each road, divided
into sections of varying length, the object being to distribute the
metalling of long roads over two or three years, according to the
traffic, so that the sum to be expended on “ renewals” may be fairly
equally apportioned every year, and not fall heavy on one year and
light on another (Plate IV.). In other words, a certain length of
life is assigned to sections of a road between “ renewal periods.”

In the Peshawar district the life of road metal varies from three
to seven years ; a new coat, 3 inches to 4} inches thick, is usual.

* Vide Army Regulations, India, Vol. XII., para. 58.
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The areas in rectangles should be drawn to scale, so that the
length, breadth, and superficial area of each section can be seen ata
glance and estimated (see Plates IV. and V.).

As metal is collected on a certain section, broken and stacked
during one season for consolidation the next, the corresponding
rectangle can be coloured in to indicate ¢ collected metal,” ready
stacked on that particular section.

Stacks of metal are usually dressed to a height of 18 inches,
and of cross-section equal per foot run to the cross sections of
metalling to be renewed, ¢.g., for a 24-foot road, 9-inch thickness of
coating, the cross section would be a trapezoid 18 inches high,
44 feet top width, 74 feet base width per foot run of road, stacked
both sides.

After consolidation this coloured rectangle is hatched over, to
indicate that that length was ¢ consolidated” and renewed during
that season.

By carrying out this system year by year, the proper period of
renewal for each portion, and what sections are due for treatment,
can be noted at once by referring to the register, which shows the
“life” of each road or section of a road.

The register contains the quantities for every section worked out
in detail, so that anyone called upon to make out an estimate for
“renewals ” of metal can do so by inspection of the map and the
register, merely requiring to abstract and price the quantities.

Over and above renewals, a certain proportion must be added on
account of petty repairs, i.c., patches, hollows, ruts, ete., clearing
ditches, pathways, trimming berms and hedges. To prevent hasty
collection and delivery of inferior material, inetal should be stacked
and measured a year before required. It will usually harden and
get cleared of earth by exposure to weather.

Cost oF MAINTENANCE.—This is a very variable and somewhat
indeterminate quantity for extensive application. Conditions of
climate, soil, metal, traftic, and price of labour and material are so
different that mere comparison may be misleading. Useful deduc-
tions can be made, however, from records of traffic in each locality,
which is the ruling factor in every road. Each locality should be
dealt with on its own merits and conditions.

Unmetalled, transfrontier cart roads near Peshawar (India) cost
to maintain £6 10s. to £12 10s. per mile per annum.

In Africa the chief item in the cost of road maintenance is the
labour, and this varies considerably. In West Africa a native
labourer receives about 5s. a week ; 2s. is paid at the end of each
week, and the balance, 3s., when he is discharged ; say 100 men,
£100 per month.

In British Central Africa and Rhodesia the native labourer receives
3s. a month and 6d. a week food money; say 100 men, £25 a
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month. He is usually engaged for three months, and receives his
deferred wages as in West Africa. Stores, tools and plant, salaries
and allowances of European staff are costly.

Some authorities consider that £100 per mile per annum is an
average cost at the present time (1908) for urban and rural main
roads in England and Wales ; in Ireland it runs as low an average
as £14. Of recent years, consequent upon the demands of modern
traffic, the annual cost has greatly increased from what it was. By
way of comparison :—

Taking urban and rural roads together for the year 1895-96, the
average cost of 25,650 miles of main road was £68:34 per mile.
Ten years later (1905-06) the corresponding average cost of
27,380 miles was £90'51 per mile, an increase of 30-55 per cent.,
and an addition of 1,730 miles of road.

As a rough apportionment, urban roads cost £140 per mile per
annum ; rural roads, £56 per mile per annum ; byeroads and lanes,
£28 per mile per annum.

As traflic is the ruling factor, any comparison except by the yard
super is fallacious.

In close proximity to London the cost has risen at a relatively
greater rate in the endeavour of the authorities to meet the altered
conditions brought about by modern self-propelled traftic.

In cities macadamized streets cost to maintain 1s. 7d. (Liverpool,
Brighton, Norwich) to 3s. 7d. per yard super in London.

“Travel Units "—In France careful observations are made by the
‘Government engineers to determine the amount of wear in terms of
the traftic. The traffic is expressed in ‘“units” representing a
horse harnessed to a loaded wagon ; to reduce the other traffic to
this unit, the following values are used :—

1. Each horse hauling a public vehicle or a cart loaded
with produce or merchandise N |
2. Each horse hauling an empty cart or a private carriage %
3. Each horse, cow, or ox unharnessed, and each saddle
horse ... .. . e 1
4. Each small animal (sheep or goat) v 3o

In 1876 the average amount of material required for the Routes
Nationales was 53 cubic yards per mile per 100 “ units” of daily
traffic, the range for the different departments being 15 to 265, but
usually from 27 to 102. In 1893 the average was 49 cubic yards
per mile per 100 “units” of travel, the stone having an average
«o-efficient of wear of 10-85.

There are more than 338,000 miles of stone roads in France, which
is equivalent to 1 mile of road for each 0:66 square miles of area, or

. 1'52 miles of road per square mile, and to 1 mile of road for each

119 inhabitants. The average cost of maintenance per mile is about

.£46 10s. per square mile of area, and about 5s. 94d. per inhabitant.
H
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The following Table gives a summary of the annual expenditures for
material and labour for the roadway proper :—

Outlay on Materials and Lobowr on the Roaliay Proper in Framnce.

t
Width in Ft *Annual Cost of Maintenance.
Ref. — | Length TTTT T T - T T
No. Class of Road. 5. F | Mies.
E*| 3 Total. |PerMile.| Year.
- .. 22-3 @
= =
e —_— —_— i —
1 | National Roads S| 66 22 22,009 ' £1,027,800 1 £46 7 1898
2 | Departinental Roads . | 40 20 16,188 l £5&2,3UO* £36
i Average
3 | Provincial Roads . 33 20 123,622 £3,299,000 \ £266 | > 188(;:0
18!
4 | Communal Roads . 26 16 1565 054 £1,768,400 | £11 4
Total.. . w.| — | — [ B2LBUS | £06TT,600  £20 76

Maintenance Cost—France.—The following are some of the details

of the cost of maintaining the national roads of France during
1893 :(—

Number of miles .. 22,009
Average travel in 24 hours, “units ” .. 1706

Average amount of broken stone required (including
74 per cent. of binding gravel) per mile per 100

‘“units,” cubic yards .. 49
Average quality of stone, /.., average co-efticient of

wear ... . . . 10-85
Average cost of 'stone, per cubic yard o 48, 104d.
Average cost of binding gravel, per cubic yard .. 1s. 6d
Average labour cost per cubic yard of material used 2s. 74d.
Average wages of roadman, per day . . 280 34d.
Average cost per mile per 100 “units” for materials 244s.
Average cost per mile per 100 ¢ units” for labour ... 128s.
Total average cost per mile per 100 * units” for

material and labour... .. .. £16 12s.

In the department of Havre, France, the average annual cost of
sweeping, removing mud, watering, and maintaining all works is as
follows :—For departmental roads in the cities, 14d. per square
yard; and in the country, 1d.; and for communal roads, 3d. per
square yard,*

The ** Routes Nationales” of France approximate in their length
to the urban and rural main roads of England and Wales, the total
length of which, by the end of March, 1906, was 27,380 miles.
The “ contributory ” roads correspond to the remainder in character.

* From extracts, Rockwell’s Rouds and Pavements in France, p. 67, ste.,
quoted by Baker (Roads and Parements, 1903), and other sources,
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In England and Wales there are at present no less than 1,85
maintenance authorities (55 county; 825 urban; 970 count;
borough, town, and rural district councils). The introduction o
a State Highway Department, under Government engineers, as i1
France, would doubtless tend to secure uniformity of construction
maintenance, and control, resulting in better roads at a reduced cost

Roads in Spain.—TIn so far as the roads are concerned which ar
constructed and maintained directly by the State, Spain is no
behind other countries. There may be a lack of certain main roads
but there are as many miles of road per square mile of territory a:
in France, and a greater length per thousand of population.

In 1860 there was a length of 20,667 miles of these main roads
and there are now 45,915 miles ; and the scheme, which is not ye
completed, will cost more than £40,000,000. The State gradually
takes over provincial roads. For the cost of constructing 1 mile o
main road of the third class, it is possible to make 2 miles of pro
vincial road for considerable tratlic.

In the years 1895 and 1896 the average cost of construction pe
mile was :—

For 1st Class roads .. £2,020
For 2nd Class roads . .. ..o £1,834
For 3rd Class roads . £1,074

For the third class it may be taken that the average cost o
construction per mile, inclusive of the survey, is £1,611, but
absolute reliance cannot be placed on the figures for the first class
and second class roads, as the number of miles of road from whicl
the figures are deduced bears too small a proportion to the total
length of those classes of roads in Spain.

The cost of constructing these main roads in Spain does not
exceed that of the French national roads. The annual cost of
mantenance does not exceed the French departmental cost.

The cost of maintenance per mile is given as follows :—

Annual Cost of Maintenance per Mile.
) g,

Type of Road. 1895. 1896
Ist Class £38 16s. £35 4s.
2nd Class £32 178, £30  3s.
3rd Class . . £26 17s. £24  5n.

Extract from Minutes of Proceedings of the Institution of Civel Eng Jt?teers,
Vol. 134 (1897-98), pp. 445-6. 9
H
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Inspections should include examination and attention to the
following during the construction and maintenance of roads:—

(1). Surface.
(2). Gutters to be kept clean and clear of weeds, which become
breeding grounds for mosquitos.
(8). Catchpools, culverts, catchwater drains—see that these are
cleared and trimmed before each rainy season.
(4). Bridges, culverts—soffits, parapets, and }(,:opings.
(5). Sundries—milestones, guardstones, signposts.
(6). Overhanging trees—and drips from same.
(7). Avalanche tracks and tunnels.
(8). Retaining and breast walls—joints, copings, foundations,
aprons, etc.
(9). Langslips and subsidences—faults, etc.
(10). Springs or water catchments.
(11). Foremen’s record books of daily road gangs.
(12). Metal stacks, registers, maintenance chart (see Plates TV.
and V., and p. 93), stores, and accounts.
(13). Tools and plant.
(14). Draught animals, stables, huts, and other accommodation.
(15). Progress chart during construction.

A form of progress chart (Plate VI.), mtroduced by ILieut.-Colonel W. J.
Dundee, C.I 1., R.E., to show the state of the work on a road during con-
struction, is used as follows : —

The filled-in rectangles represent lengths of road completed, as regards
excavation, during successive weeks, shown 1n the side columns. Mileage and
names of contractors, or headmen of gangs, are indicated on the top of the
chart,.

A copy of this chart should be sent periodically to the superintending
engineer, who can see at a glance how the work 1s proceeding, and gauge
relative rates of progress,

Standing Orders for Roadmen.-—A roadman must be at work,
wet or dry. The following instructions are condensed mainly from
those issued by the Road Improvement Association, 1, Albemarle
Street, Piccadilly,,London, W., which are admirable :—

(1). Fill up all hollows, ruts, and puddles at once with chips
from the stone heap.

(2). Use “chips ” for patching and all repairs in the summer
months, and for binding newly laid metal.

(3). Never add fresh metal if, by cross picking, raking, and

) re-rolling, the surface can be restored to proper contour

and condition. '

(4). The rake is the most useful implement, intelligently
applied ; therefore keep at hand at all times.



(5).

(6).
(7).

(8).
(9).
(10).

(16).

(17).
(18).

(19).

(20).
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In repairing lacrge patches extending over the whole
width of the road, spread the central track first,
and, after this has worn in, complete the sides in
turn.

Spread the bulk of the renewal metal before midwinter.

In moderately dry weather, and on hard roads, pick up
the old surface into ridges 6 inches apart ; remove all
large and projecting stones before applying a new
coating.

When larye stones project on a road, do not pick out, but
crush.

Spread metal in thin layers—one stone deep—adding
second layer after the first has been rolled in.

Never dump unbroken, or unequally or partially, crushed
metal direct on to a road to break up on the surface, but
stack at the sides and fill into the barrows with large
pronged forks, so as to leave the chips and siftings for
“binding ” the top surface for summer repairs.

1). Rake over a new coat daily to break down ridges.
2). When diverting traffic for repairs, remove all temporary

obstructions at nightfall—large stones, blocks of wood,
etc.—and light well.

. Hard metal should be broken to smaller gauge than soft,

but not exceeding 2%-inch ring, using rollers ; 2-inch
ring and smaller gauge metal and chips are required
for patch repairs and consolidation by kand.

. Avoid any rubbish for ¢ binding,” e.g., road scrapings,

sweepings, sods, and refuse.

. Allow no loose stones, dust, or mud to lie on the road ;

both induce deterioration, increase wear and tear, and
double maintenance cost. Clean the roads after heavy
rain, so as to let them dry quickly; cart away the
scrapings immediately, before the dust dries and blows
back again.

Induce water to flow quickly away from a road surface
and side gutters.

Inspect roads in wet as well as during dry weather.

After completion of renewals, remove all loose stones to
the stone heap for use next season.

After continuous heavy rain, a few hours should elapse
before any heavy road engine traftic is allowed to travel
over a road ; the best road in the world will rapidly
deteriorate if this is systematically disregarded.

In spring time, after the frost is past, the road bed is soft
and porous ; thorough rolling at this time, with the
addition of a little fresh road metal, is very beneficial
and economical of maintenance.
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(21). Lop and prune tall hedges and overhanging trees at the
“fall” of the year where the road surface remains
damp, so as to allow the wind and sun’s rays to dry
and harden it. Remove from the road all hedge
trimmings, sticks, and thorns,

A type of ‘“Standing Orders and Specifications tor Road Maintenance,
M.W.S,, India, Plains and Hulls,” 18 given 1n full detail as Appendix C, to
which is appended some Notes on Arboriculture, Felling of Trees, etc.

Prevention of Dust.—With the introduction of self-propelled
traffic this is becoming a world-wide problem ; dust is the greatest evil
villi_c_ll motorists have to contend with, and, moreover, it causes much
annoyance to the public, is a possible danger to health, and increases
the road maintenance bill in every community. Hitherto no uni-
versal remedy has been found to mitigate the evil

“Summer dust makes winter mud ”; it is more costly and
laborious to remove mud than dust, therefore deal with it in
summer.

Bass brooms do not displace stones so much as scrapers, and are
more efficient ; horse-sweeping machines are most effectual for
keeping roads clean and dry.

Production of dust and loss of material from mere ¢ weathering ”
is small as compared with the grinding action of animals’ hoofs and
vehicular traftic, drag brakes, etc. (see p. 93). The “dust nuisance,”
as distinguished from “dust production,” is mainly due, to swift and
recurring traffic and the power of certain vehicles to raise dust a few
feet higher than usual, whereby it is carried further and is more in
evidence.

The dust is there; the motor vehicle tends to suck it up, and
at the same time to cause small pieces of metal to work loose ;
the binding gets shifted, and the following traffic completes the
mischief.

The difference between the damage done to roads, in the case of
horse-drawn and self-propelled vehicles, whereby dust is produced
from the actual road surface, is largely due to the fact that in the
latter the propulsive power is applied through the tyres instead of
through the horse, and the great power applied through the wheel
driven has a churning effect, which is very destructive to the road
surface. The tendency is for each road engine and motor to carry
its own heavy load, and not drag the same weight, distributed over
a trail of lightly loaded trucks; the wearing load is thereby much
reduced (see Appendix D, Renard Motor Road Train).

Further, the thrust of a large-diameter wheel tends to displace
the road metal less than does the thrust of an equally-loaded small
one, the road being the fulerum about which the turning moment
takes place.
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The remedy lies deeper, namely, in the materials of which both
roads and wheel tyres are made.

So long as limestone, flint, gravel, and suchlike friable dust-
producing metal is employed, and iron-tyred vehicles run with drag
brakes and skidding wheels, the dust nuisance will remain ; whin-
stone, granite, and other igneous rocks are less objectionable, but
some other ingredients than sand and gravel are necessary for
“binding.” As a rule, far too much “binding ” is used in making
roads ; the larger the proportion to metal, the greater the dust which
will be produced.

So far as the roads are concerned, the solution of the problem lies
in the careful selection of good, sound, suitable metal, seasoned with
tar, and carefully laid with a minimum of binding of fine granite
screenings, and a cautious extension of tar treatment of the road
surface in dry weather.

It is possible that a remedy may be found in laying a substratum
of rather rich tar concrete first of all, hard metal and binding being
then spread over this, and the whole rolled until the tar grout rises
to the surface, and left to dry a few days before allowing traffic.

Improvement in the design of motor vehicles, and in the method of
street cleansing and scavenging at more frequent intervals will
greatly assist. The substitution of resilient rubber-tyred vehicles
for iron-tyred, and the gradual elimination of the cart horse, combined
with more scientific road construction, will eventually bring about
comparatively ¢ dustless” roads,

Treatment of Eristing Rowd Surfaces.—As it is impossible to
change completely the character of existing road surfaces, their
improvement by the application of some treatment claims attention
at the present time, whatever may be done in the future.

The remedies applied so far fall mainly under three heads:—

(i.). Various oils, patent fluids and preparations.
(ii.). Spraying or painting with tar.
iii.). The employment of special binders.

ploy P

(1.). Farious Preparations.—Loam and clay roads are improved
by a /little moisture--just enough to keep them damp. In hot
climates there is usually much dust, and the road surface tends to
ravel and wear into pot holes or very deep ruts.

Crude petroleum has been employed on roads in California instead
of water, and on a number of railroads to reduce the dust ; it has a
further advantage in mitigating the glare by imparting a dark
colour to the surface, and of preventing dust coating the foliage of
trees and shrubs.

The oil used is the residuum after commercial oils have been
distilled, and it contains about 17 per cent. of bitumen. It appears
to be beneficial to macadam roads, as by aiding the road surface to
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shed rain the tendency of mud to form is reduced, but drainage
from crude oil poisons fish where discharged into streams.

The oil should be applied freely at 200° F. from a sprinkling cart
when the road is quite dry; it must he thoroughly incorporated
with the dust, and not merely sprinkled on the surface.

Three-quarters to 1} gallons per square yard for a first application,
and less for a second. If properly done, only three sprinklings
during the summer are found necessary (Californis).

The effect is "best on a clay or gravelly loam, but it is ineffective
on sand or an alkali soil.

In Baku, the centre of the oil industry in the Caucasus, the city
is very dusty, but the roads at the oil wells on the outskirts are
practically dust-free, through being saturated with the crude and
abundant residue.

Petroleums having an asphalt base arc best; the presence of
paraftin and other mineral oils is detrimental to rubber tyres, owing
to their solvent action.

Various patent palliative fluids, such as ¢ Calcium Chloride,”
“ Westrumite,” * Akonia,” etc., etc., have been used, but at best
they can only be considered temporary remedies.

(ii.). Spraying or Painting with Tar. — Treating roads with
distilled tar, or some preparation of tar, applied Aot to the clean-
swept surface, is effective and economical. For ordinary macadam. .
roads tar seems to present the best remedy. Before applying tar
thé road surface should in the first instance be swept clean, and to
this end may be cleansed with water, choosing a kot dry day for the
purpose. Excess of moisture is deleterious to the life of tar. Crude
tar from gasworks needs to be well refined to remove certain volatile
oils, ammoniacal liquor, and water, which lowers its boiling point
considerably. It should have a specific gravity of 1:24, and be
heated to about 400° F., so that when applied it will be still very
hot, and be well and evenly brushed in or “sprayed ” over the road
surface.

N.B.—Crude tar will produce a * sticky” road, and, after rain, water
splashed up will stain fabrics; 1t is also said that surface drainage from
Eoﬁds treated with crude tar discharging into streams 1s destructive to

sh.

Hence the necessity of applying properly ﬁg[i_;lgi_t,gg. from which detri- ~
mental ingredients have been removed. ’

As a rough estimate, about 2 to 3} lbs. of tar per square yard is
required. The road surface must be quite dry before application.

Granite siftings should then be sprinkled from shovels over the
tar. Cost of treatment varies; 2d. to 3d. per square yard of road
surface is a fair estimate ; a mixture of 1 lb. pitch to 5 gallons tar
acts well.

Considerable attention is being given at the present time to the
introduction of some mechanical appliance for spreading some
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preparation containing tar and getting it to penetrate the road
surface without rendering it sticky and offensive.

Something of the nature of an ordinary watering cart is required,
provided with furnace and steam coils for boiling distilled tar ; in
addition some mechanical atomizer and spreader, or series of syringes,
is needed which will force the tar in .fine spray or jets into the
surface.

As a result of recent competition and experiments carried out in
May, 1907, under the auspices of the Roads Improvement Associa-
tion and other bodies, various tar-spreading machines are now on
the market. The best known are the Aitken Pneumatic Sprayer
and the 700-gallon Thornycroft Motor Van of ¢ Tarspra,” Ltd.

N.B —The Johnston Lassailly machine puts on a heavier coating of tar, but
is cumbersome and a little more costly to work.

It is believed that the cost of “spraying” roads with these
machines need not exceed £1 per mile on an 18-foot road, exclusive
of cost of tar.

The best preparation of tar was found to be Clare’s tar-compo
“Improved Dustroyd.” Applied by a ¢“Tarspra” machine, at the
rate of one gallon to 7 square yards, in two coats, the quantity
required to spread an 18-foot road works out at £26 per mile
inclusive—the prime cost of the compo being about 33d. (London).

“ Tarvia ” is another preparation which sets rapidly, and is
extremely tough. '

(ili ). Special “ Binders.”—A most successful method of pro-
ducing lasting and dustless road surfaces is that devised by Mr.
Arthur Gladwell, engineer and surveyor to the Eton R.D.C, in
collaboration with Mr. G. W. Manning, engineer and surveyor to
the Staines R.D C. It can be applied where an existing road bhas
to be re-surfaced or a new road constructed.

The process consists in spreading over a prepared foundation,
brushed clean, a ‘bituminous sub-binder” or matrix ¢ cushion,”
% inch to § inch, composed of clean dried granite chippings ( inch),
heated and mixed with “ tarvia,” a proprietary article of prepared
tar—1 cubic yard covering 46 yards super. N.B.—Crude tar is
quite unsuitable.

Ordinary stone metal, clean, aggregate 2-inch to 2}-inch gauge,
is then spread lightly and evenly with forks over this sub-binder,
leaving an end width of 6 inches exposed to overlap and join with
the next length.

N.B.—1 ton of metal, 2-inch gauge, is reckoned to cover 11 to 12 yards
super with a 2-stone coat about 34 inches in thickness.

Employing a light roller, the aggregate is then rolled gently into
the sub-binder, which in turn is drawn up to fill the lower voids of
the aggregate by consolidation, without any crushing. A little of
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the sub-binder may be ¢ salted ” over the swiface into any remain-
ing voids ; the rolling is then continued until the new surface is
compacted.

The last stage is the “sealmg of the surface with some tar
preparation to prevent access by moisture to any part of the coat-
ing. This may be done——-(m,l;l/ wn dry weather—with © tarvia” or
other compo, by a “Tarspra” or other mechanical spreader, or by
hand. One gallon “tarvia” to 4 or 5 yards super will suffice.
Finally, after spreading some more granite chippings of the sub-
binder (1 ton per 150 yards super), the road should be well rolled
and compacted. Cost of sealing about 2d. per yard super.

No sand, earth, or foreign matter should be allowed to reach the
surface until this ¢“sealing” is complete ;: the materials used must
be quite clean and free from dust.

The cost—Is. 6d. per yard super—is found not to exceed that
of ordinary renewals with granite metal, using water and sand
“binding ” (productive of much dust), by more than 3id. per yard
super.

The resulting surface is very satisfactory, both as regards wear
and being non-dust-producing ; moreover, it can easily be taken up
and replaced to admit of repairs to water pipes, hydrants, etc., when
the surface has to be broken.

A pamphlet (6d.) giving a full descriptive specification and further details
of the Gladwell process can be obtamed from the Roads Improvement
Association, 1, Albemarle Street, Piceadilly, London, W.C.

Estimates, Specifications, etc. —As in maintenance, the first
cost of roads is influenced by many factors.

Of all estimates which an engineer may have to submit, a
mountain road is perhaps the most diflicult to forecast with
accuracy, especially when the road extends for many miles in a
new or unopened country.

It is unwise to rely solely on statistics or comparison with other
roads constructed under apparently similar circumstances and
conditions.

Roadmaking in tropical Africa is very different to road work in
Central India; the absence of skilled labour, transport, and good
building materials, which will withstand the ravages of white ants,
will considerably enhance an estimate for a road in tropical Africa,
if based on experience gained in India.

In general, when roadmaking between plains and high and
extensive mountain masses — like the Himalayas — the higher
ranges, being composed mainly of hard rock, present fewer real
engineering difficulties than the softer soil of the lower hills,
formed geologically in all probability by the denudation of the
higher.
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care with which useful information has been noted during

the preliminary survey, and the prospecting has been carried out,
will largely influence the estimated forecast; therefore the notes
should be ample, and the members of the prospecting party
observant, specially selected, and well informed.

Subheads of an Estimate. —The following is a useful list of sub-
heads for a road estimate :—

1.

10.

©F ST TUR W10

Surveys and clearing site.

Surface drainage, preparation of subgrades.
Bridge sites and crossings, and masonry works.
Foundation and road surface.
Incidentals.—Fencing, parapets, and sundries

. Rest houses and road gang depét and stores.
. Tools and plant.
. Maintenance.

Pay of prospecting and engineer staffs, ete.
Abstract of total cost, and cost per mile.

Specifications.—Every* specification should embrace information
on the following points :—

10.
. Suspension of work.

2. Time of completion.

. Method of payment, inspection, and measurements.

. Penalties and extension of time, dismissal of workinen,

XSO e =

Description of the work.

Extent of the work.

Excavation.

Quality of material

Tests of material.

Delivery.

Preparation and character of foundation and road-hed.
Class of workmanship and defective work

Manner of execution.

Period and time of commencement.

strikes, etc.

5. Special clauses 7« rights to build sewers, lay pipes, cables,

etc., accidents and liability for workmen and loss, ete.

» repairs and renewals the following should also be included : —

. Removal and disposal of old materials.

. Adjustment of manhole covers, kerbs, water tables, etc.
. Supply and fixing of new kerbs, etc.

. Concrete.

. Pavement, character, quality, and laying.

. Clearing up on completion.

* (Reference in part Byrne, pp. 557 and 585).



108

22, Clauses r¢ traffic, accidents, damage, legal liabilities, lighting,

and watchmen, etc.

23. Maintenance after completion.
24. Special stipulations.

Notr.—See also p. 93 ef seq., and Appendix C for further details.
Computation of Earthwork.—TFor all practical purposes the
approximate method, viz., to average the cross section from end
areas, will snffice, but this will always give niore than the true
contents ; or to employ Tables for level cross sections, which will

give 3 to 4 per cent. excess.

For more accurate computing the prismoidal formula and method
is employed, viz. :—One-sixth of the length x [sum of the 2 end
areas + 4 x middle area] (see JMolesworth’s Pocket- Book, pp. T71-18, ete.,

edition 1904).

Figs. 81 to 87 represent cross sections with varying surface slope;
the corresponding formulwe giving values of area are :—*

Fig. 81 .

Figs. 82, 83, 84.. A

Frg. 85
Fig. 86 .
Fiy. 87...
where AB=1,,
DE=B,
CF=H,
FO=a,
EH = d
GD=d
PB=1,
AM =],

LA

A

A

A, =

I

Hw+m),
B ((]( + (’)

9

l( =B K
2 \cot & ~ cot l/)

( _m 4

I/_—+

=area of larger triangle,

(/ ; l)’ll =area of the smaller triangle,

a = angle of natural slope with horizon,
y=angle of side slopes,

s =ratio of slopes usually 1} to 1 =cot y,
L is the horizontal projections of AB.

Values of K, etec., are given in Molesworth’s Pocket-Book, p. 18

(edition 1904).

N.B.—These formule do not apply to cross sections of extremely
irregular shape. In F%g. 87 the points C and F coincide, i.e., there
is neither cut nor fill ; the triangles are similar, ,", apply formula as

in Fig. 86.

* Byrne— Highway Construction, p. 365.
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Fic. 82.




Frc. 87.

Where the number of areas to be computed is considerable, the
contents may be arrived at by the use of Amsler’s planimeter.

To set out the side widths of a road in sidelong ground and com-
pute the earthwork can be done with sufficient accuracy for all
practical purposes as follows :—On the plotted cross sections lay off
the road width and side slopes, whether in bank or in cutting or both
(#1gs. 85, 87).  Compute the half-breadth of the road ; it is required
to find the points A and B (/%y. 87) on the ground ; this is done by
trial and error with a level and staff.

Approximate the position of A ; find difference in level between
A and C; multiply this difference by the ratios of the side slopes,
and subtract the result from the computed half width. If the
remainder equal the distance of the staff from the centre line, the
position assumed for A will be correct ; otherwise repeat till correct.
If the remainder exceed the distance of the assumed point A to the
centre line, the point is too near; and wvice versi. For B proceed
in the same way.

In the case of an embankment there is no difference in procedure.

In computing earthwork in the field it is a great saving in time
and more conducive to practical accuracy if this can be done on the
spot as alignment and tracing proceeds; nature of soil can be
recorded for each length, priced and estimated on the spot.

The following method, introduced by Gapt. H. S. Rogers, R.E,,
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when prospecting for roads for pack animals in the hills in India,
has much to recommend it.

It affords a simple method of recording the quantity of cutting
(especially for narrow roads on steep ground), and does away with
the necessity for cross sections. It was found especially valuable in
arriving at the comparative probable costs of alternative alignments
(see Iy 8R),

12

P Y A > 7
: 0

9

Ring and Cleat

Assuming that the outer cutting edge is run with the clinometer
and marked out.

Chaining is commenced at the top, the computing party, provided
with a slope template, working with the back chainman.

The template is used for setting off the estimated back slope on
which the area of the cutting largely depends; it consists of a stout
vertical batten (24" x 2”) 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 so as to enable the arm to be set at slopes, with the
batten placed vertically, of

11

1 11 4
IR to (say) i

To use 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
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at 4 feet, 6 feet, 8 feet 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 movable arm, lowering the
rod—maintained horizontal—until the end touches the ground
slope. The height is then read from the vertical rod, and recorded,
together with the area of cutting and the quantity under the soil
column. -~ -

It then only remains to total and price the work at the end of the
day.
%‘he field book is ruled thus :—

. Super- Soil in Cubic Feet
Chain | Back
(1001t )| Slope. Width. | Height. Aﬁ(‘:‘len.l
) Hard. | Medium Soft.
Brought| forward| 10,270 18.9:0 25 460
19 3/1 8 feet | 6 feet 24 — 2,400 —
2 |21 |8, |4, 16 — — 1600 |About half hard,
21 8/1 8, | & , 32 1,600 1,600 - Spur at 21°8.
22 2/1 6 ,, 5 , 15 — — 1,600 | Allow 2-foot bank.
Carried | over ...

In the remarks column entries can be made where streams are
crossed, length of Irish bridges and culverts, etc., etc., can be
noted, and any special points regarding the soil and excavation
required.

Sufficient accuracy can be usually attained by dividing the work
and prices into hard, i.e., soil requiring blasting; medium, ..,
requiring blasting and jumper work ; and soft, or pick-and-jumper
work.

Various problems and solutions in Earthwork Measurements are
given in Henck’s [ield Book for Railroad Engineers, pp. 92-114
and 135, Reference may also be made to Rankine’s Rules and
Tables, p. 145, and various Earthwork Tables, ¢.g., Macneill’s and
Bidder’s.

An adaptationof Bidder’s Earthwork Tables is given at Appendix E.

Approximate Cost of Roads.—The following data have been
collected from various sources, and give a fair guide for this

purpose :—
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Earthen Roads (India) (Fig. 23)... . £10 to £50 per mile.
do. (America), 30 feet wide,
18 feet roadway, covered with 9 inches
of clay or earth*t . ... £500 to £900 ,,
do. (British Central Africs,)
20 feet wide (Fig. 27) . £10 ”
do. (Northern Nlo'ema. and
West Coast of Africa— exclusive of
bridges) ... £10 "
ENGLAND.
New Road, 45 feet over all, including footpaths,
kerbs, sewers, channels, etc., completet ... £5,400 ’
do. do. 36 feet wide} £7,040 "
do. do. 24 feet wide, carriage way
only .. £3,080 .

§ Public Thoroughfares and streets with all
accessories, 12-inch foundation, T-inch metalling:—

40-foot road . . £8,000 o
36-foot road . £7,100 ’"
30-foot road . . £5,720 ”

High Road—exclusive of footpaths, sewers, etc.
10-inch foundation and 7-inch metalling :—
30-foot road .. . £3,520 ’
24-foot road .. . . £2,820 ’
Light Roads—exclusive of footpaths, sewers, etc.,
6-inch foundation and 4-inch metalling : —
30 foot road £2,640 ”
24 foot road . . . £2,120 ’

Mountain Road—(Cumberland) 18feet wndth,
maximum grade, 1 in 12; no heavy work ;
road of light character £1,430 ’

INDIA.

Macadamized Roads, 2nd Class :—
12-foot roads (plains), including banks,

cuttings, bridges, etc. ... £150 to £200 ,,
12-foot roads (hills) £450 to £50Q v
16-foot roads (hills) £500 to £800 ,

* £1 reckoned equal to 15 rupees, or 48 dollars.

+ Byrne, p. 488,

g For detail item see p. 117.
Coleman’s Pocket-Book of Approximate Estimates, 1907.
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Macadamized Roads, 1st Class :(—

18-foot road (hills), including banks, cut-
tings, bridges, etc., ‘with  precipice

work .. . . £3,000 to £4,000 per mile.
do. do. no precipice work, no
large span bridges ... £1,500 ,,
20 foot road (plains) easy work . £600
do. do. including culverts, etc., but
no large span bndges - £2,000 ”»
24-foot road (plains) .. . £1,000 ,,
30-foot road (plains) . £1,400 .

For rough estimates in a 16-foot road the following are approxi-
mately of equal cost (Roorkee Trectise, Vol. 11., p. 215) :—

Embankment, 4 feet high 1 mile.
Culverts (aggregate spans) . . 36 feet.
Large bridge . 10-foot run.
Maintenance 300 yards.

Large span road bridges cost approximately £8 to £10 per foot
run.

Metalling, where stone is plentiful, r.¢., hills, £300 per mile.

Approximate Estimates jfor Hill Roads.—If ordered to make a
reconnaissance of a valley or pass for a road, the country should
be examined for some distance on either side of the ordered route
Not only will it sometimes be possible to introduce economical
diversions, but it may result in the discovery of valuable material.
All these points will affect the estimates. Very often, however,
approximate estimates are called for at a moment’s notice, with the
least possible reconnaissance; the question then becomes one of
considerable doubt and difficulty.

At every yard of road in a rugged mountainous region the
local conditions of soil, drainage, etc., vary; the ground is often
inaccessible, and the nature of the soil has to be guessed. Cost of
excavation of different soils varies by something like 700 per cent.,
and as such excavation forms the greater part of every hill road
estimate, a faulty guess may make an enormous difference in the
total cost. This is more so than in railway estimates, because in
the latter case so large a proportion of the cost is made up of
permanent way, stations, rolling stock, etc., that an error in
estimating the value of the earthwork has not the same importance.
Once a road is commenced, everything depends on the careful
watch, by the officer in charge, on expenditure, to see whether the
actual cost is agreeing with the estimated figures as the work
progresses,

It must also be remembered in Aill road construction that the
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cost varies as the square of the width ; if a voad is to be 8 feet wide,
probably 4 feet wide 1n the hillside will suflice, the excavated earth
making up the remaining 4 feet; a road 4 feet wide will only cost
25 per cent. of the price of the 8-foot road. Hence it is always

Mountain Road, India.—Hazaras Widening an Awkward
Corner.

wise to make at first a narrow road along the whole alignment
approved of, and then to widen it out as funds admit (see pp. 48, 86).

In roadmaking, the only safe way of working to an estimated
cost without excess is by task work, i, giving lump sums for

.
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specified lengths based on estimated quantities, keeping in hand a
considerable margin to meet the cost of extras, such as additional
culverts, widening bad corners; building mortar masonry drop walls,
clearing landslips, making good damage, and for sundry improve-
ments; also for paying a ‘“bonus” where time is an important
factor.

When roads have to be constructed through country in the
occupation of independent tribes, as in tropical Africa and on the
Indian frontier, satisfactory results can usually be obtained by
enlisting them as labourers, organized in gangs under their own
headmen, who are made responsible ; regular and prompt payments
in coin are essential in such cases, to establish bona fides and main-
tain satisfactory relations between officers and road gangs.

Task work induces a healthy rivalry between gangs; lazy or poor
workers will soon get discharged by the headmen or gangers,

The above methods facilitate supervision, save disputes over
measurements, and promote good feeling with headmen and road
gangers.

The officer in charge must be shrewd and careful in making his
estimates and lump-sum contracts, otherwise he may find that he
has paid high rates for execution of the easier lengths, and got
them completed, leaving very little money for carrying through the
more difficult sections (see pp. 49, 87). Monthly reports, showing
progress, with mileage cost, afford a useful comparative scale
between labour gangs and sections.

A road, 16 feet clear width, in the Khyber, Malakand and
Kurram Valley (Indian frontier), unmetalled, for native cart trattic,
should not exceed £700 per mile in the hill portions, exclusive of
bridges.

Such a road may cost for excavation alone anything between
£250 to £1,600 per mile, exclusive of retaining walls, bridges,
parapets, and metalling.

A 6-foot path may cost, as above, £150 to £200. The continua-
tion of the old Hindustan-Tibet road—an unmetalled mule track,
7 feet wide with gradients of 1in 6 and 1 in 4 —cost about £500 per
mile.

The Chakrata Road, 18 feet, bridging light .. £1,450 per mile.
,» Kangra Valley Road, 18 feet, bridging

heavy, labour abundant . ... £2,080 )
,» Dalhousie Road, 18 feet, excavation
heavy, labour scarce £2,400 ,,

The above include metalling at £240 per mile.

The Amba Ghat Road (Western India), 20 feet clear width, cost
£2,500 per mile, including bridge, culverts, metalling, but excluswe
of the pay and allowances of the staff.
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The proportions per mile were :—

Roadwork ... £1,450
Masonry 900
Metalling ... .. e . 150

£2,500

A road crossing a deep, wet, alluvial valley and ordinary undu-
lating uplands (India), running parallel with and near a river, cost
£800 per mile. (Roadwork, £160; masonry works, £460;
metalling and surfacing, £180).

Blasting.—For precipice work allow 1 lb. of English powder per
150 cubic feet rock on an average ; 75 to 85 cubic feet of granite ;
110 to 115 cubic feet of limestone ; 200 cubic feet of conglomerate,
using very large mine galleries, cost Ts. per 1,000 cubic feet ; with
small blasts only, 24s. to 28s. per 1,000 cubic feet.

The Simplon Road (Switzerland), a mountain road—average
width, 25 feet ; steepest grade, 1 in 13— was largely blasted out of
solid rock, and including 10 galleries or tunnels, with several heavy
masonry terraces, cost £5,000 per mile.

Detail of Average Cost in England of a Thoroughfare 36 feet wide,
[ Carriage Way 24 feet wide.

including Footpaths, Sewers, ete. \2 Footpaths 6 feet wide.

Description Per Yard Run.
Excavating and levelling for road 36 feet wide, remov- 8 d.
ing surplus earth, ete. ... . . . 9 6
Rubble stone underlay 12 inches deep, 1ncludmg laymg
and binding with broken material . 13 0
Three inches of stone broken to 24-inch gauge, 3 inches
of granite metalling, 14-inch ga,ugb, and 1 inch of
gravel and well rolling... . 16 0
Footpaths 6 feet wide each side, formed with tar paving
3inches thick, on foundation of broken stone 3 inches
thick, including stone kerb and channel ... 18 6
Glazed stoneware sewers (up to 15 inches diameter),
laid complete, including street gullies, manholes,
digging in ordinary ground, filling in, etc. . 235 6
Per yard run . . . .. . - £4 0 0
= per pjile .. . . £7,040
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Detail of Average Cost of 24-foot Carriage Way, exclusive o
) g ) ; il Y
Footpaths, Sewers, etc.

Description 1 Per Yard Run.

l S
Excavating and levelling tor road 24 feet wide, removing & d.
surplus earth, etc. . . . . 6 6

Rubble stone m’]derla%' 10 inches deep, mcluding laying |
and binding with broken material

. 1m0
Four inches of stone broken to 3-inch gauge, 2 mches of
granite metalling 13-anch gauge, and 1 nch of |
binding gravel . o 13 0
Steam rolling and watering ‘ 0 9
Per yard run . £1 12 0

= per mile £3,080 |
|

Extracted from Coleman’s Approcvmate Estunates, 1907,

“The following sundry items of cost, etc., may be found useful as
a guide ; they have been collected from various sources.

Earthwork and Metal.—Every 5 to 6 feet in cuttings beyond the
first 6 feet in depth increases the price 36 per cent.

One ton of earth averages ahout 24 cubic feet; details for
various earths ave given in Hurst's Pocket-Book, pp. 192—5.

One ton of stone metal =1 cubic yard or a little less.

One ton of granite cubes 34" x 33" x 31" will cover 6} sq. yds.

5
’ 5 setts 47 x 4" x 3" " 5l
' ' , 9'x3"x3 " 4%
" 1 ”» 7” X :3” x :;" tAl 3 "
" Kentish rag metal ., Htoby

One ton of Aberdeen granite represents about 134 cubic feet.

Broken metal, 23-inch gauge, contains approximately 55 per cent.
solid stone, 45 per cent. voids and dust.

Metal Required.—One ton of 2k-inch screened metal covers
approximately a single stone thickness of 13 square yards of road
surface. One ton of 2-inch clean metal will cover 11 to 12 yards
super with a 2-stone thickness. One cubic yard of ordinary
unscreened hand-broken stone, }-inch to 2}-inch gauge, will, if
carefully spread, cover double this area.

When spread close for steam rolling, the area covered will not
exceed 15 to 16 square yards.
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Wood Pavement.—Deal blocks 8" or 9" x 5" x 3" can be obtained
in London for £5 7s. to £6 12s. per thousand.

Creosoting costs £1 per thousand.

Jarrah and Karri blocks 9" x 5" x 3” cost in London £12 to £13
per thousand. 48 to 50 blocks cover a square yard.

Creosoted deal blocks laid on an existing concrete foundation
cost about 9s. to 10s 6d. per square yard.

Creosoted Jarrah blocks laid on an existing concrete foundation
cost about 16s. 6d. per square yard; if well seasoned, creosoting is
not necessary, so deduct 1s. 8d. to 2s. less.

The above includes 4s. for laying.

For excavating and providing a 6-inch concrete foundation the
above prices should be increased by 3s. 3d. to 3s. 6d.

Maintenance costs 7d. to 1s. per square yard.

Asphalt.—Roadway of hot compressed powder, punned, 2 inches to
2%} inches thick and rolled with a half-ton roller until cool, 12s. to
13s. 6d. per square yard, with 4-inch to 6-inch concrete foundation ;
10s. to 10s 6d. without (London) ; maintenance, 1s. 10d. per square
yard per annum.

Asphalt powder, 1 inch, laid on 4 inches of concrete, 4s. 6d. per
square yard.

5 cwt. of asphalt (mastic)—contents of a cauldron—will cover
7 to 8 square yards, $-inch thick, and will require 1 cwt. of coalas
fuel to melt it.

Paving.—Of stone flags, 2 inches to 3 inches thick, laid upon a bed
of earth, rubbish, gravel, or stone chippings rammed to 3 inches.

Foundation—4}d per square yard | say 5s.6d. to 7s per square

Flags—>5s. to 6s. 9d. per square yard}l’ yard, according to locality.

Paving of granite setts 7°x 3"—12s. 6d. to 13s. 6d. per square

ard.

Y Paving of concrete, provided and laid—4s. 6d. to 5s. per square
ard.

Y Paving of tar (as specified, p. 22)—1Is. 9d. to 2s. per square yard,

or less, according to locality.

Steam Rolling costs 8d. to 11d. per ton of metal ; the fewer the
stoppages and checks on account of passing traflic, the cheaper the
rate. The quantity rolled per diem varies from about 500 to 2,000
square yards; 1,500 square yards is a fair average on an ordinary
road.

The cost of maintenance of a 10-ton steam roller is about {;th of
the prime cost ; referred to road surface, the cost varies between
4d. to 3d. per square yard.

Watering.—Road watering (municipal) in cities and large towns
works out between 3d. and 4d. per 1,000 yards super, inclusive of
all expenses and water, which represents half the cost.

Sundry.—Tar is sold in 36-gallon casks, price about 9s to 10s.,
and in barrels, 28 gallons, price about 7s. to 8s.
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Tarmacadam.—The average cost of laying in various localities in
England to an average thickness of 4} inches, inclusive of founda-
tion, is 3s. per yard super.

“Tar mac.”—3-inch coating on an existing road rolled to
2} inches, at Leicester, cost 1s. 7d. per square yard, i.e., 6d. more
than ordinary macadam.

“Tar mac” costs 3d. to 6d. per yard super to maintain, according
to locality, when well and properly laid.

The Gladwell process applied to an existing road, 2-stone coat of
metal (2 inches) overlaying a % to ¥inch “cushion” of special
granite chipping tar binder, and surface compacted and sealed with
“tarvia,” costs Is. 6d. per yard super.

N.B.—Many useful items may be obtained from How to Estimate, Rae,
2nd edition, 1904. (Batsford).



CHAPTER 1V.
‘W ATERWAY—SCOUR.

WHEREVER a road or railway embankment is built to cross a very
large area, whereby the natural flow of surface water becomes
blocked, there is considerable risk of damage by flood waters, unless
adequate waterway is provided for passing off the flood discharge.
Equally with roads in hilly and mountainous country, the provision
of waterways must not be overlooked. Culverts and waterways
therefore require special attention. They should be made ample,
yet not extravagant.

Definition.—A culvert may be any waterway from a 2-foot or
3-foot square opening, termed a “box” culvert, up to 15 feet, and
larger spans, termed “arched ” culverts, either single or in a series
extending over several hundred yards. The size and number
evidently depend upon the maximum quantity of water to be carried
through during the heaviest flood.

Factors affecting Waterway.—The area of waterway to be pro-
vided depends upon :—

(1). The maximum rate of rainfall during severest storms and
flood discharge.

(2). Permeability, or otherwise, and degree of cultivation of the
soil.

(3). Character and inclination of the ground surface, influencing
rapidity of flow.

(4). Condition and inclination of the bed of the stream, whether
clear or obstructed.

(5). Shape of the area to be drained.

For example, if the area is long and narrow, the drainage from the lower
portion may pass through the discharge opening before that from the higher
ground arrives ; agan, if the higher ground is steeper than lewer down, the
waters may have to be discharged at one and the same time ; the number and
locality ot feeders also influence the drainage discharge. The shape of an
area and locality of the water courses and feeders are of greater importance in
large than smalf’dminage areas.

(6). Form of entrance of the culvert and inclination of the
invert.

(7). Whether an ‘“afflux,” <.e., a banking-up of water before
entry, is permissible, so as to discharge under a head.

N.B.—Maximum rainfall seldom exceeds 1 inch per hour = 3,630
cubic feet per acre. Only some 50 per cent. to 75 per cent. of this
will ever reach a flood opening. Inches of rainfall x 2,323,200 = cubic
feet per square mile.



Flood Openings—India.

Estimation of Waterway.—To determine the requisite dis-
charge opening is not very simple; anyone can construct an
extravagant number of culverts, and so be safe against any flood
discharge, but consideration of cost constitutes the ruling factor in
general. In the preliminary examination of a country there is a
tendency to underestimate the small waterways, as much water
that passes almost unnoticed through grass and scrub in flat districts,
is concentrated by the construction of railway embankments, and
forced to pass through defined and restricted channels ; whilst, on
the other hand, there is a tendency to overestimate those on large
rivers, especially in the alluvial districts, where shallow channels
traverse the river bed in irregular sinuosities, and these are forced
into deep channels when concentrated by the construction of a
bridge. Information given Ly villagers of the height of floods is
generally very contradictory, and often unreliable, but the construc-
tion of an embankment generally tends, by concentration, to raise
the water level above the highest flood on record. It is, therefore,
desirable to give a good margin of headway. In some cases, where
the hed of a river is dry for several seasons, it is dificult to dis-
tinguish the bed from the surrounding country.

The maximum flood discharge of a river must often be a matter
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of great uncertainty, and it is very difficult to determine the
maximum amount of water that has to be passed through at a given
period. The method that naturally suggests itself is to ascertain
the drainage area and the maximum rainfall from such records as
may exist, and calculate the total quantity, making due allowance
for absorption.

Several formule, based on the experience of large rivers, are more
or less useful for the individual districts on which they have been
based, but it is evident that such formule must be used with great
caution, for no two localities present the same conditions. To cite
two cases of entirely different character, to show how little depen- '
dence can be placed on coeflicients depending upon a given catch-
ment area or length of main drainage :—

At Cherra Punji the annual rainfall is somewhere from about
600 to 800 inches, yet at Shillong, only 30 miles distant, the rainfall
is barely over 100 inches. The moisture-laden clouds, coming
straight from the Bay of Bengal, pass over the moist warm country
of Lower Assam, and suddenly meet a precipitous ascent, several
thousand feet in height, and comparatively cold, in consequence of
the great elevation; the result is a sudden condensation of the
vapour, giving an enormous rainfall, but by the time the clouds have
reached Shillong they have parted with much of their moisture.

The other case is that of the Guggur River, which has its origin
in the Himalaya mountains. In the rains it is a broad but some-
what shallow river, about half a mile in breadth, with a current so
swift that when in flood, it can scarcely be stemmed by an elephant ;
yet this river decreases as it recedes from the mountains, loses itself
at last in the desert, never reaching the sea.

“ 4 fflux.”—In determining the waterway, some curtailment of the
natural opening is almost inevitable, because the safest width would,
in many rivers, be inconveniently great. Therefore, if the net
opening is somewhat restricted, it follows that flood water, confined
to narrow bounds, becomes headed up, the level being raised above
the bridge ; this is termed the ¢“afflux.” Concurrently the velocity
through the bridge is increased, and this velocity must not exceed
that which the natural bed can withstand without scour resulting
(see p. 138).

To determine the “afflux ” (x) at any bridge opening :—

Let L =normal breadth of the stream.
l=net ” »  Water openings.
¢ =a constant (usually ‘9).
V =normal velocity of stream in feet per second.

Ve L2
x Geet):@{ﬁ[‘z-l } .

To this add 20 to 25 per cent. to obtain a closer approximation.
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For example :—
A bridge of 4 openings, each 30 feet span.
Breadth of river, 150 feet (Ly; normal velocity of river, 8 feet per
second.
e 8 1502 1)
T E\ BT x (4x 30 S
. corrected value of x =115 feet, say 14 to 15 inches.

The proper procedure to arrive at the correct size of a culvert or
waterway is as follows :—

(A). For Culverts and Small Bridges measure the drainage areh
and make the opening large enough to carry off 3 inches to 4 inches
of rainfall in 1 hour ; or deduce from formule :—

Nore.—Four inches an hour may appear excessive, but it will be
quite safe. In the Kangra Valley, a very wet district, 5 inches per
hour is allowed over catchment areas not exceeding 1 square mile.

=92,

Meyer.—
If a =area of opening 1n square feet (Baker, Construction, p. 394).
A =dranage area in acres.

C=a co-efficient - for flat prairie country . . ...... e 1
y» hilly ground ...... C e e e 15
N ,,» mountains and rocky ground R |
a=C /A
N B.—For small drainage areas the result is too large.
For large " ” 'y too low.

Talbot.—A more reliable formula, using the same notation.

a=C4\/1—f“— where C in steep rocky ground varies from °7 to unity ;
for rolling agricultural country .13,

In districts not affected by snow (accumulated), and where the
length of the valley is several times the width, C may be 1th or }th;
increase C for steep side slopes.*

Chamier—using previous notation, and—

Q = maximum discharge at the outlet in cubic feet per second.

R =average rate of greatest rainfall, anticipated in inches per nour, for
such duration as will allow of the flood water flowing to the
outlet from the farthest extremity of the catchment area.

C =co-efficient of surface discharge, giving the proportion of rainfall
which may be expected to flow off the surface.

Flat country, sandy soil, or cultivated land . ... 025 to '35.
Meadows, gentle slopes, and absorbent ground ... 035 to *45.
Wooded hill slopes, stony, compact ground......... 0°45 to *55.
Mountainous country, non-absorbent... ...... ... 0735 to -65.

Bare mountains, paved surfaces ........ .. .. .. 0°80 and over.

M =catchment area in square miles.
Q=640 CR*/M:.

* Extracted originally from C.E. Club University of Illinois—quoted by
Mr. Baker, and corroborated from practical experience.
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The special characteristic of this formula is that it takes into
aceount the duration of the rainfall ; the average rate of fall varies
inversely as the duration, which must depend on size and shape of
the basin, length of principal water courses, and ground inclination.
It has been tested by practical experience in N.8S. Wales, Australia,
vide Appendix F, p. 159.

Dickens*—for estimating the maximum flood discharge in cubie
feet per second (D) when M =drainage or catchment area in square
miles —holds good for 24 to 50 inches average annual rainfall :—

’ D =r25%/ M3,

Tables of calculated results were published in 1899 as Technical
Paper, No. 61, by the Government of India Press, Simla. Refer also
to Marryat’s Specifications and Notes (5th edition, 1902, Sprott),
G. of I. Press, Bombay—Table XLII.

Heringt —using previous notation, and—

Q=number of cubic feet per acre per second reaching the culvert.
S=general fall per 1,000 feet.
Ry=average intensity of ranfall 1n cubic feet per acre per second.

A =drainage area in acres= M 640.
C=a coefficient, of discharge varymg from ‘31 to ‘75, or taking ‘62 for

general use, .
b /S
QR=CR, K ¢

It must be borne in mind, however, that the characters of areas
are so different that some sort of constant must be applied to qualify
any formula based on experience of the area in question, e.g., some-
thing must be known of the conditions of forestation, denudation,
hill slopes, presence of snow, local or general rainfall, heavy and
intermittent, or light and lasting, etc., etc. (Zechnical Paper, 114,
India, 1902).

Drainage in tropical countries should never be estimated from the
floods, however severe, during the first month of the rainy season ;
after three months of parching, the earth readily absorbs a larger
proportion of the first flood than subsequently when saturated ;
consequently the rainfall and floods later on may cause a greater
discharge to be passed through the waterways.

Discharging capacities of channels of different form are to one
another as their areas squared + surface width.

In determining the area of a small waterway an error of 100 to
200 per. cent. is of little consequence. The question virtually
resolves itself into whether a 2-foot or a 3-foot pipe, or a 6-foot or
8-foot culvert will suffice, anything intermediate making little or no
material difference.

* Vide Molesworth’s Pocket-Book, p. 285.
+ Byrne— Highway Construction, p. 382,
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(B). For Large Bridges of some extent the main requirement is a
topographical survey of the immediate locality of the bridge, to
furnish a map showing a length of 300 feet on each side of the
crossing, a profile of the approach track for a sufficient distance to
ascertain at what height it is advisable to place the bridge ; sounding
contours to aid in locating abutments and piers, nature of river bed,
and records of scour should be noted.

It is first necessary to find the flood discharge. To do so make
three accurate cross sections of the river at the flood levels, the
extremes being two miles apart. Maximum flood level must be found
by local enquiry and, if possible, by flood marks ; also by observing
other existing openings on the same stream. Measure carefully the
actual difference of water level between these extreme points ; this
will give the surface slope.

To obtain accurate results, scrape out a small channel 1 the bank, drive 1n
an 8-inch peg tall 1ts top 18 exactly level with the water, and take readings
simultaneously —which 18 not always easy to do. If this must be done 1n the

dry season, when the river bed 18 dry, bore holes must be sunk and the
difference of levels observed.

Ascertain from these three sections the mean value of the H.M.D.,

i.e., area of waterway+ wetted perimeter, sometimes termed the
mean radius (see Molesworth’s Pocket-Book, p. 296) :—

Let »=mean H.M.D. of the three sections.

s=the fall in feet per mile.

V = estimated natural velocity in feet per sec.
N.B.—This gives a rough approx. only of mean velocity.

A = estimated area of cross section.

v=safe bridge velocity (from Tables).

a=restricted area of bridge opening, less piers, i.e, clear
opening = net area of waterway.

Q = discharge in feet per second.

C = a constant depending upon s, », and roughness of surface
or channel. '

We know the following relations :—

Q=AV =ar.
v
Whence v= é—'a
12
and V=CWres.

Hence the velocity and area of the restricted waterway can be
found from the natural velocity and area. Refer also to Water
Supply, Cantonments—Major Scott-Moncrieff, R.E., pp. 176 and 187,
and Hydraulics, by Capt. H. D. Love, R.E., Madras.

It iy usual to assume a certain value for v and make a depend
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upon it. This value of v evidently depends on the nature of river
bed and surroundings.

As an example :—

Assume the stream to be 100 feet width and the average depth
5 feet.

Assume that the bridge will consist of four arches 20 feet span.

Then A =100"x 5 =500 square feet,
a=4x 20 x 5 =400 square feet,

V= . .......4feet per second,
AV 500 x 4 .
and since v:%:-ﬂm— C.v=5 feet per second, the increased

velocity previous to passing through the bridge, owing to the
restricted area and rise in the stream.

From Molesiworth’s Pocket-Book, p. 292, we find that the increased
velocity (v,) caused by any obstruction—in this case the piers

and substituting, v, =11 x 5 =55 per second.

a

By reference to the Table of limiting velocities this would only be
safe for a rocky bed. The levels of the arch springing should be at
least 1 foot above the level of the “atflux ”—or flood level (F.L.).
If the banks require it, they may be made higher to suit.

It is as well to allow a good margin of safety, as hydraulic science
has yet to evolve a formula for discharge of rivers universally
applicable to rivers small and large, and of regular and irregular cross
section.

Remembering that velocity increases approximately as the
VH.M.D. and that surface velocity is very different to mid-stream
and mid-channel, and even bed velocity, more accurate results can
only be attained by careful experiment with velocities at varying
depths.

%or Tables see Roorkee 1'reatise, Vol. 11., para. 113, Molesworth’s
Pocket-Book, p. 292, Naviguble Rivers, ete., Trautwine, p. 268, et seq.

The following will be considered :—

Types of Flood Openings.

(1). Flood causeways.
(2). Box culverts.
(3). Pipe culverts.
(4). Arched culverts.

(1). Flood Causeways.—In some cases, as in railway alignment, it
is possible to supplement a series of culverts or a bridge by an
arrangement in which the surplus water of an excessive flood may
pass without injury over a low causeway or portion of line specially
protected and laid. Such an arrangement is roughly indicated in
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Figs. 89 and 90, where the surface is protected with loose stones and
the water allowed to pass under the rails, and between specially
designed C.I. sleepers, the railway at that part being a surface line.

e L ALY, - ARSI I~ i MY

w
'‘ -
RPN P S0t e N

RN ‘1;—"’_"" S : e %y
STPLD R A B g TR BN v FUPY 91 oK Ty 4l

Fia. 89.

N A I e Ve id
»v"‘:.‘," _‘.q‘n“‘.ﬂﬁ-.‘» o 25

N T o ALY AN
AT 3 10PN 3T T

F1s. 90.—Flood Causeway (Railway).

(2). Box Culverts (“ Slab Drains”).—Small culverts of 2 or 3 feet
square—box culverts—single or double, may be merely of roughly-
squared stones laid dry, or in cement, and spanned by a stone slab, as
in Fig. 91.  One of these, 3 feet or 4 feet span, 5 feet high, will serve
to discharge any ordinary well-defined ditch or stream. A common
foundation is a stone pavement, under the entire culvert upon which
the side walls rest. This is not good practice ; for since the paving
is liable to be washed out, it endangers the wall (see Fig. 91). It is
best to give each wall an independent foundation with paving, or
invert between the walls set in cement. If the current is rapid, the
invert paving should be grouted (see Fig. 92).

The tendency of the pavement or invert to get undermined may
be diminished by :—

(1). Sheet piling.
(2). Extending the pavement or invert at the entrance and exit.
(3). A deep apron wall at entry and outfall.

When the fall on discharge is considerable—as on a mountain
road—a catchpool or water cushion should be provided above the
entry to check velocity, dissipate energy, and break up the outlet
descent with cascade steps. A large boulder in the pool will obviate
damage (see Fig. 66). A drainage hole should be provided for
catchpools or cantonments, lest they become mosquito-breeding

unds. ‘

The thickness of the cover stones may theoretically be calculated
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from the ordinary formule for beams, Mg=M,=}W!=3rbd?
(approximately for a concrete slab), but inasmuch as a large propor-
tion of the superincumbent earth bank or road filling is practically
self-supporting, the necessary thickness may be modified.

On the railroads in the U.S A. the covering stones—limestones or
sandstones—average .—

Span, 2 feet. Thickness of cover, 10 inches.
”» ” b2l ” 12 ”»

1 4 ” kA ”" la

”»

On the C.P.R. they are 14 inches, 15 inches, and 16 inches
respectively.*

Box culverts are sometimes built double, with one wall common.

Fig. 93 shows the standard box culvert of the Intercolonial
Railway, Canada, and is very substantially constructed.*

I YA

' g“‘ :
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Half Longitudinal ~ Half Longitudinal
Section. Klevation.

End Elevation. Half Plan at Top. Hulf Plan at Bottom.
Fie. 93.—Standard Box Culvert, Intercolonial Railway, Canada.

* Baker, Masonry Construction, p. 400, et seq.
K
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(8). Pipe Culverts.—Pipes, of vitrified stoneware, of the ordinary
sewer-pipe type, up to 2 feet diameter, and of C.I. for larger
diameters (up to 48 inches), have been extensively used. The
average crushing strength of stoneware sewer pipe is 2,400 lbs. per
square foot of horizontal section, and it is found by experience that
such pipes will quite safely stand the weight of 24 feet of earth.
The live load of a passing locomotive is considered equal to b feet of
earth bapk.

Fig. 94 shows a standard vitrified pipe culvert, Kansas Railway,
and Fig 95 a standard iron pipe culvert which has given entire
satisfaction.*

e
5-0 “\""___;_’:‘A;

Fi¢ 94.—Ntoneware Pipe Culvert.

Reinforced or ferro-concrete cylinders and pipes will undoubtedly
be more used in future. As a temporary culvert, or in a dry climate
with a rainfall of less than 30 inches per annum, corrugated
galvanized iron sheets, curved and riveted to cylindrical form, are
useful ; life, 10 to 21 years. By ramming concrete round them they
become practically semi-permanent, and there is much less risk of
leakage and a false passage. Timber may also be used, but will not
last as long.

C.I. pipe culverts up to 12 feet in diameter have been laid on
the Chicago, Burlington, and Quincy Railway. They are cast in
quadrants, varying from 2, 4, 6 and 8 feet in length, and are bolted
through outside flanges to any length.

Practical Points.—With pipe culverts the main points to see to
are t :—

(1). Thateach end is protected with a suitable head wall (Figs.
96 and 97).

(2). That water will not form a false passage or channel along
the outer skin of the pipe or opening.

* Baker, Masonry Construction, p. 400, et seq.
t From Treatise on Masonry Construction, by Ira O. Baker, Chap. 17,
edition 1904,
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(3). To lay to a camber, and so allow for settlement, which
will be greatest at centre of the bank ; allow, say, 1 inch
per 5 feet of vertical height of bank.

(4). That the joints are well filled and caulked with cement.

W
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Plan.
Fic. 95.—Iron Pipe Culvert.

Fie. 96.—Culvert Head-Wall ( Permanent ).



Fie. 97.—Culvrert Head-IPrece (Temporary ).

(4). Arch-Culverts.—When the required span exceeds 5 feet,
arch-culverts of stone, brick, or concrete, plain and reinforced, are
usually employed. For spans above 15 feet it is better to design a
bridge.

The provision of properly splayed wing walls facilitates flow on
entry, reduces eddies, and promotes discharge. There are three
common ways of disposing the wing walls (see Figs. 98 to 100).
The most economical of masonry is #ig. 99, with wing walls at
30 degrees with the axis.

L /)

Fic. 98. Fic. 99. Fic. 100.

Fig. 98 causes eddies, and is liable to become choked.

Fig. 100 is deficient in splay, and does not protect the toe of the
embankment.

Figs. 101 and 102 indicate how the wing walls are joined to the

body.

/\

Fia. 101 Fic. 103.
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Figs. 103 and 104 are by far the best methods. The corners in
Fig. 101 are very objectionable, and they are liable to get blocked by
boulders, and are also expensive to form. Every angle adds to the
cost (f masonry. Plates VII. to IX. show very good standard
types.

.
AT ] FLI I

L L1
11
1L 17T
LT T7
L T 3
Fra, 102, Fic. 104.

The arch may be semi-circular or segmental. The segmental arch
has the greater advantage for the following reasons :—

For the same length of intrados the segmental gives a greater
span and waterway, and consequently less risk of chokage by drift,
etc., and because it will pass more water for the same depth. On
the other hand, the segmental arch requires a thicker ring.

A rough rule for quickly determining the thickness of an arch
ring in a masonry culvert is as follows :—

1 foot + (span + 50) = thickness of arch ring in feet.
Rise }th span ; radius of intrados gth span.

Plates VII. and VIIIL. show comparative types, and the corres-
ponding dimensions and contents are useful. ¥

The thickness of wing walls may be rather less than for retaining
walls, brick or good rubble or cement mortar ; the thickness should
be 1th of the height throughout, or 4;th at top and Jrd at base; top—
* 18 inches minimum breadth for brick ; 13 inches for rubble.

Experience seems to indicate that the thrust on the abutments is
more than met by the earth thrust. Consequently the natural
deduction is that the abutment walls should be designed to resist
the earth, not the arch thrust, in either circular or segmental
culverts; and inasmuch as the arch thrust is greater in the

* From Treatise on Masonry Construction, by Ira 0. Baker, Chap. 17
edition 1904. .
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segmental, the abutments may be thinner than if the arch were
semi-circular. Segmental arches are therefore cheaper and more
efficient than semi-circular. .

A standard arch culvert (designed by Mr. Ira O. Baker),
Plate IX., embodies the preceding recommendations. The arch
ring will support any bank. The best computation shows that
if the earth is 10 feet thick over the crown, the maximum pressure
is not more than 55 Ibs. per square inch. A greater thickness of
earth at the crown would doubtless increase the maximum pressure
in the arch; but proportionally the pressure would increase much
less rapidly than the height of the bank, inasmuch as ordinary
earth has self-supporting strength. The arch is also stable under
any position of the moving load, with either a heavy or light
embankment.*

In districts subject to earthquake shocks, concrete culverts require
reinforcement and to be built with ‘“hinges” or pivots.

For information re “centres” vide Manual of Masonry Structures.

Increased Efficiency of Culverts—The efficiency of a culvert may
be materially augmented by :—

(a). A curved invert, so as to increase the H.M.D.

(b). Providing approaches or wing walls to guide the water, so
that the discharge may enter without being retarded by
eddies and projections.

(c). By sloping the bed of the invert, which should be paved.

(d). By damming up the water above the opening, so that it
discharges under a head.

N.B.—A head of 4 feet will double the discharge under a head of
1 foot.

In general, it is better to provide a culvert too large than too
small, lest, when the small culvert bursts and gets carried away,
traffic will be suspended, and, moreover, a much larger culvert will
be required in consequence.

In carrying a road over a culvert any sudden rise and fall over
the crown should be avoided ; the grades should rise regularly, to
make even approaches and prevent damage to the arch ring.

Some very useful designs for culverts, from 1 foot and upwards,
siwilar to the 3-foot slab drain (Fig. 105), and for small span bridges,
15 feet to 30 feet, with contents of wing walls, etc., and corres-
ponding Tables for different rise and span, are given in Specifications
and Notes, by Capt. E. L. Marryat, R.E.—the recognized P.W D.
Handbook, Bombay (5th edition, 1902, G. of I. Press. Edited by
F. L. Sprott) (see Plates VII. to IX. and XI.).

* From Treatise on Masonry Construction, by Ira O. Baker, Chap. 17,
edition 1904,
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Additional Span Wall.

Smgle Drain.
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Light Bridges.—In opening outa new country by road building,

the bridging of streams requires careful consideration.
The French engineers on the Congo—drawing on experience
gained in their colonies—laid down the following rules, to which

their bridges had to comply :—

"1. A single span only to be used, avoiding intermediate piers,
which, in time of freshets, might be wrecked by floating
logs.. .

2. The general design to admit of the native timber being used
to a considerable extent, and this with the minimum
expense in squaring.

3. Provision to be made for renewing any portion of the timber,
chiefly owing to the ravages of the white ant, without
taking down the whole structure.

4. All metal parts to be capable of being taken adrift, so that
the heaviest piece will weigh, including packing, not more
than 66 lbs., this being the maximum weight which a
native porter can handle.

5. The design of all bridges to be uniform, and the erection as
simple as possible, thus reducing the employment of
European labour to a minimum.

In order to comply with such conditions, bridges will often be
made of the suspension type, wire rope being used wherever possible
for the tension members, while timber will be employed for decking,
longitudinal stiffeners, and frequently for the cross-girders. This
form of bridge leaves the waterway unrestricted, and though much
less rigid than required in permanent bridges, is preferable until the
needs of the locality have been studied, as the new country is
developed. They can be replaced by permanent structures in due
course, to admit of railroads crossing the waterways.

The “ single pier” or “half-loop” suspension bridge is a useful
form for crossing a stream where there is considerable difference in
level between the banks (Figs. 106 and 107); this form oscillates
less than the usual type. In calculating strains, etc., the bridge can
be treated as half a bridge of double span. Method of erection
differs but little from that ordinarily adopted for suspension bridges;
an adjustment of cable of 1 foot in 50 feet at the centre gives a
satisfactory result.

On the Congo the form of suspension is somewhat unusual. The cables
radiate in a vertical plane from the top of each of the side uprights. The two
upper cables, one from each side of the span, articulate where they intersect
opposite the centre of the bridge, and the remaining calles from the one side
are coupled to the upper cable from the other side. At each of these articu-
lations is a stirrup, from which is suspended one end of a cross-girder, which,
in conjunction with others, carries the longitudinals of the roadway. Each

of the cables is provided with a union coupling, by means of which its length
can be adjusted, The main uprights are usually made of latticed ironwork,
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and are supported each by a gudgeon on a channel bar-shoe, which rests on
the surface of the ground.” The main anchorage is composed of T-bars driven
into the ground, and braced together with channel-bars. The tops of the
T-bars are at a depth of about 5 feet below the surface of the ground, and the
soil excavated, in order to get these into position, is replaced by dry-rubble
walling (see sketch, Fig. 108). i

(Fxtracts from Le Génie Ciril, Paris, Vol. XLV., pp. 279-82, uoted Fin
Vol. CLX. of Minutes of Proceedings of the Instuntion of Civil Z’ngimera,
1905, p. 418).

For information on light military bridges refer to Military
Engineering, Vol. IIL, which contains Tables of loads of military
carriages and pack animals, etc.



138

Fic. 108.

Scour.—To protect the foundations of bridges, piers, and abut-
ments from scour and prevent the toe of a stone-pitched bank from
being undermined often becomes a serious problem for the engineer.
“ Afflux ” increases velocity through the waterway, and this in turn
initiates scour.

The change in the bed of a river depends upon :—

(1). Soil of the bed and bank.
(2). Slope of bed, and velocity at bottom.
(3). Superficial obstructions.

Various Tables of scour for different materials are to be found in
Pocket-Books, 7rautwine, p. 279F; Molesworth, p. 292 ; Roorkee
Treatise, Vol. T1., para. 113, ef seq.

A mean swrface velocity of 5 or 6 feet per second (equivalent to
3} to 4} feet per second at the bottom) is dangerous to pier founda-
tions not carried to considerable depth (40 feet), or built on a firm
compact stratum.

If the bed be rock, an afflux of 3 feet even is not of much conse-
quence ; if of sand, the aflux cannot work up to more than a few
inches, as scour will start, and the afflux must be reduced in a few
hours’ time. Plate XII. shows the result of scour in the years
1867 and 1871 upon the foundation piers in a waterway 61 miles
from Calcutta, where eventually a hole 90 feet in depth was scoured
out where flood openings had been made and added to, and 1,000
feet of embankment was carried away by successive floods. Two
more flood openings, each 250 feet, were provided and floored with
concrete 12 inches thick and 75 feet wide ; drop or apron walls,
protected with rubble pitching 30 feet downstream, were added on
each side to prevent this paving being undermined ; further damage
to the bank occurred in 1885, so two more bridges of 400-foot and
200-foot openings were added, since which time these openings have
withstood successive floods.

Scour develops thus :—First of all a pothole is formed by swirling
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action. The chief aim of the engineer is to locate this, ascertain the
cause, and then apply the remedy. A pothole occurs whenever an
obstruction projects into the general current of a river, so as to
shield a body of water under its lee (Fig. 109). This shielded body
of water is set swirling by the main river current brushing past one
side of it. This is the agency, however slow, which scoops out the
pothole. It is not difficult, therefore, to locate or predict where a
pothole will occur. Under ordinary circumstances, therefore, where
an obstruction to the current is set up such as a pier or spur, a pot-
hole must occur, and it is the engineer’s duty to see that it does not

come dangerously near his bridge, pier foundation, abutment, or
other structure, whose stability is threatened by the river’s action.*

The action of scour is found to be at its worst when a river is
rapidly rising and falling, and not at the greatest flood.

* Fig. 110 illustrates how a pothole was formed dangerously near a lar%e
pier by locating a fuide bank spur in the wrong place, and how the inevitable
pothole was caused to be removed away from the bridge by proper location of
a new guide bank.

Refer Technical Paper, No. 114.—India.—Mr. F. J. E. Spring and others.
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Again, scour may be greatest in an ice flood when narrow spans
are apt to produce ice gorges, and thus force the current to under-
mine the foundations. In a small way the same thing results from
floating logs and wreckage getting piled up across narrow openings.
For this reason the piers of bridges are usually cigar-shaped ; the
“cutwaters” are sometimes fended with piles, or if the ends of
the piers are rounded, a triangular boom of beams will serve the
same purpose.

CUrrentss8ss - - ---»

A cCuUrre »n b s1900 -————r
Pot-Hole, 1998 B
Pot-Hoie, 19500,
(< )
R
Fi¢. 110,

In the Argentine Republic floating ‘ camalottes ” moored to both
banks are employed to break up the log drift. These camalottes
are simply three logs secured together in the form of a triangle.

Practical Deductions.—It has been ascertained from practical
experience that :—

(1). The mass of sand in river beds does not move for several
feet below the bed, but only the merest surface film of
the sand, which moves from moment to moment; as
the velocity increases, more and more of this surface film
is moved away, until appreciable scour results.
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(2). An angular stone from 5 to 10 lbs. once it touches the bed
will not move, even when surface and mean velocities
are high.

(3). Blocks of stone weighing 80 to 100 lbs. are not moved at
all, unless there be sand below them which has been
undermined.

(4). Undermining will occur on the down stream side of a stone-
pitched area.

(5). Scour in the Punjab Rivers, except under abnormal and
whirlpool conditions, may be considered as extending not
below 45 feet.

Remedies.—The practical remedies to minimize or prevent scour
are :—

(1). Take the river direct through a bridge opening, employing
“Bell Bunds ” or guide banks, if necessary, to maintain
an even flow (see Plate XIII.). To protect a long
straight face of river bank from the eroding action of
the current a quantity of loose (RO to 100 Ibs.) stone,
averaging 300 cubic feet per foot run of bank, is all that
is necessary.

(2). Provide ample waterway and leave no sudden obstacles and
no sharp bends.

(3). Use deep well foundations for piers and abutments, founded
at least 30 or 40 feet below the greatest depth the river
i8 likely to run.

(4). Provide a stone-pitched floor or paving between the piers
just below normal scour level ; or 12 inches of concrete
or brick in cement (see Plate XTL.).

(5). Surround the pier bases with an apron of stone 2 to
4 feet thick, of radius equal to the depth of the pier
foundation.

(6). Provide drop walls on the down stream side.

(7). Where potholes occur it is only necessary to fill up with
sand or other detritus, and cover the whole area with a
thin layer of stone pitching or quarry and brick refuse.

(8). Secure a uniform depth of water in the waterway.

The following method has proved effectual :—

When it has been decided that the river shall nowhere be permitted to scour
out its bed to more than a certain depth, leaving say 40 to 80 feet of pier
foundation in the ground, each span can be treated in turn with pitched stone
—taking the worst first, and leaving some unprotected ; these will probably
be scoured out by the current in preference to those protected, and they can
subsequently be pitched one after the other.

Eventually in process of years all the spans will have been treated with &
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layer of light stone pitching, and there will be no tendency for abnormal scour
to occur in any of them. Reference,—Technical Paper, No. 114, India, 1902.
Mr. F. J. E. Spring.

As an illustration of practical protection, the following is
quoted :—

In forming a military suspension bridge over the Swat River during the
Chitral Campaign, 1895, the tollowing expedients were adopted to protect the
pier foundatiens from scour :—It was not possible to take out the foundations
of the masonry piers more than 2 feet helow water level at the time of com-
mencing work. The main channel was about 10 feet deep and running 7 miles
an hour. The pier most exposed to scour was entirely surrounded by wooden
crates or cribs, each 10 feet long by 5 feet by 5 feet ; they were made of logs
fastened together and to one another by telegraph wire. The crates and space
enclosed by them were filled with boulders, thus forming an island 190 feet
long and 44 feet broad round the pier. This protected the pier satisfactorily
for a time ; but when heavy floods (which rose to the top of the crates) came
down, the river bed was scoured out right up to the crates, and the boulders
hegan to drop out of them. To prevent this long rolls of wire netting filled
with stones—the rolls, termed ¢‘sausages,” being 3} feet diameter—were
placed along the front of the crates, and were held in place by pieces of wire
cables carried back and fastened under the boulders forimmng the island. This
had the desned effect, as the roll of stones could not be moved by the flood,
and when scouring along 1t occurred, the roll dropped into the hole formed.
In the case of other picrs 1t was found sufficient to pitch well round the base, and
hetween the piers, with stones On the left bank, which was very low and
flooded at times, two long protective bunds were built to protect the bank
forming the left approach to the bridge. The bunds were 6 feet wide at the
top, with side slopes of 1 in 1, and were formed of alternative layers of
boulders and brushwood, mixed with earth and grass roots. This formed a
good protected bank.—R. E. Professional Papers, Vol. XXII. (1896).

Road Bridges.—Other things being equal, masonry arch road
bridges of brick, stone, or reinforced concrete are superior and more
lasting than steel girder spans. This is especially the case in moun-
tainous tracts where transport is costly and stone plentiful and
cheap. On the Indian frontier the difficulty and expense of bringing
the members of steel bridges to site are considerable.

A very usual form is to build masonry piers, abutments and wing
walls of masonry, and carry the roadway on steel joists and corru-
gated iron flooring. The piers, however, restrict the waterway.

The strongest form of arch is that in which the ratio of rise to
span lies between } or } to 1, as then the arch realizes its best
theoretical form under ordinary loading, namely, that of an inverted
catenary. All masonry arches should be “bonded” and set in
Portland cement or strong hydraulic lime mortar ; arch rings are
liable to separate and fail.

Trautwine, in his Pocket-Book, p. 694, lays down a very reliable
rule for computing the requisite thickness of arches and abutments
(Plate X.). As a practical deduction, small segmental arches are
from 10 to 25 per cent. thicker than semi-circular.
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Indian Frontier. -3-Span Bridge (15-ft. Openings). Piers and Abutments, Hammer-

dressed Stone in Lime.  Floor, Corrugated Iron Sheets (double), 44-in. Metal.

Beams, Rolled Steel (double).  Handrails, 2-in. Galvanized Iron Piping and
T Standards.

The formulie are as follows :—

Rond Bridge.—(Trautwine’s rule) :—

Radius= | (§ span)* + (rise)* | + twice the rise.

Depth of keystone in feet (d) for first-class cut stone arches

= _._...___”/Rw‘ +4 spen +0-2 feet.
4

For second-class work increase by §th part; for brickwork ird
part to nearest dumension of bricks. The thickness T (jn) of the
abutment in feef ab springing level, when the height (yx) does not
exceed 1§ times the base (7o), is given by the formula :—

T= Rad. 1.n feet L in feet

3 feet.
3 10 + 2 Iee!
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Graphic construction of abutments, etc., is as follows (vide
Plate X.) :—

Let pa=half the span, and a¢ the rise, dc depth of keystone ;
make ab =5, th span and join bc¢ ; lay off T (pn) found above; from
n draw no parallel to bc; make ng=4% ad, and from g draw gz,
touching the arch high up at 2, or curved upwards to d ; then gx
will be the top of the masonry filling above the arch. From p draw
pt at a slope 3 from ps, cutting go at ¢t; draw ¢s horizontal ; if
s is above ground level, make vr (thiekness at base) =st+ }sr, and
draw vy’ parallel to og. Then vy’ is the back slope of the abut-
ment, and g'd the top of the masonry filling above the arch, ¢
being on a level with y; with arches of 60 feet span and over, or
rise greater than 1th span, the masonry should be carried up level
with d.

Parallel spandril walls may be used to economize masonry.

Centres should not be struck until the masonry filling is complete,
and the embankment carried up above the line of arch springing.

Abutments thus found will be safe without any dependence upon
wing walls. Abutment piers, with slight batter on both faces,
should be introduced in a series of arches.

Some useful types of masonry bridges, segmental and circular, for
spans from 15 feet to 30 feet, are given in I’late XI.—taken from
the Bombay P.W.D. Handbook. For useful Tables and information
on wing walls, abutments, vide I'rawtwine’s Pocket-Book, p. 702,
et seq.

For further information on Road Bridges, Centres, and Arches,
see Manual of Musonry Structures (3.M.E., Chatham).

Occasionally an engineer in charge of roads has to decide whether
the bridges and culverts are strong enough to carry heavy wheeled
traffic, such as loaded wagons drawn by steam traction engines or
motor and trailer.

The author is indebted to H. Howard Humphreys, Esq.,
M. Inst. M.E., for Plate XIV., which gives in diagrammatic form
wheel loads that are fairly representative of the usual type of road
roller and traction engine with loaded wagons ; also a curve diagram
of equivalent rolling loads for road bridges, which may be used in
calculating strength of girders.

Mr. Humpbhreys is of opinion that in girder bridges up to a span
of about 35 feet (i.e., of the average length of a heavy motor and
trailer) the bending moments produced by a heavy motor car will be
very little less than those produced by a traction engine and so
much of its train as can be got upon the span of the bridge. At
60 feet span the ratio of bending moment will be roughly as 75 to 1
in favour of the motor wagon ; and at larger spans the case is still
more favourable to the wagon.

It is fallacious to take the uniform floor loads per square foot
usually given in text books, for the result with small spans will be
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that both main and cross girders will be designed too weak, whilst
in larger spans the cross girders will be too weak, and the main
girder extravagant in material.

It might be supposed that the weight of wheels increased as the
.square of the diameter ; actually the increase is rather less than the
diameter. A rough rule to estimate the weight of wheels is:—
Eleven times the diameter of a wheel in inches =the weight of the
‘wheel itself in /bs. (Colonel Crompton).

For further information see S.M.E. Manual of Bridge Design
{Steel Girders), and Masonry Structures (Arches), Steel Concrete
{(Winn), Reinforced Concrete (Buel and Hill).



APPENDIX A.

Grade Table.

Inclination (tangent), 1 in. Angle with the Horizon. Rise (feet) per Mile.
o r
3 - 18 26 1760
4 14 2% 1320
5 11 18% 1056
6 9 28 880
7 8 73 754
8 7 73 660
9 6 20 587
10 5 43 H28
11 5 12 480
12 4 46 440
13 4 24 406
14 4 5} 377
15 3 49 352
16 3 344 330
17 3 22 311
18 3 11 293
19 3 1 298
20 2 513 264
22 2 36 240
24 2 23 220
25 2 173 211
27 2 7 195%
28 2 2 188%
30 1 543 176
33 1 44} 160
35 1 38% 151
37 1 33 143
40 1 26 132
43 1 22 123
45 1 164 117
50 1 8 105%
55 1 23 96
60 0 57} 88
7 0 49 75%
80 0 43 66
90 0 38% 59
100 0 343 53
110 0 31% 48
115 0 30 46
120 0 28% 44
125 0 28 42
150 0 23 394
200 0 174 264
400 0 8% 13

In America grades are designated by the rise per cent., e.g., } ft. per 100=1
in 400 ; a 47, grade=1 in 25; 10%, 1 1);1 10, and so on. ’



APPENDIX B.

“Tarmac” is the name given by Mr. Purnell Hooley, of Nottingham, to
the metal treated by his patent process, which was the initial step in providing
a waterproof road surface with the aid of tar. The aggregate is picked iron-
stone slag, and it is 1mpregnated whilst hot with a mixture of tar and other
ingredients, which constitute the patent. Granmite and syenite are too compact
to absorb tar. .

The cost of drying, and to ensure the complete coating of each stone with
the mixture by frequent turniugs over, is heavy, but as this is done at a
central depot by machinery, whereby the materials are delivered ready for
laying and consolidation, the final cost hardly need exceed that of the ordmmary
macadam.

It furnishes an excellent road pavement, and has gone far towards the
solution of the dustless roads problem, and reducing the renewal and main-
tenance bill and rates.
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Standing Orders and Specifications for Road Maintenance,
Military Works Services, India, Plains and Hills.
CHAKRATA AND SAHARANPUR MILITARY ROAD.
SeeciFicaTioN No. I.—Prains.
Maintenance from Saharanpur to Kalsi, Miles 1 to 50.

1. Maintenance gangs shall invariably be kept on the road, their strength
varying with the season of the year as detailed 1n the annual repair estimates.
2. T‘fxeir duty will consist in—
(i.). Preserving the road between boundaries to its normal section and
free from obstruction
(ir.). Repairing and making good all defects in motal, side widths, etc.
(i1i.). Preserving and maintaining the road boundaries,
(iv.). Keeping all drains in an efficient state.
(v.). Preventing the traffic from damaging the road in any way other
than by fair wear and tear.
(vi.). Maintaming the trees planted on the roadside.
(vii.). Keeping turfed banks 1n order and kerbstones in position.
(viii.). Removing weeds and plants from joints of masonry.

3. Repairs may be classed under—A, Earthwork ; B, Metal; C, Jungle
olearing.

4. A. Earthwork. —The best time for earthwork repairs is towards the end
of, or immediately after, the close of the rains (from and after 1st September).
At this time the sides of the road should be neatly made up to their normal
slope of ', and the berms repaired where necessary, all additions of earth
being thoroughly rammed ; the slopes should also be made up where ruts and
gullies have formed.

5. No earth for repairs is to be excavated outside the road boundary,
ordinarily 81 feet side to side, without the written consent of the proprietor of
the land.

6. Earth for repairs is only to be excavated between the boundary line and
a line 11 feet from and parallel to the former, except where hillocks and rises
occur. These may be cut down as required until the general level of the
country and normal section of road 18 reached.

7. The earth for repairs is to be obtained from the side trenches, ‘‘ borrow-
pits,” and as much attention must be paid to their symmetrical and neat
appearance a8 to that of the road.

8. These *‘ borrow-pits ” may have a maximum width at top of 11 feet, and
slopes of 14 to 1 where practicable ; where not of 1 to 1 (the slope at boundary
is never to be less than 14 to 1), they may have a maximum depth of 3 feet in
open parts, and 2 feet near villages.

9. Where the soil is sandy or slope of ground considerable, these ¢ pits” are
not to be continuous, but made in lengths of 30 feet long, where a * bund,”
5 feet broad at top and of the original level, is to be left. Where possible,
the pits should be drained.

here the soil is firm and slope moderate, the pits may be continuous and
assist in draining the road.

10. Where cultivation is carried on, cart tracks are to be maintained at
every f\u'lon%),e or where necessary elsewhere, to afford acvess to the fields.
"These are to be 10 feet in width at top, side slopes 14 to 1, and to slope from
the edge of the road to the road boundary. here there is a drain at side
of roa.g,e a culvert will be necessary.

11. Where the ‘‘ borrow-pits” have already reached their maxima dimen-
sions, and earth is still required, the berms may be reduced from level to ;.
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12. The turfing of banks and parapets must receive great attention during
{;hekrains, and must be put in gand immediately after the ‘‘monsoon” has
roken.

13. On all embankments over 4 feet high parapets of earth, 3 feet wide at
the base, 2 feet high, with 3-foot gaps in them at every 30 feet of length,
should be kept up to their proper sections. Side slopes of embankments never
to be less than 13 to 1.

N.B.—Where drainage can be arranged for without providing gaps, the
latter should not be made. Where necessary, saucer-gutters must be carried
down the bank slope to prevent the latter cutting.

14. Where the road is of the normal cross section, the section must be
preserved ; but steeper side slopes may be allowed and maintained where the
soil will stand at a steeper angle.

15. The spoil banks must be kept up to prevent surface drainage reaching
the road, and the side drains may be 2 to 3 feet wide, and from 6 inches to 12
inches deep, as per section. .

16. In shallow cuttings the drainage of the inner side shall be led off by
diagonal drains to a main drain excavated along the boundary line on the
upper side of the road. The diagonal drains should be not more than 100 feet
apart. The bottom of the main drain must be preserved not less than 1 foot
below the formation level of the road.

Where the main drainage has to carry off a considerable quantity of water,
it must be sufficiently deep to ensure that the dramnage in the diagonal drains
is not headed back.

17. At all seasons ruts in the berms should be kept filled up, and not
allowed to acquire large dimensions. Watering and ramming will be necessary
in the dry seasons.

18. B. Repairs to Metal.—The annual allowance of metal for petty repairs
is 1,760 cubic feet per mile. The quantity m hand on lst January must be
carefully ascertained, and an estimate submitted for the quantity to complete
each mile up to the above amount, making an allowance for the quantity
likely to be used up during remainder of the official year.

19. The description of metal and its specification are the same as that for
renewal, (see Specification No. III. for ¢ &)Ilection and Consohdation ”).

20. The positions for the ‘‘ petty repair metal ” stacks are shown by the
existing compartments. Where these are non-existent, they should be formed,
or the metal may be stacked in heaps of 10’ x 10’ x }§', equivalent to 100 cubic
feet at every 300 feet distance.

21. The “ s)etty repair metal ” will invariably be stacked on the west side of
the road, and on the berm between the road bank and the trench, in neat
heaps parallel to axis of road and near the trenches, so as not to prevent the
berm being used for dry weather traffic.

22. At all seasons of the year small holes and depressions in the metal
should be dealt with directly they occur.

23. A rectangular nick should be made enclosing the depression; the metal
within this nick will then be picked up and removed to a depth of 4} inches
at the shallowest part, and all dust removed and screened out. The bottom
of hole will then be saturated with water, and a }-inch layer of Fowdered clay
placed at bottom. Metal from the ‘‘ repair metal ” stacks shall then be filled
in, the larger pieces packed below and the smaller above. On this must be spread
§ inch of gravel or sandy clay, which is to be lightly picked in with a pickaxe
until amalgamated with the metal. The patch may then be rammed dry with
hand rammers till moderately firm. A }-inch layer of gravel or sandy clay is
then to be spread evenly over the surface, watered, amf when sufficiently dry

"(not wet enough to allow clogging of rammers) should be rammed again.
Again, if found necessary, a }-inch layer of gravel may be added, watered and
rammed, till well consolidated.

Finally, some fine stone screenings from the old metal, which was picked up
and removed, should be sprinkled over the surface.
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24. The above a.pylies to stone metal, not to kankar. No gravel, earth, or
clay is required with kankar. In all cases of repairing patches, the patch
must on no account be made higher than the surrounding surface, as this leads
to ruts being made all round it.

25. Extensive repairs to metalled surface should be put in hand immediately
after the ‘“ monsoon ” has broken, including the long ruts or depressions on
each side of the crown, which are invariably formed in a road that is metalled
for only 9 feet width. The centre portion, which will be high, may require
picking as well as the ruts, and as much repair metal as is required to bring
the surface to ifs normial section must be added.

Consolidation is to be carried out as above described (para. 23), but if the
rainfall 18 copious, watering will not be required

26. During the rains the edges of the metal where loose and broken must be
consolidated as above described, and care taken to preserve the correct line of
the metal.

27. All petty repairs to metal require daily attention, and more or less
ramming unti! perfectly consolidated.

28. When the stone-metalled road surface becomes rough owing to finer
particles having been blown away, it is of great advantage to sprinkle *‘ bajri
(disintegrated rock of the nature of coarse sand) over the surface during the
hot season (March to July), asthis prevents the metal working loose. Gravel,
where obtainable, 18 the best material to employ for the purpose, but sandy
loam may be used where bujri 18 not procurable.

29. Where repairs are 1n hand, or obstructions exist that are dangerous to
traffic, a lighted lantern should be hung on a barrier at each end of the
dangerous part.

30. C. Clearing Jungle.—Immediately after the close of the rains coarse grass
and jungle are to be cut away from the banks, slopes, and berms, right up to
the roaﬁ boundaries ; at the same time the road boundary nicks are to be
renewed where necessary. During the rains, when the growth of rank grass
interferes with the free discharge of surface drainage, it must be immediately
removed.

31. All dead, unsound, and dangerous trees, which are likely to become a
menace to traffic. must be felled, cut up, and removed. Growing trees must
be lfoppad to admit sunshine and air—valuable accessories in drying the road
surface.

Notg.—For Notes on Arboriculture and Felling Trees see p. 154,

32. Burning grass, etc., within road limits must not be allowed, as it
promotes the growth of rank grass.

CHAKRATA AND SAHARANPUR MILITARY ROAD.
PECIFICATION No. II.—HivLts,
Maintenance from Kalsi to Chakrata, Miles 51 to 77.

1. Maintenance gangs shall be kept on the road, their strength varying with
the season of the year as detailed in the annual repair estimates.
2. Their duties shall consist in—

(i.). Keeping the road surface side widths and slopes in repair, free
from slips and obstructions.
(ii.). Keeping the metalled or unmetalled surface in repair, free from
ruts and holes.
(iii.). Keeping all drains, both catch-water and side, in an efficient state.
(iv.). Keeping parapets in order and kerbstones in position.
(v.). Preventing the traffic from damaging the road in any way other’
than by fair wear and tear. .
(vi.). Maintaining the boundaries.
(vii.). Maintaining the trees planted on roadsides.
(viii ). Removing weeds and plants from joints of masonry.,
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3. The normal section of the road is as shown in Figs. 42 and 48; but in
some places it is unavoidably narrower. The centre of the road shall be

raised from 3 inches to 6 inches, according to the steepness of the gradient,
viz, :—

1in20 ... .. 6 inches
1,3 . . .. b
1,,40 - . .. 4
1,60 .. e 3,

the greater the incline the greater the cross slope, to ensure rapid discharge of
water diagonally.

4. Drainage on the inside will be carried off by the existing scuppers, and
on the outside through the gaps in the parapets, which occur generally
at every 20 feet ; these gaps to be 24 feet wide at bottom and 3 feet wide at
to

p.

N. B.—Water should not be allowed to run along the outer edge of road for
any distance, but be led through the gaps by means of small bunds.

5. The inner drains to vary in depth from 3 mches to 12 inches, side slopes
aixcording to nature of soil, viz. :—Vertical in rock; 2in 1 in shale; 1in1in
clay.

hg.. No trees are to be cut without the written permission of the officers in
charge.

7. The road boundaries are to be kept clearly defined, and high grass to be
kept down within these limits.

8. No earth, gravel, or stones are to be taken from the side slopes; but
projecting spurs may be cut back to afford material where the widening of
the road is desirable, and the nature of soil not such as to threaten slips.

9. Stone required for building is on no account to be taken from above
the road, as the men procuring it njure the slopes; but 1t may be obtained
from approved places below the road.

10. During the rains the gangs should pay special attention to the road
surface; a fresh coating of hard gravel or disintegrated rock of the consistency
of very course sand should be spread over the entire road, the normal curvaturs
being carefully maintained or corrected where necessary; and as it is
important that this should be thoroughly consolidated by the close of the
rains, the spreading of this gravel or bajri should be put in hand not later
than the 1st June. ~Soft shale is often easily procurable, but is unsuitable as a
coating, as it pulverizes readily.

11. Where any portion of road is metalled, extensive repairs to the metal
are not to be carried on in the dry season.

12. During the rains frequent inspections of culverts, waterways, floors of
bridges, and drains must be made, and 1n case of any tendency to scour, this
must be at once checked with boulders or fascines. '

13. During the rains all repairs to turting slopes must be vigorously carried
on ; where the slopes are steep the turf must be pegged down.

14. At the close of the rains the gangs shoul§ be at once employed on
repairing cuts, which have been caused by the rain, replacing earth covers and
turf on the parapet walls, and cleaning out all drains and scuppers.

15. At all times ruts in the road surface should be filled with hard gravel
direotly they occur.

16. Extensive slips will be dealt with as special repairs, but the maintenance
gangs should remove all minor slips and open out new catch-water drains
above threatened places, so as to throw drainuge into the regular water
courses,

17. Parapets are to be kept neat and trim, and the turf on top and that of
wheel-g;m s to be maintained in good condition.

18. Water supply on the road is to be kept in an efficient, pure, and
uncontaminated state.
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CHAKRATA AND SAHARANPUR MILITARY ROAD.
Specrrication No. III.
Collection and Consolidation of Metal.

1. The metal is of two kinds, kankar and broken stone. It will be brought.
for each respective mile from the quarries specified in the sanctioned rate table.

2. The petty repair metal will be stacked in detached heaps on the west.
side of the road, and the renewal metal on the east side of the road. In both
cases the metal will be parallel to the axis of the road on the spaces between
the trenches ¢borrow-pits) and the road bank, but in such positions as not to-
prevent the berm being used for dry weather traffic.

3. For a 4}-inch renewal the stack will be 44 feet mean width, and 98
inches high, or 3 feet 4} inches mean width and 13 inches high. The addition
of 5 will not be included in payments.

4. Openings in the stacks are necessary at every 100 feet for road drainage
and other purposes, such as cart tracks to cultivated ground and entrances to
properties ; in such cases the width of the stack will be doubled for a corres-
ponding length, or placed on the ‘ bunds” between the trenches.

5. The collection 15 to commence at the beginning of one mile, and go on
regularly to the end, and no payment is to be made till the metal is properly
stacked and up to specification. Repair metal 18 not to be shot on the
27 feet of road surface or on the slopes, but must be stacked on the berm.

6. Collection of metal should commence as soon after the rains as possible,
8o that it may be ready for use on 1st of June of following year.

7. Kankar Metalling. Collection.—The kankar is to be hard and clean and
fit in all respects for road metal. It is to be broken to 24 inches gauge, and
cleaned perfectly free from earth at the quarries.

8. Kankar Consolidation.—The kankar metal being at site, the consolidation
must be carried out in the rains, and as during that season there may be many
miles to consolidate, and heavy rain may at times impede the work, it should
be an invariable rule to commence spreading kankar on 15th June, so that it
may be ready to take advantage of the first fall of rain. Where water is
easily procurable, consolidation should be carried on at the same time, and such
portions of road should be put in hand first of all.

9. The old metal is to be picked or scored in diagonal lines 12 inches apart.
Then by additions and reductions of the old surface, where necessary, the bed
for the new metal is to be formed to a curve with a template, as shown in
Fig. 4, having a rise in the centre of 2} inches. A cross slope of 1 in 24 gives a
rise of 2} inclgzes in the 9 feet of metal, but the apex or crown will be flattened,
reducing the rise to 24 inches.

10. When a sufficient length of surface has been prepared as above, two
parallel mud walls about 10" x 6” will be made to retain the metal, a clear
width of 9 feet being left between them.

11. Wooden templates for a 43-inch coat will now be set up at convenient
distances.

12. The kankar will be evenly spread between the mud walls, its surface
flush with the templates, the large pieces being packed up below, and the
small pieces above.

13. Ramming may at once go on, water being added if the rainfall is not
sufficient to ensure consolidation.

14. As the work approaches completion, the surface must be corrected with
the template shown in Fig, 4. High parts must be reduced by ramming, and
low parts filled up with small nodules of kankar.

15. The consolidation must be continued until of sufficient hardness that a

"light cart would leave no impression of the wheel.

16. The berms and slopes must finally be made up to normal section, and
the filling well rammed. '

17. For several days after the kankar has been 8o consolidated, and the
traffic is allowed to pass over it, a small party of men must be employed to
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water the whole, and to ram such portions as show signs of disintegration,
until such signs no longer appear.

18. No metal should be }:aft on the road in heaps during the night time,
but must be spread before the workpeople leave their work.

19. Stone Metalling. Collection.—The stone shall be hard boulders of granite
quartz or limestone from those places noted n the sanctioned table of rates.

20. Sufficient stone for each mile shall be brought to site as boulders, and
no boulder is to be accepted of less weight than 20 lbs. The sanctioned
quantity of metal per mile is 17,820 cubic feet.

21. When all the boulders required for a mile are at site, breaking may
commence ; 13-inch diameter rings will be provided, and all stones must be
able to pass through them in every direction.

22, After breaking, the stone must be screened through #-inch iron wire
screens ; the broken stone and screenings will then be stacked as previously
laid down (see paragraphs 2, 3, 4, 5).

The screenings should be stacked at regular intervals close to the stacks of
metal, where they can be readily found afterwards.

The stacks of metal to be (for a 434-inch layer) as laid down for kankar in
paragraph 3.

23. Stone Metal Consolidation.—For preliminary operations, paragraphs 9,
10, 11, 12 for kankar consolidation are to be exactly adhered to, and should
be put in hand on or immediately after the 1st of May of each year.

24. Spreading having been completed, a layer of fine earth or sandy clay,
# inch in thickness, equal to 100 x 9 x 44, or 56} cubic feet to each 100 running
feet, is to be spread or jerked from baskets evenlf over the whole surface.
The earth is now to be mixed with the stone by light strokes of a pickaxe,
until the two are fairly amalgamated.

Rolling may now begin, first along the sides and then along the centre, until
comparatively firm.

As it is essential that the above process be carried out dry, it is most
important to begin spreading by such time that the first rolling is over—by the
15th June. Spreading may therefore be commenced on 1st M::Jy.

When the rains have set in, a 4-inch la{er of earth or sandy clay is to be
added as before (in the early rains this can be obtained just below the surface),
and the surface is to be watered if rainfall is insufficient. Rolling may then
begin. The rolling must not, however, be commenced until the earth coating has
again become sufficiently dry to prevent its adhering to the roller, which must
not be allowed to get muddy, or else it will disturb the metal by its adhering
to the roller. Dry dust should be frequently sprinkled over the roller to
obviate this ; this dust should be collected in April and May, and stored in
some place where it will be protected from rain ; small ‘‘chuppers” (shanties
or lean-to sheds) with raised floor and well drained would answer.

Thirdly, } inch or 183 cubic feet of earth per 100 running feet of road is to
be evenly spread, well watered, and rolled until consolidated.

Finally, the stone screenings, previously alluded to in paragraph 22, to be
evenly spread, watered, and rolled, until cart traffic on the metal leaves no
impression, or until no grating sound is perceptible while the roller is passing
over it.

25. The berms and slopes must be neatly brou(fht back to normal section,

26. Metal must not be left in heaps on the road surface during the night, but
must be spread before the workpeople leave work in the evening.

27. Not more than 400 lineal feet should be rolled at one time, and should
rain fail, the surface must be kept wet after the rolling is completed for several
d:gfs, and until the traffic and maintenance party have quite consolidated the
surface,

28. With stone metal it is even more imperative than when kankar is used
to keep a maintenance gang to look after finished portions, and it is only by
perpetual care at first that the consolidation will be perfect. Where the
nature of the earth renders it difficult to use a road roller successfully, hand
rammers should be used.
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NOTES ON ARBORICCLTURE, FELLING TREES, ETC.

1. In many cases two trees are originally planted side by side, as a precau-
tion against one of them dying ; two trees are subsequently found growing up
together. When one or both of these trees is thriving and no longer requires
watering, the inferior of the two is to be cut down at the ground level with a
tenon saw.

N.B.—This should not be done until the growth of the better tree is
assured.

2. In those. cases.where a seedling is coming up under another tree, both
are to be left until the seedling, if an evergreen, attains a fair height, say
3 feet or 4 feet, when the deciduous tree is to be cut down.

3. At all times young shoots on the lower part of the trunk and suckers
should be removed with pruning knives, a few of whioh will be kept in each
subdivision, and the 801l round roots should be loosened.

4. At all times the grass should be kept clear of the young trees, and on the
1st November of each year a circle of 12 feet diameter must be cleared round
each tree, to guard against the risk of fire.

5. All young trees (say under 6 feet in height) must be protected by mud
or bramble guards, to keep off goats and cattle; and to be efficient, these must
be high enough to prevent cattle browsing orer the guards. The guards must
on no account interfere with the free growth of the tree, and where brick or
mud guards are employed, ample through ventilation must be provided.

6. All trees which lean over should be propped, to grow straight.

7. Some trees are in hedges, and where the hedges are interfering with the
free growth of the tree, the hedge should be trimmed to clear the tree, the
owner’s consent being obtained where necessary.

8. Felling of trees must be done with moderation. Large forest trees need
to be cleared from bridle roads, but seldom for more than 25 feet on either side.
Smaller trees are a useful safeguard against banks slipping.

9. The roots of surrounding vegetation absorb moisture from the road
surface ; some trees do this useful work better than others, notably the
bamboo, the growth of which should be encouraged.

10. Where a 6-foot bridle track in jungle will be widened eventually to an
18-foot or 20-foot cart rvad, the belt of clearing should be made to the full
subsequent width —about 45 feet. To defer this till the road is widened will
enhance the cost and delay traffic.

11. The following is a rough journal of operations :—

January and February.—No water required; jungle to be kept clear for
12 feet.

March.—Uncover the plants which have been covered in for the winter (see
further on), and begin watering young plants a little.

April, May, and half June. — Gradually increase the watering as the plants
show they require it.

Half June, July, August, and September.—Cease watering. Fill in all
blanks, where trees have died, with evergreen seed or saplings, e.g., mango,
tamarind, jaman, ({'a.ck. bargat, pipal, bamboo, etc. (This must be done between
the 15th July and 15th August). Durmng these months keep the grass and
jungle from choking the trees, and keep down the suckers on the trunks.

October.—Water slightly

November. —A little water may be required ; this will depend on the season.
In this month cover in the tender plants which would be injured by frost.
The covers to be formed of grass, tied in a conical shape over three or four
sticks, well stuock in the ground, and tied together at the top; the size of the
cone will depend on that of the plant. Prune the branches of the trees
alightly ; also clear a circular space round each tree to guard against fire, the
diameter of the circle to be 12 feet ; and if high grass outside this approaches
the branches, it must be removed. .



APPENDIX D.

The Renard Motor Road Train.

The Renard Sourcouf Road Train, invented by the late Colonel Renard, of
the French Engineers, and improved by Messrs. Sourcouf et Cie, of Billan-
court, motor car manufacturers, consists of a powerful motor vehicle, using
petrol, steam, or oil, and a series of six-wheeled trucks and passenger carriages,
the centre pair of wheels in each case being driven by the power developed by
the motor, transmitted through the medium of a rotating longitudinal shaft,
fitted with universal or ¢ Cardan” joints, which enable the tramn to take
curves easily. FKach truck or carriage is, therefore, self-propelled, although
all are coupled together by universal joints; consequently the strains are
distributed over a larger number of wheels, and shocks to the vehicle and
road surface are thereby reduced. One of the chief advantages of the Renard
gystem is that a heavy traction engine is no longer required. The motor
vehicle of the train is about 2 tons in weight. Little 3amage can be done
to the roads by so light an engine, which is not under the necessity of gripping
the road surface as a heavy traction engine does. Furthermore, the weight
and power being distributed over the whole length of the train, 1t can ascend
gradients with proportionate ease ; instead of the engine having to drag the
weight of the train, the latter, so to sreak, pushes the former along, each unit
having a propulsive force. Conversely, great power is secured, as when the
motor is stopped it ceases simultaneously to work the other cars. Another
important advantage is the steering arrangement, which compels each carriage
to follow in the exact track of the one in front.

It is claimed that the train can double corners, or, having curled itself up in
a garage or yard, can back out on 1ts own track.

Among the uses to which the Renard train has already been put are the
carrying of passengers between country towns not served by railways, and the
collection of agricultural produce. A passenger service between Boulogne and
Wimereux has E;oved a complete success.

Another has been established in Persia between Teheran and Resht, and six
more services are being projected in the same country.

The first commercial train was supplied to a large firm of produce merchants
in France, and has been running in all sorts of weather and on™ all conditions
of roads for 18 mounths, with entirely satisfactory results. Indeed, the French
Government is so convinced of the public utihity of the invention that it has
offered a subsidy to each dépurtement that establishes a goods and passenger
service of Renard trains.

Their suitability for military purposes has also been recognized, one of the
trains having been employed at the manceuvres of the Armée de I’Est.

In the War Office trials carried out in February, 1907, the consumption of
fuel on the 35 miles run between London and Aldershot worked out at 0-351b.
per gross ton mile on the down journey, and 0-3451b. on the return journey.

The gross wei(fht of the train and its load of bags of sand and passengers
was 19 tons, and the average speed from start to stop was 5'42 miles per hour
on the down and 6°1 miles on the up journey.

The fuel was the ordinary petrol (sp. gr. 0:72), and cost 7d. per gallon.

During these tests the road surface ﬁtween London and Egham was in
good condition, and the weather was fine. On the Egham to Aldershot portion
of the route the conditions were not so favourable, many long stretohes of the
road being under repair, and also soft and greasy from rain.

The train ran (ﬁuibe steadily at 10 miles per hour. The average speed over
10 consecutive miles was 87 miles per hour.

A hill over a mile long, on the main road near Aldershot, gradient varying
from 1 in 38 to 1 in 10, the average gradient from top to bottom being 1 in
18'8, was negotiated at an average speed from bottom to top of 2'44 miles
per hour.
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APPENDIX E
BIDDER’S KARTHWORK TARBLES.
ADAPTED FOR THE USE OF TILE PUBLIC WORKS DEPARTMENT IN INDIA.
By F. L. O’CaLuacuan, CE.
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EXPLANATION.

The ordinary ﬁgures represent the content in cubic feet of any trapezoidal
solid whose length 18 100 feet, width 1 foot, and whose depths at the ends are
ndicated by the numbers of the intersecting columns ; and are intended to be
applied to the cential part of any cutting, exclusive of the slopes  The black
figures show the contents of 1 to 1 slopes, whose heights are shown us before,

To find the contents of any cutting or embankment by the Tables :

First find the greatest height 1 the bottom hne and the less height i the

left-hand vertical column, and refer to the mtersection of the vertieal and
horizoutal columns

Multaply the ordinary figures there found by the width of the base ot the
cutting, and the black figures by the ratio of the slopes, and the sum of the
products will be the contents required.

Examrik.
To find the contents of a cutting whose longitudinal section g represented
by Fig. 1, and eross-section by Fig 2

’/7
S T e e
o 2 2 3 4 S © 7

At the mtersection of the columns 14 and 0 are 700 and 6533, which insert
in the columns a and b of the tollowing scheme; at the mtersection of the
columns 14 and 17 we have 1550 and 24100, which isert, as before, and 80 on
to the end  Then multiply the sum of the numbers i a by 30, the width of
base and the sum of the quantities in b by 14 the tatio of the slopes, and the
sum of those products will be the required contents.

Heights a b

| :3’} 7(_»0 6533 ‘
|7; 1550 24100 l

| .L(‘,: 1RG0 | 34300
f‘:} 1750 | 30833 5
:‘;} 1250 | JoN33 |
",:} 750 | 5833
of | 20 ‘

M'*I—“owls —.8—1—()0_ ” llb‘;’;ﬁ

8100 x 30 = 243000 = content of centre,
118265 » 14 = 177397 = v slopes.

420397 = tutal content.

The slope table is used for finding the areas of slopes, the figures
m the column R bemng the ratio of the slope to 1

To tind the aren of the slopes of u cutting or embankment,
multiply the total of column a by the tabular number (N) corres
pondmg to the slope ratio, and double the product will bhe the urea

of both slopes

ExamrLe.

8100 1-8 x 2= 20160 roquired ares 10 square feet,

Nlognw Table

R

|
N 1

103 (
110







APPENDIX F.

EXTRACTs FROM A PaPkr By MR. GEOrRGE CHAMIER, M. Inst. C.E., oN
CArACITIES FOR CULVERTs AND Froop OpreNiNGgs.,—VoL. 134, MINS. oF
Proo. Inst. oF C.E., 1898, p. 313, ETC.

Calculations are based upon : —

(1). Catchment-area.

(2). Rainfall.

(3). Amount of surtace-drainage.

(4). Diminution 1n proportionate flood discharge due to area.

Catchment-Area.—For small catchment-areas the extent of the drainage
basin should be fairly accurately known. In the case of large watersheds,
however, comprising several hundreds of square miles, the element of area
is important. The form and greatest length of the catchment-area are of
almost as great consequence as 1ts extent , and so also are the outlines of the
principal valleys and the distances traversed by the mamn water courses.
The latter information is essential, for upan it will depend the ¢ime required
for the flood waters to reach the outlet from the farthest extremities of the
catchment. It is upon this time that the rate of precipitation, to be adopted
in the calculation, will mainly depend. It 1s also important to note the
general declivities of the ground and the average fall of the valleys towards
the outlet as affecting the flood velocities of the streams. It must be assumed
that the rain is general, and falls over the whole extent of the drainage-area
simultaneously, and is ot sufficient duration to allow the flood waters from all
parts of the drainage-area to reach the outlet at the same time.

Rainfall.—The duration of the rainfall is the main consideration, but this
period is intimately connected with the extent of the drainage-area and the
velocity of the flow, which depends mainly on the inclination of the country.
The average rate of the precipitation is found everywhere to vary inversely
as 1ts duration. In temperate zones as much as one-fourth of the mean
yearly rainfall has been known to oceur in one day, and about one-fourth of
the maximum daily fall has been registered in one hour. The general rule
is tn take the greatest rainfall to be anticipated, from previous records, for
such a time as is required for the flood water to reach the outlet from the
farthest extremities of the catchment-area. This 18 the only safe basis to
proceed upon.

In New South Wales the maximum rainfall for one hour approximates to
one-fourth of the greatest daily fall. In a period of four hours the maximum
is about double t%mt for one hour. This proportion would appear to hold
fairly well in many other places, and where it is at fault it will be found to
err on the safe side.

The corresponding figures would be :—

Duration in hours . PR |
Rainfall in inches 1

4 12 24
2 3 4

Heaviest rain is not usually of a continuous character, but falls in inter-
mittent showers. This fact, however, does not affect the matter under
consideration, For the purpose of calculating the greatest flood discharge
all that is needed is approximate knowledge of the maximum rainfall that
may occur during a period corresponding Wi!:h the size of the catchment-area.



158

If the area is ro large that only the greatest daily fall need be taken into
account, it will not materially affect the result whether the rain falls at the
same rate for 24 hours, or whether it falls in heavy and intermittent showers,
over the same period.

As regards fixing of the duration corresponding with different areas. Here
it is required to estimate the time needed for the flood-water to traverse the
whole length of the catchment-area, which is almost impossible to determine
exactly. But the velocities of streams can always be approximately ascer-
tained from the dimensions of the channel, the volume of flow and fall of the
land. These velocitios, vnder average conditions, may be taken to range
between two miles and four miles per hour. The case of a mountain torrent
or of a rapid river would be different. The time that rain-water takes to flow
off the surface of the ground into rills or feeders can only be guessed, and must
depend mainly on the nature and inchination of the ground. Over grassy
downs, with moderate slopes, the rate of flow for surface drainage may be
estimated at half a mile per hour, while for steep dechivities the rate will be
about twice as great. When the water is collected into well-detined channels,
the velocity admits of being approximately calculated, and the estimate can
always be rendered sate by assuming the least time the water could be
expected to take in passing over a known distance, under given conditions.
The less time allowed the greater the margin of safety.

Surface-Discharge.—Only a certain portion of the ramn which falls on the
surface need be taken mto actount in calculating the flood discharge at any
outlet. There is loss of water from :—(1) Absorption, (2) evaporation, (3)
percolation into subterranean channels. By ¢‘ co-efficient of surface-discharge ”
18 to be understood that portion of the rainfall which immediately flows off
the surface and finds its way into running streams. It would be extremely
difficult to estimate this amount with confidence, if all the varying conditions
had to be taken into account ; but 1t is only the maximum discharge under
conditions most conducive to surface-drainage which has to be dealt with.

In countries where the ground is often frozen, and thereby rendered almost
impervinus, 1t 18 usual to assume that two-thirds of the total precipitation will
flow off the land in times of flood, as a maximum. But in warmer climates it
is necessary to tuke 1nto consideration the absorbent nature of the soil, the
slope of the ground, and the physical features of the country. In all cases,
however, the utmost previous saturation, which the conditions of the climate
and rainfall will pernnt, should be allowed. As a general rule, the co-etficient
of surface-discharge may be taken to be between one-third and two-thirds of
the total rainfall, in times of flood.

The co-efficient of surface-drainage may be taken approximately for :—

Flat country, sandy soil, or cultivated land ... 025 to 035 per cent.
Meadows and gentle declivities, absorbent ground 035 to 045 ,,
Wooded hill-slopes and compact or stony ground 0+45 to 055 ,,
Mountains and rocky country or non-absorbent

surfaces ... 085 to 065 ,,
Unfissured mountains, very steep ground, or )
paved streets .. .. 0'8and over ,,

A co-efficient of 050 may be assumed as an average, with 0°65 as & maximum
for ordinary cases.

Diminution sn Proportionate Flood-Discharge due to Area.—It has been
proved by experience that flood-volumes are inversely proportional to the
extent of the catchment-areas. This rule has been embodied in all formule
for calculating flood-discharges. The ratio of decrease according to area,
however, has not been determined with certainty. Most formule are
empirical and assume uniform conditions of rainfall and surface-drainage.
Rainfall varies very greatly in ditferent countries, and even in different parts
of the same country, and the physical conditions are so diverse that such
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formule do not admit of general application. The diminution in the flood-
volume due to area must not be confounded with the diminution in rate of
rainfall on account of its duration, which is also related to the extent of the
watershed. Although both these causes conspire to decrease the flood-
discharge at tho outlet, they are quite different, and must be taken separately.
If a uniform rainfall, of sufficient duration to give the maximum results in
both cases, occurs on two catchments of one square mile and 1,000 square
miles respectively, the flood-discharge from the large area will not nearly be
1,000 times that of the small one. The volume will be greatly reduce(ly by
evaporation, absorption, and generally by percolation through the surface, but
chiefly by the obstructions which impede the flow, and thus diminish the rate
of discharge if they do not reduce the quantity.

Mr. Chamier’s experience and observations indicate that for average cases

}:f_ may be adopted as the ratio of decrease due to area, where M denotes the
)

area of the catchment in square maifes. It has given remarkably accurate
results, but probably other powers of M may be found necessary under
different conditions; the question admits of determination only by observation
m many places.

Method of Calculation.—It may be assumed that 1 inch of rainfall per
hour, on one acre of surface, gives a discharge at the outlet of 1 cubic foot
per second, supposing all the water to flow off. The number of acres, A,
therefore, multiplied by the average rate of rainfall per hour 1n inches and by
the co-efficient of surface-discharge, will give the maximum flood-discharge
to be provided for. But where the watershed exceeds one square mile, the

factor for diminution according to area, %ﬁ, should be cluded in the

expression. Thus—
Q=AxCxRx I\;]f ;

substituting for A its value in square miles...... (?5%0: \/I).

Q=640xCx R x M%,

when Q denotes the maximuin discharge at the outlet in cubic feet per second ;
R =the average rate of greatest rainfall anticipated in inches per hour,
for such duration as will allow of the flood-water flowing to the
outlet from the farthest extremity of the catchment area ;
and C is the co-efficient of surface discharge, giving the proportion of rainfall
that may be expected to flow off the surface.

The leading characteristic of this formula: is that it takes special account of
the duration of the rainfall.

As an example :—Rainfall assumed at 12 inches for 24 hours, with a
maximum of 3 inches for one hour; C taken at its greatest value ‘66 ;
A, 75 square miles, with 14 miles as the longest distance for the flood-water
to traverse ; a rapidly discharging basin, with compact and steep ground ;
and the inclination of valleys such as to give the main stream an average
velocitly of about 3% miles per hour. It follows that the duration of the
rainfall would have to be taken for a period of not less than four hours, and,
as the greatest downpour in that time could not be expected to exceed
6 inches, the average rate would be 14 inches per hour (R).

Then Q=640 x 66 x 13 x 4 /753 =16,384.

If the maximum be taken at 12 inches of rain for one day, then the
maximum for one hour should certainly not be less than 2 inches. In
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Sydney, for instance, the records for the past 25 years show that the heaviest
rain for one day has been nearly. 12 inches, that for four hours nearly
6 inches, and for one hour about 2} inches.

Mr. Chamier was afforded an excellent opportunity of testing the accuracy
of the formule by a number of conclusive observations, in January, 1897,
while engaged in an investigation as to the sufficiency of the waterways on
the Cootamundra-Gundagai Railway, for the Government of New South Wales.
This line is situated on the south-eastern portion of the colony. It is about
30 miles in length, running over undulating land and skirting a steep range of
wooded hills to the west. Numerous small creeks, and also several larger
water courses issuing from the high ground, cross the line; the catchment-
areas vary from20 acres to more than 400 square miles. The watersheds had
been surveyed, and information had been collected as to the positions and
lengths of the main streams and the average slopes of the ground. The mean
annual rainfall for the district was 26 inches, and the greatest recorded fall
for one day was somewhat more than 5 inches.

A few average cases are given by way of illustration, ranging from very
small catchments to the largest.

Case 1.—Ares 586 acres. A flat gully with steep hills at the sides; clear

assy land ; C 0-40. This being a small basin, it was required to take the

eaviest downpour for one hour, which on this occasion was about § inch.

Maximum discharge by formule =176 cubic feet per second.

Maximum discharge by measurement =122 cubic feet per second.

Case 2.—Area 24 square miles. Creek bed very tortuous, valley about two
miles to the foot of steep hills ; greatest distance for the water to travel about
four miles, which would take fully two hours ; C taken at 0'50 ; the greatest
rainfall for two hours’ duration could not be ascertained with certainty, but it
must have been nearly 4 inch per hour (R). Then by the formule—

Q=640 %050 x } x 4 /2'53=319 cubic feet per second.
Actual discharge by measurement =210 feet per second.

Case 3.—Area 49 square miles. The principal valley about 13 miles long,
with a rise of 20 feet to the mile; the water had to travel over 20 miles,
which was estimated to require seven or eight hours. For the value of R
3 inches fell in seven hours, so that the average rate was § inch per hour.

Q=640 x040x § x VZQ‘:!: 2,035 cubic feet per second.
Actual discharge by measurement = 1,820 feet per second.

Case 4.—Area 418 miles; the main water course extended buck 26 miles,
with many miles of branches ; a flat valley, with an inclination of 142 feet 1n
15 miles. It was assumed that flood-water would take about one day to
traverse the whole length of the basin. Nearly 4 inches of rain fell in one
.day, so that the average rate of precipitation was } inch per hour. The land
in the valley is partly arable, but the hills are steep and wooded ; C taken

at 045, Then—
Q=640 x 045 x } x 4/418%=4,435 cubic feet per second.
Actual discharge by measurement =4,681 cubic feet per second.
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ROAD STAFF AND LABOUR ORGANIZATION.
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Correspondence Clerk.

(European or Native).

Sub-Overseer.

! | ‘ Head Stof"ekeeper.
Chief Accountant. ! | |
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Commissariat Officer.

. u |
Assgistant Clerk. Clerk. Rations Clerk.

: l
» Assistant Storekeeper.

Assistant Field Engineer.
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|
Assistant Storekeeper.
Overseer
(European or Native).

| | T
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Transport Clerk.
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Head Masons

Head Masons Head Masons Head: Masons Head Masons Head Masons Head Masons Head Masons Head Masons Head Masons
(4). (4). (4). (4). (4). (4). (4) (4). (4). (4).
25, 25, 25, 26 25 25, 25, 25 25, 25, 25, 25 25, 25, 25, 256 25, 25, 25, 25 25, 25, 25, 25 25, 25, 25, 25 25, 25, 25, 25 25, 25, 25, 25 25, 25, 25, 25

abourers 100 100 100 100 100 100 100 100 100 100
Field and Assistant Engineers with Personal Assistant . v 4
Office Establishmens . . 3
Overseers (European, 2; Native, 2) . 4 Notk.—Each section may be designated by a letter, A, B, C, etc., and
Sub-Overseers 10 comprise 80 many gangs. . .
Hospital Assistants (2), Dlspensers (3), chk Orderlxes (4) 9 Two or more sections may be grouped as convenient into
Storekeepers and Assistant Staff (4), Clerk (1) v e 5 divisions, designated lst, 2nd, 3rd, ete. .
Commissariat Staff (1), Rations and Transport Clerks (2) 3 The length of road allotted to a division or section can best
Head Masons . 40 be determined by the character of the locality and merits of
Masons, Miners, Labourers 1000 each case.
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8-FT. ROAD-PROGRESS CHART.
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PLATE VII. (page 133).

DIMENSIONS AND CONTENTS OF ARCH CULVERTS,
8'FOOT ARCH CULVERT Cuicaco, KaNsas, AND NEBRASKA RaiLway.

Dimensions not given in the Table are the same, for all sizes, as in the diagram.

g SPAN.
XX, M A X ITEMS. iz R
= 8 Foet. ¢ Feet, [ 6 Feet. $ Foet. 10 Feet.
DiMENSIONS :— ' Ft. Ina. Ft. Ins. i Ft. Ins. Ft. Ins. Ft. Ins,
End wall, height above the footing .. | AB 6 9 0 1 o 12 0 13 0
. length ; BC 8 4 10 0 i 4 0 16 0 18 0
' thickness ... L — | 2 8 2 8 ! 2 8 2 8 2 R
Coping on end wall, width ... . L= 3 0 30 § 3 0 30 30
., . length... .. - 90 1008 14 8 , 16 8 I8 8
Wing, height at inner end ... : . XY E 4 3 T8 03 | o3 [ 13
., ., oouter , .. .. e .. VW i 2 0 30 0 40 40 40
y»  length for slope of 1§ to 1 ... .. - XV j 4 10 710 | 0 4 : 10 10 o2 4
.» thickness on top ... . CJK 2 0 2 3 2 8 ! 2 8 2 8
’ ' at bottom of outer end ... . . B } 2 2 26 | 3 0 | 30 l 30
., distance between outer ends of wings ... - NO { 4 0 H 0 | 8 0 10 0 12 0
Arch, height of springing above footing ... . ~ HZ : 20 3 0 o400 40 | 4 0
,,  thickness at crown ... ) .. DE 1 0 8 1 0 | 1 3 1 6 19
Side walls, thickness at springing... o .. RS ;[ 2 0 26 1 28 30 3 6
’ ' top of footing . ) ' TU | 2 8 30 f 4 0 4 0 4 6
Paving, depth . S 10 1 0 1 1 0 y 1 0 10
JONTENTS : — ‘; \: I
Four wing walls, including one footing course ... b= 7T e yde 1977 ¢ yde 385 o ydw 4005 e, yds[53°4 e, yda,
Two end walls 7 - 108 . 182 13071 ,y  136°8 VL) "
Two side walls, including one footing course—per foot of length : 2
from inside to inside of end walls i —_— ' 0692 ,, 0882 ,, 1333 ,, ‘ 1382 1567 .,
_ Arch masonry, per foot of length from inside to inside of head | 0270 ,, {0478 ,, -
&deq'&e'r walls... SN } 0791, | 1184 ,, (112,
hﬂ_*_H_! Paving per foot of length from out-to-out of end walls SR ! 0086 ,, (0123 ,, 10198 ,, ORI ,, (0346 ,,
Coping on two end walls ... . el — 2710 c. ft. |320 c. ft. 440 c. ft. |50°0 c. ft. [56°0 o ft.
6f1.=1in. o I I

Note.—Extracted from Ira Q. Baker's T'reatise on Masonry Conatruction.



PLATE VI (page 138)
DIMENSIONS AND CONTENTS OF SEMI-CIRCULAR ARCH CULVERTS, )
10'FOOT ARCH CULVERT ' AtcHisoN, Toreka, AND 8ANTA FE RaiLway.

Dimensions not given in the Table are the same, for all sizes, as in the diagram.

RAOAD BED
87 i TN e T o o o 7 SPAN o ST
-3 & ' ITEMS. L - - 4—
17 r ] . - 6 Feet. 8 Feet. 10 Feet. 12 Feet. 14 Fost. i6 Feet. :
I~ ¢ S S IOt EU U SR
T ' \ N i DIMENSIONS :— Ft. Ine. Ft. Ins. Ft. Tus. Ft. Ins. Ft. Ins, Ft. Ins.
o D C ' | , | Bo~: End wall, length ... .. . ..| 2410 17 74 19 74 21 74 23 7y 2 7y
N ~
. , ‘vt ' 1 l I “m Y ” height, top of footing to bottom of | ‘
5 T T .44 )| N coping .. ... ..o 911 - 12 R§ 42 14 84 16 1y I8 314
/ S $
¢ :*-a 1 l ~ Coping, length ... 25 10 I8 74 20 74 22 7Y 24 74 2 74
FocoeaalO- - ~nen- ' ~ ,
.z" .,ﬁ ¥ \ Arch, thickness at crown . 010 | 011 I o : 11 1 2 1 2
« . !
\ L2 , ;i- ' " springing ... g g 30 30 3 6 4 0 4 0 | 4 6
" .
,, number of voussoirs ... 9 11 15 ' 17 21 24
f
G 1 v, 1 N : f p # 3 [}
END ELEVATION. lTR AN‘VERﬁleGTI’ON ‘ LONGITUDINAL SECTION. ,»  width of voussoirs at intrados .. 1 0% I 143 1 0% 1 1% 1 0% .l 14
! ' Nide wall, thickness at springing .. . 30 30 3 0 ‘ 4 0 4 0 .4 6
‘—‘*,— . . :
' . ' ;A . ’s vy top of footing 3 0 3 6 4 0 4 0 + 6 5 0
! "
{- —————— } o= - - -—---: ﬁ . 'y height of, above top of footing .. 3 6 5 0 6 0 ! ¢ 0 7 0 ¥ 0
$ H yy ° or 3) - ¢ a
: ' )' T :f . P Wm’g, length fox" slopeof 14 to 1l ... None 23 2 25 9 } 2 7 20 | ! 2 n
.43’ "':"' YooY - x--- ., thickness at bottom of Section EF ... None + 6 5 0 ! 5 ¢ E 6 6 ‘ DY
, (N} | s ' |
s .. -—{--«-L--.—.-IO"";E:—-'*:"—:}“ I CONTENTS (— }
¢ d : ~ . . IR . y o)., R ‘ N
1:' ~fo = T - t::: : 3;&;: :: +* -—/-:- - Scale of Feet. Two end walls, above footing .. v | 3092 c.oyds, | 2295 c. yds. | 2853 c. yds | 28°17 ¢ yds | 3012 ¢ yds. | 3664 c. yvde,
~30.4 ' Lad: 58 . ——— 2 3 6 Arch, per foot of length—inside to inside of | :
: PLAN : PR end walls .. .. .. .. ..| 0765 . | 1072 ,, | 1468 ., | 1935 ., | 2274 , | 2807 .,
' WUAAEY 8 f1. =1 in.
| Y 2" : Two side walls, per foot of length, inside to 2783 .,
' '9‘\ "’?fﬁ:’ % inside of end walls ... . .. .| 0777 ,, | 123 , | 1666 YT | 20,
‘\6 \ ".",a 3 Four wings, facing, slope 1 to 1 .. None 4600 , | 5688 " 6074 ’e 7235 99-14 .
’ "‘l: s
@ *'él, 2. " backing, v None 1902 " 2821 . 3478 " 520H " 7376 .
o~ N\’
) PO 1‘ ‘ ' Paving, per foot of length—out-to-out of end ° 0691
G AR walls ... .. o o .| 0926 c.yds| 0346 ,, | 0432 , | o818 ., | 0605
< ’:‘ . : Coping on two end walls .. [108:33 o ft. | 7450 c.ft. | 8250 c. ft. | 90°50 c. ft. | 850 o ft. |106-50 c. ft.

Nore.—Extracted from Ira O. Baker's Treatise on Masonry Construction.



PLATE IX. (page 134).

' DIMENSIONS AND CONTENTS8 OF STANDARD ARCH CULVERTS.
12-F OOT STAN DARD ARCH CULVERT_ Dimensions not given in the Table are the same, for all sizes, as in the diagram.

SPAN.
i . ITEMS. - . SO e : R S
' [ 8Feet. 8 Feet. : 10 Feet. ¥ 12 Feet. . 14 Feet. l 1¢ Feet.
i : i e e
[I lL = J DIMENSIONS :— Ft. Ius. Ft. Ins. | Ft Ins. | Ft.Ins | Ft Ius. | Ft Ins
=X End wall, length - . 11 2 13 4 | 15 5° 176 e 7 ; 2] §
" l’.‘ /I sy  height, top of footing to hottom of ] i | ’
— NV 1t U _//' h @’A coping ... . -1 60 76 | 9 0 ! 10 ¢ 12 0 | 13 ¢
Im :i o A Coping, length ... ... .. .. .| 12 2 14 4 16 5 18 6 20 7 22 8§
® ' 2 ; 5
l ‘ i :. p 'P _ Arch, radius of intrados ] 4 492 5 96 ' 7 3 } 8 84 S (I o1 e
| T'i" ¢ 3 W extrados ... .. .. 7 2 9 6 12 e o148 17 1 2 0
, ’ - . | ‘ .
: ’ . ,» rise (=1 of the span) ... 1 24 1 72 ‘ 9 0 2 48 2 u6 ‘ 3 D4
» ‘ ! .o
! — ' / . thickness at crown .. 010 L 011 | 1 0 11 ‘ 1 o " 3
A ] . -.o- ‘Q‘. . ..2 ) { o | i
END EL!:VKTION !/’Tﬂl”&VE SE SECTION P o . length of extrados , ; 6 74 . R 99 11 41 i 13 29 15 54 \ 1779
| . E | . , ‘
N .h [ SIDE ELEVATION | y» number of voussoirs ... o ‘ 7 9 5 11 13 13 | 15
! ., width of voussoirs on intrados i 0113 0114 i 1 0 1 0f ! 1 24 | 1 2}
| . .y | . ‘ j '
" w2 s — Side walls, thickness at springing 1 2 0 2 6 !‘ 30 1 3 6 4 0 1 4 6
fé : f{ . " top of footing : 3 0 310 4 8 } 5 6 L6 4 72
- el gy - - - .. i | .
¢ Ii “ height of, above top of footing... { 30 4 0 ! 50 ! 6 0 70 8 0
| 1 | ! ,
| Wing, length for slopeof 13 to 1 ... Lol 14 6 ‘: 17 2 P19 10 2205 .25 1
' Scale of Feet , f ; | < ‘
| /01 234 S e ,»  thickness at bottom of Section EF... | 2 ¢ 2 8 | 3 0 T ) ‘ 410 5 5
- e ; l ]
' ‘ CONTENTS :— j ! | :
| P 0#2,-— —————— ) W 7St =1 1in, Two end walls above footing .. L6871 c. yds. | 9022 c. yds. | 11:001 c. yde. | 13828 . ydn, 16°545 c. yds. 19°387 c. yds,
I, ) 3 o\ & Arch, per foot of length, inside to inside of _ ‘
-—-——-'. 6 - w - - -~--—-J } g ’ ’
\ end walls . | 0354 0504 ,, . 0692 1000, 1297, 1661
wo side walls, per foot of length, inside to | '
PLAN T d lls, per f f length, iusid i
ingide of end walls .. 0555 0937 o, o 1407 2:000 ,, 2679 34690
Four wings, slope 14 to 1 .. .. .. 11289 ,, |J049 ,, 3048 . 4408, 6107 ,, K196,
Paving, per foot of length— out-to-out of end o
WallR . e e e e | 018, 0289 ,, | 0333 0407 ,. o 0481 0565
! |
Coping on two end walls [ 48:67 c. ft. {8738 c ft. | €567 c ft. 74°00 ¢ ft. ; 82:33 ¢ ft. 9067 c. ft.

N.B.—In each case :—(a). Risc=span-5; height of openiny=span+2; central angle is 87° 12/,
(M. Contents of wing walls are computed on the assumption that all courses are 1 foot thick.

Norx. —FExtracted from Ira O. Baker's T'reatise on Masonry Construction.
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PLATE X. (page 143
HILL ROAD MASONRY BRIDGE.
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PLATE Xl (page 154).

30-FOOT SPAN BRIDGE.

16 FOOT SPAN BRIDGE. 20-FOOT SPAN BRIDGE. ~ 25-FOOT SPAN BRIDGE.
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FLOOD OPENINGS, EASTERN BENGAL RAILWAY. PLATE XIl. (page 138)
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PLATE Xl (page 14/ )
TYPE OF GUIDE BAINK.

Down Stream " Lp Streasn
< b
< V’ aeY al N \"TW“\Q<" '(=<<§<<<\§<:t=<=:
. \: K\'\\(\\\\\\\ AN N \\ \\\\\ N \\\\ \\\\k\\:§-§ \\‘\\\\\ \\\\‘\\\ \\\\ \\}\\\\\‘:té\ti
N "*\ . Wﬂ*ﬁ-ﬁ—“\b‘ : AN N
ér I }u.\ -,-)p-r-re-,-,‘\—x)—) - ; \Q S > > »\
N ﬁ—«-ﬁ«-b«—_-‘__-—-‘— sn oras N a £ q iy ’a e
3 e AL U - NG &g
NN -:“-\.;\\ \ \x‘ . S |y k" el o N \\M }t Eart’lu'ﬂrk R S
Sanandac NS - - [ * SINOINNS v@%‘%&
) quat ' .
! Ly | | : ! Stone pitched ... T3
¥ ‘ <3 < ! ' P
koo % 1500 4 vl Scale, 259’&-/.mc/¢. % 200 0'--%- -150 O~=<400 Un .
: ! . 3! B - . . Stone (reserve).. SSSI
Y ! .
“ - ---s000- - - - ,S»'?H\,_-., Tt T S et 600707 - — ~ e m e mem e ——e
1 !

[ 1
lﬁk 6 ¢ - i'r
ﬁnaszow f

_ofoam. 86, YT
£ W5 0010 B T

) o
v BRO- = K 35O »! 280
()

‘, ) . <4 | G}o'o'o
- 28 /A/ _ﬁabg"oo énm ,wtd:ug/ HFL 657 00 /
R(_,SJL’ 00 *A)‘ >, : T T T : ‘
/ .2 '\>7\,,‘ a_ ' R.L.646O e WA, e e LT v " B e e
PR DN o N V5 7% 7 S QA a7 ;
T - T ,,:"5.’,,"» S ;;:5'37*_’:* .-.“.3_’-?_":":3:"..-.-;:-';7‘"- S ‘ 7777 TSSSTE S eSS st
bo i i - : N 4 wmmg&u?_ i
) h R U - = '
]
secrion ow as. NOTE. «Qﬂjﬂ !
(¢n Dy, Waler) « a.Surplus stone q?tr completion 9’ pitching and reserve. eé' [[] jh )
Y s . ) . ’” f ;. . i !
Scale 5ufe rinct Specification - 800 stones, 6% chippings, 3 spalls under pitching, -.9%&.’31] mﬂ _i:? caur e
. . u
1871131)1)1 i

Pitching 4 thick or water stope; Apron A2 to8fL thick. Y,

S-maximum antcipated scour in feel. NORMAL SECT) OM OF BUND
The Bank isformed from the excavation of the Apron pit.



PLATE XIV. (page 114 ).
EQUIVALENT ROLLING LOADS FOR ROAD BRIDGES FOR CALCULATING STRENGTH OF GIRDERS.
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ADVERTISEMENTS. i

PERFECT WOOD FLOORING..

W. DUFFY'S PATENT

“ ITmmovable-Aeme”
SYSTEM

Wood Block Flooring

l/w\‘\
Componrrn TN
o\ POATING 0 CemERT BT
A” BoNDING BLOCKS....
CEMENT CONCREYE i

Sectional View of W, DuFiv’s Immovable-Acme System of Wood Block Flooung.

Eight Gold Medals, Four Silver, Three Bronze, and Certificate of Sanitary Institute
of Great Britain,
ADOPTED BY—
The War Office— (1dnance Stores, Diill Sheds, Bariack Rooms, etc.
The Admiralty—Dockyards, Torpedo Stores, etc.
H.M. Office of Works—Chief Post and Telegraph Offices, 1.ondon ; and numeious Metio-
politan and Provincial Post Offices. The New Patent Office Libiary, etc., etc., ete.
London County Council—Fire Stations, Gymnasa, Schools, etc.
Corporations of London, Dublin, Portsmoutb, Brighton, Dover, etc.

THE ACME FLOORING & PAVING CO. (1904), Ltd.,

FLOORING AND PAVING CONTRACTORS,
Gainshorough Road, Victoria Park, London, N.E.

Telegrams : ** DOWELLED, L.onDON ' Telephone Nos. : 645, 646, 647 EAsT.
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n ADVERTISEMENTS.

Telephone — Telegrams --
398, WESTMINSTER. - ‘“TaroaDs, LonDoN.”
TAROADS SYNDICATE,
LIMITED,

9, Victoria Street, London, S.W.,
And 20, St. VINCENT PLACE, GLASGOW.

Proprietors of the Best Tar Spraying
Machines in the World:

A1TkeEN's GoLp MepaL TaAr Spraving MACHINE.
TarsprA SiLviR MEpAL TAR SPRAVING MACHINE.

VINSONNEAU PREMIER CONTINENTAL TAR SprAVING
MACHINE,

In May, 1907, the Roads Improvement Association held a Competition
for the Best Tar Spreaaing Machines ; all the Awards were secured
bv Maclmes owned by this Company.

Our Machines are designed from the experience
obtained after working over 40 Machines in
England, Scotland, and France.

NOTE: THE COMPANY ARE PREPARED TO CONTRACT FOR
T THE TARRING OF ROADS, OR FOR THE SALE OF
THEIR PATENTED MACHINES.



ADVERTISEMENTS.

Telephone— ' Telegrams—
398, WESTMINSTER. ’ - *“ Taroaps, LoNDON.”
TAROADS SYNDICATE,
LIMITED,

9, Victoria Street, London, S.W.,
And 29, St. VINCENT PLACE, GLASGOW.

Sole LICENSEES for CLARE'S

GOLD MEDAL TAR COMPO.

(By Royal Letters Patent).

In the OPEN DusT PREVENTION COMPETITION it stood the severest

possible test; was pronounced by the JUDGES' COMMITTEE to be

the BEST PREPARATION OF TAR for road purposes, AWARDED the

FirsT and ONLY PRIZES, viz. :—THE BALLYMENAH 100 GUINEAS3

TrRorHy and the GoLD MEDAL of the RoaDS IMPROVEMENT
ASSOCIATION.

THE GOLD MEDAL TAR COMPOUND IS MADE
IN TWO GRADES.

Grade ** A’ is used for spraying on existing macadam
surfaces to BIND THE SURFACE and PREVENT
DUST.

Grade "B’ is used as a MATRIX BINDING, and in
the construction of “IN SITU” TARMACADAM
ROADS



ADVERTISEMENTS,

AVEI.ING « PORTER

LIMITED,

ROCHESTER, KENT.

COmpound Steam Motor Tractors,.
Road Locomotive Engines,
Traction and Portable Engines,
Traction Wagons and Trailers,

FOR

DRIVING STONE BREAKER AND HAULING
MACADAM.



ADVERTISEMENTS

AVELING & PORTER

LIMITED

1
..l< W

3
- [T

N ’
- n" '

g B N e TR ' ’ .
S‘team Road ‘Rollers (Single Cylinder and Compound).
Patent Road Scarifier,

SPECIAL ROLLERS

FOR
TAR MACADAM, ASPHALTE, GRAVEL, etc.



vi. ADVERTISEMENTS.

“Quarrite "—* Bitulithic ”

PAVINGS.

The ONLY Processes-for SUCCESSFULLY CONVERTING Granite or other
hard Macadam into PERMANENT WATERPROOF and DUSTLESS ROAD
PAVING; also suitable for FOOTPATHS and PARADE GROUNDS.

ETON TERRACE, EDINBURGH.

Granite Setts being substituted by “ QUARRITE PAVING.”

0 -
Fou full paiticulars apply to :— b

The Northern Quarries Co., Ltd.
| GRANGE-OVER-SANDS, LANCS.

Telegrams **QUARRITE, GRANGE-OVER-SANDS.” Telephone: No. 5, GRANGE-OVER-SANDS,
London Office: 10, VICTORIA STREET, WESTMINSTER, S.W.

Telegrams: * QUARRITE, LoNDON,"” Teleohone No. . 820 Westnunster.



(REGISTERED ITRADE MARK)

A BITUMINOUS CEMENT for Mixing
with all Kinds of Chippings.

As Supplied to

HM. INDIA OFFICE

and

Many Public Authorities. .

Prices and Particulars of

BRISTOWE & CO.,,

(Proprietors and Manufacturers,)

20, Tothill Street, Westminster, S.W.

l..No.: 31 WESTMINSTER.*
1

Te
Tel. Add.: “ TEESQUARF, LONDON.”



Vi ADVERTISEMENT>

For Roads, Footpaths,
Parade Grounds, etc.

DUSTLESS.
DURABLE.
ECONOMICAL.

A8 SUPPLIED
TOo—

H.M. War Office,
H.M. Admiralty,

158 Municipal and Local
Authorities,

Q 24 County Gouncils,
Etc., Etc.

For Full Particulars and Prices apply—

TARMAC, LIMITED,
Ettingshall, Wolverhampton.

LONDON OFFICE :
20, Victoria Street, Westminster, S.W.



ADVERTISEMENTS.

JARRAH

SANITARY AND DURABLE

PAVING & SLEEPERS,

AS SUPPLIED TOR

RAILWAYS, ROADWAYS, AND

TRAMWAYS
THROUGHOUT THE WORLD.
Will withstand Heaviest Traffic and any Climate.

APPLY FOR PRICES AND STATISTICS
OF RESULTS.

MILLARS’ KARRI & JARRAH

CO  (1902), LIMITLD,

712, Bishopsgate Street Within, LONDON, E.C.




ADVERTISEMENTS.

PERMANENT SANITARY ROAD-
WAYS AND STREETS.

“GRANITED NATURAL LIMMER
ROCK ASPHALTE”

for Roadways and Streets embraces every
feature of a successful pavement.

SANITARY.
IMPERVIOUS.
NOISELESS.
NON-ABSORBENT.
PERMANENT.

BRADSHAW & CO,

LSTABLISHED 1844,

LONDON AND MANCHESTER.

London 0ffice . = . 52, QUEEN VICTORIA STREET, E.C.
Telegrams : “SUBTENDING,” LONDON. National Telephone : 6109 Bank.



ADVERTISEMENTS.

THE ADAMANT

Stone & Paving Co.,

Limited.
PALACE CHAMBERS;:

9.-Bridge Street, Westminster, S.W.

- o

“Works:—DANCING CAIRNS QUARRIES, BUCKSBURN, ABERDEEN,

Telegrams ** OMNIPAVUM, LONDON” = ESTABLISHED
[ Telephone No. : 3080 GERRARD. 1885.

Directors —Colonel C W. WILSON, D.L , J P. CLAUDE CHAS. KEEP, C.E. HARRY ROGERS,

The following 15 the test made by the well-known London expeits, Messrs. D. Kirkaldy
& Son, asper Certihcate of 12th August, 1891, showing the great power of 1esistance to crushing
force possessed by the Aberdeen Adamant:—-PATENT ABERDEEN ADAMANT
STONE, I sq. ft. 2% ins. thick, was Crushed at 413°I tons.

The sizes of the Slabs kept in Stock are:—3ft. 6in. x 2ft. x 2in.
3ft. x 2ft. x 2in,, 2ft. 6in x 2ft. x 2in., 2ft. x 2ft. x 2in, 1ft. 6in. x 2ft. x 2in.,
also 3ft x 2ft. x 24in,, 2ft. 6in. x 2ft. x 24in., 2ft. x 2ft. x 24in., 1ft. 6in. x
2ft. x 24in.

200,000 yards super kept always in Stock.



xii. ADVERTISEMENTS

John Fowler & Co.

(LEEDS), Ltd.,
ENGINEERS,

LEEDS AND LONDON.

MANUFACTURERS OF

Road Rollers and Scarifiers.
Traction Engines and Wagons.
Tractors and Trailers.

PRICES AND PARTICULARS ON APPLICATION.



ADVERTISEMENTS.

HIGHEST AWARD AT TIE ROYAL SANITARY CONGRESS, GLASGOW, 1goo.

LIMMER
ASPHALTE
PAVING CO,,

Limited.

Limmer and Montrotier Seyssel

MINERAL ROCK ASPHALTE

for Roofing, Terraces, Reservoirs,
Vertical Damp Courses, etc.

Mineral Lithofalt Asphalte,

FOR ALL KINDS OF

HORIZONTAL PAVING AND DAMP COURSES.

Cook-houses, Wash-houses, Open Drill Sheds, Stahles,
Coach-houses, etc.

Laid as MASTIC or in BLOCKS, 9in. by 4}in.,, with plain or
grooved surface, and of various thicknesses.

CHIEF OFFICE:

2, MOORGATE STREET, LONDON, E.C.

BRANCH OFFICES:

20, Ceorge Street, Edinburgh; 144, St. Vincent §t., Clasgow ;
) 13, Queen's Sq., Belfast,



Xiv. ADVERTISEMENTS

Is the BEST  Material

FOR

Roadways, Footways,
Damp Courses, Roofings,
Warchouse Floors,
Bascments, Stables,
Coach-houscs,
Slaughter-houscs,
Breweries,
Lavatorics,
Tennas-courts,

L., Ete,

Full Particulars can
be obtarned from

the Offices,

HAMILTON
HOUSE,

BISHOPSGATE ST. WITHOUT,

E.C.




ADVERTISE 'VII NTS.

T AR FOR ROADMAKING

Either Crude or Freed from Water.

MANUFACTURERS ALSO OF

, Coal Tar Pitch, Benzole, Toluole, Solvent Naphtha,
Creosote Oils, Grease Oils, Carbolic Acid,
Dark Cresylic Acid, Granulated and Sublimed Naphthalenes,
Pyridine, Anthracene, Sulphate of Ammonia, etc.

FOR PRICES APPLY TO--

South Metropolitan Gas Company,
709, OLD KENT ROAD, LONDON, SE.

Telegraphic Address  * METROGAS-LONDON

DUST PREVENTION BY OIL
GAS TAR PREPARATION.

As used with much SUCCESS in DUST-LAYING COM-
PETITION at Staines,and COMMENDED BY JUDGES.
COST is HALF that of Watering.

For Price and Full Particulars apply —

The Gas Light & Coke Co.,

4, Fenchurch Avenue, LONDON, E.C.




xvi, ADVERTISEMENTS.

AMMONAL.

These most powerful EXPLOSIVES of the Nitrate of Ammonium
Class, now used by the largest railway and quarry contractors in Great
Britain, combine in themselves the strength of the Nitro-Glycerine com-
pounds with thesafety of the Nitrate Classes.

L] ‘o
No Exudation; No Freezing.
UNAFFECTED BY COLD OR HEAT.
Packed in hermetically sealed lever-lid tins of g Ibs. each, to with-
«tand rough usage and climatic influence. [ins can afterwards be used
for canteen purposes.

Ammonal Nos. 3, 4 and 5

are used for rock blasting, military road making, mining and quarrying
of all kinds.

Ammonal Grain.

A high explosive in grain form—a substitute for black powder, in
concentrated strength. I lb. Ammonal Grain does equal work to
3 Ibs. ordinary gunpowder. Packed in 10-lb. tins, with screw nozzles ;
this explosive requires a detonator.

Full particulars of these explosives, the only ones containing
Aluminium as a base protected by patents in all countries, can e obtained
from the following agents of the Company, who can supply stocks e¢x
Jlocal magazines: —

MADRAS ... . . South Indian Export Co., Ltd.
g:hgggLA } . . Arracan Co., Ltd.

BOMBAY . . Begbie & Co.

COLOMBO . . . Ripley & Marshall.
YOKOHAMA

KOBE 1 - American Trading Co.
COREA f

SYDNEY, N.S.W, B. G. Plummer & Co.
DUNEDIN ... . . . Guthrie & Bowron.
NEWFOUNDLAND . .. Bishop & Munroe.

And from the Head Office of the Company,

Ammonal Explosives, Ltd.,
29, Great St. Helens, E.C.

H. M. SAVAGE, Secretary.
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