





CHAPTER 4 TRAFFIC ASSIGNMENT

4.1 GENERAL
4.1.1 Purpose
'Tra['!‘it‘: assignment is an important part of the aetwork planning, which assigns future

trip interchanges to a p':oposed road network. It can be used to estimate the volume of
lrafﬁc ‘on various links of the road nelwork for the target year. Fherefore, the traffic as-
signmenl procedure requires, as inpuf, the complete description of the proposed road net-
work and a matrix of interzonal trip movement (OD table). The final purpose of traffic
assignment is to evaluate alternative road networks based on the estimated assigned fraffic.

412 Road P\emo:k Data

'fhe lmpm\ement plans of road network by UDA, DOH and GCEC are considered to
meet the future demand arising from population and employment growth in the objective
area. From the viewpoint of the traffic assignment for the future traffic volumg, a suitable
road network incorporated with the committed projects and the altesnatives of the Project

'Roagi are sel up in this study. The soad neiwork for the trafiic assignment is shown in
Appx. Fig. 5 1o Fig. 6.

42 TRAFFIC ASSIGNMENT
421 Traffic Assigament Model

In order Lo calculate the traflic volume on the road nelwork (including the project roads),
the following trafiic assignment procedure is used:

First Step

For each link of the road aetwork to which vehicles are assigned, the relationship bet-
ween traffic volume and travel tinie is established. In this relationship, travel time increases
with the increase in {rafflic volume.
Second Step

it is assumed that trafiic volume in each O-D pair is assigned to the road with minimum
travel time. ln case of a toll road, the toll is represented in terms of travel time.
ThIrd Srep

Ve‘hlculat OD teaffic s equally divided into 5 pasts. A 20% of the volume is fiest assign-
: Ed to lhe foad network and the resultant tray el hme is compuled for each link. The next
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step is to assign a further 20% of the traffic volume to the nefwosk and a new set of re-
sultant travel time is compuied for all the links. This process is sepeated until alf the
volume has been assigned and the final travel time is calcuwlated. This procedure, which is
seferred to as the Q-V formula, is based on the assumption that as the volume of traffic on
a link increases, so the travel time on that link increases too. Thus the speed necessary (o
travel on that link is reduced just as increased congestion causes speeds 1o be fowered in
real situalions. This relationship is itlustrated in Fig. 4-1.
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Fig. 4-1: Q-V Formula

When the traffic volume is below Q,, the vehicle may be ablé to travel at the maximum
speed (V max), while when the traffic volume exceeds Q, , the travel speed decreases.

Based on the above-mentioned road network, the road iype and its Q-V formvula are de-

termined in order to compute the trafiic volume. These are classified using the classifica-
tion of road type as shown in Table 4-1,

4.2.2 Cases for the Project Road

From the view point of preliminary engineering study {see Sections 5, 6, 7 & 8) five
cases for the project road as shown in Fig. 4-2, 3 were selected 1o examine their {easibili-
ty.

4.3 RESULTS OF TRAFFIC ASSIGNMENT

Sununarized in Table 4-2 are the estimated Iraflic assigned on each road section by
cases. Judging from this table, the following observations can be oblained:

a) The assigned tsaffic volume on Project B is comparatively large. The daily teaffic
volume on each section of this road is estimated (o be more than 20,000 in 1990 ard
40,000 in 2000. Especially, that on the section bétlween Perera Mawatha to Colombo
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Table 4-1: The Type of Q-V Forinula by Road Type

Q-v |Standard{Standard

el ve: \{'l;ax l\"min Ax WQﬁn
e|Velacitylcapacity | {k=/h) (brn/hivehicie/ |[Vehiclef
Type of Road (nfn) |Vehicte/ Ty day
day
1| 10 ]
2 15
3 20
4 25
3 30
Poads within Golocbo 6 35
7 | %
8 45 % 3 & * *
g s )
- 10 0
A Class Foad* 11 3
B Class Road* 12 20
C Class Foad* ) 13 10
Roads without Ohjective | 14 40
Area
Yictoria Bridge 15 90 10000 40 4 12500 2500
New Yelani Bridge 16 90 40000 0 s 0000] 10000
Al Foads (2-1anes) 17 0 a0 0 S 18750 2290
Al Roads (4-lanes) 18 4 35000 % 4 65500 9500
A} Foads (2-lanes) 19 0 900 S0 5 157503 2290
Al Roads {4-lanes) x 40 38000 4 4 665007 950
Irproved Access Foads A 40 2000 0 4 15750; 2250
New Fort Access Foads 22 oo 35000 [ 9] 66500; 9O
Expressway (4-lanes) 23 0 45000 8 8 71000 11000

Since nost traffic on these roads are not related to that

caused by the corpletion of the project roads, the standard
velocity is fixed according to the road congestion.
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Fig. 4-2 Alternative to the Project Road (Case 1 ~ 3)
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Port is estimated to be more than 30,000 in 19%0 and 60,000 in 2000,

b)'['hg assigned traffic volume crossing the New Kelani Bridge is considerably Jarge. In
2000, that traffic volume reaches more than 90,000 per day. On the other hand, the
assigned traffic volume on the Victoria Bridge is about 30,000.

¢) The assigned (raflfic volume on Project A will have a larger traffic volume when Proj-
ect B is constructed together with the Expressway.

d)The composition of passenger cars and freight cars of the assigned traffic is almost
even on each road section.

e) COmpar'ed with the basic case where the Project Road would not be constructed, tral-
fic congestion along A-1 and A-3 Road would be considesably decreased.

Fig. 44_'il!p§lral_e-:s the flow of future daily traffic volume on cases for the Project Road.

414 RELAT[ONSHIP OF EXPRESSWAY AND RAILWAY

441 Existing Situation of Railway

Within the objeclive area, the Colombo - Puttalam Line and the Colombo - Kzandy Lin¢
are in service. The northem line which serves the urban centres from Ragama to Kochehi-
kade is a single track, while the Colombo - Ragama line is a2 double track. From Ragama to

Negombo is also a single (rack. The tofal length of the rail links in the areas reaches 28
miles.

Howey th now the existing railway system is not sufficient for the commuler demands
for ralhsay, due to the shorfage of passenger coaches and superannuation of the railway
facilities. Therefore, the following plans are examined to improve the railway system by
Sri Lanka Government Railway and National Planning Authority.

a. Double tracking Ragama - Kalunayake rail and improving the rail services o serve
commuter traffic

b. Ftectrification of the pailway

44.2 Future Development Plan of Raitway
{1) Double Trackin 2

The average number of pa\sengers using the Pultalam line travelling in the direction

of Colombo in March 1979 is shown in Table 4-3. (See Appx. Table 14 for the suppost-
ing data)
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Table 4-3: Daily Rail Passengers Travelling towards Colombo

Ticket Type Negombo Ja-Eta Ragama
Season Tickel 2,419 6,051 9,300
Osdinary Tickel 924 1,584 1,985
Total 3,343 1,635 11,285

———

Judging from the existing railway frequency and capacity shown in Appx. Table 15,
the rail operalion would not be able to meet the passenger demand in the future, due to
the full development of KIPZ, the growth of air passenger traffic, the increment of job
opportunities within Colombo City and Peliyagoda and so on. (For more delails, see

“Report on Transporl Requirements of the GCEC Atea of Authority’, GCEC, October,
1950)

Theiefore, double tracking from Ragams - Katunayake and the railway electsifica-
tion are expected 1o improve the regulac sail sesvice, especially during peak hours.

{2) Electrification
The 'pmpose of the railway electrification is to utitize the susplus of electric power
generated from Mahaweli Power Stations during houss of ofi-peak power to carry com-

mulers. Because from the view point of the eflicient energy policy, it is desirable that
the electrification could reduce wasling of crude oil.

The following is the outline of the proposed electrification of the railway:
1) Section of electrification

Colombo Fort — Polgahawela
Colombo Fort — Panadura
- Panadura — Kalutara South
Ragama — Negombo
Ragama — Colombo International Airport

® &

2) Operated Iead (peak houss)
4 ~'S minute (existing 10 ~ 15 minule)

3) Velocity
45 knfhour (existing 20 ~ 30 km/hour)

4) Passenger Capacily
30,000 persoafhous
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| 4.4.3 Relationship of Expressway and Railway Improvement

The following #tems ¢an be pointed out:

1) Even with the improvement of raitway, it is difficult to stop the trend of growing car
ownership as seen experienced in many developed and developing countries.

2)The power of inducement for industrialization is more reinforced by using road
network (including expressway) than railway improvement alone.

3) The commodities and materials cannot be gathered feom and distributed to many
places smoothly without road network (including expressway) because the supply and
demand places are scattered in a wide area. In other words a better door (o door
service can be provided by the road neiwork.

4)On the other hand, the railway improvement will contribute to long trip passengers
and long distance freight flows, and also contribule to commuling durinig the peak
hours as a “line-transport service™.

Therefore, expressway and railway wilt mutually supplement a portion of funclions of
the other, although in some aspects they would be compelitive.

ﬁ_']s_



A

PR



TR ._.
Mk (AT A




CHAPTER § PRELIMINARY ENGINEERING

5.1 NATURAL CONDITIONS
5.1 Topography

The pmjecl area drained b)' Kelani Ganga, Ja-Ela Canal and Dandugam Oya, has a gener-
ally fiat terrain gently nsmg to hilitops rarely excezding 35 m above sea level. A vast
extent of the land especially in the Dandugam Oya basin is low lying and exists as either
paddy fields or marshes. Some of them are below mean sea level (MSL) as observed in

- Peliyagoda, 1lorape and Ragama areas. Ifighland is predomirafely coconut estates or honie
gardens with assorled crops. -

5.1,2 Geology

The main bed rock types present in the project area are granites, gneises and
charnokites. Gravels and fatesite out crops are observed in the high lands and hiltocks.
Sandy soils prevail elsew here as esturine o littoral deposits closer to and along the coastal
belt and as siver alluminiuim in the interior parts. Marshes consists of peat layers often not
exceeding 10 m in thickness and follow ed by sandy clays or sand deposits.

5.13 Hydrology

Hydrblogy of the nosthern parts of the project area is largely determined by Dandugam
Oya and its lribularies ie. Altanagalu Oya, Kuda Oya and Kimbulapitiya Oya with a
total catchment exceeding 800 km? . Owing to frequent meanderings on the lower reaches
of the main stream and due to lack of drainage, a vast area most of which is tow lying

tands is affected by floods and others remain inundated for long perieds such as 4 to
10 days.

On the other hand, hydrology of the southein patls of the project area is affected by
Kelani Ganga which has a catchment area of 1,650 km?, Lower areas situated nosth of
Kelani Ganga which are mostly marshes below 2 m MSL undergo inundation when the
water level in the river itself rises higher. The drainage system of Colombo City consisls
of a canal neh\o:k with limited out falls to the sea. Espec jally the low lands in
Bloemendhal area through which the project road is planned is affected when the canal
oul fall into Kelani Ganga is closed when the nver rises. The highest flood tevel recorded
(in 1947)is 3.6 m MSL about 400 m upstream of Victosia Bridge.
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5.1.4 Climate

Located within the wet zone, the project area receives an average annual rain fall of
2,400 mm. The monthly precipitation is high and in the range of 250 mm ~ 380 mm
during months of April {0 June and October to November,

Climatically the project area has a mean annual temperature of 26°C during November
to February and 28°C during the warmer months of April to September. The daily tem-
peralure rises o a maximum about 32°C on the average early in the aflternodn and falls
to a minimum aboul 22°C shosily before dawn.

The relative humidity varies from 70% during day (o 90% or 95% at night. Dusing
months of April and May with high temperatures the absolute humidity remains high.
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5.2 FIELD SURYVEYS

€21 General

In order to plan the project roads and the various structures required such as, bridges,
interchanges, samps, drainage and flood retief structures adequately and economically,
it is essenlial {0 grasp natural conditions, especially the topography and geology of the
Project Asea in general. Moreover, it is necessary to clarify specifically on the subsoil
conditions as a major part of the project roads pass through marshes and paddy fields and
also {0 ascéslain the availability of construction materials in adequate quantities.

Theiefore following field surveys were conducted to oblain these necessary informa-
tion on fopography, geology and subsoit cenditions.

5.2.2 Geotechnical and Malesial Investigalions
(1) Geotechnical Investigations

Geotechnical Investigations were conducted at a tofal of 21 locations as shown in

Fig. 5-1. The survey points were selected after carefully study of aerial photo maps
and ficld inspection. '

Rolary {ype mechanical boring method was employed in the investigations. Stand-
ard Peneteation Tests were conducted to confirm the beasing stsatum for struciure
planning, the thickness of soft weak layers for settlement analysis and the depth of rock.
Results of field surveys are summarized in Fig. 5-1.

Soil samples were extracted from the bore holes for faboratory soil testing. Physical
tests for natural moisture content, consistency, specific gravity and the mechanical
tests for uaconfined and friaxial compressive strength, and consotidation characteristics
were performed. Undisturbed peat samples were extracted from a pil dug in
Bloemendhal area in order to grasp the general consolidation characteristics of peat
widely encountered along the Project Roads.

Summarized in the Table of Fig. 5-1 is the puspose and the number of test con-
ducted. -

(2) Investigations for Construciion Matesials

As a large quantily of construction materials is required for the Project it is neces-
sary to confirm lheir availability in adeguate quantities in close proximily to the
project.
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1) Filling Materials : Soil

The project roads pass mosily through low lying areas and relat_ive!y lowrise
hillocks. As a tesult, a large quantity, 440,000 m® in Project A and 320,000 m?
in Project B, of earth should be brought from the borrow pils. Two hillocks,
one of which is about 30 m in heighf located notth of Ragama and the other
located east of the Airporl are earmarked as the borrow areas for Project A.
Both these are along the Project road.

As there are no suitable borrow areas along or close to the route of Pr'ojec't B,
earth has to be hauled a distance of about 7~ 10 km from Biyagama Area.

The material in alt these borrow arcas is gravelly laferitic soil which is of suf-
ficient quatily as an embankmenl material.

Location of the proposed borrow areas is shown in Fig. 5-2. Compaction Lests
and CBR tests were conducled in the faboratory with soil samples coliected to
coenfirm the suitability of the material as an embankment material, -

2) Fine Agpregates : Sand

The quality sand required for the sand piles can be exiracted from Kelani Ganga
close to the river mouth. The quantitly required is about 15,000 m? and this is
adequalely available.

About 220,000 m® of sand requised for the sand mats can be met even with the
sea sand which satisfies the requirement in both quality and quantity.

3) Course Apgregates: Cmsl—med Stones

The large quantily of crushed stones required mainly as the aggregates for pave-
ment can be sufficieatly made available from the rocks widely distributed over
Biyagama Area. These rocks are of granites and gneisses in origin. The volume of
aggsegates requited only for the pavement works is about '280,000 tons, Los
Angeles Abrasion tests were conducted with the rock samples lo confirm the
quality of the crushed stones.

5.2.3 Topographical Survey
The following susrveys wete carried out {or this feasibitily study:

(1) Preparation of Uncentrolled Photo Mossaics

Since a suitable fopographical map covering the eatire project area was not avail-
able to carey out this study, a 1: 10,000 scate uncontrolled photo mossaic map which
was prepared using the available photo mossaics and supplemented with ground con-
trol data oblained from a fickd suevey, was used in the route selection,
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(2) Preparation of Contour Photo-Maps {1/10,000)

For fine adjustments on ihe selected rouie and for the sludy of altesnalives, a
contour photo map was prepared by marking contour lines and spot heights by the
photogrammetric method. Contours were drawn at 5 m intervals in generaland al 2.5 m
on the flat areas. '

(3) Route Sunvey

With the aim of upgrading the accuracy of cosl calculat:ons in the road planning
studies, longitudinal profile and cfoss sections of the selecled route were p!olted after
conducting longitudinal survey and cross sectional sufvey al 200 m iﬁtéry‘als on the
average. Topographicat maps were prepared for the si_(es’ where structures are planned.

1)

2)

3}

4)

5)

Alignpient Calculalions

From the data derived from the phokrmosséiés, contour'bboté'map and the sup-
plemeniary supveys, the road alignment was studicd and confirmed after discus-
sions between the GCEC and the Study Team. Fr‘_o'm_ this confirmed alignment,
the co-ordinates of main points and the centre poin{s at 10 m intervals along the
roufe were calculated, '

Setting of Cenlre Survey Pegs

Although co-ordinates were calculated at 10 m intervals atong the ceatre ling,

survey pegs were set at centre poinls at 200 m mtena!s on the average and at the
main points of the alignment curves.

Longitudinal Suivey

Ground heights of main points, centre points and cﬁiié:é_n! péin(s were surveyed
and connecled 1o the bench marks of the national g_(id.

The lohgi[udinal profile of the route was preparéd Ilildijgh'lﬁis survey.

Cross Sectional Survey

Cross seclional survey was done up to a perpendicular distance of approximately
35 m from the centre line on its both sides and the ¢ross seclions were plotted at
1:200 scale.

Dzlailed Topographical Survey

Topographical maps were prepared for sifes where major styuctures ate proposed.

This was done by enlasging the aerial photographs to the required scate and
plotting the results of levelling done on a mesh form.
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5.3 CISARACTERISTICS OF THE PROJECT ROAD
5.3.1 General
(1) Project Road
T hé route of the Project Road is described below (See Summary Fig 2).

1) iT_his Project Road has its starling point near the road bridge on Aluthmawatha
Road; over 'ﬂle railway line leading to Colombo Port and culs across through
the middle of the marsh well co-ordinating with the Bloemendhal Development

- Project to connect with the inl_élsec(idn al Prince of Wales Road. This section
of the road hithesto had been referred to as the Port Aceess Road.

2) The Proj_e'cl Road flurther extends along the Access Road to New Kelani Bridge
and aftef ‘passing the intersection at Bascline Road crosses over Kelani Ganga
1o Peliyagoda over the New Kelani Bridge.

3) Keeping in co-ordination with the Peliyagoda Integrated Urban Development

 Project, which is atready in progress in Peliyagoda area, the Project Road passes

through the existing fiyoves on the railway leading to Ragama to connzct with
Kandy Road at a point near Dalugama.

Described above i§ the Project B and the Project A (Expressway) described
below takes over from this point.

4) With its stasling poinl on Kandy Road near Dalugama and after crossing the
railway Iwice at Horape and Ragams, the Project Road passes Ekala and after
crossing over a bridge on Dandugam Oya runs along the eastemn periphery of
KiPZ to teach Colombo Internationat Airport.

-(2) General Land Use

A mixed land use pattemn with primary residential areas, commercial areas and marsh
areas prevails along Project B.

Between Peliyagoda to Ragama, primary residential areas, hillocks and paddy fields
coves a major porlicn of the land and considerably large marshes are encountered
near Ragama, Beyond Ragama area, the project road passes through the hitlocks and
marshes alternalely and the plateau in the Fkala Industrial Development area before
reaching the Colombo Intemational Airporl.
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{3) Plans Related to This Project

The major projects relevant to this Project are listed betow with a brief account of
progress as of Seplember 1933.

1)} Plans Relevant to Project A

a.

Negombo Urban Area - Road Improvements and Susface Drainage Prqjecl ‘
Plans completed. Awailing contract, implementation of a part of road improve-
meat was done,

. Negombo Usban Area — Slum Clearance

Upgrading and Rehabititation Project: Pianning stage.

. Negombo Metropelitan Area — Katana New Town Pioject

Planning stage, awailing release of funds.

. Katunayake — Seeduwa New Town Housing and Commen:lal Complex

Planning stage, awailing r¢lease of funds.

. Seeduwa Regional Hospital

Concepl

. Seeduwa & Biyagama Inteenational Scho-o!

Concepl

. Kadalke¥z (Negombo Wesl) Township

On-going

. Katunayake Airport Expansion Project

Finance of contract, implementation

Negombo Metropolitan Area Water Supply Project
Concept, awaiting release of funds, plans completed.
Raddoluwa Housing Scheme

Completed.

. Stratanwyk: Industrial Estate at Ekala — 2% acies. (opposite wireless station

near Industrial Estate Ekala) light and medium industsies — 19 blocks of | acre
each. '

Pians completed. Awaiting contract implemenlali'on.

. Kadotkelle:  (Seeduwa Township) Near Sceduwa junction fronting the

lagoon — Yand reserved for tourist aclivities.
(Investors awaited) Awaiting release of funds, plans compleled

2) Plans Relevant to Project B

a.

b.

Colombo Port Container Yard Construction Project:
Under construction

Bloemendhal Development Project:

Concepl
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¢. Peliyagoda Integrated Development Project:
On-going o

d. Railway Containerization Project:

- On-going, a parl of project (c)

¢. Orgodawatta Food Stores Project:
7 lmpleménlalion

~Qut of the above, spe_ci'éll)' (b) and (c) are projects which are imporiant in the
route selection for Project B. Therefore in selecting the route sufficient attention
was taken to ¢o-ordinate with their planning.

532 Characteristics of the Project Road

The main objective of the Project Road is to smoothly connect the tralfic strongholds
of Colombo Port and Colombo International Aurport which are also the main gateways
of Sri Lanka with the GCEC Area of Authority and its surrounding region for the pro-
motion of indusiyy and economy and the smoothening and integration of communication

and administration not only of the GCEC Area of Authority and its surrounding region
but of the counlry as a whole.

As such, the project road is expected to possess the following characteristics.

1

2)

3)

1)

This project road should be an industrial road designed to promote industry, agri-
culfure, tousism ete., including K1PZ and the third IPZ in the economically highly
potential GCEC Area of Authority neighbouring the Colombo Melropolitan Area.

With the trafiic strongholds of Colombo Port and Colombo International Airport
on ils principal axis, the project road should be 2 fundamental transpoil mode
that contributes to the promotion of import alternative and expost industries

and the growlth of national economy by facilitating smooth flow of men and mate-
rials,

By smooth connection of the Colombo International Airport and the City of
Colombo with the expressway, the project road should funclion as a road which
promotes tourism and elficiency of adwinistration and at the same time should serve
as a road to improve the inage of the country.

As a national trunk road which will play a role as a part of the North-South motor-

way in future, the project road will help to relieve teaflic congestion when con-
necled to an arterial by pass evading the congested areas of Colombo City and will

usg--



3)

6)

also seive as a development road which will promote the development of the belt
east of Colombo city and extending southwards.

Especially in the case of Port Access Road by avoiding the conlainers and heavy
trucks mixing with the ordinary traffic, the project road should contribute o
relieve the intra-city traffic congestion in Celombe, to reduce tfafﬁc'ms!_ and
traffic accidents, and to proiect the environment of the residential and commercial
areas from the public nuisances caused by heavy vehicles.

The project road should contsibute to the convenience and comfort of travel, for

example, by the introduction of Expressway Buses ete., when the commuling
distances gradually increase in the future. '
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5.4 DESIGN STANDARDS

s.4.1 Road Design Standards

(1) General .~

'Since the application of the Japanese Standards in this Project has been agreed
between the Preliminary Survey Team and the GCEC on the Feasibility Study of this
Project, road planning and design were done in accordance with these standards.

2) _Prﬁject A (Expressway)

1)

2)

Geometuc Design of the Expressway

Des‘:gn Standards of the project roads for design speeds between 60 kmfhr to
100 km/hr can be summarized as in Table 5-1.

Since the minimum radius of curvature R used in this Projec't is R = 400 m (near
the ending point at Colombo International Airport) and the maximum grade is
3.0%, this design can sufficiently meet a design speed of 100 km/hs.

Typical Cross Section

The typical cross section adopled in the Expressway is close to the type | Class 3
of the Japanese Standards for expressway design and has a carsiageway width of
6.5 m in each direclion consisting of 2 fanes of 3.2% m carriageway per lane.
A shoulder width of 1.75 i is taken reserving 0.75 m for proteciive shoulder or
as the width nezded for the installation of road signs. Therefore, vehicles that

- nedd to stop in emergency can be accommodated along the shoulder side without

hindesing the through traffic. Width of the medianis taken as 4.0 m. The vertical
clearance is 5.0 m and the horizontal clearance is 8.75 m. (= 0.5 m clearance for
the median + 6.50 m carriageway + 1.75 shoulder).

Approximately' §.7 km long section of the Expiessway beiween KIPZ Interchange
and the exit at the Aitpost is planned as a 2 way 2 lane road possessing 2 demian.
This was planned so after considering the most economical aumber of lanes

' lequued for the future traffic demand (A.D.T. 13,300 vehiclesfday in 2600) and

the funclion of the approach road to the Airport as an approach ramp in the
future when the Expressway is extended in Negombo Fast direction as the future
Noirth South Motoiway.

The composition of Typical Cross Sections is shown in Fig. 5-3.



Table §-1: Design Standazd of Alignment

_Design Speed (Kmsn)d 100 80 - 60
Radius of Cusve (m) o
Desirdble  Minifmum 700 400 200
Absolute Minimum 380 236 __'1'20
Minimum Curve L?n-;_lh {m)
Desizable 1200/ ¢ 1000/¢ 10070
Minimum 170 1490 | 100
Minimum Llength of _ o o
Tronsition Curve {(m) 85 70 50
Ninimum Rodius to Omit
Yronsiticn Curve {m) .
Oesiroble 3000 2000 - FOOO
Minimum 1500 - 900 500
Moximum  Grade  {%) B _ ) ,
Desirodble 3 4 5
Absotute  Minimum 6 7 E:
Minlmum Vertical Curve Rodius
Csest  {m)
Desirable 10.000 4500 2000
Absolute  Minimum 6500 - 3000 1400
Saq {m}
Desirable 4500 3000 1500
Absolute  Minimum 3000 2000 10600
Minimum Length of o , .
Vertical Curve (i) 65 70 50
Maoximum Companrd Grade (%) 10.0 IO.5II .!0.5
“Minimum Sight Distonce o
Stopping Sight Dislance{m) 160 1o 5
Passing Sight Distance {m}
Desiroble 700 550 350
Minimum 500 350 250
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(3) Project 8
1) Geometric Design of the Road

This road has fundamentally the charactensucs of an urban arteriat road and at
grade interseclions are atlowed at (6 ~ s places) the major ¢rossings. Therefore
the design speed is taken as 60 km/hr. However, in Seclion P-3 which connects
with the Expressway the design speéd was taken as 80 km]lir considen‘ng the
function of this section as a speed transition section.

The minimum curvalure adopted is R = 400 m where the ‘-desigri speed V = 80
km/hr and R = 150 m wheie V = 60 km/hr and the respective absolule minimums
of R =230 m, 120G m are satisfied.

2) Typical Cross Section .
“The width of carriageway was placed with 3.25 m x 2 = 6.50 m in each direction
as in the case of the Expressway. The width of shoulder was tzken in the rangé
0.50 m ~ 2.40 m depending on the roadside conditions and demand for parking,
width of existing structures (e.g. Flyover across Railway) and the present width
of road {ia Scction P-2) etc. With a 2.0 m wide Median (inclusive of the Marginal

Strip) this road was planned as an urban road.-The typical cross section is shown
in Fig. 5-4.

5.4.2 Structure Design Standards

(1)} General

The design standards used in this project are basically lh;e Japé’nesc Slandérde but
with modifications where necessary to suit the local conditions. Hov.es‘er, local pre-

cast products already designed on the British Standards may also be used aflter studymg
their applicability based on the Japanese standards.

(2} Design Standards
Only the major items relevant to the project are given below:.
1) Load

Déead Load :  reinforced concrete 2.5 tffm? = 1_576 ibffls

backfill matesial 1.9 (ffm® = 119 /e
Lwve Load : TL-20, TT-43 Loading

A comparison of the above loadings and HA loading in the British Standards is
given in Appx. Fiz. 9.
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Coulomb’s Formula

Not considered. (Generally not considered in designs in Srj
Lanka. Also according 1o the zone classification in the ‘Indian
Standard Critesia for Barthquake Resistance Design of Struc-
tuses’ consideration of seismic loads is judged not 'ﬂécess;a'ry.
Sri Lanka falls in the Zone E which is the lowest zone clas-
sified). '

Earth Pressure
Seismic Load

i

2) Propesties and permissible stress of malterials

a. Concrete |
Strength Permissible Maximum Applicalion
Compression Sizé of
Stress Aggregales
‘tkegffem?) (keffcm?) {mm)
260 86.7 20 Precast reinforced
concrele piles
210 70 25 Reinforced concrete
180 60 40 Gravity type of
structures
b. Reinforcement
Matesial Yield Stress Permissible ‘Equivalent BS_
Stress "Standards
(kgffcm?) (kaffcm?)
SR 24 2,400 1,400 BS 4,449
SD 30 3,000 1,800 BS 4,461

3) Cleararce

All criteria shown below have been adopled in Sri Lanka,
i) Existing road

¢ Veslical clearance:

]

503m
427 m

Road Classes ABC & D 16°6"
Others (Qas E) 14

]
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e lorizontal clearance:

Class A : 12m + 65m + 20 4+ 65 + 12m= 174m
" {Sidewalk) ( 2 (Median)
lanes)
ClassB © 1.2m + 65m + 1.2 = 89m
(Sidewalk) (2 way
2 tanes)
Class C _
D:1L2m + 55m + 1.2m = 7.9m
|34

i1} Railway
 The constiuclion gauge of the railway is shown in Appx. Fig. 10. Future
development plans are as follows:
s Colombo-Ragama : Presenl 2 track Lo be increased to 4 tracks with one
new track on eithes side of exisiing tracks
¢ Ragama-Negombo : Present single track to be converted to a double

track with the new track on the west side of the
existing track.

4) Free Board

in heavy log debris areas 1.5m
in other afeas 1.0m

5) Road Width (on bridges)

Four allernative cross sections are proposed as shown in Table 5-2.

5.4.3 Pavement Design Standards

(1) General

If a Macadam fype base course is adopted in the pavement structure of the Expiess-
way, ils construction must be execated mainly by manual labour and difficulties will
arise in controlling the construction schedule, Therefore, in the design of pavement,
it was decided 16 use, the “Manual for Design and Construction of Asphalt pavement —
1980™ of the Japan Road Association as a manual applicable to mechanized constene-
tion of pavemeat,
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Table 5-2:" Comparison of Cross Section

EARTH WORK SECTION

__CEDSS SECRION

e

Ecocomny {Consteaction Cost

8RIDGE SECTION

lota_:l Evaluation

TR B

Note (*-1) Final Phase = 100
{*-2) Full Control of Access
{*-3) Pastial Contro) of Access

Ease of Construclion
i {Expansion works)

fvaluatlion

L. .

(NIT 1) (1T K} Palto of Unit Construclion © Possidle Capacity |
. Guantities {*-1) (Yehictes/Days)
2.0 | {x3/H) (73] (zsn} — ‘2
: 25 0 TR [ries | Aeeros. s 2
6.5 4.0 6.5 : I
- 75 I s
1 % _—
_ 8.75 3.01 8.75 Fost desirable type for the expressyay; but canstruction
{Esbaskeent) SR ¥ iy SR cost is high
' | £ar ek | Pavecent | Bridge , 3 —
10) -'53 74 Approx. 25,000 ) *future expansion to
4 lanes is easy.
@20 12.0 *Cost of earthwork is aleost *Safely and confort of § *Narrow width of
2. 1. 3145 3L 1.5 6.5 4.0 6.5 © the sare as for cocpleting travelling can be bridges will recain
rric7T—71—— + —y 4 the 4 tares. sufficiently raintaired} as it is.
:.: lO. ] I P I J' | ‘[ni}ia] sag‘ig}"igglgaving _ .
: - —--h l H ssafety and coaforl of travelling can be raintained ty cocplete -
¢ séparalion of tarriagewsys. Overtsking or passing of vebicles stopped
§ on erergencies can te done wsing part of the shoulder.
*fulure cofistruction of 4 ¥anes is easy since earthwork is corpleted.
*Initial fovesbreat is larger cozpared Lo {2-C)
o farthwork| Paveccat] SBridee -
- . & _
W &9 76 Rpprox. 22,000 (*-3 ffuture exparsion to
14.75 13.25 - 4 lares is diflicult.
r”—"— ‘ 6 % 6.% t Construction cost is about *Cocforl of travelling tNarrow width of
- 2.52.53.25 3.28 | 65 Pl the sere 35 (2-A) is tess than in (2-A) | bridges will resain
ca o, l.)fui 0}95 as it is.
I I 1 [[ 153fely of travelling is maintaired (by separation of carrifagewsys
- ~ uith the installation of guard rails aleng center-tire).
6.5 |i 6.5 N Ydverlaking is possible as in {2-A)
——— sinitial investreant is about tre same as ia {2-A) but face a lot of
0.25 grobleas at the lire of expanding to 4 lanes.
12 ) P Approx. 16,00
9.5 2.25 {8.715) B . : tSince overteking should bel *Future éxpansion to
120 (10.0) S *Initial investrent of dore by crossing the 4 Yanes is easy.
250175 3.25 3.2% 1.75 3.8 3. ;ggsl:;uclglm'tqs‘;u about center-lire the &nger of
o o1AT ok s ok il = at e pinyes. ! head on collisions is
o 0 L ) 1 - — i _eatrepely high, 1
=% “ —3 Lirzzas - *Since uidivided, safety of travelling carmol te maintained and
T froe this sense, cannot be called an espressvay.
* Ja alternative plan to ainiaise construction cost.
[
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(2) Design Standards

The design standards of pavement struclure in Sri Lanka were generally based on
the following:

TRRL- (Transport and Road Research Laboratory) standards of UK:

Category I~ stage construction of macadam road by experienced method,
upto 100 of heavy vehicles per day.
Categosy 2 —  pavement design by Road Note 31 of TRRL, ‘A guide lo the

struciural design of bitumen surface roads in tropical and sub-
- teopical countries’. Average of 100 ~ 1500 heavy vehicles pes
_ day are applicable.
Category 3 —  pavement design by Road Nofe 29 of TRRL, ‘A guide to the
struciural design of pavement for new road’, applicable for over
1,500 of heavy vehicles per day.

The above standard pavement structure is for the Macadam base course and rolled
asphalt surface course,

On '.lhé other hand, MCA Study Team will, in this study, propose the standard
method of Japan Road Association from the view point that it is more widely applicable
to the Auniber of heavy vehicles per day which is forecasted fo be more than 1,500
per day_in one dir‘eélidn’ in the case of project roads.

However, with the aim of providing a better understanding of the Japanese stand-
ards, the basic concepis are compared between AASHTO and Japanese Standaids in

Table $:3, since the basic concept of TRRL has been brought from AASHTQ Interin
Guide.

(3) Consideration of Special Container Loads

The design loads for pavement struclure shatl be decided considering the special
comamer loads such as in the range of 20 ton ~ 40 ton. Data on the distribution of
wheel load were obtained, through the SLPA, from the detail design report of ‘Colombo
Port Expansion Project® as follows: -
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1) For 20 ton containers

|

© @ ®O®

. Classification i 2 3 4
With Emply Containeis 18 1.4 0.68 068 tfwheel
With Laden Containers 1.85 505 383 3.83

2) For 40 ton confainers

16 0]

" Classification Pr 2 3 4 5
With Emply Containers 157 0.56 0.56 0.76 0.76  tjwheel
With Laden Containers " 2.14 297 291 590 590
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5.5 STUDY OF ALTERNATIVE ROUTES

5.5.1 Policy on Route Location

In selecting the route for the Project Road it is very imporiant {o make clear the basic
policy towatds the selection of a route which enables to achieve the objectives of this
project rationally and smoothly and to decide on the most appropna(e foule after a
comprehensive evaluation of the results of studies and decisions made from the view points
of econemic, techaical and financial aspects and enuronmen!al consideration.

The basic policy towards the route selection is described below:

1)

2)

1)

4)

5)

The oplimum route is selected for a road that not only smoolhly connec(s the
strategic points of teaflic such as Colombo Port, Colombo lntemahonal Airport
elc., but also promoles proper and ef!menl devetopment of the GC[:C area and the

neighboring areas, fully taking into consldemhon of the ctortelahon ol‘ futuré l\onh
South motorway.

This Project Road is a so called expressway and its characteristics differ from those
of an ordinary road. Considering the necessilies to smoothen the through (raffic
flow and fo promole the development of so fat undeveloped areas as a result of the

introduction of this project, care is taken to avoid the byilt up areas as far as pos-
sible,

Further, in order to avoid communiiy separation by the pioject road and to elimi-
nate ill effects due to inundation etc., bridgés and other suitable structures ae
provided appropriately where necessary for vehicle crossing, pedestrian crossing,
drainage and flood reticf ele. -

The most economical route with the minimat social problems is selected faking into

account of the factors such as earth balance, problems tike the division of fesidential
and agricul{ural lands etc.

With the aim of putling the marshes and other presently unutilized lands, whese
ground conditions are not bad, into effeclive use, a route which can utilize such
tands for the benefit of project s0ad and relevant facilities is selected taking suf-
ficient consideration of the conditions of the region. ' |

For this project to display its effects fully, a foute which help to create an appro-
priate road network inclusive of the project road itsell is selected considering the
rehationship between the Project Road and the existing roads, especially the con-
nection with feeder yoads and the relation of Negombo Road.
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5.5.2 Proposed Route Alternatives

(1) Project A (Colbmbd-i(alunayake Expressway, Length = 25.4 km)

At the fitsl stage, following four alternatives were considered -

Al(emame A —  based on the original route proposed by G(‘]:C the stectch from
Kmbalhgoda to Ragama was modified from a conceptual route Lo a practical route.
'[h;s loute passes l’hmugh a comparalnely narrow corridor already built up and

occupled by exashng \egombo Road and the Railway. Partition of developed towns
by the etp:ess“ ay is meutabie

Altemah\e B afler passing the same youte as Al(ema!i\e A from Kiribathgoda
to Ja-Ela, this route joins with the route in Altesnatives C & D at Ekala. This route
was proposed considering the poss:bltmes ‘of stage-wise construction and lo avoid
passing lhrough the built up Ja-Ela Town.

,\lt_e'ma'titeC ~—  this roule is basically the same as Altérnative D but includes a
future plan for extensions up to Negombo in the north and up to Kelani River in the
south

Alternative D — from Kiribathgoda to Ragama this follows the same rouie as

Altesnative A, but fwm Ragama to Katunayake IPZ it passes theough the uvader-
populaled area near the east boundary of GCEC Arca.

Altemalne B is not attractive from the peint of view that, in a stage-wise construc-
tion, this modern expressway shall be constructed stasting from near the International
Auport as a state symbo! of a fast developing country, whese as, in an effost Lo ¢ase
traffic congeshon on A3 Road south of Ja-Efa, the priority should be given to the con-
struction of road secuon south of Ja-EIa

In Alle’maii\e' C, the extensions beyond Kalunayahe and Xiribathgada are judged
to be {00 easly l‘or consideration, for one reason, it is beyond the scope of this Project
and these ﬂlenswns can be done without much difficelly in future if planning is
properly done al this stage o accommadate them.

Accordingly, altefﬁélives Aand D shown in Fig. §-5 were studied in further detail
and are compared in Table 5-4.

Aliernative D was finally sclected as the most suitable route considering its role as
a part of the future Nosth-South Motorway from the view point of future regional
development el'lecl conslmchon cost and other comprehensive aspeacts.

On the presumption that an h\prew.\ay is chosen for Project A we recommend

Alternative D for the following advantages and disadvantages of the two Alternatives A
&D.
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Fig. 5-5 Project A Route Alternatives
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~Table 5-4: Comparison of A-Route & D-Route (under 4-Lane)

0

PROFILE 3 1%m &

- .
) . . . v e O %
A.no-;éu L8 520" i?fég/

-

i wit 13 K* fa)
, TR A = pOUTE © » poUTE ARNARK
© B e v : 237,768 137,155
@ PR WORK . - 134 1 - 1es. 12
@ MSCELANEQSS WO 38,044 i)
Do . ah, t68 47,18
@ COSTRCTON 005t 433,472 131,47 OO @®
D L0 MORSITON - 1. 459 43,12
& Goraeerey Falice) 10,433 [TcICIEILS
ENGNEERI FEE ok 28,917 38,444 0% |
| totaL Gost 121,834 219,158 |O@O@
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(2) P;o}eéi B — (Porl Access Road {p-1) + (p-2) ¢ (p-3), Length = 5.7 km)

Foltowing four alternative routes wese considered — (See Fig. 5-6)

Alternative A —  This is the route originally proposed mainly from the view point
of minimizing construction cost. This route is proposed to utitize

the railway track through Bloemendhal and existing roads leading
1o ¢xisting New Kelani Bridge.

Allem'alife B — This route suns along the railway across Bloemendhal marsh and

crosses Kelani River over a new bridge that will replace the exist-
ing Vicloria Bridge, which is already overcongested.

Alternative C —  This route passes through Bloemendhal marsh in compliance with
‘the development plans and runs along the existing road from
Prince of Wales Avenue to Baseline Road and therealler crossing
Kelani River al a point about 2.5 km upsirean of New Kelani
Bridge. This roule is proposed with a wider view o resolve the
traffic prd‘b!ems also in the east of Colombo using a shorter by-
pass to Kolte Administration Area.

Alterpative D —  This route is piopos2d to accommodate all existing schemes

planned by the UDA. It is the same route as Alternative C upto
the Baseline Road.

After investigating briefly on the durability, Vicioria Bridge was judged to be
structurally stable except for some minor parls which need repairs and maintenance,
so that Alternative B was withdrawn.

Alternative ¢ which is considered an excellent route in contributing to trafiic

distribution in Kofte Area, however, is nol recommendable exclusively as a porl access
road.

Therefore, the remaining alternatives A and D were studied in detail. Alternative D
was strongly supported by the UDA and was adapted as the most suitable route.

5.5.3 Considering of Notth-South Motorway

According to the road network plan of UDA and GCEC the concepl is to build the
network structure as a ‘Stepladder’ system along the developed west coast corsidor.
Negombo Road (A3) passing through the already built up urban area along the coast line is
one axle and the 6ther axle is planned towards inland parallel to this road. This second
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axle seems to be the ‘North-South Motorway® planned by the UDA or the Colombo-
Katunayake Expressway of the present study. (See Fig. 5-8)

A series of existing east-west routes crossing these axles will make the ‘Steps’ in a grid
pattern.

The route of second axle should be best located at the eastward fringe of tesidential
zone in the fulure urbanized tand use, so that it will avoid cutting through the residential
areas and stop urbanizalion expanding from the coastal area towards inland thereby
protecling the agricultusal land use arcas developing east side of this route.

The North-South Motorway is planned not only for the Colombo-Metropolitan Region
but for the nation as a whole. Whereas the Colombo-Katunayake Expressway has the
specific function of linking the two segions of Colombo and Katunayake. However, it
can be considered that Colombo-Katunayake Expressway should be able to incorporate
that poflion of Nozih-South Motorway within the GCEC Area. In shori, it is needless to

construct 1wo main molorways paratlel and close (o each other in the CMR even in the
fufure.

5.5.4 Relaﬁonshi'p between the Proposed Expressway and the North-South Motorway
(1) Ferward

In the selection of roule for the proposed expressway, il is a matter of course that
due consideration shall be given to the exisling road network and the future road
development plans. The relation of North-South Motorway with the proposed express-
way project which we consider needs clarification is discussed here, (See Fig. 57

(2) Notth-South AiolOt\s'ay _

1} North-South Motoiway which is conceptually planned on the east side of pro-
posed expressway is a road identificd or recognized to be included in the tong
term plé’n after year 2000, which will contribute to the smooth Mow of vehicles
in North-South gireclion by aveiding tralfic congestion within Colombo City.

2) So far this North-South Molorway remains merely a concept and the exact

_ location, road structure (standard cross section, geometrical structure ete.) and

the nature of road are still not made clear except for its conceptual trace towards
the eastern periphery of GCEC Area.

3) There is hardly any regional enters or Urban Areas Centers along this Nosth-
South Motorway and the Motorway is not ideatified even as a road which should
promote indusisial and economic development of the region by connecling the
‘aucted in the outskirls with each other.
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4) GCEC also has the intention of bringing the proposed expressway to function

as a North-South Motorway in future by considering the possibility ol'exlendmg
it. On the otherhand, since the Noirth-South Motorway is identified by the UDA
as a road to be included in the fong term plan after year 2000 and remains a con-
cept only at the moment, if is almost impossible or Iherefore- considered not
necessary o coordinate with the UDA on the relationship of this motorway with
this project.

$.5.5 Role of North-South Molosway in the Rounte Selection of Proposed Expressway

£) As clear from above, North-South Motorway is only a ¢concept for the j:-resenl and

2)

it is questionable to decide on route location of the proposed expressway taking
into account of North-South Motorway of which the location, nature and the
possibilities of implementation are still not clearly ascertained. From the point
of road planning we clearly understand the necessily to include North-South
Motorway among the pre-requisites in the foute selection of proposed expressway.
However, from a more realistic view point where a more efficient road has to be
materiatised within an extremely limited road construction budget, North-South
Motorway is no longer a decisive factor in the route selechon for the propoxd
eXDFeSSWaAY,

When considering the circumstances under which the request was made to study
this project, the main objectives of the project are te smoothen the transpoit of
passengers and goods, promote the growth of iavestment promolion zones,
smoothen tourist fraflic, matesialize a vestibular road which functionally connects
Colombo International Airpert and Colombo Cily and to relieve eéxisting A3 road
from traflic congestion by constructing a road with its main axis connecling the
trafiic origins of Colombo Port and Colombo International Airpott which are the
Gateways (o the counlry. Accordingly, Colombo International Airport and
Colombo Port are the tenminals of this project and therefore, only the intermediate
area belween the starting point and the ending poinl is left for route selection.
One may consider the possibility of shifting the route of propo:xd expmm\a)
towards east so as {0 serve as the North-South Motorway. Bul in this case, since
the road which has predetermined slarling and ending poinls should fake a tonger
‘arc’ shape path making it inconvenient for traffic and ako 1molnng hlgh con-

struction costs, shifting of route to the east cannot be considered as an advisable
nieasure,
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3) A@ present, urbanization is gradually spreading outwards from the Colombo Mclro-
politan Arca, while the progress of urbanization is being controtied 1o some extenl
as it moves towards the inand areas from the coastal area where urbanization
takes place along a North-South belt, Leaving aside the soads for the development
of underdeveloped areas, usually the development of road network is done accord-
ingly with the progress of urbanization. Therefore, the first sfep should be to plan
a road through the study arca where land use plans such as the developmeant plans
for 1PZ, housing conmplexes are myore clear and cerlain than in the inland area
and thea to proceed with the future planning of North-South Motosrway, which
is only a concepl so far, ¢considering the characteristics, location and standards
elc., of the proposed expressway as pre-requisites in planning.

4} Even if the North-South Molorway is extendzd towards North beyond
Xatunayake, thete is no suilable ending point in the Norih and just extending it
makes no sense. The Northern ead of proposed expressway is Colombo Inter-
national Airport and if it is necessary o extend the expressway 5o as to play the
sole of a North-South Molonway, it is secommendable to extend upto Negombo
in the North and close to Kotte connecting to A2 rozd in the South. However,
it is desirable that planning of such extension be carefully studied after the plan-
ning of the proposed expressway faking into account of the transport network
in the Greater Colombo Area.

5.5.6 Screening of Alternative Roule

Based on the basic policy of route setection discussed in 5.5.1, the advantages and dis-
advanlages of each alternative were discussed in 5.5.2 with respect to 4 alternatives A, B,
C & D for Project A and 4 alternatives A, B, C & P also for Project B.

Specially, the reasons for the sclection of Alternative P Tor the Expressway are given
in Table 5-5.

Further, the relationship between the Expressway and the North-Scuth Motorway and

the role of this Motorway on the route selection of the Expressway are discussad in
553~555.

Alter careful study and evaluation as discussed above, Alternative D was selected for
Project A and Alternative D again, through road sections (P-1) - (P-2) - {P-3) was selected
for Project B.
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5.6 STUDY OF ALTERNATIVE TYPES

5.6.1 General

Since alternatives can be considered not only with respect (o6 the roulés, bul also, with
respect (o the number of interchanges or on or off ramps {6 be provided, the vertical
alignment, for example, whether a high embankment or a low émbankment fo be used,
their advantages and disadvantages and the characteristics will be carefully compared from
various aspects and we hope to recommend the ophmum proposal after the final evalua-

tion.

5.6.2 Study of Alternative Typeés

(1) Full Control of Access and Pastial Control of Access

Full and Partial Control of Access as defined in ‘the Highway Capacity Manua? of in
the Tex! "The Highway Engineesing’ ace as follows:

Expressway

Divided arterial highway for through traffic with full or partial
confrol of access and generally with grade separation at major
intessections, where, Full Control of Aceess means that the
authosity of control of access is exerc:ised to give preference to
through traffic by providing access conneclions with selected
public roads only and by prohibiting crossings at grade or ditect
private driveway connections and, Partiaol Conjrol of Aca»ss
means that the authority to conlrol access is exercised fo give
preference -to through traffic to a degree that in addition to
access connections with selected pubdlic foads, thére may be some
crossing at grade and some private driveway conneclions.

Since the application of Partial Control of Access in this project,
allowing at-grade intersections as in the above deﬁrii(ioh, is not
desirable for the feasons given betow; aliemali\'.és are proposed
basically for a fully access controlled Expressway with several
accesses through interchanges or On-Off ramps.

1) On the Partial Controf of Access

a. The existing Negombo Road (A3 Road) has the characlenslu:a of a Commumly
Road and the construction of a partially access controlled foad, which allows
al-grade intersections and has similas characteristics, parallel to Negombo Road
will be a duplication of investment for the same purpose and moreover it is
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not desirable from the effectiveness of this project as an expressway intended
to smoo_lhly facilitate the major traffic origins of Colombo Intesnational

Airpprl, Co!ombo Port, KIPZ and Colombo City in order {0 maintain comfort
of travel and reduction of travel time.

In Sri Lanka where an expressway is to be introduced for the first time, the
drivers need sufficient time (o gain experience in high speed travelling on the
expressway and morcover, allowing at-prade crossings against high speed
trafiic flow in the 80 km/h ~ 100 km/h range could be disastrous as serious
traffic accidents can occur at these at-prade intersections by the passage of
men, cattle eic. and intesrmittent crossing of vehicles.

For these reasons, a partially access controlled road is not desirable, however
much il is going to be convenient for the people of the region.

2) Alternatives for Full Control of Access

a.

For the reason discussed above, a Mully acoess conteolled road is considered here
for which the following allernative plans ase proposed.

Plan A. An Expressway with all the intersections fully grade-separated
along ifs total length of about 25.4 km, and provided with
Diamond Type interchanges at 3 locations namely: Wewelduwa
IC, Ragama IC and Ekala IC, 2 partial Interchange (only an on-oif
ramp) 1o connect with the KIPZ and the entrance and exit
facilities at Kandy Road and Colombo International Airpori.
(See Fig. 5-9)..

b. Pian B. This again is an expiessway with all the intersections fully grade

separated, bul provided with 6 Pastial Interchanges in addition
to those in Plan A. 2 of them located between Dalugama IC and
Ragama IC, 3 of them between Ragama IC and Fkala IC and

* the remaining one between Fkala IC and the partial interchange
at KIPZ. {(See Fig. 5-9).

i} Characltesistics of Plan A

This alternative gives priority to the through traffic and the vehicles have
access only at the 3 interchanges and the 3 enirance and exit facilities.
Therefore, it is convenieat for the relatively tong disfance traflic such as
from the Colombo International Airport to the city, but on the othet hand,
since there is no access to the expressway from some of the feeder roads
which are presently bus routes, the people of the region wiH find it difficult
(o use the expressway.
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it} Characteristics of Plan B

Since lhe_E are 6 additional on-off ramps compared to Plan A, the travelting
comfo_rl and lravétl_ing speed of long tripped through teaffic will tend to drop
som;whét'néar the entry ramps as attention need to be paid on the vehicles
entering. However, the ‘expressway becomes more convenient to the people
who use the feeder roads and moreover, development in the GCEC area of
authority becomes easy with the formation of a ‘Stepladder System® of
road nié_lwork with the Expressway and Negombo Read as the fwo spines.

i) Comparison of Plan A and Plan B

\_\’hem compé:ing Pian A with Pian B, Plan B is considered more desirable
for the reasons given below. (See Fig 5-10).

a)l

b)

o

In orzd-:r: to satisfy (he two objectives of contributing (o a through
traffic and promo!irig development in the GCEC Arca parallely and
simultaneously, Plan B which allows access from the Feeder Roads is
desirable.

The Feeder Roads in the Project Area are not well developed and take
long winding routes with barely sufficient road width for two buses to
pass each other and some of them are unpaved and often undesgo
inundation dusing floods. If the major feeder roads are not given access
to the expressway, the fraffic generated or altracted around these feeder
roads will inevitably have to take a relatively long detouring soules to
jeach the main interchanges such as at Ragama, Fkala, or even if the
teaflic is generated or altracted close to the Expressway such traffic
will be forced o use the Negombo Road. In this case although the
Expressway brings in benefits for the through traffic, it can only yield
negative benefits to the traffic which must take detours in using the
inlerchangés.

Therefore, it is necessary to select the bee of access to the Expressway
ftom the point of view of national economy so that the total benefit
as the difference belween ‘With Expressway’ and ‘Without Expressway’

'reéch_es the maximum. Judging from the preseat undeveloped status

of feeder roads around the Expressway, spectally of those running in
north-south direction, Plan B is expected to yeild enhanced benefits.

With the present undeveloped condition of the feeder roads, Plan A will
make it difficult for development to take place beyond the areas ad-
jacent to the interchanges thus creating a concentrated pattern of
development. Therefore, Plan B is desirable in order to promote a
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sprawling development in the areas surrounding the Expressway.

‘) With the future expansion of Colombo Metiopolitan Area, industrial,
commercial and residentiat areas are expected to be gradually developed
within the GCEC ar¢a and as a 1esult of this, travel belween these ageas
and Colombo City for work, schooling and business ete. is expected to
increase. What is important heré is the efficient operation of buses,
which are the common mode of mass (ransporlation. The buses which
now use the winding feeder roads with bad road surface conditions will

._be able to transpoil smoolhly a farge number of passengérs by the
efficient operation of Expressway Buses once the expressway is opened.
Therefore also from the stand of passenger transport, Plan B which has
comparatively better capacily for the operation of Expressway Buses
is desirable.

‘e) Fora l'bng'di_s!am:'e expressway, for example, one exceeding 300 km, it
is desirable to havé thiough traffic priority type on-off samps and inter-
changes placed at long intervals. But in the present Expiessway which

" is merely 25.4 km in total leagth, its tofal effectivencss cannof be

" improved by trying (o reduce trave! time and neglecting the convenience
of the people of the region to use the Expressway. Therefore, Plan B
which offers local inhabditants the convepience (0 use the Expressway

“and leaves lesser possibilities for the oceurrance of social problems is
desirable,

(2) All_egnali\'es for Section P-3
1) General
Along the Section P-3, part of the Peliyagoda Integrated Development Project is
- pow being implemented by the UDA. Existing in this section are 4 structures,
“pamely a flyover structuce situated immediately north of New Kelani Bridge,
2 box culverls along Section P-3, and a Hiyoves struclure at the intessection of

railway leading to Ragz’mia, constructed by the DOH 15 years ago and left unused
since then.

“The foule of the project road is selected exactly along the line exlended through
. thesé struclures. Whether to adopt a High Fmbankment Type road which utilizes
these eXisting struclures or a Low Fmbankment Type road which necessitates
theit demolition for this scclion is a matter which require careful judgement.

_ 'hiérel‘os_é, !hc optimum alternative will be selected here after careful comparative
study of the two alternatives taking into consideration of the intentions of the
relevant authorilies.
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)

3)

4)

a.

High Embankment Type P-3(11)

This alternative, as shown in Fig. 5-11, proposes for a road 'ft_fith grade separated
interseclions on an embankment with a maximum height of about 8.0 m atong a
stretch of about 1.5 km utitizing the existing structures.

When this ligh Embankment Type alteenalive is adopled, it becomes necessary
to widen the New Kelani Bridge at its right bank end by an atéa of about 46.7 m
x 3 m in order to accommodate the entry and exit ramps. Fusther in order to
allow the flow of traffic from New Kelani Bridge to Kandy direction and from
Vicloria Bridge and Wattala to Kandy direction under this high embankment,
it will be necessary {o construct a new structure north of the existing structure.
(See Fig. 5-12)

Low Embankment Type P-3 (L)

This altesnative, as shown in Fig. 5-11, proposes for the demolition of the existing
structures and to traverse the Peliyagoda Mai_sh over a low embankment with a
height of 1.5 m or 3.5 m. In this alternative, the intersection at the right bank end
of New Kelani Bridge will be an at grade intersection and the only aew sltructure
here will be a grade intersection for the main road in Peliyagodzi_ Integrated Devel-
opment Project, 1o cross the Project Road. )

The existing flyover struciure over the Colombo—Ragama Railway will be utitized
in both the above alternatives.

Comparison of High Embankment Type and Low Fmbankment Type

The cost of construction, excluding pavement work's,ﬂ of the approximately
1.5 km long stretch in Pelivagoda is Rs. 184 million (cost of high enibanknlénl
and widening of New Kelani Bridge) in the case of High Embankment Type
and is 1.7 times high when compared with the cosl of Rs. 110 million (cost
of low embankment + Myover) in the case of Low Embankment Type showing
a difference in cost of about Rs. 74 million. Therefore High Bmbankment Type

is not desirable from the point of view of economic evaluation as well as in
saving construction cost.

b. Along the route of this project road, Peliyagoda af‘id Bléemén'dhal a1¢ areas

where problems arise due to marshes. Out of them, marsh in Peliyagoda is
extremely weak consisting of soft organic soils with N values atound 2 extend-
ing up to depths of 12.0 m or 14.0 m. It is generally underitood that these
peaty fayers often undergo selllements exceeding one third their thickaess
even under moderate fill foads. Theeefore in the case of a fairly high embank-
ment large volumes of eaith will be necessary to compensate n'ol‘onl} for the
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heavy sgll!emenl directly under the embankment, but also for the lateral
flow. Moreover, it may take several decades for the stabilization of road em-
pankment due {o prolonged ground setilement and therefore the High Embank-

ment Type poses problems from the view points of both economy and road
maintenance.

In the ¢ase of High Embankment Type, it is necessaty to widen the New Kelani
Bridge on the sight bank side at two places on upslreém and downstream sides
by 46.7 m x 3 m area to accommodate the entry and exit ramps. This work

" . npot-only require additional cost of Rs. 1.7 million approximately but will

© cause {raffic congestion due to obslructions to traffic during construction.
“Since Lhis-is a strategic point of traffic in the Colombo Metropolitan Area,

- lra_fﬁé -c-:'mg,;s'lioh here may lead to a social problem if the construction work

takes a long period.

Since the existing struclures are to be used in the High Embankment Type,
a new structure wiﬁ be tequired adjacent to the existing structure and the
cémbinalioh of old and new strucluses is not clearcut from the aspects of
structural i)lz’m’ning,

" Further, since the visibility will be obstsucted by ihe structures at the inter-

section, vehicles will be forced to suddenly cross the opposite fane from a lane
with poor \mbdny, and this coupled with the complex flow of traffic at this

point, will cause hmdfance to the smooth flow of {raffic making it undesirable
‘from the point of traffic engineering.

The gradé intersection at the right bank end of New Kelani Bridge wiil be
effective in its own way in giving priority (o the through traffic. However,

 when the capacity of atgrade intessections becemes insufficient with the

fulure mcrease in traf§ic demand, this single grade intersection will not be

eflech\e any miofe in maintaining smooth flow of traffic in future unless the
" other intersections en route such as at Baseline Road, Prince of Wales Avenue

elc., are also grade separated in continuation.

By complele grade separation in Section P-3 with a high embankment it is
pomble to aftain high speeds of 80 kefhe or 100 km/hr common {0 express-
\\a)s. Bul since the vehicles used to high speeds on the expressways will have
to suddenly stow down al New Kelani Bridge, there will be high possibilities

‘for the occuriance of traf¥ic accidents due to this suddén stow down of speed

coup!ed with the traffic entering from the ordinary roads at this point.
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In any case it is desirable to have a tramsition section when connecling the
expressway wilh the ordinary roads in order to adjust the travelling speed.
Therefore it is necessary to make Section P-3 play the role of a-transition
section by allowing at-grade intersections partly in this road section.

The cusb to curb width of the existing struclusés vary hels\een 40’(12 2 m) lo
60°(18.3 m) whereas the width required for the 4 lanesis 8. 75 m'x 2 = 12 Sm
at the steuctures and 18.5 m without curbs al the embankment. Thesefore, in
the case of ulilizing the existing structures it will be necessary lo widen them.
But the widening of existing flyover structure over the ta;lway :equ;re lateral
prestressing of the existing gitders which is difficult.

Therefore, if the use of this structure with the presenl width of 14.5 m be-
comes inevitable, it is feazed that the smooth flow of traffic at this strategic
point in Peliyagoda will be hindered.

. The location of the existing Box Culvests does not conform with the road net-
work planned under the Peli)_r'agoda Integrated Urban Des_‘élc)pmehl Project.
If these box culverts are to be utilized in the pioject road, it will be necessary
to make adjustiments in the above road network and to construct new bridges
to ctoss the canal. As such the ulilizing of exisliﬁg struclares cannot be con-
sidered necessarily beneficial as its merits could bé far exceeded by the
demerits owing to the problems such as, iacfease in expenditure, lack of con-
formily with existing plans.

When the Low Embankment Type is adopled, although geade intersections in
Peliyagoda Area becomes a problem this can be solved by the construction of
over-bridges elc., where necessary, with the é;radual implemenfation of
Peliyagoda Inlegrated Development Project or by providing at-grade inter-
sections as the alternative depending on the circumsiances.

Details of these alternatives will anyhow be studicd at the Stage of Detailed
Engincering. '

It is feared that the demolition of existing stmclures which were constructed
15 years ago would lead to sociat and pohucal prob!ems The Survey Team
wishes to keep the social and political judgements regardmg this problem
beyond their responsibitities. However, the Survey Team trecommends the Low
Embankment Type from the engineering and economic poi‘n'rl.é of view.

Nevertheless, it is desirable thal the judgement whethes lé demolish the exist-

ing struclure or not be made only after a careful study including the social
and political aspects.
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57 PRELIMINARY DESIGN

5.7.1 General

The 'pre!iminary design of the Project Road was started with site reconnaissance and
;cﬂecl!on of data. With the use of the 1:10,000 scale photo map, seveial alterralives for
each Lype were basma!ly selected. With the aid of 1:10,000 scale contous map, the guanti-
ties and rough cosls for each alteraative were also estimated and compared. Using this
map, honzonlal and \emca] ahgnmenls were sludied in more delail and a favourable route

was recommended Long;ludmal and cross-section survey of the recommended route was
madé (o upgradc the accuracy

The procedure l'or prehmmary desngn indicating the maps used, and the contents and
gesulls of sludy is shown in the flow charl of Fig. 5-13.

572 Alignmem

: (l) Honzonlal Ahgnment

The ho;lzonlal ahgnmenl was selected on the photo map (scale 1:10,000) for sevezat
alternatives and lhe most favourable one was studied using the photo contour map
(s-:alc 1:10 000) to deterniine a more delailed alignment.

Specaal altenhon was given to the following items in designing the horizontal align-

ment:

l') General iteins

a.

The Radms Curvature, a main factor in the horizontal aliznment, was set Lo
sausfy the standard values for each design speed (V= 100 kmn/h for Project A,
V = 60 ~ 80 km/h for Project B) selected for the project roads.

ln order to assuge comforlabmt) of driving atong a harmonious and smooth

e ahgnmem Clothoid Curves weee used in lhe ransition sections.

-~ The ahg,nmenl was determined in such a way to minimize the distance through
W hl(‘h ihe P:ojﬁl roads have to pass through marshy areas.

-To nummlze the inconveniences to the people in the area by givision of com-

mumhes and blacking of aceess lo schools, places of worship and public facili-
tics are avoided as far as possible.

2} Adjuslniénl with existing development plans

To adjust fully with existing development plans, confirmations weee Jone when

necessary with the Local Government Agencies regarding the progeess of the plans
concerned and the position of the route atignment,
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3. Colombo Port Entrance (Beginning point of Project B Road)
Adjusiments were made with the intra-pori road plan.

b. Bloeméndhal Development Project (See Appx, Fig. 11}
Adjustments were made with the street lines of planned trunk road.

¢. Peliyapoda Integrated Urban Development Project (Phase 1) {See Appx. Fiz. 11)
Adjustments were made wilh the street lines of the planned trunk road.

d. Existing Structure (Flyover across the Colombo-Ragama Raitway})
Direclion and position of bridge was adjusted.
e. KIPZ (Phase II)
- The areas where construction is already in progress is avoided.

3 Supplenten!aiy items

2. The interval between Iwo consecutive slations along the road is taken as
1 km (= 0.62 mile).

b. Cooidinate calculation of the recommended horizontal alignment was done
using the elecironic computer.

¢. As the stations along route beyond Baseline Road Junction is renumbered
‘slarting with Station 2 + 000 m, there isa lap of 64313 m. ’

7

316 /1

fort E£ntrance - E‘: E = 3 g;:ﬁ 3»; g to FRAQA.M_A
s @ ® = 5] &

|

L = +64.31 M

8. The atignment of centre line was set in more detail through coordinate calcula-
tions and conciele pegs were anchored in the field at about 200 m inteivals
along the recommended route.

Howevet, it is very imporlant Lo note that this centre line was studied on a plan
of a scale only 1:10,000 and thereloze, Rter in the Jdetailed desizgn stage, correc-
tions are recomniended to Jdetermine the best alignment through moie detailed
surveys and niap's.
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(2) Vertical Alignment

The vertical alignment was planned using a photo co:{toﬂr"map (scale 1:10,000),
and its accuracy was improved by using the sesults of longitudinal surveys conducted
atong the recommended route.

Special atltention is given to the following items in designing the verl_icai alignments:

The maximum gradient which greatly alfects the driveability of vehicles in general
and especially of heavy vehicles, is faken at 1 = 3% for Projecl A and 1 = 4% for
Project B.

Due to problems in 10ad drainage, the minimum slope is taken as I = 0.3%. For
that section of road passing through the continuous flat njarshes of Bloemendhal
and Peliyagoda in the Project B area, 1 = 0.25% is applied, However, where exist-
ing roads are used in Project B, the design adopts the present gradient of the
existing road.

The minimum vertical clearance as adopted is 5.03 m (=6'6"")

The structural clearance of the raitway for the {wo crossings of the railway
{Colombo-Ragama Line and Ragama-Negombo Line) will conform with the
present standards, (See Appx. Fig. 10) )

The minimum embankment heighl in the flood prone areas, is taken over 2.5 m ~
2.8 m taking iato account of the Highest Water Level (HHWL) experienced in the
past. (See Fig. 5-14)

Iﬁ_ﬁ;}: : ROAD WACE
H'[ Hr’-’rﬁ V HMWL " PAVEMENT
La v S e
H, = 08m {Pavenment, Slope of Susface)
H, = 05m {Clearance)
Hy = 1.2~ 15 m (Depth of inundation)

Totallt = (i, + H, + H,) =25~28m

Fig.5-14 The Minimum Embankment Height in the Flood Prone Areas
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f.

At crossings with rivers and canals, a free board is provided. The clearance under

- the bridges for medium and small riversfeanals is 1.00 m and 1.50 m for targe
" riversfcanals (Ja-Ela Canal, Dandugam Oya).

Extremely deep earth culting presents problems in construction and slope protec-

tion. Therefore, the height of major earth cutting at Ragama North is kepl below
15 m (with 3 berms).

5.1.3 Cross Section

The components of cross seclion, with respect to width is explained among the items
in Chapter 5.4_1. The basic thinking in Lhe selection of cross seclion and other related
items are briefly discussed hete. (See Fig. 5-3 and Fig 5-4)

(i) General (Components of cross section)

1)

Basic planning policy

Japanese Road Standards are basically used in determining the components of
€1053 _seclio.n, but in the actual design, present traffic conditions in Sri Lanka are
taken into consideration also aiming at the economization of the road construc-

“tion.

2)

Width of carriageway

3.9% m is alloted fo each lane. There ase many examples of expressways with
3.50 1 or even 3.75 m wide lanes in Japan and some other countries. However,
taking info consideration of economy and lane width of existing A-Class roads
in Sri Lanka, 2 lane width of 3.25 m is used in this Project. The design capacily

in this case is 56,000 vehicles/day, which is suflicient to satisfy the projected

3

a.

future ¢raffic volume.

Showlder width

Project A (Bxpressway)

_- A \\'id(h of 1.75 m is provided for the left side shoulder of the enlire express-
way. This width is not necessarily adequate for emergency parking, but light
vehicles will still have 2 lanes to pass even when a heavy vehicle is parked.

Project B _

Left side shoulders of Section P-3 which connected with Project A (Express-
way), is taken as 175 m, the same as in the BExpressway. The left side shouldess
of Section -1 is reduced to 0.50 m.

~133-



4y Median

In Project A (Expressway) the median steip is set at 3.00 meters, which is suf-
ficient for planting trees, and 0.50 m marginal steips are provided on each side
of the median sirip.

The standard median strip of width 1.00 m used foi urban roads is piovided in
Projeci B and guard rails or fences are erected along this strip. Marginal strips of
width 0.50 m are also provided on each side of the median.

(2) Cross Section Type

1) Gradiznt of cui slopes

The gradient of cutling is set al 1:0.6. This was concluded after considering the
characleristics of laterife, and especially the conditions of exisling 10ads (actnally
the gradient of cutling of many local roads is much steeper than 1:0.6, e.g. New
Biyagama Road is constructed at 1:0.5).

2) Drainage in cut sections
To lower the costs, open ditches are used for drainage in the cut §ec'lions. To
prevent errosion, the ditches are lined with conciete. This method is adopted
from local design practice considering easy maintenance.

3} Gradient of embankment slopes
The gradient of embankment slopes is set at 1:1.5. ‘Fhere are no high embank-
ments in this Project and this gradieat is considered sufficient.

4) Berms
Berms for both cutting and embankment are provided at 5.0 m infervals of height.
The width of berm in embankments is 1.50 m aand 2.00 m for cutting.

5) Counter embankment method

The counler embankment method is actively used on soft soil. This provides not
only stabilily of the embankmeanl but since it can be used also as a senvice 10ad
in the fuluze, the width of the counter embankment is taken as 6.00 m.

(3} Comparison of Cross Section

There are 4 main types of cross section alternatives in Project A (Expressway). The
4 types are called (4), (2A), (2B), (2C) and delails of the cross section components and
characteristics are shown on Table 5-2. Alternative (4) is eecommended in this project.
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1) Altemnative (4) — Divided 2 way 4 lane

This is a favourable type for an expressway, and is recom-
mended in this study,

3) Alternative (2-A) — Divided 2 way 2 lane

In the first stage, only one lane in each direction is paved to
minimize initial investment.

3)  Alternative (2-B) — Divided 2 way lane.
This section is designed to further cut down the initial
invesiment than in the Alternative (2-A) by using a nar-

rower embankment cross section. However, expansion into
4 lanes in fulure will be extremely difficult.

4) Alternative (2-C) — Undivided 2 way 2 lane
- This alternative seclion requires the lowest initial invest-
meat of all the alternatives, but there is a farge danger of
severe traffic accidents owing lo opposite traffic as the road
in undivided. By definition this cross section is beyond the
category of the expressway. M is technically, relatively
easy (0 expand to 4 lanes, but when considering the ad-
ditional costs that will be incurred, in the event of expasn-
sion, the total cost cannot be necessarily said to be cheaper
than in Alternative (4).

5.7.4 Design of Interchanges and Interseclions

(1) General

Projec't A is a fully access controlled soad and all access to this road from existing
roads is by interchanges. 2 lypes of interchanges are planned with 3 main interchanges
and 7 on-off rampways. Other than these, there is a main interchange al the connecting
point with Project B and entrancefexit is provided at Colombo Intemational Air porl,
the terminal point of the Expressway. The main interchanges are diamond types and
have rampways in both the Colombo and Air Post directions, but the half diamond
type on-off ramps have rampways only in the Colombo direction.

Project B is an urban arlerisl road and is designed 10 connect to the major existing
toads at intersections. There are § intersections, and trafiic signalling systems are fecom-
mended for raflic control.

Besides these intersections, are the abovementioned interchange at the connection
mlh Project A and an on-off rampway palaned at the entrance to Cotombo Poil to
connect with Atuthmawatha Road.
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I ocations of each interchange and intersection ar¢ shown in Fig. -5-9. A typical
plan for a diamond lype interchange is shown in Appk. Fig. 12. The typical genernal
plans for interchanges and intersections are given in the Prawing in a separate voluimie,

(2) Design Standards

1) Design speed of rampway

The design speed of rampways, which is a basic standaizd for the design of ramp-
ways of the interchanges is taken at V = S0 ~ 40 km/h. (See Tabl¢ 5-6)

" Table §-6: Design Speed of Rampway

N : (Unit l;m]hr) ‘
Project Design Speed of Mainway Design Speed of Rampway
Project A - 100 50
Project B 80 40

Project B - 60 40

2) Typical cross section
The carriage way is | Jane with a width of 3.25 m. The width of the roadway

is 5.5 m, and this allows the passing of a semi-trailer even when a light vehicle
is parked on the side. (See Fig. 5-15)

- 58 (= lgft)y_,
» "539.]_ 3;25 ..‘?..-.7.5

3025 | 2.315

Fig. 5-15 Typical Cross Section of Rampway

3) Speed change lane

Speed change lanes are provided so that vehicles entering the hiainWaf from the
ramps at intersections do not disturb the through {raffic flow. The design'speed
change lanes in relation to the design speed of the mainway is shown in Fig. 5:16.

-136 -



Speed Change Lane

SPEED CHANGE LANE
L __.to
{BECELERAH&F LANE | _
o _ OFE— Off Rampway
s

P>

o ﬁ-;;: Hainway

-
Lzlﬁi._g___'__l On Ramgway

ACCELERATION LAKE

Note LT : Taper

Main Road Acceleration Lane Deecleration
Design Specd LA LT LO LT
(cmfh) ' (m) @n) (m}) (m)
100 180 60 20 30

80 160 S0 30 70

60 120 45 170 60

Fig'. $-16 Speed Change Lane Standards

5.7.5 Design in Soft Sub-soil Conditions
{1) Geneéral

Marshes and soft grounds are widely distributed in the area along the project roads.
Nearly 7 km of the tolal road length of 26.4 km in Project A and about 4 kmout of a
total 5.7 km in Project B pass through soft grounds. As nearly 35% of the project
roads is on soft grounds it is necessary to study carefully on the possible problenis
of ground settlement, embankment failure and their counter measures etc. Also it is
important to study the necessity and the technicat feasibitity of soil stabilization
me@hdds or soft ground improvement methods and to ¢stimate such costs among the
construction cost for economic analysis.

The soft gmunds in the project area are classified into 8 areas as follows. The re-
presentalive bore hole numbers are also given.
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Along Project A
Arca | : Kiribathgoda West Area (No. 4A)

2 : Hunupiliya East Area (No. SA)
Horape-Ragama Area (No. 4, 6A, TA)
Kandana North East Area (No. 8A)
Ja-Ela Canat Area (No. 7, 9A)
Dandugam Oya Area {(No. 8)

= B R

Along Praject B
7 : Bloemendhal Area (No. 1A, 2)
8 : Pelivagoda Area (No. 3A)

The thickness of soft strata is 6 ~ 7 m in Area 5 and 6 with 2 ~ 3 m in other areas
of Project A in Project B, Bloemendhal marsh has a 7.5 m thick peal layer while in
Peliyagoda area has the thickest soft ground with 12.0 m of organic clay. '

(2) Estimation of Settlement of Soft Ground

For the above 8 sofl ground areas, the consolidation settlement under the imposed
loads of embankment is estimaled to study the methods of soft ground treatment.

1} Estimation of consolidation seitlement

Consolidation selllement is estiniated using consolidation test results obtained
from the test pit al No. 2 boring and compression index (see Fig. 5-17) psesumed
from the values of moisture content.

zo.T_'
-
Wact g (11} y
4" e
L rs
A 5.0
]
° 1 o
L
o o o
£ AL
(_)l. o Pa3d
QJ . * Uslurlying ¢hys
1 3 1w L 1)

Boturot_Moistute Conlent Wn

Fig. 5-17. Moisture Content — Compression Index
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2)

‘Ground conditions are shown in Appx. Fig. 13.

From (he results of ¢alculations, refationship between final consolidation settle-
ment and embankment height for each area can be summarized as in Fig. 5-18.
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Fig. 5-18 Consolidation Settlement Related to the Height of Embankment

From this figure the following approximate relationship can be drawn;

a. Bloemendhal and Peliyagoda Atea : Se=H/3
b. Other Soft Ground Arcas (Areas 1--6) : Sc=1J6

. Whete, Sc : vonsolidation seltlemeat (m)
H : embankment height (m)

Estimation of setllement time

Prediction of selilement time is essential for judging whether soft ground {reat-
mend is necessary or not,

So.l‘l 'g,r'ou'nds in Project A have only 2 ~3m thick strata of consolidation, there-
fore the final consolidation settleent is small as 50 ~ 100 cm.
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However, soft grounds of Bloemendhal and Peliyagoda areas along project B are
7.5 ~ 12 min thickness, and therefore the amount of setlement itsedf is lafge and
take long time for the completion of consolidation settlement.

According (o the results of the calculations, it will take about 10 ye¢ars for the
completion of 90% of the consolidation in soft ground strata of Bloemendhal
and about 30 yeass in Peliyagoda area.

Therefore, it will be necessaty to improve ground conditions and {o accelesate
selilement with a suvitable method.

(3} Design of Soft Sub-soil Treatinent

As for Bloemendhal and Pelivagoda Areas, il will take more than 10 years fo finish
consolidation settlemént because of their thick soft soil strata. It is riecessary to improve

the ground for accelerating consolidation seltlement if embankment is constructed on
these soft sub-soil.

1)

2}

3)

Selection of the 1reatment method

In the preliminary designs from the view points of ground conditions, objectives
of improvemenl, cost & method of construction and materials available, sand
drain and sand compaction methods were judged to be svitable for the improve-
ment of soft grounds in Project B. As the data on peaty soils of Sii Lanka are
extremely limited, design samples of pealy grounds in Japan were also referred.

Dasign of sand drains

Arrangements of sand dfains are decided according to consolidation selttement
time as shown in Appx. Fig. 14.

The intervals of sand drains were decided at 2 m to achieve a progress of 90%
of the ultimate setilement within two years. This was increased to 3 m in the
countei embanknienl zone.

Stability against embankmend stiding

According to exisfing survey resulls the shear sieength of soft grounds in

Bloemendhal and Peliyagoda Areas eslimaled from cone penelration resisfance
is about 0.1 kg/cm?,

The results of the calculation of safely faclor against slldmg of s!ope are shown in
Table 5-1.

According to these results, safely against sliding is mamlamed only upto a height
of embankment of 4 m even after the use of sand dmms
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In the case of an embankmenl height moze than § m, it was decided to use
both sand drains and sand compaction piles for increasing shear strength of the

- ground,
Table §-7: Safely Factor against Sliding of Embankntent

Embankment Primary Filling Secondary Filling

lleigﬁl () (H=135m) ~ Before Improvement After Improvement
3.0 3.2 1.2 * 1.7

- 40 : 28 0.9 * 1.3

50 1.9 0.7 + 1.1*
6.0 1.5 0.6 ¥ 09+

Nole - *  Unsalisfactory with safety factor less than 1.25
§.7.6 Pavement Design

(1) Premises for Design
1) Desipn standards

The Manual for Desiga and Construction of Asphalt Pavement 1980 (Japan Road
Association) is vsed as the standards for the design of pavement of high-standard
soads. For details of those slandards sce section 5.4.3 Pavement Design Standards.

) Desig,h traffic volume
When the opening year is sel as 1990, the average daily traffic (A.D.T.}is shown
in Table 5-8 based on the trafiic forecast analysis.

Table §-8: Daily Traffic Volume

Section 1990 2000
K-3 11,560 21,600
K-2 17,300 36,500
K-1 26,000 50,300
P-3 40,600 58,400

) (43,700) (90,500}
P-1 33,700 65,100

Note: ( ): Seclionusing an existing road.
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3} Vehicle composition

According to the traffic suvey and traffic forecast sludics, the compdsition of
heavy vehicles (buses and logries) is aboul 40% ~ 60% as shown in Table 5.9

Table §-9: Ratio of Vehicles®

Section Light Heavy Vehicle.
Vehicle Lotry ¢ Bus Sub Total Total
K-1 60 20 20 40 100
K-2 59 22 27 49 100
K-3 53 21 26 47 - 100
P-3 57 19 24 43 ' 100
-1 39 - 61 0 61 100

Note * : Resulls from the Traffic Suney in Feb. 1983
*% . Conlainers included '

4) Besign life

The design life of Asphalt Concrete Pavement is considered to be 10 years.

5) Surface course

In this project, only the bindes course will be used for the first five years after the
opening and the surface course will be construcled at the end of this period. This
is in ordes to reduce the initial costs as well as to cope with the differential settfe-
ment in solt ground.

6) Base course malerials

Inclusive of the base course materials, a large quan'lily, about 300,000 fons of
crushed stones is required. For Ja-Ela and Katunayake ateas ie, in Sections K-2

and K-3, where supply of crushed stones is rather difficult, application of soil
cement method is considered. '

{2) Study of Pavement Thickness-
1} The composition of pavement

The composition of pavement with the thickness of each course is shown in
Fig 5-19.
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Pavement/Section ——— %E‘ijic_t_f\ Proj eiB

K-3 K2 K-1 P3| P

1) Surface Course * - _ _

2) Binder Course 10 10 10 s 15
3) Base Cousse By _

Bituminous Stabilization ? 9 10 10 10
" Mechanical Stabitization ¢ 15 | 15 | 20 | 15 | 20
4) Sub-Base Course )

Gravel and Crushed Stone — — 20 20 20 -

~ Soil Cemenl 15 15 ~ - —

Total Thickness a7 9 | 60 60 65

(Unit: cm)
Surface Course— . — — — — — —~ " 7 Hot Asphalt Mix

Binder Course - M/Biluminous Stabilization

£+ 8 - . L3
P

—— Mechanical Stabilization
Crushed Stone

~~Gravel and Crushed Stone
or Soil Cemenls

o - & ° . e,
Basc Course <. Q&

Sub-Base Course —~

Fig. $-19 Thickness and Cross Section of Pavement

2} Thicknessof Ty and H

Thickaess T and I are determined feom the following formula.

T 3.84 x N'¢

A 7 CBRO3

" - 28.0 x N°*
CBROS
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Where, :
Ta =  The desiga thickness, {(i.¢. the required thickness of a {uil depth hot mix

asphalt pavement having an equivalent strength).
H = The pavement thickness )
N = The number of equivalent S-ton wheel-loads in one direction to be ex-

pected during the 10-year period following conslruction.

3) Design CBR |
The gravelly lateritic soils has a high strength and according lo the soil {ests the
CBR value is about 50.

In the design of pavement, the design CBR is selected as in Table $-10 considering
a safely factor and faking into account of the actual conditions of construction
(of each embankment section).

Table 5-10: Design CBR

CBR/JSeclion K-3 K-2 K- P-3 - Pl
CBR 8 8 6 6 4

4} Overlay of pavement

Overlaying of the surface is plannad in § years and 15 years after the opening yeéas.
The thickness of overlay is given in Table 5-11.

Table 5-11: Thickness of Sutface

(Unit: cm)
Year{Section K3 K-2 K-1 p3 | P
Aflter 5 s 1 8 3 9
After 15 5 5 6 6 7

5) Calculations

The calcutations of the pavement design is given in the Technical Reporl.
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5.8 PRELIMINARY DESIGN OF STRUCTURES
S.S.i S.hld)’ of Struclures
(1) Introduction
In VPha:sg I of this study fundamental information and data required for the planning
of structure were collected. This was followed with the investipation of locally availa-

ble materials and technology, investigation of cross roads and raitway erossing the

project roads l'b'; the planning of structures, field investigations of flood areas and
selated existing structures.

In the Phase 1l stage, based on the résults of the above investigations and sumvey, the
batic policy of the structural planning was decided upon sufficiently considering the
tocal conditions and the design standards were also set up.

:The Ba_sic-policy of structure planning are summarized as follows:
1) Local technolopy and malerials should be used as much as possible.

2) Rationality of planning the structures is considered by establishing the standard
designs.

3) Flood relief and drainage structuses are planned praclically and realistically in
consideration of the flood records and the conditions of existing nearby struc-
fuges.

. Standard designs were prepared for planning the large number of structures along
the project roads adequalely and rationatly.

Struclutes required along the project roads are listed below and the number and
scale of them are shown as Table 5-12.

Structures for road ceossing.
Flood relief and drainage structures.

Overbridges -

Railway flyovers.

& 0 o P

Their locations, types and scale are shown in Appx. Fig. 16~ 19.
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Table §-12: Detaifs of Structures Along the Proposed Fxpress“ay
and New Pori Access Road

Eridges Orerbridges Box Cviverst Fipe fulverts
(L = lergth) {L= length) {0=dizension) {2 = dlameter)
tew®os® e lesas® | lo-o%s®] 3 2.1 |
Project {A) Lots?-3s" | 6 Jeeaat 12 fosa™% 3" 6] 9.0 1
a2t
x-1, X-2, K-} - - - -
L8| 2 Jus2ezs 1 Josed®™®| 2] 9 M 6
. 5’5’ l Fa
Totsl 72 | Tl | totad Bl WK
o T il [ fordwst] | 708 R
{tudn)
frofect (8) L=as-3%] 2 o e | oa
#3, P-3 Lex"-a"| - g0 | .
_ 3.
Total 4 1 Tolat b] totar | Torad 5

(2) Investigalions
1) Rainfall

For the planning of flood reliel and drainage struclures, data of the maximum
annual daily rainfall during the past 38 years observed al the Colombo Observa-
tory, which is the neasest to the Project Area, were collected from the Depart-
ment of Meteorology.

The average annual rainfall within this area is in the fange of 1900 mm —
2500 mm, and the rainfall during the period from May to October affected by
the south west monsoon is considesably high.

2) lInvestipation of waterways

The project 1oad along its course culs across a few major waterways whose length
and catchment area are given in Table 5-13.
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Table 5-13: Major Watezways Crossed by the Project Road

::IZ';;’L | Length £ km) Catchment Asca A (km?)
Kelani Ganga 80 2,000 B
JaEla Canal | 30 150

Dan&ug&m iOya 40 | 600

Kelani Gang_a is one of the major sivers in Sri Lanka and makes the nosthein

‘ boﬁﬁdaq’f 0'{ Colombo Citly. A flood gauge is available near the point where the

3)

préjécl road crosses the river and the flood slage has been recorded for the past

40 YEars. The highest fload level was recorded at 3.9 m above mean sea level.

Excepl for a shorl stretch, Ja-Ela Canal flows gently through paddy fietds and
enters Negombo Lagoon at Ja-Ela. No data of observation is avaitable with respect
to flood levels.

ﬁanduganl Qya, after flowing through Alianagalla and Gampaha areas also eaters
Nego_fhbp_ Lagoon. River slage has been obseived for Iwo years near Seeduwa
Road. The highest flood level was recorded 1.4 m above mean sea level.

Soil investigalion
Soil investigation wese conducted by mechanical boring at the following 7 loca-
tions (see Table 5-14) where major structurss are expected. Standard penetration

‘tests using the bore holes and laboratory soil tests using the extracled samples

wete also perfonned.

Table $-14: Location of Soil Investigations for Major Structures

 Boring ilole No. Location o
No. 1 Porl Entrance (Aluthmawatte Rd.)
No. 2 Bloemendhal
No. 3 Pelivagoda Bridge
No. 4 Horape Marsh, Railway Flyover
No.§ Proposed Railway Flyover at Ragama B
No.7,No. 9 ' Proposed Ja-Eba Canal Bridge
No. 8§ Proposed Dandugam Oya Bridge B -
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4)

3)

a.

Evaluation of exulmg struclures

In order to gain information for the selection of routes for lhe projecl roads, the
existing structures of Victoria Bridge, New Kelani Bridge and the abandoned road
structures in Peliyagoda were evaluated. Since there were no data available with
regards to the Victoria Bridge, actual measurements were taken in the field and
the condition of maintenance was examined. From these investigations it was
evaluated that the Victoria Bridge can sufficiently accommodate the ordinary
vehicles excluding the heavy losries (corresponding to Load TT-43) for sometime
into the future.

Since all the semaining structures were designed about 15 years ago baked on the
HA Loading of the British Standards, it is judged that if these s{mc{ute:. are to
be used as a part of the projéct roads, only simple modifications and slrengthen
ing will be necessary. (See Appx. Fig. 15)

Other projecls related (o the project roads

Canal improvement projects _ _

The New Capital City Drainage Project and the Peliyagoda Integrated Urban
Development Project provide improvément plans for the drainage canals along
the proposed routes of project roads within Colombo Cll) and Pehyagoda
areas.

The location and the planned cross seclions of canals refaled to this project
are shown in Appx. Fig. 20.

Road projects of the Peliyagoda Integrated Urban Dei'elopmeni'Prpje:cl
As 3 part of the above mentioned Peliyagoda Integrated Urban Development

Project, a road is proposed within that project area whose location and width
are shown in Appx. Fig. 1L

Improvemen! projecis of exisling roads
Fka%a Gampaha Road for which an interchange is planned at Ekaha is present-

ly classified as a class-—-B road but is proposed to be gradéd up to class—A road
(Depastment of Highways).

Strengthening track project of the raifway _ -

The project roads are expected to cross the sailway at a few pomts Fulure
development plan of the raitway, construction gauge and the frequency of
train passage elc., were discussed wilth the Sti Lanka Gmemment Railway.
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The results of the discussions are as follows:

e As a future 'prlan, it is proposed that thé present 2 track steetich between
Colombo and Ragama be increased to 4 teacks, and the present single track
betweéén Ragama and Negombo be increased to a double track system,

¢ ‘There is an electrification plan for each route.

& The clearance is shown in Appx. Fig. 10.

6) Local techniology

a.

Specifications and standards

 The “Specifications for Highway Bridge Construction” prepared by Messs

Kampsax Inlerhaﬁc’ma! AJS, advisors from the Wosld Bank is proposed to be

- used as ihc_speciﬁcati_ons for the construction of highway struclures.

" As ihe code of practice in design, “British Standards” are basically used al-

though the “Indian Code of Pradtice” which is sometimes adopted for loads
used in the désign of minor struclures,

“Sri Lanka Standards” are paiily avaifable for materials and malerial testing
and the locatly manufactured materials such as cement and stee] bars are in
accordance with these standards. In general, Brilish Standards or the USA
Standards, ASTM, are in use for matesial testing.

Standard de.sign

The following three types of standard desizns are being used at the Depariment
of Highways:

Bridge Superstructuies (PC) - Pre-tensioned shab lype

L=7~16m
-do- : Post-fensioned girder lype
L=20~35m
* Pipeé culvests {spun RC t0=06~1383m

pipe)
Relaining walls (gravity type : H=2~7Tm
retaining walls with plum
niixed concrete)

. Structure types

For the supesstructure of bridges, the above-meationed standard designs are
mainly used and S.D.C.C. (State Developnieal & Construction Corpozation)
produces precast PC slabs for spans fonger than 3 m in the factory. Almost all
the abulments are of gravity fype constiucted of plums mixed concrete.
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7)

8)

As for foundations, piles and wells are mainly used. Piles are focally manu-
factured as precast reinforced concrete products with a square cross section of
350 mim x 350 mm and used in lengths up to 'ma_xim'uni 10 m per pite. Welt
foundations in mosl cases are of a circular cfoss scction and used often in the
depth range of 310 ~ 12 m. The cylindricél wells generally used have a diaméter
of 3.3 m and the reinforced concrele culting edges are available as precast
products.

d. Materials

i) Cement _

The demand of cement in Sri Lanka, though significantly affected by the
major construction projects, is estimated around 100 million tonsfyear
of which 60 ~ 80% is met by the locaily manufactures cenient. 100% self
sufficiency is expecled soon after the newly constructed plant of the Ceylon
Cement Corporation goes inlo full operation. However, recently the quality
of products vasies largely as the plant is still new, and althogh imported
cement is mainly used in the structures, a swilch over 1o local cement is
gencrally expected once the qualily stabilizes.,

ii} Reinforcement steel .
Owdinary round bars and Tor-steel (cold twisted and ribbed) manufactured
by Ceylon Steel Corporation using imporied billets are generally used.

Investigation of flood prone arcas

Since the proposed route of the expiessway runs through areas submerged during
the rainy season, flood prone areas were investigatéd as this was necessary in the
planning of structures, and the results of invesfigation are given in Appx. Table

18. In carrying out this investigation, information of the flow conditioas during

floods were gathered by interviewing the inhabifants of the locatity and by
examining the actual stale of railway and road structures in the vicinily.

Investipation of cross roads

Since the project roads cross the existing roads, siruclures beconie necessuy lo
provide grade separations o some of them. '

Therefore, the roads crossing the route of project roads were investigated both

in the ficld and on the contour maps of 1:10,000 scale. The sesuits are sum-
matized in Appx. Table 19, .
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(3) Planning of Major Struciures

Major struciures listed below are faken into special consideration due to specific
conditions among many structures along the proposed routes. Quitine is as follows:

1) Structure at the Colombo Port entrance (See Fig. 5-20)

a.

Pianning

In planning this structuse, the following conditions were considered and re-
inforced concreie box culvert were proposed:

It is riecessary to consider special construction methods and sequences
“s0 as to maintain existing traffic during construction since Aluthmawatha

Road is indispensable for regiopal service and there is no other road for
detour.

¢ Railway structures exist adjacent to the planned structure.
¢ Connection with the roads proposed within port area should be taken inlo

account.

o It is better to avoid the buried oil pipelines.

Construction method (Sze Fig. 5-21)
Temporary struciure should be proposed to salisly the above mentioned
necessary conditions. Construction sequences are as follows:

Construcling temporary strucivre
Excavating under the temporary stiuctuse

Backfilling
Removing lemporary structure

®

L

o Constructing of the structure at porl entrance
[ ]

*

Rehabililating Alothmawatha Road damaged by construclion

2) Horape Raitway Flyover (See Fiz. 5-22)

The expressway intessects the railway line {Colombo-Ragama) about 8 m from
the 8% mile post al a sharp skew angle of 40 degrees.

The fiyover is planned taking into consideration the following:

a.

b.

There is a fulure plan o increase the existing two tracks with each new track
on cither side of the exisling tracks.

The skew angle of the struclure is eased lo 60 degress in order o avoid
technical problems caused by the sharp skew angle.

A minimum clearance of 1.5 m is kept between the walls of the substructure

" and the construction gauge of the railway.
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Considering the above condilions and referring 1o soil survey results, 52 m
span bridge (36 m post lensioned PC beam + 16 m pretensioned PC beam)
with a substruclure of pile foundation (6 ~ 7 m precast pile) is proposed.

3) Dandugam Oya bridgé (See Fig. 5-23)

Dandugam Oya having a wide catchment area flow through the low hillocks and
fat marshy terrain with frequent neanderings and inundating a vast area of low
lyi_ng lands dusing Noods. As there is no data en Lhe conditions during floods,
_laking' into consideration the information obtained by intérviewing local in-
- habitants in the “Investigation of Nood areas” (Appx. Table 18), the topography
-and the !_englh bf_ existing Dandugam Oya Bridge (4 spans x 193 m = 77.2) en
A-3 road down strean, this bridze is planned with alenpth of 80 m (25 m x 2 PC
girder + 30 PC girder).

‘The folowing are taken into consideration in planning the bridge:

a. Avoiding of construction work in deep water.

b. Minimizing intesference of piers to flow as much as possible.

c. Minimizing the deplh of expected scouring which may depend on the water
depth dusing flood period.

The bore hole data {No. 8) at the site show that theee is a Jayer of relatively
soft sandy silt up to 9 m below the ground surface and that the ux{deﬂying
soft rock is highly weathered in the uppes 5 m. Therefore, itis fecommenda-
ble to plan the foundation on the rock below 15 m from the ground surface.
Regarding the type of foundation, a cylindricat well foundation and a pile
foundation are planned for the piers and abutments respectively.

(4) Planning of Miunor Structures
There are many steactures to be planned along the project roads.
The following standard designs of struclures were prepared for planning these strue-

tures adequately and tationally. These were applied in planning according to site,
topographical and regional conditions.

® Pretensioned PC Stab Bridges SpanL=10,13,16 m
& Post tensioned PC Beam Bridges SpanL=19,23,28,35m
® Over Bridges SpanL = 18,56 m
e Abulments (Spread footings and pite Heipght 11 =4,6,8m
foundations)
o Box Culverts Dimension V=5Smx3Im~8mx3dm
¢ Pipe Culverts Diameterg =09~ 18 m
¢ Relaining Walls HeightH=2 ~Tm
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In 'p!amling s_tmc_lures for ex_istir‘sg road intessections, it is a principle that box
culverls aré ulilized if the width of thf: crossing roads are less than 8 m, otherwise pre-
tensioned or posiiensioned PC bsidges are planned. Cast-in-situ RC bridges are not
planneﬁ in consideration of difficultics in detouring the traffic for long periods during
constauclion. _The _ove:bridgcg are planned (o be minimized, which are to be erected by
tsuck cranes in consideration of construction simplification.

$82 Study of Ftood Relief Opening and Drainage Struclures

{i ) Flood Rélié_f Opeﬁiltge and Dyainage Structures of Project (A)

) Planning of flood reliel openings

2)

' The aréas near the Vidyalankara University, Horape, ncar Ma-Eliya on the up-
‘stream of Ja-Efa Canal, and the Dandugam Oya calchment are the flood prone

areas along the route where flood relief openings are consideréd necessary. In
general, drainage in this area is poor due to lack of outlets and for the available
oullels being narrow. Storm water often causes these areas to remain inundated
for long periods such a 4 to 10 days. Therefore, it is difficult to decide the flood

- relief openings witha theorelical analysis of flood detention for the locality alone

without considering the drainage conditions for the whote catchment area. In the
absence of such a drainage plan, we are compelled to plan these structures based
on the results of runoff analysis (Appx. Table 18) menlioned below and the In-
ventory of Flood Areas (Appx. Teble 18) in which the condition around the
néarby exisling structures dusing floods was investizated and recorded specially
for this study. Bul there is at least 700 km? wide area which is common to both
¥a-Elx Canal and Dandugam Oya catchmenls, since the available data are insufli-
ciénl; it was decided to plan these structures as follows based on the above In-
§'ent01y and considering the topography and conditions of existing drainage
channels.

a. Dandugam QOya

HEFL MSL*60m

- Bridge length §0m
b. JaEfa Canal

HFL  MSL+48m

Bridee length 30m

Planning of drainage strucluge

Drainage struclures were planned based on the following items.
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a. Basically, for runoff volume of less than 4 'm?fsec pipe culvert is planned, for
between 4 m*/sec and 20 m?/sec box culvert, and for more than 20 m>/sec bridge
is planned.

b. When ihere is a sfructure near by, ils-ly'pe and size will be considéred in the
planning.

¢. The above mentioned planning was reconfirmed on site.

The fundamental conditions for analysis are as follows:

o Rainfall data — Annual maximum daily rainfall recorded for thé past
30 years at Colombo Obseivatory
o Design slorm — Bridge SO yis.
frequency Box Culvests 25 yis.

Pipe Culverls 10 yrs. _
e Rainfall analysis — Iwai’s Method and Sheiman's Formula

e Maps — 1:10,000 contour map and
1:63,360 topographical map
s Runoff ~ Rational Equation
calculation
e Time of concen- -- L1
tration (min) Te = BT

L = Length of Steeam (m)
H = Gradient Height (m)

(2) Ftood Relief Openings and Drainage Structures of Prbjec(

Improvemealt plans are recommendéd for implemeﬁ!alioh in the New (‘apital City
Drainage Project for almost all the drainage channels around the route within Colomto
Cily area while drainage channels are already being coastructed in the Peliyagoda
Integeated Urban Development Project Area. The typical cross sections of the drainage
channels which are relevant to this project are given in Appx. Fig 20 and the strucluges
will be planned so as to maintain these channel sections.

(3) Free Board for Bridge

The rivers with high flood dischasge and abundance of Mloating logs were distin-
guished from the othess and the bridges are planned using the following free board
values:— o

Ja-Eta, Dandugam Oya 15 m
Others 1.0m

~158-
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