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visibility from splash and spray.

Provision of sufficient drainage is an important factor in the location and geometric design of highways. Drainage facilities on
any highway or street should be adequately provided for the flow of water away from the surface of the pavement to properly
designed channels. Inadequate drainage will eventually result in serious damage to the highway structure. In addition, traffic
may be slowed by accumulated water on the pavement, and accidents may occur as a result of hydroplaning and loss of

The highway engineer is concerned primarily with two sources of water. The first, surface water which occurs as rain or snow.
Some of this is absorbed into the soil, and the remainder remains on the surface of the ground and should be removed from
the highway pavement. Drainage for this source of water is referred to as surface drainage. The second source is ground water
which flows in underground streams. This may become important in highway cuts or at locations where a high water table exists
near the pavement structure. Drainage for this source is referred to as subsurface drainage.

1. INTRODUCTION

Drainage is the process of interception and removal of water
from over, and under the vicinity of the road surface. Drainage
can be surface (where water is conveyed on the road surface
and drainage channels), or subsurface (water flows under-
neath the pavement structure). Surface and subsurface drain-
age of roads critically affects their structural integrity, life and
safety to users, and is thus important during highway design
and construction. Road designs therefore have to provide ef-
ficient means for removal of this water; hence the need for
road drainage designs. Drainage facilities are required to pro-
tect the road against damage from surface and sub-surface
water. Traffic safety is also important as poor drainage can
result in dangerous conditions like hydroplaning. Poor drain-
age can also compromise the structural integrity and life of
a pavement. Drainage systems combine various natural and
manmade facilities e.g. ditch, pipes, culverts, curbs to convey
this water safely. Drainage is an essential component in the
pavement’s good mechanical behavior and thus makes a sig-
nificant contribution to the durability of road structures.

2. EFFECTS OF IMPROPER DRAINAGE

One of the major causes of road failure is its improper drain-
age facilities. Improper drainage of the road causes destruc-
tion in the following ways:

* Road surface if made of soil, gravel or water bound mac-
adam, it will become soft and losses strength.

* The road sub-grade may be softened and its bearing ca-
pacity reduced.

* Variation in moisture content in expensive soils causes
variation in the volume of sub-grade and thus causes fail-
ure of roads.

» Failure of formation slopes is also attributed to poor drain-
age.

» If rain water is not properly drained and allowed to flow
along the road side for long distances, slip and land slides
may occur causing road failures.

» Erosion of side slopes, side drains, and formation of gul-
lies may result if proper drainage conditions are not main-
tained.

* Flexible pavement’s failure by formation of waves and

corrugations is due to poor drainage.

* Continuous contact of water, with bituminous pavements
causes failures due to stripping of bitumen from aggre-
gates like loosening or detachment of some of the bitumi-
nous pavement layers and formation of pot holes.

3. The good highway drainage should fulfill the follow-

ing requirements.

» Surface water should not be allowed to remain standing
on the road pavement and shoulders.

* The surface rain water from the adjoining area should not
be allowed to come towards the road surface

+ Side drains should be of sufficient capacity and having
sufficient longitudinal slope so that it may drain of all the
collected surface water, efficiently.

» Surface water flowing across the road pavement should
not develop cross ruts or erosions on road surface and
shoulders

* Seepage water and other capillary waters should be
drained off by suitable underground drainage system.

* Maximum level of underground water table should be
maintained well below the sub-grade level of the road.
Under ground water table should remain at least 1 m to 2
m below the road sub-grade.

* In water logged areas, special measures should be taken
to keep down the harmful salts.

4. STUDY AREA

The state highway-41 is the one of the most important high-
way which is connected with Ahmedabad to Delhi via Jaipur.
Mehsana city is 76 km away from Ahmedabad located on
State Highway-41. The Highway Drainage facilities is to be
designed from chainage 78/00 to 79/00 on state highway-41.
The length of the stretch is two kilometer.
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5. METHODOLOGY

5.1 Method for calculating Runoff

Hydrological analysis is a very important step prior to the
hydraulic design of road drainage system. Such analysis is
necessary to determine the magnitude of flow and the du-
ration for which it would last. Hydrological data required for
design include drainage area map, direction of flow and other
surface drainage facility. The rational method is a universally
accepted empirical formula relating rainfall to runoff and is
applicable to small catchment areas not exceeding 50 km2.

The Runoff can be found out by using following formula

Q= 0.028CIA

Where:

Q= maximum runoff in m® per sec

C = Constant depending upon the nature of the surface

| = critical intensity of storm in mm per hour occurring during
the time of concentration.

A = catchment area in km?

5.2 Method for Design Surface Drainage System

After falling on to road surfaces, rainfall runoff drains to the
lowest point and in moving across the road surface forms a
layer of water of varying thickness. This water can be a haz-
ard to the motorist. Splash and heavy spray are thrown up
by moving vehicles reducing visibility, whilst the water on the
pavement reduces friction between the tyres and road sur-
face.

Once the quantity of runoff is determined, the stage is set for
the next step of hydraulic design of the drain.

If Q is the quantity of surface water (m3/sec) to be removed
by a side drainage and V is allowable velocity of flow (m/s) on
the side drainage, the area of cross section A of the channel
(m2) is found from the relation below:

Q=AV

The slope S of the longitudinal drain of known or assumed
cross section and depth of flow may be determined by us-
ing Manning’s formula for the design value of velocity of flow
V, roughness coefficient n and hydraulic radius R.Manning’s
Formula

V=1/n*R#3*S12

Where:

V=Average velocity m/sec
n=Manning’s roughness coefficient
R=Hydraulic radius

S=Longitudinal slope of channel.

6. DATA ANLAYSIS AND PRESENTATION
In the study area, open side drains of trapezoidal and rectan-

gular shape have to be provided for disposing of surface water
collected. The first step will be to estimate the amount of sur-
face water flowing, the amount of surface water depend upon
the intensity of rainfall, amount of rainfall, nature of the soil and
topographical of the area. Therefore the quantity of water that
can be handled by this ditch or drain can be estimated.

200 Maximum rainfall per month ()

300

P
2 200 —
[ 1]
E \/
3 100
=
g 0 T T 1
2000 2005 2010 2015

Years

It is observed that maximum rainfall intensity in the study area
for the years (2001-2010) is 314.3 mm/hr

The Length of the section =2.00 km.

And the width of the catchment area = 40mt.

Total catchments area = 2.00*0.04 = 0.04km?

The runoff coefficient © for the sandy soil = 0.20

Peak Flow (Q) = 0.70 m*¥/sec

Cross section area (A) of the side drainage required is ob-
tained from the formula

A=Q/V

Where,

Q =0.70m%sec

V = 1.5m/sec for lined structure

So, A=0.70/1.5=0.47m?

Therefore, the required cross section area is 0.47m?

The required section is below:

|l -
’ " i Afim a1 - S
. *
e I
S= 11l "'-’\\ // 0.4km
-
b ™

Effective Area (A) =0.5*(0.5+1.46)*0.48

A effective =0.47m?

Wetted perimeter is equal to the total length of the wetted
area.

=Length of two side slope + Bottom length

Where;

Bottom length =0.5m

Length of side slope = 0.68m

Wetted perimeter = 0.68+0.68+0.5

=1.86m

Longitudinal slope
From Manning’s formula

V=1/n*R#3*G12

S= (n*V/R?3)?

Where;

S=Longitudinal slope

V=Velocity of flow in m/sec
R=Hydraulic Radius

n=Manning’s roughness coefficient
Hydraulic Radius=Cross section area + Wetted perimeter
R=0.47 + 1.87

=0.25

n=0.04

V=1.5m/sec
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S=1[0.04*1.5/ (0.25)2/3]
$=0.151

Therefore, the proposed slope for the side drainage is 1 in
6.5.

7. CONCLUSION
The Paper required design of a suitable drainage system.
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