FINAL REPORT
February 2008

4.8. Frontage Road

Frontage roads are used to control access to the arterial to function as a street facility
serving adjoining property and to maintain circulation of traffic on each side of the
arterial. They segregate local traffic from the higher speed through traffic and intercept
driveways of residences and commercial establishments along the highway.

In urban areas, a minimum spacing of about 50m between the arterial and the frontage
road is desirable.

Since all frontage roads on this project are Class ‘D’ and ‘E’ type roads, a design width of
6.0 meter is considered and exceptionally 4.0 meter is applied in case of securing the
same capacity of existing road and avoiding land acquisition on the resident area for the
frontage road.

Details of the frontage roads are as shown in Table 4.8.1.

Table 4.8.1 List of Frontage Roads

No. | L/R Side e Station o Distance Width
1 R 00+136(R1) | 00+363.785(R2) | 227.785m 6.0m
2 R 08+970 09+080 110m 6.0m
3 L 08+808.486 09+020 211.514m 6.0m
4 L 09+550 09+700 150m 6.0m
5 L 09+945 10+222 277m 6.0m
6 R 09+960 10+185 225m 6.0m
7 R 10+200 10+420 220m 4.0m
8 L 10+918 11+030 112m 6.0m
9 R 11+260 11+610 350m 6.0m
10 L 12+490 12+520 30m 6.0m
11 R 12+520 12+725 205m 6.0m
12 L 12+590 12+870 280m 6.0m
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4.9. Earthwork
(1) General

The design standards of earthworks including the slope ratio of cut and embankment
hereunder have been prepared taking into account of the result of the geotechnical survey
and the Japanese Standard. Also, the local practice particularly other relevant expressway
projects in Sri Lanka is referred.

(2) Excavation (Cutting)
1) Cut Slope

The residual soil (namely “Laterite”) is able to be observed almost in project area as
shown in Fig. 4.9.1. In the hills along the OCH, there are cuts and quarries where the
bedrock outcrops. According to the soil investigation survey, the ground is generally
covered by the reddish-colored laterite (weathered soil) with a thickness of several to
more than 10 m.  Bedrocks distributed in the projected area are confirmed.

From the properties of Laterite, the cut slope ratio generally applied in Sri Lanka is 1: 1
unless the material will stand at a steeper slope. The cut slope ratio has been
recommended based on the Japanese standards shall be 1: 1.2 generally considering the
maintenance works at the operation of expressway.
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Fig. 4.9.1 Geological Distribution Map
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The design standard of cutting slope based on the soil conditions has been decided as
shown in Table 4.8. 1.

Table 4.9. 1 Standards of Cutting Slope

Berm*
In situ Soil Height Slope Ratio
>0l 9 PeRat0 M Height | Width
Hard Rock - 1: 0.3-0.5
Soft Rock - 1: 0.8-1.0

5m or less 1:1.0-1.2 m 1.5m

5-10m 1:1.0-1.2
Note: Berm will be installed when the cutting height is more than 10m.

Covered Soil (Laterite)

JICA Study Team decided that the cut slope for the D/D section should be 1:1.2, since the
area consists mostly of residual soil and also because there is a need to reduce the volume
of borrow embankments.

2) Cut Slope Treatment (Rounding)

The top of cut slopes shall be rounded in order to prevent the erosion except cutting solid
rock. The amount of rounding depends on the material depth of rock if any, and the
natural contour of the ground. The 1.0-meter rounding indicated in Fig. 3.2.11 is the
typical treatment.

Fig. 4.9.2 Rounding of Top of Cut Slope

3) Berm

For cuts exceeding 10 meter (vertical height), the berm must be provided at 7 meter from
the bottom of slope in order to secure sufficient stability of slope. The berm should be
sloped to form a valley along the center so that storm water can be collected and drained
off toward the side of the carriageway through vertical drains then discharged to
projected down stream. The berm width should not be less than 1.5 meter with minimum
gradient 0.3% for drainage role.

(3) Embankments (Filling)

The provision for the slope and the berm at the embankment section based on Japanese
standards are given in Table 4.9.2.
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Table 4.9.2 Standards of Filling Slope

. . . Berm*
Material Height Slope Ratio . -
g P Height Width
. 3m or less 1: 1.8-2.0 - -
(Clas,ss,?:‘?:g l\jzllerial) Sm-6m | 1:1.820 - -
6mormore | 1:1.8-2.0 | Every 7m 1.5m

Note: Berm will be installed when the filling height is more than 10m.

JICA Study Team decided that the filling slope for the D/D section should be 1:1.8,
because of the experience of Japanese expressway based on the Japanese standard and
requirement to reduce the volume of borrow embankments. This ratio has been also
confirmed by calculation of slope stability through the study for soft soil

countermeasures.

Once RDA has requested to alter the ratio of filling slope from 1:1.8 to 1:1.5 to adjust to
STDP, but as a result of discussion we agreed to keep the ratio 1:1.8 taking into account
of the stability of embankment structure and the volume of borrow materials.

(4) Standard for Earthworks

The standard earthworks cross - section is shown in Fig. 4.9.3.
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4.10 Landscaping Plan

4.10.1.

(1)

(@)

4.10.2.

4.10.3.

1)

(@)

Existing Situation along the Alignment from the Viewpoint of Landscaping
Land Forms and Land Use

Approximately 40% of the road traverses over the wetlands and paddy fields and the
rest along the flat or little undulating lands. Areas which are adjoining the Kelani River
act as flood detention areas. Other wetland areas are highly contributed to the free flow
of the storm water drainage. Highland areas consist with urban/ semi urban housing and
small scale rubber, coconut and home gardens.

Existing Landscape Types

1 Marshes — natural wild character

2 Paddy fields and grasslands — Rural character

3 Coconut / Rubber & Home Gardens - village / rural character

4 Residential / Commercial / Mixed Development - Semi Urban / Urban Character

Basic Objectives of Landscaping

To harmonize the massive earth shaping with the surrounding wetlands and adjoining
areas and assist to mitigate the probable adverse impacts on Bio diversity. It will also
ensure sound environment for the residents with the new development.

To introduce green covers to balance and camouflage the appearances of hard
concrete finishes, open brown earth mounds and excavated slopes.

e To ensure a healthy attractive highway environment and mitigate adverse impacts of

the road development on fauna ,flora & their habitats

e To provide visual/aesthetic benefits through harmonizing with the desirable existing

landscape character.
Greenery Plan
General

In order to meet the requirements of road safety and the engineering designing aspects,
the conditions mentioned below were critically evaluated and avoided as much as
possible in greenery plan.

Tree planting on the newly established slopes

Shrub planting along the marshes, paddy lands and plantations

Tree planting on slope shoulder, which pavement are planned

Tree planting on center median strip, which drainage system are planned
Disturbances to the Carriage way even in future

Obstacles to the visibility of drivers at the interchanges with considering greenery
function such as eye-inducing, introduction of amenity etc.

Cut Slope Protection
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According to the request from PMU for OCH, the JICA Study Team conducted the site

inspection on June 16, 2007 for the cut slope protection in the STDP. The team visited

three sites where the methods are adopted. According to the explanation by the

Contractor the method is as following.

1) After surface preparation, coir fiber pith with including application of mulch,
fertilizer and soil conditioners are fixed on the slope with bamboo anchors.

2) Grass blocks will be planted with bamboo anchors. The planting pattern of the grass
block will be different depending on the slope conditions.

Success of the slope protection method will depend on the slope condition (slope
stability) and weather (supply of rain fall after planting). Generally the grass blocks grow
successfully. It seemed to be essential that the slope protection work should be conducted
before rainy season so that sufficient water for growth of the grass will be expected.

Comparing the unit cost for turfing for embankment, the cost is considered reasonable.
Therefore the team concluded the cut slope protection method will be adapted to the cut
slope protection of Northern Section 1.

(3) Planting Methods

<Embankment>
10m x 2m strips of shrubs (5pots/m?) along residential areas at 20 m intervals and turfs
on both side of the whole trace

< Cut slopes>
Grass block planting and ground covers at the top edge in row at 300mm spacing (3
pots/m)

<Interchanges>
10m x 2m strips of shrubs (5pots/m?) at 20 m intervals and turfs on both side of the
whole trace

< Along the fences>
Informal hedges along residential areas with trees 1.0m in height in rows at 1.0m
spacing for 50m and shrubs with wild effect for 20 m at 300mm spacing (3 pots/m)

< Approach roads>
Medium size trees at 10 m intervals for the toe and shrubs for the embankment at 10m x
2m strips in 20m intervals

(4) Soil Improvement Methods

<Turfing>
Loose the 150mm top soil layer and mixed excavated soil with sand, coir dust and cow
dung/compost in .3:.3:.3 ratio mixture

<Shrubs on embankment, along the fences and foliage plant in interchanges>
300mm x 300mm x 300mm pit and refill the pits with a mixture of excavated soil with
sand, coir dust and cow dung/compost in .3:.3:.3 ratio mixture

< Ground covers at cut slope>
300mm x 300mm x 150mm pit and refill the pits with a mixture of excavated soil with
sand, coir dust and cow dung/compost in .3:.3:.3 ratio mixture

< Trees along the fences and palms in interchange>
500mm x 500mm x 500mm pits for trees and refill the pits with a mixture of excavated
soil with sand, coir dust and cow dung/compost in.3:.3:.3 ratio mixture
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(5) Species of Trees and Shrubs

Recommended species of shrubs and trees are as follows.

Local Name

Scientific Name

<Shrubs: evergreen, maximum 5m height>

Bata Cheena

Bambusa multiplex

Kaha Una Bambusa vulgaris
Wetakeyiya Pandanus kaida
Baludan Ardisa willisii

<Ground Cover Plants: evergreen>

Maha dupiyaliya

Desmodium

Heen udupiyaliya

Desmodium heterophyllum

Hulantala Ageratum conyzoides
Monara kukudumbiya Vernonia cinerea
Habarala Alocasia macrsorhiza

<Trees-small size :evergreen, 5-10m height >

Agladhara Justica adhatoda
Ankenda Acronychia pedenculata
Bowitiya Osbeckia aspera
Etteriya Murraya paniculata
Magul Karanda Pongamia pinnata

Kopi Coffia Arabica

<Trees-medium size :evergreen, 10-20m height >

Godapara Dillenia retusa

Diya Midella Barringtonoa asiatica
Kaduru Cinnamomum verum
Belipatta Hisbicus tiliaceus
Muruta Lagrstroemia speciosa
Diyapara Dillenia triquetra

<Trees-large size :evergreen

, height >20m >

Bakmie Nauclea orientalis
Dawata Carallia brachiata
Diya Na Mesua ferra

Wal Ehala Pterocarpus indicus
Gas Kela Butea monosperma
Havari Nuga Alstonia macrophylla

(6)

Procurement Plan for Planting and the Soil Improvement Materials

Planting materials are available at the nurseries of the Department of Forest (Ministry of
Environment and Natural Resources) in advance request. If the recommended species
can’t be secured through the route, procurement by tenders from the private sector
nurseries will be required.  As for the grass planting or turfing, Axonopus compressus is
recommended. It is available in abundance in coconut estates in Sri Lanka. Private
sector coconut estates are the potential source of commercial turf.

The soil improvement materials, such as soil and sand are available in the vicinity of the
project. The coir dust, a by product of coconut is abundantly available in the coconut
estate in Sri Lanka. The compost and the cow dung are not presently available in large
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quantities at the market in Sri Lanka and need advance tendering from the private sector.
(7) Institutional Arrangement for the Greenery Management.

According to the Road Development Act No. 73 of 1981, the responsibility for greenery
management along the roads lies with the Road Development Authority. There are
provisions for the Staffs for greenery management under the Maintenance Division of
RDA. However, there are proposals for the establishment of Expressway Management
Authority with in the RDA for the maintenance of expressway system.

Necessary budget for greenery management should be allocated from the RDA Annual
Maintenance budget.

(8) Annual Maintenance Schedule

After the planting of trees & shrubs adequate maintenance will be required for sound

greenery.  Annual maintenance schedule is recommended as below.

Watering : Trees & grasses - Only 6 month’s period until they
established and Approx. 150 days per year days of
insufficient rainfall for grass areas.

Grass Cutting & Weeding: Once in 3 weeks where mown ‘carpet’ effect is required, once
in 6 weeks in other areas.

Pruning All the shrubs planted on the embankment will be pruned in
every 3 months period.

Fertilizer application: No need of fertilizer application if there is any growth defect
found.

4.10.4. Drainage and Services

Efficient drainage system should be provided and where slopes adjoin the road, erosion
control measures also should be included. The planting plays an important role of
mitigating soil erosion. For the highland areas, the storm water drains which are
coming into the excavated area should be diverted or allowed to come in properly
designed cement masonry drains and direct them to the existing canals of the wetlands.
In the wetland areas, the water collected on the road should be drained out properly with
underground drains connected to a main drain, which opens to the wetlands in equal
distance. If there are any infrastructure services they should be laid in a services duct
constructed on the roadside.
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4.11 Pavement
4.11.1. Introduction

Pavement design which is practiced in Sri Lanka now has been mainly carried out by
using “A Guide to The Structural Design of Roads under Sri Lankan Condition published
by RDA on April 1999”. The design method had been originally made by extracting
some parts from the “Transport & Road Research Laboratory, United Kingdom Road
Note 31 of 1977 (RN 31-1977)”. The method of design in the guideline has presently
been modified based on the latest Transport Research Laboratory Method (RN31-1993)
to suit local conditions.

As per request from RDA, the pavement structure for OCH, National highways and rural
roads will be determined in accordance with the above RDA guideline.

The pavement structure of a road is defined as the combination of sub-base, base and
surfacing placed on subgrade to support the traffic. The pavement structure should
withstand and transmit traffic loads without dissatisfaction of intended usage and levels
of services of the road. The selection of suitable pavement structure depends on the
traffic load and subgrade strength.

Pavement Structure Application
_ The binder application, dressing or surface course constructed on
Surfacing the base as a protective measure to the pavement structure, against

traffic action and the effects of the weather and climate.

The layer or layers of specified or selected materials of designated
Base thickness placed on a sub base or subgrade on which surfacing will
be constructed.

The layer or layers of specified or selected materials of designated
thickness placed on a subgrade on which road base will be
constructed.

The layer immediately beneath the road formation. It may be
compacted existing ground or fill material.

4.11.2. Type of Pavement Structure

The type of pavement structures for OCH and other roads will be adopted as shown in

Table 4.11.1.
Table 4.11.1 Type of Pavement
Road Classification Type of Pavement Structure
Main Carriageway + Ramp Asphalt Concrete Pavement
Improved Arterial Roads at Interchange (A, B class) Asphalt Concrete Pavement
Approach Roads (B, C, D, E class) Asphalt Concrete Pavement, Surface Treatment
Frontage Roads Surface Treatment
Footpath Surface Treatment or Gravel Surface
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4.11.3. Design Life

The design life specified in RDA guideline is recommended that a period of 10 to 20
years is advisable. It is essential to carry out economic analysis to determine the most
cost effective design life for this particular highway. In addition, the step construction is
also considerable option to determine the pavement structure, taking into account of the
maintenance frequency.

For OCH and relative road, 10 years is considered as the design life for the pavement
structure.

4.11.4. Subgrade Strength

(1)

Laboratory Test Result

For the determination of subgrade strength, sampling and laboratory test for prospective
borrow pits were implemented. The results of above tests are summarized in Table 2.4.2.

Table 4.11.2 Laboratory CBR Test for Prospective Borrow Pit

Pit Unified Compaction Natural CBR
Location Depth | Remarks Soil Description ; NMC (%)| SG Natural | CBRm
No. Soil Class 1o
OMC (%) | MDD g/cm3| Soil %
Kalukodayawa | 0.00-0.50 Silty Sand with Gravel SM 18.09 2.63 11.2 1.930 27.60 0456
B7 4.5
0.50-1.00 Silty Sand with Gravel SM 16.83 | 2.61 11.8 1.930 21.75
Kapapu Thotupola| 0.00-0.50 Sility Sand with Gravel SM 1866 | 2.67 13.0 1.795 16.55
B8 - 17.56
Udamapitigama | 0.50-1.00 Well Gradesdlfra"e' With | cwem| 1404 | 257 | 138 1.870 18.60
Hanwella RD | 0.00-0.50 Poorly Graded Gravel GP 2277 | 256 | 176 1.675 15.60
with Slit and Sand
B9 15.65
Udamapitigama | 0.50-1.00 Clayey Sand with Gravel SC 32.56 2.53 17.6 1.620 15.70
Kalukodayawa | 0.00-0.50 well Gradggn(jra"e' With | cwem| 2114 | 260 | 165 1.740 14.70
Upper Poorly Graded Gravel 13.99
B10 0.50-1.00 with St and Sand GP-GM | 19.84 | 275 16.6 1.730 13.30
0.00-0.50 Silty Sand with Gravel SM 24.42 2.6 15.0 1.820 15.60
Lower - - 13.33
0.50-1.00 Silty Gravel with Sand GM 2029 | 2.56 14.6 1.770 11.30
B12 Darshanie Estate| 0.00-0.50 Silty Sand with Gravel SM 14.53 2.59 10.5 1.830 19.70 20.05
Malwana 0.50-1.00 Silty Sand with Gravel SM 1538 | 2.63 15.2 1.920 20.40
B26 Delgoda 0.00-1.00 Sandy Silt ML 17.6 1.710 12.25 | 12.25
Representative CBR value of each borrow pit was calculated using following equation.
3
h1CBR1"® + h2CBR2® + - - -+ + hnCBR"?
CBRm =
100
CBRm : Representative CBR value at each borrow pit
CBRn : CBR value of each layer
hn (cm) : Thickness of each layer
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(2) Determination of CBR Value for Pavement Design

CBR value of subgrade applying for pavement design of northern section 1 was
calculated using following equation.

CBRa = CBRm(A\/e) — O p-1

=16.77-4.35

=12.42 =
CBRa : CBR value of subgrade applying for pavement design
CBRmMave) :Averaged CBR value of prospective borrow pits
0 n-1 : Standard deviation of CBRm

According to guideline of RDA, this CBR value corresponds to [34 class (CBR 8 — 14).

4.11.5. Traffic Volume

Normal passenger cars are not critical to the structural damage of road pavement by
vehicular traffic. Therefore, for the pavement design, only heavier vehicles (unloaded
weight exceeding 1.5 tones) are considered. For estimation of design traffic for OCH and
Al road, 10 years design life is assumed and the traffic demand forecast from 2012 to
2022 is given in the Table 2.4.3 and Table 2.4.4 for OCH and Al Road.

Table 4.11.3 Traffic Demand Forecast of Northern Section 1 of OCH (2012 — 2022)

Year Cars/Pass| Buses Trucks Total
2012 22,201 8,788 6,721 37,710
2022 37,740 8,277 7,524 53,540

Table 4.11.4 Traffic Demand Forecast of A1 Road (2012 — 2022)

Year Cars/Pass| Buses Trucks Total
2012 11,822 7,757* 3,711* 29,501
2022 24,388 7,042 5,142 46,579

*- For the Al Bypass road CNSA value, 80% of Al Road Traffic demand is considered.

This forecast was estimated on the basis of the assumption that OCH construction
reaches at Rt. Al in year 2012. According to the forecast, the growth rate of bus and
truck are -0.60% and 1.14% respectively for OCH. Similarly, growth rate of bus and
truck are -0.96% and 3.32% respectively for A1 Bypass road.
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4.11.6. Axle Load

Axle load survey data of the western province of Sri Lanka were obtained from the
Traffic and Planning Division in the Road Development Authority. Axle load survey data
of seven stations where was expected considerable contributions to OCH were used to
calculate average equivalent standard axles (ESA) in millions for each section of the

OCH.
Table 4.11.5 Classification of Vehicle for Axle Load Survey
No. Type of Vehicle No. Type of Vehicles
1 S.L.T.B Long Bus 6 2A/6W <8.5 Tons
2 S.L.T.B Short Bus 7 2A/6W >8.5 Tons
3 Private Large Bus 8 3A Commercial
4 Medium Bus 2A/4W 9 4A Commercial
5 Light Lorry 10 5A Commercial

Table 4.11.6 Summary of Average ESA

Sta.| Vehicle Type 1 2 3 4 5 6 7 8 9 10
| | Volume 6120 20| 1,100 3345 5441 783 437 27| 39 2
ESA 0.288 0.288] 0288 0056 0005 0048 075 1.811 0.504 0
Volume 355] 24| 304 45| 1616 1,268] 1,154 57 17 4
> "EsA 0.4373| 0.4373] 0.4373 0.103] 0.0243| 0.3013) 3.2753] 7.106| 3.7469] 0.4365
Volume 1,013 117] 1684 3382 6,150 1,494 1538 201 286 13
3 Esa 0.5465 0.5465| 0.5465 0.0734 0.0178| 0.2043) 5.5313 7.4559/10.6075 0
Volume 68 18 167 2,202 2448 1,000 1,516 126 22 9
* Esa 0.3927| 0.3927] 0.3927| 0.0235| 0.0022| 0.2394] 2.9795| 4.3502| 3.0669 2.0968
Volume 32 ol 26| 67| 3,188 757 234 35 4 0
> [Esa 0.2119] 0.2119 0.2119| 0.0072| 0.0073 0.2712| 2.3452| 6.2092 3.162 0
Volume 51 o| 2,012] 4766| 9571 2,324 3545 289 685 13
® Esa 0.185 0.185 0.185 005 1678] 0176 3.164 5.195 5.004 12.25
2 | Volume 439 13| 200| 706] o958 478 80| 33 4 23
ESA 0.1371] 0.1371] 0.1371] 0.056| 0.0327| 0.3443| 0.7485] 079 1.71 0
Sub Total of 2570 205 5,682 16,013 29,381 8,203 9284 768| 1,057 64
Vehicle
Total No of Buses (Type 1,2,3,4) =24,470
Total No of Trucks (Type 5,6,7,8,9,10) =48,757
Grand Total =73,227
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Table 4.11.7 Average ESA of Bus & Truck

Vehicle Type 1 2 3 4 5) 6 7 8 9 10

Total of each type| 2,570 205/ 5,682 16,013| 29,381 8,203 9,284 768 1,057 64

% Composition | 10.503| 0.8378| 23.22| 65.439] 60.26| 16.824| 19.041| 1.5752| 2.1679| 0.1313

Ave. ESA 0.3845| 0.4509| 0.3309| 0.0524( 0.5547| 0.2154| 3.1819| 5.532| 6.3325| 2.8104

Average ESA considering all Buses together 0.1553

Average ESA considering all Trucks together 1.2044

4.11.7. Estimating the Cumulative Number of Standard Axles

The cumulative number of standard axles for the design life can be determined by use of
the formula given as follow:
m
A=365* 3. P; [(1+r;)" -1]/r;
i=1

Where

A= Cumulative Number of Standard Axles (CNSA) for design life

P;=Number of Standard Axles per Day as an average for the 1% Year after construction for
vehicle type-i

ri= Rate of growth of traffic for vehicle type-i

m=Number of type of vehicles

n= Design life in years

CNSA by the end of year 2022 =A

No of lanes

Maximum lane using ratio
So, CNSA per lane

=4

=1/2x2/3=0.33
=0.33xA

Based on above formula, the CNSA value per lane of OCH and Al Bypass road shall be
calculated as follows.
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Table 4.11.8 CNSA Value per Lane of OCH

Vehicle Type| CNSAx10°
Bus 4.85
Truck 31.11
Total 35.96
per Lane 11.87

According to guideline of RDA, this value corresponds to [T7 class (CNSA 10 — 17),.

Table 4.11.9 CNSA Value per Lane of A1 Bypass Road

Vehicle Type| CNSAx10°
Bus 3.37
Truck 15.18
Total 18.55
per Lane 6.12

According to guideline of RDA, this value corresponds to [T6 class (CNSA 6 — 10),

4.11.8. Determination of Pavement Structure for OCH and A1 Bypass Road

The pavement structure is determined by the combination with the subgrade strength and the
cumulative axle load in accordance with the RDA guideline (see Fig. 4.11.1).
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Fig. 4.11.1 Pavement Structure on RDA Guideline
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(1) Pavement Structure of OCH

As per the above figure, the pavement structure of OCH main carriageway is given in
Fig. 4.11.2. The pavement structure and its cross section, which was applied for main
carriageway of southern section, can be applied for this northern section 1 as well.

t=40 mm Asphalt Concrete Wearing Course

t= 85 mm Asphalt Concrete Binder Course

t=225 mm dense Graded Aggregate Base Course

t=175 mm Granular Subbase Course

At least 200 mm thickness of selected material for the upper subgrade with
having CBR not less than 15%

Fig 4.11.2 Pavement Structure of OCH

(2) Pavement Structure of A1 Bypass

As well as the OCH main carriageway, the pavement structure for A1l Bypass road was
determined in accordance with the RDA guideline and given in Fig. 4.11.3.

t=40 mm Asphalt Concrete Wearing Course

t= 60 mm Asphalt Concrete Binder Course

t=200 mm dense Graded Aggregate Base Course

t=175 mm Granular Subbase Course

At least 200 mm thickness of selected material for the upper subgrade with
having CBR not less than 15%

Fig 4.11.3 Pavement Structure of A1 Bypass
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4.11.9. Pavement Structure for National Highways & Rural Roads

For determination of the pavement structure of national highway, the proposed future
pavement for Al road and B214 road are provided from RDA and the pavements of
Sapugaskanda-Biyagama Road are referred to B214. The pavement structure of C class
road is adopted for B169 and B401 as the grade of pavement of the future plan of these
roads are lower than the pavement of C class road.

For the Class C, D and E roads, since they will be embankment structures, the same
borrow bit material used to construct the OCH will be applied, meaning that subgrade
strength will be Class S4 (CBR of 8 to 15%). As for traffic, since Class T4 is normally
used for Class C roads, this will be adopted for this class of road, while Class T3 will be
adopted for lesser traveled Class D and E roads.

The summary of design Pavement Structures for Al Bypass, other National Highways
and Class C, D and E roads are given in below Table 4.11.10.
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Table 4.11.10Pavement Structure for National Roads
Al Road
Colombo-Kandy Al Bypass Road
AC: 125 AC: 100
DGAB: 225 DGAB: 200
SSB: 275 SSB: 175
A
GCL: 200 GCL: 200
Improvement Structure Design by RDA
by RDA Standard (T76,54)
B169 Road B401 Road B214 Road | Sapugaskanda -
e e Siyabalape-Galwalakada Kelaniya-Mudungoda B|yagama Road
DBST DBST AC: 125 AC: 125
DGAB: 225 DGAB: 225 DGAB: 250 DGAB: 250
B
SSB: 200 SSB: 200
SSB: 175 SSB: 175
Adopted the Pavement | Adopted the Pavement | Improvement Structure | Adopted the Pavement
for C class for C class by RDA for B214
C Class Road | D&E Class Road
DBST SBST
C
to DGAB: 225 DGAB: 225
E SSB: 200 SSB: 150

Design by RDA
Standard (T4,54)

Design by RDA
Standard (T3,54)
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4.12 Highway Facility

4.12.1.Highway Lighting Facilities

(1)

(@)

3)

Luminary Specification

The highway lighting system will be installed in accordance with the design manual for
Japan Highway Public Corporation. The luminary specification for lighting facility,
which is adopted in STDP, is conformable to use for the OCH for the sake of the
uniformity in the sustainable traffic flow through directional link. The detailed
calculation is made based on this policy.

The summary of luminary specification is comprised in the table as follows.

Table 4.12.1  Standard Specification of Highway Luminary

OCH | STDP

Average Road Luminosity

(Standard Luminosity) 1.0 cd/m2

Standard Height of Lighting 12.0m
Post '

Type of Pole Round type steel pole

Luminary Capacity 250 watt (High Pressure Sodium Lamp)

FIS=W*K*L/(N*U*M) Fd=I*e*Ltb*R/UV

where: where:
F: Lamp Lumens (lum) Fd: Lamp Lumens (Lum)
S: Interval of Light (m) I: Wide of Road way (m)
Calculation Formula of W: Road width (m) e: Interval of Light (m)
: K: Conversion ratio to Average | Ltbh: cd/m2
Luminosty illuminance (Lx/(cd/m2)) U: Coefficeint
L: Standard Luminosity (cd/m2) | V: Coefficient
N: Layout coefficient
N=1: Stagger, Single
N=2: Parallel
U: Utilization Factor
M: Maintenance Factor

Location of Lighting Facility

Based on the discussion with RDA, the locations where lighting facilities shall be
provided for OCH has been proposed as follow.

® Both sides of main carriageway of interchange and at approach section for the
interchanges
® An either side of ramp at Interchange

Standards layout of Highway Luminary
The standard layout specified in the design manual for Japan Highway Public

Corporation is recommended as follows. In case of Single layout for one side
carriageway (no lighting at center median), 36 to 42 m depending on the applicable
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type of lighting will be standardized at ultimate six-lane width of OCH.

Table 4.12.2  Standard Layout of Highway Luminary (Lighting Post Height: 12m)

\Il_Vailgti 3.0 — 3.5 (One Lane) 6.0-7.0 (Two Lane) 9.0-10.5 (Three Lane)
Tvoe of Semi Cut-off Semi Cut-off Semi Cut-off
{? ht Cut-off or Cut-off or Cut-off or
9 Back Cut-off Back Cut-off Back Cut-off
Single 42 48 42 48 36 42
Staggered - - - - 36 42
Parallel - - - - 42 48
(4) Standards Layout of Highway Luminary at Loop
The layout of lighting facilities shall be modified at curve section particularly at loop
ramp. The Japanese standards recommends that lay out should be modified if the radius
of horizontal curve is less than 1,000m to induce the driver’s sight at the curve section.
According to the table given below, the interval of street luminary depending on the
radius of curve shall be reduced. If the interval from Table 4.12.13 is larger than the
value from Table 4.12.12, the value from Table 4.12.12 shall be selected.
Table 4.12.3  Standard Interval of Highway Luminary at Curve Section
Radius of Curve >300m >250m >200m <200m
Interval of Lighting <40m <35m <30m <25m
Facility
(5) Luminary facilities at Interchange

The average standard illumination at interchange shall be the same (1.0 cd/m2) with the
street luminary. The criteria for layout of lighting at interchange will be planned in
accordance with the table as follows.

Table 4.12.4  Scale for Highway Luminary at Interchange

Main Carriageway at Main Carriageway AADT >50,000 <50,000
Interchzgn e y Lighting Scale Category A B
g Installation Scale 100% -
Entry and Exit Traffic >15,000 | >5,000
Volume of Interchange LN <20,000 | <15,000 80
. . : Lighting Scale Category *1 *2 *3 *4
biEeing § DRVETeIn Mer. / Div. with
Segtr'on Main 100% 75% 50% 25%
, Installation | _Carriageway
Ramp Section Scale Ramp 100% | 50% 50% i
Mer. / Div. of o o o o
Ramps 100% 100% 100% 50%

Note: Installation Scale for Merging and Diverging Section with Main Carriageway shall be 100%,
regardless of the values as above Table, when Main Carriageway AADT is more than 50,000 veh/day.

Examples of lighting distributions by Scale Category in above table are shown in Fig.

412.1-4.125.
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o) . Lichtina for Main Carriacewav

u—. * Lighting for Merging / Diverging Section with Main
* Carriageway

ﬂ'@‘ : Lighting for Ramp Throughway

: Liahtina for Main Carriacewav

* Carriageway

u—. * Lighting for Merging / Diverging Section with Main

: Lighting for Ramp Throughway

Fig. 4.12.2 Example for Lighting Distribution at Interchange Category B-*1
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: Liahtina for Main Carriacewav

U—. * Lighting for Merging / Diverging Section with Main
* Carriageway

: Lighting for Ramp Throughway

: Liahtina for Main Carriacewav

* Lighting for Merging / Diverging Section with Main
* Carriageway

§é8

: Lighting for Ramp Throughway

Fig. 4.12.4 Example for Lighting Distribution at Interchange Category B-*3
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. Liahtina for Main Carriacewav

* Lighting for Merging / Diverging Section with Main
* Carriageway

§é4

: Lighting for Ramp Throughway

Fig. 4.12.5 Example for Lighting Distribution at Interchange Category B-*4
(6) Classification of Luminary Light Distributions

Luminaries — A luminary is composed of a light source, a reflector, and usually a glass
or plastic lens or reflector. It is the function of the reflector and refractor to gather the
light from the source, direct it toward the roadway, and shape it into a desired pattern
on the roadway. Proper distribution of the light flux from the luminary is one of the
essential factors in good roadway lighting. All luminary light distributions are
classified according to their vertical and lateral distribution patterns and the light
control in the upper portion of the beam. Glare shields may be added to reduce
objectionable light emissions toward adjacent buildings or areas.

Selection of the light source will be made from high intensity discharge (HID) sources
because of their luminous efficacy.

a) Lighting Type

HPS (High Pressure Sodium) lighting is the most energy efficient source which has an
acceptable color rendition. This was the criteria to select HPS lighting for Outer
Circular Highway.

Metal halide luminaries have a good color rendition, but luminous efficacy, lumen
maintenance (lumen output diminishes more rapidly throughout life), length of life, and
restrike time make them a less than desirable source for many applications.

Low pressure sodium lighting is not included, as the colour is monochromatic and
therefore is not considered suitable for general use. The amount of sodium in
low-pressure sodium luminaries requires special disposal methods if such luminaries
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are not to pose a fire hazard. Incandescent lighting has not been included because of the
extremely low luminous efficacy and short luminary life. Mercury vapor lighting is
also not included because of lower luminous efficiencies, poor lumen maintenance,
higher life cycle costs, and environmental considerations (mercury propagation and
disposal).

b) Lighting Control and Wiring System

On Off Control: Luminaires for dusk to dawn operation will normally be controlled by
a photoelectric cell installed on each Main Distribution board. Also an automatic
system using a time switch with an astronomical dial or a manual on-off control is
proposed. Multiple wiring systems will be installed, except for extensions to existing
series systems for long access roads where voltage drops exceeding that permitted in
the IEE wiring regulations (16 Edition) for multiple lighting systems would occur.
Circuits for multiple lighting is designed to utilize the highest low-voltage level
appropriate (see Appendix) for the installation in order to keep wire sizes and voltage
drops to a minimum. Luminaries will be connected phase-to-neutral rather than
phase-to-phase. Protection and disconnection of lighting circuits are provided. All
lighting circuits will include an equipment grounding conductor. The equipment
grounding conductor will be bonded to the noncurrent-carrying metal parts of each
lighting standard and luminaries.

c) Control of Distribution above Maximum Candlepower

Disability and discomfort glare are largely a result of light emission into the driver’s
eye. For design purposes, it is necessary that luminaries be classified according to their
relative glare effects. Thus, luminaries are classified as cutoff, semi-cutoff and
non-cutoff. Our selection of luminaries for this design was based on semi-cutoff and
cutoff category. Descriptions of these classification categories are as follows:

B Cutoff: A luminary light distribution is classified as cutoff when the candle power
per 1000 bare lamp lumens does not exceed 25 at an angle of 90 degrees above
nadir (a vertical axis through the light source); and 100 at an angle of 80 degrees
above nadir.

B Semi-cutoff: A luminary light distribution is classified as semi-cutoff when the
candlepower per 1000 bare lamp lumens does not exceed 50 at an angle of 90
degrees above nadir and 200 at a vertical angle of 80 degrees above nadir.

B Non-cutoff: The classification when there is no candlepower limitation in the zone
above maximum candlepower.

4.12.2.Emergency Telephone System

The expressway, motorway and other toll-way are like lockout space where is
allowably limited to access at the operational control. A traffic accident might incur
critical situation if it is happen. As per the design manual of Japan Highway Public
Corporation, the emergency telephone system shall be provided for corresponding to
the emergency situation along the expressway. The emergency telephone system
comprises the roadside telephone facility and telephone exchange unit. The emergency
call from the roadside telephone shall be transferred to the control center as the
information administrative through the exclusive circuits linked by exchange units.
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(1) Standards and Regulations

The Telephone System shall be manufactured to international standards recognized by
the Sri Lanka Telecommunication Regulatory Authority. Generally all work associated
with the Telephone System shall comply with the requirements of the Sri Lanka
Telecommunication Regulatory Authority.

The intelligent system as used in Europe, United States and Japan will be optionally
considered. It is considered that the emergency telephone system for OCH provides
the fundamental requirements of the emergency terminal as follows:

It

Hearing clearly in both directions without being immediately adjacent to the phone
Hands-free operation allows flexibility to use both hands for writing notes,
providing first aid or continuing the conversation some distance from the phone
Industrially designed to meet the needs of users including those with a disability
Hands-free operation, essential in emergency situations, is made practical in high
noise environments by using advanced signal processing techniques.

Adaptive volume control measures the ambient noise level and automatically adjusts
the volume.

High audio output and sound quality from tamper resistant speaker.

Tilt/vandal feature where a sensitivity level can be set, causing the phone to dial the
maintenance number if it is pushed over by a vehicle or struck by an object.

Easily installed, no exposed cables, on-sire configuration available but not required.
Lighting and radio frequency interference protection.

would be also required to establish multilink system with relevant expressway

networks.

(2) Location of Emergency Telephone

The roadside telephones are located as following standards.

Location Standards
Along the expressway and | At the interval of 1km on both side of road except
interchange specific location

According to the above standards, there are totally 16 roadside telephones provided for
the section of Northern Section 1 for OCH.
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4.13. Traffic Control Devices

Traffic control devices are defined as devices to direct and assist road users so that they
may be able to travel safely and efficiently on a road network. Traffic control devices
control all modes of traffic that use a road, including motorized and non-motorized
modes. Note that these devices should not be hidden or obscured by other attachments
such as advertisement signs and normally consist of traffic safety devices, traffic signs,
road markings, and traffic signals.

4.13.1 Traffic Safety Devices
(1) Guard Fence

A guard fence refers to a facility that has the purpose of preventing a vehicle from
running the wrong way or from straying out of its lane into an opposing lane, as well as
restoring a wayward vehicle back to its correct path with minimum damage to the vehicle
and its passengers. A secondary function of a guard fence is to guide a driver’s eyes. Note
that the design of the guard fence for the OCH is based on Japanese standards and the
types of guard fences used are as follows:

e Guard rail
e Concrete wall

A guard fence, as a safety device, shall provide the following functions:

Prevent vehicles from drifting out of their lane.

Allow a vehicle that collides with a guard fence to its normal path.

Ensure the safety of passengers in vehicle that collides with a guard fence.
Prevent a vehicle that collides with a guard fence or the guard fence itself from
becoming a traffic hindrance after a severe collision.

Prevent a collision against pedestrians or other vehicles
e Minimizing loss in properties
e Guiding the driver’s eyes

The physical characteristics of a guard fence are usually as follows:

e A guard fence usually consists of connected rails supported by piles and has a
modest rigidity so that it shows a large plastic distortion upon the collision of a
vehicle. As to maintenance, damaged parts can be easily replaced locally.

e A concrete wall consists of reinforced concrete and is rigid and good at keeping
automobiles from deviating from a road. However, it is poor for ensuring
passenger safety and is claustrophobic for drivers. On the other hand, it is free
from corrosion and relatively maintenance free.

(2) Installation Method and Treatment of Terminal Posts
1) Outer Side of Throughway

(@) Guardrall
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(i)  The starting point of a guardrail shall be located on a cut section 10 to 12 m from
the boundary between it and an adjacent fill section. The beginning of the
guardrail shall be at the side of the slope of the cut at least 75 cm from the
clearance limit. The run-off should be a tapering curve and extend for three spans
from the starting point of the guardrail (see Fig. 2.6.1). The end point of the
guardrail shall be located on the next cut section 4 to 8 m from the boundary
between it and the preceding fill section, with the beam at the end point not set
back from the clearance limit.

FILL REQUIRING
GUARD RAIL 12.00m

‘ ‘
WWMWT%
SHOULDER

- =

F1220

t
25')0

Fig. 4.13.1. Cut to Fill Section

(i) The reference point of a guard fence shall be as follows:

o For a structure-protecting guard fence, the center of the structure is the
reference point. However, the point may be shifted in consideration of the
situation on the ground.

o For continuous sections having no structure-protecting guard fence, the
end post is the reference point, and is to be located on a cut section 6 m
from the boundary between it and a fill section.

o For continuous sections having a structure-protecting guard fence of one
type, the end post of the guard fence is the reference point.
o For continuous sections having different types of guard fences, the end

post of a fence of one type at which a fence of another type follows is the
reference point.

(b) Concrete Wall or Handrail
The starting point of a concrete wall or handrail shall be located at the approaches
to a bridge section (see Fig. 2.6.2).

Tm OR LESS
BRIDGE

APPROACH EXIT

4000

.

SHOULDER
N

q

Fig. 4.13.2. Bridge Approach
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Fig. 4.13.3. Near Obstructions
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Fig. 4.13.4. Culvert Approach

(c) Approach to Overpass

In principle, the length of guardrail for overpasses shall be 60 m from the end of
an overpass. However, the length may be varied taking into consideration
topographic features and the presence of structures near the end of the overpass.

(d)  Other Roads
The specifications for throughways and ramps shall apply correspondingly. At the
initial stage of OCH the effective median width is 10 m. According to AASHTO
and the Australian Standard, for a median width of 10 m a median barrier is
optional. However, median barriers are still required for the following locations:
¢ Road medians containing bridge piers
e Bridge approaches
e Median edges with large elevation differences (Median barriers should be

provided on the higher side.)

e Median openings
e Medians containing rigid objects

Roadside barriers shall be provided for shielding rigid objects such as bridge piers,
overhead sign supports, abutments and retaining wall ends. Other locations where
roadside barriers are required are high embankments and sharp horizontal curves.
Barriers shall normally be constructed of steel beams (i.e., a guardrail).
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Alternatively, a modified New Jersey concrete barrier could be used.

(e) Median and Roadside Barriers

According to the typical roadway section at the initial stage of the OCH, the
median width is to be 0.75+7.50+0.75 = 9.00 meters. However since the inner
shoulder width, which is planned to be 1.25m, needs only to be 0.75m for
marginal strip, the remaining 0.5m can be added to the median width. Therefore,
the effective median width will be 0.50+9.00+0.50 = 10.0 meters. As mentioned
previously, the requirement for a median barrier then becomes optional (see
figures below) and can reduce construction costs. However, at some locations
median barriers are still required (see preceding item).

H Median Width H

Fig. 4.13.5. Cross Section of Median

raveled Wgy Shoulder Traveled Way

2 30 § &
10 \\\\\\\\\\
VERAGE(E;AOIlIJ_:a:;AFFIC*

5 year Projection Warranted

NN Optional

Fig. 4.13.6. Median Barrier Warrants for Freeways and Expressways

Source: Road Side Design Guide 1989 published by AASHTO

Barriers shall normally be constructed of steel beams. Alternatively the modified
New Jersey concrete barrier could be used. The installation of guardrail for a
bridge pier is shown in the figures below.

I. Where a pier is parallel to the roadway
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G.Block (Concrete Block)
Guardril

7 <][§

—  Traffic Direction g —>

Edge of Pavement

More than 0.50m

Il. Where a pier is skew to the roadway

G.Block (Concrete Block)
Guardrail
i <] Edge of Shoulder

> Traffic Direction < >
More than 0.50m

For one-way or divided roads, a G-Block in the downstream direction of traffic is
not required. Also, a guardrail in the downstream direction of traffic would be
limited to the end of the pier.

(3) Fencing

Security fencing is installed to prevent unauthorized persons or animals from
entering a national expressway or highway and to ensure the safety of traffic as
well as to prevent the right-of-way from being occupied illegally. A security fence
shall be installed at the following locations:

e Sections adjacent to another road

e Sections with houses or buildings nearby

Sections where there is a difference of 3 m or more as compared to the
adjacent ground

Sections with an interchange, service area, or parking area in the vicinity
Unused right-of-way

Space beneath an elevated section

Sections adjacent to future development area with the high risk of being
occupied illegally

e Other sections where it is considered necessary from a security standpoint.

Notwithstanding the above, a security fence shall not be installed at the following

sections:

e Sections that contain a water channel or pond and do not have any risk of
being trespassed or occupied illegally
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e Sections that have a retaining wall or stone masonry 1.5 m or more in height
and that do not have any risk of being trespassed or occupied illegally

e Sections connected to a national highway and that have no risk of being
occupied illegally because of topography or structure

(4) Curb

Curbs are installed on the throughway, the auxiliary lane of various facilities and
ramps. Note that curb design for the OCH conforms to Japanese Standards.

(&) Asphalt Curb
Curbs on the throughway and ramps shall be 12 cm high and have an oblique

front face with a 45° inclination (see Fig 2.6.7).

230

ASPHALT KERB DETAIL

Fig. 4.13.7. Asphalt Curb

(b) Concrete Curb

Curbs at ramp medians shall be 22.5 cm in height and have a collision angle of
15° or less. It was decided that half-batter type curbs would be installed on the
median of ramps at interchanges (see Fig. 2.6.8 for details)

12.510
15

RADIUS
16mm TO 18mm

[ —

255

150

125

STANDARD KERB
HALF BATTER

Fig. 4.13.8. Concrete Curb
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4.13.2 Traffic Signs and Road Markings

(1) Traffic Signs

Road signs give drivers the necessary guidance, warnings, and instructions to ensure a
safe and smooth traffic flow. Traffic signs are similar to ordinary commercial signs and
billboards in the sense that they transmit information to the person who sees them.
However, they are of much greater public importance.

The design of the traffic signs and mounting details for the OCH is in conformance with
the Manual on Traffic Control Devices Part | of the National Road Safety Secretariat of
Ministry of Transport, Highways and Civil Aviation of Sri Lanka. Traffic signs are
provided alongside the road at the following locations:

Beside a shoulder or foot walk

If lateral clearance is limited on a shoulder or foot walk
On a center median

As overhead signs placed across the road.

The basic functions and types of traffic signs are as listed below.

Informative Signs for:

Expressway entrance

Advance direction map type sign at expressway entrance

Exit direction sign at diverge nose

Advance direction and notice of exit 500 m and 1 km from exit
Notice of exit 2 km from exit

Confirmatory sign 1 km from exit

Advance directions at nose between Ramps

Beginning of expressway at on-ramp

End of expressway at off-ramp

Route number sign for expressway (indicated at all major interchanges and
approx. every 10 km)

Danger Warning Signs for:

Left or right bend ahead
Traffic from left merges ahead
Reduction in number of lanes ahead

Prohibitory Signs for:

Speed limit

o Minimum operation speed
o Road closed for cyclists, mopeds, three-wheelers, animal drawn vehicles
o No entry
o No right turn
o No left turn
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(@ Advance Direction Signs

Place names on these signs are the names of the more important towns that are
easily recognized by motorists. These names are to be written in Sinhala, Tamil
and English. The generally recommended letter height is 75 mm to 150 mm. On
overhead mounted signs, a letter height of 200 mm or 300 mm may be used.

There are two distinct types of advance direction sign; namely, a "Map Type" and
"Stock Type". The map type signs indicate the layout of an intersection with
arrowheads pointing towards each destination.

(b) Direction Signs

These signs are posted at intersections to direct motorists to destinations of
special importance. The arrowhead indicates the direction of the destination and
may be a flag type sign or with a direction symbol.

(c) Overhead Mounted Direction Signs

These signs may be mounted on gantries across the roadway or on cantilevers
from the sides. Overhead signs may be either of Map Type or Lane Assignment
Type. The recommended letter height is 200 mm or 300 mm.

(d) Lane Assignment Signs

Lane assignment signs are used to give information of destinations pertaining to
the different lanes in a lane or at an interchange. Lane assignment signs shall
always be mounted above the carriageway. The number of arrows on the sign
shall be consistent with number of lanes. The arrows on the sign board shall, as
for as possible, be located over the center of the lane that each arrow refers to or
shall at least be within the lane limits marked by road markings. Also, the arrows
shall be pointing downwards, except for existing lanes where the arrows shall be
pointing upwards and be leaning towards the direction for the exit.

The lane assignment sign for expressways shall have a blue background with
white symbol and text. If used on other road categories than expressways, the
colour of the sign shall be white background with black symbols and text or green
background with white symbols and text.

(e) Direction Signs for Expressways
Advance direction signs
Advance direction signs shall be placed ahead of an intersection and the distance
of the sign from the intersection shall normally be equal to or more than the

distance of the warning signs from the hazard given in the table citing details of
warning signs.
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Direction Signs

Direction signs shall be placed close to an intersection and the arrowhead of the
sign shall clearly indicate the direction of the place being referred to.

Mounting Heights

The recommend height of the lowest edge of the sign above the level of the road
shoulders or foot walk is 2100 mm. Where supplementary plots are sued along
with the sign, the above recommended height shall be to the lowest edge of the
plot. When overhead signs are provided the lowest edge of the sign shall be

5700 mm above the level of the road pavement.
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Fig. 4.13.9. Overhead Sign Boards
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Fig. 4.13.10. Regular Sign Boards

(2) Reflectorisation of Signs

Reflectorisation of traffic signs could be achieved by using either reflective symbols or
background or both depending on the sign design and local condition. Initial minimum
reflectorisation R1 (cd/I/m2) efficiency for signs is measured in accordance with the
procedure specified in CIE 54 using the CIE* standard illuminate A.
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* |International Commission on IHlumination, CIE Central Bureau,
Kegelgasse 27, A-1-3- Wien, Austria)

Reflectorisation (R1) efficiency of all printed colors, except white, shall be not less than
70% of the values for Class 1 (C1) and Class 2 (C2) signs, respectively.

(3) Road Markings

Road markings essentially consist of continuous lines, broken lines, letters and symbols.
These may be applied on the road surface in different arrangements to convey distinct
messages to the road user. These markings may be either of road paint or of
thermoplastic material. Reflective studs are also used along with road markings, to better
effect, both during the day and during the night.

High contrast is necessary for road markings to command the maximum attention of
motorists. As the road surface is generally black in color, white and yellow are chosen as
the colors for road markings in order to provide a high contrast. To ensure attention is
drawn to road markings, a minimum lateral dimension of 100 mm for any longitudinal
line is specified. Transverse lines need to be wider due to a perspective effect.

Markings normally convey a simple clear-cut message to a driver so that he is able to
understand it readily and respond quickly. The design of the road markings for the OCH
conforms to the Manual on Traffic Control Devices Part | of the National Road Safety
Secretariat of Ministry of Transport, Highways and Civil Aviation of Sri Lanka and
Japanese Standards.

Road Markings consist of:

e Transverse markings, which are at right angles to the centerline of a road surface
¢ Longitudinal markings, which are parallel to the centerline of a road
e Worded markings, which are arrows and box junctions

Note that the character of longitudinal lines is such that broken lines are permissive in
nature and continuous lines restrictive and the color prescribed for all markings is white.

(@) Road Marking Materials

The material for road markings should be reflective thermoplastic material. It is
important that all road markings be skid resistant during all types of weather. To
enhance the reflective surface of markings (small spherical glass beads) should
be added. These may be added to the road marking paint surface or to the
thermoplastic material prior to the application or after application as the case
may be. Quantities of balloting that should be added are given in the "Standard
Specifications" and also in BS 3262 (1976).

(b)  Marginal Strip
The portion of the shoulder with the same pavement structure of the traveled way

is usually 0.25 m - 0.75 m in width. This is also the space for road marking at
both ends of a carriageway.
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(4)

Road Side Delineators

These are light retro-reflecting devices mounted at the side of a roadway to indicate the
roadway alignment and are considered a guidance device rather than a warning device.
The design of delineators for OCH conforms to the Manual on Traffic Control Devices
Part | of the National Road Safety Secretariat of Ministry of Transport, Highways and
Civil Aviation of Sri Lanka and Japanese Standards.

Delineators shall consist of reflector units capable of clearly reflecting light under normal
atmospheric conditions from a distance of at least 200 m when illuminated by the upper
beam of standard automobile lights. The delineators may be designed to be mounted
either on guardrails or on special delineator posts.

Delineator posts must be white and may have a black section on the upper part. The posts
may be of flexible material. The reflective elements shall be white and consist of either
height intensity reflective sheeting or prismatic reflectors. Reflective elements for
delineators mounted on posts shall have an area of minimum 70 cm?. Delineator posts, if
used, shall have the top of the reflector unit about 1.2m above the roadway edge.

Delineators shall be placed not less than 1.0 m and not more than 2.0 m outside the outer
edge of a shoulder or, if appropriate, in the line of a guardrail. Delineators mounted on
guardrails may be placed at a height less than 1.2 m. Note that delineators should be
placed at a constant distance from the edge of a roadway and are normally placed every
60 m to 100 m. On expressways and similar roads, normal delineator spacing is 100 m.
Spacing should be adjusted at approaches and throughout horizontal bends so that several
delineators are always visible to the driver.

4.13.3 Traffic Signals

(1)

Signal control is provided to reduce traffic conflicts and delays, allocate time between
conflicting movements, and reduce accidents. Note that it is also possible to facilitate the
movements of pedestrians at intersections using special pedestrian phases. Since the road
layouts permit for larger center medians, pedestrians could negotiate the road in stages.
Note that signal controlled intersections, even when pedestrian facilities are not provided,
offer considerable assistance to pedestrian movements.

The traffic signaling design for the AB10 Interchange is based on a method adopted from
the Australian Road Research Board, Research Report No. 123 (APR No. 123). The
whole process involves the estimation of base saturation flows for each and every
approach, effects of geometry, environment and other difficulties in the analysis of
capacity and timing requirements of traffic at signalised intersections.

Signal Timing Design
The method for determining such variables as cycle length, saturation ratio and signal

indication intervals for traffic signals, is called ‘signal timing design.” Its general
procedure is shown in Fig. 4.13.11
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Select design hour traffic volume for each traffic movement.

>
A

2
Determine a phasing plan

y

Estimate saturation flows for each lane group

A 4

Calculate the degrees of saturation for each phase
and the intersection (A)

No
=-0.9
Yes
Yes Is there any other phasing system with a lower
degree of saturation (A)?
. No

Determine the lost time (L) (yellow time in each
phase and all-red time).

Determine the signal cycle length

A
Calculate the saturation ratio and the greed time for each phase

lYes

Is the green time in each phase longer than the
minimum green time and sufficient for pedestrians
and riaht-turn traffic?

'Yes

y
Determine a final signal timing plan

Fig. 4.13.11 Process for Signal Timing Design
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(2) Determination of Signal Phasing & Calculation of Degree of Saturation for an
Intersection

(@) Determination of Signal Phasing Method

Signal phasing is determined by considering the road geometry and traffic
conditions (directional flows, vehicle type compositions, etc.) of an intersection.
Typical steps in the process of phasing design are as follows:

1. Identify traffic streams for different directions for each approach.

2. Classify traffic movements into non-conflicting groups and designate a phase
for each group.

3. Determine indication sequence of the phases.

The number of the phases should be kept minimum to reduce the lost time
inherent in the changing of phases.

(b)  Calculation of Degree of Saturation for Phase and Intersection

Calculate the degree of saturation for Phase | (rho zero i) and the degree of
saturation for the intersection by using the following equation, where i denotes
the design volume of an approach in Phase | and s; the saturation flow rate of that
approach in Phase i.

Flow ratio: p; = q; /S;
Degree of saturation in phase i: per=Max{pi, p'e P ieeiiiinin. }
Degree of saturation at intersection: A =)’j p°1

(3) Determination of Lost Time

Lost time (L) in signal control occurs during the change of phases and cannot be used to
let vehicles pass through an intersection. Such lost time is the sum of the clearance time
and the starting delay. The former is the time required for clearing vehicles by avoiding
collisions with crossing vehicles and the latter is the lost time due to the fact that the
saturation flow rate cannot be reached immediately after right-of-way is provided. In
practice, a part of the yellow time provided for clearance purposes is used as the effective
green time, but the beginning of the green time of the succeeding phase is not used for
that purpose due to starting delay. For this reason, the sum of the lost time (L) in the
signal cycle can practically be obtained by adding the yellow time and the all-red time to
the cycle.

(@) Determination of Yellow Time and All-Red Time for a Phase

The sum of the yellow time (Y) and the all-red time (AR) of a phase equals the
clearance time needed to discharge vehicles from the intersection, and its duration
varies according to the speed of the traffic on the approaches, and the physical
dimensions of the intersection.
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(4) Determination of Cycle Length Time
(@) Determination of Cycle Length

The cycle length is determined from the degree of saturation of the intersection
(lambda) and the lost time (L) within the cycle. At an intersection with relatively
low traffic volume and a highly random arrival pattern, the value determined by
the following equation can be used as a guide for an optimum cycle length.

Co= 15L+5
1- e ()

The above equation sometimes gives values somewhat higher than required,
particularly in cases where traffic volume is relatively high and the traffic arriving
is not random. If the C, determined by Equation (1) is bigger than the Cpin in
Equation (2), then the C, should be considered in practicality the longest cycle
length (in the range of 120 to 180 seconds).

Cmin= 1.5 L+5
1— e 2)

Where, Ao Is the degree of saturation of the intersection by setting the design
saturation flow rate at 0.9 times the (possible) saturation flow rate, which is as
follows:

co= 1 M\

0.9
The Cy,in of Equation (2) is usually smaller than the Cy of Equation (1). This is not,
however, always true and Cpi, > Co when A > (0.45L + 4.5) /(0.6 L + 5). Hence,
by making C, the cycle length, it has to be admitted that delay will be too large as
a practical cycle length (i.e. Co >= 180) and alternative phasing patterns or
intersection geometrics should be examined.

(b)  Calculation of Saturation Rations and Green Time

The saturation ratio of a phase is obtained as the ratio between the degree of
saturation of an intersection (lambda) and the saturation rate of the phase rho zero
i. The green time of a phase (G; ) is calculated by the following equation by using
the cycle length (C), the lost time and the saturation ratio.

Gi= (C-L) Xgi =(C—=L)Xp ehoorioriiiiiiiiiiiiii e, (3)
(c)  Minimum Green time (for vehicular traffic)

For safety purposes the necessary green time of a phase is calculated with
Equation (3) and should be bigger than the minimum value shown below. It is
necessary that the green time for vehicular traffic be 15 seconds longer for major
traffic (usually through traffic) and 5 seconds for minor traffic (such as a non-
exclusive right-turn phase).
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As for the phase for pedestrians, the minimum green time is determined by the
method explained below.

When cycle length is determined for proposed phasing, vehicles turning right
should be considered. In the case where there is no exclusive phase for right-turns,
it should be carefully examined whether or not right turning vehicles are assured
of completing the turning movements. This can be judged form the opposing
through-traffic volume, cycle length and split length.
(d)  Preparation of Final Signal Timing Plan

Cycle length is extended from the viewpoint of minimum green time and crossing
pedestrians and is shortened from the viewpoint of right-turning vehicles. As
changes in signal cycle lengths and phasing plans occur, the above process should
be repeated to prepare an optimum signal timing plan.

(5) Signal Displays and Their Locations

(a) Types of Signal Displays

Based on the position of the lantern, it may be categorized as a primary, secondary,
tertiary or dual primary lantern.

PRIMARY LANTERNS

A primary lantern for any approach is that display mounted on a post on the
approach side of an intersection at or near the left of the stop line.

SECONDARY LANTERN

The secondary lantern for an approach is the lantern mounted on a post on he far
right on departure.

TERTIARY LANTERN

The tertiary lantern for an approach is that lantern display mounted on a post to
the left of an approach on the departure side of an intersection.

DUAL PRIMARY LANTERN

The dual primary lantern for any approach is that lantern display mounted on a
post at or near the right of the stop line on the approach side of an intersection.
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(6) Locations

Lateral Positions

A curb/shoulder side post and mast arm are located 1.0m from a curb/shoulder and face
towards the curb/shoulder edge and are not closer than 0.6m. Center median posts are
located centrally in a median.

Longitudinal Positions

e Primary Lantern: Primary and dual primary posts are placed at the projection of the
adjacent stop line and are not more than 3.0 m beyond. They are placed in advance of
the adjacent stop line. Posts are placed not less than 1.2m from an island nose.

e Secondary Lanterns: These lanterns are placed on the primary post of the opposite
approach.

THE OUTER CIRCULAR HIGHWAY 4-69
TO THE CITY OF COLOMBO



CHAPTER 5

SOFT SOIL COUNTERMEASURES



FINAL REPORT
February 2008

CHAPTER 5 SOFT SOIL COUNTERMEASURES

5.1. General
This section of the report summarizes the results of the study for slope stability and
embankment settlements with the necessary countermeasures on soft soil layer along the
OCH Northern Section 1 (Sta.08+200 — 16+560), which consists of peat, organic &
inorganic-clay and loose sand.
During the analysis and study, further discussions on the selection of soft soil
countermeasures were made between RDA and the JICA Study Team. It is therefore a
consequent which the countermeasures proposed were selected taking into account the
technical requirements and the clarifications based on the practical experiences of
on-going highway projects in Sri Lanka.

5.2. Subsurface Investigation

5.2.1. Geotechnical Investigation Survey
The geotechnical investigation for OCH was initially planned in 2001 for basic design of
OCH, however it couldn’t be carried out due to negative social impact.
After the series of discussions upon the soft soil ground treatments with the RDA, the
Geotechnical Investigation for OCH Northern Sectionl has been carried out by JICA
Study Team in the period between November 2006 and July 2007.
According to topography and soil investigation result shown in Chapter 2, along 8km of
the total alignment length of OCH Northern Section 1, the soft soils are distributed at
marsh, small valley and paddy field area in about 4km long with the depth of 1 to 8
meters.

5.2.2. Materials Survey
Materials survey for OCH was finalized at the end of August 2004 (see details in Material
Survey Report (2001) and Material Survey Report (2004) Vol. 2A and 2B), however the
report of design review carried out by RDA (January, 2007) has pointed out decrease of
numbers of borrow pits due to abandonment and suspended of borrow pits operation.
Because of these reasons, materials survey for OCH Northern Section 1 was carried out
again in this study as shown in Chapter 2, the design parameters for soft soil treatment
were selected taking into account these material and geological investigation results and
also the practical experiences of on-going highway projects in Sri Lanka.

5.3. Analysis Method and Procedure

5.3.1. Slope Stability Analysis

(1) Local Stability
The local stability of the embankment side slope, is considered as follows:
H _tang,
LS fms
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where, H = is the height of fill in the embankment;

L, = is the horizontal length of the sideslope of the
embankment;

Peu = is the large strain angle of the friction of the
embankment fill under effective stress
conditions;

Fin = is the partial material factor applied to

f

tan Po BS8006 recommends 'm =1

In this project, fill material is sandy soil (%: 30°) then the side slope of 1:1.8 for
embankment is satisfied.

(2) Overall Stability

The modified simplified method for slope stability analysis, which uses circular slip
surfaces and slices, has been applied to confirm embankment stability and was carried
out with a commercial computer program. The factor of safety is a constant proportion of
applied strength at every point on a surface to potential sliding resistance and is
determined as follows:

FS. = MR
MO
Where, MR = Resisting moment
MO = Overturning moment

It can be expressed as follows;

2lC, ¢ +W-cosa-tang, )
ZW *sino

Fs =

Where

| - length of slip line of a block Fig. 5.3.1 Circular Slip of Embankment
W : Total weight of a block

o : angle of inclination of slip line

The factor of safety for stabilizing slopes with geotextile is calculated by adding
geotextile tensile resistance, which acts as an additional resisting moment to slope failure
and is calculated as follows:

£s - MR +(T xR,)
MO
Where, T = Geotextile tensile resistance
R, = Distance from center of rotation to geotextile position
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3)

Improvement of Stability by Gravel Compaction Pile (GCP)

Soft ground treatment by Gravel Compaction Pile (GCP) is planned in OCH Northern
Section 1 to secure the stability of high embankment. Due to usage of GCP, composite
foundation composed of soft soil and gravel pile is made and increased strength of the
foundation also increases factors of safety against failure of embankment stability and
reduces settlements.

The shear strength of composite soil (t) by GCP is calculated using the following
equation:

T=(1—as) (cy+ d¢) +(¥soz+puer 0 )ras-tangs-cos’d

de=c/p(ye 24 pucro —P.)-U g =0 " =
: 14 (m—1)a, >

1
a. ::;r[.ij' =p.o m=uo,/a,
os I+ (m—la, e

oC o | U: Consolidation degree of Soft Soil
Cu: Cohesion of original soil

v s: Unit volume weight of pile sand

v ¢: Unit volume weight of Soft Soil
7 ¢ s: Friction angle of pile edge

% 0 :Horizontal angle of sheared edge
& g w s: Stress concentration factor of sand

0 v u c:Stress concentration factor of Soft
Soil
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Fig. 5.3.2 Concept of Composite Ground by Gravel Compaction Pile (GCP)

Settlement working on soft soil ground is reduced by stress concentration phenomena of
composite ground. Reduced settlement is calculated by following equation;

Reduced Settlement S = 3 x Sf

Where, Sf: Final settlement of untreated ground,
B = pc : Settlement Reduction Factor § = pc
m : stress concentration ration (= 4 in case of GCP).
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5.3.2. Settlement Analysis
(1) Immediate Settlement Calculation

In coarse and fine soils, any volume change resulting from a change in loading occurs
immediately. This is so called immediate settlement.

The immediate settlement can be evaluated by used of a semi-empirical strain influence
factor proposed by Schmertmann and Hartman (1978). Acccording to this method, the
immediate settlement is calculated as follows;

. Z2 Iz
S, = C.C,(a- )Y =2

S

Where, |, = strain influence factor
C = a correction factor for the depth of foundation
embedment :l-O.S{L} =1.0 (g=0)
(9-a)
C, = a correction factor to account for creep in soil

= 1+ O.2Iog(%] =1.1 (timein year = 0.25)

= stress at the level of the foundation
yD;=0 (Ds=0)
S = Young’s Modulous (Es=100 Cu for cohesive soil,

Es=390+45N by Schultze & Menzenbach
Where Cu: Cohesion, N: N value of SPT)

me <l
1

vertical strain influence factor, /[,
o] 0i1 D.‘2 0;3 0.4 Ois 0.'6 Oi? 0.8

2B+

38 & 3 Ty 5 O v b
/ 10.5 é(axisymmelﬁc}
/s ai
e depth to /,,

4B T T T T T T T

MNet applied stress, g,=g-o0,,

Fig. 5.3.3 Vertical Strain Influence Factor (after Schmertmann et al, 1978)
(2) Primary Consolidation Settlement
When soil is loaded undrained, the pore pressures should increases. Then, under site

conditions, the excess pore pressures dissipate and water leaves the soil, resulting in
consolidation settlement. This process takes time, and the rate of settlement decreases
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over time. The amount of settlement which occurs in a given time depends on the
permeability of the soil, length of the drainage path and compressibility of the soil.

It should consider the site on clay soil with initial steady-state groundwater conditions.
An embankment is built, the loading is undrained: the pore pressure in the soil increases,
seepage flow and therefore volume changes commences. As consolidation takes place,
settlement occurs, and continues at a decreasing rate until steady-state conditions are
regained.

settlement

Fig. 5.3.4 Process of Consolidation

In herewith, the Terzaghi theory of one-dimensional consolidation is used to calculate
primary consolidation settlement by applying the following function:

S. = H|RRxlog ¢ +CRxlogP°+AP}
PIO PIC

Where, Sc = consolidation settlement

H = compressible layer thickness

RR = recompression ratio

CR = compression ratio

P'c = maximum past pressure

P'o = effective overburden pressure

AP = Increased vertical stress by applied load

Increased vertical stress AP by applied load is calculated by the following formula and
Osterburg’s Chart shown in Fig.5.3.5 for vertical stress by trapezoidal load.

Ap=1-+qgeg=1 He* ve

A p : Increased vertical stress

I . Influence factor

qge : Embankment Load

He : Embankment Height

ve : Unitweight of embankment

Time and settlement relation is calculated base on the following theory;

® Untreated ground : Terzaghi’s Theory
® Treated by Band Drains : Barron’s Theory
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Fig. 5.3.5 Influence Factor (after Osterberg)

Untreated Ground

In case of untreated ground, time and settlement relation is calculated based on
Terzaghi’s Theory. Pore water of soft soil is discharged in vertical direction as shown in

Fig 5.3.6.
St=1T - 5f
. 52
g < 1 ((en+1 )
=1 - *E—wax —— " Ty
7 neo (on+1 ) \ 2 )
_ Cwe t
Tv= o
Where St : Settlement at time t
Sf : Final settlement
U : Consolidation degree
Tv : Time factor for vertical drainage
Cv : Coefficient of consolidation for vertical drainage
t : Elapsed time after loading
D : Length of drainage path
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(Double Path Drainage) (Single Path Drainage)

Fig. 5.3.6 Drainage Path of Consolidation

2) Treated Ground by Band Drains

In case of treated ground by band drains, time and settlement relation is calculated based

on Barron’s Theory because pore water of soft soil is discharged in horizontal direction
through band drains as shown in Fig 3.2.5.

. J mm \ Load

T 71— 1 Permeable Layer
EI TS i P

U SN PO i P Soft Soil Layer
e e e

SRR '3"0--0'0‘6.’" ‘

L AR KR RN 8..9.70. 70,0,

(Untreated Ground) (Treated Ground by Band Drains)

Fig. 5.3.7 Drainage Direction for Treated Ground by Band Drains
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)
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__de
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dwr
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Where St : Settlement at time t
ST : Final settlement
U : Consolidation degree
Th : Time factor for horizontal drainage
Ch : Coefficient of consolidation for horizontal drainage
t : Elapsed time after loading
D : Length of drainage path
de : Diameter of effective circle
dw : ameter of band drain

Sand Mat —

T, —H f ek
Band Drains h‘[' S

2R P U RN TR PR 0T D Y RN
LR e e de=1.05d (Square arrangement)

de=1.13d (Regular triangular arrangement)
where d : Interval of band drains

Triangle Arrangement

Square Airangement

Fig. 5.3.8 Effective Diameters by Arrangement Type
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Fig. 5.3.9 Relation between Time Factor and Consolidation Degree
(Treated by Band Drains)
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3) Multi-Layered Soll

a) Untreated Ground
The equivalent thickness method is applied to calculate the time and settlement relation
of multi-layered soil for untreated ground.
In the equivalent thickness method, equivalent thickness of each layer is converted by
the following formula using the any representative coefficient of consolidation (Cv).
Then time and settlement relation of multi-layer soil is calculated as one layer with total
converted thickness of layers by Terzaghi’s formula.

where H , : Thickness of layer converted
Cv, : Representative Cv
H . : Thickness of the i-th layer
Cv, : Coefficient of consolidation of the i-th layer

b) Treated Ground by band drains
In case of treated ground by band drains, Barron’s theory is applied to each layer and
calculated settlement for each layer. The time and settlement relation of treated ground
by band drains is come out by summing up the settlement of each layer.

(3) Secondary Consolidation Settlement

In some soils (especially organic and peat) one-dimensional compression continues under
constant loading after all of the excess pore pressure has dissipated, for example after
primary consolidation has ceased - this is so called secondary compression or creep.

The secondary consolidation settlements were hereunder calculated based on the
following equation:

Ps = :z Ca Iog[t_fjHi
1=1 1

t00

Where, o

secondary consolidation coefficient
time, t;>t,,

100% primary consolidation time (Usually secondary

compression curve appears at a consolidation degree
between 90 and 100 %. Therefore the time of 90 % of
consolidation degree was taken as tjgo.)

i thickness of compressible layer

—~+
—
]

thO

I
1

After the series of discussions between the RDA and the JICA Study Team, the criterion
for consolidation settlement was agreed as Residual Settlement (Rs) shall be less than
less than 15cm (primary + secondary) after 3 years from traffic opening.
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The secondary consolidation settlement defines to incur after almost 100% of primary
consolidation settlement or excess pore pressure becomes zero. In our project, all the
primary consolidation are assumed to complete within 1- 2 years after constructing
embankment. Therefore, Rs (15 cm) after 3 years will be almost only secondary
consolidation settlement.

(4) Increase of Shear Strength for Soft Cohesive Soll

The increase of shear strength after loading due to consolidation can be considered by the
following formula. If embankment can be maintain the stability considering increase of
shear strength, staged construction method is applied. In case band drains is installed,
they are designed to perform 90% of consolidation degree in six months after loading.

For Po+AP=PcC’, Cu = Cuy,
for Po+AP>P., Cu = Cug + Cu/Px(Po-P’+AP)x U

Where  Cup: Undrained strength of soil before loading
Cu/P: Increase ratio of shear strength
Po: Overburden pressure before loading
P’ Cuo/ (Cu/P)
AP : Increased stress by loading
U: Consolidation degree

tan a=m= C/P

Tl
|

(24

pral Cuf

Dy pc’ Py ) Vertical Stress 2
(po—pe+ ap) U

ap
Fig. 5.3.10 Concept for Increase of shear strength

5.4. Design Parameters
Design parameters for soft soil treatment have been evaluated and selected for the sake of
further analysis and design of embankment after several times of discussions between
JICA study team and RDA as below.

5.4.1. Design parameters for Stability Analysis
The angle of internal friction of sand is evaluated from correlations between SPT-N and

¢ as shown in Table 5.4.1. It was resulted that the average angle of internal friction of
sand varies from 27°-33° for loose to medium dense sand.

THE OUTER CIRCULAR HIGHWAY 5-10
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Table 5.4.1 Correlations between SPT-N and ¢ for Sand

SPT-N Blows Relative Density Angle of Internal Friction

(Blows/300 mm) (d), (deg.)
0-4 Very Loose < 28°

4-10 Loose 28° - 30°

10-30 Medium Dense 30° - 36°

30-50 Dense 36° - 41°
> 50 Very Dense > 41°

Source: Peck, R.B., Hansen, W.E., and Thornburn, T.H. (1974), Foundation Engineering, 2nd ed., John Wiley & Sons, New York,

USA.

The shear strength, which implicates the characteristic of cohesive soil, is determined
based on SPT-N and shear strength of clay as shown in Table 5.4.2.

Table 5.4.2 Correlations between SPT-N and S, for Clay

SPT-N Blows Consistency Undrained Shear Strength
(Blows/300 mm) Suc (KN/m?)
<2 Very Soft <15
2-4 Soft 15-25
4-8 Medium 25-50
8-15 Stiff 50 - 100
15-30 Very Stiff 100 - 200
> 30 Hard > 200
Source: Peck, R.B., Hansen, W.E., and Thornburn, T.H. (1974), Foundation Engineering, 2nd ed., John Wiley & Sons, New York,

USA.

Considering the above empirical correlation between SPT N and internal friction angle
for sandy soil, undrained shear strength for cohesive soil and also field and laboratory
tests result, soil parameters for embankment stability analysis has determined.

After the series of discussions between RDA and JICA DD study team for OCH, the
following design parameters for stability analysis of embankment are agreed and applied
as shown in Table 5.4.3.

Table 5.4.3 Soil parameters for embankment stability analysis

Cohesion Eriction Unit Submerged
Soil Layer Symbol Cu Angle ¢ Weight Unit Weight | m (= Cu/P) | Remarks
(kpa) 9 yt (kKN/m3) | y* (KN/m3)
Peat Pt 5 0 13 3 0.40 1)
Organic Clay Oc 5 0 14 4 0.30 1)
Alluvial Clay Ac 10 0 16 6 0.30 1)
Alluvial Sandy Clay Acs 10 0 17 7 0.30 1)
Alluvial Sand As 0 30 18 8 1)
Residual Soil Rs 50 - 200 0 18 8 1)
Completely Weathered
Wr 50 - 200 0 18 8 - 1)
Rock
Embankment Material
. E 0 30 20 10
(Sandy Soil)
1) Cu is selected incase of less than or equal to 1 of SPT N-value. In case of more than 1 of SPT N-value, Cu is estimated
by the formula; Cu = 20N/3 (kPa).
I Cuand ¢ are estimated by Cu = 20N/3 for cohesive soil and from ¢=0.3N+27 (by Peck) for cohesionless soil.

5.4.2. Design Parameters for Consolidation Settlement

1) Design Parameters for Primary consolidation settlement
Consolidation settlement is calculated based on the design parameters; P'c, CR, RR, C;
and Cv.

THE OUTER CIRCULAR HIGHWAY 5-11
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The coefficient of consolidation (C,) is the representative parameter for determining the
rate of consolidation. The average Cv is calculated from the normal compression line
(NCL) in which the effective stress is linearly increased.

Note that the current state of soil is on the normal compression line it is said to be
normally consolidated. If the soil is unloaded it becomes overconsolidated.

As an empirical method for determination of coefficient of secondary consolidation (C,s),
there is one relation between natural water content (Wn) and C,. given by Mesri et al
(1997) as shown in Fig. 5.4.1. According to this figure, The value of C,.0.015, for
example, is given by cohesive soil with having the natural water content of 150%.

190 R Whangamarnno clay :Ne;\ﬂand and
Allely, 1560}

— — — 2. Mexico city clay (Leanards and
Girauli, 1361}

— — — 3. Calcareous organic silt {Wahls, 1962)
— = = 4_Leda clay (Crawfard, 1965)

= = = 5. Norwegian plastic clay (Bjerrum,
1967)

= = = B. Amorphuos and Fibrous Peal {Lea
and Brawner, 1563)

= = — 7. Canadian muskeg {Adams, 1965}

=]
o

— — — 8. Organic marine deposits (Kean, 1565)

|
===

_______

- L Lt — = — 4. Boston biue clay {(Horn and Lambe,
1965)

— —— 10. Chicago blue clay (Peck, Personal
Files)

I
| ! — — — 11. Organic silty clay (Jonas, 1965)

o s
L~

12. CKE peat (Back analysis)

Modified Secondary Compression Index, C, | {1+&,) (%)
Ky
|
£* ]
-

13. CKE organic =oil (Back analysis)

14, CKE soft clay (Back analysis)

|

0.1

100 1000 10000,

Matural Water Content (%)

Fig 5.4.1 Modified Secondary Compression Index versus Natural Water Content
(Mesri et. al (1997) and after Mesri

Considering the above empirical correlation between natural water content and CR, RR,
Cq: and Cv, and field and laboratory test result and also based on the practical
experiences of on-going highway projects in Sri Lanka, soil parameters for settlement
analysis has been determined.

After the series of discussions between JICA DD study team and RDA, the following
design parameters for settlement analysis of embankment are agreed and applied as
shown in Table 5.4.4.

Table 5.4.4 Soil parameters for settlement analysis

Compression | Recompression Secondary Cos/fg:'fif:: of C(I?]?;filzc(;ﬁ?;l()f Remarks
Soil Layer symbol Ratio CR Ratio RR Consolidation Consolidation Consolidation
Cc/(1+e0) Cs/(1+e0) Factor Coe Cv (m2/year) Ch (m2/year)
111) V) Co/(1+€0) V) i) Vil
Peat Pt 0.45 0.045 0.055 5 10
Organic Clay Oc 0.35 0.035 0.035 1 2
Alluvial Clay Ac 0.30 0.030 0.030 1 2 N<8
Alluvial 4
Acs 0.23 0.023 0.0075 2
Sandy Clay
Firm Clay Ac 0.23 0.023 0.015 1 2 N>8
Firm Organic 2 N>8
Oc 0.25 0.025 0.025 1
Clay

111), V), VI) VII) : Values instructed by RDA

1)

:RR=CRx 0.1 (empirically RR=CR x (0.1-0.2))
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5.5. Conditions for Analysis

5.5.1. Sections and Models for Analysis

Analysis has been carried out for 36 sections between Sta.16+500 - 28+500. Analysis
model for each sections are tabulated in Table 5.5.1.

5.5.2. Allowable Residual Settlement

Allowable Residual Settlement (Rs) shall be less than less than 15cm (primary +

secondary) after 3 years from traffic opening.

In this analysis, traffic opening is assumed to be one year (12 months) later after the
completion of embankment from safety point of view for construction period. Therefore
residual settlement is calculated as follows ;

Rs = (St4 - St1) + Ssr

Where St4 : Settlement of primary consolidation at the time of 4 years later from
completion of embankment. (t4=1460 days))

Stl : Settlement of primary consolidation at the time of 1 year later from
completion of embankment (Assumed that it is equal to the time of
traffic opening.) (t1=365days)

Ssr : Residual secondary consolidation settlement for three years between
the time t1 and t4. (Ssr = Cae x log (t4/t1) x H, where H: thickness of
soft soil, Cae: Coefficient of Secondary Consolidation.)

-
E 12 months 3 years
- = >
=
=
L —
==
Es
w =
» Tlime
S Residual
E _________________________ - Settlement
5
w
v
@ One step Loading
r
E 12 months Jyears =
E 6 months &months
= -
I—
L —
==
=5 I_l
W 1
| # Time
- i
S Residual
E ________________________ Settlement
B
w
v

(b) Two Steps Loading

Fig. 5.5.1 Residual Settlement of soft ground by consolidation
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5.5.3. Minimum Safety Factor for Circular Slip Failure of Embankment

® During and after construction (Short Term)
® At the service stage (Long Term)

Fs=1.20
Fs=1.25

5.5.4. Load for Embankment Stability Analysis

Loads for embankment stability analysis are as follows;

Table 5.5.2 Load for Embank Stability Analysis

Time

Dead Load

Live Load

During and after construction (Short Term)

Embankment Load

Traffic Load (P=5KN/m2)

At the service stage (Long Term)

Embankment Load

Traffic Load (P=10KN/m2)

5.5.5. Water Table

*Embankment Load = yE x HE = 20H (KN/m2)

Water table is assumed to be at the ground surface level (embankment toe level).

5.5.6. Installation Spacing of Band Drains

In case band drains is installed, they are designed to perform 90% of consolidation
degree in six months after loading. As shown in Fig. 5.5.2, spacing of 1.0 m in square
arrangement is necessary to obtain required consolidation degree (90 %) in 6 months.

b

=

g=001.500 |

ik

o=01. 400

—

=011, 300

)

B1.6()
87.8(%)
02,718

96.6(%)
98. 9(%)

56.8.(%)

t=180, 0(Day) |
= 86 |
i= 6% 108}
= 75.a80%

100.0{%)

a=001. 200 []

a=[11.100

—

a=01.00m |

——y—

d=[l0. 1o

=10, 800

—

o=[00. 700 |7

S

=[]0, 600

—1.0m square spacing—|
|| (Cv=2 m®lvear) o)

~T

t (Day}
Fig. 5.5.2 Band drains spacing selection

5.5.7. U —T Relation of Gravel Compaction Pile

=- -1 8 uihlhﬁﬂﬁlh-?nﬂ o - ek e
(1]

00

[ ]
_|-gd

100000

Based on Barron’s theory, U (consolidation degree) and t (time) relations for gravel
compaction piles in 1.2 meter and 2.0 meter square spacing are calculated as shown in

Fig. 5.5.3.
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Fig. 5.5.3 U - Time Relation of Gravel Compaction Piles

5.5.8. Staged Construction

If embankment can be maintain the stability considering increase of shear strength,
staged construction method is applied. In this case, the maximum numbers of stage is
limited up to two stages considering the construction period. (refer to Fig. 5.2.1)
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5.6. Selection Procedure for Soft Soil Treatment Method

Soft soil treatment methods are studied among the several possible treatment methods
shown in Table 5.6.1 to meet the technical requirements and the clarifications based on
discussion result between RDA and JICA Study Team and also the practical experiences
of on-going highway projects in Sri Lanka considering to reduce the volume of excavated
soil for replacement to be dumped as much as possible.

5.6.1. Stability Analysis
During construction and after completion of the embankment the FS is greater than 1.20.

When the service stage of OCH the FS should secure more than 1.25. The analysis steps
have been conducted according to the flow chart below.

Start

Study Embankment Height Limit with Grawvel haat |
Hizsa

Yes
He = Hgzm Sravel paat
o a]
Study Embankment Height Limit with Met hatting pMethod |
Frasa
Yes
‘@' —=| et natting Method

Mo

SOCF

Wes
GSravel Compaction Pile (GCP)

| Study Embankment Height Limit with Sravel Compaction Pile |

Mo
Study SCP with MNet pdatting hdethod
Hecenm
i%
Yes
I GCP and MNet hAatting Method ||
Mo
| Study Embankment Height Limit with Replacement Soil |
Hr=
Yes
He = Has I Replacement Soil |I
Mo

Fiie and Slab. or Pile with Pile cap and MNet pMatting MMeithod |

End * He: Designed Embankment Height
* Net Matting = Gravel Mat + Geotextile)

Fig. 5.6.1Flow Chart of Embankment Stability Analysis

From Table 5.6.1, Gravel Compaction Pile Method (GCP) has been finally selected as a
main countermeasure for the stability of embankment due to the following reasons;

1) To stabilize the high embankment on the soft ground, mainly 3 countermeasures can be
considered, Replacement Soil, Sand Compaction Pile (SCP) and Cement Mixing (CM) from
technical and economical point of views. And Dynamic Compaction (DC) and Vacuum
Consolidation (VC) Method also can be considered.

2) However CM Method is not accepted by RDA due to the reason of no experience in Sri Lanka.
And with consideration to reduce, as much as possible, the volume of excavated unsuitable
soil for replacement to be dumped, the priority of Replacement Soil Method becomes low. On
the other hand, SCP method has been used in many projects for long years and also can be
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3)

4)

5)

applied for not only soft clay but also very weak peat ground. As a result of those reasons,
SCP can be selected as a main countermeasure to maintain the stability of embankment.
Furthermore DC takes a lot of time to complete the required treatment area according to the
actual performance in STDP.

VC is very effective only for peat and organic clay with high water content. However, in OCH
NS1, most of very weak peat distributed area is planned to construct viaducts so that only
small peat distributed area remains for embankment construction, which is about 300 m in
longitudinal distance. Therefore VC is not so much suitable in this case from geotechnical and
economical point of view.

Finally, due to difficulties of procurement of sand material in the region, GCP has been
selected as a main countermeasure to maintain the stability of embankment and facilitate the
consolidation settlement instead of SCP.

Actually GCP is one of SCP methods and only the point that gravel is used as pile material is
different form SCP, However the design concept and procedure is quite same. And also GCP
has higher pile strength than SCP.

5.6.2. Settlement Analysis

After a slope stability analysis of all analysis sections, consolidation settlement is
calculated and compared with allowable residual settlement using the flow chart below as
a guideline.

Start

Calculate Settlement - (Pt. Ac) + (As)
s

Yes

| Mo Countermeasure n

Embankment Height + 2m
-

Limit Height

[ Study Surcharge Method |

-

Yes Study Band Drain
(Prefabrnicated
| Surcharge Method | “Vertical Drains:
PwD) Method

Band Drains (Frefabricated
Vertical Drains: PWD) Method

GCP Method

[Study Replacement Saoil|

N ¥
Pile and Slab ° 5. = =S Replacerment Soil]

Rs: Allowable residual settlement (=15cm)
Sc: Residual settlement calculated under each countermeasure

Fig. 5.6.2 Flow Chart of Settlement Analysis with Countermeasure

THE OUTER

CIRCULAR HIGHWAY 5.-21

TO THE CITY OF COLOMBO



FINAL REPORT
February 2008

Table 5.6.1 Soft Ground Treatment Methods

Improvement Excavation Replacement Pre-loading Vertical Drain 8 n Deep Mixing Method (Cement, 8 n n S
Method with Sand Mat with Counterweight with Pre-loading Sand/ Gravel Compaction Pile Lime Improvement) Concrete Pile Dynamic Compaction Vacuum Consolidation
77777 <« Preload Embankment — : _!—?ii‘:l--?~:f ﬂ { 5
< Counterwegiht (Berm) | ¥ Vertical Drain SCP/GCP Concrete Pile Cap o e 4 i PR
7 s B |
SketCh ., . i HERS li_ o — T ——
Soft Soil Ground . e VIRV SATARY
Soil Improvement - =
% it -
T

This method involves the | This method, which places counterweight | This method places material | With this method, sand/ gravel | This method, use of chemical | This method, use of concrete | With this method, sand or | With this method, water in

removal of all or part of the | fill to prevent sliding accelerate the | like sand and cardboard | columns of large diameter are | improvement is more attractive | piles conveys the fill loads to | gravel column are made by | soft soil is pumped up by

soft deposits and replaces it | settlement by pre-loading. vertically to drain the soft | placed in the ground and | than conventional methods such as | the foundation via piles to | free fall of heavy weight | vacuum pressure through
Introduction with material, which ground and to accelerate the | compacted by vibration or impact | vertical drains, sand compaction | increase bearing capacity and | using special improved | PVD.

increases the strength and consolidation by shortening | to increase the strength of ground. | pile and counterweight fill methods | prevent settlement crane

decreases the settlement. the drainage path. to prevent affecting neighboring

area.
» To increase the bearing * Pre-loading to accelerate the | e Pre-loading with | e To increase the shear strength by | e To improve the soil properties by | e To ensure the bearing | e To make the sand or e Consolidation

Effectiveness

capacity by replacement

¢ Necessary sand mat to
ensure the traffic —ability
prior to excavation

consolidation settlement and increase the
shear strength

« To ensure the stability of embankment by
counterweight

dewatering through vertical
drains to accelerate the
consolidation  settlement
and increase the shear
strength

the sand columns and ensure the
stability of embankment

eTo reduce the consolidation
settlement

» To accelerate the settlement

the chemical improvement
(Cement, Lime etc.) and ensure
the stability of embankment

capacity by the rigid piles

gravel column by forced
replacement of soft soil.

* To increase the shear
strength by sand or gravel
column.

e To reduce the
consolidation settlement

settlement will occur by
this suction without any
embankment.

e To accelerate
consolidation settlement
by vacuum load as
surcharge.

Criteria for
Application

Shallow Deposit less than

expected maximum load

Shallow deposit less than 6m | Shallow deposit is effective More qdvantageous for deep | More . advantageous  for - deep Deep deposit is preferable More _advantageous for deep 6m by suction is about 65/m?
deposit deposit deposit
Clay, Peat or organic soil Clay, Peat or Organic Soil Clay, Peat or Organic Clay Clay, Peat or Organic Sail Peat or Organic clay, loose | Peat or Organic clay, loose | Clay Peat and Organic soil, | ¢ Clay, Peat, Organic
cohesionless soil cohesionless soil loose cohesionless soil Soil
Widely used in Sri Lanka Widely used in Sri Lanka Necessary technique and | Necessary technique and | Necessary technique and | Locally possible construction | Used in Southern High Way | Necessary technique and

equipment from abroad

equipment from abroad

equipment from abroad

method in Sri Lanka

only

equipment from abroad

Clarifications or
other attentions
to pay for at
construction or

o Difficult complete
excavation may leave the
small pockets of peat that

may cause severe
settlement after the
completion.

e Very low shear strength
peat may cause failure of
the side slope excavation
that results in increasing
the quantities

e Rarely used in recent time
because difficult estimating

« This may result in very long construction
times depend on the depth of peat.

« The height of preloading is generally 2m
or about 1m, where residual settlement is
low due to shallow peat deposit or where
differential residual settlement may be
difficult to achieve on flat land.

o Generally, very thick sand
mats are necessary prior to
the placement of the sand
columns  because the
equipment used is very
heavily.

eThe sand drain method
does not effect appreciable
acceleration of settlement,
but it is incorporated into
design as a composite
foundation with the strength
of the sand columns.

e Necessary monitoring must be
carried out to pay attention of
uplift or deformation of
surroundings and adjacent
structure during placing of sand
columns.

e In small and medium rivers with

narrow beds there may be
blockage of low-lying waterways.

e This method is not necessary to
consider greatly influence
adjacent ground during
construction however, depending
on ground condition and work
condition, uplit or lateral
deformation of the adjacent
ground may occur so that
necessary treatment shall be
considered.

e Consideration shall be given to
great variation in the strength of
improved columns after mixing
and stirring.

e This method has abundant

experiences in

Japan to

prevent excessive settlement
approaching to the abutment
for bridge and to control the
longitudinal settlement of the

road surface.

e The sand mat or other surface
treatment to ensure the traffic
ability shall be required before

the pile driving.

* By use of rigid concrete piles,
it can be easily to ensure the

e As number of tamping is
very much for one
location, it takes time very
much.

o Confirmation of
improvement
effectiveness to required
depth shall be checked
area by area.

e Material for sand column
shall be sand or gravel.

» Trial execution is
necessary to confirm the

e Sand ream in the soft soil
layer reduce the
effectiveness of vacuum
because of leakage of air
and water through it.

* Monitoring of vacuum
pressure and water
volume pumped up must
be carried out to confirm
the effectiveness of
vacuum pressure.

 Effectiveness of soil
improvement by this

design stage of material volume bearing capacity but very design criteria method shall be checked
costly method. by monitoring the
o The  setflement often g * No excavation and No sgttlement agd strength
contlnuc_)usly occurred after disposal site for removed of Soil.
completion soil are necessary. o . i
o Air tightness is essential
* Uncommon for this method. Holes or
tear of sheet and Other
cause of leakage shall be
checked strictly
e Uncommon
Cost Cost effective but applicable
Effectiveness depth is less than estimate Cost effective but takes time Cost effective Cost effective Costly Very costly Cost effective but takes time Costly
6m
note : () is minimum
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5.7. Analysis Results and Possible Countermeasures

5.7.1. Analysis Result

After the series of discussions between the RDA and the JICA DD Study Team for OCH,
the criteria below for the selection of countermeasures were agreed.

a) In case soft soil layer are more than 2 m in thick, band drains are basically installed in a
spacing of 1.0 m in square arrangement to accelerate the consolidation settlement.

b) Soil properties should be clarified if it is required to replace with by the geotechnical
investigation including trial excavation and embankment prior to the construction.

In this study, analysis for the slope stability and settlement for the embankment was
carried out taking into account the above agreement and the combinations with the
following eight soft soil treatments (refer to Table 5.7.3). These analysis results are
summarized in Table 5.7.1, Table 5.7.2 and Fig. 5.7.1.

Type A:
Type B:
Type C:
Type D:
Type E:
Type F:
Type G:
Type H:

Gravel mat

Gravel mat and 1 layer geotextile

Gravel mat, 1 layer geotextile and band drains

Gravel mat, 1 layer geotextile and Gravel Compaction Pile

Gravel mat, Band Drains and Gravel Compaction Pile

Gravel mat, 1 layer geotextile, Band Drains and Gravel Compaction Pile
Gravel mat, 1 layer geotextile and Gravel Compaction Pile (Whole Area)
Replacement by Excavation

For the locations where box culverts and abutments of viaducts are constructed on the
soft ground, gravel compaction pile (GCP; ¢=0.7m, ©01.2m) and preload (up to designed
road level) is applied in order to remove the negative influence to the structures due to
consolidation settlement by embankment.

All locations of box culverts and abutments of viaducts on the soft ground treated by
“GCP and Preload” method are tabulated in Table 5.7.5.
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Table 5.7.1-1 Summary of Settlement Calculation Result

Section and Embankm,ent Height Ground Conditions Soil Parameter Load on Tmmediate Settlement El:ht:zl( Prin.lary. Secondary Consolidation Sub Grand
ground paid Consolidation Total | Total
Sectuion Total T of
Road Analysis : Soft to . . SH5ptS
No. Sec. Ser. Analysis Zoe Bor. JEmb. H Medium Layer | Thick.| SPIN Ave. N | CulPc Pe EO CR RR Cog d s Cu Young'sE Dp B Z Z/B i Cl 2 Siz Si Dp' Spz % 11 t2 Sez S8 Sptis :
Soil
No. No. Sta. No. Length No. (m) (m) Name | (m) (Blows) | (Blows) (EN/mn2) | (KN/m2) (KN/m3) | €Nm3) | KNm2) | ENwm2) | ENm2) | (m) {m) (m) (m] | EMm2) ] (m) {m) (days) | (days) {tn) {m) {m) (tn)
21 1 0+225| to[0+370) 145 | A1-BH-] 8.0 4 Ac | 1.00 130 133 E 030 | oozo | 60300 16 6.0 10.0 1,000 160 s18 | 050 |oops | ozoe | to | L1 | ooze Joids 160 nose [ ogg | 3 g0 | oote | ooaz [ ooss | 113
Oc | 2.00 i) 15 | o3 333 100 035 | 0035 | 6030 i4 4.0 10.0 1,000 {60 518 | 200 |oose | oot | 1o ) L1 | ooH 160 | o5 365 | 14s | 0042
Ac | 0.65 1 1.0 030 233 1610 030 | 0080 | 00300 16 6.0 10,0 1.000 160 §18 | 323 | 0054 | o216 | 1o | 11 | 0025 160 0147 35 1460 | 0012
Br | 1.00] 50< 50.0 18 8.0 | 200.0 | 20,000
22 2 0370 to| 0+480) 110 | AL-AB-| 5.0 1.9 Ac | 0.50 030 333 13 030 | 0030 | 60300 16 6.0 10.0 1.000 100 SE0 | 025 | o005 | o201 | 1o | 11 | o0l Jondg 103 009 | odsz | 368 1460 | 0008 | o015 | 0298 | 0346
Acs | 1,40 030 333 79 023 | D023 | 00075 17 7.0 10,0 1,000 100 510 | 120 |24 | o207 | 100 | 11 | owse 103 0128 365 14600 | 0006
Wr | 2.60 18 80 | 1350 | 13500 100 510 | 320 Joos3 | e | 1o ] 11 | oo0s
23 3 0480 to | 04780y 300 | A1-BH-| 5.0 24 Acs | 0.80 130 333 28 0z3 | o6z | poors 17 7.0 10,0 1,000 100 510 | 040 | ooos | oge2 | to | 11 | ooig food 100 oo | oz | %S 460 | ooo4 | on3z | ozlo | o2l
Ac | L60| 4.5 45 | 030 1000 104 030 | 0030 | 60300 16 6.0 30,0 | Zzoo0 100 sto | 1en |oood | ooos | 1o | L1 | ooz w00 [ oo 365 | 160 | 0029
Wr | 8.35] 31,50< | 310 18 80 | 200.0 | 20,000 100 s10 | 658 | oap | oess | 1 | 11 | ool
25 4 |0+880] to| 00801 100 | A1-BH-| 4.0 3.5 Ac | 2.00 .30 333 &0 09 | o036 | G000 16 6.0 10,0 1,000 20 474 | 100 | oozt | ozoe [ 1o | 1 | ooss | o7z 84 o302 | o47s | 3ss | 1480 | ooze | ooss | osw | oosuz
Acs | 1.50 (130 333 173 023 | 00z | nons 17 7.0 10.0 1,000 80 34 | 275 | hose | w2t | g | L1 | oo 84 0176 365 (460 | 0007
A 1-bypass Wr [ 5.00 13 | 80 [ 1350 1as0 | s Jare feoo foer Jows [ o ] un Joos
5 1o+og0| to| 140808 100 | A1-AB-| 4.0 4.0 Ac | 2.60 030 3312 78 030 | oozo | woson 16 6.0 10.0 1,000 a0 474 | 130 [ oozz [ ozos [ 1o | 11 [oo4s | ooos 85 n3og | oseo | 3s5 | 1460 | oos7 | oosy | azsr | osss
Qc | 0.80 0130 167 172 035 | 0035 | 00330 14 4.0 50 500 20 474 | 300 | o063 | oz | 16 | t1 | omst g5 0221 365 1460 | 0017
Acs | 0.60 30 333 209 093 | 0023 | 00075 17 7.0 10.0 1,000 20 414 | 370 | aorr | ozes | 16 | t1 | odiz 83 0.072 35 | 1480 | 0.003
Wr | 5.00 18 80 | 1350 | 13500 80 474 | 650 | 0137 | o241 | 10 | ©1 | 0008
6 |1+080[to|1+160] 80 | A1-BH-{ 4.5 4.0 Ac | 2.50 0130 333 75 030 | 0030 | 00300 16 6.0 10.0 1,000 a0 402 | 125 | o025 | ozeg | to | L1 ] oosl | oom 94 o411 | o437 | 35 | 1460 | onds | oos2 | ndes | o5
Acs | 1.50 7 10 030 1533 203 023 | 0023 ) 60075 17 7.0 46.0 4,600 40 492 | 325 | noss | ozza | 1o | L1 | ooo7 44 0.026 365 1460 | 0.007
Wr | 5.00 |10, 14, 23] 15.7 18 8.0 104.0 | 10400 90 492 | 650 | 0132 | o240 | 10 | L1 | oo
7 1160 to ]| 14300) 140 | A1-BH-| 8.0 2.0 Ac | 0.90 030 333 27 030 | 0030 | 00300 16 6.0 10.0 1,000 160 61L& | 045 | 0007 | 0202 | 10 | 11 | 0032 | o066 164 0218 | 0262 35 | 1460 | 0016 | G021 | o284 | 0350
Acs | 110 7 70 | 030 1533 43 023 | 002 | 00075 17 7.0 460 | 4600 160 618 | 145 | o023 | ogo7 | te | 61 | o008 1w | 0044 365 | 1480 | 0008
i Wr | 6.65 |10, 14, 23| 157 18 80 | 104.0 | 10400 160 618 | 533 | ooss | ozes | 10 | 11 | o025
26 8§ |1+300|to| 1+680] 380 | Al-BH-| 8.0 1.5 Ac | 1.50 3 30 | oz 667 43 030 | ooso | 0.0300 16 6.0 20.0 2,000 160 618 | 075 ooz |oasd | 1o | v1 | ooz |ood 160 0229 [ ozes | 365 | 1460 | 0027 | 0027 | 02% | 0297
As | 1.50 18 8.0 3,900 160 618 | 225 | ooz | o2t | 10 | 11 | o4
Wr 50 50.0 18 8.0 | 2000 | 20,000
Ramp—l 2 9 0+025|to| 0+2400 215 | Al-BH-| 9.0 24 Ac | 240 4.5 43 | oz 100 72 030 | oo | 00300 16 6.0 30.0 2,000 130 554 | 120 | omg | o206 | Lo | 1t | oos3 | onsg 180 n27a | ooeze | 365 | 1280 | o042 | o4z | oz | 039
Wr | 835 ] 31.50< | 310 18 80 | 2000 | 17850 180 654 | 638 Joaod | oo | 1o | 11 | ooz
28 10 J0+020  to | 0+240) 220 | Al-AB-] 3.0 4.0 Acs | 0,70 130 333 25 023 | 0023 | 00075 17 7.0 10,0 1.000 50 438 | 035 | aoo8 | ozez | 1o | 01 | w00 | o073 60 nogz | o521 | %5 1460 | 0003 | 0038 | 055 | 0632
Oc | 1,20 030 167 I 035 | 0035 | (0350 14 4.0 30 500 60 418 | 130 |0o0se | o209 | uo | 1 | 0083 60 11268 365 1460 | 0025
Acs | 2.10 30 333 171 023 | ooz | 00075 17 7.0 10.0 1,000 60 438 | 285 | oos7 | ozeo | 1o | t1 | omE 60 0.180 35 | 1480 | 0oog
Ramp-4 Wr | 5.00 18 80 | 1350 | 13500 60 438 | 650 | 0148 o245 | vo | 11 | 0006
29 11 J0+240| to | 0H365) 125 | A1-BH-] 6.5 35 Ac | 2.00 030 333 60 030 | 0030 | 00300 16 6.0 10,0 1,000 130 564 | 100 ool | w2os | 1o | L1 | o0ss | oz 139 042 | 0670 | 365 | 1460 | 0036 | 0043 | 0713 | 0830
Acs | 1.50 030 313 173 023 | 002z | 00075 17 7.0 10.0 1,000 130 s64 | 275 | oo | oz | 1o ] L1 | ooas 138 | o242 365 | 1480 | 0007
Wr | 5.00 18 80 | 1350 | 13500 130 s64 | 600 |oaos | oz | 10 | 11 | ooz
1 12 |8+200(to|8+270] 70 |NSI-BH-j 125 | 24 Ac | 240 1,2 L5 | 030 333 12 030 | 0030 | coson 16 6.0 10,0 1,000 250 810 | 120 |oo1s | o2o4 | 10 | 11 [o1ss Joan | o250 ) o687 | aes7 | 365 | 1460 ) 0043 | 0043 | 0930 | 0901
Wr | 540 113,14, 49] 13.5 18 8.0 90.0 9,000 250 810 | 510 | ooe3 o2te | 1o | 11 | o036
13 |8+270to|8+3308 60 INS1-AB] 120 | 4.0 Acs | 4.00 .30 333 0 093 | 0023 | Go07s 17 7.0 10,0 1,000 240) 792 | zoo [ o025 [ozs | 10 | 01 Joxe Jozar | o255 | oosvo |oosio | oses | t4e0 | oois | oois | ases | 11z
Wr | 5.00 18 80 | 1350 | 13500 240 792 | 650 oo [oz2es | 1o | 11 Joox
2 14 |8+330]to|8+460) 130 INS1-BH-] 12.0 LT Acs | 1L.70 1 1.0 | %30 333 Al 023 | ooz | poors 17 7.0 10.0 1,000 240 792 | 085 | ooit | o202 | 1o | or) |ooel foizs | o240 0363 | ozee | 385 | 14s0 | ooos | ooz | 0378 | osis
OCH As | 1.00 7 7.0 18 8.0 7,050 a0 f 7oz | zao |ooes |ozes | e | tr | ooz
Wr | 7.00 [12,13,19,] 16.8 18 80 | 1110 | 11,100 240 792 | 620 | o078 | ozes | 10 | 11 | o037
3 15 |8+460]to|8+6508 190 INSI-BH 120 | 2.8 Oc | 1.25 030 167 25 035 | 00es | o3 14 4.0 5.0 500 2401 792 | osz | ooos | ozez [ 1o | 13 |oim fozsy | 20 o545 | oesz | 365 1460 | o026 | oodr | onsdo | 1173
Acs | 0.55 4 40 | w3 867 69 023 | 02 | 00075 17 7.0 260 | 2800 240 792 | 153 | ooy | agoe [ to | 11 | oon 0 | v 365 | 1480 | 0.002
Ac | LOO 1 1.0 | o3o 333 119 030 | 0030 | o030 16 6.0 10,0 1,000 240 79z | 230 | ooze | 020w | 1o | 11 | 0053 240 027 365 | 1480 | 0013
= Wr | 6.80 [11, 22, 23] 187 18 80 | 1240 | 12400 240 792 | 620 | oo | o3 | 10 | 11 | o003
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Table 5.7.1-2 Summary of Settlement Calculation Result

Section and Embankm ent Height Ground Conditions Soil Par ameter Lead an Tmm ediate S ertlement EI::;:;L_ Prin.\ar_vl Recondary Cansilidation Sub | Grand
ground S Consolidation Total | Total
Sectuion Road . Total T.of
No. Sec. Al;l::m Analysis Zone Bor.  |Emh.H Bf[:;::; Layer | Thick,| SPTN |Ave.N| CuPe Pe PO CR RR Coe T ¥ Cu |Young'sE] Tp B Z ZfB Ji4 €1 2 Siz b1 Dy Spz 5 t1 12 S5z 35 Sptss S1+Ssp+S
Sail
No. N, Sta. No. Length No. (m) {m) Name | (m) (Blows) | (Blows) (EN/m2) | KNmm2) (ENm3) | ENm3) | (KNwm?) | ENm2) | Em2) | (w) (m) {m) (m) | ENm2) ) (m) (m) (days) | (days) {m) (m) (m) ()
4 16 |9+330]to|9+365] 35 INSI-AB 6.0 5.0 Acs | 240 020 353 24 023 | ooz | ooo7s 17 7. 10,0 | 1ooo 120 S | t2o | ooz [ooor | 1o | 11 [ooes Jotst | iz | osze | oowd | o35 | taso | oot | Goss [ oo [ 133
Ac | 260 030 133 246 030 | 0030 | G000 16 a0 100 | oo 120 s6 | 20 | ooss |wZ20 [ a0 | 11 | 0078 133 o5 Lo | 265 | 1460 | 047 | o000
Rs | 1.00 18 80 | 1250 | 3500 120 46 | 550 | o101 0230 | 10 | 11 | 000 (By replacement) (By replacement)
Wr | 5.00 18 80 | 1350 | 135m 120 s46 | 850 |oiss | o7 | 10 | 11 | oo
5 17 |9+700] to| 9+900) 200 INSI-BH- 5.5 2.2 Oc | 220 0 00 | 030 167 44 035 | 0035 | 0035 i 4.0 50 500 110 528 | 110 | ooar |oozes | 10 | 11 ot | oz 119 0715 | 0715 | 365 | 1460 | 0046 | o046 | 076l | 0900
Wr | 640]4,4,5 7, 50 18 8.0 33.0 | 6150 110 s2.8 | 540 Joao2 oozt | 1o | 11 | 002
6 18 oH46( to [LO+80 340 INSI-BHA 125 ] 2.0 Acs | 2.00 i 00 | o 333 70 023 | 0023 | oogga 17 T4 160 | nooo 250 guo | too ooz [o20s | 1o | oar [anz Qo | ozso o4 | o4 | 36s | 1460 | ooos | ooos [ od4e | 0580
NS1-BH- As | 4.00]14,12,19] 175 it 8.0 11,775 250 810 | 400 | oode o215 | 1o | 11 [ 0620
Wr 50< 50.0 18 80 | 2000 | 20000
8 19 1+66] to[L1+80] 140 INS1-BH-| 6.5 1.2 Oc | 1.20 0.30 167 24 035 | 0033 | o3 14 4.0 5.0 500 130 s64 | oeo | ot o203 | 1o | ot [ooo Jotoo | o137 | o4z Qoodsd | o5 | w60 | o025 | aoss | o557 | a6
As | 160 3,28 3.0 18 80 5,250 130 564 | zoo | o035 o2t | Lo | L1 | 0008
Ac | 4.20119,18,24,] 223 | 030 | 4933 32 02z | ooza | poisa 16 60 | 1480 | 1280 130 564 | am0 | oosy | o2z | w0 | o1r | oong 17 | sop 365 | 1460 | wnsd
2 OCH Wr | 5.00 [41, 22, 27] 245 18 80 | 163.0 | 14005 | 130 | 564 | 950 Joes [oost | 10 | 11 oo %5 | 1460
9 200 L1480 to [l 1+93() 130 INSI-BH{ 7.0 2.0 Oc | 1.20 030 157 24 035 | 0035 | 00350 14 4.0 5.0 500 140 sga | meo | oot o203 | a0 | at [ 007 Juds | o147 | n43s | oodse | o365 | 1460 | o025 | fozs | o8 | 0634
NS1-BH- Acs | 0.80 7 70 | 030 1533 16 023 | 0023 | 00075 17 7.0 46.0 | 4500 140 %82 | 1e0 | o027 | 0208 | 10 | 11 |0.006 147 0.024 365 | 1460 | 0004
As |50004,2,5,8] 48 18 80 6,038 40 582 | 450 | ooy Jo2es | 10 | 11 | o002
Rs | 5.00] 10,6,5 | 104 18 8.0 69.0 | 900 140 582 | w50 | otex | o249 | 1o |11 | o028
Wr | 3.20] 23,50< | 230 18 80 | 153.0 | 15300 140 582 | 1360 | ozzg o270 | 10 ] 11 |ooos
10 21 12400 to |1 2+08Q 80 INSI-BH-] 5.0 18 Pt | 0,70 040 123 11 045 | 0045 | 00550 13 3.0 50 500 100 510 | 035 Jooo7 [ 0202 | 1o | 11 |oo031 | o098 107 nzey | 0430 | 365 | 1460 | 0023 | mosy | o487 | G6gs
Ac | 110 6 60 | 0w 1333 54 030 | 0030 | 00300 18 60 | 400 | 4000 100 510 | 125 | vozs | o207 | 10 | 11 | moos 107 | oo 365 | 1460 | oneg
Acs | 3.10113.17,23] 17.7 | o030 350 0 196 023 | 0023 | 00075 17 70 | 117.0 | 11700 160 S0 | 335 | ooes | o2z | 10 |11 | ooos 107 | noss 365 | 1480 | oot4
Wr | 410 30,41, | 30.0 18 80 | 200,0 | 20000 100 510 | 885 |oizs | o2st | 1o | 11 | 0003
11 22 24234 to|12+397 160 INSI-BH 4.0 35 Pr | 133 0.40 25 20 045 | 0p45 | boaso 13 30 5.0 50 20 474 | oes | o014 [ o200 | 1o |11 | ooae | 0083 90 0574 | ose | 365 | 1460 | on4s | voss | osil | ooos
Acs [ 215] 2,23 23 | o3 50.0 116 023 | 0023 | 00075 17 7.0 15.0 1,500 80 474 | 243 | 005t | 0215 | 10 |14 | o027 40 0,183 365 | 1460 | 0010
Wr | 920 14,22 | 180 18 80 | 1200 | 12000 20 474 | 810 J o1zt fozst | Lo | 1t fomz
12 23 N2+700 to 124829 125 INS1-AB 6.0 4.0 Oc¢ | 0,00 030 167 18 035 | noss | 00350 14 40 5.0 500 120 sat | 045 |ooos o202 | 1o | 11 [oodr Jotes | otsz | osts | toss | o365 | t4s0 | oote [ o050 | 1147 | 1345
Acs | 1.50 0,30 33 %4 023 | 0023 | 06075 17 7.0 10.0 1,000 120 Se6 | 163 Qo030 | 0200 | 1o | 11 | G4l 133 0237 365 | 1460 | 0607
Oc | 1.60 030 167 73 035 | 0035 | 00350 14 4.0 5.0 1) 120 46 | 320 | boss | o2s | oo b1 | oogz 13 | 05H 365 | 1460 | 0034
Rs | 2.00 18 80 | 1250 | 1250 120 546 | so0 |oose oz | 1o | 11 | 0003
Wr | 5.00 18 80 | 1350 | 1350 120 S46 | 850 | otss | o247 | 1o | 11 | oo
13 24 N2+89 tofi3+01¢] 120 INS1-BH] 85 2.0 Oc | LOO 0,70 157 20 035 | noss | 00350 14 40 5.0 500 170 616 | a0 | ooos | o202 | 1o |0t oozs foars | o0 Jozer | oses | o365 | fae0 | oozl | wozs [ osss | o760
Acs | 1.00 (.30 333 15 023 | 0023 | 00075 17 7.0 10.0 1,000 170 536 | 150 | coeq | o207 [ 1o | 11 | 0630 | nisz 365 | 1460 | ons
3 OCH Rs | 5.00 4, 10.5 18 8.0 700 | 7.000 1m0 636 | 430 |oom | o2z | 1o | 11 o630
Wr [10.00]21,25.32.1] 233 18 80 | 1550 | 1550 170 616 | 1zo00 | o o2s7 | 1o | 11 [oon
25 N3H01d to i35 140 INSI-BH 8.5 3.9 Oc | 1.90 030 157 38 035 | 0035 | o03s 14 4.0 5.0 5 170 g6 | nes | oot [o2od | 1o | ot [ates Qo | om0 Jois | ooea7 | 365 | tden | omay | pods | ozss | Loz
Acs | 2.00 5.6 55 ] oz 1200 8 025 | 0022 | 00075 17 7.0 360 3,600 170 636 | 280 | 0046 | 0214 | 10 | 11 |00z 170 0,128 365 | 1460 | 0.009
Wr | 255 17.50< | 17.0 18 80 | 113.0 | 11300 170 636 | 518 | 0081 | 022 | 10 | 11 | 0009
26 N3150 toi3+25q 100 [Ns1-BH-] 9.5 4.7 Pt | 216 0 0.0 | 04 25 532 045 | o045 | 0055 13 30 5.0 500 190 g2 | Los | oote | o205 | 1o | (ot | o | a4 toos | oraas | 65 | 460 | oopg | odte | 158t | a4
Ac | 260] 6,510 | 70 | 030 1533 141 030 | 0030 | 0.0300 3 a0 | 460 | 4so0 19 636 | 340 | 0053 |ozte | 1o | 11 [ 0626 4 | 0zl 365 | 1460 | 0047
As |1330] 3,7,30 | 30 18 8.0 6,150 190 636 | 635 | o100 o230 | 10 | 11 | ooz
|| Wr | 290 39,19 | 190 18 80 | 1260 | 12600 190 616 | 945 | o140 o245 | 1o | 11 |00t
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Table 5.7.1-3 Summary of Settlement Calculation Result

Section and Ernhankm,ent Height Ground Conditions Soil Par ameter b odfi s Immediate Settlement E?n:::lc Prirr.\ary. Secondary Consolidaton Sub | Grand
ground ) Consolidation Total | Total
Sectuion Road Total T of
No. Sec. A“Saicym Analysis Zone | Bu. |Emb.H ;[:;::n Layer | Thick.| SPTN | ave | cupe | 2c i) R | R | coe ¥ 7 Co |YoumgsE] Dp B s lze | & ||| s | s o | s | s # 2 | Sz | s | St Sl+Ssp+S
Soil
No. No. Sta. No. Length No. (m) (m) Name | (m) (Blows) | (Blows) (KNm2) | (KNm2) (KNm3) | KNm3)| (KNm?) | KNm2) | (KNim2) | (m) (m) (m) (m) | ENm2 ] () (m) (days) | (days) | (m) {m) () {m)
14 27 3250 tofl3+35Q0 100 INSI-BH-} 100 | 6.3 Pt ) 2.00 0 0.0 | 040 125 30 0435 | wods | 00550 13 3.0 5.0 500 200 26 | 100 | oot | o204 | To | 13 | odg0 Josie | Ees Lagn | 19ss | 365 | tdsn | wose | 0136 | 2135 | 2447
Acs | 0,90 0 00 | 030 323 92 023 | 0023 | 0o07s 17 7.0 10.0 1,000 200 672 | 245 | o6 | @2 | 1o |11 | 0042 25 Judsy Lassg| s | 1480 | 0004
Ac | 210 %7 30 | 030 66,7 186 030 | o030 | o300 16 6.0 20.0 2,000 200 g72 | 395 | oose | o218 | 1o | 1 | 0050 925 0389 65 1460 | 0038
Oc | 1.30 4 40 | 030 267 715 035 | o3z | 00350 14 4.0 26.0 2,600 200 672 | 565 | onss | G225 | 10 | 11| oS 285 1234 365 1480 | 0027
As | 3.70 [12,46,50,] 185 18 8.0 12,225 200 g7z | 215 | o2t o236 | 1o | 11 | 0018
Wr | 120 50< 30.0 18 80 | 200.0 | 20000
15 28 W3+350 tofia+45d 100 INSI-BH-L 100 | 4.3 Pt |270 0.0 0.0 [ 040 125 41 045 | ooas | posso 13 3.0 5.0 500 200 o0 | t3s [ ome [omed | 1o | 61 o2 Jozes | 2z teos | 17me | ows | 1460 | wose | oaze | oreso | ozt
Ac | 160 0,8 7.0 | 630 1523 124 020 | 0030 | o000 16 6.0 46,0 | 4500 200 554 | 350 | o054 | azE | 1o | 1| on7 230 0148 35 | 1480 | woze
As | 170 9 9.0 18 8.0 7,950 200 554 | 515 | o079 | oz | 1o | 11 | on0it
Ac | 0.90 12 12.0 | 030 2667 340 023 | noes | ontso 18 6.0 80.0 | 000 200 s34 | 645 | oose | ozs | oto | 14| oo oz | 0018 w5 | t4g0 | ooog
As | 410 19,29, | 240 18 8.0 14,700 200 654 | 895 | oasz o2t | 1o | 11 [ 0018
Wr | L70] 50< 50.0 18 8.0 | 200.0 | 20000
20 N3+45(tofi3+69q 240 INSI-BH-| 100 | 5.0 Pt |1.30 0 00 | o040 125 2z 045 | noas | oosso 13 3.0 3.0 500 200 720 | o6s | ooog [meos | 1o | 10 |otte fozea | ozez | ogs | ta4ss | s | g0 | Gods | otie | tsg | 1833
Ac [3.70] 0.3.6 30 | 030 567 50 030 | ooz | oozo0 16 6.0 200 | Zoon 200 554 | 218 | ooas | 0214 | 10 | 13 | Dogr 923 | 085 365 | 1460 | cosz
Ac | 090 19 190 | 030 420.0 288 023 | vozz | 00150 16 6.0 1260 | 12,600 200 54 | 545 | 0082 | 0225 | 1o | 11 | 0004 203 0018 35 1460 | {008
As | 1.80| 16,47 | 16.0 18 80 11,100 200 654 | 680 | o104 | 0231 | 10 | 11 | 0008
Wr | 5.00| 47,50< | 470 18 80 | 2000 | 20000 200 534 | 1020 | o6 | o247 | 1o | 11 |00
30 Q369 tofl3+75Q 60 INSI-BH-] 10.0 2.5 Pt | 250 0.0 0.0 | o4 125 38 04s | oo4s | 00850 13 3.0 5.0 500 200 qab | tes |omy | o205 | o | L1 | o022 Jozsg | 226 1482 | 1482 33 1460 | 0083 | o083 | Laed | 182
3 OCH Rs | 6.40|20,38,16,| 180 18 80 | 1200 | 12000 200 622 | 570 | ooss [ o225 [ 10 | 11 | 0028
Wr | 220 29,50< | 290 18 80 | 193.0 | 18300 200 672 | 1000 | 0149 | o245 | 10 | 11 | 0008
16 31 Q407 toJl4+25Q 180 INSI-BH-| 9.0 2.9 Ac | 1.00 030 133 20 030 | vozo | 00300 16 6.0 10.0 1,000 180 g54 | v&0 | ooog | o20e | s | 11 | oodo fodas | g2 ness | 1350 33 1460 | ootg | ooss | 43 | 1em
Pt | 1.90 0,0 0.0 | 040 125 29 045 | 0045 | 00550 13 3.0 5.0 5 180 636 | 195 | ooost | baos | 1o | 11 | 0157 202 11163 %5 | 1480 | voss
As | 1.25 7 7.0 18 8.0 7.050 180 636 | 353 | ooss | o217 | 1o | 11 [ o008
Acs | 0.85 13 13.0 | oz 2867 247 023 | oo2z | noo7s 17 7.0 86.0 8,600 180 636 | 458 | onpe | o2o2 | 1o | 11 | 0004 202 0014 165 1460 | Ao04
Wr | 5.00| 10,50 | 100 18 8.0 66.0 | 6500 180 626 | 750 | otie o235 | 1o | 11 [o03s
17 32 N4+280 tofid+41q 130 INSI-BH-] 8.5 25 Oc | 245 0,0 00 [ oz 187 44 025 | ooss | 00350 14 40 5.0 500 170 526 | tzs | oote [ozs | 1o | 11 [otes foziz | i7o Qoo | oseo | ozes | tde0 | oosz | oosx [ oenz | 11
As | 145 [ 6.0 18 8.0 £,600 170 536 | 318 | voso | o215 | 10 | 11 [ 000
Wr | 6.10 |21,34,20] 280 18 80 | 1860 | 13600 170 636 | gas | oane o2z | 1o | 11 [oon
18 33 4+60(toll4+650 50 INSI-BH-| 8.0 2.6 Oc | 260 0,0 00 [ o3 16:7 52 035 | ooz | o050 14 40 5.0 500 160 618 | 130 |oop2l | azos | L | b1 | 0182 Qo7 | (75 | oses | ondss | 365 | 1deo | woss | ooss | oLodl | oL
As | 1.60 22 220 18 80 13,800 160 618 | 340 | o055 | o217 | 10 | 11 | 0004
Wr | 6,30 | 29, 50< | 29.0 18 80 | 193.0 | 19300 160 618 | 735 Jonty | ozss | 1o | 11 |00
19 34 Wstosd tofls+H13d 80 INSI-BH- 8.0 4.0 Oc | 400 009 00 [ 030 167 8.0 035 | 003 | o030 14 40 5,0 00 180 518 | 200 | goaz |oalo | o | 41 | oS oz | 18 157 | 1527 | %5 | 1460 | oos4 | opsa | 1612 | 19k
As | 220 20,7 7.0 18 8.0 7,050 160 518 | 510 Jooes [o2es | 10 | 11 Jooiz
Wr [10.50] 11,3246 11.0 12 8.0 73.0 | 7300 160 518 | 1145 | oes | o2%s | 10 | 11 [ o00ss
20 35 [5+¢dtofis+edd 195 INSI-BH-] 9.0 49 Ac | 250 1,1 1o [ o3 33 i 030 | voso | o300 16 6.0 10.0 1,000 180 854 | 125 | oote [ozoe | 1o | 11 [odo2 fouee | ooa Josst | 1ser | oses | f4s0 | oods | otias [ t7os | 1sed
Pt 1240 214 20 | o040 35 186 045 | noas | o050 13 3.0 13.0 1,300 80 g4 | 370 | oos7 o2 | 10 | 11 | nope 04 | 0330 %5 | w80 | oo
As | 1.50 12 12.0 18 80 5,300 180 554 | 565 | o086 | o226 | 1o | 11 | 0007
Wr 50< 50.0 18 8.0 | 2000 | 20000
30 36 | O+50 [to| 041308 80 INSI-BH-| 7.0 4.0 Acs | 1.90 1 LO | 030 33 61 023 | noez | o075 17 7.0 10.0 1,000 140 582 | 0@s | oote | w205 | 10 | v1 | 0080 J 0088 140 0314 | 0314 365 1460 | 0o0s | ooog f o323 | 0410
4 Approach As | 210 el 3.0 18 8.0 5,250 140 582 | 295 | oost | o215 | 10 | 11 | 0013
Wr | 3.00] 5810 | 7.6 12 8.0 7,320 140 582 | 550 | oo9s o2k | 10 | 11 |00
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Table 5.7.2 Summary of Analysis Results
Analysis Section No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Beginning Point of Section 0+ 225 0+ 370 O+ 480 O+ 80| 0+ 980 1+ 80| 1+ 160 1+ 300f O+ 25 O+ 20| O+ 280 8+ 2000 8+ 270 8+ 330| 8+ 460 9+ 330 9+ 700/ 10+ 460 11 + 660| 11 + 800| 12 + 12+ 235/ 12+ 700| 12+ 890 13+ 10| 13 + 150| 13 + 250| 13 + 350| 13 + 450| 13 + 690| 14 + 50| 14 + 280 14 + 600 15+ 60| 156+ 495/ 0+ 5O
Embankment Height (m) 8.0 50 50 40 40 45 80 80 90 30 65 125 120 120 120 60 55 100 65 70 50 40 6.0 85 85 95 100 100 100 100 9.0 85 80 80 9.0 70
Thickness gfj‘gfnt)“’ Medium | 465 | 450 | 1075 | 3s0 | 400 | 400 | 865 | 300 | 1075 | 400 | 350 | 780 | 400 | 970 | 960 | 600 [ se0 | 600 | 1200 | 1520 | 900 | 700 | 600 | 1700 | 645 | 1090 | 1120 | 1270 | 1270 | 1110 [ 1000 | 1000 | 1050 | 1670 | 640 | 700
Thickness of Cohesive Soil (m)| 365 1.90 240 350 400 400 200 150 240 400 350 240 400 1.70 280 5.00 220 200 1.20 200 4.90 400 400 200 3.90 4.70 6.30 430 5.90 250 290 245 2.60 400 490 1.90
Selected Treatment Type F c [ [ c c c B E c F F F D F H [ F B c c c F F F F G F F F F F F F F D
Embank. Height (m] 80 50 50 40 40 45 80 80 90 30 65 125 120 120 120 60 55 100 65 70 50 40 60 85 85 95 100 100 100 100 90 85 80 80 90 70
Alowskle Safety Factor|  1.25 125 125 125 125 125 1.25 125 125 125 1.25 125 125 1.25 1.25 125 1.25 125 125 1.25 125 125 125 125 125 125 125 125 125 125 1.25 125 125 1.25 1.25 125
Mirimum SF. (Fsminy| 0421 | 0599 | 0870 | 0606 | 0480 | 0595 | 0798 | 0949 | 0971 | 0513 | 0454 | 0575 | 0427 | 0713 | 0565 | 0435 | 0372 | 0569 | 0560 | 0621 | 080 | 0897 [ 0315 | 0530 | 0481 | 0468 | 0438 | 0387 | 0531 | 0406 | 0381 | 0402 | 0384 | 0264 | 0410 | 0597
Untreated Judgement Mo Mo No No No No Mo No No No No No No No No No No Mo No No Mo Mo Mo Mo Neo No No No Ne No No No No No No No
Nos. Loading, Steps 1 2 1 2 2 2 2 1 1 I 2 I 2 1 1 2 2 1 2 2 2 1 2 1 1 2 2 2 2 2 2 1 2 2 2 I
T |Geotextile (sN/m| 110 120 70 130 150 130 150 160 - 120 60 10 170 20 100 - 190 100 160 170 50 160 100 90 10 120 150 90 150 150 170 130 190 110 70
E % Inside Portion Band Dy Dn Dn Drains | Band Drairs | Band Drains -_— Band Druin | Band Drains | Band Drai d Druins -_— Band Drains | Reclscemert |Band Drains| Band Drain -_— Band Drui Druins| Band Drail Drains | Band Drains| Band Drains Band Drains | Band Drais Dn Drains | Band Drai Druins | Band Crains -_—
E Slope Portion ace Band Drai | Draine | Band Dr: d Draing | Band Draire | Band Drains| — [ee Band Draire GCF GoF ace GCF [ Ragiszorarn | Band Dyaine| GCP — EBand Draine | Band D Band Draing| GCP GCP GCP e GCP GCF GCF GCF felea) GCF GoP GCP GoP
o w _[Embenk. Height (m] 80 30 50 20 20 25 60 80 90 30 45 125 100 120 120 35 100 45 50 30 40 40 85 85 75 80 80 80 80 70 85 60 60 70 70
% 3 2| Asowsble Safery Factor] 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120
%35
E =~ irimum sF Fsmi] 1208 | 1602 | 1260 | 2031 | 1905 | 14z | 13a6 | 252 | vazs | 1205 | 1407 | 1216 | 1zaa | 1233 | 1209 1356 | 1240 | 1295 | 1269 | 1380 | 1322 | 1384 | 1229 | vz2iz | 1246 | 1260 | 1206 | 1280 | 1231 1272 | 1200 | 132 | 31z | 1288 | 1237
£ g o _[Embank. Height (m]  — 50 - 40 40 45 80 - - - 65 - 120 - — 55 — 65 70 50 - 60 - - 95 100 100 100 100 90 - 80 8.0 90 -
%5 2[sowssic sotery Facia] 120 120 1.20 1.20 120 1.20 1.20 120 120 120 1.20 120 120 1.20 1.20 1.20 1.20 120 1.20 120 120 1.20 120 1.20 120 120 120 1.20 120 1.20 120 1.20 1.20 1.20 1.20
S~ Mirimum SF(Fsmi)|  — 1237 — 1215 | 1214 | 1226 | 12m — — — 1265 — 1263 — — 1253 — 1311 1209 | 1307 — 1.268 — — 1273 | 1272 | 1264 | 1269 | 1275 | 1268 — 1215 | 1278 | 1263 —
~[Embank. Height (m] 80 50 50 40 40 45 80 80 90 30 6.5 125 120 120 120 60 55 100 65 70 50 40 60 85 85 95 100 100 100 100 90 85 80 8.0 90 70
5 3 5[ sewsble satety factor] 125 125 125 125 125 125 1.25 125 125 125 1.25 125 125 1.25 1.25 125 1.25 125 125 1.25 125 125 125 125 125 125 125 125 1.25 125 1.25 125 125 125 1.25 1.25
< £ E|minimum S (Famid| 1253 | 1259 | 1252 | a7 | 13e2z | 1320 | 1253 | 1261 1404 | 1519 | 1251 1254 | 1253 | 1257 | 1252 | 1400 | 1272 | 1260 1274 | 1265 | 1258 | 1250 | 1255 | 1254 | 1288 | 1257 | 1257 | 1250 | 1257 | 1260 | 1258 | 1258 | 1256 | 1261 | 125 | 1251
"7 Sudgement OK OK 0K 0K OK 0K 0K OK oK 0K OK oK OK oK oK OK OK OK 0K oK OK OK oK OK OK 0K oK oK OK oK OK OK OK 0K OK oK
Final Setthement
e s:" }""’ 0917 | 0263 | 0178 | 0478 | 0690 | 0437 | 0262 | 0229 | 0278 | 0521 | 0670 | 0887 | 0870 | 0369 | 0893 - 0715 | 0396 | 0484 | 0459 | 0430 | 0421 1087 | 0569 | 0847 | 1441 | 1538 | 1770 | 1486 | 1462 | 1350 | 0920 | 0986 | 1527 | 1581 | 0314
Am,
£ | 0917 | 0283 | 0178 | 0478 | 06%0 | 0437 | o262 | 0228 | 0278 | o521 | 0670 | 0687 | 0870 | 0368 | 0893 - 0715 | 0396 | 0459 | 0459 | 0430 | 0421 1087 | 0569 | 0847 | 1441 | 1538 | 1770 | 1486 | 1462 | 1350 | 0920 | 0986 | 1527 | 1581 | 0313
§ !
—E o
B 5 [ | 0008 | 0279 | 0175 | o462 | 0663 | 0420 | 0257 | o222 | 0273 | 0519 | 0857 | 0681 | 0869 | 0366 [ 0886 - 0697 | 0396 | 0437 | o450 | 0420 | o5 | 1068 | 0565 | 0o4r | 1428 | 1527 | 1762 | 1468 | 1462 | 1344 | 0913 | o969 | 1499 | 1567 | oan
E| E
% & Residual Settlemen
5 StmstioSpr (my| 0009 | 0004 | 0003 | 0016 | 0027 [ 0017 | 0005 | 0006 [ 0005 | 0002z | 0013 | 0005 | 0001 | 0002 | 0007 - 0018 | 0000 | 0022 | 0009 | 0001 | ooos | o019 | 0004 | 0006 | 0013 | o011 | 0008 | ooie [ oooo | 0006 | 0007 [ 0017 | 0028 | 0014 | 0002
5
s 5 1 year later after
o oA 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 - 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365
® er raising up t1 (days)
<
Bl S ijf:{j;ﬁf;?ffg 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 [ 1460 [ 1460 | 1460 - 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 [ 1460 1460 | 1460 | 1460 | 1460 1460 | 1460
2 > 14 (days)
13 =
£ for 3 e';rs o) 0072 | 0015 | 0033 [ 0043 [ 0067 | o052 | 0021 | 0027 | 0043 | 0038 | 0043 [ 0043 | 0018 | 000E | 0047 = 0046 | 0009 | 0063 | 0029 | 0057 | 0087 | 0059 | 0026 | 0049 | 0116 | 0136 | 0126 | 0118 | 0083 | o085 | 0052 | 0055 | 0084 | 0125 | 0009
s ¥ (m}
T°“’%§?_§:ﬂ;’::‘r‘:)“°"‘ 0081 | 0019 | 0036 | 0059 | 0094 | 0069 | 0026 | 0033 | 0048 | 0040 | 005 | 0049 [ 0019 | 0010 | 0054 = 0064 | 0009 | 0085 | 0038 | 00s8 | 0093 | 0078 | 0030 | 0055 | 0129 | 0147 | 0134 | 0136 | 0083 | 0091 | 0059 | 0072 | 0onz | 013 | oon
Judgemert (L Sr=0.15m)|  OK OK OK 0K OK, OK OK OK OK 0K OK OK 0K OK OK - OK OK OK OK OK OK OK OK OK OK 0K oK 0K, OK OK OK OK OK 0K 0K
Final Settlement
e oy j’“e 0496 | 0277 | 0166 | 0451 | 0649 | 0420 | 0257 | 0226 | 0150 | 0480 | 0354 | 0376 | 0467 | 0202 | 0489 - 0702 | 0217 | o486 | 0455 | 0424 | 0368 | o570 | 0311 | 0458 | 0757 | 1058 | 0944 | 0784 | 0796 | 0730 | 0503 | 0530 | osos | 0826 | 0.u7
m,
H e i ot ) 0496 | 0277 | 0166 | 0451 | 0649 | 042 | 0257 | 0225 | 0150 | 0480 | 0354 | 0376 [ 0467 | 0202 | 0489 - 0702 | 0217 | 0454 | 0455 | 0424 | 0368 | 0570 | 0311 | 0458 | 0757 | 1058 | 0944 | 0784 [ 0796 | 0730 | 0503 [ 0530 | o0s0oy | 0826 | 0.I71
£
£
= &
S| 5 o e e ] 0496 | 0273 | 0163 | 0436 | 0624 | 0408 | 0252 | 0219 | 0150 | 0478 | 0354 | 0376 | 0467 | 0202 | 0489 - 0685 | 0217 | 0433 | 0447 | 0423 | 0362 | 0570 | 0311 | 0458 | 0757 | 1058 | 0944 | 0784 [ 0796 | 0730 | 0503 [ 0530 | o0so9 | 0826 | 0.171
wi £
Bl Residual Settlement 0000 | 0004 | 0003 [ 0015 | 0025 | 0017 | 0005 | 0006 | 0000 | 0002 | ooco | oooo | oocco | ooo0 | 0000 - 0017 | 0000 | 0021 | ooo8 | 0oor | ocos | ooco | oocoo | oooo | oooo | oooo | oooo | ooco [ oooo | oooco | oooo [ ooco | ocoo | 0oc0 | 0.000
3 Ststiosor o | ¢ ! ! ! ! ! ! ) ! ! I [ ! ! ! ! ! ! I ' ) ! I ! ! ! ! X ! ! ! ' ! I !
3
=3
& af‘[e{:;rf:ﬁ::f&ey; 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 - 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365
°
2
£
s 8 ;t:f:i':n;f{ 4?::55'; 1460 1460 | 1460 | 1460 | 1460 1460 | 1460 | 1460 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 - 1460 | 1460 | 1460 1460 | 1460 | 1460 | 1460 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 1460 | 1460 | 1460 | 1460 1460 | 1460
<
@
£ -
k] e yea:s Ser (] 0072 | 0015 | 0033 | 0043 | 0067 | 0052 | 0021 | 0027 | 0043 | 0038 | 0043 | 0043 | 0018 | 0008 | 0047 - 0046 | 0009 | 0063 | 0029 | 0057 | 0087 | 0059 | 0026 | 0049 | o116 | 0136 | 0126 | 0118 [ 0083 | 0085 | 0052 [ 0055 | 0084 | 0.25 | 0009
3
* -
T°ta'2§j§si§::‘<':;‘e”t 0072 | 0019 | 0036 | 0058 | 0092 | 0069 | 0026 | 0033 | 0043 | 0040 | 0043 | 0043 | 0018 | 0008 | 0047 - 0063 | 0009 | 0084 | 0037 | 0058 | 0093 | 0059 | 0026 | 0049 | o116 | 0136 | 0126 | 0118 [ 0083 | 0085 | 0052 [ 0055 | 0084 | 0.25 | 0009
Judgement (2 Sr=0.15m)| _ OK OK OK OK OK OK OK OK OK OK OK OK OK OK OK - OK OK OK OK OK OK OK oK OK OK OK OK OK OK OK OK OK OK OK OK
Final Settlement
na S:( ‘;me" 0015 | 0009 | 0012 [ 0019 | 0074 | 0022 | 0010 | 0009 | 0008 | 0021 | o010 [ ooos | 0o | 0004 | 0012 - 0021 [ 0002 | 0030 | 0016 | 0034 | 0093 | 0075 | 0008 | 0016 | 0020 | 0034 | 0035 | 0028 [ 0021 | 0062 | 0013 [ 0014 | 0021 | 0022 | 0005
m,
» | 0015 | 0000 | 0012 | 0019 | 0074 | 0022 | 0010 | 0009 [ 0008 | 0021 | 0010 | 0008 [ 0009 | 0004 | 0012 - 0021 [ 0002 | 0021 | 0016 | 0034 | 0093 | 0075 | 0008 | 0016 | 0020 | 0034 | 0035 | 0028 [ 0021 | 0062 | 0013 [ 0014 | 0021 | 0022 | 0005
<
o
€ o
L] g | e ] 0015 [ 0009 | 0012 | 0018 | 0074 | 0021 | 0010 | 0009 | 0008 | 0021 | 00l0 [ 000 | 0003 | 0004 | 0012 - 0021 [ 0002 | 0016 | 0016 | 0033 | 0093 | 0075 | 0008 | 0016 | 0029 | 0034 | 0035 | 0028 [ 0021 | 0062 | 0013 [ 0014 | 0021 | 0022 | 0005
Q £
el g
i} o i '
% Resstffgllsjst;'f;":)” 0000 | 0000 | ooco [ oocor | 0000 | 0001 | 0ooo | 0000 | 0000 | 0oco | oooo | ooco | cocoo | o0ooo | 0.000 - 0000 [ 0000 | 0005 | 0000 | 0001 | oooo | oocoo | oocoo | oocoo | oooo | oooo | oooo | ooco | oooo | 0000 | oocoo | ooco | ocoo | 000 | 0.000
°
e 1 year later after
o o 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 - 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365
£ after raising up t1 (days)
i
3
K if:i';":‘:f;?f:j; 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 - 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 | 1460 [ 1460 1460 | 1460 | 1460 | 1460 | 1460 | 1460
E
2 -
E ?ordereya(v;sSéigm) 0072 | 0015 | 0033 | 0043 | 0067 | 0052 | 0021 | 0027 | 0043 | 0038 | 0043 | 0043 | 0018 | 0008 | 0047 - 0046 | 0009 | 0063 | 0029 | 0057 | 0087 | 0059 | 0026 | 0049 | o116 | 0136 | 0126 | 0118 [ 0083 | 0085 | 0052 [ 0055 | 0084 | 0.25 | 0.009
2]
T°ta'z R;_f'g:fi g::t('f“’;‘e”t 0072 | 0015 | 0033 | 0044 | 0067 | 0053 | 0021 | 0027 | 0043 | 0038 | 0043 | 0043 | 0012 | 0008 | 0047 - 0046 | 0000 | 0068 | 0029 | 0058 | 0087 [ 0059 | 002 ( 0049 | 0116 | 0136 | 0126 | 0118 | 0083 | 0085 [ 0052 | 0055 | 0084 | 0125 | 0009
Judgement (L Sr=0.15m)|  OK OK OK OK OK OK 0K OK. OK oK OK 0K oK OK OK - OK OK OK OK OK OK OK OK OK oK OK oK OK oK OK, 0K OK oK OK OK

. D Minimum Safety Factor which calculates tensile force,
+ GCP: Gravel Compaction Pile in 1.2 m square spacing {as=27%}

= Band Darains: Band Drains in 1.0 m square spacing.
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5.7.2. Selection of Applicable Countermeasure

Table 5.7.3 provides the possibly minimal countermeasures to be selected in this study
based on the available geotechnical information and the subsoil profile illustrated from
the results of investigation carried out at during this study. For the selection of
countermeasure, it was assumed where the subsurface stratum uniformly distributes and
provides physically homogeneous.

The geological feature generally observed in Western region of Sri Lanka shows it’s most
probably inhomogeneous. Therefore, some parts of subsoil conditions along the OCH
would be probably different from the geotechnical profile illustrated based on such spot
samples given by the geotechnical investigation. In this regards, the review and
rectification of countermeasures should be considered to meet with the actual subsoil
conditions prior to and during the construction.

Especially design of countermeasure against settlement has been carried out based on the
soil data obtained at detailed design stage to achieve that the residual settlement for 3
years after traffic opening will not exceed 15 cm. Actually this 15cm of the allowable
residual settlement for 3 years is a target value for design of soft soil treatment and also
execution of construction. Because it can be anticipated that actual settlements for 3
years sometimes exceed due to inhomogeneous soil conditions and limited information
of ground conditions even though construction work was executed properly according to
the obtained data and design.

However, it predominates that the countermeasures studied this time should be
reasonably applicable for the actual subsoil conditions on site to avoid the risk to increase
the construction costs due to unknown subsurface conditions.

Taking into consideration on above subjects, the appreciable countermeasures against
soft soil ground along the OCH Northern Sectionl are described in Table 5.7.4 and Fig.
5.7.2. All locations of box culverts and abutments of viaducts on the soft ground treated
by GCP and Preload are shown in Table 5.7.5.

Detailed appraisal for the countermeasure will be extended in the Contract that the
Contractor should review the soil profile and propose the eligible countermeasures suit to
the site.

The supervision consultant shall properly check the Contractor’s proposal whether the
engineering justification makes minimal countermeasures to pursue the economical
efficiency with satisfying the geotechnical requirements for soft soil ground.
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Table 5.7.3 Type of Countermeasures

Type Cross Section Descriptions | Type Cross Section Descriptions
33.00
¢ EGravel Mat
s . L ! . EBand Drains
élr ad ‘ | Ly B Gravel
! i ANNUAL FLOOD LEVEL COMPACTED SANDY SOIL 500mm GABION FLOOD PLAIN FROTECTION .
A ANUAL RO LV Z;AVEL = 1 /SABION FLOOD PLAN PROTECTION E Gravel Mat E L FL GRAVEL MAT 500mm A Compactlon
= R - afnrne: : = e : A Pile
P — == o B MBI R - = = & R =y — ~ -~ I
@[ AN COMPACTED SANDY SOIL 50Cmm » 7 = ™ . ™ " <BFT soi® g -~ n o s o SO sl
N BAND DRAINS @ 1.0m SQUARE SPACING GRAVEL COMPACTION PILE
(GCP,700) @1.2m
SQUARE SPACING
EGravel Mat
33,00 N1 Layer of
§ ey =t Geotextile
L | . B Gravel Mat 32 GraveL wat s00mm 74 -
. ; N o F 1 LAYER OF CEOTEXTILE [/ CABION FLODD PLAN PRATEGTION EBand Drains
B N . | 1 LWYER OF e Bl |ayer of (TENSILE STRENGTH VARIES) COMPACTED SANDY SOIL 500mm
ANNUAL FLOOD LEVEL i /_GEOTE)(TILE(TENS\SE e ST R G Gt Geotextil S il - B Gravel
v STRENGTH VARIES eotextile I I I I I I I .
= . Compaction
8 R RN RN AR RN .
%] —-~ S’(\]FFASUE BAND DRAINS © 1.0m S@uARE SPACING (o570 0 2 P||e
SQUARE SPACING
' : 33.00 ) )
2500 ‘ e EGravel Mat
¢ | B1 Layer of
i , \ ] .
L ' | w 1 EGravel Mat j S~ | _ Geotextile
o it i B B~ GRAVEL MAT 50i0mm | ! Zit .
A®~"1 LAYER OF GECTEXTILE : GABION FLOCD PLAIN PROTECTION
C ANNUAL FLOOD LevEL 57— TENSE e STRENGTH VARIES) i \ /G4BON FLOOD LAN PROTEGTON 1 Iayer Of G ANNUAL_FLDDD LEVE 1 LAYER OF GEOTEXTILE | —COMPACTED SANDY SOIL 500mm / Gravel .
k=l CRAVEL MAT 500mm COMPAGTED SANDY SCIL 508m Geotext”e = o _ o o - Compactlon
P o EBand Drains ) | ] | | ARy Pile
= GRAVEL COMPACTION PILE {GCP,#700) ®2.0m | GRAVEL COMPACTION FILE (WhOle Al'ea)
BAND DRAINS @ 1.0m SOUARE SPACING (GCP,@700) ®1.2m
SQUARE SPACING SQUARE SPACING
i 3300 . I 3.3.00
GT E Gravel Mat ¢
|
X i i 5 E1 layers of L ' sl i : F Replacement By
D % o | GRAVEL MAT soonhL\ Geotextile H Excavation
ANNUAL FLODD LEVEL | GABION FLOGD PLAIN PROTECTION -
=2 g gsggﬁgl-\?ESfLERTES‘SSE_] ‘ COMPAGTED SANDY SOIL 500mTagg— EGravel
I : s - : SOFT SOIL C ti e
%] —~ EX I o~ A L T e = e e I I P R . OmpaC 10N E[ —~ o~
g o~ e .
= ) SRAVEL: CONDACTION Pile <
LPILE e COMPACTED GRAVEL
SQUARE SPACING
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Table 5.7.4 Soft Soil Countermeasures along the OCH Northern Section 1

) S, Na. Ditance | Twpeof | 1P*% | DepthofSof| Nos of Stepsor|  Analysis
L St 6 Ead | ® Tr;nnm Eg‘f;‘* q;uil(nﬂ Imbaul:em S::h\u.
1 8200 | to | 8+330 130 F 400.0 -4 . 12, 13
2 | 84330 |t | S+460 | 130 D | 200 1-2 1 14
3 3_;3;’ . g_gg: 1;[? F ol oo | 223 1 15
4 | 94330 | o] 4365 | 33 H - 4-5 1 1§
5 |o+700 | 0| 9000 | 200 c | w00 [ 2-3 2 17
i] 10+460| to | 10+300] 340 F 2000 2-3 1 13
1 104800 to | 10+230] 130 A - 0-1 1 5
8 11+660| to | 11+300] 140 B 4000 1-2 2 19
9 114800 to [ 11+930] 130 C 4000 2-3 2 20
OCH 10 |12+H000( to | 12+080] 50 C 100.0 1-3 2 21
11 124235 to [ 124393 140 C 4000 2-4 1 22
12 124700 to [ 12+823] 123 F 2000 2-4 2 23
3 124800 to [ 13+230] 340 F 3000 2-3 i 24,123, 26
14 | 13+230( to | 1343500 100 G 300.0 -6 . 27
15 [136350] w0 | 134775] 425 F 000 | 2-3 2 282930
16 [14+050] to [ 144250] 200 F 000 | 2-4 2 31
17 [149280] o | 14+410] 130 F 000 | 2-3 1 3
18 14+600| to | 14+630] 30 F 3000 2-3 . 33
19 [154060| o | 15+115) 33 F 000 | 2-4 2 34
15+405]| to | 15+610] 113
¥ Nesnwotese| o | & [0 ] 26 ’ .
0225 | | 04370 | 145 F 000 | 3-4 1 1
2 04370 | | o+as0 | 120 C 000 | 2-3 2 2
23 [ow80 0| e+780 | 300 c | w00 | 2-3 1 3
Al Bypass
M4 0+780 | to | +8830 100 A - 0-1 1
23 0+3830 | to | 1+300 | 420 C 3000 1-4 2 4. 36,7
2% | 14300 | 0| 14680 | 3%0 B 4000 1-2 1 3
Famp-1 27 0+0253 | to | (4260 | 233 E = 2-3 1 o
Ramp-4 28 0+020 | to | 04280 | 260 C 300.0 -4 1 10
29 0+280 | to | (363 ] F 2000 -4 2 11
Approach 30 0+30 | to | (H130 80 D 2000 1-2 1 30

(="
=]

* " Approach" means the approach road to overpass bridge at the Sta. No. 8+415 of OCH.
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Table 5.7.5 Locations of box culverts and abutments of viaduct on the soft
ground treated by GCP (Gravel Compaction Pile) and Preload

(Boxz Calvert)
Laocarion STA Skew Angle

15+327 82
i 14618 20
Boad Al Famp-1 0134 Fat
O=2es o

4] Bypass
=203 82
O+ TS0 0
L] a0
D=0 o
11=T40 o
12+350 a0
SN [2=733 an
13110 o0
Crainage 13550 0
L4340 o
L5383 an
Al Bamp—4 OIS L]
O=575 a0
075 o

Al Bypass
T 0] o)
=312 o
Q=TS 53
ato Ay, L o875 58
Eialae [ e ] ot
A1 Bypass 0500015 7B

[Abutment of Viaduact)

Loscation STA I B
B+648.0 vl
3+735.0
W2
14-+070.0
hizin T.ins
15+005.0
V3
15+505.0
I6+524.5 Ho
AlT.C. Ramp?3 e2dl.s R
02308 =
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Fig. 5.7.2-1 Section of Countermeasures
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Fig. 5.7.2-2 Section of Countermeasures
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5.7.3. Points to pay attention on for soft soil treatment
(1) Construction of Embankment on Soft Ground

a) It is important to fill the soil slowly with monitoring of ground deformation and
pore water pressure of soil in order to maintain the stability of embankment.

b) It should be carried out carefully to spread the soil in thin layer with keeping the

level of fill to uneven loading on soft soil.

c) It is essential to keep the leaving period for embankment as it is for more than half
year after raising up the embankment to the designed level to perform the required
consolidation degree (U=90%).

d) Even if countermeasures are taken for embankment stability against soft ground,
those countermeasures are mainly considered for only toward the cross section.
Therefore embankment slope angle for longitudinal direction should be taken very
gentle during construction period. Because geotextile usually dose not cover the
required stability in longitudinal direction in case of the geotextile with different
strength in warp and weft directions.

(2) Countermeasures

a) Replacement Method

The required excavated depth should be where the firm clay or medium dense
sand layer is confirmed. If the ground is very soft and has high water content,
excavation itself usually becomes very difficult. In such area, excavation should
be carried out only in mid of dry season to avoid the troubles due to water in the
soil and under ground.

For hauling the replaced high water content soil such as peat or organic clay, it is
very difficult to load and unload them without any drying. Therefore stock pile
yard is necessary for drying them.

b) Geotextile
Geotextile has the different tensile strengths in two rectangular directions. The
direction having bigger strength should meet with a cross direction of road
alignment.

c¢) Band Drains
Required installation depth should be at the bottom of soft to medium consistency
clay layer which needs to accelerate the consolidation settlement.

d) Gravel Compaction Pile (GCP)

Gravel compaction method usually causes the following negative influence to the
surrounding area from its nature of the method.

*Noise and vibration

*Heaving of surrounding ground
Therefore some measures such as introducing low noise and vibration machines
and ditch excavation along the R.O.W. are should be considered depending on
circumstances at site.
Required driving depth of GCP should be at the top of firm or medium dense sand
layer. Furthermore as the strength of cohesive soil usually decreases temporarily
by driving gravel compaction piles, it should be left for one to three months as it
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is to recover the strength again. Then embankment work should be started.

For the locations where box culverts and abutments of viaducts are constructed on
the soft ground, gravel compaction pile (GCP; ¢=0.7m, ©01.2m) and preload (up to
designed road level) is applied in order to remove the negative influence to the
structures due to consolidation settlement by embankment. After removal of
preload with leaving period of more than one to three months, those structures can
be constructed (Refer to Fig. 5.7.3).

e) Surcharge

Surcharge shall be place on the embankment portion on the soft ground to cover
the settlement volume of embankment and also to achieve the consolidation
settlement as required. Surcharge height at each section of soft soil treatment area
are shown in Fig. 5.7.4.

EVABARKMENT WELUNKG SURTHARCE ——

£ WAN ROAIWAY
FRCHRE | —— SRCHAREE T BE RENINE:
i
- Emuum_{\
— —_ ~
e |___H_ N
el | T
T
uomuursﬂ.[-:rmrl.L| " |#TToM oF SELECTED AILL
TEFTAE. ETTLEVERT ; AFTER SETTLEVEST
|
CONSILEATION LIE — " EVEAKKUENT ALL
1 8+200 o 8+330 130 0.8
2 B8+330 o 3+460 130 0.8
3 8+460 o 2+608 148 0.8
8+608 o 8+568 G0 ’
4 9+330 o O+365 35 0.8
3 9+ 700 o S+900 200 0.8
4] 10+-460 o 10+800 340 0.8
7 10+800 to 10+930 130 0.8
8 11+660 o 11+800 140 0.8
o 11-+800 o 11+930 130 0.8
10 12+000 o 12+080 80 0.8
OCH 11 12+235 o 12+395 160 0.8
12 12+ 700 to 12+825 125 1.5
13 12+890 o 13+250 360 1.5
14 13+250 o 13+350 100 1.5
15 13+350 o 13+775 425 1.5
16 14+050 o 14+250 200 1.5
17 14+280 o 14+410 130 1.5
18 14+600 o 14+650 50 1.5
19 15+060 o 15+115 55 1.5
9 15+495 o 15+610 115 -
20 = = 1.5
16+520 o 16+560 40
21 0+225 to 0+370 145 0.8
22 0+37 o 0+4 80 110 0.8
21 Bypass 23 0+480 o 0+7 80 300 0.8
24 0+780 o 0+880 100 0.8
25 0+880 o 1+300 420 0.8
26 1+300 o 1+680 3 80 0.8
Ramp-1 27 0+025 o 0+260 235 0.8
Ramp-4 28 0+020 o D—ES? 26_0 0.8
29 0+280 o 0+365 85 0.8
Aprwoach 30 0=+50 to 0+130 20 0.

* " Approach” means the approach road to overpass bridge at the Sta. No.

9+415 of OCIEL

Fig.5.7.4 Surcharge for embankment on soft soil

THE OUTER CIRCULAR HIGHWAY
TO THE CITY OF COLOMBO

5-36



FINAL REPORT
February 2008
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Fig. 5.7.3 Soft Ground Treatment for Box Culvert and Abutment of Viaduct
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CHAPTER 6 HYDROLOGY AND DRAINAGE DESIGN

6.1. Background

This chapter presents the hydrological and hydraulic analysis along with details of
drainage provisions for OCH (Northern Section-1) section, from Sta. 8+200 to Sta.
16+560. The basic design of entire OCH from Sta. 0+000 to Sta. 28+500 was conducted
in 2001 and detailed design of OCH (Southern Section) from Sta. 16+560 to Sta. 28+500
was completed in year 2005. In addition, Supplementary Environmental Impact
Assessment for Biyagama deviation from Sta. 13+000 to 16+000 was carried out by
Road Development Authority in 2005-2006.

During the detail design study, all related institutions such as Irrigation Department, Sri
Lanka Land Reclamation and Development Corporation and Department of Agrarian
Services were consulted through Road Development Authority and their suggestions /
recommendations were also incorporated. In addition, detail design of culverts, bridges
and canals/side ditches for irrigation/drainage, design of Rakkgahawatha minor flood
protection scheme, clear opening span for Kelani River bridge along with hydrological
analysis were submitted and discussed with these institutions.

6.2. Existing Condition

The proposed Outer Circular Highway (OCH) Northern-Section 1 begins at station
8+300 close to Colombo-Kandy Road (Al). The beginning section from station 8+300 to
8+800 traverses through low line areas consisting of paddy fields in Ihala Biyanwila and
Gonahena in Mahara Division. The interchange (Al) for Kandy Road, its access roads
and ramps are located between station 8+650 and 9+000. The reach between station
8+800 to 15+850 consists of intermittent hilly and low ground areas with small streams
draining water from minor sub catchments. The OCH passes through the flood plain of
Kelani River in Biyagama area between station 15+850 and 16+100 and crosses a
tributary of Kelani River called Rakgahawatta Ela at station 15+850 and Kelani River
around station 16+350. The access roads to OCH from Kelaniya-Mudungoda Road
(B214) and Colombo-Avissawella Road (A110) have been provided. The OCH Northern
Section-1 connects to its Southern Section after crossing the Colombo-Avissawella Road,
at station 16+700.

The OCH has been designed with elevated bridge structures mainly at four locations
other than structures provided for road crossings, in consultation with Road Development
Authority analyzing several issues especially soft soil treatment, related with OCH
construction. These bridges are located from station 8+648 to 8+970, 13+755 to 14+070,
15+130 to 15+445 and 15+895 to 16+525. Though provision of these bridges was not a
main issue in hydrological consideration, it remarkably mitigates the adverse impacts on
hydrological environment providing free flow (uninterrupted drainage) especially at Al
interchange and sensitive flood plain areas of Kelani River at Biyagama.

6.3. Design Standard

Recommended design storm return periods are given below. In OCH (Southern Section),
same design standards were applied with the consent of Road Development Authority.
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Table 6.3.1 Design Standards

Type Return Period
(Year)
Bridge for Main River (Kelani) 100
Bridge for River tributary 50
Drainage Culvert for OCH, Ramps & Access Roads 50
Drainage Culvert for Crossing Minor Roads 10
Road Side Ditch/Canal* 10
Road Surface Drainage for OCH 10

*Side ditches are provided where necessary

6.4. Data Collection
(1) Topographical Data

The topographic maps produced by Survey Department at 1:10,000 scale covering sub
catchments of the study area including the Kelani tributary, Mudun Ela were collected. In
addition, survey plan in 1:2000 produced by Survey Department conducting the areal
survey for the Outer Circular Highway and the ground survey data provided by Survey
Department and local consultants were also utilized. These maps were used to identify
the existing waterways (drainage, irrigation), low line areas, flood plains, high water
elevations and also to demarcate the sub catchment boundaries of waterways crossing the
OCH trace. The consultants made many site visits to gather information from public as
well as to check the accuracy of data collected from various sources.

(2) River/Waterways / Canal Cross Sections

Following surveys were done for hydrological analysis in addition to the alignment cross
section survey conducted at every 20m intervals for entire road trace.

= Kelani River
- Altogether nine cross sections of Kelani River was surveyed. Three cross
sections were surveyed at the centre line of the proposed bridge, 150m upstream
and 150m downstream. In addition, four cross sections were taken two each at
upstream and downstream of the bridge at an interval of around 15m. Further,
two cross sections were obtained at the confluence of Kelani River -
Rakgahawatta Ela (Mudun Ela) and around 100m downstream of the confluence.

- Additional 65 cross sections covering a reach of 90.6 km from Kitulgala to
Colombo were also collected (Source: Department of Irrigation and Lanka
Hydraulic Institute) for mathematical modeling of Kelani River by MIKE 11
software.

= Rakgahawatta Ela (Mudun Ela)

- Thirty eight (38) cross sections of Rakgahawatta Ela were surveyed from
Biyagama area to Kelani river confluence at close intervals around 50-100m. It
included the existing minor flood protection structure of 6 cell openings each 1.8
m x 1.3 m and existing bridge at Kelaniya-Mudungoda Road (B214).

= Irrigation / Drainage Canals
- All waterways that intersect OCH trace were surveyed.
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3)

Rainfall (mm)

Rainfall Data

During the Basic Design Study, Intensity-Duration-Frequency Curve/Table for Colombo
was developed by Gumbel extreme value probability distribution for short term rainfalls
For this purpose, rainfall data at relevant gauging stations including Colombo Met
Station were collected from Meteorological Department for the period of 1951-2000.
During the hydrological analysis, both short duration and long duration rainfall events for
standard return periods were applied. For flash floods, 3 hr storm duration was adopted
as the time of concentration in the sub catchment is about 3 hours. However for long
duration flood storms, standard 24 hr storm duration was taken into account.

The hyetographs for 3 hour were derived using Intensity Duration — Frequency curves
(IDF Curves) at Colombo. The design 24 hour storm hyetographs were obtained from the
“Study on Storm Water Drainage Plan for Colombo Metropolitan Region 2003” by JICA
Study.

(b) Annual Maximum 1-Day Rainfall

(&) Monthly Average Rainfall
in Colombo (1984-2005)

in Colombo (1984-2005)
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Fig 6.4.1 Rainfall Pattern in Colombo

Table 6.4.1 Intensity of Rainfall in Colombo (mm)

Return Period Duration

(Years) 15min [ 30min | 60min [ 90min | 120min | 150min | 180min

1.002 44 37 31 23 17 13 10

1.50 83 75 52 40 32 27 23

2 93 85 58 44 36 31 26

3 105 97 64 50 41 35 31

5 118 110 72 56 46 40 35

10 135 126 81 63 52 46 41

20 151 142 90 70 59 52 46

25 157 147 93 72 61 53 48

30 161 151 95 74 62 55 50

50 172 162 101 79 67 59 53

70 180 170 106 83 70 62 56

100 188 178 110 86 73 65 59
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(4) Discharge / Water Level Data

The daily discharge and water level data for gauging stations along the Kelani River at
Kitulgala, Deraniyagala, Holombuwa, Glencourse, Hanwella were obtained from
Irrigation Department and encoded, basically targeting the past 22 years. It was collected
to set up a MIKE 11 model for Kelani River Basin. In addition, hourly water levels at
Kitulgala, Deraniyagala, Holombuwa, Glencourse, Hanwella, Nagalagum street and
flood gauging posts located at downstream of Hanwella were also recorded for past flood
events in May/June 1989, May 1990, Nov 2004.

6.5. High Water Level Survey

High water level survey along the OCH trace was conducted by flood hearing from long
time residents in the area. The flood marks/levels were noted and subsequently flood
elevations were determined by topograpghic survey tying up these points to the nearest
bench marks. In addition, high water levels at streams crossing the OCH were also
calculated analyzing the corresponding sub catchment discharge. In case of Keleni river
basin, high water level is dependent on the river water level as there are no flood control
dykes in this area.

Table 6.5.1 High Water Level along OCH

Annual 50 year
No. Station Ground Level m.MSL HWL HWL Remarks
(m.MSL) | (m.MSL)
1 8+150 13.0 (A 1); 10.3 (GL) 11.0
8.5 (Shramadana Mw); Kalu Ela Basin -
2 8+760 7.3 (GL) 8.9 7 upper reach
3 10+630 9.5 (Paddy) 10.7 11.2
4 12+300 5.8 6.8 8.2
5 | 13+200 2.7 4 g2 | Kelani GangaBasin
- High water level
6 15+200 1.6 4 8.2 dependent on water
level in Kelani
7 16+100 | 53 (B 214);5.0 (GL) 82 | miver !
8 16+500 6.0 (A110); 5.3 (GL) 8.2

Note: HWL:High Water Level; GL:Ground Level

6.6. Hydrology / Hydraulic Analysis

The hydrological and hydraulic analysis was mainly conducted for the following designs.

Kelani River flood analysis and selection of bridge span
Scour analysis of proposed Kelani River bridge
Selection of bridge span for Rakgahawatta Ela

Design of minor flood protection structure at Kelani-Rakgahawatta Ela
confluence and
Design of drainage provisions such as culverts for drainage/irrigation, bridges,
side canals/ditches etc. for waterways crossing the OCH trace and related minor

roads.
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6.6.1. Kelani River Flood Analysis and Selection of Bridge Span

(1)

(2)

Introduction

The Kelani River is the third largest river in Sri Lanka with a catchment area of 2292
km2. The river basin is entirely located in the wet zone of the of country and the annual
average rainfall varies from 2500 mm at lower elevations to 5000 mm at the upper
reaches. The river drops from 2500 m MSL elevation from the central mountain to the
sea level, traversing on the western slope. The river enters the sea along the northern
boundary of the city of Colombo. The total length of the river had been estimated as 150
km and average annual runoff to the sea is 5500 million m3.

The areas below Yatiyantota, Ruwenwella up to the city of Colombo are vulnerable to
floods of Kelani River and the Colombo suburbs had been protected by a system of
dykes constructed in 1925 to 1930. These dykes provide protection only for a distance of
15 km from the mouth of the river. Fig. 6.6.1 shows the Sub Catchments in Kelani Basin
with Rainfall and Hydrometric Gauging Stations.

This section provides the brief description of data collection, model set up, calibration,
and validation and study results.

100000 115000 130000 145000 160000 175000
1 1 1 1
"Aw .

Legend

\ ® Rain Gauge Stations
N Hydrometric Stations
= "A" Class Road 2?5 7.3 18
—— Railway

= Main River
—— Tributaries

1:450,000

.1 Watershed Soundary |
ﬂSun Basin Boundary

T T T i} T 1
100000 115000 130000 145000 160000 175000 190000 205000

Fig. 6.6.1 Sub Catchments in Kelani Basin with Rainfall and Hydrometric Gauging
Stations

Objectives
Proposed Outer Circular Highway has to traverse through the flood plain of Kelani River

passing the towns of Biyagama, and Kaduwela, which are frequently subjected to floods
of Kelani River. When Kelani River overflows during heavy rains, water spreads on
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either side of the river to an approximate distance of 2 to 3 km between Pugoda and
Ambatale. This area is located along the river between 15 km and 40 km from the mouth.
The reach between 0 to 15 km is protected from the Kelani flood bunds as mentioned
earlier. The proposed OCH crosses the river at a location, called Rakgahawatta,19 km
upstream from the sea and has an average formation level of 12.5 m M.S.L. The average
ground level of the flood plain area is approximately at 6.0 m M.S.L. Therefore
considerable amount of obstruction to the natural passage of flood is inevitable. The
flood analysis will focus on the impact of the proposed highway to the natural flooding in
the Kelani valley closer to the proposed bridge site in between Kaduwela to Ambatale
located in between 20 to 15 km along the river. Several options of bridge spans had been
examined to minimize the environmental impact due to the proposed bridge. Fig. 6.6.3
shows the longitudinal section of the river between Colombo and Kitulgala selected for
the model study.

(3) Study Methodology

The Kelani river reach between Kitulgala to Colombo was numerically modeled by using
the Mike Il one dimension hydrodynamic model developed by the Denish Hydraulic
Institution (DHI). The Mike Il hydrodynamic model has been developed on the basis of
the solution to the well-known St. Venant equations for unsteady flow. Basically it solves
the equation of continuity and equation of momentum by using the finite difference
method. The computational grid consisting of alternative Q and H points at each time
step and each distance step [A t & Ax].

The model has the flexibility to use different frictional factors along the river for different
reaches. In addition it can use different frictional factors at each cross section for varying
river depths. Generally higher resistance factor for flood plains and lower factors for the
river channel are adopted. In this study the hydrological module NAM for simulating
rainfall-runoff process in river catchments was linked MIKE 11 HD for modeling of river
basins. Three different schematizations were used to represent the inundation areas as
flood plains, flood cells and additional flooded areas.

The Kelani Estuary is subjected to morphological changes due to excessive sand mining
and therefore cross sections and bed levels are changing with time in the reach below
Hanwella at 34.6 km.

(4) Data Collection
In order to set up the Mike Il model for a river reach, following basic data are required.

- River network data - coordinates of few points along the center line of the river
with longitudes and latitudes to describe the river geometry.

- River cross sections at 2 to 3 km intervals to describe the conveyance capacity of
the river canal, flood plain, elevations of dykes etc.

- Dimensions of all man made structures such as bridges, culverts, weirs across
the river.

- Both upstream and downstream boundary data. Normally upstream boundary is
a discharge hydrograph and the downstream is a water level graph.

- Historical observations of water levels at intermediate locations of the river
reach for the selected boundary data in order to calibrate the model and
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thereafter for verification.

- Rainfall and evaporation data of the intervening catchment during the selected
events for calibration and verification. These data are required to simulate the
runoff process for the river reach within the model length laterally between
model boundaries.

- Synthetic design hydrograph or probable design discharge of different return
periods such as 50 to 100 years for simulation.

River Cross Sections

The river cross sections and bridge sections available from Irrigation Department and
Lanka Hydraulic Institute were used in setting up the model. In addition, nine cross
sections were surveyed close to the proposed bridge centerline as mentioned above. The
raw data is available in the form of (X, z) coordinates, x being the horizontal distance
across the cross section and z the elevation above a selected datum (MSL). The bed
resistance at river cross sections was specified in terms of Manning’s roughness
coefficients. The model processed these data and computed the hydraulic parameters
such as cross sectional area, width, hydraulic radius, conveyance at different water levels
as “processed data”. The longitudinal profile of the river was also automatically
generated. Figure below shows the longitudinal profile of the main Kelani River.
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Fig. 6.6.2 River Cross Section of Proposed Kelani River Bridge
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Fig. 6.6.3 Longitudinal Profile of Kelani River

THE OUTER CIRCULAR HIGHWAY 6-7
TO THE CITY OF COLOMBO



Final REPORT
February 2008

Water Level and Discharge Data
The water level and discharge data was collected from Irrigation Department. The data at
Glencourse is quite reliable as it is a stable river section according to Irrigation

Department.
Table 6.6.1 Annual Maximum Flood Levels in Colombo, Hanwella and Glencourse
Nagalagam Hanwella Glencourse
Water Year Water Level Discharge Discharge

(m MSL) (m3/s) (m3/s)
1960 1.42 N/A 971.3
1961 1.14 N/A 787.8
1962 1.68 N/A 894.8
1963 1.30 N/A 1765.8
1964 1.96 N/A 871.9
1965 1.55 N/A 1024.8
1966 2.64 N/A 1413.6
1967 2.74 N/A 3058.6
1968 2.79 N/A 1902.3
1969 1.42 N/A 963.6
1970 1.07 N/A 956.0
1971 2.23 N/A 1981.0
1972 1.63 N/A 1428.0
1973 0.91 N/A 883.3
1974 1.65 2378.6 2067.1
1975 2.01 2619.3 1948.8
1976 1.42 1704.4 887.2
1977 1.50 1776.9 1550.6
1978 1.60 19114 2665.2
1979 1.45 2217.2 1182.5
1980 0.74 579.9 608.5
1981 1.09 1670.7 1873.4
1982 1.42 N/A 1529.0
1983 1.07 N/A 1249.9
1984 1.57 2009.2 2647.0
1985 1.37 1401.4 1620.6
1986 0.76 1254.4 925.4
1987 0.94 522.8 1322.1
1988 1.24 979.6 1582.9
1989 2.79 2440.0 3428.0
1990 1.20 568.0 1032.4
1991 1.50 1007.0 963.6
1992 1.55 1076.0 1346.2
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1993 1.60 1292.0 1519.5
1994 1.52 1172.4 452.4
1995 1.27 764.0 719.0
1996 1.52 1135.0 1360.6
1997 1.65 1216.0 1550.6
1998 1.45 1017.0 803.1
1999 1.96 1282.2 1413.6
2000 1.52 989.7 810.6

N/A: Not Available

Rainfall Data

All available daily rainfall data since 1950 at the selected rain gauging stations to
represent the Kelani catchment in spatial distribution was collected from Meteorological
Department. Sub basin daily mean rainfall was automatically calculated by NAM model
according to the Thiessen Weights when rain gaining stations and rainfall time series files
are given to the model.

(5) Boundary Conditions

The boundary conditions are required at all external boundaries of the model. The
boundary conditions used for Kelani River and the two main tributaries are given. The
NAM simulated runoff for the 3 intermediate sub catchments, Glencorse, Hanwella and
Colombo were linked as uniformly distributed lateral inflows between upstream and
downstream river stations.

(6) Calibration and Verification of Model

The model calibration was carried out by setting up the hydrodynamic model
downstream of Glencourse. The inflow boundary input for hydrodynamic modeling
was obtained from recorded hourly stream flow data at Glencourse gauging station for
the flood events considered. Downstream boundary is the water level at the river mouth.
Model was calibrated for 1989 flood event and validated for 1990 flood event.

(7) Analysis of Proposed Kelani River Bridge
The proposed Kelani River Bridge was analyzed with following conditions.

- Mathematical model was developed using MIKE 11 river modeling (explained
above)

- Model was calibrated for 1989 flood and validated for 1990 flood

- Design Return Period : 100 year

- Design Discharge : 4400 m3/s at Glencourse

- Simulated scenarios
o Existing condition
o 350m long Kelani Bridge at OCH crossing point about 1km downstream of

Kaduwela

Design discharge of 100 year flood at Glencourse (4400 m3/s) was estimated by
frequency analysis, extreme value type | Gumble distribution, using annual maximum
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discharge data collected from Irrigation Department. Analyzing the distribution of flood
hydrographs at Glencourse, 100 year return period flood hydrograph was derived and
applied in the simulation.

The change of water profile along the river is a tool to identify the direct impact on flood
behaviour due the construction of proposed highway. When proposed bridge section
reaches peak of the flood, water level along the river is given in the Table 6.6.2.
According to the results, back water effect is limited to a 10cm height for the bridge span
of 350m.

Table 6.6.2 Water Profile along Kelani River for 100 Year Flood with / without
350m Span Kelani River Bridge

100 Year Flood
Distance Water Elevation
Location from Sea (m MSL) Difference
(km) Existing With Bridge (m)
Condition | (350m span)
Nagalagam 4.2 4.004 4.010 0.006
Kotuwila 5.7 4.235 4.241 0.006
Wennawatta 8.8 4.797 4.803 0.006
Kelanimulla 12.0 6.002 6.007 0.005
Ambatale 14.9 7.305 7.310 0.005
Rakgahawatta 18.0 8.151 8.154 0.003
350m downstream of bridge 8.370 8.367 -0.003
Proposed Bridge 19.0 8.396 8.460 0.064
350m upstream of bridge 8.412 8.479 0.067
Kaduwela 19.9 8.421 8.521 0.100
Bomiriya 23.8 9.146 9.227 0.081
Nawagamuwa 26.6 9.953 10.004 0.051
Ranala 28.1 10.382 10.422 0.040
Atigala 30.9 11.066 11.091 0.025
Hanwella 34.0 11.551 11.569 0.018

(8) Proposed Bridge Opening Span

= During the detail design study, necessary clear span for proposed Kelani bridge is
considered as 350m due to the following reasons.

- Bridge span included the main roads (Al110 & B214) either side of river
eliminating a small embankment reach between river and A110 road, thereby to
prevent possible high erosion at the toe of embankment due to high velocity
during severe floods.

- To minimize the possible backwater effect with urbanization of flood plain area
in future.

- To minimize the obstruction to free flow of water and thereby to mitigate the
adverse impacts of floods to the surrounding area.

=  Model results confirm that 350m clear span is sufficient for minimizing the
backwater effect and hence, it is recommended.

= All related data, river cross sections, MIKE 11 model details and results obtained
were submitted to Irrigation Department for their approval. Irrigation Department
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has given the approval mentioning that it has not exceeded the allowable backwater
effect.

= However, bridge length has extended from station 15+895 to 16+524, covering the
low line flood plain area due to several other issues related with OCH construction,
especially soft ground treatment, in consultation with Road Development Authority.

6.6.2. Scour analysis of proposed Kelani River bridge
(1) General

The HEC-RAS Model; River Analysis System developed by US Army Corps of
Engineers, Hydrologic Engineering Center was used for hydraulic modelling of the
Kelani Bridge. HEC-RAS has the capability to compute one-dimensional water surface
profiles for both steady and unsteady flow. Sub-critical, supercritical and mix flow
regime profiles can be calculated.

Water surface profiles are computed from one cross section to the next by solving the
energy equation using standard-step method. Energy losses are evaluated by friction
(Manning’s equation) and contraction/expansion coefficients. HEC-RAS requires inputs
for boundary conditions of upstream discharge and either downstream water level or
known energy gradient.

(2) HEC-RAS Model for Kelani River Bridge

HEC-RAS model was set up for proposed Kelani Bridge. Then computation of scour at
the bridge was carried out within HEC-RAS based upon the method outlined in
Hydraulic Engineering Circular No. 18 (FHWA, 2001).

Contraction scour occurs when the flow area of a stream is reduced by a natural
contraction or a bridge constricting the flow. There are two forms of contraction scour
that can occur depending on how much bed material is already being transported
upstream of the bridge contraction reach. The two types of contraction scour are called
live-bed contraction scour and clear-water contraction scour. Live-bed contraction scour
occurs when bed material is already being transported into the contracted bridge section
from upstream of the approach section (before the contraction reach). Clear-water
contraction scour occurs when the bed material sediment transport in the uncontracted
approach section is negligible or less than the carrying capacity.

If the flow upstream is transporting bed material (i.e., live-bed contraction scour), the
model calculates the critical velocity for beginning of motion Vc (for the D50 size of the
bed material) and compares it with the mean velocity V of the flow in the main channel
or overbank area upstream of the bridge at the approach section. If the critical velocity of
the bed material is greater than the mean velocity at the approach section (Vc>V), then
clear-water contraction is assumed. If the critical velocity of the bed material is less than
the mean velocity at the approach section (Vc<V), then live-bed contraction scour is
assumed in the HEC-RAS model.
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3)

(4)

Model Set-up

The HEC-RAS geometry file was set up using main four cross sections at 150m upstream,
30m upstream, 30m downstream, 150m downstream and 250m downstream of proposed
bridge section. Standard Manning’s ‘n’ coefficient was used for main channel (n=0.03).
According to the results of sieve analysis of samples taken from main channel, D50 and
D90 are 0.1mm and 0.5mm. Contraction and expansion coefficients do not apply in the
natural situation and default values of 0.1 and 0.3 respectively were adopted.

The boundary conditions needed to run the model is upstream discharge and either
downstream water level or known energy gradient. Model simulation was carried out for
the design discharge of 4,400 m3/s; 100 year return period flood which was estimated by
the frequency analysis of Extreme Value Type | — Gumble Distribution for historical

annual  maximum  discharge  data recorded at  Glencourse  Gauging
station.
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Fig. 6.6.4 Proposed Kelani River Bridge

Scour Depth

Scour depth at each pier calculated in HEC-RAS model is given in Table 6.6.3. All the
details of scour calculation and results are attached in Appendix 6.2.
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Note: In HEC-RAS modeling, river cross sections are given, looking from upstream to downstream. Accordingly,
left and right banks are shown in the figure. Piers are numbered as of structural design drawings.

Fig. 6.6.5 Scour at Bridge Piers
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Table 6.6.3 Scour Depth at Proposed Kelani Bridge

No Contraction Scour Local Scour Combined Scour

Depth
Al 0.57 2.93 3.50
P1 0.57 2.47 3.04
P2 0.46 2.68 3.14
P3 0.46 4.60 5.07
P4 0.46 4.60 5.06
P5 0.46 4.27 4,73
P6 0.46 3.83 4.29
P7 0.46 2.58 3.04
P8 0.48 2.43 2.91
P9 0.48 2.43 2.91
A2 0.48 3.00 3.48

Unit: m

6.6.3. Hydrological Modeling of Rakgahawatta Ela for Design of Bridge Span

(1)

(@)

1)

Introduction

The OCH trace between station 14+000 to 16+000 passes through lowland area crossing
the marshes and paddy fields and runs parallel to the right bank tributary of Kelani River
(Rakgahawatta Ela) which confluences with the river about 250m downstream of OCH
crossing point of Kelani river. The ground level along the trace in this section is quite low
and varies between 1.0-3.0m MSL except for intermittent highlands. Therefore, when
water level in the Kelani River is high, entire surrounding area where ground level is
below the Kelani water level, is inundated. It is further aggravated with the local
precipitation in the area as water does not flow into the Kelani River. However, this
situation can not be easily overcome without implementing a flood control plan for
Kelani River. The flood level for a 50 year return period is dependent on Kelani River
flood level and is about 8.2m.m.s.1.

As OCH crosses Rakgahawatta Ela at sta. 15+865, necessary drainage provisions are to
be designed. The catchement area of Rakgahawatta Ela is around 60km? and consists of
several branches of small waterways. The HEC-HMS model is applied to analyze runoff
of the catchement and clear span of the bridge was determined through HEC-RAS model
simulations. The same model was updated further to design the minor flood protection
structure at Kelani- Rakgahawatta Ela confluence as given in Chapter 6.6.4.

Hydrological Modelling

The drainage area of Kelani tributary was divided into several sub basins as shown below
and it was modeled by hydrological model (HEC-HMS model). The transform method
used to compute direct runoff from excess precipitation is the SCS unit hydrograph
technique.

Topographical Data

The topographic maps produced by Survey Department at 1:10,000 scale covering sub
catchments of the study area including the Kelani tributary, Mudun Ela were collected. In
addition, survey plan in 1:2000 produced by Survey Department conducting the areal
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survey for the Outer Circular Highway and the ground survey data conducted by Survey
Department and local consultants were also utilized. These maps were used to demarcate
the sub catchment boundaries of waterways crossing the OCH trace. Further, for
hydrological modelling of Rakgahawatta Ela at OCH crossing point (Sta.15+865),
catchment area was divided into several sub basins following the stream network.

2) River Cross sections
Rakgahawatta Ela were surveyed with thirty eight (38) cross sections from Biyagama
area to Kelani river confluence at close intervals around 50-100m. It included the
existing minor flood protection structure of 6 cell openings each 1.8 m x 1.3 m and
existing bridge at Kelaniya-Mudungoda Road (B214).

3) Design Rainfall Events
Both short duration and long duration rainfall events for various return periods are
considered. For flash floods, 3 hr storm duration was adopted as the time of
concentration in the sub catchment is about 3 hours. However for long durations flood
storm, standard 24 hr storm duration was taken into account.

The hyetographs for 3 hour and 24 hour storms for different return periods were derived
using Intensity Duration — Frequency curves (IDF Curves) at Colombo and design storm
hyetographs used in the “Study on Storm Water Drainage Plan for Colombo Metropolitan
Region 2003” by JICA Study are given in Fig. 6.6.8.

4) Runoff Discharge
The estimated peak runoff discharge by HEC-HMS model for 50 year return period is

given below.
Table 6.6.4 Peak Discharge at Each Sub Basin
Sub Catchment Flash Storm Long Duration
Basin | Area (km?) (3 hry m¥/s Storm (24 hr) m%/s
1 22.5 83.7 95.5
2 24.2 80.0 96.6
3 4.2 45.9 37.1
4 7.6 39.3 39.1
5 2.0 32.9 23.1
6 1.2 16.0 12.3

According to HEC-HMS model results, peak discharge of the Rakgahawatta Ela at the
OCH crossing point, station 15+900, is 191.7 m3/s for 3hr flash storm and 232.4 m3/s for
24hr long duration storm, 50 year return period.

(3) Hydraulic Modelling

The Rakgahawatta Ela was modeled by HEC-RAS model developed by Hydrological
Engineering Center. The model is used to assess the river flow and high water level along
the reach together with backwater levels caused by constrictions in the river/floodplains.
The input into the model is geometric sketch of the river, cross sectional data, details of

THE OUTER CIRCULAR HIGHWAY 6-14
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river reach and flow data.

Hydrological and hydraulic analysis through model studies has been carried out by local
consultants and Sri Lanka Land Reclamation and Development Authority (SLLRDC) for
Supplementary Environmental Impact Assessment in 2005-2006 and the recommended
clear span was 40m.

JICA study team also analyzed the necessary clear span together with improvement of
flood protection structure at Kelani River — Rakgahawatta Ela Confluence through model
studies. Model simulations conducted for several case studies are presented in Appendix
6-1.

According to the simulation results, 40m clear span is recommended for bridge opening
in case of earthen embankment structure for OCH. The reach where Rakgahawatta Ela
crosses the OCH lies within the open area of newly designed elevated road structure;
630m long bridge from station 15+895 to 16+525. Therefore, free flow of water is not
obstructed by OCH. While entire area is open for existing water flow, a clear span of
35m is provided for river channel by widening the present channel width of 10-15m. In
addition, it is designed to straighten the section of 100m both upstream and downstream
meandering section of Rakgahawatta Ela. In order to maintain the necessary high flood
level with freeboard without being obstructed by the Ramp, it is therefore decided to
construct the bridge at sta. 15+915 (center) shifting the waterway by few meters from the
existing location at station 15+950. Also, it straightens the river course, eliminating the
high degree of meandering pattern.

Table 6.6.5 Clear Span of Bridge at Rakgahawatta Ela

. L Design .
Station Direction Discharge Clear Span of Bridge
15+915 L-R 232.4 35m
THE OUTER CIRCULAR HIGHWAY 6-15
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Fig. 6.6.8 (1) Design Hyetographs for 3 Hour Storm in Colombo
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Time (hour)
Design hyetograph for 24 hour rainfall in Colombo
Duration (hr) | Rainfall (%) | Duration (hr) | Rainfall (%)
1 0.54 13 0.89
2 0.00 14 7.33
3 0.00 15 6.98
4 0.18 16 18.96
5 1.97 17 0.00
6 15.38 18 0.00
7 11.81 19 1.79
8 3.40 20 1.43
9 20.21 21 0.72
10 0.54 22 2.86
11 1.16 23 1.43
12 0.98 24 1.43
Return Period Greater Colombo
(years) Rainfall (mm)
2 117
5 176
10 214
25 270
50 320
Source: Storm Water Drainage Plan for the Colombo Metropolitan
Region; JICA Study (March 2003)
Fig. 6.6.8 (2) Design Hyetograph for 24 Hour Storm in Colombo
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Fig. 6.6.9 Location Map of Rakgahawatta Ela Cross Sections
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6.6.4. Minor Flood Protection Structure at Rakgahawatta Ela

The existing Rakgahawatta Ela minor flood protection structure located at Kelani River —
Rakgahawatta Ela confluence is of inadequate capacity for a smooth flow even under
present conditions. The downstream area of Rakgahawatta Ela is inundated every year
with the prevailing low ground elevation around 3m msl or less, and due to influence of
Kelani River water level and local rainfall in the catchment.

As a part of Outer Circular Highway Project, it was earlier decided to carry out a detail
design of minor flood protection structure, to minimize any adverse impacts caused due
to embankment construction of OCH obstructing the natural passage of water flow.
However, structure type in this reach has been changed to elevated structure addressing
various issues in consultation with Road Development Authority. The elevated structure
covers the entire reach of flood plain at the crossing of Rakgahawatta Ela, with a bridge
of 630m long from station 15+895 to 16+525. Therefore, construction of OCH will not
basically cause any obstruction to free flow of water within this reach.

During the discussions held between Road Development Authority and Irrigation
Department, it is agreed that construction of minor flood protection structure will not be
included under Outer Circular Highway Project. However, design of the flood protection
structure has been carried out by the consultants and it is presented in Appendix.

6.6.5. Drainage Design in Minor Sub Catchments
(1) Introduction

Most of sub catchments in OCH (Northern) trace are quite small in extent except
Rakgahawatta Ela as shown in Fig. 6.6.11. Rational method widely used in Sri Lanka has
been applied for drainage design in small catchments.

(2) Rational Method
Rational Method is given by the formula;

1

S o
Q=3 6x10°
where:  Q - Discharge in m3/s.
C - Runoff coefficient
| - Average intensity of storm (mm/hr)
A - Catchment area (m?)

1) Runoff Coefficient

The estimation of runoff coefficient ‘C” is a major source of uncertainty in the application
of Rational method. The coefficients are given by tables of suggested values, graphs or
by means of the sum of the ‘scores’ given for each of several factors such as slope,
permeability of soil and vegetation. In this design, the run-off coefficient is calculated
using Table 6.6.6. The calculated run-off coefficient has been increased by 10%
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considering future development. In addition, recommended value of ‘C’ given by Sri
Lanka Land Reclamation & Development Corporation (SLLRDC) is also taken into
consideration in determining the runoff coefficients.

Table 6.6.6 Runoff coefficient

Symbol |Feature Description Contributory Factor
<3.5% flat 0.05
Average slope 3.5% - 10% flat to moderate 0.10
Cs of Catchment 10% - 25% rolling 0.15
25% - 35% hilty 0.20
> 35% mountainous 0.25
Well drained soil e.g sand and gravel 0.05
Fair drained soil e.g sand and gravel 0.10
Permeability of with fines )
Cp soil Poorly drained soil e.g silt 0.15
Imprevious soil e.g clay, organic silt 0.25
and clay
Water-logged black cotton soil 0.50
Rock 0.40
Dense forest / thick bush 0.05
Sparse forest / dense grass 0.10
. grassland / scrub 0.15
Cv |Vegetation cultivation 0.20
sparse grassiand 0.25
barren 0.30

Note: 1. For contoured cultivated land C=0.6 X (Cs + Cp + Cv)
2. For lakes, swamps and reservoirs C=1.0
3. For road surface and embankment/cut slope C=0.9

2) Rainfall Intensity

The rainfall intensity ‘I’ is the average rainfall rate for a particular drainage basin or sub
basin. The intensity is selected on the basis of the design rainfall duration and return
period. The design duration is equal to the time of concentration for the drainage area
under consideration. The rainfall Intensity-Duration-Frequency for Colombo is given in
Table 6.4.1.
Runoff is assumed to reach a peak at the time of concentration (Tc) when the entire
watershed is contributing to flow at the outlet. The time of concentration is the time for a
drop of water to flow from the remotest point in the watershed to the point of interest.
The time of concentration Tc is calculated as given below
T, = L +15min

V x 60
where; L is the length of the longest water course in meters

V is the average velocity in meters/sec
As the inlet time which is the time taken for a drop of water to travel before it reaches a
defined water course, 15 minutes is added to the flow time as given in the above
equation.
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The average flow velocity in the natural watercourse is estimated based on the gradient
of the stream as given in Table 6.6.7 recommended by Design of Irrigation Headworks.

Table 6.6.7 Average Velocity to Calculate Tc

Average Average Velocity
Gradient s s
Oto<1 15 0.46
1to <2 2.0 0.61
2t0<4 3.0 0.91
4 to <6 4.0 1.22
=>6 5.0 1.52

3) Design of Culverts

For the minor catchments, Rational formula was used to estimate the design discharge
(Table 6.6.8). The software “Hydro Culvert” which is widely used in culvert design
taking into consideration downstream condition, head losses at inlet and outlet, was
applied to determine the design dimensions. The dimensions of the culverts along OCH
trace were given in Table 6.6.9.

4) Design of Ditch / Canals

The proposed road that passes through the marsh and paddy area, divides the flood plain
into two parts in left and right sides. Under the existing condition, shallow flow can be
seen in main water course and both sides get simultaneously inundated with heavy
rainfalls. According to the proposed road alignment, main water course should be
realigned at some locations. Then, at some points it is required to change flow direction
from one side of road embankment to other side to fall in line with the existing drainage
pattern. The drainage canals were designed for 10 year return period of rainfall event
while allowing sufficient overflow condition in order to keep the existing condition with
distributed flow that is required for agricultural needs and paddy cultivation. This design
was carried out in consultation with Sri Lanka Land Reclamation & Development
Corporation. The drainage canal dimensions are given in the Table 6.6.10.
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Fig. 6.6.11 Drainage Provisions at Minor Sub Catchments
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Table 6.6.8 Discharge at Minor Sub Catchments

Intensity Discharge
Sub Area Runoff Time of (mm/hr) (m¥s)
Cat(l:\TOment (km?) Coe](‘gt):lent Conc(:mtr:?tlon
' 10 yr 50yr 10 yr 50yr
1 0.080 0.4 26.36 128.14 | 164.43 1.14 1.46
2 0.100 0.4 24.16 129.50 | 165.89 1.44 1.84
3 0.380 0.4 25.99 128.41 | 164.67 5.42 6.95
4 0.179 0.4 16.83 133.80 | 170.70 2.66 3.40
5 2.195 0.4 80.57 68.40 85.60 16.68 20.88
6 0.440 0.4 20.46 131.72 | 168.36 6.44 8.23
7 0.448 0.4 31.48 123.75 | 159.00 6.16 7.91
8 1.697 0.4 75.11 71.93 89.92 13.56 16.95
9 0.551 0.4 45.05 103.43 | 131.40 6.33 8.04
10 1.078 0.4 55.98 87.03 | 109.17 | 10.42 13.08
11 0.216 0.4 25.99 128.41 | 164.67 3.08 3.94
12 0.060 0.45 15.00 135.00 | 172.00 1.01 1.29
13 1.817 0.4 64.18 78.49 97.93 15.85 19.77
14 0.289 0.4 27.82 127.31 | 163.45 4.09 5.25
15 0.200 0.4 25.99 128.41 | 164.67 2.85 3.66
16 0.060 0.45 15.00 135.00 | 172.00 1.01 1.29
17 0.100 0.45 15.00 135.00 | 172.00 1.69 2.15
18 0.621 0.4 23.20 130.08 | 166.53 8.98 11.49
19 0.070 0.45 15.00 135.00 | 172.00 1.18 151
20 2.620 0.4 77.84 70.30 93.45 20.47 27.20
21 1.035 04 69.64 75.22 89.84 8.65 10.33
22 0.545 0.4 23.20 130.08 | 166.53 7.88 10.08
23 0.100 0.45 15.00 135.00 | 172.00 1.69 2.15
24 0.060 0.45 15.00 135.00 | 172.00 1.01 1.29
25 1.301 04 40.64 110.04 | 140.37 15.91 20.29
26 0.050 0.45 15.00 135.00 | 172.00 0.84 1.08
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Table 6.6.9 Storm Water Drainage Crossing Along Outer Circular Highway

Culvert | culvert Main Catchment | Return Design Cul_vertl Culvert/Bridge | Minimum
/Bridge 1.D. Catchment Sub_CaIthrgents Direction Area Period | Discharge B:ldge Dimension Freeboard | Remarks
No. | (Station) I.D. include (km2) | (vears) | (m3/sec) Se‘;fgen [H(m)xW(m)] (m)
Highway crossings
Culverts
C1l 8+150 Stream 4+5 LtoR 2.374 50 24.27 0.001 | 2(3.0x3.25) 0.500
C2 9+340 Sheet flow 12 LtoR 0.060 50 1.29 0.001 2.0x3.25 0.500
Skew
C3 9+760 Stream 13 LtoR 1.817 50 19.77 0.001 | 2(3.0x3.25) 0.500 angle 30°
C4 10+530 Stream 14 LtoR 0.289 50 5.25 0.001 2.0x3.25 0.500
Skew
C5 10+680 Stream 15 LtoR 0.200 50 3.66 0.001 2.0x 3.25 0.500 angle 45°
C6 11+740 Sheet flow 16 RtoL 0.060 50 1.29 0.001 2.0x3.25 0.500
C7 11+935 Sheet flow 17 RtoL 0.100 50 2.15 0.001 2.0x3.25 0.500
C8 12+350 Stream 18 LtoR 0.621 50 11.49 0.001 | 2(2.0x3.25) 0.500
C9 12+735 Sheet flow 19 LtoR 0.050 50 1.51 0.001 2.0x3.25 0.500
Secondary
C10 13+210 | canal 16+17+18+19+20 | RtoL 3.241 50 43.64 0.001 | 2(3.0x3.25) 0.500
Cl1 13+550 Stream 21 RtoL 1.035 50 10.33 0.001 3.0x3.25 0.500
C12 14+340 Sheet flow 23 RtoL 0.150 50 2.15 0.001 2.0x3.25 0.500
C13 15+600 Sheet flow 26 RtoL 0.150 50 1.08 0.001 2.0x3.25 0.500
Bridges
B1 154915 Mudun Ela LtoR 61.600 50 231.40 0.001 ‘ 35m clear span ‘
Al Bypass crossings
Al-1 0+580 For Canal along OCH (R) LtoR 2.854 50 33.070 0.001 | 3(3.0x3.25) 0.500
Al-2 0+670 For Canal along OCH (L) LtoR 0.440 50 8.230 0.001 3.0x3.25 0.500
Al-3 0+990 LtoR 3.0x3.25 0.500
Al-4 1+300 LtoR 0.448 50 7.910 0.001 3.0x3.25 0.500

800z Areniga-
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Culvert | Culvert Main Catchment | Return Design CuI_vert/ Culvert/Bridge | Minimum
. Sub Catchments N ; - Bridge - .
/Bridge I.D. Catchment included Direction Area Period | Discharge sloe Dimension Freeboard Remarks
No. (Station) 1.D. (km2) (YYears) (m3/sec) Des?gn [H(m)xW(m)] (m)
Ramp 4
crossings
R4-1 | o+130 | ForCanal a'or(‘g)the ALBypass | | wRr | 3774 50 | 45990 | 0.001 | 3(3.0x3.25) | 0.500
Minor Roads
Across the canal
M1 Sharamadana Road 10 72.19 0.001 5(2.0x3.25) | extending from Albypass
(R)
M3 & For the crossings of canal
M4 Sharamadana Road 10 1.44 0.001 | 2.0x3.25each along the A1 Bypass (R)
Bandaranayake Road For canal along the Al
M5 (crossing at Al Bypass) 10 6.16 0.001 2.0x3.25 Bypass (L)
Bandaranayake Road For canal along the Al
M6 (crossing at Al Bypass) 10 19.72 0.001 3(2.0x3.25) Bypass (R)
Parallel to A1 Bypass
M7 (1+650)(L) for connecting 10 6.16 0.001 2.0x3.25 Drainage for residents
new road
Ranmuthugala Road
M8 Parallel to A1 Bypass 10 6.16 1.000 2.0x3.25
(1+880)(R)
Siriketha Road
M9 (Left side of OCH at ST. 10 33.33 0.001 2(2.0x3.25) | Secondary canal
13+320 along side canal)
Siriketha Road
M10 (Right side of OCH at ST. 10 8.98 0.001 2.0x3.25
13+320 along side canal)
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Table 6.6.10 Ditch/Canal Provisions along Outer Circular Highway (Northern Section - 1)

. . Water Velocity
Ditch / Canal ) Channel size (m)
Sub Contrib Catch Return | Discha Flood Depth (m) (m/s)
. Catch- - ment . plain
No Side uting Period rge s i Remarks
: ment Canals Area (Year) (m3) width Width Slope Main | Flood | Main | Flood
Station No. (kmz2) (m) Ht. Critic . Canal | plain | Canal | plain
Top | Bot al Design
(1) Reinforced Concrete Canals (Manning’s Roughness applied n =0.015)
- Along Highway
CH-2 8+145 to 8+640 L 4 - 0.18 10 2.66 NA 2 2 | 15| 0.0048 | 0.0060 | 0.52 2.54 Ef)Fnc

- Along Access and Ramps (Al Interchange)

i Al Bypass i R/F
Al-CH1 (0+125-0+590) L 2 0.25 10 3.60 NA 2 2 | 15| 00050 | 0.0050 | 0.43 4.22 conc.
i Al Bypass i 0.0005- R/F
Al1-CH2 (0+590-1+620) L 6 0.44 10 6.44 NA 25 | 25 | 1.5 | 0.0047 0.0040 1.03 2.50 conc.

Al Bypass
(0+510) and along
Al-cHs | felocated R 1 - 027 | 10 | 403 | NA | 25 | 25 | 1500044 | 0.0043 | 0.42 3.80 RIF
Shramadana Road Conc.
Right Side till
existing canal
0.0005-
Al1-CH7 RAMP 4 (0+000 R 11 - 0.30 10 4.20 NA 2 2 | 15| 0.0051 0.55 381 RIF
to 0+370) 0.0050 Conc.

800z Areniga-
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. . Water Velocity
Ditch / Canal Sub Contrib Catch Return | Discha Flogd Channel size (m) Depth (m) (mls)
. - ement . plain
No Side | Catchm uting Area Period rge width* - Remarks
Station entNo. | Canals (km2) (Year) | (m3) m) Width Ht Slope Main | Flood | Main | Flood
Top ‘ Bot ' Critical ‘ Design Canal | plain | Canal plain
(2) Canals with side walls of rubble masonry (Manning’s Roughness applied for channel n = 0.020; for floodplain n=0.025
Along Highway
CH-1 | 8+145t08+640 | R | 3+4+5 - 203 | 10 | 2476 | NA | 105 | 7.5 | 1.5 | 0.0046 | 0.0014 | 1.41 1.98 \?eﬁf)igirt‘y
of main
16+17+ channel
CH-3 | 11+740t0 124350 | L 18 - 0.78 10 11.18 NA 6 3 | 15| 00052 | 0.0015 | 1.41 1.79 is
confined
below
CH-4 | 13+000to 13+755 | R 21 - 1.04 10 8.65 20 5 2 | 15 | 0.0055 | 0.0006 | 1.69 | 0.19 | 1.20 | 0.32 | 2.0m/s
as of
13+210 to 14+300 16+17+ eﬁfth |
CH-5 and connect to L | 18+19+ 3.47 10 | 3333 | 40 8 | 5 | 1500045 | 00020 | 1.87 | 0.37 | 1.86 | 0.62 | 23"
Kelani tributory 20 '
Along Access,m and Ramps (Al Interchange)
Design
Al Bypass 6+7+8 | AL-CH, velocity
Al-CH4 (04670 to 0+990) R +9+ Al-CH5, | 4.43 10 4599 | 7 15 | 12 | 15 | 0.0042 | 0.0010 | 1.68 | 0.18 | 1.98 | 0.40 | of main
10+11 | Al-CH7 channel
is
Al Bypass 6+7+8 0.0010-. confined
Al-CH5 (0+990 to 1+880) R +9 Al-CH2 | 3.14 10 3249 | 20 9 6 15 | 00044 | “oos, | 1.85 | 035 | 1.94 | 0.63 ge(;ﬁqus
as of
OCH 8+740 t 2;324 canh
] + 0 +5+6+ A1-CHS 0.0019- channel
Al-CH6 0+270 of Ramp R 74849 | A1-CHI0 7.26 10 7219 | 10 | 20 | 16 2 0.0040 | g0 | 201 | 0.01 | 1.99 | 0.06 bed.
+10+11
OCH | 4+6+7
i Al Bypass CH2,
Al1-CH8 0+670 to A1-CH6 | | ~ Ig:i— Alcha | 461 10 4865 | 20 | 16 | 13 | 15 | 0.0042 | 0.0010 | 1.65 | 0.15 | 1.97 | 0.36

800 Areniga
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OCH 8+680 to

8+740 CHL, N
AL-CHY | o icnsion of R | 3+4+5 | \"no | 2.93 10 262 | o | 12 | 9 | 15 | 00045 | 0.0040 | 1.28 1.99
CH-1)

Note:
(1) * Floodplain width considered for analysis though actual flood plain width is wider for several cases.
(2) NA: Not applicable as overflow condition is not applied.
(3) Manning's roughness coefficient applied; n=0.015 (concrete canals), 0.020 (excavated dredged canals) and n=0.025 (floodplain) (Reference: HEC Manual)
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6.6.6. Consultants Remarks

(1) Natural drainage paths shall not be disturbed except the stretches where highway and bypass
roads are built up. Further, it is required to connect the natural drain paths to proposed built
up drain or natural stream network in order to ensure a smooth flow pattern.

(2) During the construction, it is necessary to provide alternative canal routes (ditches) for
irrigation canals obstructed so that farmers can continue their cultivation.

(3) Consultants propose RDA to record the annual high water level at low line areas especially at
Kelani River flood basin and Al interchange interviewing the public (in addition to data
given in this report) and mark them permanently and keep the evidences to assess any
adverse impacts on inundation water level during the construction stage. In addition, it will
be a tool to check the validity if any complain arises from public regarding the local
inundation due to construction.

(4) The hydrological and hydraulic analysis of Kelani River bridge opening (clear span) is
presented to the Department of Irrigation and accordingly, it has been approved.

(5) The designing of Minor Flood Protection Scheme at Rakgahawatta has been done by the
consultants. However, it will not be implemented under this project, as construction of
elevated highway with via-duct option instead of earth fill embankment for low line area in
Kelani river basin will not obstruct the existing hydrological environment. It has been
accepted by the Department of Irrigation.

(6) Sri Lanka Land Reclamation Authority has carried out two hydrological review studies for
Biyagama basin and Al interchange. Its recommendations given on culvert sizes and
canal/ditch sizes are also taken into consideration during the design.

(7) Sri Lanka Land Reclamation Authority has recommended to improve the downstream of
drain A1-CH3 at Al interchange, till it meets the existing Kalu Oya tributary, at least
equivalent to dimension of A1-CH3, to minimize the impacts such as water logging and local
inundation. In addition, it recommended to repair the existing damaged culverts at this
downstream reach.

(8) Necessary drainage provisions for the affected irrigation canals were provided in consultation
with Department of Agrarian Services.
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6.6.7 Design of Channel Drop Structures

Channel slopes are very small, between Min. 0.0005 (Al CH-3) and Max. 0.0050 (A1-CH1 and
Al1-CH7. CH-2 is out of limit of contract.). Therefore, total 40 channel drop structures were
designed for Northern section-1.

Table 6.6.11 Channel Drop Structures

Nos. of Drop (H)
0.2m<H 0.5 m<H
No. | Channel <05m <1.0m Max. drop
1 Al-CH1 4 13 1.0m
2 Al1-CH3 5 0.5m
3 A1-CH5 10 3 0.9m
4 Al1-CH6 4 0.5m
5 Al-CH7 1 09m
Total 23 17 Total 40 Nos.
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Channel: A1-CH5 (D;=1.0 m})

1 Design conditions

(1 Channel
Width (B), average, 6+1=
Slope, (1)
Discharge (O]
Manning's n

(21 Geotechnical conditions
Soft Clay
LInit weight
LInit weight of water
Angle of Internal friction

(31 Design Load

() Dead weight
Reinforced concrete, y.

(bl Design seismic coefficent

(41 Drop height
River bed level difference, 0y
Projection of drop concrete, Dz
Depth of drap pool, Dy
Total drop, D

2 |Design of Main hody and apron

(11 Apron length

() Length of averflow drop

(i1 Discharge conditions
Discharge, 0=
Discharge per unit width: g=C0/B=
Critical depth: hy=gM=g/(ghc)*1/2
Then, he =g xg'#=

Critical velocity: w.=(gh, )™ /2=

LInifarmm flow depth of down stream; he=gfe=g/1/n xhe

Then, hg =(gxnd 1) 23/5=
Check of Overflow condition
ho+04+05=

7m
0.0044 rdfm
3249 cum.fs
.02

1.4 /t/cu.m
1.0 tfcu.m
10 degree

2400 koffcu.m
1]

1.0 m
0.3m
0.3 m
1.60 |m

3249 cum.is
464 sq.mis

1.30 m

357 Imis
23|12

122 'm

280 = he=122'm

Complete overflow is confirmed even if maximum discharge.
Therefore, discharge is used for apron calculation.

(il Calculation of overflow falling length

Ising Rand's farmula,

LYD=4. Fu(h, /Oyt #1

Then, L=4.3x(ho/D)0 % xD=

L': Apron length, D: Total drop
(b | Check of piping

Water levels at concrete drop and apron down stream end are required to check the piping.

582 | say 6.0 m.

Water levels at up and down streams to be determined for checking piping.

(i1 Dixcharge conditions

Discharge is used because of complete uniform flow.

(i) Depth at concrete drap

Caontral section will be at the concrete drap, critical depth is used.
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(ii)-1 Depth at falling: point: hya

' Formula;
hia -l f2g +0+hgbhy 2 +o7/20=0
h133-G.5?“2Q*9_B+1.E+1.30)xh1f+4.54“2f2*9.8=ﬂ
hia -3 58xhi 1 098=0

YWhen b= 0BT
A=hiya’-3 865hy" +1 098= 0.0040
Theréfcnre, hiyz= . EI.E1 m
fii)-2' Upstream max: water level difference
H=hec+l-hiz = 1.30+1 B-OB1 = 228 m

i) Anchor length of seepage contral wark
Anchor length s calculated using Rein's formula.

Ce(LA+E |, WH

where,

C: Creep ratio (3ilt) 7

L Horizontal seepage [ehgth

=Main body+Apron length=2-+Hs= B'm

Zly. Wettical seepage length
=Main body+a4pron thickness

4.6 m

e % e Seepage cantral,
g S > | |

L] L=2 m long, with
| woodeh plates.

L=8 m
d: Apron thickness calculation

d=F 2k {Upm-hz W liye-11

where,

d: Reguired thickness of apran {m),

Uy Mazimum uplift force at the apron {tfsg.m],

Yoo Unit weeight of concrete (524 teum)

Feo Safety factor (usually 4/3 iz used.],

On the othet hand,

U=t ha+HR | = LVE by

where,

Upe! LIplift at % point (ts0.m)

H. Water level difference of up and down streams (=1.0 m)
L. Seepage length at x paint (),

W Uit weeight of water (1 t/gu.m)

When =0, Up=Usm and he=1.22 m
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Therefore,

Upm=[1.22+41.0)x1= 222/m

Then,

d=4/3x (. 221220 A2 4= 095 m, say d=1.0m.
On the other hand,

Z bz CxR-LE=7 x1-8/3= 43 'm

Required seepage control wark length: |

[={Z Iy-(Dy D0 +2xd) b2 05 m

Seepage contral work is min. 2 m long.
Therefare, Seepage control wark at bath up and down streams, minimum 2 m long.

3 |Stability of Main Body
(a) External force

River bed level difference, 0y 1m
Projection of drop concrete, D 0.3 m
Depth of drap pool, Dy 0.3 m
Total drop, D 1.6/m
Thickness of apron, d: 1.0 'm
Thickness of vertical wall, W 20 m
Apraon length 6.0 m
hain body+&pran length=L 8.0 |m
Gradient of vertical wall, I nz
Critical depth, h, 1.30 'm
Cwverflow depth at falling paint, hya 061 m
Seepage control wark length
Upstream (lcq) 20 m
Downstream (log) 0 &) (Assurmed O due to weepholes)
Width, B' 1.0 [m, (Unit width)
nit weight of concrete 2.4 tfcum
LInit weight of water 1.0 tfcu.m
Angle of internal friction
Maormal case, kg 0.297
Seismic case, Mg 0
(i) Deadweight and ineria force calculation
“ertical force | Arm length (m) Maornent Inettia force H;
Part “olume (cu.m) Wi (ton) ¥ vi Wi L M Hiyi - My (earthquake)
1 WuxDxB'= 3.20 B8 1.00 1.80 7 B8 0 0
2 |I'DxB'sDx1s2 0.26 0.61 2.1 1.53 1.30 0 0
3 | LxdxB' 8.00 1920 400 0.50 76.80 0 0
Total 2749 g5.75 0 0
x2.4
¥=E M x ) Z W= 8578427 48= 312 'm
y=U
(il | Earth pressure calculation
Mormal time
Earth pressure per sg.m | py=Kay #ypy (D 05 +d3=0.297 01 0x (1 H0.3+1.0)= 0.68 tfsg.m
Earth pressure F=12%pyx (D1 +03+d)=1,2%0 B3x (1 +H1. 3+1)= 075 ton
Horizontal force Pip=Pxcos Q20/3=0.78xcos(2x10/3%= 0.77 ton
“ertical force Pi=Fqxsin 20/3)=0.78xsin2x10/37)= 0.02 ton
Arm length, y y=(01+03+d)/3=2.3/3= 0.77 'm
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(il Water pressure calculation

Marmal time
Backside: purp=yw % he=1.0x1 44= 1.44 tfsq.m
povap=yw ¥ +0+d1=1.0x(1.44+1 B+1)= 4.04 t/sq.m
P =125 (g oy ) 5 (D= 17230010 4444 04 %1 B+1.0)= 712 tm
y= (D) 3 (2 ey ey (g p oy =0T B+ 0 30 (200 44 +4 0431 44+4 04)= 1.09 m
Frontside povg=ywe % hya=1.0x0.70= 0.70 t/sg.m
pvzg=ywr (g +d1=1.0x(0.7+1.0)1= 1.70 tfzq.m
PWa=102 5wy s Howg 1ed=102%(0.70+1 7)1 0= 1.20 [tfm
=3 ey g g (i g e 1= 1. 03w (2307 +1 007 H1.7= 0.43 m
(i) Uplift farce
(8 Mormal time
ZI=1 6+ 042424841 0= 156 'm
2
16
I
1.0 0.32 1.0
2 () =5 | 2
With weep holes, !
assumed as 0
Ug=id+Hx(Z P Z W= [1.042 3415 6-(1 B+1 0+4+41115 6]x1.0 1.75 tifsq.m
Up=(d+Hx(Z Flp )l Z Daxvvp=[1.0+2 34%{15 6-(1 B+1 0+ +4+31115.6]x1.0 0.55 tffzq.m
L=(1.756+155)x8 0x 1/2= 9.20 tffsg.m
¥=8/3x(2x0.55+1 7O)0.55+1 V5= 330 m
(k) Stability calculation (normal time)
N itf) H itf) ®x(m) | y(m) HN-x(tf- mjH- y{tf- m)
Dead weight 27 49 312 85.78
Earth pressure (Fy) 0.02 077 0 0.77 0 0.59
Water pressure (PYYy) =72 1.09 7.80
Water pressure [PyYYs) 1.20 0.43 -0.52
Uplift force -9.20 3.30 -30.40
= 16.38 -6.70 55.38 787
i1 Owerturn
¥=(M 4+ He i /M= 344 m
e=L/2-x= 0.6 \m=L%b=1.33 m, Ok
(i |Sliding
Safety factor, F.=N- ffH=18.38x0.6/5.70= 1.65 =180, Ok.

where . friction factor=0.6, Clay
(il Bearing capacity of stratum

P=N/Bx(1+Exe)/Bi=18. 387 «{ 1 +HEBx0 5617 = 3.89 tffsg.m=a, Clay, Ok
Liplift is zera.

4 Channel Bed Protection Design
7 | Channel protection length calculation
(&) | Matural hydraulic jump after water dropping
(i1 Water depth at dropping point

Water depth at dropping point: (fram above ltem 3, hyz= 070 m
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Channel: A1-CH6 (D,=0.5 m})

1 |Design conditions

(11 Channel
Width (B), average, 16+1= 17 m
Slope, (1) 0.004 | midm
Discharge (O] 7219 cum.fs
Manning's n 0.02

() Geotechnical conditions
Soft Clay
Linit weight 1.4 ticum
LInit weight of water 1.0 tieum
Angle of Internal friction 10 degree

(31 Design Load
() Dead weight

Reinforced concrete, y. 2400 koffcu.m
(bl Design seismic coefficent 1]
(41 Drop height
River bed level difference, 0y 0.5 m
Projection of drop concrete, Dz 0.3 m
Depth of drap pool, Dy 03m
Total drop, D 1.10 'm

2 |Design of Main hody and apron
(11 Apron length
() Length of averflow drop
(i1 Discharge conditions

Discharge, 0= 7219 cum.fs
Discharge per unit width: g=C0/B= 4.25 sq.mis
Critical depth: hy=gM=g/(ghc)*1/2

Then, he =g xg'#= 123 'm

Critical velocity: w.=(gh, )™ /2= 347 mis
LInifarrm flow depth of down stream; he=gfe=g/1/n s b
Then, hg =(gxnd 1) 23/5= 119 m

Check of Cwerflow condition

he+0y +0= 203 »hy=119m

Complete overflow is confirmed even if maximum discharge.
Therefore, discharge is used for apron calculation.

(il Calculation of overflow falling length
Ising Rand's farmula,
LYD=4.3x(h/D)" 4!
Then, L=4.3x(ho/D)0 % xD= 516 |, say 5.9 m.
L': Apron length, D: Total drop

(b | Check of piping

Water levels at concrete drop and apron down stream end are required to check the piping.

Water levels at up and down streams to be determined for checking piping.
(i1 Dixcharge conditions

Discharge is used because of complete uniform flow.
(i) Depth at concrete drap

Caontral section will be at the concrete drap, critical depth is used.
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(ip-1 Depth at falling_pnlm: hiyz
Farmula:
hia™ i £29+0Hhe h i +o ™ 2 =0
hist-(3 47922 B+1 B+ 23) byl +4 2543/2°9 B=01
hia*-3 44xhy,"+0 522=0

Wehien b= 057 tn
A=hia®-3 ddich*+0.822= 00108
Therefn-re, h13=- 057 i
(i-2 Upstream max. water level difference
H=hc+l-hys = 1.23+1 1-057 = 1.76 'm

(i) Anchor length of seepage control wark
Anchor lengthis calculated using Rein's formula,
C2{LA+E |, WH

where,

L Creep ratio (Silt) S

L Honzontal seepage lehgth

=Mait body+Apran length=2+5.5= 7am

Z kg Weical seepags length
=Main body+Apron thickness

T = Ty
F L
oA 3m
L1I% ] t\."k t
ERAOTTEEYY '-FT'; Seepage contral,
Ll L=2 m long, with
=75 m "L wooden plates,
PLNN— -

d: Agran thickness calculation

3=F o Uprm-has o)y 1)

where,

d: Fequired thickness of apron (m),

Upm: Maximum uplift farce at the apron (teg.m),
Yoo Lnit weight of concrate (=24 tfou.m)

F:: Safety factor (usually 472 is used.),

O the athet hand", -

Upe=thatHu(EZ | - 1) by

where,

Upe' Uplift at % point (t/5g. m)

H. Wyater level difference of up and down streams (=05 m) |
l, Seepage length at ¥ paint {m),

Wy Lt weeight of weater {1 tigu.m)

When #=0, Up=lpm ahd he=1.19 m

Therefare,

Upm=1 1 18+0 &) 1= TBY m

Then,

d= 048 m, say = 0.5 m
O the other hand,

E |2 CuH-Li3=7 s 5-7 5{3= 1.0 m

Feguired seepage control wark length: |

FE |y-[Dq D +2ud) 2 0.4 m

Seapage control work is min. 2 m long.
Therefare, Seepaye conteal work at hoth up and down streams, minimum 2 m long.
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3 |Stability of Main Body

(a)

External force

River bed level difference, 0y
Projection of drop concrete, Dz
Depth of drap pool, Dy

Total drop, D 1.1
Thickness of apron, d:
Thickness of vertical wall, ¥
Apron length

Main body+&pron length=1L=

o
i
= =33 3|3 = =3

Gradient of vertical wall, I }
Critical depth, h, 1.23 'm
Crwverflow depth at falling paint, hya 057 m
Seepage control wark length

Upstream (lcq) 20 m

Downstream (lcg)

Width, B' 1.0 [, (Unit width)

LInit weight of concrete 2.4 tflcum
Lnit weight of water 1.0 tfeu.m
Angle of internal friction
Maormal case, Kag 0.297
Seismic case, kg 0

Dead weight and ineria force calculation

021 (Assumed O due to weepholes)

“ertical force| Arm length (m) koment Inettia force H;
Fart Yaolume (cu.m) WG (ton) Hj vil W Ml Hiyi . by | (earthquake)
1 WxDxB= 220 5228 1.00 1.05 528 0 0
2 I'xDxBxDx12 012 029 207 0.86 0.60 0 0
3 LxdxB' 3.75 9.00 375 0.25 33758 0 0
Total 14.57 39.63 0 0
x2.4
¥=E (W ) E W= 272 m
y=0
(i Earth pressure calculation
Marmal time
Earth pressure per sq.m | py=kKa ¥ypy (0 +03+d)=0.2597 1 0x(0 .5+ 3H1 5= 0.39 tfsg.m
Earth pressure P=1/2%pyx(D1+03+d)= 0.25 ton
Harizontal farce Pig=Fyxcos 2043)=025xc0s(2x10/3%= 0.25 ton
“ertical force Pu=Fyusin 2073)=025x%sin(2x10/3%= 0.03 ton
Arrn length, y y=(01+03+d)f3=1.3/3= 043 'm
(il Water pressure calculation
Marmal time
Backside: purp =Yy % h=1.0x1.23= 1.23tfsq.m
pvgp =ty % +0+d3=1.0x(1.23+1 .1 H1 . 5)= 2083 tsy.m
P =12 (g oy # (D= 172001 2342 8301 140.5)= 3.25 t'm
y= (D)3 023 vy Hween ) (i p v 1= 1 HDLE) S (21 2342, 83)/(1 . 23+2.85F 069 m
Frontside poes=ywe ¥ hyg=1.0x0.57= 0.57 t/sq.m
prigg=ywr (g +d)=1.0x(0.57 H1.5)= 1.07 tfzq.m
Fa=1/2 i s Howes =120 (0,67 +1.07 )20 5= 0.41 t/m
y= o3 s proy g e ) (e s ey 120 503w (200,57 +1 07057 +1.07)= 022 'm
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(i) Uplift farce
(@) Mormal time
ZIE1 1 H 5424247 541 5=
2
1.1
!
045 0.22 04a
20 =7 5 | 2

With weep holes, |
assumed as 0

Us=(d+Hx(E Hal S 3vp=[0.5+1 7B3{13.6-(1.1+0.5-+4+4)1¥13 6]x1.0
Up=(d+Hx(Z F W xvp=[0.5+1.763{13.6-(1.140.5-+4+447 5115 6]x1.0

U=(1.02+0.05)x7 5x 1/2=
%=7 5/3x(2%0.05+1.02)/(0.05+1.02)=

13.6/m

1.02 [tffsgq.m

0.05 tffsg.m

3.99 tffsg.m
281 m

(b)  Stahility calculation (normal time)
N ith H ith x(m) | yim) H-x{th-m)H-y{tf- m)
Dead weight 14.57 272 3963
Earth pressure (Py) 0.03 -0.25 0 0.43 0 011
Water pressure (PYW) -3.25 0.69 226
Water pressure [PyY;) 0.41 0.22 -0.09
Lplift force -3.99 2.61 -10.42
= 10.61 -3.09 2921 227
(il | Cwerturn
¥=(M- %+ H- 3 /M= 297 m
e=Li2-x= 078 m=L%B=1.33 m, Ok
(i Sliding
Safety factor, Fo=N-{H= 2.06 =150, Ok,
where f. friction factar=0.6, Clay
(il Bearing capacity of straturn
FP=M/Bx{1 +{Exe)l/Bi= 0.80 tffsg.m<5, Clay, Ok
LIplift is zero.
4 Channel Bed Protection Design
'(1] Channel pratection length calculation
(@) Matural hydraulic jump after water dropping
(i1 Water depth at dropping point
Water depth at dropping point: (from above lterm 3, hyz= 0.57 m
(i) Hydraulic jump after water drop paint:
hypdhz=1/25((1 +8- F2% -1
Then, hy=1/2x((1+8+ F3% 1) xhy
Froude Murmber at downstream depth of he, =Va/(*he) 12
where YWaxha=v xhg,
Therefore, We=vxhothe=(gxh,) Frhoihs
Then Froude Mumber becomes:
Fa=(guhe) ' xhefhan(gicha) = (hsha) = 1.040
Then |, hig= 1.26 'm
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(il Comparison between Owerflow depth at dropping (hyg) and
Hydraulic jump depth after overflow thyy,
h1b=1.25}|:|.5?=h13,
therefare, channel bed protection should be provided for all
hydraulic jump section. Referring to other design examples,
gabion protection of L=10 m is adopted.

5 Profile drawing of channel drop structure
(in the case of 0.5 m drap)

10 m fwith gabion channel
bed protection)

L

I — e R
E Drop 0.5 m I T=1.1m
-
000 ©.6.8m 7113
\ L /?//—ri A£ o Y T=05m
T=05m 022 m
Upperstream gabion
=1, T=0.5 m
Seepage =

Downstream Gabion, LI=10 m

cantral, D=2 m 0=2 m (wooden plate)

RC. Apron L=7.5 m

4 .
% Lo

&

¥

Reinforcement Dia. 13 mm at 300 mm intervals,
Concrete caoverage: 5 cm from top of concrete.

Profile
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6.7. Surface Drainages
6.7.1. Basic Consideration
Several road drainage facilities would be installed to remove the water from the road
surface (see Fig. 6.7.1).
(1) Shoulder Drainage
In the cut section, masonry ditch along the shoulder of the main highway plays a role to
transport the water from the shoulder to the discharge point (see Fig. 6.7.2).
In the embankment section, to avoid the scouring of the filling, asphalt curb is installed to
the shoulder. Road surface water, therefore, runs on the shoulder (see Fig. 6.7.3). To
prevent the encroachment of water onto the carriageway, drainage openings that remove
the water from the shoulder to the vertical drainage is required with some intervals that
were calculated by the formula mentioned in the next (see Fig. 6.7.4).
(2) Median Drainage
Masonry ditch on the centre median was planned to collect the water and to transport it.
This type of ditch will be removed when the 6 lane condition.
To bring the water form the ditch to toe end, catch basin connected with pipe was required.
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Fig. 6.7.1 Longitudinal/Cross-Sectional Drainage Facilities
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Fig. 6.7.2 Shoulder Ditch on Cut Section
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Hard Shoulder

Width which can use as area of flow ~ Marginal strip

/‘\ I |
N ———
[
0.3m 2
Fig. 6.7.3 Asphalt Concrete Curb and Cross-sectional Area of Flow

Fig. 6.7.4 Opening of the Asphalt Curb (CB-A)
(3) Layout of the Catch Basin on Median (CB-B)

To examine the locations of basins, rolled gutters were considered in the curve section
(R>3,500m) and masonry ditches were considered in the tangent section (R<3,500m).
Detail of these ditches are shown in the Table 6.7.1.

Some catch basins shown in the tables will not be installed at the 4-lane stage, such as the
ones that were connected with longitudinal pipes at the 6-lane stage.

Table 6.7.1 Median Ditches and its Properties

Type Cross—section Hydraulic properties
Hydraulic R 0.062
Rg-0.5 Cross—sectional A 0.035
Roughness C 0.015
Hydraulic R 0.090
Rg—0.7 Cross—sectional A 0.073
Roughness C 0.015
: Hydraulic R 0.243
DS(M)-C Cross—sectional A 1.000
| Roughness C 0.025
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6.7.2. Calculation Formula

To bring the water from road surface to the longitudinal canal/ditch, opening of the curb is
required to install onto the embankment section’s shoulder and catch basin which is
connected to the longitudinal/cross-sectional pipe is required onto the median and cut
section’s shoulder.

Interval of the curb opening or catch basin was calculated using formula below.
L =0.8Qa/Qd

Where Qa: design discharge capacity by using the Manning’s formula
(full flow: m3/s)
Qd: discharge volume by using the Rational formula (m3/s)

Full flow width of the embankment shoulder is considered the water flow not disturbing
the traffic. In the design, the width was set as a hard shoulder width excluded by a marginal
strip width (refer to Fig. 6.7.3). The gradient that required in the Manning’s formula was
estimated by the elevation difference between the adjacent two basins dividing by its
interval length.

For the shoulder drainage in the normal condition, the calculated L was limited not more
than 100m. But 200m of maximum interval was adopted in case the running water was
collected from the shoulder width only.

Regarding the median drainage, no limit was set where no median ditch will be required in
the 6 lane condition (e.g. section whose radius more than 3,500m). On the other hand,
100m was taken as a limit for the rests of sections.

6.7.3. Stage-Construction

Since the stage construction method is adopted in OCH project, future 6-lane condition
must be considered as well as 4-lane condition.

In the design, especially for the median drainage was affected by the stage construction,
because both the type of ditch and the catchment width were different between the 4-lane
condition and 6-lane condition (see Fig. 6.7.5 and Fig. 6.7.6).

In some case, the drainage pipe under the carriageway were required at the 6-lane stage,
but weren’t required at the 4-lane stage, and if so, the pipe was planned in the design, since
it will be difficult to install the pipe under the service condition.
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1 No median ditch will be installed in the normal crown section.

Fig. 6.7.6 Differences of Median Drainage Facility
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6.8. Flood Area Slope Protection (Gabions)

The gabions protections were provided where the highway passes through mainly marsh
and flood plains. These protections were combination of two boxes or combination of
boxes and cylinders. The top elevations of these protections were set to annual flood level
(see Fig. 6.8.1 and Table 6.8.1).

Embankment Sfope

1 0.50m

v Annual Flood Level

Ground Level

Fig. 6.8.1 Relation of Annual Flood Level and Gabion Protection

The drainage will be provided to prevent scour on cut slopes caused by water inflow from
adjacent area. Most typical drainage facilities adopted were same as embankment toe

drainage.
Table 6.8.1 Adopted Annual Flood Level
Station Annual Flood Levels (MSL in m)
8+760 8.9
10+630 10.7
12+300 6.8
13+200 4.0
15+200 4.0
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6.9. Gutter Capacity
6.9.1. Location of the Catch Basin on Shoulder CB (A)
(1) Flood
Conditions
Case : Road Surface Drainage (see Fig. 6.9.1)
Type of Drainage : Asphalt Concrete Curb (see Fig. 6.9.2)
Location : L=100m
\Volume of discharge is calculated by Rational method as follows.
_ 1 _
Qd = Bex10° C x 1 xA=0.0484 (m3/sec)
Where
Qd : Discharge (m3/sec)
C : Runoff coefficient = 0.9
I : Average intensity of storm (mm/hr) = 135 (mm/hr)
A : Catchment area (m2) = 1,435.0 (m2)
T < 100m >
| ]14.35
Verti;i ditch 7 T T
Fig. 6.9.1 Plan of Road Surface
(2) Discharge capacity CB (A)
Qa= % A X R2/3 x S1/2 = (m3/sec)
Where
Qa : Discharge capacity (m3/sec)
n : Manning roughness coefficient = 0.013
A : Cross-sectional area of flow (m2) = 0.166
R : Hydraulic radius (A/P) (m) = 0.070
P : Wetted perimeter (m) = 2.370
S . Longitudinal gradient = 0.001~0.010
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Fig. 6.9.2 Section of OCH Road Drainage Facility (Asphalt Concrete Curb)

Qa= 0 0113 0.167 x 0.0702/3 x S1/2 =2.145 x S1/2 (m3/sec)

Table 6.9.1 Discharge capacity CB (A)

S Qa Remarks
0.001 0.068
0.002 0.096
0.003 0.117
0.004 0.136
0.005 0.152
0.006 0.166
0.007 0.179
0.008 0.192
0.009 0.203
0.010 0.215

Maximum Interval of Vertical ditch

The thing that rain water flows in the length section on the road has the following problem.
The accident such as slipping is caused when rain water stays, and it is undesirable on the
running safety.

Rain water infiltrates easily under the pavement, and the weakening of the road body is
caused.

Full drain L=100m Qd=0.0484 <Qa=0.068 S=0.001
Shoulder drain L=200m

Comment : It is possible to drain it by assuming the interval of to be 100m in 0.1% in the
longitudinal slope.
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6.9.2. Location of the Catch Basin on Shoulder CB (B)
Ramp of Interchange
(1) Flood
Conditions
Case : Road Surface Drainage (see Fig. 6.9.3)
Type of Drainage : Asphalt Concrete Curb (see Fig. 6.9.4)
Location : L=50m
Qd= —b—l C x I xA=(m3/sec)
~ 36x10 -
=Case 1 Stage 1 0.0118 (m3/sec. per50m)
Case 2 Stage 2 0.0232 (m3/sec.per50m)
Where
Qd : Discharge (m3/sec)
C : Runoff coefficient = 0.9
I : Average intensity of storm (mm/hr) = 135 (mm/hr)
A : Catchment area (m2) Case 1 = 350.0 (m2)
Case 2 = 688.0 (m2)
_________________ ) 50m g L
Case 1 W= 7.00m 1-lane
l Case 2 W=13.75m 3-lane

Verti;{ ditch 7 T 7 T

Fig. 6.9.3 Plan of Ramp Surface

(2) Discharge capacity CB (B)

Qa= % A X R2/3 x S1/2 = (m3/sec)
Where
Qa : Discharge capacity (m3/sec)
n : Manning roughness coefficient = 0.013
A : Cross-sectional area of flow (m2) = 0.0781
R : Hydraulic radius (A/P) (m) = 0.0308
P : Wetted perimeter (m) = 2.563
S : Longitudinal gradient = 0.001~0.010
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2.500

— 1=2.500%
; 0.0625

Fig. 6.9.4 Section of Ramp Drainage Facility (Asphalt Concrete Curb)

Qa= 0 0113 0.078 x 0.03082/3 x S1/2 =0.589 x S1/2 (m3/sec)

Table 6.9.2 Discharge capacity CB (B)

S Qa Remarks
0.001 0.019 Case 2 L=50m
0.002 0.026 Case 1 L=50m
0.003 0.032

0.004 0.037

0.005 0.042

0.006 0.046

0.007 0.049

0.008 0.053

0.009 0.056

0.010 0.059

Case 1: It is possible to drain it by assuming the interval of to be 50m in 0.2% in the
longitudinal slope.

Case 2 : It is possible to drain it by assuming the interval of to be 50m in 0.1% in the
longitudinal slope

Comment : It is possible to drain it by assuming the interval of to be 50m in the
longitudinal slope.

6.9.3. Location of the Catch Basin on Shoulder CB (B)

A-3 Bypass
(1) Flood
Conditions
Case : Road Surface Drainage (see Fig. 6.9.5)
Type of Drainage : Asphalt Concrete Curb (see Fig. 6.9.6)
Location : L=50m
Qd= S S C x I xA=(m3/sec)
~ 3.6x106 B
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= 0.0169 (m3/sec. per50m)

Where
Qd : Discharge (m3/sec)
C : Runoff coefficient = 0.9
| : Average intensity of storm (mm/hr) = 135 (mm/hr)
A : Catchment area (m2) = 500.0 (m2)
) 50m g

W= 10.00m 2-lane

ditch | 7 7

Vertig{
Fig. 6.9.5 Plan of A-3 Bypass Surface
(2) Discharge capacity CB (B)

Qa= % A X R2/3 x S1/2 = (m3/sec)
Where
. Discharge capacity (m3/sec)
: Manning roughness coefficient = 0.013
: Cross-sectional area of flow (m2) = 0.0781
: Hydraulic radius (A/P) (m) = 0.0308
: Wetted perimeter (m) = 2.563
: Longitudinal gradient = 0.001~0.010

WTXIP>SO
j8b)

2.500

— 1=2.500%
;0.0625

Fig. 6.9.6 Section of Ramp Drainage Facility (Asphalt Concrete Curb)

1

Qa= 0013 0.078 x 0.03082/3 x S1/2 =0.589 x S1/2 (m3/sec)

Table 6.9.3 Discharge capacity CB (B)

S Qa Remarks
0.001 0.019
0.002 0.026
0.003 0.032
0.004 0.037
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0.005 0.042
0.006 0.046
0.007 0.049
0.008 0.053
0.009 0.056
0.010 0.059

Comment : It is possible to drain it by assuming the interval of to be 50m in 0.1% in the
longitudinal slope

6.9.4. Location of the Catch Basin on Median DS (C)-1 (Future)

(1) Flood
Conditions
Case : Road Surface Drainage (see Fig. 6.9.7)
Type of Drainage : Concrete Ditch (see Fig. 6.9.8)
Location : L=100m
_ 1 _
Qd= 36 x 106 C x I xA=0.0503 (m3/sec)
Where
Qd : Discharge (m3/sec)
C : Runoff coefficient = 0.9
I : Average intensity of storm (mm/hr) = 135 (mm/hr)
A : Catchment area (m2) = 1,490.0 (m2)
DS(C)-1
[ —
T 14.90
| T 3 5 3
Fig. 6.9.7 Plan of Median Ditches Surface
Table 6.9.4 Discharge capacity DS (