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SYNOPSIS

The Paper cbodics the principlos awd

. R roecticas  roce for
roadside developmont in Madras State. b nunonded

B l"[ho necessity for having adequate road land width has bheen brought oul.
and details vOf how.tlm road can ho made to harmonize with tho landseape
are given.  The desirability of having flat sido slopos is stressod 7

Planting s(',h_mn(‘ﬂ, namely, conventional avenues and alfernatives suol
s group planting and  informal planting ote,  aro (“g('“q“\(l( T;i‘;‘f{:}lnlnl
Rpecies of troes, thoir babits, and thoir suitability for avuiu.m“ )Ix{]lt‘lti( n tu't'
enumerated,  Suggestions i regasd to raising  nursories, ea r[ f ‘-‘l)]' i
and plantation by the roadside ace given in great detail oo ot Beediings,

Tndo N i i
Undor the h.oa.dmg, Maintenance of Avenue trees, practical hints on
pruning, removing parasites and unhealthy branches ote, aro given '

The section on Roadside Draina t 1 .

Th . ) ge puts forth a rational method ol
designing roadside drains 0 use ‘ha v '
; ~1gd p:, darains hy th sa of charta, A 5 orked ot Oxampla is

1. INTRODUGTION

1.1, In the past, Highwa Engince '
limited funds at their disposal},’ haveg devl:t’edﬁxi?l é)f%o t b
tl.ao extension of milage in road construction. Little or no artt .
tion has been paid to acsthetic features. Highway traffic, to soen-
extent, is recreational and the tourist seeks routes of beau?e
People from the city and the village are attracted by the va.rig’é
9ha.rm§ of the open country and appreciate roadsides harmoniz
ing with natural beauty. Moderate expenditure o,n roadside;
improvements is, therefore, justified and should be included in
schemes for road construction and maintenance. Much roadside

lm};rovements can be accomplished without material increase in
costs.

the

1.2. 1In general, landscaping includes a vari

which aim at fitting the road into the la.ndsca;éetz,nolfa?cei?lsur&i
-appearance, safety and utility and increasing the’ pleasure ogf the
public using the road. Good landscape design will preserve the
natural character of the roadside as far as possible, and ay tr
are the dominant units in landscape work, will OOI’ISCI'VO e‘xi ti

vegetation. Where it is necessary to supplement by new slmg
ting, it should be done with native material arranged ipna;—
-informal manner to merge smoothly into the natural landscape ?

0es

1.3.. Improved appearance should not be the
of roads¥de improvement. It should emerge from j
way design particularly with reference to erosjon
rounding of surfaces, and improved draina
intended primarily to carry traffic,

sole ohjective
mproved high-
control such as
: ge. As the highway is
lmprovements of geometrio
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elements such as curvature, grade and sight distance are even
more essential than any ornamental planting or other embellish-
meuts, but it must not be forgotten that utility, and safety
require due regard for the basic principles not only of engineering
but also of sound landscape design.

1.4. The prevailing ecological conditions of sea-coast and
inland valley, forest and delta, and mountain and wasteland
control the design and the methods of landscapo planning. Cli-
mate and soils of the arca influcnce it. It is a field of work that
is at present undeveloped, and methods and practices must be
evolved suitable to the locality. Standardization is neither
necessary nor desirable, since variety and change are the essence
of roadside charm. Satisfactory roadside improvement and
modern highway landscape design require the collaboration of the
highway engineer and the trained landscape architect. However,
Enginecrs can apply many of the principles of landscaping in the
planning and execution of highway projects.

1.5. Roadside development is discussed under the following
headings :

(1) roadland width and the landscape ;

(2) the highway alignment and the landscape ;
(8) the highway cross-scction and the landscape;
(4) roadside planting; and

(6) roadside drainage.

A. LANDSCAPING
2. ROADLAND WIDTH AND THE LANDSCAPE

2.1. Adequate roadland width is perhaps the most important
item for good highway landscaping. No other single element will
solve as many landscape problems. Land width should be
azdequate (a 100 ft or more) to allow for :

(i) the provision of a continuous strip of trees or shrubs
to shut out undesirable views ;

(if) the shifting of electric transmission lines etc. away
from the border trees ;

(iii) the provision of roadside parking places;

(iv) flat side slopes of the embankment to increase safety
and to ensure a satisfactory transition of the embank.
ment into the natural contours of the country:

(v) the avoidance of unsightly borrow pits ; and
(vi) look out points for scenic. views,
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and other groundcover which is the best insurance &gilmsf('
3. THE HIGHWAY ALIGNMENT AND THE LANDSGAPE erosion, the side slopes of cuts and fills should be as genbhe 1
possible. Slopes steeper than 2 horizontal to 1 vertical s (;11 !
3.1. Highway alignment is greatly improved by the provi- never be used even though structurally stable. Ease and salety
sion of curves of as large a radius ags Possible, supplemented with of driving require that the motorist should be able to see vivh’ere
spiral transitions which produce a Pleasing landscape effect. the embankment merges into the ground; with the majority of
Since the safety of traffic must take precedence over landscaping vehicles this is not possible if the side slope is steeper than 3 to 1
building in adequate sight distance is essential,  Roads that lcmi (Fig. 1). So from the point of view of the motorist any sl.ope
to tourist centres should be so located as  to afford tho maximum steeper than 3 to | is undesirable. ‘The slight increase in cost (,hg.t
opportunity for secing plensant views. The alignment selected may arise from the adoption of gentle slopes will be more than
from engineering considerations such ag grade, cte., may also be offset by the ultimate saving in maintenance.
made to afford access to pleasing vistas where the oxbia costb s
within reason. . o o
nobstrueted h“p. of wight } Vooi trathe labe o Tlevel of
3.2. The proper combination of profile and alignment is of operator of vehicle i fiye  leve

important for landscape design and traffic operation,
of line may he lost, if grade and line are not prop
Thus a horizontal eurve should not begin at a summit
to suggest the change of direction before the road goes out of
sight. Lines ¢ flowing with the country ” with carcfully placed

proﬁle' changes and properly designed vertical curves are
essential.

The beauty Slope not steeper that 301
crly related.
; 1t 18 better

averayo motor
_vehicle 4rabove
?' surfacing

{
i ! | operator O]
|

Blind spot pro-
sonts a psycho-
logical as well

3.3.  Poorly placed grade changes can distort an otherwise " as a real hazard,

beautiful curve. Thus a hump in the profile of a

3 : fe curve, whose Shouldor slopes may vary {ntersoction
concave side is visible across a broad valiey, niay mar the entire (from 370 17 per foot) to  of slopo of
line of the highway. Jerky changes of the longitudinal profile facilitato drainage require-  shoulder and
should be avoided and near scenic vistas the grade should ho flat- ments in pleasing relation  oarth grade
tened. Bearing in mind the desirable combination of grade and }”‘Z"“;{,‘l‘"“lﬂl’}y Y:‘fym,g 1,," f,‘;,;b" roun

1 ¢ rmony with supereleva- .
curvature for safe operation, the landsecape aspect of the gradient tor RN.‘;VO“S‘ I

should receive consideration. Sometimes it m
design the grade and curvature for sudden bur
spectacular effects.

ay be desirable to Fig. ]
sts of scenery or for Showing desirable side slopes

4.3. The aim should be to make the surfaces of cuts and

4. THE HIGHWAY CROSS SECTION AND THE LANDSCAPE

4.1. Steep Slopes Undesirable
The steep side slope of 1} to 1 adopted for cuts and fills,

Fig, 2
irrespective of the nature of soil and the country traversed, is rin oot y
not desirable. It is unsightly and difficult to maintain, Ste’ep Rounding of Fill
slopes reduce visibility in cuts and necessitate erection of fuard . ’ ¢ oL Slope
rails in embankments. Flatter slopes are ueeded to H =

} L : ; prevent 1
erogsion, to permit seeding and sodding, and +to improve ";" m-,.’f
appearance. Edge bunds should not bo put up in any circum.

stances as a measure of srosion control. « m2 {0 4’ according tu width of shoulder

b —g)
4.2. Gentle slopes and rounding of the top and bottom iy _{9_(;{’4_:1
Gentle slopes and rounding of ¢ in which g’ and g aro the slopes of
slopes is desirable. In order to 5 ho top and bottom of intersecting lines, of same sign,

encourage the growth of 8rass
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fills flow into the natural ground contours with ag little break in
grade as possible. The top and bottom of fills and cuts should
be rounded as shown in Vigures 2,3 and 4. Such work is best
finished by hand. The existing steep slopes, where the embank -
ment height does not exceed 8 or 10 feet, may be reduced to 2 to
1 or less with such rounding. The surplus materials removed by
rom}du}g_ the top may be used to round slopes at the bottom. A
*“ bransition ” or ** warped ” surface iy necessary as cut changes
to fill.  The rounding should not be too stercotyped, a natural or
** weathered ** effect being desirable. ’

E;L:u

= l_-r*

¢

ROUNDLD

BOTYOM
Qf DITCH 1
’2}'
k4
1

@ =2 to & according to width of shoulder
==
4

:m wich g and g are the slopos of
mtersocting lines, of sgame sign,

SIZE OF DITCH
YO surr
DRAVNNAGE
(DND(YIO'\S

pm
=

Fig. 3. Rounding of Qut Slope

4.4, The highway cross-section in

general must be adopted to the roadland Fete

width and designed for progressive . ___,
development to the section required for ‘/T\t_\‘\:.
ultimate traffic. Wherever extensive
landscape treatmentis to be carried out -

on the finished slopes, the grading of
the section should be carried to the Roundi
final future width, so that the investment at §
in planting will be saved.

ng of Fill Slope
at Superelevations

4.5. Catch Drains  and Side
Ditches

In cuttings where the slope
continues to a high elevation and
where the drainage from adjacent
land flows over the cut slope in
enough volume to start or ‘aggra,-
Fig. 5. Catch Drain to "2 erosion, @ catch drain as

Protect Cut Slope showp m Figure 5 should pe

v provided. The size of these drains
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will be governed by the area to be drained and the permissible
velacity as explained in Section 15 ¢ Roadside Drainage .

4.6. Side ditches in all cuts should be designed to carry the
volume of water as explained in Section 15. The bottom should
be rounded as shown in ¥ig. 3, since a rounded section is less
conducive to crosion than the trapezoidal or V-shaped section.
It is not necessary that the side ditches be always parallel to the
road or have uniformly sloping banks. Ditch banks in
favourable soils can have very flat slopes soas to be almost
unnoticed,

4.7. Ground Cover

In all new formations and existing cut or fill slopes where
crosion is in evidence, it is necessary to encourage the growth
of ground cover. This may be done by seeding, turfing, or
planting creepers and low growing shrubs. To avoid artificiality,
the use of native varieties of grass, creepers, and shrubs should
be preferred and natural growth preserved.

4.8, Turfing
Turfing is recommended for bank of extremely erodible soil.

After the slopes have been rounded as shown in Fig. 2, the
earth should be loosened to a depth of about 3 inches, and if soil
conditions are adverse to plant growth, a fresh layer of soil con-
taining a high percentage of clay, 2in. deep, should be spread
over the area and worked into the existing soil. It should pre-
ferably be taken from the same locality as the sod used for tur-
fing. Any raking of the ground for loosening the soil and mixing
soil should be done parallel with the contours. Sod should be
lifted in a thickness of 2§ inches and cut to 12 in. by 18 in. pieces.
The strips should be placed on the prepared slope parallel to its
contours starting at the bottom. When the top is reached the
edge of the sod should be turned into the surface and a thin layer
of earth placed over the edge and compacted so as to divert
water over the edge and on to the top of the sod. Successive
strips should be neatly matched and all joints should be stagger-
ed. The sod should be staked in staggered lines on all slopes of
1} to 1 or steeper and compacted by tamping lightly so that it
becomes incorporated with the soil bed. The stakes should be

"about 12 inches long and about 2 inches by 2 inches in section

and may be of any locally available material such as bamboos,
avenue cuttings, country wood, ete. The method of turfing is
illustrated in Fig. 6, : LT
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.about
" " 2" square
}“12 142"’{‘ T  stakes
PR M -0 Lo al 4 a
) i o
f\’) - ug [+ o o n
1 i
> b | ® a| —ta a a 2 o
N
Tl

Detail for Staking
Fig. 6. Turfing

4.9. Planting of Shrubs and Creepers

For deep cuts and high falls in certain conditions of climate
and soil, this type of ground cover will be the most suitable.

After the rounding of slopes as shown in Fig. 2, plant
furrows about 12 in. deep should be dug along the contours of
the slope, on a grade not exceeding 3 per cent ordinarily and one
per cent in the case of erodible soils. The furrows should be
about 4 ft apart centre to centre along the slope on fairly stable
soil and about 3 ft apart in erodible soil and should be filled
with good soil to form a proper seed bed, Saplings or
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cuttings of native stock such as Mudar, Tanncr’s Cassia
Bandrike, Goats Foot, ete., should be planted in the furrows
{See Appendix IT for habits and suitability of various plants).
The plants should be spaced suitably so that the entire surface
may be covered in course of time.

Where low growing shrubs are used as ground cover they are
better planted in irregular groups or colonies rather than furrows.

The mothod of slope planting is illustrated in ¥Fig. 7.

Furrow Filling

Furrow Section for Slope Planting
Fig. 7. Slope Planting
All planting operations should be carried out during favoura-

ble weather. Where necessary, watering should be done to assist
the establishment of ground cover. '

All planted areas are to be mulched down with roadside cut-
tings, leaf mould, etc., to assist in retaining moisture.
4.10. Other Routine items

The blasting of rock which might cause damage to trees
should be controlled. Small boulders must not be left piled in

-2
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rows on top of shallow cuts. Larger boulders can be salvaged
and used for guard rails. Tn high embankments, dry stone
masonry retaining walls are often required to prevent undue
lengths of fill slope.

ELEVATION

Specimen trees can he preserved in a fill by the use of
magonry ¢ welle 7’ illustrated in Fig. 8.

Variable

Clumps of grass once started will catch much fine, eroded
material and retard wash.

3 TEEEE Concentrated ditch water and culverts that function under
=R e = head start erosion. Protective pitching should be provided in such
% R cases.
é E i§§ ; .z On completion of work the site should be thoroughly cleaned
| R - = ~z ik z & up. Ragged slopes and ugly borrow or gravel pits are unsightly.
t' . = 5‘ = T = :
g = 5 RS- ) . . T
- : , Sl S ¢ IR As far as possible no borrow pits should be allowed within
= e Trio.e @ the roadland, In unavoidable cases where borrow has to be taken
b Vﬁ}:}? woul 2o TETE - ey .
= M me0 E S_3FL _fESET from within the roadland area pits should be as far out as
e \ oAl w2z h T ETE B possible and hidden from the roadway.
R R N~ bl
] T paEEEs;F5s €
i 225t EEEE 8
;. g v
] S o B. ROADSIDE PLANTING
& [ 5 0
o o W el
Qg B 5. ROADSIDE PLANTING AND MAINTENANGE
£ 0
. -~ § L 5.1. The primary object of planting trees along the highways
= S e 2o S8 is the provision of shade, as in India the sun is unbearably hot
H M\ O 58 for at least six months in the year. Well planted trees also appeal
a 20 to the aesthetic sense because of the beauty of their foliage,
. - 3 e flowers and shape. Further, fruit bearing trees are a source ot
[N g% income, Therefore, it should be the aim of every officer to plant
e sl = 2z and rear up as many trees as possible and to see that proper care
¢ VUi O 2. is bestowed on the young plants. This Section deals briefly with
25 5 = .‘; =3 the items that are essential for the sound planning and execution
a6 2 W %as of roadside planting.
=00 »
swo| 3 s .
P E:Y 5.2. Planting Programme
S g 57 As soon as planting is decided upon, a complete soheme
g o [ & Y- 85 should be prepared showing the nature and cost of work to be
Q o n 8y :
g 2 2! -.—-\ i & done each year till the trees are mature as well as a calendar of
-3 l 4 &3 duties to ensure attention in time,
¥ 000K o SN
N &l s 39
k- S
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5.3, Procedure in New Roadside Tree Planting

Experience indicates that

the following , g
be careally Folomen® mg procedure should

(1} Make a lig(, ().f trees known to be climatically suitahle
for the distriet, preferably those that have already

beon.tnod and have proved suitable for roadside
planting.

DA 1 11te c¢low : 1 1 i
2)  Examine the site closely, especially in respect of mois-

ture conditions, depth and type of s0il, and the oxtent
of exposure to windu,

(3) Take 2ecount of the conditions at the site and select
from the list the type of tree to bo planted.
(4) Provide trec-guards or fenc

ing and preparve the eround
thoroughly. i -

(3) Plant in the correct season.

(6) Tnclude an item in the annual maintenance programme
t0 cover the care and maintenance of trees,

(7) Ensure proper care and maintenance an( set up a
proper organization of trained personnel. [f trainod
men are not available, select employees who display a
special interest in trees, and train them.
. .
5.4. Avenue Plantation Versus Group Planting
m , | 9 M M -
- ':‘llllf) suceess of tree planting is Judged not by healthy tree
;:rum alqne, but also by the general landscape cffect created.
he following are some of the points to he considered

Fig, 9 Group Planting
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As tho rural landscape is cssentially unorganized, the
planting of formal avenues should genorally be confined to the
approaches to towns, large bridges or other man-made features.
Long avenucs tend to become monotonous,  Where travel speeds
are high, regularly spaced trees lacking variety may become
irritating to the eye and induce drowsiness.

A better alternative to avenue planting is group planting
(See Fig. 9), which requires roadland width of at least 200 feet
which is seldom available.  When land is less than 200 ft group
planting is possible if advantage is taken of local widenings.

Group planting provides an opportunity to introduce contrast
and variety by the use of exotic trees not similar to the back-
ground trees. (iroups should not he planted in regular rows, bub
to a scheme the cssence of which is informality and which will
take into account the growing habits of the trees. - For example,
smaller growing trees might he placed on the fringes of the group,
creating a pyramidal effect.  Stagging the groups on opposite
sides of the road, as shown, produces a good effect. The group of
trees may he omitted wherever desirable growth exists on or near
the road hed.

Group planting has the advantage that it is flexible and the
types of tree can be selected to suit the exact conditions at cach
site. Further, group planting may he undertaken on as small a
scale as desired and vet give pleasing results.  Also such arcas
can be developed as picnie spots, ’

Another alternative to formal avenue planting is informal
planting (Fig. 10) which is suitable for rural areas. A natural
and free arrangement of native plants to fit into the informal
character of the open country should be the aim. Transition

from the informal to the formal planting should create a fade out
effect, see Fig. 10.

Mixed Planting.

Much of the monotony of avenue trees can be relieved by
selective planting of different varietiossuch as tamarind, mango,
eluppai, wood apple, otc., as illustrated in TFig. 11. Mixed
planting has the following advantages ;

(1) The plants flower and bear fruit in different seasons
and, therefore, the avenue lessee is induced to take
some interest in them throughout the year.

(2) In storms and gales, at least some of the harder
varieties survive,

(3) The shedding of leaves takes place in difforent parts
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] 5 | @ ‘\% 6, CHOICE OF TREES
{ a It -
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| | " o :
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(2) 1t must suit the soil and rainfall of the place.
(3) Tt must appeal to the eye en masse,

(4) A spreading, evergreen crown is essential. but it must
not be of too rank w habit, for a tree that will grow
right on to the roadway will never do.

6.2.  The nature of the road should be taken into considera-
tion in selecting the type of trees for planting. For example, if
the road is of & suburban  character or is a new road in the
neighbourhood of which it is proposed to build houses moderately
close to the road, it is obviously unsuitable to plant large trecs of
the forest type as these will grow up close to the houses and block
the view, darken the rooms, and generally be a nuisance to the
houscholders.  They will have to be severely pruned and this
will damage them,

6.3. The chaice of species must be governed by the following
considerations :

(1) The species must be either truly evergreen sueh as the
mango, ncarly evergreen such as the Margosa, or he in
leaf during the height of summenr.

(2) The species should be capable of developing a straight
and clean bole up to a height of 8 to 12 feet from the
ground level, beyond which it must develop a spreading
and reasonably dense crown. In general, two types of
branching may be distinguished : heliotropic, i.e., with
side branches growing with an upward or horizontal
tendency, and geotropic, i.e., with side branches growing
outwards and downwards or with a definite drooping
habit, Of these, trees of the former type such as the

Indian Cherry arc more suitable for highways than
trees of the latter type.

(3) The species must be fairly hardy, fast growing and

winfl-ﬁrm. Too rapidly growing trees should be
avoided becausc these are invariably short-lived and
have very brittle branches,

(4) The tree should be deep rooted. Shallow spreading
roots injure pavements for they crawl underneath
pavements and break them wup and by absorbing
moisture from the subgrade in detrimental amounts
during times of draught cause instability of the road
structure.

(5) Th'e trees §hould not harbour pests or in any way
injure agriculture in the neighhouring fields. ’
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6.4. Many ornamental flowering trees such as Gulmohar,
Cassias —native and exotic, Jarul, Indian Cork, and the Rain-
tree lend colour to the drabbest surroundings when in bloom, but
their proper place is in parks and gardens not on the roadside,
for they are softwooded and top heavy. Pinari belongs to the
same class and has the further disadvantage of attracting
caterpillars.

6.6. Where they can be cultivated, the Champak and Magizh
would both provide cool and fragrant avenues of exceptional
charm.

6.6. The Indian Beech is a sturdy, evergreen, quickgrowing
tree that stands lopping well, and whose foliage finds ready sale

as green manure. Another tree of very near size and colour is
Portia.

~ The long-lecaved Asoka is a magnificient tree when full grown,
but like other lofty trees with thick, mastlike boles, it dwarfs
the highway if allowed to pursue its nature, and if pollarded,
needs periodical attention and loses its grandeur.

6.7. The Margosa has many virtues as an avenue tree. In
the hottest months, when shade is most welcome, it is in thick
leaf, and its clean-smelling neighbourhood is said to be health
giving, probably because of the antiseptic properties of its oil. It
has a stately presence and the sweep of its branches has a
decorative quality.

6.8. No tree, however stately or picturesque, can equal the
Tamarind for the road. It needs careful planting, but once grown
is the hardiest of trees and no wind bothers its tough, supple
boughs. Its deep round crown, some ten feet above the ground,
has ample breadth and substance. Its economic worth should
more than offset what little damage its acid leaves may do to
crops grown directly under its foliage.

6.9. The Banyan has all that one can ask of a tree in
appearance or shade, but has the habit of spreading all over the
place over its prop roots, and when these prop roots overhang the
road they chute down water damaging the surfacing.

6.10. The Peepul though majestic has no shade and is soon
turned into a little shrine by local people. It should not be used
for roadside planting. A

6.11. The charming Fig tree (Ichi) with the chaste green of
its foliage and the grace of its outflung, slender limbs, adds refine-
ment and an air of peaceful repose to any highway.

3
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6.12. The best principle to follow in the selection of trees is
to seleet those species which are thriving under similar conditions.
Generally trees with small sized thin leaves like the Tamarind
aund the Margosa stand droughts very well as they nced much
less supply of water than the large and thick leaved varietics.

As a general rule, all species of trees having large and thick

leaves should be avoided as avenue trees for the following
reasons :

(I) They require more moisture than the small-leaved
varietics.

(2) Dripping during rains will be very severe.

(3) The noise made by the blowing of wind through the
folinge of such trees and by the impact of falling
leaves is unpleasant and positively nerve-racking on a
lonely road.

Appendix I gives the names of trees and shrubs of Madras
suitable for roadside planting.

Brief descriptions of the habits, peculiarities of shape ete., of
the specics listed in Appendix 1 are given in Appendix T1I.

7. THE IMPORTANCE OF PLANNING

71 The Importance of Planning

Roadsi@e. planting is no routine job. It calls for knowledge,
care and ability to select the right species of trees to harmonise

with the local setting and a plan for proper attention during the
early stages of growth.

One distinguishing feature of avenue planting is its great
length without breadth which increases the cost of rearing the
plants. Expenditure and extra effort in hastening their growth
and advancing the time of their being out of danger tend to
economy in the long run. Besides, a fast growth necessarily
requires a uniformly healthy condition and trees so grown will
develop a pleasing shape and appearance, A slow or stunted

growth at the beginning accounts for the shapeless forms of trees
so frequently seen.

8. THE NURSERY
8.1, Nursery

~ Although trees may be raised by means of direct gowings
or cuttings, in practice it is found more economical to
transplant nursery culturd secdlings two or three years old
when their root system is well developed so as to get established
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into the soil. Such plants come up vigorously and stand drought
well and need care for a shorter period, ultimately reducing
the cost of plantation. Nurseries for raising seedlings are
therefore indispensable for any programme of tree plantation.

The seedlings in the nursery should be raised from seed, but
species which do not seed freely and hybrids must be raised from
cuttings or layers of graftings.

8.2, Selection of Site

A good site for a nursery must be (i) conveniently situated
in regard to areas it is to supply with seedlings and to the exercise
of supervision; (ii) on good soil; and (iti) abundantly irrigated.

Generally it is found convenient to locate nurseries in the
compound of inspection bungalows and to place the bungalow
watchman to be in-charge. For important schemes the best
situation is the Section headquarters. As a rule, there must be a
nursery at every Section headquarters.

8 3. Size of the Nursery

This depends on the number and the age of the seedlings to be
supplied annually. Area required depends on the number of the
years for which it is intended to keep the young plants in the nur-
sery. For example, if the seedlings are to be planted out after three
years, space must be sufficient for three years’ stock of seedlings.
Additional area for pathway between the beds is also necessary.

8.4. laying out the Nursery

The ground must be cleared of all stumps, roots of trees
and stones, and must be ploughed deep and levelled. A
platform of 2 feet height made of light soils or sandy loam
must be raised over this prepared ground. This. will permit
the full and unhampered development of the root system and
facilitate easy removal of the plants from the beds. The
platform, as far as possible, must be rectangular in shape to

facilitate laying out the beds conveniently. The slopes of the

platform all round must be stabilized by grass sodding. The
platform should be fenced round leaving a 3 ft wide pathway
round it. Four and a half feet high trellis work in split bamboos
carried on casurina posts, spaced at 6 ft intervals, will serve the
purpose. Separate areas with pathways all round should be
regerved for each kind of plant. A satisfactory arrangement is to
divide the platform into 3 ft wide beds in the transverse direc-
tion with 2 ft wide pathways in between to facilitate watering
and other nursing activities. The beds on which the posts are to
be arranged or seeds sown, as the case may be are covered with leaf
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mould to a de
platform is la
be left.

pth of about 6 inches to retain the moisture. If
rge, a central pathway along the length should

9. SEEDS AND SEEDLINGS

9.1. Selection, Extraction and Storage of Seeds

It should be made sure that genuine seed is obtained from
selected plants which are the best of their kind in shape, profusion
of leaf and fruit. For seed extraction the fruits must be ripe to
ensure that the seeds are well developed. When this is done it is
astonishing that their vitality is preserved under the most trying
circumstances. The methods of extraction vary with the kind

of trees. However, any means without affecting the embryo
inside the seeds can be adopted.

9.2, Ripe.ness in dry fruit is usually accompanied by loss of
suceculence, gain of a peculiar colour, and opening of the fruit.
In pulpy fruits ripeness is indicated by colour and softness.

‘9.3. Dry fruits when ripe are spread on paper in the sun
until they open, when the seeds are removed by hand. Those
fruits that open explosively are put inside muslin bags till they
open 80 that the seeds are not ejected to a distance and lost. The
seeds should then be thoroughly dried by exposing them to the
sun for t_hree successive days, storing them in air-tight tins in the
intervening nights. After the final drying the seeds should be
put in dry air-tight tins along with a ball of napthalin and the

lid soldered or waxed on. Glass bottles with the corks sealed in
are as good as tins if perfectly dry.

9.4. Pulpy fruits should be gathered when showing signs of
over-ripeness and allowed to rot. When the pulp is rotten
squeeze and wash it away from the seeds and dry the seeds on
blotting paper in the shade for three days, and 1in the sun for
three more days. The seeds are then stored as described above.

9.5, .If seeds are kept in envelopes or some such receptacles,
they are liable to the attacks of insects and the effects of moisture.

9.6. The seeds of different plants differ very much in the
length of time for which they may be stored. Most of our annuals

will keep a year, but mango and citrus seeds keep only a month
or at most six weeks.

Naphthalin is & most effective mea
attacking seeds. One-fourth of a nap
tinful of seeds will kill all existin
attack.

ns of keeping insects from
phthalin ballin a cigarette
8 Insects and prevent further
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9.7. Seed Sowing

The best method of sowing will depend on the kind of
seed to be sown.

Certain seeds, especially some belonging to the classes legu-
minosae (pod-bearing kind) and malvaccae (cotton cla.ss).ha.ve
extremely hard-coated seeds. If these are sown in the ordinary
way they will not germinate. Such seeds should be soaked in
cowdung water for about 24 hours prior to sowing.

9.8. 1If the seed can stand storing, the best time for sowing
will be the beginning of monsoon or, failing that, July to
September, as this reduces the cost of maintenance to the mini-
mum. The seeds which have to pass through a dormant stage
before germinating should be stored. Seeds which are short-lnfed
and which germinate satisfactorily immediately after extraction
are best used fresh. Very large seeds should be sown directly
into pots and very fine seeds in crates or pans in sandy soil
covered with sawdust or finely chopped leaf mould. Very obdu-
rate seeds such as Gulmohar should be soaked in water for one or
two days before sowing or the hard seed coat should be peeled
out without injuring the hilum.

9.9. Pots having a thin shell, well burnt, pg‘eferably double-
burnt, conical in shape, plain and without rims or curves, 6
inch diameter at top and 4 inch diameter at bottom, 15 to 18
inch deep, and open at bottom are found satisfactory. "I‘he pots
are filled up full with sand-silt mixture in equal proportions and
watered to permit setting. The seed is then sown and covered
with sand and sawdust or chopped leaf mould with about 4 inch
of free space at top to admit watering. Only one seed should be
sown in each pot.

9.10. When pots or seed-pans are used, the best soil is one
part leaf mould, one part common garden earth, and an eighth
part sand, mixed well. A light soil for covering the seeds may
be made of equal parts of coarsely pounded charcoal and leaf
mould. If the seeds remain long before they germinate, the
charcoal will have the tendency to keep the soil from becoming
green and sour, as it often happens due to continued watering.

9.11. The depth at which a seed should be sown is roughly
equal to its diameter. The bigger the seed the deeper should it be
sown. Small seeds are sprinkled on the surface of the seed bed
immediately after drenching the soil. If proper attention be
given to drainage, moist soil softens the hard integument of the
seed and enables it to germinate speedily.

9.12. Seeds need warmth to assist their germination and
should not therefore be denied the heat and light of the sun,
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When light comes from one side only the seedlings lcan over
towards that side and become long and leggy. A light roof of
split bamboo is o first-class protection, giving.a certain amount
of shade and no side light. If scedlings do not get plenty of light

the(frdg.row up into weak-stemmed plants which soon topple over
and die.

9.13. The watering of beds and pots in which sceds are sown
necds special care. Where the sceds  are very small and sown in
pans, the best way is to stand the pan in a dish of water and let
?he water risc up in the soil by capillarity. An alternative method
is to protect the surface of the pot with fine-leaved twigs which
will break the force of water drops. The watering-can should have
a fine ‘‘ rose” and be held high in the air.

, 9.14. Seedlings from fine
i seeds raised in special crates or
N4 beds are removed and pricked

\ into the pots singly. In trans-
planting, care should be taken
to ensure that no part of it is
injured, that the stem is verti-
cal, and that the roots point
downwards in their natural
direction without twisting or

RIGHT

WARONG turning, Fig, 12,
TRANSPLANTING PROM SCED BED TO |[DS The pots are embeddod in
Pig. 12 rows over the platform, 3 to 4

rows to a 3 ft wide bed, and
spaced closely.
9.15. Care of Seedlings

The plants should be allowed to remain in the nursery
until they have become sufficiently hardy to withstand plan-
ting. Having remained in the nursery for one or two seasons
and developed a well established root system, they will be
ready for transplantation to roadside when they are 3 to 5 ft
high. During the two years the plants remain in the nursery,
they should not be disturbed. Plants should not be allowed to
remain so long in the nursery as to have their root system unduly
cramped for space. For the normal period required in most cases,
the use of the open bottom pot described above virtually elimi-
nates this danger while avoiding the necessity of changing into
larger pots. Weeding should be done as often as necessary.
Watering which should not be profuse and should he done every
day, preferably in the evenings even during the rainy season
when there has been no rain. If this is regularly and judiciously
done, there will be no water collecting at the surface. Two
mazdoors, are necessary to raise up to 10,000 seedlings.

RoansibE DEVELOPMENRT IN MADRAS STATE 331

9.16.  About 10 to 20 per cent seedlings more than the number
of plants required should be grown to provide for casualties.

10, PREPARATION OF PITS FOR PLANTING

10.1. Spacing of Pits

The optimum distance between adjacent trees in the rows
will depend on the species, and no hard and fast rules can
be laid down. Where space permits it, the distance from
tree to tree should be equal to the diameter of the crown
of a fully doveloped trce, and the distance from the margin
of the road should be half the diameter. The position of
telegraph and electric wires, side drains, curvature of the road,
etc., should be considered in fixing the spacing. On curves the
trees on the inner side may either be set back for clear vision or
trees with high crowns may be planted. On the inside of sharper
curves trees may be omitted if they are likely to obstruct vision ;
on the outside, however, they indicate the curve direction,
especially at night, and are therefore useful. On vertical curves,
tall trees visible over the hill may indicate changes in direction.

For ordinary trees the minimum distance apart may be 30 feet
and the distance from the edge of formation may be at least
15 feet.

The trees in formal avenue planting should be planted
in rows on either side of the road with a staggered piteh so that
any tree in a row is opposite the centre of the space between
two trees in the opposite row.

10.2, Preparation of Pits in Ordinary Soil

The pits should be dug well in advance of planting so that they
may get sufficiently weathered. Dimensions depend on the nature
of soil. Normally, 3 ft by 3 ft by 3 ft should be sufficient. In hard
soil they may be 5 to 6 ft in diameter. Top soil not exceeding a
foot in depth should be stored on one side and the sub-soil kept
geparately. A few days in advance of actual planting, the pits
should be refilled with top soil mixed with manure and rich silty
soil in 1: 4 proportion. Additional top soil, if required, may be
obtained by digging around the edge of the pit. Depressions so
caused by the stripping of top soil should be made up with the sub-
goil. The loose filling should be allowed to settle by one or two
showers or the pits may be irrigated once or twice before planting.
The filling in should slope upward 6 to 9 inches towards the centre.

10.3. Preparation of Pits in Rocky Ground

Avenue trees are most needed in rocky and barren areas of
hard soil where it is difficult to rear them. In such areas sa
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large pit should be dug and filled with arable soil. If necessary.
the pit may bo opened by blasting. If blasting is done, sufficient
time should be allowed to elapse before backfilling is done to
permit noxious fumes to escape. A pit thus prepared may
give a sufficient start to the plauts and if a proper selection
of a hardy variety were made, the trecs may be able to send
their roots into the rock. Where the rock gets hardened by
woathering, the backfilling should be done as soon as the pits
are opened. In some cases, the spoil may be uscful for road
repairs. Where loose soil is difficuli to obtain, the side drain,
silt should be stored till it is sufficient to fill in one pit, or suitable
soil should be transported from the nearest source.

An alternative method is as follows: A shallow pit is first
opened by removing the over-burden and disintegrated rock at
the top. 'The bottom of the pit thus opened is next shattered by
blasting so that several planes of cleavage are opened up through
which the roots can develop. The pit is then filled with loose
soil and a mound with a level top about 3 ft high raised over it
with the same soil. The side slopes of the mound are preferably
protected by grass sodding.

11. PLANTING

11.1 The best time for planting at the roadside is when
Jight showers have heralded the approaching monsoon so that
when the monsoon actually breaks, a month or so later, the
plants will have sent their roots into the ground and established
themselves. In the north-east monsoon areas, about the middle of

August is the proper time, and in the south-west monsocon areas
about the middle of May.

11.2.  The plants are removed from the nursery along with
the pots without disturbing the tap root which is very likely to
have gone down through the open bottom of the pots. In the
centre of the roadside pit a hole large enough to take in the cone
of earth inside the pot and deep enough to allow the tap root to
go down vertically is scooped out. The pot is then broken and
removed gently tapping it with a light scythe. The plant along
with the cone of soil holding its root system is then planted in
the prepared hole, making sure that the tap root hag gone down
vertically and the stem is vertical. Any space left in the hole
after the planting should be back filled with top soil and manure.

11.3. Only one sapling should be planted in each pit. If
the plant is liable to attack by white ants, one aloe plant may
be planted in each pit. This will effectively prevent white ants,
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12. FENCING

12.1. Immediately after the planting, fencing should. be
provided to protect the plant from grazing animals. Willow

‘wattle woven guards, 15 to 18 in. diameter and 4} ft high, last

for 2 to 3 years and are simple and effective. They should be
erected in the following manner: Three bamboos, cach about
10 ft long, are first driven firmly into the pit spaced in such a
manner that the tree guard can be readily inserted around them.
The tree guard is then inserted and firmly tied to t'he three suppor-
ting bamboos with its bottom raised about 6 to 9 inches from the

surface of the pit and neatly enclosing the plant. The larger end

of the guard should be at the bottom and the smaller end should
point upwards. It is essential to keep the bottom 6 to 9 im.
raised from the bed in order to prevent damage to the tree guard
by water, white ants, etc., see Fig. 13.

WILLOW OR WATTLER
WOVEN TRER
SUARD 15" TO 18"
DIAMETER AND

4% FT HIGR

e

Fig. 13.

Tree Guard

(a) Deta.ilé of Planting in-roadside pit showing tree guards
bamhoo props, pots for irrigation ete.

{b) Raising of tree guards to protect foliage as plant
groups. . :

{¢) Tree Guard,
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13. TENDING OF PLANTS

13.1. Tending of seedlings transported into roadside pits
conslst?s of periodical watering, digging around plants and
removing weeds, mulching, and general care of tho plant till it
has fully established its growth. These items are dealt with
in the following paragraphs.

13.2. Watering

R_,egular watering is required during the period between
planting and the breaking of the monsoon,

Wa.tering is required, say, once in 3 days during April, May,
June ; once in 5 days in January, February and March, and
once & week from July to September if there has been no rain.

Proper supervision is essential].

Water is really required a little below the surface. The pot

system of irrigation described below, see Fig. 14, helps to achi
this and renders the work foolproof. g. 14, help chieve

—————— Y

Fig- 14. The pot System of Irrigatign
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13.3.  Pot System of Irrigation

Two pots of 3 to 4 gallons capacity will be put in at the roots
inside the pit with the neck of the pots kept clear of the ground.
The pots can be filled once in a week or 10 days as necessary.

Pots will be specially manufactured with long §ttaight neck
to prevent loss and misuse. Water will be supplied by hand
carts and the pots will be filled up by flexible hose.

Once a year the pots may have to be changed if they get
broken or leaky or if the pores get closed. The old pots should
be scooped out without disturbing the root system and the hole
backfilled with a mixture of top soil and manure. The new poty
must be set in holes dug on a line at right angles to the line of
the pots removed.

Direct irrigation being liable to be abused is not recommen-
ded till the plants are at least two years old and well developed.

The ground should be periodically raked and made up with
a heaped cone at the stem and a watering channel all round
about half way between the stem and the periphery of the pit.

13.4. Digging Round Plants and Removing Weeds

It is important to prevent the soil around the plant from
hardening. It should therefore be kept raked from time to time:
No grass, weeds or any kind of vegetation should be allowed to
grow near the plant. '

Even after the plants have developed into trees and are out
of danger, the ground round them should be dug both at the
beginning and end of the monsoon. 1In the first digging, it may
be sufficient if the clod is broken and overturned ; in the second,
it should be pulverised. With the first digging necessary manure
may be added.

Appendix III gives details about the various types of
manures and hints on their application.

13.5.  Mulching.

As soon as the dry season commences, the soil round the
stem, two feet wider than the shadow at noon, should be covered
to a depth of about 3 inches with leaf mould. Watering should
be done over this mulched soil. The moisture will then be
retained much longer and the soil will neither cake nor crack and
the tender roots will not be injured.

13.8. General Care

One person should be employed to remove the caterpillars
or other insects that injure the plants and see that all causes that
hinder growth are promptly removed. A system of reward
depending on the healthy growth of plants will act as a powerful
incentive for good work,
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As t}'w plant grows up, the tree guard should be raised from
time to time to keep the foliage well protected, sco Fig. 13.

Atter the plant has reached safo stake, a ring bund should be
put around it to help retain rain wator. This is specially neces-
sary in steeply sloping ground. Care should be taken to sce that
the top of the bund is level; and it may be crescent shaped to
admit the inflow of surface water from ahove.

4. MAINTENANCE OF AVENUE TREES

14.1.  The praper maintenance of avenue trees consists of a
digging all round, removing parasites and unhealthy branches,
and judicious pruning to keep up balance and form,

14.2. Digging Round Trees

A digging, as described in para 13.4 should be done round
all young trees for a radius of about § f round the stem both
at the beginning and at the end of the monsoon,

14.3. Removing Parasites

Parasite plants, ic., plants which have established them-
selves on trees, should be traced to their origin and completoly
removed, root and all. The wounds caused by the remaval of the
parasite, if more than 2 in. in diameter, shonld be covered with
tar to prevent decay. When a branch of the tree is severely
infected it may have to be cut off so that the rest of the tree may
be saved from the growth of parasite.

14.4. Removing Unhealthy Branches

Branches that are dead, damaged, or are severely infected by‘

parasite plants and inseots, should be removed., For removing,
a cut should be made with a sharp saw close to the intersecting
branch and as nearly parallel to it as possible, leaving no stub
of the amputed branch on the good limb or the tree trunk.,

Large limbs should be removed in portions, always making
undercuts to prevent the tearing of the bark on the good portion
of the tree when the limb is removed, see Fig. 15.

st cut here to prevent stripping.

20 cut } of way through thub.

~ 8rd and final cut hore to meet wndar cut.,
Leave smooth Cut face.

Fig. 15. Removing Large Limbs
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. All cuts of one inch or larger should be treated thus: Strip-
ped bark should be traced to sound cambium and smeared with a
solution of lac in methylated spirits. The central woody portion
should be painted with a dilute solution of any good wood preser-
vative such as creosote or coal tar.

The methods explained above are ilustrated in Figs. 16
to 18, )

Do nat leave ledge cuts.

Cut on dotted lino to mako a

Upper cut. clean union betweon upper
= Ledge and uuder cuts,
Under cut

Fig. 16. Ledge Cuts

Do not leave stubs.

/‘/ 3 .
\?‘ Cut to follow direction of growth
; of remaining portion of treo.

Remove Stub

Remove stuly

Fig. 17. Stubs

Face of cut

Exyposed weed

Edge of torn bark
Trace to sound cambium and smear with a solution
of 1ac¢ in methylated spirits

Point tip of tracing

Fig. 18,

T'reated Stripped Bark
14.5.  Pruning.

Trees should be pruned whenever necessary but preferably
during their dormant peried. The pruning should preserve the
natural contour of the tree. The habits of the species t6 which
the tree belangs should be borne in mind in deciding the extent
of pruning. Sharp tools should be used and the cuts should"be
made clean and flush with the limb or branch forks. In removing
limbs $o lighten heavy branches, only the under limbs should be
removed.
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Some specios of trees such as the Rain Tree which grows very

fast require pruning early i ir life i
y in their life ino sure
balanced and healthy growth. rder to ensure &

Pruning for roadwa f
uni y clearance should conform to di i
Shown i Fig' 19, mensions

RICHT WAY

Prano to Retain Natural Shane ('len'mnco roquirod winimom
of foliag e horizontal clearance 22° fop gi
go ag far as possible lano  road for ou~l r singlo
ch

_ additional
lane increase olearanco by 10 foot.

as
Fig. 19. Pruning for Clearance over Roadway

WRONG WAY

B

Fig. 20. Pruning for Glearing Utility Lines
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Pruning for utility lines should be as in Fig. 20.

All such clearances should be obtained by pruning each year
according to the tree’s growth and in proportion to its size.

14.6. Planting of Gaps

Gaps occurring by removal and fall of trees should be
systematically filled in by re-planting.

14.7. Numbering of Avenue Trees

Numbering should be done every 5th year, furlong by
furlong, and in the direction of increasing milage, first on the
left side and then on the right side. Scraping the bark for paint-
ing should be done so as not to peel it off ; only the dry scales
should be scraped for an area 6 inches by 6 inches at 4 ft above
the ground level and facing the road. The lettering should be
stencilled in black paint after painting the background in white.

14.8. Removal of Dead or Dangerous Trees

Old trees which are precariously balanced and those that are
dead should be promptly removed.

14.9. Protection of Roots

When roots are exposed by erosion of soil they should be
protected by heaping up soil around the trunk. Care should be
taken not to leave a benching at the top of the heap. Protection
to roots will be particularly necessary if the trees are standing on
sloping ground.

14.10. Filling cavities

Where a cavity has been formed in the trunk due to careless
pruning, further damage should be prevented by cleaning and
filling it up. This is best done as follows:

Carefully scrape out all dead wood. Wash the hollow tho-
roughly with a strong solution of permanganate of potash and fill
it with 1 2: 4 cement concrete rammed well and finish off with a
little neat cement & little below the level of the bark. When the
concrete has set hard, pare back the dead bark to induce fresh
growth which will cover the fringe of the patch.
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C. ROADSIDE DRAINAGE

15. DESIGN OF CHANNELS

15.1. Efficient surface drainage is an important element in
the safe, convenicnt, and cconomical use of a highway. The pro-
cedure for designing channels to avoid future difficulty and
abnormal expense in maintaining the drainage system consists of :

(i) estimating the peak rate of run-off from the area con-
tributing to the discharge ;

(1) checking the ability of these channels +to carry the
estimated discharge without eroding or overflowing ;
and

(iii) designing protection against erosion or designing modi-
fied channel sections for increased capacity where
necessary.

15.2. Requirements of Drainage Channels

The primary function of the roadside drainage channel is to
provide efficient removal of surface run-off from the roadway
and the adjoining country or area draining on to the road. It
should have adequate capacity to carry the normal peak rate of
run-off without over flowing. For ultimate economy, the
channel should retain this capacity during the life of the road
without excessive maintenance costs, This means that the
.channel should not erode or silt up.  Also the drainage channel
should have gently sloping sides and a slightly rounded bottom
so that a vehicle forced off the roadway can run down into the
channel without overturning. In hilly or mountainous country,
considerations of economy in first cost will limit the extent to
which this ideal cross-section may be attained. Roadland width
should not restrict the width of channel necessary from hydraulic
consideration.

15.3. Traffic safety and good landscape design demand g
wide, shallow roadside drainage channel. The ideal cross-section
of an earthen roadside drain should have a slope from the
shoulder of at least 4 : 1, a rounded bottom at least 4 ft wide, and
a back slope not steeper than 4: 1. The depth should vary from
a minimum of about 1 ft below the edge of shoulder in regions of
low rainfall intensities to a minimum of 1% £t in districts of high
rainfall. Depths and widths should be increased to provide addji-
tional capacity where the run-off analysis indicates that peak run-
off rates from the drajnage aress are of such magnitude that the
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water is likely to rise above an elevation 0.3 ft below the shoulder
of line. When the ideal cross-section results in an excessive
amount of excavation which cannot profitably be used in the
construction of embankment the width of the bottom may be
reduced and the backslope steepened to not more than 2 : 1, pro-
vided the discharge capacity remains adequate. The slope from
the shoulder may also be increased to a limit of 3: 1. Consider-
ing all aspects, three cross-sections, Figs. 21 to 23, are proposed.

15.4. Inrock cuts, the backslope will necessarily be very
steep, approaching the vertical in the extreme case. In such
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Velocity — Feet Per Second
Fig. 21.

Relations between grade depth, discharge, and velo-
city for a channel 3 feet wide at the bottom and having
3:1 side slopes, for various linings,
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instances the drainage channel may have a narrow V-shaped oross

section just large cnough to carry the peak run-off without over-
flowing.
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Velocity — Feet Per Second
Fig. 22.

Relations between grade depth, discharge, and velo-
city for a channel ¢ feet wide at the bottom and having
4 ; 1 side slopes for various linings,

15.6. Erosion in Drainage Channels

Control of erosion is fundamentally s matter of controlling
the velocity of flow or of treating the muterial so that it will
withstand the velocity likely, to occur. The velocity of flow in
a channel depends on its grade; size and shape of its ¢
section, the roughness of channel lining ;
which water is delivered to the channel.
gan be used for finding the velocjties in

ross
and the rate at
Curves in Fig. 21 to 23
the channels of cross
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Velocity — Feet Per Second

Fig. 23.

Relations between grade depth, discharge, and velocity
for a V shaped channel having 5:1 and 2:1 side

slopes for various linings.

co [ln A’IAlT‘llJL' e ' 5
AN I N
A T s 4. 5 ¢ wpcn 8 9
[}

B o 12 SMOGTR 16 [T}

343

section shown therein. The ourves are computed from the

Manning formula:

1.486

Rﬁ . S(k
n

Q=4

in which @ is the discharge in cusecs,
A the drainage area in acres,

the slope in feet per foot,

S
R the hydraulic mean depth of the channel in ft,
n

the co-eﬁ“l_eienf of roughness,
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o Table 1 gives the values of roughness for different types of
linings and table 2 allowahle velocities.

TapLe 1

VaLues or ROUcGHNESS ¥OR DIFFERENT
Tyres or Linixas.

Value of n in

Type of Lining Scale ithe  Manning
Ordinary earth, smoothly graded Smooth 0.02
Jagged rock, or rough rubble Rough .04
Rough concrete Smooth .02
Smooth rubble Smooth .02
Vomainiined, g Qo otk g,
Well-maintained grass, depth of Very 06
flow under 6 inches } Rough
Heavy grass do .06

Nome., —Usoe roughest coudition likoly to exist for ostimating capacity,
and smoothest condition for estimating velocity. '

153.6. Use of charts

Problem: Check the velocity for au earth channel: peak
discharge is 10 cusees, slope 4 per cent, cross section, Side
slopes 3:1, and Bottom width 3 ft.

Since the channel is in earth, use the smooth scale. Move
along the 4 per cent grade curve in Fig. 21 to the point ‘“a”’
where discharge equals 10 and read 6.8 per second on the velo-
city scale. This velocity is excessive for earth, see Table 2. So
either pitching or flattening of the grade by drops or ditch checks
is necessary. Where soil and climate facilitute the casy establish-
ment of grass, use the * rough ** scale (» = 0.04) for the checking
of velocity ; from the curve for 4 per cent grade at *‘ b *’ read
velocity equal to 4 feet per second. This velocity is allowable
for good sod.

If grasses and weeds are allowed to grow rank, the resistance
to flow is increased and the velocity is decreased. Decrease in
velocity entails an increase in cross sectional area if the given
peak discharge is to be carried otherwise the channel may over-
flow. To check on this condition the depth of flow should be
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investigated as follows:

Dotted lines in Fig. 21 to 23 are drawn through points of
equal depth of low on the discharge curves. Thus in th_e preced-
ing example water would flow about 0.4 foot deep in a bare
earth channel (point ¢ a ”’), or about 0.55 ft deep in the sodded
channel (point ““b’’). If grasses are allowed to grow rank the
flow will be approximately as shown on “ very rough ” scal'e
(n = 0.06), viz., point ‘““c” where the depth of flow is approxi-
mately 0.67 ft. A free board of at least 0.3 ft should be provided
above the maximum depth of flow to allow for silting, for wave
action, and for a factor of safety against an under estimate of
peak run-off. See the worked out examples at the end.

Tasre 2.

ALLOWABLE VExLocITiES IN DIFFERENT TypEs or LiNiNgs.

o Allowable
Type of Lining Velocity
Ft per Sec.

Well-established grass on any good soil
Bermuda grass (Cynodon Dactylon.

Tamil : Arugam Pillu. A creeping perennial) 5
Blue grass (Panicum Longiflorum.

Tamil : Sellai pithu. A creeping perennial) 5 °
Buffalo grass (Panicum Barbinode.

A coarse, hairy, spreading grass with

long, trailing, thick stems). 4
Sudan grass (Sorgum Ludanese.

Tall, quick growing, mostly annual.) 3
Earth without vegetation :

Fine sand or silt, non colloidal 1-2

Ordinary firm loam. 2-3

Stiff olay, very colloidal 4

Clay and gravel 4

Coarse gravel 4

Shale ]
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16.7. Increasing Discharging Capacity .

In any channel with fixed side slopes the discharge capacity
may be increased by increasing the grade, the bottom width, the
depﬁh, or by providing a smoother lining and thereby decreasing
resistance to flow. Increasing the grade is frequently impracti-
ca.bl(?. Increasing the bottom width has little effect on velocity
and is therofore desirable whero the velocity is close to the limit.
Inc_:reasmg the depth increases veloeity and is the simplest way
of increasing the capacity. It requires less overall width and
s}muld be resorted to where road land is restricted or expensive.
Smoothing of the channel lining increases capacity but this can
generally be accomplished only at the considerable cost.

15.8. .Instea.d' of providing additional capacity in a given
channel it is sometimes possible to divert part of the run-off into

another channel as by the construction of an intercepting ditch
on top of the cut slope. ‘

On gentle grades the design of a channel is governed by
the required capacity. As the grade is steepened the velocity
increases but it cannot be allowed to exceed the maximum
allowable non-scouring velocity. For a given rate of discharge
a,nd' a fixed grade the velocity may be kept within reasonable
limits by increasing the bottom width of the channel or by
flattening the channel slopes. Both methods lead to a
substantial increase in the overall width of the channel.
Where it is feasible to provide a sodded channel slightly
higher velocities than allowed on bare earth are permissible.
Where sodding is not feasible, the channel may be paved:
velocity is then no longer the governing factor. The capacity
of a channel of given section may be doubled by changing
the lining from well-maintained sod to concrete or masonry
or tripled if the initial lining was a rank grass. ,

Ou’ofall. channels carrying water collected from cuttings
frequently involve steep grades which cause excessive velocities.
In such cases the channel should be paved or its bottoms width

increased. The required bottom width may b i 1
found by the following formula : y e spproximately

bu=‘b1>( i’:

8y

In which b, is the required bottom width, &, is the width of the
standard section, S, is the proposed grade and 8, is the grade on
the standard section at which the given discharge produces the
maximum allowable velocity.

1f high velocities are developed in paved channels,

must be made for stilling the velocity at the outlet ‘provmon

1less the
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channel discharges into a pool of water of appreciable depth.
This may be done by providing a wide apron with projections or
baffle walls on the surface or by a low sill at the end, creating a
stilling pool. ' .

16. ESTIMATING RUN-OFF

16.1. Design of Roadside Channels

(a) Drainage areas are measured in the field while
taking cross sections, and plotted on a
drainage area map drawn toa reasonable
scale. -

(b) The run-off is estimated by either of the
methods described below :

Ryve's Formula

¢ = oMt

in which @ = run-off in cusecs.
M = area drained in sq. miles. ,
"¢ = 480 in flat tracts along the coast.

560 in tracts with greater slope and
at a distance of 15 to 100 miles
from the coast.

675 in limited areas near the hills.
1,000 for West Coast Distriots.
As areas of a few acres only are generally im'rolw_red in the
design of roadside drains, the hourly rainfall is significant and

the local characteristics are more clearly defined than in large
areas.

The Burkli-Zieglor formula which takes account of these
factors should be used.

Q@ = MRc :/ -§~
ir; W\hich ‘ 'Q .i.s tvhe' run-off in cusecs,
M is the drainage area in aores,

R the average rateof rainfall in inches per hour
during the heaviest rainfall,
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S the average of slope of ground, in feet per
§000 ft and

¢ a coefficient depending upon the character of the

surface drained and determined approximately 2
as follows: =
Description of area Values of C N
Paved streets and heavily built up areas 0.6 \ %‘)o g
Ordinary residence areas 0.56 -~ 0.65 % o
. NN % g 3
Sparsely built up areas 0.35 -0.45 a u = <
Villages with open spaces 0.30 \ % p 8“5 g E 3
Farmlands | 0.25 AN EN S £ 150 2
Parklands, etc., covered with sod 0.20 -E N \\\ \‘;’ n ;;( :Z‘Enﬁ &g % =
g NS, L PEs3 858
Fig. 24 shows a graphical solution of Burkli-Ziegler formula 5 H \RANNN 2 Eé 5%38 E
for slopes from 1 to 400 ft per 1000 ft. This diagram is based on & NN 2 BEgEemst
R = linchand ¢ = 1. To obtain run-oft for other values of R § AARNR = 2Zic ?52 §
and C' multiply the discharge by the appropriate values. @ \\\ N I 2824 fg; o
(c) After peak rates of run-off have been ecstimated, the “T’ NN '\ - ? W?F“”: P,; <
appropriate chart, Figs. 21 to 23, according to the standard cross g \ \ > Sgw O
sections adopted, may be used to estimate the resultant velocity 5 A \\ ﬂ S
and the depth of flow. Critical conditions will necessitate special ‘m O RN -
study to develop economical designs. L °o‘< \ \‘\\\\i\\\\\),/\o
16.2. Example .S %, N \& N\ M a
_ Fig. 25 shows the alignment of a road SP along with contours -3 \% N\ o o
at intervals of 10 feet. Design the drainage channel. tf‘ Z AN \\\%/ /\é 3
Suppose it has been decided to have a 4 per cent grade from 8 A \ NI <
chainage 85 plus 90 to chainage 95 plus 90, 2 N\ ® :
The road is not affected by the surface water on the left side. g : \\ _— A &
All water on the right of AB goes directly into the valley and N R S
that to the left of A B is intercepted by the road, and thersfore & AN NN ®
suitable drainage ditch is needed on the right side to divert it to A X «
the lowest point at about chainage 96 plus 00 where s culvert . N N AN —1
will be required. CB shows the probable ridge. The roadside \\\
ditch will have to deal with all the run-off from the area 4 BC. R ®
Area ABC is 0.01 sq. mile approximately. \\
o q PP y | A AN “

The peak run-off from this area will be 26 cusecs (by Ryve’s

formula) assuming C = 563 %§§ g § § §8%'28 ¢ 8 ® pamge v o T
== ) &
The worst affected section is at 4. : pucdag Jod 3931 OKAnD uf o3ieyosyq

To check the velocity in bare earth ;
n = 0.02 from Table 1,

DRAINAGE AREA IN ACRES
Fig. 24.
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LY szec0hs
Fig. 25.

Move along the curve for 4 per cent grade till' discharge
equals 26 cusecs and read 8.7 ft per second on velocity scale (for
n = 0.02). This velocity exceeds the permissible velocity for
the soil in the area (4 ft per second, Table 2), so either pitching
or flattening of the grade by drops or ditch checks will be needed.

If velocity is proposed to be controlled by drops, the
gradient between drops should be such that the velocity does not
exceed 4 feet per second.

If it is possible to provide sodding, the velocity will be 5.2 ft

per second (n = 0.04 scale) which is permissible for well
established grass.

The depth of flow will be about 0.9 ft and allowing 0.3 ft
free board the required depth of channel will be 1.2 ft.

Section at A will be the worst affected. Intermediate points
may be checked to ascertain at which point sodding may be
stopped. For example, at chainage 90490 where the discharge is
10 cusecs, for bare earth the velocity is 6 8, again too much. So
sodding will have to be continued even beyond this point. With
sodding the velocity is reduced to 4 feet per sec.
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A ppendiz 1
NAMES OF TREES AND SHRUBS SUITABLE
FOR ROADSIDE PLANTNIG
3 Mala- -
Z| English | Latin Tamil | Telugu \’a;aix Kanarese Hindi
[ : o
1 2 3 | 4 3 6 7 _A.,_‘,___g.
1 Alexan- |[Gallo- Punnai §Punna‘ Punna ibumhon- ‘Lndu
‘drian phyilum gamu lnz).e
Laurel |Ionoph- i
‘ yllum ;
2 iAloe Aloe Katha- i i
Vera lai ! \
3 Arjuna |Terminalia Vella il\Iaddi Marutha |Kaidar- |Arjuna
Myra- |Arjuna Maruthu'! yavu
balam
4 Asoka {Polyal- Asoka 1Asokn Nedunar [Pungu 'Asok
| thia
Langi-
folia :
5 Bamboo |Bambu-  Mungil iBongu, Mola Biduru Banse
sa arun- veduri
dinacea !
6 {Bandri- |Dodonea  Virali - ara Verali
ke Vicosa
7 %Banya.n Fiscu Ala %Marri Aasl Alada Bargad
i Benga-
lensis
8 }Cashew- Anacar- Munthri IJidi-' Parangi- |Taruka  Hijjali
nut dium Andi- imamidi mavu geru 'bodam
Occiden- mangot-|
tale tai ~ ‘
9 |Coconut |{Cocos Thenga iKobbari Thenga |Tengina |Nariyal
Palm  {Nucifera lor !
Tenkaya
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o
7 | English
(/j.

1 2

10|Country
Fig.

Date
Palm

11

12{Elengi

13;Goats
Foot

14|Golden
gshower

15/Gulmo-
hur

Indian
Beech

16

17/Indian
cherry

Indian
Cork tree

18

19/Indian
Goose-
berry

20iJack

2)|Jujuba

i Latin
I
{I‘ 1cus
Gl()rne-
uta.

iPhoenix
Dactyli
fera

Mimu~
Isops
‘Elengi

: [mpomes
iPescaprao
!

!
;Ca,ssia,
Fistula

i
{Poinciana

. ;Regia.

Pongamia
iGlabra

1

I

!Eugenia
iJambo-
llana

'Milligtonia
lhorl’.ensxs

Phyllan-
thus
”Lmbhca

i

iArtocar-

pus Integri
folia

Zizyphus

Jujuba

Perich-
chu

Magizh

Konnai
Mayir-
konrai

Pungu

Nagai

Mara-
malli

Nelli

Pala

Ilandai

Telugu

]

Medi

Karju-
ramu

Pagada

dela
Erra-tu
rayi

Ganuga

Neredu

Akasa-
malli

Usirika

Panasa

Regu

Mala-
yalam

6

Atthi

Tenich-
cha

Mukuzha

Konna

Alarippu

Punga

Naval

Katesam

Nellikay

Pilava

Llands

Kanarese| Hind:
7 . 8A
Atthi i(}ular
: 4
‘Kharjura |Khajur
| !
‘Ranji fMulsari
': i
| |
5Ka,kke ‘Amaltas
i
Kodanchi ;Gul
! Mohur
‘Honge Kanji
gida
'Nerula ‘Jama.n
‘eratu- ‘Akas
/mara \Nim
Nellikai | Amlika
j |
‘Halasu Kathal-
‘ Bogari .iBu,er

|
i i
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)
% | English| Latin
A
o2 [ 3.
22|Mango |Mangifera
Indica
|
23| Margosa | Melia
‘Azadira
gcha.t;a.
24|Mowa [Bassia
{Longi-
‘folia
25{ Mudar !Calotropis
1Gigantea
26 Palmyra%Borassus
palm flabelli
formis
|
27|Portia Thespesia
populnea
28|Rain Entero
tree lobium
'Saman
29|Red silk-|Bombax
cotton |Mala-
‘ba.ricum
30(Screw  {Pandamus
Pine tectorius
31|Siamese [Cassia
Cassia |Siamea
32!Small Phoenix
Date Farinifera

'[‘a.mll ’

Maru

Vembu

Panai

Puvaru-
su

Mazha-
maram

Muli-
lavu

Thazhai

Ponna-
varal

Ech-chu

Telugu

Vepa
IHuppai lepu.
o

Erukku [Jilledu

I'Thati

f
Ganga-

regu

ganneru

Mundla-
buraga

Mogili

Sinna
Thange-
du

Eetha

.

ol

Nidara- |

lM:«Ln’.\ldl iMavu

Mala- Kanarese | Hindi
yalam
7 L 8
{
‘Mavina Am
1 Veppa iBerina, Neem
glrippa Ippegida |Mohva
Erukka Yakkeda |Akan
|
| Pana Pane \ Thar
Hawarasi wDumbla,
! ‘
i |
] }
| .
‘Pula Mullu- Ragai-
] buraga semal
Kaitha | Mundigi |Ketgi
Chiteen Esala Samdola
thal ‘ ;
: |
E |
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| .
X i
Z English | Latin | Tamil | Telugy; Mala- o
o 5 ; yalam | Kanarese Hindi
o2 304 5 1 6 7 3
33;'[_‘mna,— -’l‘a_nmrind- Puli :Chintu,- ‘Puli Huna- Imli
rind us Indica - ‘manu Scehunnu
34“Tmmer’s Cassin Avarai Than- :Avara S
‘Cassia  Auriculata -‘gedu : Avara Tarvar
, i J'
35.Teak  Tectona Thekku Tekk
. Grondin | 1 u Tekko ;Thekku ’Togu Saguna
36f Wom- :Albezzia : Vagai  Dirsa- | Vaga ’Bago Siris
‘H,H,S ‘Lebh(sck nam " ) )
Tongue !
| fa Cars | ; |
37; VVoclvd- 3;:?1'n111. | Vila Velaga ‘Vi)a.vu f) Baelada  Dharkth
apple o luice- ' ! ‘
! 'phantum | , Kavoet

|
' 1 |
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Appendix I1

DESCRIPTION AND IMPORTANT HABITS OF TREES AND
SHRUBS SUITABLE FOR ROADSIDE PLANTING ‘

(Numbers refer to Serial number in Appendix 1).

1. Allexandrian Laurel is a tree of considerable size, native
of India, commonly found near the sea coast, with white scaly
bark and folinge of large, elliptical, rich, polished dark green,
thick leaves. It bears in June, drooping racomes of large, white
delightfully fragrant lowers, and brings forth numerous marble-
size seeds, from which it may be easily propagated. The seeds

-are ready during July-August and must be sown absolutely fresh

without removing the rind or cracking the shell.

The roots take any shape according to location and the tree
is particularly useful for conserving channel banks.

2. Aloe. A stemless succulent plant with large variegated
leaves with spiny edges. Propagated by suckers. Not found in
moist districts.

3. Arjuna Myrabalam is a large white tree; grows very tall,
and girth upto 40 feet are not uncommon. The trunk and
branches are smooth and white with practically no scaly bark.
With its great size and foliage of lanceolate leaves it makes a
magnificient avenue tree. Not much shade, and no fruit value,
and does not damage adjoining crops. Gives very good timber.

The tree blossoms in March and the fruits, which are of the
size of an arecanut, of a light tawny colour and feathery stuff,
ripens in June.

Comes up «in any rich soil. Can be propagated by seed
which are scattered by wind. On the day preceding sowing, the
seeds are soaked in cow-dung water. The seedling attains 2 to 8
feet height in 3 months and grows to 8 ft in one season. Does
not require attention after about two years.

4. Asoka is a handsome truly evergreen tree with long
tapering, lanceolate, shining leaves. Its chief ornament is the
foliage and symmetrical form. The new flush of leaves is
completed by April when the tree assumes an extremely attractive
appearance. Flowers creamy-green. Fruit in clusters all over
the Lranches, not unlike Coffee berries,

Eazily raised from seed which are ready in July-August.

~_ An excellent choices for a shady town-avenue, also for clumps
and for ptanting singly. ' '
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5. Bamboo. Bamboos for the most part like a fairly moist
climate. A very large number of varieties belong to low, damg
country even though some grow at a height of 3,000 feet above
sea-level.

0Old stumps should be cut at the nodes, for if cut between
nodes tho hollow stems will form recoptacles for rain water,
where mosquitoes will breed.

Bamboos flower after a very long period, which may be up to
fifty years or more, after flowering the parent clump dics.

Tt takes o long time for & clump to form. The _ﬁrst year the
suckers usually give rise to two stems, often thin, solid and
twisted. Subsequent stems are normal, and double in numbers

each year.

Bamboos are best propagated in rainy weather by long
suckers, with roots. The ground should be dug well before
planting. The sucker should be put into the soil at a slant, and
the cut top protected with a dab of mud and cowdung paste.

6. Bandrike is an exceedingly pleasing, evergreen, large
bushy shrub. Flowers are pale green. It thrives well in any
goil and climate, can stand long periods of draught. Its large
expanse of cheerful, green, fine, twiggy foliage is very refresh-
ing to the cye.

Propagated by seed, which it bears abundantly throughout
the year. Seedlings are raised in seed beds and planted in pre-
pared furrows on slopes for prevention of soil erosion. It is
extensively used for hedges.

7. Banyan is a large, spreading, smooth-barked tree with large,
leathery, shiny, ovate leaves. Remarkable for its aerial roots,
which hang from the branches and on reaching the ground rapid-
ly take root and develop into independent stems supporting one
immense head, resembling a number of trees.

Easily propagated by cuttings.

Eminently suited for camping grounds, but not for highway
avenues, a8 it gives a rather low and dense shade, and eventually
becomes unwieldy. May be planted at locations such as river
banks, approaches to shundies ete. where large numbers of carts
and draught animals camp or take shelter.

8. Cashewnut is a medium sized tree with a fine ornamental
foliage of oval, blunt, alternate leaves. The fragrans, rose-
coloured flowers are borne in panicles during March—April. The
multi-coloured fruits consisting of the pyriform, fleshy peduncle
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on which the nut is seated ripen in June-July. It is very common
on the west coast of the peninsular India, and thrives best in
sandy soil though it does not dislike graveily soil. It is ideal for
preventing sand dunes or wind erosion because of its low droop-
ing branches and thick foliage. Not suitable for avenues, but
may be planted on sandy slopes.

Easily propagated by seed which stand storage. Large, ripe
seed nuts are selected and soaked in cowdung water for 24 hours
when the shell becomes soft. It may be planted in situ or seed-
lings may be raised in pots and transplanted. Does not need
any tree guard as leaves are not touched by goat.

9. Coconut Palm. The ideal conditions for the coconut are (1)
proximity to the sea, (2) a temperature ranging between 55° and
90°F, (3) rich but very porous and friable soil, (4) arainfall of 50
—80 inches, well distributed. Coconuts, however can be grown at
considerable distances from the sea and, under artificial irrigation,
in regions of low rainfall. They must, however, always have a
light rich soil, and will not tolerate great extremes of temperature.

Coconuts are propagated by their nuts. For seed purposes
nuts should be selected from trees of good growth and producing
nuts of desirable size and quality. The nuts should be gathered
when half full of ‘“ milk ”” and placed in a nursery to germinate.
It is a common and reprehensible practice to let the nuts sleep in
a well till they germinate. The seed nuts should be laid one foot
apart under half shade in well cultivated and enriched soil, and
almost covered with the soil. The nuts should be watered every
second day if there is no rain, and the seedlings with nuts at-
tached transplanted in pits 25 feet apart each way in the field
when from 6 to 12 months old.

10. Country Fig is a medium sized tree with a whitish trunk
and branches covered with light scaly bark and green ovate
leaves. Flowers are rarely seen. Puts forth clusters of fruits all
over the trunk and branches, practically throughout the year,
The fruits are green, when raw and turns brick-red when dry.

Can be propagated by root shoots or tender cuttings. Seeds’
appear to have a dormant period and are indifferent to germina.
tion. o S

11. Date Palm. The Date flowers and fruits in June and is
propagated from seeds which may be dried and kept. The seeds
are sown direct in the pits.

It affords good protection against soil erosion,
7
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P, o
fm‘csi‘,f. zusieirlgl\'/idellh'u-tlmn'(\/ ot indigenous to the moist Indian
evergreen h'o.(» W't;hy' H; tivated. A moderato-sized, flow growing
somowhat undul lt» a dense crown of shiny, small leaves with
nume tdulate margins. A delightful fragrance diffused by

ierous  clusters of  white, star-shaped flowers which appear
during March-April. The tree is also vory attractive whon  its
round berries turn bright-orange on ripcnilig. l

Propagated from seed obtained from the edible fruit which

ripens in August. The scods may be sown straight or kept stored
for later use.

~ Very suitable for small shade avenues and for planting
singly.

13.  Goats Foot is a wild trailing plant growing abundantly
by the sea-side, with curious two-lobed fleshy leaves ; produces in
the hot season numerous large rose-coloured flowers. "Can alg;; be
grown on river banks, and in any sandy and light soil.

Propagated by clippings with roots. Requires watering for a
few days. : '

o It is an excellent sand binder and therefore useful for stabi-
lising sandy slopes.

14. Galden shower. The epithet Fistula i anice
name Oassia. Fistula means al pipe and refe::a t;,lﬁle bé)lf:n:/gfl
the pod. . It is a moderate sized, deciduous tree somewh‘mé)u
symmetrical unless properly trained by t;imely’ prunin ( Tll:-
flowers appear on bare branches, or as the new foliage isg'abouz
to come out during April-June. They are large bright-yellow
and borne in long, pendulous, inverted-cone clusters fully justif
ing t_he name Golden Shower. Some of the long bI‘O\:Vﬂ gdg; ofltg-
previous year, which still persist on the trees hI:m 1in i
clusters, only further enhance the beauty of the tre(’a b t}i’e' 3 '1;)
contrast against the golden yellow flowers and the {)ri rhlt;r :‘10 ;
branches. The fresh leaves are of a rich coppery colo &t e
later to bright-green. Y ur tuning

The tree i b i i i
hont 18 not exacting as regards soil and does not mind the

Propagated from seeds which are hard and
to germinag;e. Seeds a.vz_a,ila.ble July—Augt?:t tglt;:daiifligvg v::ek?
t.rzms-pla.n'tmg well ’proylded the root-system is not dam‘ M)(-
slow growing to begin with, they develop rapidly after a ye:xged ,

The tree is leafless during February-

by shoot borers in the rains, which at tir ool ond s attnched

nes kill entire branches.
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The new foliage is also very much susceptible to attack by defo-
liators. Hand picking of the catterpillars is the best remedy.
The tree is an excellent choice for small avenues, for flower
clumps and for planting singly. There is a late flowering variety
with shorter racemes of somewhat paler flowers which are deli-
ciously scented. The pods of this variety are longer and thinner.
No timber or fruit value.

15. Gulmohur is a native of Madagascar which is widely and
successfully planted in India. A medium-sized, fast growing tree
with an umbrella-like crown of finely-cut, bright-green foliage.
Tts chief ornaments are its flowers, which appear when the tree is
completely leafless in April-May, covering the crown in its
entireity with dazzling, large, flaming-red flowers, making it a
most conspicuous object in the landscape. Leafless from March -
to May.

Usually grown from seed, which are somewhat obdurate
to germinate ; but it can also be raised from cuttings. The seeds
are obtained by splitting open, the swordlike fruits. The growth
is rapid and trees begin to bear in four or five years. If too near
water the trec begins to develop young foliage before the flower-
ing season and does not flower prolifically. It should therefore
be planted in a dry locality. The tree has superficial roots which
compete with flowering plants and shrubs under it or near it.
It is therefore best planted well away from these.

Very suitable for town avenue, for planting singly, and in
large flowering clumps in wayside parks and ingpection bungalow
compounds.

No simber or fruit value.

16. Indian Beach is a moderate-sized, nearly evergreen, fast-
growing tree with a spreading, shady crown of shining, dark-
green leaves. It bears racemes of palmauve flowers in great
profusion in June, which however are not very attractive.
Profers moist localities but would grow in the driest place.

~ Easily raised from seed which should be sown directly 'in
May. Tt is apt to get malformed if not pruned from time to timo
and when seeds are ready in September or October.

Seed has a thick shell which should be broken without inju-
ring the kernal and its thin covering prior to sowing. The seeds
can be preserved with the heavy shell on. The seed will be light
yellowish green if fit for germination. 1f the colour is changed
it is unfit for germination.
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o Wopd is useful as timber, oil is obtained from seeds and
oliage is used as green manure,

17. In.dian Cherry is o large timber-tree with fine shady
verdant foliage of dark-groen shiny leaves, very common in all
(p‘u»rbs of india; moisture-loving and somewhat slow-growing.
l.ht} tendor leaves arve copper-coloured.  Bears a juicy kind of
fruit, with a stone in the centre, with a flavour peculim:ly its own.
’[:lxero are » two  woll-known varieties; the first blossoms in
February-March, bears fruit in September-October, and the fruits
avo round; The second variety with leaves slightly lz,a.rger blossom-
ing in January and bearing somewhat larger elongated’ fruits in
May-June. The second has better market value,

Propagated by sowing the stone during the rains. Seeds
must be sown fresh, and need careful handling.

As the bark is a popular remedy for stomacha it is 11
. : che it is liab
to be stripped by p)lferers. The fruit is edible. Very sui;:big
for 1ha.de avenues in towns, especially if alternated with a flower-
ing tree.

I18. Indian Cork tree is s lofty tree wi i
beautiful l\_leom—liko folinge of y(leep-gre‘glllth d%ig‘;ﬁdgﬂi
leaves looking remarkably handsome in the cold fea‘son
with its nuxqberless panicles of large, pure white fr;), x-;a,nt
ﬂqwers. Durmg November-December tho tree is cogered
with drooping masses of fragrant, which flowers flling the
surrounding air with their perfume. ¢

The tree is extremely brittle and s}

1allow rooted and must be
planted well away from electric and telegraph wires. Graceful
as on occu.s!ona.l p}aQt or in small clumps. or as avenue trees in
town and village limits very hardy and unmindful of soil.

Kasily propagated from root-suckers which appear in

troubl ' i i
s::ad aeizgfne profusion all round the tree. May be raised from

19. Indian Gooseberry is a medium-sized rather
tree with smooth, silvery?lgrey trunk and branches andhagr;gzzlf!:;?
foliage of small leaves. The tree flowers in July-September and
puts forth small, round light green fruits during December to
March. In the core of the fruit is ribbed nut or stone about
3/8 inch diameter which contains the seeds.

Propagated by seed sown in the rains. The nuts a

: ) . "
when the fruit gets a rosy tinge, dried and preserf:r:g“eclgzg
sowing, the nuts are cracked and broken open along the ‘r'd
and the small seeds collected. One or two seeds are sown in 18551:
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pot, and the seedling will be ready for transplantation in about
6 months. Comes up in any soil and grows to a fairly large size
if the soil is good. Not a very shady tree.

Wood is excellent for fuel.

20. Jack. The tree grows to a considerable size, has a thick
folinge or dark green leaves of the size of a man’s palm. In
story soil it grows short and thick; in sandy ground tall and
spreading and if the roots happen to come in contact with water
the tree will not bear fruit,

There are two varieties :

(1) The hard kind, distinguished by the large size of
the edible pulp, and by the abundance and thickness of its juice.
The exterior of the fruiet is fairly smooth to the hand, and green,
and the nuts or seed comparatively small. The leaves are of a
rounder form than those of the second variety.

(2) The soft kind, is reckoned a much inferoir fruit, with
the inner pulp small in quantity and its juice scanty, thin, and
watery. Tho fruit is much smaller that thatof the first variety
with a rough exterior, and with large seeds.

The jack-fruit is not borne, as most other fruits are, from the
ends of branches, but upon stout footstalks projecting from the
main trunk and the thickest branches of the tree. In no other
way, indeed, could its ponderous weight be sustained. The
situation of the fruit, moreover, is said to vary with the age of
the tree, being first borne on the branches, then on the trunk,
and, in old trees, on the roots. Those borne on the roots, which
disclose themselves by the cracking of the earth above them, are

held in highest estimation.

The tree blossoms and sets its fruit in November, and
continuous to do so even until March. The flowers give out a
sweet, agreeable smell.

The tree requires a deep, rich, light soil for its best growth.
The heavy rainfall and moist air of coastal districts suits it, but
it can be grown in sheltered situations also by irrigation in any
place with a suitable temperature. The tree bears fruits from
the fifth to eightyear.

The tree is propagated either by planting the seeds in groups
of 4 or 5 in well manured pits 30 feet apart and then keeping the
strongest seedling, or by raising seedlings in the nursery and
transplanting 30 feet apart in the field. The seeds should be sown
absolutely fresh without injuring the membrane covering it.

The tree has both timber and fruit value.
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21. Jujuba. A small, very thorny tree, blossoms in the rains
by the end of September and its fruit ripen by end of January.

- . Lo .

I'he fruit, which is usually borne in unbounded profusion, is
perfectly round, of the size of a very large cherry, smooth, shin-
ing, of a tawny yellow colour and rather acid in flavour.

'.[‘he‘tx.'ee ib{ ext.m—ord»inarily rapid in growth ; When cut down
after fruiting, it v‘vﬂl spring up again to the height of fifteen feet,
and be covered with an amazing crop of fruit, by the following
geason.

Propagated from seed, and requires no care for its cultivation.
The seeds are collected, and stored for the dormant period which
is from January to Junc. The seeds are sown in August, prefera-
bly on roadside pits directly. It may take some weoks for the
seeds to sprout.

Not grown on Hills.

The timber iy used for structural purposes. Fruits have
market value.

22. Mango is a common, large, evergeeu trec with u dense
round crown of dark-green leathery leaves. Essentially a shade
tree, which owes its popularity to the edible fruit it produces.
When the tree renews its foliage annually during Fobruary—April
not all the leaves are shed simultaneously, with the result that
when the new flush is appearing the tree presents a vivid display
of colour as the leaves are coppery to begin with, then turn
yellowish-orange, and later pale green and finally assume their
dark-green colour. It will grow on practically any soil but for
best development moisture and good soil are essential. Very
long-lived tree. Bears fruit during March te June.

Mango tree is easily raised from seed. There are innumerable
varieties good and bad. Tall growing varieties should be selected.

The nut should not kept for more than a month before
sowing. The seed should in any case be sown before the kernel
dries. In sowing, the seed should bo placed flat. The tree grows
fast but should be carefully pruned in early life to get a clean
bole of at least 12 feet and to prevent interlacing of branches.
Highly cultured variety do not attain large size and they are not
suitable for roadside planting.

Mango tree is used for timber purposes, especially for planks.

With age the tree is liableto develop hollows.

23. Margosa. The tree stands a very dry climat i
good roadside tree in dry districts, but is a comga.rativeley B:i(()lv;stz
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grow. Not suitable for waterlogged areas. There are examples
of huge trees with 30 feet high trunks and 15 to 20 feet girth in
the black cotton soil of Cuddappah.

Propagated by seed. When the ripe seeds drop down in May
—June they are collected and sown during July—August. As the
seed has oil it will not stand much storage.

Very good timber; oil is obtained from seeds.

24. Mowa is a very common large the milky variety of the
plains of India. Leaves fall gradually from February to April
and new leaves appear in April-May either with or shortly after
flowers which scent the air heavily. It affords good shade it is
an excellent choice for avenues and village camping grounds.
The tender leaves are coppery and a conspicuous sight in March-
April. The fruit ripens from June to August. Propagated by
seed which should be sown absolutely fresh and directly in pots.
Bats eat the ripe fruits and seeds may be colleted from such
fruits which drop down to the ground. The seeds should be
removed without injuring their shells. The plants may be put
out when about 12 months old.

The corollas known as Mahua are a food of the poor people.
They are also distilled into a spirituous liquor. Oil is also
extracted from the nut and the cake is the poor man’s soap.
Wood is used for structural purposes.

25. Mudar. These are unquestionably very handsome
flowering shrubs of medium height 10-15 feet with white stem
and thick, large, green leaves with shades of white. Put forth
white and light violet flowers.

Propagated by seeds. The plant flowers and bears fruit
almost throughout the year. The fruits are about 6 inches long
and resemble the Silk Cotton fruit. The fruits are collected when
they turn brown and dried inside muslin bags to prevent the
seeds escaping when the fruit dries up and opens- explosively.
The seeds are preserved and sown in August.

Foliage is used as green manure.

26. Palmyra Palm. This palm is well known and is of
unquestionable economic worth, every part of the tree being
useful in some way or other. Propagated from seeds. Trees with
luxuriant large leaves, long stems and sturdy trunks are seleeted
for seed nuts, The palm flowers in February to Maroch and: puts
forth its fruits in April and May and matures then in abeut July
and August. Generally luxuriantly growing trees are taken up
for tapping juice and the tapping season begins from February
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and lasts till June. Only untapped palmyras bear fruits; tender
fruits are cut for tho pleasant end refreshing jelly like pulp in hot
weather.  So arrangements should be made well in advance with
owners of selected groves for ripe fruits for obtaining seed nuts.

Counting of the nuts when the requirements are large is a
tedious job. After extensive trials it has been found that one
hundred of seed nuts with the fibrous casing weighs about 44 lbs
and just fills up a coment bag or about 5,000 seeds go to a ton at
an average. Therefore, weighed out and packed in cement bags
and transported from groves to stores or to site of plantations.

The mature fruits when ripe vary in colour from light golden
to black, are globular in shape 6to 8 in. in diameter, soft,
luscious, and emit a fragrant smell as the ripe ones fall off from
the trees. The fruits carry within the coro 1 to 3 stones or sced
nuts 2 inches size, flat, heart, shaped and fibrous outside.

The period during which the fruits are obtained is short.
They are stored and heaped up in shade for extraction of nuts.
After a few weeks the pulp ferments and dries up leaving the
nuts loose in the moist fibrous caging. By mere handling these
seeds are separated from the fibrous stuff and are ready for plant-
ing. Nuts even from boiled or packed fruits germinate.

Cultivation. The palm is propagated by direct sowing as the
geedlings do not stand transplantation well. A moist climate is
necessary during sowing period. It grows well in good loam,
leaf mould and sand. The spot where the palmyra is to grow is
turned over and loosened with a spade and the seed is buried
under the loosened earth, say 6 inches below ground surface. In
harder soils the holes are to be made deeper and filled up with
sandy or light soils for the seed to put forth its shoot down un-
obstructed. When the nut begins to germinate the cream coloured
substance of the consistency of cheese is formed inside the shell.
From this the root of the germ or the young plant protrudes and
sends a shoot downwards to a depth of 3 feet to 4 feet and then
from the bottom of this shoot, the bud which forms the stem is
developed. Within two months from germination, the tender
ghoot 12 inches to 15 inches long is found beneath the surface,
about 1 inch thick and tapering off to a point,

If this shoot is cut across, it will be found to enclose the first
joaf in a small oval hollow about ! in. diameter extending from
bottom. When these shoots are about 9 to 12 months old they
put forth two leaves. These are 1} in. broad and 2 to 3 feet long
with a few folds in each leaf. Then the leaves issue from the
ground no part of the stem is seen; but a succession of leaves
sprout, increasing in breadth and thickness for about six year
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when the stout stem at the ground surface becomes visible.
Easily 95 per cent of seeds planted germinate and put forth
leaves in about 9 months.

Protection. The seed nuts are sown in about October to
November and the tender edible roots are ready only by January
or early in February. The main difficulty experienced is protec-
tion against cattle and goats. The first fow leaves put forth are
tender and need protection. If these are protected, the plant
develops vigorously and puts forth thick leaves which are self-
protective. As soon as the tender leaves appear on the ground
surface, the spot is heaped with prickly pear or other thorny
vegetation to afford necessary protection against goats and cattle.

27. Portia is a small, cvergreen, rapidly growing tree with
a dense foliage of cordate-acuminate leaves. The yellow flowers
with dark-purple blotch at the centre, fading to rosy-violet, are
borne throughout the year.

Propagated from seed or cuttings, mostly the latter.

Not recommended for avenues because of its twisted trunk
and tendency to develop hollows.

28. Rain Tree is a large tree of extraordinary rapid growth.
An excellent shade tree for roadsides up to a certain age, but in
hot, moist regions, at low elevations, assumes a great size, with
large spreading surface roots, often becoming top-heavy after the
age of 40-50 years.

Easily raised from seed which may be preserved for use.
May be raised from cutting also.

May be planted where there is a fair amount of subsocil water,

but not in cyclone areas where they are easily uprooted. Wood is
valuable.

29. Red Sitk-Cotton is a fast growing tall tree with a straight
cylindrical bole and branches in whorls. The large, bright,
reddish-pink flowers appear in March when the tree is leafless and
make the tree a conspicuous object of beauty.

Grows best in light rich soil with a high water table. Itis
planted singly or intermingled with coconut palms along fringes
of garden lands or wet fields. .

Propagated by seeds which are collected in August and which
may be preserved. Sown directly on a sandy seed bed and grows

to a height of 6 to 8 feet in 3 months, when it is lifted and

8
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planted on the roadside. It does notrequire much nursing beyond
the 1st or 2nd year. Begins to bear fruit in the 4th year.

May be raised from cuttings also but such trees do not hear
fruit.

Though a short-lived (about 20 years) it is a tree of great
ecconomic worth. The timber is used for kattamarams, country
boats and for planking.

30. Screw Pine is a large shrub 15 to 20 feet. Indigenous,
and common in swampy places ; named in reference to the curious
screw-like arrangement of its long, spine-edged, sedge-like leaves
on the summit of the stems. It extends over a large space by
sending down aerial roots from its branches. Blossoms during
the rainy season with panicles of large, white, sheath-like leaves,
enclosing spongy-looking bundles of closely packed minute flowers.
The tender white leaves of the flowers chiefly those of the male,
yield that most delightful fragrance for which they are so univer-
sally and deservedly esteemed.

It appears to thrive best in low, swampy ground and henco
is admirable for planting near toes of embankments through
swampy ground or along tanks and ponds. Occasional flooding
does not harm it.

Propagated readily by ocuttings put down in the raing, In

rather wet situations these plants can be grouped with grand
effect.

3l. Siamese Cassia. The specific nane refers to the
fact that the species is a native of Siam (Thailand).
Widely planted as a roadside tree. A large, fast growing
evergreen tree with a somewhat malshaped bole and very
brittle branches. Tt is strikingly attractive during September—
October with its bright-yellow flowers borne in erect, terminal
pyramids. It thrives best on moistsoils. Very easily propagated
from seed. Best suited for quickly concealing an unsightly

background and for mixing with other flowering trees planted in
large clumps. '

32. Small Date. This is similar to the Date-palm, but on the
name indicates, is smaller, growing to a height of 5to 8 feet.
Propagated like the date palm.

Affords good protection against soil erosion.
33. Tamarind. Tamarind is a fairly big tree growing to &

height of 80 feet and a girth of 25 feet. It is drought resistant
and oan thrive in any soil. It dislikes high altitudes and wuter,
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logging. It isa very good avenue tree and is very extensively
used. It flowers in six to seven years. The flowers are small,
variegated yellow and red, appearing during May-June. Fruits
ripen during January-March in South India.

Plants are always raised from seed but whether the varieties
may be depended on to come true to their seed, it is impossible to
say. Seeds should be obtained in the ripening season from first
class fruits-Sour, pulpy, long and multi-podded. The fruits may
be stored in bags and the seeds separated from them in the
sowing season, or else the seeds separated soon after collection of
the fruits and safely stored away.

Produces hard wood, good fuel, and valuable fruit.

34. Tanner’s Cassia is a small, with dense, agreeable foliage,
easily distinguished by the ear like appendage between each pair
of leaflets ; ornamental when in blossom with its abundant large
yellow flowers in the cold season. An inhabitant of dry salt land.
Its bark is used for tanning. Propagated by seed which are
usually ready in March—~April. Seedlings are raised in seed beds ;
planted before the rains in rows 3 feet apart and at 3 feet
intervals in prepared furrows.

Very hardy plant which affords exoellent ground cover .
against erosion because of its matty roots.

35. Teak is gregarious tree which yields one of the most
important commercial timbers of the tropics. Teak is considered
best when produced on calcareous soil. Grows tall with a straight

cylindrical bole and foliage of large leaves which does not give
much shade,

Best propagated by root-shoots obtainable from the Forest
Department,

; On the roadside they are best planted in clusters for column
eftect.

36. Woman’s Tongue. The Americans have called this tree
‘.‘ The Woman’s Tongue Tree > because of the clattering noise of
its dried pods in a breeze. Believed to be wild in the sub-Hima-
layan tracts, and widely planted throughout lndia, A large,
handsome tree with a straight bole and a broad-topped crown
with spreading limbs. The flat, rather wide pods are characteristi-
cally straw coloured and strikingly attractive against the dark-
green, fresh foliage. Leafless during January-March. The
fragrant flowers appear during March-April and the masses of
of greenish-yellow blossom borne in globuler heads are conspioy-
ous against the new foliage,



368 Rebny & Namsrar ON RoAbsiny DEVELOPMENT 1

Manray Srate

Easily raised from seed which nre available July--August.

Pods are stripped open to obtain tho sceds which may be pre-
sorved if necessary. -

Suitable for highway avenues. ¥
valued as timber. Its hardnoess ma
making hubs of wheels.

airly fast growing and highly
kes it cminently suitable for

37. Wood-Apple. A common jungle tree of this country. Not
a very shady tree and has sharp shines. The fruit is round, of a
pale-green colour, and about the size of a cricket-ball,

When the hard shell-like rind is cracked the interior is found
full of a brown, soft, meally kind of substance, rather

acrid,
having a strong smell of rancid butter, It ripens in QOctober.

The tree may be propagated b
ted in the rains. The pulp of the
collect the seeds, and the seeds may

tree comes up in any soil and does n
after care,

¥ seed or by cutting and plan-
ripe fruit may be washed to
be preserved for sowing. The
ot require much nursing and

Not grown on the hills.

Appendiz 111
MANURES

1. Manures may be classificd as follows :

(i) Those supplying mainly nitrogen such as Cow-dung,
horse-dung, sheep-dung, goat-dung, leaf—mquld,
green manure, groundnut husk, oil cake, night-
soil, pitrates of sodium, ammonium sulphate, cal-
soil, )
cium eyanamide, etc.

(ii) Those supplying mainly phosphorus—bones, calcium
superphosphate, fish.

(iii) Those supplying mainly potash—ashes, sulphate of
potash.

A complete manure must contain nitrogen, phosphorus, (;mdd
potash, and hence a mixture of the three groups is recommended.
sh, ¢

i i i i ase vegetable growth.
The function of nitrogen 1s to 1ncrease _
Excess of nitrogen means plenty of wood and leaves and little

flower or fruit.

Phosphorus hastens maturity and assists the ripening of
fruits.

Potash is essential to the plant for the proper manufacture of
itsvcarbon-compounds, starch, sugar, and cellulose.

2. Some of the common manures used in roadside planting
are described below :

1 1
ard Manure. Cowdung is the oldest and best genera
man\i:g.'v Sfolid dung contains from .05 to 1 per ceng oftmﬁroggg
in a gradually available form, about 0.3 per cent of po :;.ls 2, and
0.3 per cent of phosphoric acid. Horse-dung is son%e;:' a doss
rich in these elements, and sheep and g(?a.t dungs.a.re richer. ne
arine of cows, sheep, goats and horses is a}so ‘rwh‘ mdma:rtl}l:rt,lh
value and hence the bedding of stablesFa.ng‘yb;I(fslr;lalzitew(:f t,hi:
i is an excellent manure. Farm
:;l[;g gx"lortlagét?d s;‘rom rain is best used after it has been ‘:\iﬂowed Zo
romain for sometime in a pit, and occasionally forked over to

aerate it.

ticularly at the
-Mould. Fallen leaves of avenue trees, par
timeL;;fezk:;angoes and other fruit-trees Shedfthe;lz; leavest;szhoullg
ted and thrown into a deep pit, dug for the purpose.
:te)(fl?t}l:cy:a,r and a half after the pit is ﬁllgd, the leaves throer;
into the pit will have been converted into invaluable manure.
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the pit is thoroughly soaked two or three times inithe hot season
the decay will be hastened. It will be found to contain worms and
other vermin which should be carefully removed before it is used.

Charred Turf. An excellent material for general potting pur-
poses may be obtained by charring turf, which should be exposed
to the sun, with the green part undermost. In a few daysiit'will
become thoroughly dry, and could be roasted for use.

Compost. A compost is & mixture of dung and earth with
other organic materials. A simple method of makingicompost
is to sun-dry the organic matter in the air and place it in a pit
with a little earth sprinkled over the top and lightly watered.
Further layers of organic matter and earth follow until the pit is
full. In a cold place the compost may take 4 to 6 months to
mature but in a hot place it will be ready in 2 to 4 months. The
micro-organisms of the soil actually convert the organic matter
into manure.

Rules of Manuring. The followiug are a few simple rules to
be observed in the application of manures:

(i) Never put raw manure of any kind in direct contact

with the plant. Always mix it well with the

earth.

(ii) It is better to manure little and often than much
and seldom.

(iit) For profu'sion of leafy growth add nitrogen, for
plenty in flowers and fruit reduce nitrogen and
increase phosphorus and potash.

(iv) Do not apply easily soluble manure just before
heavy rain.

(v) Apply manures other than soluble ones during the

rains and at seasons when the tree is in rapid
growth.

Paper No. 170

GLOSSARY OF HIGHWAY ENGINEERING TERMS
By

Tir SPECIFICATIONS & STANDARDS COMMITTEE oV THE
Inpian Roans CoNGRESS.

[Following precedent the recommendations of the Specifica-

tions and Stundards Committee on ** Glossary of Highway

Fngincering Terms’ are published in the Journal, Mem-

bers are requested to send their comments in writing not later
than the 1st November, 1954 )

1. For purpose of easy reference, the terms of the Glossary
have been grouped into the following eight Sections :

SECTION 1. Highways - general, classification.
SECTION 2. Preliminary operations.

2.1. Location.

2.2. Surveying.

2.3. Setting out.
SECTION 3. Preparatory works.

3.1, Earth works.

3.2, Soils.

3.3. Drainage.

3.4. Structures.
SECTION 4. Surface construction,

4.1, Surfacing types.

4.2.  Construction details.
SECTION 5. Materials,

5.1. Classes.

5.2. Properties and tests.
SECTION 6. Plant and Machinery,
SECTION 7. Trafhic. .

7.1. General terms.

7.2. Signs and directiony
SECTION B. Miscellaneous.
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2. Seettons Fand 2, and sub-section 8.1 were presented o
the Congress as Paper No. 146 and discussed at the Bombay
Session.  Seetions 3.2 o 5.2 are included in this Paper.  As soon
as all the Sections have been finnlized, the Glossary will be
publixhed as a book. ’

3. To facilitate reference to published Titerature, as classi-
fied iu libraries, the Universal Decimasl Classification numbers
have been given wherever it has been possible.

4. The use of terms given within brackets is deprecated.

5. Explanations, wherever uccessary, are included in
hrackets along with the definitions.

e () e

SECTION 3—PREPARATORY WORKS

3.2 SOILS

Detini- | U Do |y
tion No. No. l v
32.01 ABSORPTION
32.02 ADSORPTION

= gl NS o soid Particle
Cohesive Woker 7=~ L 3l 1'“, B (Soit)
Sobdifed Water b Adsorbed
) TR 11 waoter
TYPES OF SOIL MOISTURE
32.03 BASE EXCH-
ANGE
32.04 BINDER

DEPFINITION

The entry of o fluid into a body
through the pores of the
latter.

The phenomenon that causes
atbachment of a fluid to
the surface of a solid particle
owing to a form of molceular
attraction.

A property by virtue of which
certain minerals, notably the
Zeolites can exchange ions of,
say caleium for sodium,
magnesium, potassium, or
any element of the alkaline
earth group, when in a
suitable environment.

[The reaction is essentially of
a chemical or ionic character.]

2.  An exchange of bases.

{Refers to the reaction which
certain insoluble constituents
of soils undergo when they
are brought in contact with a
salt solution. The cations* of
the salt replace the bases
from the soil.]

The fine cohesive soil (clay)
fraction inherent in or added
to sandy and gravelly soils.

(Also see 61.07).

* Cation—(as opposed tu anion) — The ion is an electrolyte which
carries the positive churge and which migrates towards the cathode under the

influence of & potential difference.
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Ao o TIRM DERINITION
32.00 BLACK Sail farmed by the decomposi-
COTTON tion of  rocks  hike  trap
SOIL! : ¢ ar,
grantte, gneise, basalt, or
limestone, by long continued
wenthering. ‘The clay content
{(particle size less than 0.002
mm.) iy from 40 to 60 per
cent.

It is black or blue-black
and is found in tropical
countries. ]

3206 BROWNIAN  The state of constant unordered
MOVEMEN'] nmotion, of solid particles in
a fluid medium, visible under
the miecroscopo, which is due
to the faet that ecach particle
possesses an electrical eharge
which  causes it to repel
other  particles  similarly
charged.
32.07 C/l\}l;zllf&RNNGlA It is a measure of the shearing
RATIO* resistance of a soil to pene-
(C.B.R) tration under carefully con-

1. ftis cluimed that this soil contains 4 to 8 por cont humnug, 32.34. 1t
hws.gl‘c;yc affinuty fur wator and aitracts it (waier) from all (lir(mt,i:nm ‘;nlu‘ by
capillarivy, 13 exvrenioly sticky whon wet and has o high  cooflicient of
shrinkage. 1t has o high boaring capacity when dry, hut h('('(m;(m anu\» W
fluid whon wor.  Gonorally saitablo for cotvon crop, but very unsuitablo x‘w. “

founsintion for rc .
o l) or road pavemonts, and structuees, bocause of tho great volume
change and roquires special troatmoent.

* Unit-load valuos for various dopths of

penetration into the stundard samplo are LOAD
stondar dized and given in tho Table :

STANDARD VALUES

Penctration Unit Load
inchoes .81,
0.1 1000
().‘:2 1300
0.3 1900
0.4 2300
0.5 2600

\

<r
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Lo N
Detiini-1 U, D. C. TERM ‘ DEFINITION
fion No. No.

32.07 CALIFORNIA
BEARING
RATIO
{Uorid.)

trolled density and moisture
conditions.

[The ratio is expressed as a
percentage of the unit load
required to force a standard
piston into the soil at a rate
of 0.05 inch per minute divi-
ded by the unit load required
to force the same piston the
same dopth at the same rate
into a standard sample of
crushed stone.]

32.08 CAPILLARITY A phenomenon associated with
surface tension and angle of
contact, by which the sur-
face of a liquid where it is in
contact with a solid, {(asin a
capillary tube) is elevated or
depressed.

[Capillarity depends on the re-
lative attraction of the mole-
cules of the liguid for each
other and for those of fhe
solid. In soil stabilization,
capillarity is the ability of
the soil to transmit moisture
in all directions regardless of
any gravitational force.]

32.09 GENTRIFUGE The moisture content, expres-
MOISTURE sed as a percentage by

EQUIVALENT  yejoht of oven-dried soil,

(G- M- E) retained by a soil which has

first been saturated with

water and then subjected to

CBR. = Tost unit }oad % 100.
Standard unit load

The C.B.R. used in design is the 0.1 or 0.2 inch penetration value, whioh-
ovoer is groater. For most soils the 0.1 inch penotration value is the greater.

The C.B.R. is used with empirical curves for designing flexible
pavements,
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376 Seectricarions & Stannagrns COMMUTTEE ON
— . '.fifl“}\‘,f;i v ¢ l TERM | DEFINITION
tll)(:)lt;nl\\;(-)‘ Y e i TERM 1 DEFINITION " ' | :
‘ 32.14 COMP:‘XC'}WON [This term is generally used in
82.09 (MI‘(:;IS[:“I};{'{(I‘ a contrifugal force equal to (Contd.) Laboratory Tests.]
EOQUIVALEN'T one tho.nsmul fimes the foree COMPACTION, L .
?C‘ M. ) of gravity for one hour, 32.15 A ratio given by the equation
{Contd.) : (Void Ratio of Sample)
JEGREE OF = = T
32.10 CLAY (a) Colloidal fine complex : Da (Void ratio in loosest state)
vilicates formed by the - (Void ratio in densest state)
natural decomposition Viid rakio in densest state
of igneous rocks ; - (Void ratio in densest state)
(b) In the mechanical CONSISTENCY The ratio of the difference
analysis of soils, clay is 32.16 INDEX between the liquid limit and
defined in the Interna- the natural water content to
tional Soil Classification the Plasticity Index.
System, as composed of o .
particles smaller than CONSOLIDA-  The process of reduction in the
0.002 mm. (See also 32.17 TION volume of a soil, with a corres-
31.07.) ponding increase in density,
. such as can be produced by
39.11 COHESION (#) The internal molecular the expulsion of water or air
atbriction which opposces from the pores of the soil
the rupture of a material. under application of external
(b) The property of a force (Same as 31.09).
material on which its ! i
il 2 DENSITY, See Compaction, Degree of
degree of stability de- 32.18 DEGREE OF  32.15. P ’
pends. Dy)
. ; i i ti-
9§ COHESIVE Quter film of adsorbed water 32.19 DUS Flne, dl‘y, pulverls_ed goil par
32.12 WATER surrounding soil particles in cles that can be lifted and car-
colloidal suspension (See Fig. ried by wind.
m 3202) 32 90 DUST RATIO Percentage of material passing
32.13 COLLOIDS (1) Soil particles of size less gieve No. 200(A.S.T.M. & B.S.)
than 0.001 m. m. Percentage of material passing
(2) The finer clay particles sieve No. 40 (ASTM) or sieve
which show pronounced No. 36 (B.S.)
:l;;ownirm movement (Seo EFFECTIVE  The size of th ticle that is
.06) when suspended in 32.21 - ¢ size o e par
wa.ter). P SIZE (E.S.) coarser than 10 percent by
X weight of the material, i.e. !O
32.14 COMPACTION The process of inducing a closer percent of the material will

packing of particles in » mnass
of loose material, by blows,
or by other external pressure.

consist of particles smaller
than the effective size and 90
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Dotini-
tion No,

32.21

32.22

32.23

32.24

32.26

TERM ‘ DIIIENTTTON

EFFECTIVE percent consiyts  of  larger
SIZT (1.8.) particles.

(Clontd.)

{Thus, if & sand is said o have

an effcetive size of 0.4 mum.,

it means that 90 percent of

the sand grains are more than

0.4 m.m. in diameter. The

effective size, however, does

not give any indication of

the degree of  variation or

uniformity of the puarticles

composing 90 percent of the
nmaterial.]

EXPANSION  The increase in one dimension,
LIMIT, expressed as a percentage of
LINEAL that dimension at the shrink-

age limit, of a soil mass when
the water content is increas-
ed from the shrinkage limit
to the field moisture content.

EXPANSION, The increase in one dimension,
LINEAL expressed as a percentage of
that dimension at the shrink-
age limit, of a soil mass when
the water content is increas-
ed from the shinkage limit to

any given water content.

FIELD1 URE The minimum moisture content

MOIST expressed as a percentage of

EQUIVALENT the weight of tﬁe oven-bdried
soil at which a drop of water
placed on a smoothed surface
of the soil will not immedia-
tely be absorbed but will
instead spread out over the
surface and give it a shiny
appearance.

FLOCCULA- The coalescence of a finely
TION divided precipitate  into
larger particles.
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Defini-
tion Nu,i

32.26
32.27

32,28

32.24
32.30

32.31

32.32

32.33
32.34

i
TERM l DEFINLITION
(

FLOCCULA- ‘The void ratio of a soil when it
FION RATIO 45 in the condition of a
deflocculated sediment,

FLOGCULA-  The water content of a soil,
FION LIMT1 when it is in the condition of
deflocculated sediment.

FLOW CURVE The locus of points obtained
from a standard liquid limit
test (mechanical method) and
plotted on a graph represent-
ing water content as ordinates
on anh arithmetic scale and
number of shocky as abscissa
on & logarithmic scale.

FLOW INDEX The slope of the flow curve.
FREE WATER The water that moves in a soil

under the force of gravity
without being retained by the

soil.
FRICTION, The angle between the normal
ANGLT OF to the contact surfaces of two

hodies, and the direction of
the resultant reaction bet-
ween them, when a force is
just tending to cause relative
sliding. -

GRAIN The size of grain, usually in
DIAMETER millimeters, as determined by
sieve analysis or wet mecha-
nical analysis. (Hence, not a
true grain diameter except

for spherical grains),

GRAIN SIZFE  Same as Grain Diameter, 32,32.

HUMUS A dark brown amorphous subs-
tance formed usually in the
soil, due to partial or com-
plete decomposition of vege-
table matter; the organic
component of the soil, .

12
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Dofini- | S

ton N N Ry DEFINITION
B ) , |
32.35 o e : i
”\p?{lﬁg::‘ﬁg.'(‘ A term used in carth pressure
R /\’l(“lb ‘ computations to represent the

ratio  between the normal
component of pressure at a
pointon a given plane and the
pressure which would exist
at the same point if ecarth
were substituted by a liquid
of the same unit weight.

32.36 LEACHING The process  of the washing
through of soils by water.

32 57 LIQUID LIMI'F That moisture content expressed
(L.L) as a percentage by weight of
oven-dry soil, at which the
weot soil will just begin to
flow when jarred slightly.

| The Liquid Limit is the upper
limit of the plastic state of
the snil.]

32.38 LOAM Aloam is a soil having rela-

tively even mixture of the
different grades of sand and
of silt and clay. [Tt is mel-
low with a somewhat grity
feel, yet fairly smooth and
slightly plastie. Squeezed
when dry, it will form a cast
that will bear careful handl-
ing, wl}ile the cast formed by
Squeezing the moist soil can
be handled freely without
breaking, ‘
32.34 b
MARL An earthy mixture of minerals
consisting  of quartz, clay
ca]qlte, and sometimes glau-,
conite sands, Quite often
f?un(l in swamps and lakes
Same as 31.23. .

J

hnm: loamy soils contain a con-
siderable proportion of orga-
nie matter.] Same as 31.29.
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Lil)n Nu, NU, PER. ‘ : '

32.40 MODULUS OF 'The ratio of stress to strain for
5}“?’:’(‘,’1‘?71‘\ a given material under given
)F (Contd) load conditions.

{In soil mechanics, it is assumed
that the soil is isotropic and
homogeneous and  follows
Hookes” Law strictly.]

32.41 MODULUS OF The ratio of the developed
}3}3224{3 I- pressure to the volume change
LITY in a  soil mass of unit

volume.
32.42 MODULUS OF A peasure of the ability of a
ﬁ%gg%ﬁ}’ﬁ given subgrade to oxert react-
(K) ing pressure against a pave-

ment slab when the slab i
subjected to flexure.

{'This ability or the stitiness of
the subgrade is expressed in
lbs per sy. inch of area, per
inch of deflection, i.e., in 1bs,
in. 3%*].

32.43 MODULUS OF The modulus of subgrade re-
SUBGRADE action determined by dyna-~

REACTION ; (brs ts.
DYNAMIC mie or vibrator tes

* Subseripts may be usced to ditferentiate woduli undor different load
conditions.

** his modulus of subgrade reaction, is a soil property that can be
reudily detormined hy loading tests in the field and is closely relutcd.to_i‘lm
wodulus of alussicity, The pressure roguired to press n circular dise into
$ho soil fur about 0.05 in. is determined and the modulus of subgrade reaction
is defined as the pressute to produce one inch dfa(icution. The indentation
is purposely kopt small so w3 to limit the effeet of a permanent set.

It + = tho radius of the dise
E = the modulus of clastivity of the soil
then £ = 1.3 K. (if the pressure ou the soil is uuiform)
or ¥ = 1,18 K.r (if the deflection is constant ovoer the loaded area, i.e.
vhe dise 18 vigid).

1t iy nocessury it quoting Ggures for tho modulus of subgrade roaction
that the size of the plate employed should be mentioned. Ior airfield work,
this is usually 30 inches but for roads this is 18 inches, and the figuves
for o given subgrade using the two piges will usually be different,
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Defini~

tion No.

32.43

-
(&
e
t

32.46

32.47

32,48

3244

32.560

UL,
N,

TRRM

DEFINPPHON

MODULUS OF
SUBGRADY
REACGTION
DYNAMIC

(o onhd )

MOISTURIE
CONTENT

orriMmuM
MOISTURE
CONTENT
(O.M.C)

MOISTURE
INDEX

OVERBURDEN

PEA'T

PERCENT
FINER

PERMEA-
BniLIryY

{This moduluy is considerahly
larger than that obtained by
static load tests, and repre-
sents the dynamic cquivalont
of the coefficicut of subgrade
reaction. |

The ratio, expressed as a per-
contage, of the weight of
water in a given soil mass to
the dry weight of solid parti-
cles.

The moisture contont expressed
as a percentage by weight of
the oven-dry soil at  which
the maximum density isx pro-
duced in asoil by a spect fie
amount of com partion.

‘The ratio of the plasticity index
to the difference between the
natural water content and the
plastic limits.

The layer of soil or other mate-
rial which overlies a deposit
of rock or sand gravel,

Dark fibrous spongy soil show-
ing evidence of vegetable
origin.  (Same as 31.24.)

‘The percentage of particles by
weight, in a given soil, having
diameters smaller than the
given grain diameter,

‘The property by virtue of which
fluids can pass through mate-
rials, defined by the rate at
which fluid passes under unit
pressure gradient,

[Permeabilit

Yy i wsually expros-
sed

- terms of velocity of
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Detini- | U, D, |

vion No No | THERM DEFINITION
Lion No. No. l
3251 PELRMEA- o )
i BILITY CO- then, » - £ .)I : ., iy wssuwmed
IFFICIENT 2 2
(Clontd.) as the aver-

age hoead
causing tlow
of water to
sub-drain.
The value of the coefficient A
depends on the typo of soil.

The common values are --

Coarse sand ... 2 x 10-?

Fine sand ... | x 10-9

Diatoms B 1o

Clay e 2X1077)
32.52 pH VALUE* "The logarithm to the base 10, of

the reciprocal of the concent-
ration of hydrogen ions in an
aqucous solution,

1t is a convenient method of
oxpressing  small differonces
in the acidity or alkalinity
of ncarly neutral solutions.]

32.53 PLASTICITY The difference

between  tho
INDEX

Liquid Limit and the Plastic
Limit.

(It is the range of moisture
content (expressed as a por-

centage of the oven-dry soil)
over which the soil is plastie

* Chemically Puro wator contains au equul number of by deogen (H) ionu
and hydroxyl (OH) ions and thorefope is neither acid uor alkaline bug js
referrod to as neutral. When there is an oxcess of hydrogon ions, vhe wolution
is suid to ho weid, and when hydroxy! iong are in oxeoss, the solution is said
to be alkaline.  One litre of chemically pure water or wy nentral solution

vonsaing tx 1077 of 4 gram of hydrogen ion. On the PH scale the figures
run from O to 14 with the midpoint 7 reforring to 11107 graiu which is the
woight of ((lisasm)(:iatm]). hydrogen ions in a neutry! solution.  "The numbers
less than 7 rofor to acid solutions and the numbers greater than 7 1o
ulkaline solutions,
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Defini-
tion No,

32.563

32.54

[
&
[}
[

32.56

32.67

32.68

32,59

32.60

. Col
g tERe

PLASTICITY
INDEX
(Clontd.)

PLASTIC
LIMIT

POROSITY

DEFINTTION

It is a measure of the cohesion
of the soil wunder damp
conditions.]

The lowest moisture content

expressed as a percentage by
weight of oven.dry soil at
which the soil can be rolled
into threads 1/8 inch in
diameter without breaking
into pieces.

(It is the lower limit of the

Plastic State]

The ratio, expressed as a per-

centage, of the voids in a
given soil mass to the total
volume of the soil mass,

REMOULDING The ratio of the modulus of

INDEX

REPOSE,
ANGLE OF

SAFE
BEARING
CAPACITY

SAND

SAND,
COARSE

elasticity (or deformation) of
a s0i] in the undisturbed state
to the modulus of elasticity
{(or deformation) of the soil
in the remoulded state.

The angle between the horizon-

tal plane and the natural
slope at which earth or other
loose material stabilizes with-
out tending to slide.

The load which may be applied

over the soil without causing
it to settle to an extent detri-
mental to the structure over it.

A cohesionless soil composed of

granular, gritty and loose
grains of siliceous origin of
sizes ranging between 2.00
m. m. and 0.02 m. m.

Sand of grain size varying from

2.00 m.m. t0 0.20 m.m.

v o



SeRCiFIoATIONsS & Stannarwns COMMITTEE ON

KE I

Detini- TRRM DEFINITION

tion No, I
32.61 SAND, FINE  Sand of grain size  varying

3262

32.63

32.64

32.65

32.66

32.67

from 0.20 m.m. to 0.02 m m.

SATURATED A soil which has absorbed the
SOI. maximum amount of mois.
ture it can hold without being
disturbed or remoulded. In
saturated soils, the moisture

just fills the vaids,

SATURATION, The ratio expressed as a per-

DEGREF OF(S)  centage of the  moisture
content in a given soil mass
to the total volume of inter-
granular space (voids).

SHALE A compressed and laminated
clay not so hard as slate,
with or without associnted
organic matter (same s
31.29).

SHRINKAGE

The maximum moisture content
expressed as a, percentage by
weight of the oven-dried soil
at which a reduction in mois-
ture content will not cause a
deprea,so in volume of the
3011 mass, but at which an
Increase in moisture content
will canse an increase in
volume of the snil mass,

LIMIT (S.L.)

[Tt represents the moisture cont-
ent at the point where the
soil passes from the semi-
solid to a solid state.]

S’z‘;&g%\cn The particular lincar shrinkage
LINEAL (32.67) pertaining to the Field
Moisture Fquivalent (32.24).

SHRINKAGE

LINFAL (.8, The decrease in one dimension,
©7 ©expressed as a percentage of
that dimension originally, of

»
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Defini-
tion No.

32.6

32.68

32.69

32.70

32.71

32.72

{

U.D.C.

No.

1

TERM DEFINITION
SHRINKAGE a soil mass when the water
ngzl,F;’l\})(L-S) content is reduced from the
oned. original percentage to the
shrinkage limit (32.63).
Slilll;qb:}]ﬂA(}li The decrease in volume expres-
: sed as a percentage of dry
VOLUMETRIC volume, of a soil mass when
moisture content is reduced
from the Tield Moisture
Equivalent (32.24) to the
shrinkage limit (32.66).
SHRINKAGE  The ratjo betwee iven
RATIO(R) he rati etween a gi

volume change, expressed as
a percentage of the dry
volume, and the the corres-
ponding change in water
content above the shrinkage
limit, expressed as percent-
age of the weight of the
oven-dried soil. (It is
numerically the same as the
bulk specific gravity of the
dried soil.)

SHRINKAGE, - The decrease in volume, ex-

VOLUMETRIC  pregsed as a percentage of
the dry volume, of & soil
mass, when the moisture con-
tent is reduced from & given
percentage to the shrinkage
limit (32.65).

SILT Mud consisting of fine, barely
visible grains, with grain size
between 0.02 m.m. and 0.002
m.m., with little or no plasti-
city, and no cohesion, usual-
ly deposited as a sediment
in water. (See also 31.31)

SOIL A mixture of earthy materials
with particles differing phy-

13
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e Nl N PERAS DEFINTTION

32,72 SOIL

sically in sizo, shape an
(Contd,) y ; ] d

cellular structure, varying in
chemical composition and
surrounded, at times, with
water containing  varying
amounts of chemicals in
solution,

{Soil is of secondary origin and
iz produced by decomposition
of various kinds of rocks in-
termingled more or less with
organic matter, resulting from
the growth and decomposition
of animal matter or vegeta-
tion (Same as 31.33))

3273 SO MORTAR Soi} fraction passing sieve No.

40 (A 8. T. M) or i N
36 B ieve No,

32 74 SOIL STABILL The process of treating a soil in
SATION such a manner as {0 improve
or alter its physical properties

80 as t0 serve a specific pur-
pose,

392.75 SR%JXQTER' Water held on the surface of
SORBED solid particle as a result of
attractive forces.

.
[The water held may be under
pressures of several thousand
atmospheres and in a solid

f;;r(r)r;) (Se¢  Figure under

Snil-water.hygro.»;copic (32.78) is
a  particular tvpe of goil
water, adsorbed|.
4276 S%%Pﬁ,?}x%l\{ Water held above the water.
table (32.93) by adhesion and
surface tension forces ag A
film around particles and in
the capillary spaces.
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Dofini- | U, b, ¢,
tion No,j No.

32.76

32.719

32.80

32.81

32.82

32.83

32.84

TERM

SOIL WATER,
CAPILLARY
(Contd.)
SOIL WATER
GRAVITA-
TIONAL

SOIL WATER,
HYGRO-
SCOPIC

SUB-SOIL

SURFACE
TENSION

SURCHARGE

SURCHARGE,
ANGLE OF

TOP SOIL

"TOTAL

ACTIVE
EARTH
PRESSURE

DEFINITION

[Moves in any direction in which
capillary tension is greatest.!

Same as Kree Water, 32.30.

Water which is adsorbed from
an atmosphere of water
vapour and held on the sur-
face of particles by forces of
adhesion.

The undisturbed strata lying
below the natural top soil.
(Same as 31.38).

A property possessed by liquid
surfaces whereby they appear
to be covered by a thin elas-
tic membrane in a state of
tension, measured by the
force acting normally across
a unit length in the surface.

(The phenomenon is due to
unbalanced molecular cohe-
sive forces near the surface].

The load superimposed above
the level of the top of the
retaining wall on the earth
bearing against it.

The angle between a horizontal
plane, and the sloping face
of a surcharge of earth.

[This angle may be equal to or
less than the angle of repose.]

Uommonly, the organic surfaoe
soil suitable for cultivation.

The total force exerted by or
through & mass of earth
against a medium of Iateral
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1,%:?235.] v ¢ l TIZRM [ DEFINITION
32.84 TQ\E‘}’I\‘]{VI‘ support, or aguainst a given
EARTH area thereof.
PRESSURE
(Contd.)
32.85 TOTAL The total oxternally applied
Eﬁb}ﬁl}}’k lateral force which a given
PRESSURE mass of carth is capable of
resisting over a given area,
at the point of sliding.
32.86 TOUGHNESS The ratio of the plasticity index
INDEX to flow index.
32.87 UNIFOFRI;'II;I‘Y The ratio of the size of the
COEFF1CI- o4 :
2O 3 particle that is coarser than
ENT (U.C.) 60 per cent by weight of the
matorial- to the e¢ffective size
(32.21) of the material,
[Thus, if 60 per cent of a sand
having an effective size of
0.44 m.m. passes a 0.64 m.m.
screen, the uniformity coeffi-
.. 0.64
cient is 0 = 1.6]

82.88 voID RATIO The ratio of the volume of
intergranular space voids to
the volume of solid particles
in a given soil mass without
regard to the proportions of
liguid, air, or gas which may
occupy the space. (Cf. Poro-
sily, 32.68)

(1f I = void ratio
Ve= total volume of voids
in a mass of soil
Ve = Absolute volume of
soil particles
|2
then I = !
V,]
39.89 VvOID RATIO- The void ratio of a cohesionless

CRITICAL soil at which continuous
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LI.')OTT\JE U'N% “ ‘ TERM ‘ DEFINITION
32.89 VOID RATIO-  ghearing deformation can
CRITICAL take place without change in
(Contd.) . .
void ratio.
32.90 VOLUMETRIC Same as Shrinkage, Volumetric,
o CHANGE 32.70.
392.91 WATER CON- See Moisture Content, 32.44.
’ TENT
392.92 WATER . The surface below which, except
GRADIENT for relatively small quantities
of dissolved or entrapped air,
water fills the voids in soil or
rock.

[Its level can be found by
measuring the elevation to
which water rvises in a well
sunk below the surface at any
location. Water table will
vary with the season and the
soil.

Where the water-table rises
above the ground-level a body
of stagnant water exists.]

32.93 WATER- Same as Water Gradient, 32.92.
TABLE .




SECTION 3. PREPARATORY WORKS

3.3 DRAINAGE

i
Defini- 1 U, D. (. e
tion Nov. No. | PERM { DEFINITION
- ! :

33.01 AFFLUX The rise above the normal
surface of water in u water-
course caused by an ohstrue-
tion to flow.

33.02 AQUEDUCT  An artificial channel through
which water Howing with a
free surface is taken across a
valley, drain, canal, river,
road or railway,

33.03 33255  BACKWATER The water in a stream rising
above its normal level
due to some obstruction to
flow,

33.04 B!({%%‘QIIQTER Partioular form of the surface

i v curve of a stream, which is
concave upwards.

33.056 532.55 B?gl\?l\fﬁA'l‘ER The level of the backwater

sV EL surface at any specified
point.

33.06 lciloJi(VER’r - A monolithic drainage structure
rectangular in section,

33.07 625,735 BOX-DRAIN A ¢overed drain of rectanguiar
section,

33.08 625,73  BOX.GUTTER A gutter of rectangular sec-
tion.

33.09

Bl:!l?%%ﬂolﬁ(; A lowered section of a road,
SEG specially designed to permit
the escape of abnormal
floods, without damaging any
1mporta.nt road or hndge

structures nearby.
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Deofini-
tion No,

33.10

33.11

33.12

38.13

33.14

33.15

33.16

C.D.Co ppRrM DEFINITION
No. i

BRIDGE -

A drainage structure, with a
total lineal opening of more
than 20 ft, erected for carry-
ing traffic across a natural or
artificial water course, a rail-
way track, another roadway,
or any other obstruction,

[For structures with a lineal
span of 20 ft and less see
Culvert, 34.28.]

BUOYANCY The loss in weight of a body,
immersed partly or wholly in
a fluid, due to the resultant
upward pressure exerted on it

by the finid.

CA'TCH-
WATER
DRAIN

925.786 \ drain excavated on the upper
slope of a hill road to inter-
cept and oollect water flowing
towards the road, and to lead
it to a point where no damage

will result to the road.

$51.437.3 CATCHMENT (1) The area drained by a water
AREA course at any section,

(2) Area from which the rain-
fall flows into

(a) a drainage line at any
specified section on

(b) a reservoir.

351.437.3 CATCHMENT Same as Catchment Area, 33.13.
BASIN

725,745 456 CATCH-PIT A pit excavated on a chamber
constructed below the normal
bed level of a ditch, drain,
stream or sewer to trap bed

silt and solid matter. S

625,78 CA'TCH- See Catch-water Drain, 33.12.

DRAIN
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SPECTFICATIONS & STANDARDS COMMITTEE ON

~

Defini- |
tion .\'o,J
i

33.17

33.18

33.1¢

33.20

33.21

33.22

r.D.C.
No.

TERM

1
\[ DEFINITION
I

CAUSEWAY
(Irish Bridge)

I. A paved dip in a road
across a shallow drainage
course, at or about the
bed level.

2. A paved road crossing at
or about the ground level,

a water logged or marshy
area.

CAUSEWAY,

A paved di iably ab
RAISED paved dip appreciably above

the bed level of a stream,
usually provided with vents
to pass low water flow (Cf.
Submersible Bridge, 33.79).

COEFFICIENT The ratio of the most contracted
OF CONTRAG-  sectional area of a stream, jet
TION or nappe, beyond the plane, of
the orifice or notch, through
which it issues, to the uncon-
tracted sectional area. (Nappe
is a sheet or a curtain of water
flowing over a dam, weir ete.).

COEFI;ICIENT The ratio of the actual discharge

OF DIS- to the theoretical discharge

CHARGE caleculated according to a
specific formula,

COEFFICIENT A reduction factor which has to

OF ROUGH- be applied in formulae, such
ggg%g{.{ry as the Kutter, Manning, and
Bazin Formulae, when calcu-
lating the discharge of a
stream, to allow for the fric-
tional and other losses
engendered by the charac-
teristics of the wetted peri-
meter.
CRITICAL i i
VELOGITY The mean velocity of flow in a

channel of given depth which
will just keep the bed of
the channel free from either
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Defini- 1. D. C. TERM DEFINITION

tion No, No.
33.292 CRITICAL silting or scouring, when the
‘ VELOCITY water isrunning fully charged
(Contd) with silt.

33.23 6257452 CULVERT A structure used for purposesx
similar to that of a bridge,
bhut having a total lineal
opening of 20 ft or less.

33.24  69.022.5 CURTAIN A thin wall used as a shield or

WALL protection against scouring
action.

33.25 62402221 CUT-OFF A wall, collar, or other struc-

532,685 WALL ture intended to cut off or
reduce percolation of water
along smooth surfaces, or
through porous strata.

33.26 625735 DITCH A trench cut in the ground for
the purpose of receiving and
conducting drainage water.

33.27  625.735 DRAIN A conduit or channel, either
artificial or natural, for
carrying off surplus ground
water or surface water. [Cf.
(Ditch, 33.26 and Gutler,
33 407

33.28 625.73& DRAINAGE }. The interception and remo-

625.731.8 val of water from, over, or
under an area.

2. The water so removed.
33.29 551.437.3 DRAINAGE See Catchment Area, 33.13.
BASIN
: EROSION The process of removal of mat-

3350 ter from the banks of a
stream by the action of flow-
ing water.

33.31 625.745.21 FLOOD A section of a road specially

ESCAPE

designed to permit the flow

14
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Dofini- l
tion i\'n.'

33.31

33.32

33.33

33.34

33.35

33.36

33.37

33.38

33.39

U, ..
No.

621,646
627,41

625.745.21

625.745,
456

TERM

FI1.LOOD
ESCADY
(Contd)

FLOOD GATE

FLOOD WAY

FLUSH
CAUSEWAY

FORD

GRATING

GROYNE

GUIDE BANK

GULLEY

- DEFINITION

over it of flood water rising
over a specified level. | Cf
Breaching Section, 33.00

A movable obstruetion placed

across  a  water course for
impounding, exeluding or
diverting flood water.

See Flood Escape, 33.31.

A causeway at bed level of a

stream [See Causeway, 33.17]

A shallow crossing where a

stream or river can be cross-
ed by wading through.

A metal grid to keep out debris

ab the entrance to a drain,

An obstruction of stone, timber

brushwood, or other material
constructed from the bank of
a canal or river and project-

ed into it, for diverting the
current.

A protective and training bank

1.

constructed at the site of a
weir ; bridge, etc., to guide
the river through the water-

way provided in the struc-
ture,

The erosion formed on road
shoulders by rain water,

A receptacle of stone-ware,
concrete, cast iron, or other
material provided with a
grid, placed at the side of
the road to receive drainage
from a gutter or channel,
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Defini-
tion Io,

33.40

33.41

33.42

33.43

33.44

33.45

33.46

U. D. C.
No.

625,735

625.731.3

! TERM l

GUTTER

HERRING-
BONE DRAIN

HIGH LEVEL
CAUSEWAY

HYDRAULIC
GRADIENT

HYDRAULIC
GRADIENT
LINE

HYDRAULIC
MEAN
DEPTH

HYDRAULIC
MEAN
RADIUS

A  water

A system of

DEFINITION

carrier constructed
along the sides of a carriage-
way to carry away water
drained from the surface of
the pavement.

interconnected
drains, commonly used for
sub-soil drainrage, and laid
out in the pattern of a herr-
ing-bone (Zig zag pattern).

See Raised Causeway, 33.18.

The slope of the

1.

Same as

hydraulic
gradient line.

The line joining the levels
to which water rises in pres-
sure pipes (manometer tubes)
erected at points along a
flowing conduit.

The waterline
open channel.

The line of saturation in
the earth section of an
embankment, dam, tank,
bund or other earth struc-
tures for retaining water.

along an

A function of depth obtained
by dividing the cross-sectional
area of a stream of water by
the length of its periphery in
contact with water.

The ratio of the ares of the
flow section of a stream or
pipe to the wetted perimeter.
Hydraulic Mean
Depth, 33.45.
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Defini- | U. D, C. . i —
tion No-i No. i TERM [ DEFINITION

33.47 532685 INIFII(I;;:RA- The passage of water from the

33.48 351577213 INTENSITY

33.49

33.50

33.51

33.52

33.53

33.54

33.55

33.56

33.57

623.735

625.735

6253.745.4

532.685

OF RAINFALL

INTERCEPT-
ING DRAIN

INVERT

INVERTED
SIPHON

(Siphon
Culvert)

KERB INLET

LEADER
DRAIN

LEADING
DRAIN

LEAD OFF
DRAIN

MAN-HOLE

PERCOLA-
TION

sub-soil into a water-bearing
stratum or to a drain.
[This is a particular case of
Seepage, 33.68].

The rainfall in a unit of time

usually expressed in inches
per hour.

See Catchwater Drain, 33.12.

The lowest portion of the inter-
nal surface of s drain, sewer
or culvert,

A water conduit crossing a
depression or under a high-
way, railway, canal ete.

Apertures formed in a kerb to
let in surface water from the
pavement to a gully.

A principal drain by which the
branch drains are connected
to an outfall or ditch,

Same as Leader Drain, 33.53.

A drain to lead away roadside
dra_l.in water from convenient
points to prevent accumula-
tion of water, and side sewer,

An underground chamber con-
structed for giving access to
& drain, sewer, or other
underground services,

The slow pPassage of water
through soil or g porous solid
under the action of gravity.

Grossary or Hicuway ENGINEERING TERMS 399

Defini- | U.D. C.
tion No. No.
3357
625.735
33.58 621.0643.2
33.59
33.60
33.61
33.62 551577
33.63
33.64
33.65 625.735
691.21

1 TERM

PERCOLA-
TION
(Contd)

PIPE DRAIN

PIPING

PUDDLE

PUG

‘ DEFINITION

[Cf. Seepage, 33.68, Infiltralion,
33.47]

A drain constructed with pipes
or in the form of a pipe.

The phenomenon of water
flowing under or round a
structure built on permeable
foundations and carrying
away with it the finer material
of the foundation soil.

1. Clay material kneaded and
placed to form a compact
mass to reduce percolation.

2. To place such a material.

To pack with clay or similar
material generally for the
purpose of checking leakage
or to render the surface
water tight.

RAINWATER The quantity of atmospheric

RAISED

CAUSEWAY

RATE OF
RUN-OFF

RUBBLE
DRAIN

water falling quring a certain
period over an area and
measured as the average
depth of water in inches of
percipitation.

See Causeway, Raised 33.18.

Run off in a unit time (usually
a second) and expressed in
cusecs (cubic feet per second).

A drain constructed by excava-
ting a trench to the reguired
level and filled in with select-
ed rubble or stone through
which water can percolate.
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Defini-

tion No.

33 .66

33.67

33.68

33.69

33.70

33.71

33.72
33.73

33.74
33.75

. h. .
No.

551.570.1

625.745.4

551.77.37

l TERM

RUN-OFF

SCOUR

SEEPAGE
SEWER

SIDE DRAIN

SOAKING PIT

SOAKAWAY

SPILLWAY

SPUR

STORM
WATER

[ DEFINITION

The total quantity of precipitat-
ed water from a catchment
area, reaching a given point
within a given time.

The procoss of erosion and
removal of matter by the
action of running water on
the stream bed.

Percolation of water into or
from the soil.  [Seepage into
a s0il is termed TInfluent
Scepage and that away from
a soil as Effluent Seepage].

An underground conduit or
duct formed of pipes or other
suitable construction for the
conveyance of sullage water
and/or rain water.

An open drain along the side of
a road.

An excavation or pit to which
drains  are led and from
which the collected water
passes into the surrounding
sub-soil by seepage or per-
colation.

Same as Soaking Pit, 33.71.

A surfaced apron or trough for
conducting water down a re-
latively steep slope.

Same as Groyne, 33.37.
~ Y- e

That podtion of the precipita-
tion which runs off the sur-
face of the ground during a
storm and for a short period
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|
Dofini- | U. D. C. ] TERM 1 DEFINITION
tion No, No. | | ]
33.75 STORM following it when the flow
‘ WATER exceeds the normal or ordi-
(Contd) nary rate of run-off.
33.76 STORM- A drain which carries storm
. WATER water, street wash, or other
DRAIN wash waters but excludes
sewage.
33.77 625.735.691. STONE DRAIN Same as Rubble Drain, 33.65.
21
3378 625.731.3 SUBGRADE Adra,in to draw away water
DRAIN from the subgrade.
33.79 SUBMERSI- A bridge designed to allow
. BLE BRIDGE .4l floods to pass through
its vents but allowed to be
overtopped during high floods.
33.80 625.731.3 SUBSOIL A drain below the ground sur-
’ DRAIN facec to drain away subsoil
water.
33.81 625.745.455 SUMP A well or cistern, sunk below
(Sump well) the working level, into which
water may be drained from
other portions of the work.
33.82 UPLIFT The upward water pressure on
. the base of a structure.
33.83 VIADUCT A structure which carries a road
. or railway across & wide and
i deep valley.
, Y eep y
33.84 'Wmﬂ e as Spillway, 33.73.
33.85 y WATER 1 of water maintained to
' GUSHION abdrb the impact of water
R floW§ng over a dam, chute,
drojor other spillway struec-
\ @
33.86 55114373 ne of separation between
. AS s jacent catchment areas.
- 3
~ e .
i Wl

S
YIRS La N‘S {/,
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Dofini-
tion No.

33.87

33.88

U. D, C.
No.

TERM , DEFINITION
WEEP HOLE

WETTED
PERIMETER

tact with water,

A small opening left through
soil retaining structures to
drain away percolation water.

The periphery of the cross sec-
tional area of a stream in con-

SECTION 3.—PREPARATORY WORKS
SECTION 3.4—-STRUCTURES

Defini- | U. D. C. TERM DEFINITION
tion No. No.
34.01 ABUTMENT An end support of the super-

structure of a bridge or simi-
lar structure generally sus-
taining the pressure of the
abutting earthwork.

34.02 ABUTMENT A pier designed to withstand

PIER heavy unbalanced inclined
thrust from the superstruc-
ture.

34.03 AFFLUX The rise above the normal sur-

face of water in a water
course caused by an obstruc-
tion to flow. (Same as 33.01.)

34.04 AQULEDUCT An artificial channel through
which water flowing with a
free surface is taken across a
valley, drain, canal, river,
road or railway. (Same as

33.02.)

34.05 ARCH A structure having & curved
axis,

34.06 ARCH BRIDGE A bridge (or culvert) with a

or CULVERT  gyperstructure that depends

for its stability on the princi-
ple of the arch.

34.07 ARCH STONE The wedge shaped " structural
component of a stone arch.

34.08 BARRIER An obstruction temporarily pla-
ced to prevent access to a
particalar area.

34.09 BEAM A load bearing structural mem-
ber spanning a gap and sup-
ported at both the ends either
by resting or fixing the ends
into other members.

16
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Defini- |
iion No,’
i

34.10

34.11

34.12

3413

34.14

34.15

34.16

34.17

34,18

U, b, o, s
No. ; FERM DEFINITION

BEARING The support for a beam ora

girder,

B(()‘\I";S'I‘BIN(; A girder consisting of n curved
SIRDER rith or arch, having a horizon-
tal tension member arranged
as a chord and connected to

the rib by hangers.

BOX CULVERT A monolithic drainage struc-
ure rectangular in section.
(Same as 33.06).

BRACING A member used to stiffen or

strengthen a  structure, but
not to take a diroct stress.

625.745.1 BRIDGE A drainage structure, with a

total lineal opening of more
than 20 ft, erected for carry-
ing traffic across a natural or
artificial water course, a rail-
way track, another roadway
or any other obstruction.
[For structures with a lineal
span of 20 ft and less see
Culvert, 34.28.) (Same as
33.10.)

BUTTRESS A structure built against a wall

to strengthen it for lateral
stability.

623.745.9  CABLE FENGCE A fepee consisting of one or
more metal cables carried on
posts.

CAISSON A water tight box like structure

constructed of wood, stee] or
concrete used for laying
foundations below water level,

[CFf. Coffer-dam, 34.23].
That part of a structure or a

structural  member  that
extends beyond its support,.

CANTILEVER

GrLossary oF Hicuway EnciNkrriNG TERMS 405

Dofini~
tion No.

u. 1{) C. I TIRM ' DEFINITION
.

34.19 CAUSEWAY 1. A paved dip in a road
(Irish Bridge) ,cross a shallow drainage
course, at or about the bed

level.

2. A paved road crossing at
or about the ground level.
A water logged or marshy
area. (Same as 33.17.)

34.20 CAUSEWAY, A paved dip appriciably above
RAISED the bed level of a stream,
usually provided with vents
to pass low water flow. [Cf.
Submersible Bridge, 33.79]
(Same as 33.18.)

34.21 CENTRING Temporary supports to the shut-
(False work) tering of a structure - which
is in the process of forma-
tion to the required shape
and strength, [Cf. Shuttering,
34.64]

34.22 CLEARANCE (i) The vertical distance
.  between maximum Hood
. level of a stream and
the lowest point on the
soffit of the superstruc-
ture of a bridge or a
culvert.

(ii) The distance between the
extreme points of a loa-
ded vehicle designed to
pass through a bridge and
the adjacent face of a
structural member of the
bridge superstructure, ...

34.23 COFFER-DAM A temporary box like structure
or enclosure formed to isolate
the area which it encloses for
excluding water therefrom.

]
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Dofini-| U. D. c. ; "
tion No. No. ‘ TERM : DEFINITION
34.2 3 i
4 COLUMN Anupright compression member
the length of which exceeds
hl}rec times its least lateral
dimension.
95 3 A i
34.25 (‘(();TILI)I\EIE%I{}S A girder or beam having more
BEAM than two supports,

34.26 GORNIGE The horizontal moulded projec-
tion generally at the top of a
structure.

34.27 CROSS

A girder placed across from one

GIRDER A
truss or main girder to another.

34.28 6237452 T
2 37452 GULVER' A structure used for purposes

similar to that of a bridge,
but having a total lineal
opening of 20 ft or less.
(Same as 33.23).

34.29 GCURTAIN

URTA A thin wall used as a shield or

protection against scouring
action. (Same ag 33.24.)

34.30 CUT-WATER The upstream nose of a pier

shaped to reduce obstruction
to smooth flow of water past it.

[Cf. Easewater, 34.33)

34.31 %625.745.1 DECK BRIDGE A bridge in which the carriage-
way is built ator near the top
level of the main supporting

members of the superstruc-
ture.

34.32 DECK LEVEL The level of the crown of the
carriageway over the deck.

34.33 EASE-WATER The downstream nose of a bridge

pier designed to promote
sm09th merging of the water
ﬂow1.ng out of the adjacent
openings of a bridge cut-water.

[Cf. Cut-water, 34.30
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Dofini-| U, D. C. j
tion No,| No. TERM ‘ DEFINITION
34.34 EXTRADOS  The outer surface of an arch.

A permanent obstruction erected
or planted to separate plots
of land and to prevent access

3495 625.748.32 FENGE

to an area.
34.36 FLOATING A Dbridge having pontoons or
BRIDGE barges as its supports.
34.37 FREE BOARD The vertical distance between

the maximum flood level and
the road surface level.

34.38 GIRDER .A principal horizontal beam or
a compound structure acting
as » beam, and supported ab
both ends.

34.39 GROYNE An obstruction of stone, timber,
brushwood, or other materinl
constructed from the bank of
a canal or river and project-
ed into it, diverting the
current. (Same as 33.37.)

34 40 626.738 GUARD RAIL A gide barrier or protection
consisting of a rail supported
on posts to constrain traffic.

34.41 HAUNGH That part of an arch lying mid-
way between the crown and
the skewback.

34.42 HEAD-WALL A retaining wall built at the
inlet end of a culvert or a
sluice.

34.43 IMPACT The sudden application of &

load to a structure producing
stresses in excess of those
induced by the same load
applied statically.

34.44 INTRADOS The inner surface of an arch.
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Difini- | U, D, C, e

tion No.‘ No. t TERM ‘ DEFINTPION

34.45 KEYSTONE  The contral voussoir at the
crown of an arch.

34.46 LIVE FENCE A fenco formed of live
plants.

3447 025.745.1 OVERBRIDGE A bridge that enables one form
of land communication over
the other.

34.48 PARAPLT A low or a breast-high wall
built along the edge of a
bridge, a culvert etc.

34.49 625738 1’%‘6&%‘;‘;1‘““ A guard rail so placed on foot-

RAIL paths as to constrain the
movement of pedestrians,
.

34.50 PIER An intermediate support bet-
ween the end supports of a
bridge or a culvert.

34.51 PILE A column driven or screwed
into or formed in the ground
in order to consolidate the
so0i1l or to transmit the weight
or the thrust of a structure
to firmer zones of the sub-
soil.

34.562 PITCHING A protective course or layer of
stones or the like laid on
slopes, banks, or river beds
to prevent erosion by curre-
nts, waves or winds.

34.53 PLATE A girder built of structural

GIRDER plates as main components.

34.54 PONTOON Same as Floating Bri

BRIDGE 34.36. g Dbridge,
34.56 REINFORCE- Rolled Sectio
EINFO ns, bars, rods,

wire or fabric, usually of

Gr.ossARY oF Hicaway Encinprrivae TERMS 109

Defini-~
tion No,

U.D.C.
No.

34.56

34.57

34.58

34.59

34.60

34.61

84.62 625.748.32

' TERM

REINFORCE-
MENT
(Contd.)

RETAINING
WALL

RETURN
WALL

REVETMENT

ROAD-RAIL
BRIDGE

ROCKER
BEARING

ROLLER
BEARING

SAFETY
FENCE

DEFINITION

steel or other suitable materi-
al, embedded in concrete,
masonry or brick work for
the purpose of resisting
definite stresses.

A wall constructed to maintain
in position material capable
of exerting lateral pressure,
generally a mass of earth.

A retaining wall built parallel
to the centre line of a road
and in continuation of an
abutment or wing, to retain
the embankment.

A facing of stone or other
material laid on a sloping
face of earth to maintain the
slopes in position.

A bridge that carries both a
railway and a road.

A bearing or a support which
permits slight angular move-
ment in the supported ends
of a bridge superstructure.

A bearing assembly, consisting
mainly of rollers with suitably
designed top and bottom

plates, which permits of
slight longitudinal move-
ments in the supported

ends of a bridge superstruc-
ture.

A fence placed with the object
of preventing a vehicle out of
control from leaving the
formation,
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o N, No IERM DEFINITION

34.63  025.748.32 SHEET PILES Flat piles driven into the grovnd
alongside of cach other with
their edges in close contact,
or interlocked to resist
hydrostatic or earth pressure.

[Cf. Pile, 34.51]

34 64 SHUTTERING Temporary timber or metal
forms used to mould the
structure to shape. [CFf.
Centring, 34.21]

34.65 SKEW-BACK That part of a pier which
immediately supports an arch.

34.66 SKEW- A bridge or culvert of which

BS}R’%FI‘{’(F)R the centre line is oblique to
the axis of the crossing.

34.67 sIbARBCI%RIDGE A bridge or a culvert having

OR Ot L- :113-28 only as its superstruc-

34.68 SLIDING A bearing which permits sli

. . ght
BEARING sliding of a girder end under
expansion or contraction.

34.69 SOFFIT LEVEL The level of the soffit of an arch
intrados.

34.70 SPANDREL  The space extending from the
top of a masonry arch to the
top of the carriageway.

34.71 SPANDREL A wall built upon the extrados

WALL of an arch upto the top level
of the carriageway.

34.72 sillzl{IIEGING The line of intersection between
the intrados and the supports
of an arch,

34.73 S’lé%%l‘{NAY A shallow subway constructed

to permit passage of cattle
underneath a road or a rail-
way.

(Gattle Creep)
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Defini-
tion No,

34.74

34.75

34.76

34.77

34.78

34.79
1 34.80
34.81

34.82

T.D. C.
No.

625.745.1

\ TERM ‘ DEFINITION

STRIKING The releasing or lowering of
centring.

SHIPPING (i) Theremoval of shuttering

after a structure has
been completed.

(ii) The displacement of tar
or bitumen from coated
aggregrate.

SUBMERSIBLE A bridge designed to allow
BRIDGE normal floods to pass through
its vents but allowed to be
over topped during high

floods. (Same as 33.79).

That part of a bridge or culvert
which lies above the founda-
tion and below the superstruc-
ture seats, or below the
springing line of arches.

SUBSTRUC-
TURE

SUBWAY An underground passage oOr
tunnel to permit the move-
ment of traffic or to accommo-
date public utilities such as

service pipes, cables ete.

SUPERSTRUC- That part of the structure which
TURE lies above the bridge seats or
above the springing line of

arches.

SUSPENSION A bridge with its deck suspend-

BRIDGE ed from chain or wire cables,
usually carried over massive
towers and suitably anchored.

THROUGH A bridge in which the roadway

BRIDGE is at or nearthe bottom chord
level of the main supporting
members.

TOE WALL A small retaining wall con-

structed at the foot of an
earth slope.

16
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34.83 ll;]lll{S"l)%lf A bridge composed of pilebents

> or towers carrying the deck.

REWE! TRUSS A fra:med or jointed struoture
designed to act as a beam.

34 .80 6357454 Ul}\il)-ul{‘ ‘ A bridge that cnables the con-

RIDGY. struction of one form of land
communication under the
other.

34.86 VIADUCT A structure which carries a
road or railway across a
wide and deep valley. (Same
as 33.83.)

34 .87 VUSSOIR Same as Arch Stone, 34,07,

34 .88 WING WALL A splayed extension of an abut-

ment of a bridge or a culvert
to retain the adjacent em-
bankment.

SECTION 4—SURFACE CONSTRUCTION
4.1 SURFACING TYPES

: 41.08 825.844 CEMENT.-

1 b

tﬁ‘:lﬁ’ﬁ*; U & TERM ‘ DEFINITION
. ) ' ! ' -
41.01 BICT(;JI\IIV(I]%%TE A type of construction in which
- coarse and fine mineral aggre-
SURFACING gates are mixed with bitumen
and laid hot to desired thick-
ness.

41.02 B!l"rAURM EN OR A type of construction in which
the fragments of coarse aggre-
MACADAM gate are bound together either
by bitumen or tar app.ied
either by the premix or the

grouting method.
41.03 BLACK-TOP A general term applied to wear-

SURFACE ing coats or surfaces of roads

in which tar or bitumen is
used as a binder.

41.04 625.82).2/3 BRICK A paving composed of brioks
PAVING laid in regular courses.

A surfacing obtained by laying
bitumen or tar concrete to a
thickness of more than an
inch.

41.05 a25.835.41 CARPET

A surface in which a matrix of
BOUND a cement-sand mixture is in-
MACADAM terposed between two layers
of road metal spread on the
road and the whole mass is
watered and consolidated so
that the mortar works into the
interstices of the road metal
to produce a compact mass.

41.07 6251 CEMENT A surface obtained by placing
GONCRETE and consolidating cement con-
SURFACING  1ote to required thickness.

41.08  625.81 EARTH ROAD A road with the carriageway
composed of natural soil.
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4109 5814 (”[{{?)Vli:)[‘ A road with the carriagewny
A composed of a consolidated
layer or layers of gravel.

H1.10 6252503 GROUTED A macadam crust in which the

MACADAM stone aggregate is bound
together by a binder applied
to penetrate to the desired
depth.

41.11 K‘;ﬁﬁ‘l\;‘ A road with the carriageway
formed of a macadam com-
posed of Kankar stone,

41.12 L“l\"g'f\l})['“‘l A road with the carriagoway
formed of a macadam com-
posed of laterite stone.

41.18 LI‘J;’IOE;{'IS)'I‘ONE A road with the carriageway
formed of a macadam com-
posed of lime stone.

41.14 MggEgM A road with the carriageway
composed of a consolidated
layer or layers of moorum.

41.156 6z3.8  PAVEMENT  The superficial covering of a
carriageway, a cycle track or
a footpath.,

41.16 6258 PAVING A wearing coat consisting of
separate blocks or units fitted
closely together and having
loints between them.

4817 s 811‘,(1)\111,51;18(!5’1"1‘ A paving of rectangular blocks

: of stone setts laid in regular
COUTses.
41.18 #2582  STONE-BLOCK A

form of paving in which stone
blocks (usually larger than
sotts) are laid flat with the
vertical :faces carefully dres-
sed 80 as to give fine joints.

PAVING
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Defini-
tion No,

41.19

£1.20

41.21

41.22
41.23

41.24

41.25

41.26

u. D C. ( TERM DEFINITION

No.

A wearing coat laid upon a
prepared foundation in the
form of a continuous surface -
layer.

625.70 & SURFACING
325,855.4

625.152/4 SURFACE

The surfacing resulting from
DRESSING OR

the application to a road

PAINTING surface of & film of bitumen
or tar, on which has been
spread a layer of chippings
or other fine mineral aggre-
gate.

TAR CON- A type of construction in which
GRETE coarse and fine mineral
SURFAGING  gogregates are mixed with

tar and laid to desired
thickness.

TOP COAT Same as Surfacing, 41.19.

$25.863.2 WATER- A type of surfacing in which

BOUND stone fragments are first
MAGADAM interlocked by rolling and
then bound with smaller
stone, gravel, ete. which is
foreced into the interstices by
brooming, watering and
rolling.
WEARING Same as Surfacing, 41.19;
COAT
(Wearing
Course)
WEARING Same as Pavement, 41.15,
SURFACE

WOOD-BLOCK J paving formed of rectangu-
PAVING lar blocks of wood laid in
regular rows on a prepared

foundation.




SECTION 4—SURFACE CONSTRUCTION
4.2—-CONSTRUGTION DETAILS
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Defini-
tion No.

42.01

42.02

42.03

12.04

42.06

42.06

42.07

42.05

U, b.C.

Ne. TERM

625.731.7 BASE COAT
625.731.8

T
DEFINITION

An intermediale course bet-
ween the base course and the
wearing coat.

BASE COURSE That part of the construction

825.733 & BERM
826.35

BLINDING

BLOTTER

BOTTOM
COAT

CENTRAL
RESERVE

CONSOLIDA-
TION

yesting upon the sub-base, or
in its absence the subgrade,
and through which the load
is transmitted to the sub-
grade or the supporting soil.

A horizontal ledge or margin
formed ut the top or bottom
of an earth slope. (Cf.
Shoulder, 42.45).

(a) ‘The process of apply-
ing a loose layer of fine
material to fill the voids or
interstices in a water-bound
macadam surface.

(b) The material so used.

A covering of a suitable materi-
al to absorb excess binder or
to overcome bleeding.

Same as Base Coat, 42,01,

A median strip in a dual carri-
ageway system, a part of
which can in future be utili-
zed for widening the carriage
way.

The process or operation of
making loose or disturbed
naterial more dense by vib-
rating, or by rolling with a
heavy weight. {See Consoli-
da.tzon, 32.17 and Cf. Rom-
ming, 42.35)

Defini-
tion No.

42.04

4210

+2.11
42.12

42.13

42.14

12.16

42.16

. D, O
No.

COURSE

CRETEWAYS

CUSHION
(Sub-crust)

DIVIDING
STRIP

EDGING

EXPANSION
JOINT

FENDER

FLUSHING

TERM i

DEFINITION

(a) Blocks of material, such
as bricks, laid to form a
single layer, one unitin.
height.

(b) Prepared material placed
to form a continuous layer
of desired thickness.

A carriageway in which a
cement concrete wearing sur-
face is provided for the wheel
tracks only.

An intermediate layer acting as
-a cushion between the wear-
ing surface and its foundation.

A narrow longitudinal mark or
construction to separate diffe-
rent streams of traffic.

Blocks of oconcrete, bricks,
stones or the like embedded
along the edges of a pavement
to protect them from damage
caused by traffic. :

The self adjusting connection
formed hetween two parts of
the same structure, and so
designed as to permit small

relative movements under
thermal changes without
destroying  ocontinuity or

struotural properties.

A replaceable device for protec-
ting costlier not easily
replaceable structures from
damage caused by impact
from floating bodies.

The act of applying & material
in liquid state to fill up
joints or to connect shallow




418 SPECIFICATIONS & STANDARDS COMMITTEE ON

Defini- U, D, (. ]

tion No. No. TLERM | DEFINITION
|
19 . A : v N .
42.16 I Ll:(»ﬁ’f:llhll‘l?- surface irregularities of an
- arca, as  with cement or
bituminous grout ; used in the
sensc of < filling up”* to the
top.

42.17 F‘g{og{v[]’f‘\v“* The paved portion of a street
or a road reserved for use by
pedestrians. (See Footpath
11.11.)

19 1% . . .

1218 FORMATION (a) The preliminary earth-

work in grading and
shaping a road to line
and level prior to its
actual construction.

{b) The surfacc of the ground
in its final shape and
level after completion of
earthwork.

42.19 626.731.812 FOUNDATION  (a) Natural :—The irm earth
’

rock or other material

lying below the forma-
tion,

(b) Structural:—The portion
of the work constructed
to distribute or transmit
to the natural ground the
weight of the structure
together with any super-
imposed load.

(¢) Road:—The base course
which sustains the wear-
ing coat and distributes
the weight of the traffic
over the sub-bage or
subgrade.

42.20 GRITTING The operation of spreadiné
) gsmall broken stones, chipp-
ings, or small gravel.
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Defini- U, D, C.

tion No.

No.

42.21

42.22

42.23

42.24

42.26

42.26

42.27

42.28

625.087

625.76

TERM

GROUTING

IMPROVE-
MENT

INTER-
MEDIATE
GOURSE

JOINT

KERB

MAINTE-
NANCE

MARGIN

MEDIAN
STRIP

The action by which a fluid

-
DEFINITION

cementitious binder is made
to penetrate into joints,
fissures, or cracks between
stones or blocks, or void
spaces in mineral aggregates,
either under the action of
gravity or by  applied
pressure.

Reconstruction. in whole or in
part to a higher standard of
strength, efficiency or quality.

[Cf. Renewal, 42.37 and Resur-
facing, 42.40)

A course between the base
course and the wearing coat.
[Also see Base Coat, 42.01]

The space between the adjacent
faces of blocks, units or
courses.

A continuous or semi-conti-
nuous raised edging of a
carriageway placed so as to
prevent encroachment by or
to secure the constraint of
wheeled traffic.

The upholding of a construction
to a definite standard of
efficiency and quality over a
stated period of time.

The narrow strip adjoining
the main carriageway of a
road.

A dividing strip in the middle
of a roadway.

17
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Defini= | U, D, C,

tion No.! N,

42.29

42.30

42.31

42.32

42.33 625.088

42.34

42.36

+42.30

42 .37

l TERM

DEFINTTUION

IR g

PATCHING  Repairing or  restoring %0
o definite standard of quality
small isolated aveas of &

structure.

PICKING The systematic loosening of the

top surface of a road by
pick axes or similar tools.

POT HOLES  Marked local depressions in o

surface layer, roughly circular
in plan, arising from the dis-
placement or wearing away
of material by traffic or other
calnses,

PRE-COATING The process of coating indivi-
dual pieces of coarse or fine
aggregate with a binder prior
to laying at site.

PRE-MIXING The process of mixing of coarse
or fine aggregate, with a binder
prior to laying at site.

PRIME COAT The initial application of a bin-
der of low viscosity to am ab-
sorbent highway surface prior
to the construction of a wear-
ing coat. [Cf. Tack Coat,

42.53.)°

RAMMING Jompaction of loose material by
repeated blows.

RECONDI- Replacing of old and worn out

TIONING parts by new materials to

ohtain a surface as efficient as
whon ariginally constructed.

RENEWA]L,

Replacing the whole of the:old
and worn out surface by new
materials to obtain a surface
as efficient as when originally
constructed.

yLossarY oF HIGHWAY ENGINEERING TERMS 421
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4938 625.768 REPAIRING  Restoring the wear and wastage
of time and use.

42.39 RE-PAVING  Renewal of a paving.

42.40 RESURFA- The complete renewal of an old

' CING wearing surface by new mate-
rials.

42 41 SAND PAPER A rough surface texture for road

SURFAGE surfacing produced by the
pressure of protuberant sharp
particles of mineral aggregate
which are not larger than
about % in. size.

42.42 SCARIFYING The systematic loosening of the
top surface of a road by
mechanical or other means.

42.43 SEALING A binder applied as & thin film

COAT to close the surface voids in a
wearing surface so as to ren-
der it water proof.

42.44 SHAPING A general operation involved in
bringing a surface to conform
to a required shape or con-
tour.

42.45 SHOULDER  The portion immediately beyond

(Haunch) the edges of a carriageway on
which vehicular trafic may
pass occasionally. [Cf. Berm,
42.03).

42.46 SLEDGING  The operation of reducing
large blocks of rock by means
of sledge hammers into
smaller pieces. '

42.47 SPRAY (@) To distribute under pressure

in the form of atomized
particles a liquid over a
surface.

30—
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tﬁiﬁ’ﬁ;. ‘ TERM DEFINITION
42.47 SPRAY (0)—A liquid in the form of

(Contd.)  atomized particles.
42 4K STAGGERED  The arrungement of blocks or
JOINT units of one series with respect
to an adjacent series such
that the transverse joints are
discontinuous.

42.49 SUB-BASE A layer of material placed
between the base course and
the subgrade.

|Usually for a special purpose
such as for drainage, or for
offsetting any undesirable
qualities of the subgrade.]

42.50 SUB GRADE The natural earth foundation as

(Road Bed) prepared and shaped to
receive the actual road strue-
ture.

42.51 SURFACHK The external or exposed top face
of the wearing course,

42.52 SURFACE _A general term for work carried

TREATMENT  out to improve the quality or
behaviour of a wearing sur-
face.

42.53 TACK COAT The initial application of a
binder to an existing surface
given to ensure thorough bond
between the new construction
and the existing surface.

42.54 TEMPORARY i i

DIVERSTON An improvised track laid on

adjacent ground to permit
the passage of traffic while the
oarriageway is temporarily
closed,
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Defini- | U.D. C.
tion No. No.

42.55

42.56 625.774.6

49.57  625.732

42.68

TERM

./____,_____——-‘-———

DEFINITION

TRACKWAYS A carriageway in which —an

TRIMMING

VERGE

WHEEL
GUARD

improved wearing surface is
provided on the wheel tracks
only. ’

Cutting to shape by removing

excess material.

Same as Dividing Strip, 42.12.

An installed fixture or built in
device projecting out at the
inner face. of a parapet w.all
or a railing, as a protection
against damage by the projec-
ting parts of vehicles.
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SECTION 5—~MATERIALS
5.1-CLASSES
Defini- | U. D. €. - ’
gion No.|  No. FERM DEFINITION
~ “2'-'. ~ > Al n A g H e . T N ' N o
51.01 3.8.07  AGGREGATE  The inert mineral fragments or

pieces of broken stone, slag,
ggal\gel, sand or the like. (Cf.
Ballast, 51.05; Road Metal
51.72) e
51.0 A25 48
51.02 625.8,06 ASPHALL A .na,tur.a.l or artificial mixture
ln‘wh'lch bitumen is associated
with inert mineral matter,

['The word asphalt should
always be qualified by indica-
tion of its origin or nature.]

51.03 ASPHALTITE A natural mixture of bitumen

with organic materials ingo-
luble in carbon disulphide.

51.04 625.8.06 ASPHALTIC

CEMENT A mixture of bitumen with a

fine mineral aggregate -
pared for use agi b%ndér.pre
51.06  625.8.07 BA 5
51.06 625.733‘.0%4‘3 LLAST () Small stones or gravel with
grit, sand and clayey
materials, of which the
wajor proportion of the
particles retained on a
standard sieve having 4
square meshes to the
linear inch and which
when consolidated yields
a coherent layer.

(b) Stone or gravel of irregular
unscreened sizes which
may contain  smaller
material and sand too.

(Cf. Aggregate, 51.01;
Wetal singy U B

(41,0944ARY OF HIGEWAY ENGINEERING TEBMS 4926

Defini« U.D.C. 1 TRIN v
tion No.{ No. { TERM DEFINITION
51.06 BASALT A dark-coloured, fine-grained

basic, igneous rock composed
essentially of calcic plagio-
clase, augite, and iron ores
usually with olivine.

(Some basalts are lavas, others
are hypabyssal.]

51.07  625.8.06 - BINDER An adhesive material used for
the purpose of holding toge-
ther mineral particles and
for assisting in their cobesion.
(Also see 32.04.) (Cf. Cemend,
51.14, and Mortar, 51.55).

51.08 ©25.8.061 BITUMEN A non-crystalline solid or =
viscous  material having

adhesive properties, derived

from petroleum, either by

natural or refinery processes,

and which is substantially

soluble in carbon disulphide.

{Bitumens are black or brown
in colour. Though they may
ocour naturally, they are
usually obtained as the last
residual products from the
distillation of, or as extracts
from, selected petroleum

oil.]

51.09 BITUMEN A liquid product in which
EMULSION  gubstantial amount of bitu-

men is suspended in a finely
divided condition in an
aqueous media and stabilized
by means of one or more
suitable reagents.

51.10  625.8.08 BITUMINOUS A material containing bitumen
' MATERIAL g2 an essential constituent.

e | i ——
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Defini- U.D.C.

i
1

DEFINITION

666.072

tion No. No. TERM
5).11 BLINDAGE
51.12 BLOWN
BITUMEN
51.13 53358 BOULDER
#25,731.81
51 14 6Y1.540or CEMENT
666.942
51.16 625.8.072 CHIPPING
51.16 668.73 COAL TAR
PITCH
51.17 625.8.072 COARSE
AGGREGATE
51.18 691,32 & CONCRETE

© —

A material, such as moorum,
earth, etc., usod for covering
the top of a water-bound
macadam surface.

A bitumen the properties of
which have been modified by
the passage through it of air
under pressure at a high
temperature.

A detached and rounded or
much worn mass of rock.

A medium employed in a liquid,
powdery or a plastic condi-
tion Whi.ch, upon hardening
by_ cooling or hydration, will
unite adjacent solid substan-
ces of a particular nature.
[Also see Hydraulic Cement,
51.46.] (Cf. Binder, 51.07 and
Mortary 51.55). .

Angular fragments of ocrushed
or broken stone, of size bet-
ween 0.2 inch and § inch,

The black or dark brown solid
or semi-solid fusible and
agglomerative  residue re-
maining after partial evapora-
tion or fractional distillation
of coal tars.

A relative term to denote the
larger mineral fragments
usually limited to a size
greater than 3/16 inch.

A m}xture of mineral aggregate
with a binding or cementing
agent which on chemical
action or temperature change
forms a solid mass.
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DEFINITION

Definni-{ U.D.C, .
ti()]l 1\10v NO. T];RM
51.19 CONGLOME-
RATE

51.20 668.736.3¢4 CREOSOTE

51.21 668.73 CRUDE TAR

51.292 625.8.072/3 CRUSHER-

RUN STONE

51.23 CURING
(Rapid,
Medium or
Slow)

51.94 625,8.062 CUT-BACK
BITUMEN

51.25 DIORITE

A cemented clastic rock com-

posed of rounded pebbles of
various rocks, of sedimentary
or volcanic origin.

A coal tar fraction distilling

mainly between 200° C. and
350° C, of which suitable
fractions are used for pre-
serving timber and for dilu-
ting bitumen.

A product viscous or liquid

resulting from the destructive
distillation of organic mate-
rials and having adhesive
properties.

[The word tar should be prece-

ded by the name of the mate-
rial from which it is produced,
e.g., coal, shale, peat, vege-
table matter, etc. Its mode
of production too should be
indicated.]

Rock or other analogous mate-

rial as broken by the crusher
unsorted and unscreened.

An index of the time required
for the cut-back bitumen to
get or stabilise by the loss of
volatile matter and by the
hardening resulting therefrom
and due to weather effects.

A bitumen whose viscosity has
been reduced by a volatile
dilutant.

A plutonic rock consisting es-
sentially of oligoclase or an-
desine, together with horn
blende, augite or biotite.

18
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Delini- ’
vion No,!

U b,
No.

TERM J DEFINITION

51.26

51.27

51.28

51.29

51.30

51.31

51.32

51.33

G23.8.474

(G25.8.078

668,734

668.734

DOLOMITE

A rock composcd mainly of the
mineral dolomite, the double
carbonate  of caleium and
magnesium,

FILLER A very finely divided inert
powder employed to give
body to a bituminous binder
or to fill the voids of a sand.

FI(I?I:TA;‘GGRE- A relative term to donote the
v . smaller mineral fragments
and particles passing through

3/16 in. square mesh. ’

FIXED

The car i
GCARBON bonaceous residue re-

maining after distilling an
organic material out of con-
tact with the air in a standard
form of apparatus and under
standard conditions of heat-
ing.

FLINT Rock or boulder consisting of
very fine crystalline (crypto-
crystalline) silica and some-
times showing remains of
sponges and other organisms.

Has a Conchoidal
fracture. idal,  glassy

FLUXING A

AGENT substantially non-volatile

material_ used for reducing
the consistency of a bitumen.

FREE CARBON The carbonaceous portion of
tar, pitch, etc., that is insolu-
‘ble In & specific liquid, such
as benzpne, toluene, carbon
disulphide, pyridine, etc.

Banded or foliated rock of
metamorphic origin having

the mineral c¢o iti
! mposition of
granite, P

GNEISS
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Defini-
tion No.

51.33

51.34

51.35

51.36

51.37

51.38

51.39

51.40
51.41

U. D. C.
No.

625.8.071

625.8.071

625.8.073
553.624.1

625.8.073

625.731.812
666.942.5

TERM

GNEISS
(Contd.)

GRADING

GRADED
MATERIAL

GRANITE

GRANULITE

GRAVEL

GRIT

HARD CORE

HIGH
ALUMINA
CEMENT

DEFINITION

[The principle minerals con-
tained are quartz and feld-
spar, with a black or white
mica, forming  irregular
streaks nearly parallel to one
another.]

The act of proportioning the
various particle sizes in a
material.

Material composed of definite
proportions of screened sizes.

A coarse grained, holocrystal-
line, plutonic rock, composed
of quartz, orthoclase, sub-
ordinate plagioclase, a ferro-
magnesian mineral, and ac-
cessories.

Medium to fine grained equi-
granular metamorphic rock,
consisting principally  of
quartz and feldspar with
some biotite, etc.

Small stones, usually water
worn sometimes mixed with
finer materials occurring in
natural deposits. (Cf. Shingle,
51.81).

Fine sharp-edged aggregate or
coarse sand.

A consolidated layer of rubble.

A material made by fusing
aluminous and calcareous
materials to a completely
molten state and grinding
the resulting clinker to a fine
powder, and containing &
specified percentage of alu- *
mina.
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30 SPXCIFIOATIONS & NTANDARDY COMMITIES ON
Detini- | UL b, ¢, -

taon .\(l. N(l. ‘ I l"l{\l l)I’.l(l\'J']'l()\'
| N » 4 J A
51.42 HIGH I

L‘('l"ll{ll«llil\\'(R."]ll‘}{l— A‘P01't;la.,nd cement which, by

CEMENT an adjustment in the chemi-
:-n,l composition and grinding
0 & finer powder than the
:}rdmury portland coment has

10. property of hardening
more rapidly than that
A cement,
51.48 HORN-

BEENDL A'metamorphic rock, consist-
ing ot horn-blende with small
proportions of feldspar, bi
I3 * 10-
tite, epidote, etc. pen

51.44 HORN- i

(‘;EI;:INM A fOlll:Lte.d metamorphic rock

SCHIST consisting  of hornblende,
;vmh va.rim_xs proportions of
eldspar, biotite, epidote, etc.

51.45 s2ilsbre HUMUS

51.46  666.941 HYDRAULIC
L CEMENT

51.47 666.9411 LAITANCE

01.48 ' 625.8.061 LAKE
ASPHALT

© 51.49, .503.57 LATERITE .

A dark  brown amorphous
substm']ce formed usually in
the wsoil, due to partial or
complete decomposition of
Xtiagetable matter; the orga-

component i
(Same &sp32.34). of the soll

A finely ground i
powder, whicl
upon hydration, sets’ int;olcanl
hard, rock-like substance.
(Also see Cement, 51.14).

Finer barticles of cemens and/
Or Inert material which
dccumulate at the top of a
concrete surface and form a

thin crust after the
bas hardened. conarete

A solid or semi-s
-80lid nat
asphalt, existing in lvlv‘t'aal‘{
defined surface deposits,

A mixture of red
' and yell
residual goils or sﬁrf::;
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Dofini-

tion No.

651.49

51.52

51.53

51.54

51.56

U. D. C.

No TERM DEFINITION

products that have originat-
ed in situ from the atmos-
pheric weathering of rocks
and infiltration of iron
compounds.

LATERITE
(Contd.)

553.551.1 LIME STONE A rock consisting essentially of

calcium carbonate.

A limestone re-crystallized by
heat or pressure. [The name
is applied to ornamental

limestones t00.]

MARBLE

Asphalt or bitumen heated and
mixed with mineral fillers
sand and/or chippings as to
form a coherent voidless
impermeable mass golid - or
gemi-solid under normal
temperature, but sufficiently
fluid when brought to &
suitable temperature to be
gpread by means of a hand
float.

MEDIUM CUT- A cut-back which gets or stabi-
BACK lises neither very quickly nor
BITUMEN very slowly.

625.8.06 MASTIG
ASPHALT

MOORUM A gritty silicious material with
lumps or stones not exceed-
ing 4 in. in gize and With &
natural admixture of clay of
caloareous or laterite origin,

preferably the former:

801.52 or MORTAR A mixture of cementitous
666.93 material and fine mineral
fragments, like sand. (Cf.
Binder, 51.07. Cement, 51.14)

Soft mud containing much

624.131.27 MUCK
vegetable matter.




432

o
SPECIFICATIONS & STANDARDS CoMmIrTEYE ON

Grossary oF HIGHWAY ENGINEERING TERMS 433

Dofini-

tion No,

51.57

51.58

51.59

51.60

51.61

51.62

51.63

51.64

. n, o,
No.

625.8.061

601.2:
624.137.4

533.624.1

601.54 &
666.942

[ TERM

NATURAL
ASPHALT

NORMAL-
SETTING
CEMENT

PEGMATITE

PITCHING
STONE

PIT-RUN

GRAVEL

PORPHYRY

PORTLAND
CEMENT

PRIMER

DEFINITION

A mi aurri i
i.ll;‘:;t-ill're occurring in nature
t l'l(:h bitumen is associa-
cd with inert mineral matter.

A cement in which the initial
sct oceurs not earlier than a
specified period, usually not
less than thirty minutes
after mixing with water. ,

Ta . i i
\«f‘y coaxsely crystalline vein
rock, consisting of quartz,

feldspar, mica, tourmaline
etc. ’

A stone of a size shape, and
qpuhpy suitable for use in
pitching.

m .
I'he material obtained from a
natural deposit of gravel

without separation into vari-
ous sizes.

An igneous rock characterized
by comparatively large por-
Phyritic crystals or pheno-
crysts (generally of soda
}gmtasl(li feldspar) in a finer
round mass
e o, of feldspar,

Almatex"iafl made by intimate-
Y ixing together calcare-
ous and orgillaceous, materi-

fx%s, _and/or  other gilica,
; umina and jron oxide
earing materials, burning

them ut a hj

b 8 high temperature
and grinding the resulting
clinker to & fine powder.

A binder of low viscosity which

on application to a surfa
ce,

other than a black-top surf-

4ce, 18 completely absorbed.

Defini-

tion No.

hl.64

51.65

51.66

51.67

51.68

"51.69

51.70

51.71

51.72

. D. C.
No.

553.621

553.50/4

666,042,112

625.8.06

691.328.2
666.982

TERM DEFINITION

PRIMER

[Its purpose is to water proof
(Contd.)

the existing surface and pre-
pare it to serve as a base for
the construction of a black-
top surface.]

A mineral rock composed en-
tirely of silica.

A metamorphosed quartz sand-
stone, formed by the deposi-
tion of secondary silica
between the original grains
so that the rock is more
firmly cemented and less
porous than before and tends
to break across the grains.

QUARTZ

QUARTZITE

QUICK-SETT- A cement in which the initial
ING CEMENT  ggt occurs earlier than in the

normal-setting cement.

RGPIgG A cut-back bitumen which sets

C RI e .

GUT.BACK or stabilises rapidly.
BITUMEN

RAPID- Same as High Early-Strength
HARDENING (e 51 .42.
PORTLAND Cement, 51.42
GCEMENT

REFINED A natural asphalt from which
ASPHALT water and the coarser mineral

matter have beeu separated
by the application of heat.

REINFORCED Cement Concrete strengthened
CONCRETE  within its mass by metal
rods, bars or other suitable

material.

ROAD METAL Crushed or broken stones of
* regular sizes below 3 inches
for road construction (Cf.
Aggregate, 51.01 and Ballast,
51.05)




434

SPLEOIFIOATIONS & STANDARDS COMMITTREE ON

Dofini-

tion No,

51.76

51.77

51.78

51,79

51.80

51.81

u. b e I TIRM DEFINITION

No,

ROAD STONE  Same as Road Metal, 51.72.

668.73  ROAD TAR- A product prepared by treating

625.8.06 high temperature conl tar in
such a way that it conforms to
a spocifieation which defines
its applicability for some
branch of road work.

ROCK A natural rock formation,
ASPHALT usally of lime stone or sand
stone, impregnated with bitu-

men throughout its mass.

RUBBLE Pieces of stone, brick or
concrete of irregular sizes and
shapes.

SAND STONE A stone formed by congolida-

tion of sand, predominantly
of quartz.

SCHIST Foliated metamorphic  rock
in which the minerals are
arranged  in  sub-parallel
hands of streaks and in which

platy minerals such as micas
are prevalent.

625.8.07 SCREENINGS The small size stone particles
sieved through the lowest

mesh of 0.2 inch prescribed
for chipping sizes.

SHALE A compressed and laminated
clay not so hard as slate,
with or without associated
organic matter. (Same as
31.29 and 32.64).

553.624.2 SHINGLE Rounded or water-worn stone
of irregular shape and size
ocecurring in river bods or open
beaches (Cf. Gravel, 51.38).
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Deﬁni- u. D. C. TRERM { F)EFINITION
tion No, No, / i o ) )
i ich fine
5 LATE Clay rock in .whleh
o182 ShA cleavage has arisen by earth
pressure, producing fissility.
SLOW CURING A cut-back bitumen which sets
51.83 CUT-BACK or stabilizes slowly.
BITUMEN
51 84 SYENITE A holocrystalline intrusive

igneous rock, consisting prin-
cipally of alkali-feldspar,
with hornblende, biotite, or
augite.

19



SECTION 5--MATERIALS

52- PROPLERTIES AND TEST

Delinie- ’ . Do,
tion No.l No,
f

52.01

52.02

52.03

5]
w
[
[

52.05

52.06

52.07

52.08

62.09

ROIERY DEFINITION
ABRAS V h
ION The removal of material from
the surface of a wolid by grin-
dmg.or rubbin gaction. [Cf.
Attrition, 52.09). '

AB e "
V%?%JLS‘} I'he actual weight divided by
the absolute weight.
ABSOLUTE - :
WEIGHT The weight of a unit volume of

a dry material if all voids
were actually filled by the
material itself.

A .
BSORPTION The entry of a fluid into a body

through the pores of the
latter. (Same as 32.01).

ACTUAL The volume of a material i
, i erial -
VOLUME, ding voids. ol inelu
ACTUAL T i
Velok lhitral lwzxght of & unit volume
cluding voids, o :
material. f o dy
ADHESION The property by means of which
a fluid or plastic substance
sticks to the surface of a solid
body.
ANGLE OF r
N 'he angle between the horizon-
tal plane and the natural slope
at whx.ch earth or other loose
tr;na.flelrw,] stahilizes without
ending to slide, (S
5287 e. (Same as
ATTRITION

.\Iut}ml. rubbing or grinding
Fnthm the mass of mineral
ragments under the action of

Grossary oF HIGAWAY
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TERM ‘

Dofini- ; L. D. C.
tion No., No.
5 ATTRITION
2.00 (Contd.)
52.10 BOND
52 11 BULKING
' BULK
52.12 DENSITY
13 CEMENTING
521 VALUE (of an
Aggregate)

DEFINITION

traffic thereby producing an
alteration in their shapes and/
or sizes. (Cf. Abrasion, 52.01).

(a) The force tending to re-
sist the separation of
two materials or units.

(b) The property of mecha-
nical interlock between
particles arising from
their shape and disposi-
tion relative to each
other (Cf. Cohesion, 52.
14).

(c) The pattern of internal
placement of units in ma-
sonry, brickwork, eto.,
with break of joints both
in rows and courses.

(a) The increase in the origi-
nal volume of a mass of
material due to distur-
bance or excavation.

(b) The increase in the ac-
tual volume of a mass of
fine granular material,
such as sand due to the
addition of a liquid, usu-
ally water, and subse-
quent handling.

The weight of a unit volume of
a loose sub-divided material.

An index of binding value
aggessed by the number of
blows required to break under
standard conditions a oylin-
der made of paste obtained
by grinding in & specified
manner the aggregate in a
ball-mill.
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Defint=

tion No.

52.14

52.15

52.16

5217

52.18

82.19

o
=
[S3
<>

52.21

'

TERM

GOHESION

CONSIS-
TENCY

CRELEP

CRUSHING

VALUE (of
Aggregate).

JURING

GURING
PERIOD

DENSITY

DUCTILITY

DIKINETION

(3) The internal molecular
attraction which opposes
the rupture of a mate-
vial. (Cf. Bond, 52.10).

(b)  The property of a mate-
rinl on which its degree
of stability depends.

{Same as 32.11).

A general term for the rheologi-
cal state of a semi-liquid or &
plastic material associated
with its resistance to defor-
mation or flow,

A slow non-elastic movement of
& material caused hy stress.

A measure of the resistance to
abrasion of an aggregate.

The process or method of pro-
tecting from too rapid drying
new concrete or other made-
up surfaces during the period
of hardening. (Cf. Curing,
A1.23).

The period during which a sur-
face is cured.

The weight of & unit volume of a
substance at & known tempe-
rature. © o

(a) The physical property of
& matorial which permits
permanent distortion
without rupture.

(b) 'The amount by which a
matorial can be elon-
gated before fraoture
when tested under pres-
cribed conditions.
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Dofini- |
tion No.

52.22

52.23

62.24

62,25

52 26

52.27

52,28

(of Cement)

T —
! DEFINITION

ELASTICITY That property of a material

which permits the strain
resulting from an applied
stress to disappear entirely
upon the removal of the ap-
plied stress.

EQUIVISCOUS Temperature in degrees Centi-
TEMPERA-

grade at which the viscosity
of tar is 50 seconds as mea-
sured by the specified tar
viscometer,

FINAL SETT- The period elapsing between the

time when water is first added
to neat cement to form a paste
and the time when that paste
has solidified or set to a cer-
tain degree as indicated by
the specified conditions of
test.

The degree of sub-division of
small particles.

A measure of ;the mean size of
graded aggregates.

[It is 1/100 of the sum of the
percentages of an aggregate
retained by each separate
standard sieve of a speocified
series.]

The determination of the chara-
cteristics of sub-division of a
dry powder under specified
conditions of test. 2T

FLASH POINT The Jlowest temperature under

gpecified conditions of test at
which the vapour of a sub-
stance momentarily takes fire
but does not continue to burn.
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SPECIFTCATIONS & STANDARDS COMMITTEE ON

Defini-

tion No.

52.30

52.31

52.32

52.33

52.34

52.35

} TERM ‘

DEFINITION

FLOW-TABLE A method of ascertaining the

TEST

FRENGCH CO-
EFFICIENT
OF WEAR

HARDENING
PERIOD
(Cement
Mortar or
Cement)

HYDRO-
METER

IGNITION
POINT

INITIAL SET

INITIAL
SETTING
TIME (of
Portland
Cement)

workability of concrete by
measuring  the amount by
which u heaped sample will
Npread under standard condi-
tions of test.

A measure of the resistance of a

stone to wear.

. . .
Ihe period during which a

mor_ta.r or concrete continues
to increase in strength or
hardness to about the maxi-
mum limit.

A float which by the depth of

its immersion in a liquid indi-
cates the specific gravity of
that liquid. '

The temperature at which the

vapour of a substance takes
fire and continues to burn
under specifed conditions of
test,

The preliminary phenomenon in

which the liquid or plastic
nature of the cement paste in
4 mortar or concrete begins to
disappear; it represents the
beginning of the orystal for-
mation in the mortar or con-
crete.

The period elapsing between the

time when water is first
added to neat cement to form
& paste and the time when
that paste ceases to be fluid
and plastic to a specified
degrqe. under the specified
conditions of test.

; - R
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Defini-

tion No.

52.36

52.37

52.38
62.39

52.40

52.41

l TERM

DEFINITION

MECHANICAL The determination of the parti-

ANALYSIS

MELTING
POINT

MESH

ORGANIC
IMPURITY

PENETRA-
TION
(MEASURE-
MENT OF)

PERMEA-
BILITY

cle sizes of a granular material
by sieving, sedimentation,
elutriation, or other means
(Cf. Sieve Analysis, 52.49).

The temperature at which a
solid  substance liguifies
under standard conditions of
test.

An aperture in a sieve.

Matter of vegetable or animal
origin the presence of which
in a material is detrimental
to its functional qualities.

The vertical distance passed
through by the point of a
standard needle entering a
material under standard con-
ditions of applied weight,
time and temperature.

The property of a material by
virtue of which fluids can pass
through it and defined by the
rate at which they pass under
unit pressure gradient. (Same
as 32.50).

[Permeability is usually express-
ed in terms of velocity of
flow per unit head loss, assum-
ing the area of flow at any
section to be equal to the
cross-sectional area of both
the void spaces and the soil
particles ; i.e., the area of the
ontire mass, The actual
velooity of the percolating
water through the void spaces
is considerably greater than

- )
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SPECTFIOATIONS & STANDARDPS COMMITTER ON

Detini-
fion No,

!
T } RN \ DEPINITION

52.41

b2.42

52.43

62.44

52.45

52.46

52.47

PERMEA- the value of permeability

“f}g:‘/},’ ) coefficient.  (See 32.51).

It ix a property of the soil mass
and not of the individual
particles, although its value
is very much dependent on
the nature of those particles
and the voids between the
particlex |

PLASTICITY 'The property of the material by
virtue of which it iz per-
manently deformed when
stressed above its yield point.

POROSITY The ratio, expressed as a per-
centage, of the voids in a
given soil mass to the total
volume of the s0il mass
{Same asx 32.55).

PROPORTION- The adjustment by measure of
ING all the constituents in a mixed
material. (Cf. Grading, 5134.)

QUARTERING The process of obtaining &
reduced quantity as sample
from a mass of material by
dividing a heap into four
roughly equal parts, removing
opposite quarters and then
repeating the same proocess
with the remainder until the
desired quantity is obtained.

RESILIENGE  The property of a solid whereby
it will sustain shock load

without permanent deforma-
tion.

SAMPLING  The selection by a specified
method of a representative
portion of & material for the
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Defini-
tion No.

U.D. C

No. TERM

DEFINITION

52.47

52 .48

52.49

52.50

52.51

| 52.52

52.53

52.54

SAMPLING
(Contd.)

SEDIMENTA-
TION TEST

SIEVE
ANALYSIS

SLUMP

SLUMP TEST

SOFTENING
POINT

SOUNDNESS

SOUNDNESS
TEST

purpose of ascertaining the
quality and nature, of the
whole.

A method of determining under
specified conditions of test
the sizes of fine particles by
deposition during specified
intervals of time through a
liquid at rest.

The determination of the par-
ticle sizes of a granular or
fragmentary material by
means of a series of standard
sieves. (Cf. Mechanical Ana-
lysis, 52.36).

The vertical depth through
which wet portland cement
concrete subsides from its
standard moulded height
when tested by the standard
method.

The determination of the slump
under specified conditions of
test.

The temperature at which a
substance attains a particular
degree of softness wunder
gpecified conditions of test.

The homogeneity of a solid
indicated by its freedom from
cracks, flaws, fissures, irregu-
lar quality or variations
from an accepted standard.

The method of determining
under specified conditions the
soundness of a material.

20

p—



444 Srrcrrreamions & STANDARDS ClomMMITTRR ON
l)vﬂni-\ toh, o "ERM DERINITION
fion No, No. l 1 NITION
| T e et
52 55 SPECIFIC The  surface aroa per unit
AREA weight, usually expressed in
sy. centimeters per gram, of
all the  particles  in  a
material,
52.56 SPECIF,IC ) The ratio of the weight of any
GRAVITY given volume of a substance
to the weight of an cqual
volume of pure water, the
temperature  of  hoth  the
substance and the watoer being
spocified. :
52.57 TENSILE The determination of the pra-
TEST perties of a specimen in
tension under specified con-
ditions of test.
52.58 T(()o[f}%gﬂlEss The reNiSt}Ll}ce to fracture under
Stone) shock or impact,
59,59 TOUGHNESS A measurement of the resis-
D INDEX (of tance of a stone to fracture
Road Stone) under impact.
52.60 VISCOSITY The external indication of the
internal friction between the
molecules or particles of a
fluid when the velocity of
flow is proportional to the
stress applied.
52.61 VOIDS The total space between the
particles of a given volume of
a granular or a fragmentary
material.
52.62 WATE%E\xT The ratio of the weight (or
CEM volume) of the water to the
RATIO .
weight (or volume) of the
cement in a portland cement
concrete,
WORKA- The degree of case of manipu-
52.63 BILITY £ P

lation of concrete, mortar or

GLossaARY OF HicHway EncinerriNg TErRMS 445

Defini- | U. D. C. ] TERM ‘ DEFINITION
tlon No. No. ) -
52.63 WORKA- the like, with the minimum
e BILITY loss of homogeneity, before
(Cond.) setting has commenced.
59 6 YIELD The factor obtained by dividing
pe b (of Goncrete) the volume of the mixed
concrete aslaid and measured
in situ by the volume of the
coarse aggregate used. Some-
times expressed as the volume
of concrete per unit quantity
of binder.
52.65 YIELD POINT The upper limit of elasticity of

& material.




RECOMMENDED PRACTICE FOR LOCATION AND
LAYOUT OF ROADSIDE MOTOR-FUEL
FILLING STATIONS

INTRODUCTION

The following principles have been laid down by the Specifi-
cations and Standards Committee of the Indian Roads Congress
for general adoption after carefully considering the views of the
representatives of the major distributors of motor fuels. Where
local conditions necessitate any deviations from these Standards,
these should be permitted after very careful consideration.

2. The Basic Principle. The governing consideration is to
minimise, as much as pogsible, interference by vehicles using the
amenity with the normal flow of traffic on the road.

3. Road Authority must be consulted. The sanctioning
suthority, if it is not the road authority, should consult the
appropriate road authority before finally approving the site and
the layout.

4. On which side of the road should the station be sited? On
heavily trafficked roads it is proper to have one station on each
side of the road so that vehicles do not have to cut across the
road. On roads carrying light traffic, where the installation
of two pumps, one on each side, is not warranted or is not
possible for want of space, the pump can be sited on either side,
provided the site is not close to a junction.

5. Siting at Junctions.

5.1. The siting of stations close to road junctions should
not be permitted except in special cases where no other suitable
site is available away from the junction.

5.2. When approving a site close to a junction, it should be
ensured that sufficient space is left for future improvements to
the junction.

6.3. The distance from the ‘* stop line * (existing or likely
to be put in future when the carriageway is widened) of the road
to the tangent point on the curve of the exit or the entrance,
(whichever is nearer to the intersection), measured in a direotion
parallel to the centre line of the road (Drawing I) should not be
less than (i) 200 ft on main roads, and (ii) 150 ft on other roads.
The intention is to prevent hazards ocaused by decelerating
vehicles turning into the station and to allow standing space
for about 10 vehicles during traffic hold-ups.
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SPACE FOR VEHICLES DURING TRAFFIC HOLD-UPS
(200FT. FOR MAIN ROADS & IS0 FT. FOR UNIMPORTANT ROADS)

+ 30 AND ¢ 4.
REFERENCES

Not less than 50 ft where no cycle
tracs are required now or in future.

Not less than 65 ft where cycle tracks
exist or may be required in future.
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l ’ 'kY fHalf the width of the existing
: : carriageway but not less than 16 ft.
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Z Not less than 30 ft.

R Radius not less than 35 ft.

E Red light + ¢ Exit”’ board.

G Green light + ¢ Entry”’ board.

- LOCATION AND LAYOUT
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MOTOR-FUEL FILLING STATION
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INFORMATION SERVICE

THE ROLE OF ROAD TRANSPORT IN THE
NATIONAL EGONOMY

Tt is hardly necessary to emphasize the importance of trans-
port as a vital factor in present day civilization. Efforts made to
assess the economic part played by any form of transport are
therefore bound to be of considerable value in evaluating econo-
mic progress. From this point of view, considerable interest
attaches to an item of research work carried out by the Road Re-
search Laboratory of the Department of Scientific and Industrial
Research in the United Kingdom for estimating the expenditure
on road transport in Great Britain, the results of which have been
presented in & Paper by Earnest Rudd to the Royal Statistical
Society and published in its Journal.* The conclusions of out-
standing interest are commented upon in the following para-
graphs, but the whole Paper is full of interesting information and
will amply repay close study.t

A« pointed out by Mr. Menzler during the course of the dis-
cussions on the paper, ‘“the more developed, industrialized, and
prosperous is a country, so the proportion of its resources devoted
to ancillary activities, such as transport, is higher. It is ob-
viously one of the features which distinguishes a primitive rural
community from a more developed economy. It is, in short, the
price of civilisation. The White Paper on national income and
expenditure shows that the distributive trades (including a trans-
port element) rank only after manufacturing, as regards share of
the national effort. In fact, transport and the distributive trades
together account for, roundly, a quarter of the national effort.”’

The following are the salient facts which emerge from the
Paper.

(1) Transport and the distributive trades together account
for, roundly, a quarter of the national effort.

(2) About three quarters of the nation’s expenditure on
internal transport in 1949 and 1950 was on road transport.

* lstimates of lixpenditure on Road Transport in Great Britain by
Ernost Rudd, Journal of the Royal Statistical Society, Series A (General)
Part 111052, Vol. CXV pago 179-198,

t A copy of the paper has been added to the Library of the C.E. (R.D.)
And can ho ohtained on loan by members of the I,R.C,
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(3) Road transport absorbed  about 10 per cent of the
nation’s available resources against 31 per ceut ahsorbod by the
rallways.,

(4) The expenditure on voad transport. and on the upkeep of
roads eompared as follows

Fxpenditure 1949 1950

£ mitlion)
On Road Transpart FO6( 1220
On Roads K0 1)
On aceidents (estimated) 44 50

Total HESO 1360

The breakdown of expenditure on transport of geads by road
is somewhat as shown tn the following table:

Ttem 1949 1950

Percentages

1. Licences 4.5 4.1
2. Driver’s Wages 34.2 317
3. Garages*® 3.0 . 2.8
4. Insurance of Vehicles 3.2 3.0
5. Fuel 13.9 170
6. Lubiicants 1.3 1.3
7. Tyres 4.8 5.6
8. Maintenance 15.0 14.5
9. Depreciation 9.4 9.7

10. Tuoterest on capital
invested in vehicles 1.1 1.1

11. Administration and other
expenses inelnding
profits 9.8 8.4
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it is difficult to resist comparison with Indian conditions,
but unfortunately no authoritative figures are *avalla.ple. Prof.
Madhava’s essay on Road Transport Economics cqnh?.’ms ﬁgures
of twelve transport companies as well as an oﬂicz‘al ostimate
mado by a Technical Adviser of & Province q,nd a ‘‘ non-official
estimate made by a non-official Association, but the ﬁgures
relate to s period more than ten years ago. Since then prices of
vohicles and costs of operation have increased substantially, ta..xes
have also increased and compulsory insurance has_ come into
force. Moreover, some of the companies were operating extensi-
vely on producer gas. To add to all this, all the twelve companies
bad not given the split-up of the figures on a uniform
comparable basis and the figures were also not e},ll ab9ve suspicion.
Bearing these limitations and qualifications in mind there are
striking differences in the incidence of costs of fuel, tyres and
tubes and wages of running staff as is evident from the table
below : : -

b, Prof. Madhava

Hem 336 | 12 Com- | oozt ] N
| paniesf a1l official”?
Percentages

Fuel, Charcoal or petrol 17.77 38.1 43.9
Lubricants 1.3 [} 33.4(12) 1.2 1.9
Tyres and Tubes 5,6), : 18.2 10.9
Repairs and M&intenance. 14.5 21.5(10) 16.0 - b4
Salaries and Wages 31.7 17.7(10) 6.8 6.5
Direction and development$§ 5.3(12). 3.8 8.3
Taxes and insurance 7.1 6.5(11) 3.3 ‘ 9.5
Depreciation and interest 10.8 6.7(12) 12.6 13.6

Profits : 11.2¢ 11.7(12) ~ —

-~

(* Rents and rates of garages only)

* Journal of the 1.R.C. Vol. XI-1, Nov, 1946.

4 The number of companies on'whose returns. each percentage
based is shown in brackets.

§ Bhown together with * garages " andor * Profite’’.. . . .. S
$ Including Administration charges and, garage rents and rates, -

21
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The causes for the great discrepancies shown can be matters
of speculation only. In the U. K. the salaries and wages of
running staff seem to be vory high, but conversely fuel and tyres
cost for too much in India. The former can perhaps be explained
as due partly to the difference in the standards of living between
the two countries and partly to the heavy increase in cost of
living in the post-war period. The explanation for the discrep-
ancy in the other direction in fuel and tyres and tubes is not so
obvious. Doubtless, the had coundition of roads in India is
causing considerable reduction in tyre life, hut does this factor
reduce the life of tyres to one third 2 Can the difference in fuel
cost (to the extent of being more than double in India, allowing
for differences in taxes, cheapness of charcoal ete.) also he expla-
ined by the same cause ?

Or can it be that, as petrol must give nearly the same milage
in the U. K. and in India, road transport is managed on a much
more luxurious scale in U. K. compared with India? Or conver-
sely, is it inadequately supervised and tended in India ?

Only research can give the answers to these questions. But
they do bring into relief important problems whose solution can
save lakhs and perhaps crores of rupees to the country. They
also show the necessity for collecting reliable and up-to-date
data regarding the cost of operation of vehicles in this country
and for making a thorough study of the various factors relevant
to road transport operation.

AN INTERESTING PROBLEM

A very interesting economic problem relating to road-rail
relations was posed by Prof. Jones during the course of the
discussions on the Paper. In his own words, ** we have on the
one side a railway system which once enjoyed a virtual monopoly
of transport operation in this country. During the depression of
the early 1930’s the rail transport industry suffered very severely
partly on account of the universality of the industrial depression,
and partly on account of the increasing competition of road’
transport. At the present time we are again suffering, or appear-
ing to suffer, from a very heavy cost of idleness on the railways
and it is quite clear &hat if we could fill the railways with work’
within the limits of its present structure the railway industry
would be benefiting from the operation of the law of increassing
returns. On the other side, we have a rapidly growing road
transport system which is already imposing a severe strain upon
the roads of the country. It is perhaps true that, looking forward
88y, five years, road transport in congested areas will be suﬂeriné
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from the operation of the law of diminishing returns. Thus the
law of increasing returns is operating on the one side and the
law of diminishing returns on the other, and I feel pretty sure
that one of the major tasks in the very near future will be to
decide what constitutes a square deal as between two systems
of transport.

That, I think, is the significance of the figures presented in
this Paper. The importance of the Paper lies in the fact that at
last we have, I believe for the first time, a comprehensive and
conservative estimate of the statistical importance of road
transport in the whole national economy .

Another matter of interest is the justification for further
expenditure on roads. As pointed out by Mr. Menzler in the
discussions, it is difficult to say whether the high proportion
of national effort expended on transport, viz., one-seventh, i8 a
matter of satisfaction or alarm. Here clearly is a wide field for
economists to exercise their minds. Unlimited scope also offers
for research in many directions. In one of its aspects the heavy
cost to the community of traffic congestion could be relieved in
considerable part by road improvements—and it has been sugges-
ted that London Transport alone would save £2 millions a
year if bus speeds increased on the average by one mile per
hour.

Mr. Menzler in this connection also recalls Mr. Valentine’s
Presidential address to the Institute of Transport wherein it was
mentioned ‘it could be proved that the expenditure of a given
sum on road improvements would produce a bigger and quicker
dividend in the saving on man-hours, equipment, and resources
than an equal expenditure by almost any of the major industrial
users of capital today.

One well-known authority had expressed privately the
conviction that such an investment on roads could be
shown, if the facts were all properly established and marshalled,
to yield a return in increased national productivity perhaps three
times greater than the return obtained from the same capital
spent on oil or steel, or even electricity, and about equal to the
return from similar expenditure on coal mining ”. Here is food
for thought for financiers who want economic justification for

road expenditure on & ¢ yield’ basis! ‘

The figures in the Paper showed that, while before the war,
£3 5sh. 3d of every £1000 of national income had been
spent on new or improved roads, the expenditure since was only
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7sh.4d. In India tho corresponding figure would be between
Rs 2 and Rs 3 per Bs 1000 of national ingome. ¢

The above paragraphs give an outline of some of the interest-
ing results contained in the Paper and the discussions. The
Paper was originally submitted as a report to the Keonomics
Committee of the Road Research Board who decided that it should
be given as wide s publicity as possible.

ABSTRACTS

ROADS IN GENERAL

_ 1. 6258 ‘‘ldeal Road Surface yet to come *’—by ¢ Observer '—
Highways and Bridges, 7th May 1952, pp. 1 & 3).

While observing that road surfacing technigues have been
changing like fashions without really giving an ideal
surface, the ‘Observer’ ends by saying that ‘ the ideal surface
must be permanently non-skid in all weather conditions except
freezing sleet, and should never require gritting except during the
formation of ice films or in snow; it should be light enough in
colour to give ample luminosity with head lights in the dipped
position, but no glare in blazing sunshine; it must be homoge-
neous and require no joints ; it should have a low tractive resis-
tance, but high adhesion for braking, even in worst weather
conditions ; it should be cheap in first cost and the road surveyor
would like it to last for ever.”

2. 625.8 **New Road Testing Machine”” developed by Shell
Research (Highways and Bridges, 12th March, 1952, p. 10).

Mention is made of a machine used for studying the bebavi-
our of road structures under dynamic or moving loads. The
machine is also used to ascertain the effects of traffic vibrations
on the strength of the road.

3. 6258 ‘‘ Highway Research Board Meeting ’'—Highways
and Bridges, 30th January, 1952, p. 4.

Synopses of papers on the following which came up before
the Highways Research Board Meeting at Washington in January
1952 are given: Stability and durability of plant-Mixed macadam ;
Group pile loads in plastic soils ; Parking turnouts and rest areas :
Tyre design: Vehicle design and vehicle mobility ; and Load
distribution on highway bridges having adequate transverse

diaphragms.

4. 625.7 ‘“Adoption of Aerial Surveys for Highways" by
W. T. Prior; (Highway Research Abstracts, Volume 23 (6),

May, 1953).

" A brief history of the adoption of aerial surveys by highway

engineers in the United States of America is given. The advan-

e e e ) N

‘= * -2 Docimal Classification Numbers.
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tages of adopting aerial surveys are explained. Tt is shown how
aerial photographs give soil information for aligning a highway
and siting its structures.

Phe article discusses in brief the following four stages of high-
way alignment and the use of acrtal surveys in them:

(1) Reconnaissance of a broad area to determine all fousible
alternate routes from one terminal point to another.

(2) Reconnaissance of the feasible alternate routes to
compare them and select the best route,

(3) Preliminary survey of a band of topugraphy along the
best route for designing the highway location on it.

(4) Location survey, namely, the actual staking on the
ground of the highway alignment (centre line), grades,
cross sections, structures, and rights-of-way.

Cost data of a recently completed project are included.

5. 6258 ‘“Why America Builds Better Roads” Lt. Col.
E.W.W. Richards (Journal of the Institution of Municipal
Jngineers, December, ’62).

This is an interesting article on the technical and adminis-
trative policies of American road building in recent times,
dealing with the importance of highway transportation and its
offect on American life in economic, financial and international
spheres. The extent to which private finance was made use of in
improving roads to suit traffic development is also explained.
Methods adopted to reduce traffic hazards and accidents are
illustrated. The importance of planning and proper execution is
also discussed. Engineer-Contractor relationship is also discuss-
od. The progress of highway engineering in America is explained
to be due in no small measure to the system of financing adopted
in that country. The guestion of equitable distribution of high-
way taxation among the various sections of the community is
considered difficult to solve, but the principle of applying the
funds contributed by road users wholly to their construction and
improvement is followed. Reference is also made in some detail
to the training given to the graduate-recruit engineer by the U, 8.
Bureau of Public Roads. Summing up, the American highway
development isstated to involve complex factors such as consider-
ations of operational cost and efficiency, human safety, materials
and traffic research, employment conditions, financial and admi-
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nistrative structures, asesthetics of highway design, and contract
procedure.

SOIL ENGINEERING AND DRAINAGE

6. 624.131, Proceedings of the Third laternational Conference
on Soil Mechanics and Foundation Engineering (1953), Organizing
Committee, Gluriastrasse 39, Zurich 6,

Yolume 1.

Section 1—Theories and Hypotheses of General Character,

Classification, Engineering Geology. The more important papers
are .

(1) Influence of Vegetation on Soil Moisture Contents and
Resulting Soil Volume Changes by E. J. Felt of U. 8. A.

(2) Relation between the Mean Grain Size, the Size Factor
and the Optimum Moisture Content of Compacted Soila
by M. 8. Youssef of Kgypt.

Section 2—Laboratory Investigation, Including Compaction
Tests, Improvement of Soil Properties. ‘The following papers are
of particular interest:

(1) Stable Density by C. L. Dhawan and ¢ others of India.

(2) Experimental Determination of the Truc Cohesion and
True Angle of Internal Friction on Clays by R. E.
Gibson of England.

(3) The  Hydration’' Method, A New Process of Stabiliz.
ing Soils by Inorganic Agents by K. ¥ G Kail of
Germany.

{4) The Shearing Resistance of a Fine Closely Graded Sand
by K. L. Nash of England.

{5) Determination of Swelling Pressure of Black Cotton
Soil—A Methed by R. M. Palit of India.

Section 3—Field Investigation, Technique of Field Observa-

tions including Compaction Control, Soil Stabilization. The more
interesting papers are —

(1) Quality Contro} of Earth Embankments by F.J. Davis
of U.S. A,
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The Compaction of 8oil for Barth-works and the Perfor-
mance of Plant by W. A, Lewis of England.

Investigation of Some Problems in Soil Stabilization by
0 J. Maclean of Eogland.

Soil Stabilization in Tropies! Aveas for Mass Construe-
tion of Cheap Permanent Housing by & R. Mehra of
Tndia.

Field Compaction ‘fests on Lean Clay Soil by W. .
Tarnhull and W. ;. Shockley of U, 8. A

Section 4—Foundation of Buildings and Dams, Bearing

{1

Capacity, Settlement Observations, Regional Subsidence.
The following are some of the interesting Papers:

Settlement Studies on the National Museuw Building,
Ottawa, Canada by C. B. Crawferd of Canada,

2y Settlement Observations in Pinland by K. V. Helene-
lund of Finland.

(3) Building Settlement Measurements —Oregon State College
by G. W. Holcomb of U. 8. A,

(4) The Use of Sand Drains Under Buildings at Port Newark
by J. M, Kyleof U. 8, A,

(6) The Bearing Capacity of Foundations under Eecentric
and Inclined Loads by G. G. Meyerhof of England.

(6) Settlement and Permissible Bearing Pressures by
R, Schultze of Germany.

(7) The Foundations of the Bank of China Building, Hong
Kong by M. J. Tomlinson and J. B, Holt of England.

(8) boil Movement and Weather by W. H. Ward of England.

Volume 1.

SRection 5—Piles and Pile Foundations, Settlement of Pile
Foundations, containg 18 Papers, of which the following deserve
special mention =~

H

Investigations of Values of the Dynamic Penetration
Resistance to Madel Piles in Sand and Clay, obtained
from Tests by H. Grasshoff of Germany, ‘ o
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(2)  An Investigation for the Foundations of a Bridge on
Dense Sand by G. G. Meyerhof of England.

(3) The Problem of Pile Driving by N, Nanninga of Nether-
lands.

Section 6—~The paper on Roads is interesting,

(1) The Design of Road Foundations by D. C. MacLean and
M. D. Armstrong of England.

Section 7—deals with Farth Pressure, Retaining Walls,
o o A . .
Fanuvels and Pits in Soils, The following are some of the interest.
ing papers:

(1) Measurements of Loads and Strains in Earth Supporting
Structures by L. F. Cooling and W. H. Ward of England.

(2) A General Earth Pressure Theory by J. Brinch Hansen
of Denmark.

(3) The Behaviour of the Concrete Bridge Built at Klosters
by the Rhaetian Railway Company, Switzerland under
the Influecnce of Soil Creep Pressure by R. Haefeli, Ch.
Schaerer and G. Amberg of Switzerland.

Section 8—dcals with Stability and Deformation of Earth
Slopes ete. The following papers are interesting :—

(1} Landslides in Japan by Masami Fukuoka of Japan.

(2) Applications of Soil Mechanics in River Structures
(India) by K, L. Rao of India.

(3) Recent Research into the Coastal Landslides at Folke-
stone, Warren, Kent, England, by A. H. Toms of
Euogland. '

7. 624131, Appual Report (1951) of Concrete Research
Laboratory, Chepauk, Madras. The work done in the laboratory
is presented in two sections: (1) Soil Mechanics and (2) Building
Research.

In the section on Soil Mechani.cs, routine tests for ascertain-
ing the bearing capacity of the soils for the foundation of the
bridge across Bharatpuzha and Upputeru are presented.

Reports on research studies on the variation of cohesion and
the angle of internal friction of black cotton soils from
Madurai at different moisture contents and various degrees of

22
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compaction are ineluded.  The main conelusions of the study
\\ﬂ\i(}l} is still in progregs are: (1) that the angle of internal frilzi
tion is inversely proportional to the moisture content and (ii)
that cohesion has an optimum value similar to the dry density
but occurs at o moisturo confnt below the moisture content for
maximnum dry density.

Th section on Building Research deals with :

(1) Use of sea sand in construction work.

(2} Chemical studies of surkhi,

(3) Strength of cement mortar with various admixtures.

(4) Accelerated curing of concrete.

(5) Various dimensions of the specimens on the strength of

concrete.

(6) Design of mix with reference to strength and
workability.

8. (625,745 “Some Recent Foundation Research and its
Applllcation to Design.” By . G. Meycrhof (The Structural
Engineer, June, 1953).

In the past, foundation design was essentially empirical and
based largely on permissible bearing pressures or loads to a.x:nid
failure of the ground. The study of foundation behaviour in the
field amplified by laboratory research has led to a more rational
approach in which the results of a site exploration and soil teq(tq
form the basis of an analysis of the stability and probable rno\;ei
ment o_f the proposed foundation and superstructure. The preqen't
paper is mainly concerned with recent research on foundzifionl
behaviour and indicates how the results may be ap l" 1t
structural analysis. ' pphied to

The paper shows how the soil, the foundation and the
structure can be considered as one integral unit and discusses in
general terms the main aspeets of this approach. Since f;)unda
tions form the link betwecn the superstructure and the soil. th g
have to fulfil two main interrelated functions: First, the sta’bi)liizf,
of the foundation soil must he assured with an adeciuate margin
of safety and, second, the movement of the foundation muss Ejl 3
within limits that can be tolerated by the superstructure *

The bearing capacity of shallow and deep fo i
. L Y, u
a central load is briefly discussed, and the effgots I(l)(z&gl(?cr:;t:il:iite;
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and inclination of the load are indicated. The total and differen-
tial settlements of foundations are estimated in relation to the
soil and foundation characteristics and the stiffness of the struc-
ture. The settlement stresses in foundation and superstructure
are considered, and recent observation on brick walls and cladded
building frames are analysed. The lateral movement and tilting
of foundations are estimated and illustrated by the results of
some loading tests on model portal frames on clay and sand.

9. 625.731.3 Highway Subdrainage. By the Physical Research
Branch, Bureau of Public Roads, U. 8. A, (Public Roads,

February 1952.)

The Report presents test data on permeability and drainabi-
ity of soils and their applicability to highway subdrainage. The
data are utilized to illustrate methods of caleculating vertical
capillarity flow, flow into horizontal drains, and lateral drainage

of base courses,

The apparatus used are illustrated. The inter-relation of
drainage, density and gradation of soils is also discussed.

The tests show that small gradients generally obtaiced for
lateral drainage are not effective for the rapid drainage of dense
graded materials on impervious subgrades.

{0. 631.4—A New Concept—Using Chemicals for Soil :—C. L.
Swanson (Journal of Soil and Water Conservation, Vol. 7, No. 2,

April 1952),

How the use of Krilium in soils high in clay content improves
their structure, increases their porosity and permeability making
them easier to work with while reducing cracking and crushing of
the soil surface is described. Soil and berm erosion can also be

controlled by its use.

Il. 624.138.—",Coquina” Asphalt Street in Florida L. J. Ritter.
(American Highways, Vol. XXXI No. 2, April 1952, pp. 14-15

and 25-27).

Describes work done in 1949 for the-City of Jacksonville
Beach to aid the design and construction of low cost streets with
local materials since conventional aggregates for the stab.ilization
were scarce and very costly. After preliminary investigations,
local sand (top soil), Coquina, and hardpan were experimented
with, The chief purpose was to “ develop a sort of mixture
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which would serve either as a combined base and wearing surface
or ag a base which would require only a very thin surface treat-

ment to withstand the abrasive offects of traffic.”  Results of
tests are tabulated.

Large-scale ficld  experiments are deseribed as  conducted
between T4th December 1950 and 8rd January 1950, Roesults as
obscryc(i - August 1950 wnder nmdemtuly- huuvy t;ru,iﬁc ;m(l
(,n;(:w:wnml very heavy loads are stated to hoe satisfactory.
Rapid-curing cut-hack asphals (R, € - 18) was used for the stabi-
lization.  Calcium chloride was used in one of the sections to aid
compaction in obtaining a higher density.

12, 625.731.3. * Oklahoma Turnpike » — (Highways

Bridges, 18th June 1952, pp 1 & 3). and

Design details of an &88-mile flexible baving are givon. Sub-
grade was of special soil, with a ¢, B. B. value 10 op more, P 1
less than 9, obtained by mixing non-plastic granular SO“; w'itli
20 to 40 per cent of soils having P. 1. greater than 8 and less than
15.  Final subgrade material was made to pass 2 in. sicve.

Tho stabilised aggregate, base conrse was obtained by blen-
(ll.ng COATNe aggregate, sztpd, stone dust, or other inert fines of
mineral matter and soil binder.

[3. 625.81. «“ METHODS OF SOIL STABILIZATION AND
THEIR APPLICATION TO THE CGONSTRUCTION OF AIRFIELD
PAVEMENTS.” by D. J. Maclean, and P. J. M. Robinson (Pro
ceedings of the Institution of Civil Enginoers, Part 1T, Velume 9.
Number 2, June, ’53). ’ ’ e s

Consideration is given to the usc of stabilized soil for con-
structing the bascs of airfields of the permanent or of the tem-
porary mllltary type. As shown in the Appendix, a fairly large
number of airfields have already been construeted with stabilized

soil, the techniques employed being usually extensions of road
practice,

14, 625.81. « SPECIFICATIONS FOR ROAD GRAVELS AND
SAND-CLAYS . (Main Roads, June 1952, Pages 101—109).

The article discusses the use and properties of gravels and
sand-clays in pavement construction, Standard for material for
soil-aggregate sub-base, base, and surface courges with referenc
to typical mixtures of materials available in New South Wal e
arc discussed. Grading curves and tables are given. While aﬂ(::
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A. A. 8. H. O. does not prescribe any grading restrietion for s'ize
below No. 200 sieve size, it was found necessary that the grading
should be extended down to a much smaller grain size.

CONCRETE ROADS

5. 62584 *“ CONCRETE ROAD DESIGN AND CONSTRUC-
TION » by Civil Engincer—(Highways & Bridges, 16th April 1952,
pp. 4,12 & 18).

Discussing the Westergaard’s formula for design thickness it
is mentioned that intelligent consideration of subgrade condltlc')n's
and experience ought to be the guiding factor rather than empiri-
cal or theoretical formula and that uniform thickness seems to be
universal. Spacing of expansion joints in reinforced concrete
roads is generally at 120 ft with dummy joints 30 to 40 f‘t apart.
So far as American practice is concerned all expansion joints are
dowelled and use of reinforcement appears to be common. A
case is described where joint failure had to be prevented and
adjacent slabs had to be reinforced with dowels.

16. 625.84. “Evaluation of concrete curing methods” by
Melville and; R, W. Czaban—(Highways and Bridges, 9th April
1952, p. 6).

This briefly describes the object of curing. Electripa.l
methods were chosen to secure the desired data. The following
order of eficctiveness to maintain low and uniform temperatures
was noticed : liquid membrane seal with whitewash, damp
burlap, waterproof paper, no cure, liquid membrane seal.

{7. 625.71. Factors Affecting The Riding Qualities of Mach'ine-
Laid Concrete Roads by R. H. H. Kirkham; Proceedings of The
Institution of Civil Engineers, Part II, Vol. 2, Number 3,

October 1953.

Measurements made by the Road Rgsearc.h Laboratory had
shown that the riding qualities of machine-laid concrete roads
are generally not as good as that of hand-finished work. This
study revealed that better results might be expected from closer
control of various constructional operations. Therefore studies
were made during the construction of two roads in which two
different spreading and two different finishing machines were

employed.

The Paper gives the
with a profilometer specia

o details of construction and tests made
lly designed to record irregularities of
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the concrete surface after each pass of the finishing machine.
During these tests the accuracy of setting formwork and its deflex-
ions under machines were also studied.

Some of the important conclusiong given in the Paper are:—

(1) The evenness of the finished surface depends upon the
evenness of spreading,  Bxisting spreading machines do not give
conerete of uniform density and it iv necessary to control the
method of their operation carefully.

(1t} The effectiveness of the finishing machines for removing
irregularities left by the spreading depended upon the weight,
shape, and method of mounting the oscillating screed.

(i) Kven with high quality workmanship and good supervis-
ion the forms were sometimes as much as 3/8th of an inch out of
alignment when set by boning. Settlement under the machines
on some subgrades may increase the amount of unevenness.

(iv) Unevenness at dummy joints is the least.

18. 625.84. The Design of Concrete Mixes, J. D. Mcintosh.
(Journal of the Lnstitution of Municipal Enginecrs, March 1953).

Concrete mix design and a review of the characteristics of
concrete that go to make for its strength and durability combined
with workability are dealt with. The method of estimating
suitable mix proportions, using the tables and charts furnished
by the Cement und Concrete Association in their Research
Note 4, is explained. The importance of designing laboratory
trial mix first and then a full-scale trial mix is stressed. Based
on laboratory and full-scale trials variations are recommended
to be made so that while laying the quality of concrete does
not vary in the field,

19. 62584, Compaction of Concrete Slabs by Vibrators:
(Highway Research Abstracts, October 1952, Vol. 22, No. 9)

Test, Results of experiments conducted at Road Research
Laboratory, London. Small variation of workability affects sur-
charge required and depth of compaction, and so effect of
method of compaction alone was studied. With constant accele-
ration and vibration numbers, increased compaction resulted in
increased depth of compaction. Change of acccloration alone
did not affect depth of compaction. Depth of Compaction varied
inversely with speed of travel. Depth of compaction is unaffect-
ed by acceleration if amplitude and number of vibrations be
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constant, but is related to the product of am}?litude and numbgr
of Vibrat’ions with a limiting value depen-dmg on concrete mix
and vibrator characteristics. Vibration with constant accelera-
tion is to be adopted with large amplitude and low frequency.
High frequency results is the best surface finish.

MAINTENANCE OF HIGHWAYS

20. 625.76. SURFACING AND OTHER WORKS IN STRET-
FORD : R, Moody (Highways and Bridges, 5th March 1952 p. 5).

The successful use of cold asphalt in road works like surface
dressing and precoated chipping carpet, and reconditioning of
R. C. Structures by the use of cement gun are explained.

BRIDGES

21, 624.21 Expediting Overstress  Analysis in Highway
Bridges :—J. '[‘ruema,rpx Thompson and Bernhard H. Booke. IIL
(American Highways, Vol. XXXI No. 2, April 1952, pp. 8-13.)

Describes the method employed to quickly ascertain the
overstress in old bridges due to the maximum effects produced by
legally permitted load and axle arrangements. For expeditious
work approximate methods were adopted by taking average
values of axle spacing, and loading; but the placements of the
dead, live, and impact loads were according to the Standard
Specifications for Highway Bridges.

Graphs are worked out for centre line bending moment, re-
lationship of live and impact load moment and reactions in floor
beams for different load classes.

22. ‘“ Prestressed concrete footbridge tested to destruction '—
(Highways and Bridges, 14th May 1952, p. 4).

The bridge, consisting of plain beam construction supported
on columns 76 ft apart with 12 ft wide deck, was deslgned and
built according to the Freyssinet system, the Rrestreasmg being
with 24 Nos. 12-wire cables and wire anchorage in precast cement
concrote blocks, to carry a load of 35 tons. The testing was for
the design load at first and then for a 25 per cent overload, next
for a 50 per cent overload which was left overnight, and then the
whole weight released next morning and loading done that day
up to 70 tons and the next day up to destruction. The actual
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ln}a.d at collapso was 85 tons as against 90 tons predicted and pro-
vided for.nt site, A view of the bridge at moment of collapse is
also published,

23. 624-68. THE PORTAL FRAME BRIDGE: J.J. Leeming

(Jougnal of the Institution of Municipal Engineers, September,
1952). '

Diseusses the advantages of the portal frame and its general
principle and method of design.  Temperature, shrinkage and
detlection are also considered, and the practical case of a bridge
of the type used for construction in Dorset is quoted as an
illustration.

24. 624.68 “’Bridge on East-side Approach Road at Borough
Boundary, Swansea.” B. Lriksen (Journal of the Institution of
Municipal Engineers, Oclober 1952).

Design and construction of a road over-bridge, of skewspan
64 ft 3 in. with pin jointed R. C. portal frame are described
The design was to take the Ministry of Transport’s (London) new
heavy loading, comprising two knifc edge loads of 150,000 1b
each on a width of 10 ft and 25 ft apart. ’ '

25. 518.6:624.624 A Numerical Method for Analysis of Two-
Hinged Elastic Arches by Deflection Theory-—Dr. P. N).l Glmtte:jlse
(Journal of the Institution of Kngincers, India, December, 1952
pages 125-161). ’ ’

Analyses the action of a two-hinged elasticarch by the deflec-
tion method. Formulae have been developed for calculating bend-
ing moment. Tho results of a model test on a two-hinged arch
carricd out at the Bengal Engineering College, Howrah are also
included. This numerical procedure is recommended by the
Authcr for use in designing arches both by the ordinary ami
deflection theory.

26. 624.6—Indeterminate Frame Analysis by the Method of
Equivalents—by M. R. Saha (Journal of the Ins{ibution of Engi-
neers, India—March 1952, pages, 67-92).

Describes a method of dealing with frames consisting of
members of uqurm cross-section and fully restrained against
lateral sway. It involves evaluation of final rotation of join%s
under the influence of equilibrating moments and is known as
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the method of equivalents. The principle involved is based on
replacement of complex frames by equivalent simple ones and is
derived from the fundamental equilibrium equations of elastic
joints.

The theory is dealt with first and then the practical aspect.
Computation procedure with a summary of formulae is given.
An example is also worked out.

97. 624.22—The Protection of Steel Structures in Salt Atmos-
phere :—H. C. Bright (Main Roads-December, 1952, pages, 53-59).

Experiments were conducted by oleaning and painting all
the faces of plates by various processes and exposing them to
atmospheric action by suspending them, so that one face was
exposed to sunlight and the other shaded. The conclusions are
that the surface preparation of steel by sand blasting is the best,
seraping and wire brushing next best and flame cleaning and
wire brushing is the least effective ; Redlead is a better rust-
inbibiting primer than zinc chromate for imperfectly cleaned
steel, and Tung oil phenolic paint vehicle provides a more water-
proof paint than an alkyd vehicle. For exposure in salt atmos-
phere zino paints failed but alumininm was extraordinarily good
on grit-blasted surfaces.

TRAFFIC MARKINGS SIGN AND SIGNALS

28. 625.746.5 “Traffic Paint Development in Califernia”
E. D. Bots (Highway Research Board Bulletin 57, 1952, pages
1-8).

Based on Laboratory experiments, large-scale experimental
trials of five different kinds of white line marking paints were
carried out. The formulations tried were (1) the D. B. B. china~
wood oil; (2) Alkyd; (3) Dispersion resin; (4) Chinawood oil-
pentalyn varnish-chlorinated rubber; (5) Modified phenolio
resin-castor oil-chlorinated rubber. All of these were tried with
reflectorir ation beads.

Type (4) gave the best results under all conditions of traffic
(30,000 vehicles per day) and weather (alternate wet and dry).

Experiments are in progress to porfect this material,
Another formulation which promises good results is ‘¢ Pliolite *’
with a mixture of chlorinated paraffins for use in cross walks in,
unbeaded lines. ‘

22
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TAR AND BITUMEN

29. “New Adhesion Agent for Surface Dressing” -(Highways
and Bridges, 18th .June, 1952).

Mention is made of & new agent, D. 8. 2274, for use in bitu-
men surface dressing in wet weather, tested at the Road Research
Laboratory and found satisfactory and recommended in place of
‘cetyl pyridinium > which is at present very much in short sup-
ply. D.S. 2274 is stated to be in adequate supply and is to be
applied as a solution in creosote either by mixing with chips or

sprinkling over bitumen-sprayed surface before application of
chippings.

- 30. “Research into the ageing of Bitumens " —(Highways and
Bridges, 28th May, 1952).

This refers to research made by sensitive methods and repor-
ted to the ¢Institute Technique due Batiment et des Travaux
Publics’ by M. Dubrise. Experiments at temperatures between
65 and 110 deg. C. disclosed oxidation of bitumen, besides the
increase in the rate in case of asphaltenes (very rapid at 115 deg.
C. slow at 65 deg. C. and much slower at lower ordinary tempe-
ratures). Products insoluble in toluene formed at 115 deg. C.
Experiments showed ageing of bitumens to be due to oxy-poly-
merization.

3l. 625.858—Tar Macadam by A. R. Lee (‘ Road Tar,” Sep-
tember 1951, pages 7-13).

The article deals with the types of tar macadam and tar
carpets that are in use to meet present traffic in Great Britain, and
the specifications adopted in their construction. The use of aggre-
gates from soft stones as limestone, igneous rocks and rounded
stones and the effects of oxidation of tar are also discussed. The
importance of Jow volatility and oxidation of tar is stressed.
Results of experiments on the use of tar-bitumen mixture are in-
cluded. The essentials of a ¢ dense tar surfacing’ are explained. .

32. 625.754—The Mechanisation of Road Maintenance operations
with particular reference to Hot Surface Dressing by C. R. Chadwick
(‘ Road Tar’, September 1951, pages 15-17) :

How the use of machines resnlts in increased outturn and how
to match economically the general purpose and special plants on

a job are briefly explained. The effects of site and weather cop-
ditions are also discussed. ¥
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3‘3. 625.754—The Use of Precoated Chippings for Surface
grgf;mg by L. F. Cantlay (‘ Road Tar,’ September 1951, pages 20

An experimental surfacing with tar precoated chippings, car-
ried out at a roundabout in September 1949 at the commence-
ment of Croydon Bypass is described.

- Type'* A’ tar of 44 B, V. T. with wetted and unwetted stone
chippings was used.

34, 625.736—Preparation of Gravel Pavements for Bitumen Sur-
facing: H. C. Macready, Divisional Engineer, Department of
Main Roads (Main Roads, December, 19562, pages 35-40).

This article gives details of field methods used for obtaining
a good bitumen-surfaced pavement out of gravel surfacing. De-
tails of preliminary operations to correct the alignment, profile
and surface irragularities, depending on type of gravel, time of
year, rainfall, plant available and other factors, are given. The
processes of grading, watering, compaction, and maintenance

grading are described.

35. 625.8.072 : 620.60—Stripping of Bitumen from Aggregates
(Main Roads, March 1952, pages 90-95.) '

The method adopted in New South Wales to test a large

number of aggregates by subjecting them to * Immersion-Com:«
pression Test * is described. The procedure followed for the tests

was slightly different from the test procedure prescribed by the
U. S. Bureau of Public Roads.

An appendix of the test procedure adopted is given.
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“ PUBLICATION OF THE INTERNATIONAL ASSOCIA-
TION FOR BRIDGE AND STRUCTURAL ENGINEERING”
VOL. XII, 1952, issued by the International Association for
Bridge and Structural lingineering, Swiss Federal Tnstitute of
Technology, Zurich, pages 324 ; price not stated.

The publication contains 17 Papers, presented to the Associa-
tion, on various subjects. Eight are in English, four in French,
and five in German.

The following Papers are in English.

(1) " Partially Prestressed Concrete Constructions, Built In the
Eastern Region of British Railways 1948—52 " by P. W. Abeles.

The Paper deals with partial prestressing, its economy and
nsefulness. Routine tests to investigate the quality of prestres-
sing aro described and examples of practical application to 16
road bridges over railways of spans 20 to 50 ft built as composite
partially prestressed slabs are given.

(2 *“The Design of Small Railway Underbridges with Special
Reference to Erection and Maintenance under Traffic ’ by P. S. A.
Bridge. .

The Paper explains the present practice in the design and
maintenance of various types of railway bridges after discussing
the design loadings and calgulations for impact effects due to
hammer blows, rail joints and lurching. The use of water
proofing layers between the ballast and the deck slab is discussed.
Comparative costs of various types of construction, for a double
deck of 40 ft span, are given. ‘The choice between welding and
riveting for fabrication is touched upon and reference is made to
current practice in painting steelwork.

(3) * Approximation Following from the Maximum Condition
Applied in Theories of Plasticity and Earth Pressures” by Hermann
Craemeor.

The Paper deals with the Plastic Theory as applied to beams,
frames and plates in the higher ranges of stresses when the Elastic
Theory has ceased to apply. The effects of movements
in the critical sections are described and it is shown how approxi=-
mations in computing the maximum stresses do not generally
result in appreciable errors by the use of this Theory.
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(4) < Shear Deflections in Latticed Structures” by Charles
Doveton Crosthwaite.

(5) ‘Statics of the Vierendeel Girder” by Prof. I. A. el
Demirdash,

(6) *“Model Verification of the Classical Flutter Theory as
Adapted to the Suspension Bridge” by Prof. F. B. Farquharson.

(7) *The Fabrication and Erection of the *‘‘ Dome of
Discovery” by J. D. Vaughan.

The Paper describes the fabrication and the erection of the
Dome of Discovery built for the 1951 Festival of Britain. This
structure has an overall diameter of 365 ft and is probably the
largest dome in the world. The curved latticed girders, tubular
struts, and bolts and nuts were of steel and the remaining
parts of aluminium. Approximately 138 tons of steel and 234
tons of aluminium were used in the construction.

(8) ‘* Mathematical Prediction of Suspension Bridge Behaviour
in Wind from Dynamic Section Model Tests ’ by George 8. Vin-
cent.

The following Papers are in French :

I) * Corrosion problems of Concrete' by Pierre Chevrier
and Robert Houbas.

The Paper deals with the effects of pure water, salt water,
and frost on concrete hydraulic structures in France.

(2) * Tests concerning Creep and Shrinkage Losses in Prestres-
sed Concrete " by Guy Dawance.

The Paper describes the use of a simple testing device to
e creep of steel and concrete, as shrinkage in concrete

certain th . ]
as prestressed concrete girders, and gives

progresses as it occurs in
the results of a few tests.

(3) * The Sectional Method in Slab Theory " by R. L. Hermite.
In this Paper the Author describes a method of calculations

i i theory of ‘inter-
for slabs and flat coverings with free edges from
sectional slabs supported freely at the edges.

' ixed
4) “ Adoption of Superelevation in Concrete Slabs of M
Cohs(tr)uctions iI:\ Steel, and Concrete” by M. Oudotte and

M. Guerin.
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The design of bridges comprising the structural steel frame
with concrete deck has heen the subject for research for many
years. When the beams are continuous there is a tendency for
the slabs to crack over the supports. To prevent the slab from
cracking, a compressive stress is produced in it by raising the
inner supports of the continuous beam before casting the slab and
lowering the bheams to the original level after the concrete has
hardened. The slabs are bonded to the steel beams by means of
bars in the form of helices welded to the flanges of the heams and
embedded in concrete. The adoption of the method during
reconstruction of three bridges in France is also given.

The following are in German :

(I) * Prefabrication in Steel-Concrete—Special Constructions”’
by Prof. Fr. Baravalle-Brackenburg.

(2) * Continuous Cylindrical Beams of Prismatic Cross-Section ™
by Ernst Gruber.

(3) * The Two-Dimensional Problem in the case of Periodically
Altering Temperature Effects ” by Prof. Pierre Lardy.

(4) *Regarding the Influence of Frictional Forces and Bearing
Pressures in Connection with Prestressing in Steel-Concrete Struc-
tures” by W. Swida.

The volume has been well got up with numerous drawings,
charts, and photographs. At the end of each of the Papersin
French and German a summary of the Paper in English is included.
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Here's a familiar sight—this gentleman is pouring
Bitumen on to a road surfiace to bind and strengthen
it. It is no exaggeration to say that the economy of

the country as a whole depends upon good roads.

L
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THICK STUFF-
BITUMEN!

When Bitumen is used in their construction they can

withstand present day traffic and monsoon rains.

...,.11\

For irrigation schemes too, Bitumen is important as it is used for
canal linings to prevent secpage and corrosion. It is also used 1o
build airfield runways, to insulate clectrical cables, for damp-proof

courses and for refrigeration purposes.

o o 00

So, next time you are driving along a well-kept road, trying to
overtake a heavily-faden lorry or a train of bullock carts, console
yoursclf with the thought that it is really the road surface that's taking

most of the strain. Think of Bitumen, and think of Burmah-Shell.

BURMAH-SHELL..IN INDIAS LIFE AND PART OF IT

USE 1007 INDIAN ROAD TAR

FROM INDIAN COAL MINE

N THROUGH
INDIAN

CHEMICAL INDUSTRY

27 TARCRETE WORK IS IN PROGRESS
KRISHNAGAR - HRIDOYPUR ROAD

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



Most Profitable Bituminous Plant
in the 35 TPH Range

the Barber-Greene B
model 840 .\ - \\

A\

15-35 TONS PER HOUR . . . of

cold, intermediate or highest type
hot mixes.

Gradation Control

Model 863 Gradation Contro] Unit
separates up to four aggregate
sizes. Automatically feeds correct
proportion of each size.

Fast Job to
Job Transport

All units are mounted on Pneumatic-
tired semi-trailers. .. reducing
travel time...adding extra pro-
ductive days to the working season.

Easy to Set Up

The 840 Plant is set up in only a
few hours. No cranes, excavations

or footings required. All units have
adjustable jacklegs.

write for full information

Barber-Greene Overseas, Inc

DISTRIBUTORS Of BANKBER GREENE PRODUCTS MANUFACTURED BY

GARBER-GREENE CoOmpany, AURORA, NLINOIS, U.s.A.

BARBER-GRIINE OLDING COMPANY, LTD., INGLAND . BARBER-GREENE CANADA, LTD.. CANADA

VITOPUS

Telegrams:

*

Licencee for the Italian ¢“R”’ System of Prestressed Concrete
and Licencees for Light-crete and Thermolitecrete, insulating

and acoustic boards and blocks.

‘Registered Office :
14, BOAG ROAD, MADRAS - 17.

BRIDGES, BUILDINGS, WATER SUPPLY AND DRAINAGE
88316 & 88549

DESIGN AND CONSTRUCTION OF R. C. C. STRUCTURES,
SCHEMES, SANITARY INSTALLATIONS, ETC.

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.
SPECIALISTS IN:

Telephone:

GANNON, DUNKERLEY & CO., (MADRAS) LTD.
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Agrico implements are helping
to build better roads and lay
safer surfaces. Because Agrico
implements are made from
special quality steel and individu-
ally tested for superior strength,
they are being employed more
and more by leading engineers
and contractors.

PICK-AXES
Available in two patterns.
Extremely sturdy and long
fasting.

SALLAST-RRRAKING
HAMMER

. CROWBAR
tn standard length
ot §’-3*" and sections
from 7/8'" to 14, Made
from high-carbon steel.

Available in t Ib. weight.
Breaks the heart of
any stone -~ really strong
and durable.

TATA AGRICO
IMPLEMENTS

THE TATA IRON AND STEEL COMPANY LIMITED
Head Soles Office © 13-B, Netaji Subhas Road, Calcutta-)

Bronches ot: BOMBAY, MADRAS, NAGPUR, AHMEDABAD, SECUNDERABAD KANPUR,
JULLUNDER CANTT. & VIZIANAGRAM CANTT.

SQUARE-NOSED SHOVEL
Made from high-carbon stee! to
1.5.1, specifications. Fitted with
seasoned wooden handies,

1]

r-

il AT RO

Ep

MAINI BRIDGE—Five barrel arches of

t the

ini River a

The foundations are taken down

y over the Ma
ter level.

plain concrete and 60 feet clear span each,

carrying a 20 feet clear roadwa
border of Udaipur and Surguja.
upto 15 feet below low wa

J. C. GAMMON LIMITED

BOMBAY-1

BALLARD ESTATE

HAMILTON HOUSE
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THE BRAITHWAITE BURN AND JESSOP
CONSTRUCTION COMPANY, LIMITED

P-13, MISSTON ROW KXTENSION, CALCUTTA
ENGINEERS AND CONTRACTORS

GENERAL ENGINEERING CONSTRUCTTON

} INCLUDING

BRIDGES, JETTIES, PIPE LINES, FOUNDATIONS
ETC.

Sole Licensees in India for
FRANKI COMPRESSED CONCRETE PILING
AND
“SCREWCRETE " FOUNDATIONS

ix
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Your “Caterpillar” Tractor needs regue
lar maintenance and service. We have

Caterpillar

RrOTEO i all facilities for servicing, repairing and
replacéments from a large stock of
spares, Write to vour nearest distrie

ENGINES - TRACTORS

DIESEL MOTOR GRADERS -
EARTHMOVING EQUIPMENT butor for particulars.
“CATERPILLAR™ DISTRIBUTORS IN INDIA
CALCUTTA BOMBAY { NEW DELH!
TRACTORS (INDIA) LARSEN & TOUBRO wiLLCcOoX (BUCKWELL'
LIMITED LIMITED = INDIA) LIMITED
?,0.80X 113 P. 0. 80X 278 P. . BOX 289 B

Sales and Service
catape



MILLARS’
MACHINERY
Concrete Mixers—Tilting and non-Tilting Types.
Asphalt Mixers—for Hot and Cold Mix.
Roller Pan Mixers—for Mortar.
Diaphragm Suction Pumps—for effective lift up to 25 ft.

Self-Priming Pumps—for handling Secepuge at lowest
possible cost,
Tower Hoists—for speedy construction.

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

TIMBER

HARDWOODS - SOFTWOODS - PLYWQOODS

MILLARS’ TIMBER & TRADING CO. LTD.

(INCORPORATED IN ENGLAND)
chtorxa House, Victoria Road, BOMBAY 27.

Telephone: 41077 Telegrams: JARRAH

LY

v .
4 v’ R

' Ba‘anchﬁi i“i Agents throughout the World.

xi

Calercan Road Bridge, Trichinopoly District,
24 spans of 100-feet on Masonry Piers.

BRAITHWAITE & CO.,

. (INDIA) LIMITED

HIDE ROAD, KIDDERPORE, CALCUTTA.
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Indian Practical

CIVIL ENGINEERS' HANDBOOK

Edited by P. N, Khanna, A.M.L.E. (Ind.), A.M. Inst. HE. (Lond.)
THE STANDARD REFERENCE BOOK FOR ALL ENGINEERS

This book is a vast collection of up-to-date practical
data (with standards and formulae) and other valuable
technical information needed most in daily work, not
usually considered or incorporuated in text-books or found
In any other single Indian publication. Hundreds of copies
of this famous book are now in daily use by every grade
of engincer all over India. Users tell us they have found
it ‘“highly Useful” reuady reference book,

Sections on:

Givil, Structural, Sanitary, Highways, Bridges,
Irrigation & Electrical Engineering. All condensed in about
950 pages with over 300 illustrations and 200 design tables,

Cloth bound Rs. 15 - (Postage extra Rs. 1-8-0.)
ENGINEERS® PUBLISHERS & ADVERTISERS, Patiala (Pepsu)
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