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In.  considering the volume of
and passengers transported, by far,
road transport is the most significant
sector of three transport systems
viz. road, air and sea transports.
Roads are very impbrtant to the social
and economic development of any country.

For highway work, vast sums of money
are being spent vyearly by Sri Lankan
Government. In 1984 alone, a sum
of Rs.400 million was spent, out of

which about Rs.150 million was spent
on highway drainage structures such
as bridges and culverts.  Similarly,

-out of a total sum of Rs.715 million
spent in 1985, about Rs.265 million

was spent on highway drainage structures.

These. figures show ~the significance
of highway work in relation to the
national economy. i

Sri Lanka, with abundance of rainfall,
experiences regular floods. The floods
that occurred during the latter part
of 1983 caused extensive damage to
the entirg network of roads. The
cost of repair was calculated at Rs.78
million. ‘ '

The structures which are not properly
designed to cater to anticipated floods,

would result in costly nmaintenance. .
Also the failure of structures may
lead to fatal accidents resulting

in loss of valuable human lives. There-
fore the proper application of the
.knowledge in Hydrology, is of paramount
"importance to the highway designers.

Improved traffic service and a material
reduction which . reduces the total
cost of construction and maintenance
can be achieved by judicious choice
‘of hydrological design criteria.

Applicahility of Hydrology
work

—_—

In'actual design practige, the structural: -
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goods.

any drainage structure is
hydrological design.
But, in most countries the importance
given to the determination of the
design flood is much less in comparison
to the structural design. Less accurate,
over simplified methods are sometimes
used for -hydrological analysis.

design of
dependent on

This is due to :

(1) Difficulties'in collectind necessary
hydrological data

(2) Non availability of processed
data

(3) Reluctance to devote much engi-
neering time on hydrological
analysis because processing of

raw data and other related calcula-
tions usually take a fairly long
time. :

Luckily for Sri Lanka, most of the
new bridges are constructed in close
proximity to old bridges whose perfor-
mances are known. These are being
employed successfully in = designing
new structures. : '

| of a 153 km. long highway project.-

- Presently,

in highway
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The objective of this article 1is to
suggest ways of improving the existing
practices in determining design flood
magnitudes for highway structures.

Seléction of a |nethod to determine the
design flood

For highway work in Sri Lanka, it
is highly desirable to apply a method
which is simple and - fairly accurate
which can be applied even - by engineers
‘not specialised in Hydrology. Also
such a method should be wide in 1ts
application so as to include structures

of all sizes irrespective of.  whether
hydrological data is available or
' not. '

A regional flood frequency analysis
has most of the properties mentioned
above. Highway engineers in most
countries employ this method for deter-
mining the design flood. However,

it is not popular in
due to the non availability of fregional
flood frequency curves.

Apart from its ease of use, an advantage
of the regional flood estimation tech-
nique  1is that it ensures a consistent

desiqn approach to flood estimation
within each region. When numerous
. structures need to be designed within
a  region, the estimation of design
flood - by different designers using
a variety of techniques. may result
in  some structures not having the
same level of flood risk in - service.
This may 1lead to certain sections
pf roads being ' cut by floods more
frequently at some  locations than
at others. ‘ ’

This method also has the -advantage

that it can be\applled even to ungauged
Sites.

The procedure suggested here is to

-develop '

(1) Regional flood frequency curves

(2) Correlations_ between mean annual
- flood and catchment characteristics.

-

Having developed above relationships,
1t  is  extremely €easy to -determine
44
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" (5) Value of

(7) Impact to

‘the design flood magnitude correspondiig

to any ~desired return period, using
catchment characteristics.
Due to space limitations, this article

deals only with the preparation of
regional flood'freguency curves.

Selection of a suitable return period”

/)

The recurence interval or the return

period is the average interval between

years with a flood exceeding a given

magnitude and is, therefore, .the recipro-

cal of the probability of a flood

exceeding this magnitude occurring
in any one year. '

Selection of the return period corres-
ponding to the design flood is one
of the first and most important steps
in the hydrological analysis. '
.importance of the

" drainage structures do not

wdrrant the wuse of Probable Maximum®
Flood as the design flood. Therefore,

there is a fair amount of = risk of

failure involved in any drainage struc-

ture. : '

size and the

highway

Selection of a suitable return' period

is a complex problem which involves
the consideration of many factors,
some of which mentioned below:

are

(1) Potential loss of life‘ if~ the

‘structure failed.
(2) Avallablllty of financial resources.
(3) Imporpance of the highway

(Forv defence highways, higher
return periods may have to . be
‘used.)

(4) Interruption to case

of failure.

traffic, in -
near by soproperties. at
A risk. ‘ '
(6) "Cost of damage in case of failure.
the local economy in
. case of failure. '
(8) Availability of detours.

before selecting .the ' return
each structure and its location

Ideally,
period,

"~ .should be carefully studied.

-

Following guide lines for the'selectiqn
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of the return period -can be suggested
for the use of highway drainage struc-
tures in Sri Lanka.

Drainage structure ‘Suggested return

period (Years)

Bridges on very important roads 100
Culverts on very important roads 25
Bridges on important roads 50
Culverts on important roads 15
Bridges on minor roads 25
(Except submersible bridges)

Submersible bridges on minor roads 10

Culverts on minor roads : 5
Regional Flood Frequency .Analysis

This method has been developed, with
variations, by the United States Geologi-
cal Survey 1in collaboration with a
number .of State Agencies in the period
since 1945. ) '

In this technique, flood data from
‘a more or less geographically homogeneous
region are pooled to provide a more
stable estimate of the flood frequency
curve. The flood data for the analysis
are standordised to the same scale
by dividing by the mean annual flood
which 1is the arithmetic mean of the
annual. floods.

-Regional flood frequency curve is
‘essentially a graph plotted with average
oberved floods (standordised) as the
vertical axis and their corresponding
average return periods as the hori-
zontal axis. '

The area to be chosen for the regiohal

analysis should be hydrologically
homogeneous on the basis of geology,
topography, and mean annual rainfall.

It should have data gathering .stations

Wigh usable records of
data. At leastra 5 year continuous ' and
rellable flood record is necessary
for .any station within the region
to be considered in the regional analysis.

sufficient

There " slight

are variations in the
procedures adopted by different Institu-
t .ons in determlnlng the regional
f Llood frequency curve. ‘
The - method suggested in ' the Flood.'
. L
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(3)

Studies Report (FSR) is a adopted

in this article. (Flood Studies Report
was the result of an extensive research
programme and Wwas 'published .by the
Natural . Environment Research Council,
U.K.) : )

Procedure for deriving the regional flood
frequency curve as given in the FSR -

Select a hydrologicdlly homogeneous
region based on geology, topography,
mean annual rainfall etc:
For the selected region, " collect
flocd data i.e. peak annual flood
Q and the - correspondlng year,
for each station hav1ng atleast
5 year records. Lo
If there are any missing peaks
in these records, complete them
using appropriate methods. ..
Calculate the mean annual
flood Q for each station.
For each station, assemble Q/Q
with the plotting position appro-
priate to the Gumble Variate
Y. The expected value of the
ith spallest order statistic
Y is given by Y = E(Y in a
sample of N, which can be cgaculated
using the Gringorten formula.

(1)

(2)

(4) peak

(6) Divide the y axis into categories
of width 0.5 units such as =2.0
to -1.5, -1.5 to =-1.0 etc. Plot
average values of Q/Q ' at the
average values of Y. h

This 1is the regional frequency curve
which is smooth upto about ¥ = 3.0. To

Extend the curve, following procedure
is suggested. o
(1) 'Divide stations in the region
into 4 or 5 groups. (Neighbouring
stations should not appear in
the same group). - :
(2) Take 4 .highest values of Q/Q
in the group - regardless of the'
-station. . '
{3) Associdte . them  with expected
. order statistics . E(Y E(Y )
etc., M - total no. in £Ke group% M
(4) Average these values <and. plot
these  against average Q/Q on
the same graph and draw a smooth

curve .
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For ungaugea catchments, a relationship
has to be developed between the catchment
and the average annual

characteristics

rainfall in order to -employ the above
curve.
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