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9.6 Structure Design

The following structures shall be proposed in order to construct the OCH.
(a)Bridges for crossing rivers ,
(b)Viaducts for crossing cxisting ma]or roads
(c) Viaducts for crossing exisling minor roads
(d)Vladucts for crossmg rallways
‘ (e) Overpasses for crossing over the OCH
() Culverts for crossing under the OCH

19.6.1 Basic Po_licy of Structure Design o
The design basic policy for OCH IIJI_i.dg.BS is considered below.
9.6.1.1 " Bridge Design Standard ey

The RDA drew up a Brrdge Desrgn Manual in 1997 The purpose of thls Manual is
essentrally to mtroduce basic bridge de81gn conccpts and to present techmcal for the
gmdelmes brldge desrgn for hlghway brldges R ' s : - '

The design of brldges and other related structures in Sri Lanka is Carrled out in accordance -
“with British Standard (BS) 540{) with certain modlflcatlons to surt local condrllons Detalls on
_'desrgn method, condltrons prescnptlons and rules are not descnbed in thls Manual. BS 5400 _
- has been basically adopted for brldge destgn in Sri Lanka, together with other standards such
" as AASHTO and the Japan Road Assocrallon Specrflcatlon for nghway Brrdges (JRA-SHB)

for ODA Pro;ects

Generaliy, loadmg is to conform and applled accordmg to BS 54(}0 part 2. Bndges should be
designed to resist the effect of HA or more than 30 units of HB live loading of BS 5400 |
-Bendmg moment by this live load appears to be smaller than that by the "B live" loading of

JRA- SHB for the simple sported bridge at each span length (see Fig. 9. 20). Apphcatton of the

B live loading of JRA-SHB is safer for the desrgn of brldges However, there is not a blg

difference between the final shape of a structure whether its bascd on the B‘§ or JRA-SHB

standard. ' o ' ' '
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Comparlson of Bending Moment by 885400 and
JRA-SHB "B"

E, 5 1.50 - - T T I T T
3o
€25 1.00 '
- = B
BEE 050
§ 6 ' ol .
o= - ] i T

0 - 20 = 40 60 80 100
Span Length (m) '

Fig. 9.26 Comparison of Bending Moment by the BSS4[}0 ‘md JRA- SHB “B“ )
9..6.1.2 Design Basic Conditions
(_l) Cmss Section of Bridges

‘I\vo typcs of cross sections for OCH bndges based on the Geomelric Des:gn Standards of

| - Roads in Sri Lanka are applied depending on total length. The width of separator and lefl

_shouldcrs are reduccd for long bridges to cut costs, as weli as to be able to widen to lancs in _
the fulure (scc Tab. 9. 7) : y

_ (2) Load

The following lbads which are described in BSS4OD part 2‘ are considered in thé dcsign of
bridges i in accordance with (he RDA Brldge D631gn Manual (RDA1997)
B "a) Dcad Loads
b) Earth Pressurc

._c) Live Loads _ :
) Brakmg & Tractlon of Vehicles
| _'e) Watcr Current .
' B Floatmg debns & Impact
' g) Wmd '

" h) Temperature .

" i) Shrinkage
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(3) Crossing Condition

Crossings, of rivers (i.e., bridges) roads and railways (i.e., viaducts) are considcred in the
design of the OCH for this Study and are described below.

1) Rivet:" crossing

For désigniﬁg bridges, the following clcsign iléms are fequircd:

a) Width and cross- section of rivers

b) nghcst water level .

¢) Maximum current velocﬁy and maxlmum volume of ﬂood dmchargc
~d} Location or plan shore prolectlon ' '

‘ These data have been obtalned from flcld surveys exislmg data and hearmgs 011 resulenls
llvmg near nvers ' _ : _

. In Japan the hcnght and minimum span length of a brldge crossmg are decxdcd usmg the
- clearance under the deck glrder, standard span length, and nver obstruction rate, Wthh are
: prescrlbed based on lhe volume of ﬂoodmg dlscharge (See Tab, 9.8, Fig. 9.28. )

' Tab 9.8 Minimum Clearance under the Deck Girder (Japan) '

_ | 200 <= | S500<= | 2,000 <= | 5,000 <= | 10,000<
Dcsngn ﬂood Dlscharge 0 <200 0 o 0 Q-
- (mhs) | <500 | <2000 | <5000 | <10000| 0
Clearance under Girder 0.6 . '.()8 ' 1o | 12 ' 15 2.0
) . 8 - : 2 . 20

Howcvcr, in Sri Lanka it is only required lhat thc abutment and plcr bearmg level have a
1 O m clearancc above the hlghest ﬂood level o

) | Y ]
1.0 > H.K.L. "o :

|

" Fig. 927 Clearance between Bearing Level and H.W.L. (SLS)

ik

e
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[ starr ]
s +R

Any problems for flood No C
control 0. - . [T I
, . Yes Discharge Volume
Yes * above 2,000 m3/sec
Y ; PR
The river is in the large cities area, The bridge is constructed on major
which is stipulated in the order of the 4No public facilities (National Expressway),
Ministry of Construction. : = which are stipulated in the order of the
Ministry of Construction. .
- . No
No _ _\'es o o . Yes
Y : | o
Discharge Volume Discharge Volume Diécharge Volume . Discharge Volume
above 2,000 m3/sec above 2,000 m3/sce above 6500 m3/sec 1, above 6500 m3/sec
No 4 No No Yes . Yes - No
Y ) . Yes R | ; ' : A 4
Any excessive . Any excessive | No | = o . | River Width abave
Yes influence on River| - ~'~ .| |influence on River| SR Tl Bom -
Maragement . _Management ’ .
Yes | No ] Yes . No
. Yes s .
R 2 R | Yo ey oy oy
1= 2040005 Q L=30+0005Q | L=20m || L=16m ||L=125m
Fig. 9.28 Flow Chart to Determine Minimum Span Length .
(Japan Highway Public Corporation) -
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2) Road Crossin g
For designing viaducls for crossing a highway, the following design items are required:

~a) Minimum vertical clearance:5.25 m (Bridge Design Manual) _
b) Road width: - Existing road width or planning width

The vertical alignment of a viaduct is determined from the existing road level, clearance,
and the viaduct girder height. Viaduct glrder height is determined from the type of
supcrstmcturc -

Existing road width is critical for designing viaduct crossings. In this Study, the design
parameters, for Class A and B roads arc used for major road crossings, while actual
existing road width is used for minor local roads that do not have any road improvement
plan, '

" Quter Circular Highway

Y

Y

- Fig. 9.29.1 Vertical Road Clearance -

If the divetsion of an éxisting road can not be carried out during OCH construction, the
~ abutments of the OCH bndge should be set so that excavation does not affect thc existing
_ road whxch wrll resuit in the iength of the viaduct becommg longcr '

| 3)'R5iiway Crossing .'

e T hcrc are lwo locatlons where the OCH for this Study Crosses a rallway lhe Colombo -
~Kandy Line with a tnple -track at Horapc near the Halanduruwa marsh and the Colombo -
. -Avnssawella Lme witha smgle track at Malapalla near Rt. A4

: :. For demgmng vraduct crossmgs ovcr a rallway, the foliowmg de&gn items are required :
) a) Minimum vcmcal clearancc - 18'= S 50 - :
o b) Struclure gaugc v '

_ " OUTER CIRCULAR HIGHWAY - PAGE 952 B - JICA ST UDYTFAM
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As relocating a railway is imposs.iblc, the bridge length and construction method should be
decided after fully considering the influence on railway traffic. The two affected lines are
running on a high embankment in a paddy field or marsh. Hence, it is required that work
be carried out for cnough away from the foundations to reduce the influcnce on the railway
at the time of OCH construction execution. (See Fig. 9.29.2)

| Fig. 9.29.2 Crossing over Railway -

- 9.6.1.3 Structural Type 61‘ B.l_'idge.

Bndge/vnaduct slmclures are dwaded 1nlo thrce patts: supcrslructure, sub structure and
 foundation. Each of lhesc parls 1s descnbed below '

(1) Supelstructure . .
The superstructure is largely cnther concn,tc or steel. Concrete bndges are classnflcd into RC
and PSC structures. For this Sludy, supersimclurc is sclcctcd by paying due altcnnon o the
following: .
: (a)Easy maintcnance - R
*  Stecl bndgcs may suffer shortencd scrwcclifc due 1o corrosion. ¢ ¢ , o
* Painting of steel m'uenals require pcnodical treatment, resullmg m mcrcased
maintenance costs. . : '. L
*  Concrete brldges are free from surfacc corrosnon and malntcnancc costs can bc
' rcduccd L SRTUNN I
: (b)b;)w cost and superior cconomlcal fca51b1hly __ S 5
¢ Generally, steel bridges tend to be higher i in unit price lhan concrctc brldges for shorl
spans. Lspcc1aliy, in Sri Lanka, it is very difficult 10 cons{ruct a steel bndgc and
. matcrials nccd 1o be 1mp0rtcd from other countucs ' :
(c)Employmg malerials procurablc in Sri Lanka S SARTHE :
. Prmc1pal materials (aggrcg'itcs, ccmcnt and rcmforcmg bars) musl be casnly avallable

OQUTER CIRCULAR HIGHAY _ PAGE 9—53_ o B JICA STUDY TEAM
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* The use of domestically produced materials will reduce the standard costs.

1) Applicable span for each type of bridge in Japan

The type of shperslruclurcﬁclcctcd depehds roughly on the span length of the

bridge/viaduct,

Tab. 9.10 shows the standard applicable span for each type of

Lsupcrstructurc in Japan. ‘Table 9.11(a) and (b) shows the standard applicable span for cach'_

typc of PC bndge

2) Standard beam in Sri Lank_a

-Si'mdar(l prc cast pre- tcnsmncd bcams are ava:lablc from 43 m up to 16.23 m in Sn.

" Lanka, Combinations of pre- tensloncd and post- lcnsmncd beams in pre-cast 16.23 m units

“are available for spans of 19 m. The maxnmum lcnglh of a beam that can be transpor{cd is

' hpproxnmalely 16 m in Sri Lanka. Rcccmly 23m long pre-cast pre- tcnsmncd beams havc:

been designed for the Bascline ]mprovcmcnt Pr0]ccl Thcse are cast on-sile.

hh 9, 9 Standard Pre-cast Pre-tensmned Beam in Su Lanka '

- 10 THE CITY OF COLOMBO * * .

R : ' Dlmcnsmn Quanultcs ‘
Length (mm) " T T
o o Width {mm) Height {mm) Concrete Volume (m*) - Weight  (kg) .
© 8,230 600 355 094 2,40
9,756 600 - 355 UL 2670
10,746 ~ 600 355 . 121 2,910
12,270 - 600 600 1.62 3,890
' - 600 - 600 1.78 - 4,280
]3’5-0.0 . 500 550 . 169 4,060
14,500 . 500 600 | 196 470
o 15,500 = - 500 - . 650 2.19 . 5,440 -
16,500 500 700 256 . ¢ 6,160
. Insert Tab. 9.10
' OUTER CIRCULAR HIGHWAY - . PAGE9-54 “o JICA STUDY TEAM
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Tab. 9.10 Standard Applicable Span

SPAN - Girder
TYPE Height/span
50m 100m 150m - ratio
] Simple composite P
girder y18
Simple girder - 1/17
Continuous girder R
S 1/18
Simple box girder .
d & 122
& | Continuous box 7
2 | girder 11723
fa)
— | Simple truss
g d 1/9
@ . .
Continuous truss .
R e o 1410
DPeck langer girder -'
: 8 ,g ‘1/6.5
Deck lohse girder '
T - 1/6.5
Arch : -
1/6.5
[ Pretensioning s
Girder .
Hollow slab V' -1/2_2.
Simple T girder . -
‘ ) 1/17.5 -
Simple composite R
Girder o =_U’lS
i Connech Conlinuous _
Composile girder -~ 1S
Conlinuous - R
o | Composite girder 1716
2 )
2 | Simple box girder .
-3 R 10
Q : . v
A< | Continuous box .
Girder {cantilever ' g
']")rpe) ——r ],18
Continuous box girder s
( support ' = 1118
Type ) '
...... type rigid frame j
' 1/32 o
Hollow slab '
. . —— 1120
Conlinuous - o e =
Spandrel - filled arch ﬁ ' 12
OQUTER CIRCULAR HIGHIWAY PAGE 9—5._5 FU S JICA STUDY TEAM S
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3) Basic selection of the bridge type for this Project

The OCH crosses over lwo snajor rivers, existing roads and railways. Span length of

bridges is expected to be shorter than 35m. Generally, a concrete bridge is less expensive

than a steel bridge for construction and maintenance for span lengths of less than 35 m.

Basic PSC beams are selected for this Study as shown in Tab. 9.12, taking into

consideration economy, construclicn, maintenance and domestic material availability.

Tab. 9,12 - Basic PSC Beam types for the PrOJect

~ Span length (m) Beam Type chiarks:.
Box culvert
L<10 , - I Mt

Pre-cast pretension beam Standard Beam in Sri Lanka -

W0<= L < 17 Pre-cast pretension beam Standard Beam in Sri Lanka
Pre-cast pretension beam For Viaducts (Many beams are

17<= L < 25 (Costinsite) . cast at same placc) |
Post—(e_risioncd T shape beam

25<= L < 30 Pos_l—ichsioncd T beam

A conlinuous bridge (connected beam) lype is sclcctcd Connected beams are supported at

2 points at a pier and/or abutment and connected together at the pier reinforcement. This

type can reduce the number of expansion joinis, construction cost and make for

- comfortable dnvmg (Sce Flg 9.30. )

— " Cast in site.con'crete

o Precast Bean

1

- Precast Beam -

2

Flg. 9.30 Connectlon

. Relnforcement

OUTER CIRCULAR HIGHWAY .
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4) Recommended PSC Girder

Most bridges in Sri Lanka arc slab bridges. Namely, using pre-slrcssed' concrete beams
manufactured using pre-tensioning methods at two plants in the suburbs of Colombo.
Reinforcements and hollow forms are arranged at site and cast-in-place concrete is poured
to complete a bridge. )

On the uﬁder%tanding that performance is substantially improved and that further
enhancement of technical conditions is achieved, it is recommended that a composite slab
bridge usmg pre-tension beams of relatively high rellablhly and a post- -tension composite
T glrder be selected. The approxlmate scclional dimensions are shown in Tab. 9.13 (a) and
9.13 (b). In any casc, on- sntc construction is charactenzcd by the fact that only reinforced
concrcle work wnlhout pre- slrcssmg is carried out o

- QUTER CIRCULAR HIGHWAY : PAGE9-59 =~ ‘ - JIcA STUDY TEAM
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Recommended PSC Girder

TAB.Q-lS(b).

Filed

/

in_Place
S

S
/ghmmkcnockslag '

200

mz_\
A
),,
i

.

| 200

2200

COMPOSITE GIRDER SECTION
4

et
€
=
=
Lo RN
oy
<
2

0 -~ | -
08T 0502 00T

]

850

GIRDER SECTION
(Pre-ensioning Medod)
S 11000

i
8

LENGTH(m)
359
3Lo
210
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(2) Substructure

Abutments and piers shall be designed for bridge substructures. The types of abutments and

piers selected are dependent on structural height, location (on land or in water), acting force

(vertical and horizontal), and foundation type.

1) Abutment

‘The tj{pe_s of _ztbuttﬁents sclcctcd based on structural height are as shown Tab. 9.14.

[‘ab 9.14 Abutment Types for the Height

Tape and Shape APP llcﬁt)(l;)}lcfght : Characteristic -
S T -Simple structure
Gravity-type He<=5 -Easy construction
: B -Heavier weight
o - . ~Economic
Reoversed T E 5 -<H-< . —F,aS):( construction
“Type . :
—_ -Economic _
Counterforted : -Intricate construction -
C =1 | -Difficulty in buck filli
Bultressed type | _ ; 10 < 117 o ifficulty in uc ‘ illing
e : -Complicate structure
. . __—_—D‘ ' S -Expensive
Rigid-framed _ 3 10 <= H <= 15 oo
Type l - :
_ | -Large s.cale struclure
R T N -Complicate structure
Box Type 1 ' 15<=11 -Intricate construclion
C - 1. -Expcneive

Slnce the helght of abutments is expected to be lower than the 12 m for the OCH, the

) reversed T type 1s selected for reasons of economy, Slmple slructure and casy conslruction.

" However, a ngtd framed type shall be selected if the frontage road of the OCH has to pass

' alon g the abutment

OUTER CIRCULAR HIGHWAY
TO THE CITY OF COLOMBO - -
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2) Pier
The types of piers selected are dependent on structural height, location (on land or in
~ water), width of superstructure, and acting force (vertical and horizontal) and are as shown

Tab. 9.15.

Tab. 9.15 Pier Types

Type Figure - Charaétcristic
Y - ' : * * Simple structure with cappcd p:lc
J o - head
*  Weak horizontal force and ﬂcxnble
struclure

Pile bent type pier _ : : *+  Unsuitable for piers in river where
: : ' scouring is expected

*  For light-weight superslruciure

. Lﬂwcst cosl _ :

. Gcncral construction
¢ Diameter of column is big
*  Blocks large area of river crossing

_ Column type pier

, - ’ Gencral construclmn
i ] |- Shape appropriate the dircclion of

o © N : : / . the river ﬂow
Elliptical column ' '
picr
[ ]
* . Generally used for wndc _super-
" slruclure :
_ . Unsu:lablc for plers 1n rivers
Rigid framed pier
OQUTER CIRCULAR HIGHBAY FPAGE 9-63 . o B » JICA STUDYTAM
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3) Foundation

The type of foundation selected depends on the conditions of the depth of bearing stratum,
acting force (horizontal and vertical), and its location (on land or in river).

Three foundation types, or spread footing, pilc foundation, and caisson, ar¢ applicd for
OCH bridges. Tab. 9. 16 shows the apphcablc depth of suitable soil strata for cach typc of

foundation.
Tab. 9.16 The Applicable Depth for Foundation Type
Depth of suilable soil
stratum - o Foundallon 'I‘ype _ ~Remarks
D(m) ’ I RN I o . =
Spread I‘oolmg : * Open cut or cofferdam is
o ~ required for excavation to the
— - ' bearing stcatum.
- 30mto4.0m
Calsson Foundation _ * Filled cofferdam is required
(Cylinder Well, 51dc-by-51de calssons) for piers in rivers.
Dewatering should be con-
— " sidered.
_ _ ¢ Where bearing stratum is not
- flal, special treatment is re-
40mto 6.0m quired to set the caisson at
level.
Pile Foundation = Pile type and diameter should be
(Pre-cast RC or PC pile, 11 Steel, steel plpe, selected based on  on-site
cast-in place concrete pilc) _ conditions,
Deeper than 6.0m - o _
OUTER CIRCULAR HIGHWAY . . " PAGE9-64 - . s o HCA STUDY TEAM
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9.6.2 Bridge Planning
9.6.2.1 Outline of Bridges for the Outer Circular Highway
(1) Location Map of Bridges

. The location map of the main linc and intcréhangc bridges as planned for this Study is shown
in Fig. 9.31.

(2) Type of Bridges . -

* The outline bf lhe i)'pcs of bridgcs planned is shown in ;Ft;ii). 9,17 - 9.20. R

' QUIER CIRCULAR HIGHWAY " PAGE 9-65 o S 0 JICA STUDY TEAM
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No. GROSSING STATION LENGTH(mY
tiCKE of- 1 6t~ 1 o]+ 22 83.0]

2| RAMPWAY 20+ | &3]~ alr | 720
alA3 RD. olr | 12|~ 9|+ | 52 _400]
4]RAILWAY 28|+ | 271~ | 28l+ | 57 300
5|A1Rd. ai[+ | 32|~ s+ | &2 300
§|KELANI RIVER 159+ | 82|~ {161+ ]| 29 1970
7|ATI0 Rd. i62f+ | sg|~ 1 163[+ ] 11 2290

8| RAIL WAY 210]+ | 19|~ {270[s | 32 180
9|As RD. 276]+ ~ | 216l+ | 50 450
10]A4 RD. 2761+ 1 15|~ | 2168+ | 63 430
| 11|MIHOR RD. az2f+{ sl~ f323pr{ 0 250
12[B34 RD, 3l | s2l~ [ 33spr ] 12 300
13]MINOR RD., 3660t | oal~ 13670+ | 16 220
14]AS RD. : 4230+ | st~ faAnp | 79 220
15{B0LGODA RIVE q42]+ | 0]~ Jad3fe | 72 102.0
16]CKE IG 1ol | ial~ | a2]¢ | i3 400
», | 17|CKEIC -1l | 40l~ 1 of+ | 20 80.0
% [ 18lCKEIC “1fe 1 40]~ | o+ | 70 800
19]A31G o+ | toj~ [ 8|« | 40 300
zolad1c z16)t | 15]~ | 276|+ [ &0 450
21STC JCT s e~ 22[¢ ) 8 470
wohr | 161~ 1 28)+1 6 50.0

22|STC JOT

n _Ma;i of Bridges_ _
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9.6.2.2 Bridges Crossing Over Rivers
(1) Kelani River Crossing
.1) Setting bridge length

The river width at the crossover point for the Kelani River is about 120 m and the

Biyagama Road (B214) is abouwt 60 m from its right bank. Economically, it may be
- possible to cross Rt. B214 by means of a single-span bridge and to build a road on the

embankment for a sectlon from this crossmg to the right bank of the river. It was decided,
* however, to employ a bridge for this section in view of the followmg factors:

(a) Embankment length, excluding abutment back-filling, is more than 40 m at its longest.
The workability of the embankment for such a short section is extremely poor.

(b) Unevenncss of the bridge resulting from subsidence of a short-scction embankment _
between bridges after opening for service may make for uncomfortable driving.

| - 2) Superstructure .

“The span lenglh of the _s'uper_structu're was determined by taking the folloﬁving points into
~ account: o L '

- (a) To determine the span division of the superstructure, two exisling bridges, one
upstream and one downsiream from this bridge, may serve as a guideline. The four-span
Kaduwela Bndge with a glrder length of 23 m, is located about 1.4 km upstream of the

' planned brldge The glrder lenglh of the proposed brldgc will be at lcast as Iong as lhlS

- (b) The bndge crosses the river pomon where the deplh is 3 m or more even in the dry
season. It is therefore desirable to minimize the scale of the erccllon work Pre-
tens:omng PSC beams are favorable in this respect because the welght per beam is small

. and the use of hcavy machmery can be downsized correspondmgly Note lhat a maxnnum

: 19 m span lcngth could be conslrucled from pre-lensmmng PSC beams in Sri Lanka

Thcrcfore span length can be a znaxnnum of 25 m for this bridge. -

. (c) The span Iength based on Japanese Rwer Standards referred to prevnously is 34 m (L
= 20 m + 0. 005 Q 34 m, dlscharge volume, 2746 m3/scc) However, this will not be

' OUTER CIRCULAR HIGHWAY PAGE9-70 . HCASTUDY TEAM
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applicd for reasons of cost and river management.

Therefore, a connected girdér type of supersiructure with a beam length of 25 m using pre-
tensioning PSC beams will be employed without the use of expansion joints at supports,
excluding abutments, in order to ensure improved driving comfort.

~ The scale of the bridges can be compared as follows:

Kadmmlaﬂndgc_
Bridge length 93 m; ‘Span 23 m, (four-span sunplc glrdcr brldgc)

KclanLBndg&

- Bridge length 150 m (river scchon), Span: 25 m, (SlX—SpaI] conlinuous glrder bridge)
3) Substri:cturé foundation type

The HWL of the Kelani River where thc.(').CH bridge is to be crected is EL 5.4 m or more.
The difference between the HWL and LWL is more than 5 m. The flow velocily is

consnderable not only during flooding, but also when the water level is hlgh Pile bent plers, o

multi- column pxlc foundation, or caisson can be considered for the pier foundallon at this
~ section. An open caisson with separate up and down lanes however, w1|l be u‘sed for the
foundation at this section. There are three reasons for thlS o

(a) Pile bent plers and mulu column plle foundallon piers tcnd to create eddy currcnts
which cause abnormal scouring around piers durmg floods. In addmon drift materla! such
as driftwood, garbage etc. may slick to piers, blockmg the cross-sectional area of rivers
and presenting a subslantial hindrance to flows during a flood. - ‘

, (b) The Kaduwcla Bndge, about 1.4 km upstream of thc OCH brldge employs an opcn '
calsson foundauon wnlh two 3.5 m piles in parallcl ' '

(c) Consuicrmg the bearmg laycr deplh lhe lcngth of thc plcr foundatlon of the river
 section is esllmated to be about 8 m. P - ‘ '

For the abutmcnt and thé pier on the right Baﬁk ol. 0 m cast-in -place concrcté pfles \?Jill be
used for the foundation of the abutment as wcll as for the foundatlon of plers on the bank '
. The rcasons for lhls are as follows: : '

OUTER CIRCULAR HIGHWAY - PAGE9-71 - S L J!CA SIUDYTEAM :
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© (a) Abuiment height reaches as high as about 9.5 m, with increasing horizontal force
acting on foundation piles. It is considered economically advantageous to use piles with
higher rigidity to reduce the total number of piles.

(b) The pernt bearing layer of piles is a hard gneiss layer Extstmg pre-cast RC piles may
be broken when driven into this layer. =

(2) Bolgoda River Crossing

" “This bridge is erected less than 1 km from '[a_ke' Bolgoda. The HWL is EL 0.873 m
(observation) and the LWL is about EL 0.0 m. River flow velocity is high, In the center of
“the LWL, water depth is about 2 m and the river -width about 80 m. '

Grven the above condmons a prle bent type (m Om casl -in- place RC plles with steel casing
to serve as a pile cap) which i is superior in workablllly and cost- effectlveness, will be used.
For a superstructure approprrate for such a subslmcture a connected girder type of bridge
using pre~tensromng beams will be employed Span length is 17 m x 6 spans and brrdge length
© is 102 m, and the road rntersccts diagonally with the river. Since there will be no problem i in
terms of river management a right brldge was planned The clearance to lhe water surface is
“about 3 m at a normal water level and _abo_ut 2 m at a high water_level The abutment
foundation will be 1.0 m east-ln-place RC piles for the river section.

9,623 Viaduet Crossing Over Exisling Railways and Major Roads
W ﬁauway Cressing
| Vladucl length was determined on lhe condition that the excavahon line of the substructure
- would not enter the inside of the rallway ballast line. For foundation piles, ¢1 0 m cast-in-

place RC prles wrll be used to prevcnt adverse cffecls from vibration during work on the

o rarlway

- ; "Abu{menls for rarlway crossmgs are desrgned asa rrgrd frame type when the frontage road is
- adjacent to the railway. ‘ -

' (2) Maje’r'Roed- Crossings and_'Inter'clinn:ge Bridges

~ Tab. 9.18 and 9.20 show the type of superst_rueture adopted, which was determined accordi.ng

. OQUTER CIRCULARHIGHWAY -~ PAGE9-72 E " JHCA STUDY TEAM
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to bridge length. On the basis of boring data contained in the géologi&1l survey report, a
spread foundation will be used for the bridge (81432.0 —- 81462.0) crossing at Rt. Al

9.6.24 Overpass

Tab. 9.21 shows the survey station, width, length, and construction type for cach éverpass
(main linc overpass). After_laking into account a 4.5 m median for 6-lane operation in the
future, piers will be consiruclcd in the middle of the median for ‘economic reasons.
Superstructure will consist of post-tensioned t-type gtrders and the bridge will be a connected
girder type of structure. However, bndgc span should be determined taking local conditions
into accoum : ' R '

As, for the substructure, abutments will be an mvcrtcd T type while piers w1ll be a T type.
Smce the height of most abu(menls will be as high as 10~ 12 m, $1.0 m cast-in- place concrele
plles will be used for the foundation, as is the case for the major OoCH brldgcs 'lhis type of
foundation will also apply to picrs. ' ‘ :

' OUTER CIRCULAR HIGHWAY - PAGE 9-73 ; ‘ J’ICA STUDY TEAM |
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Tab. 9.21 List of Overpasses
No. STATION WIDTH LENGTH SUPER STRUCTURE FOUNDATION REMARKS
' L(m) (m) TYPE
1 374100 5.5 52.50=2@726.25 | Post-tensioned T-girder | Cast-in-place RC Conneeted
pile beam
2 44470.0 " 35.50=2@17.50 | Pre-tensioned girder “ - “
3 474150 “ 45.00=2@22.50 - “ : “ “
4 50+80.0 a 40.00=2@20.00 | Pre-tensioned girder “ “
5 574300 8.0 - 35.50=2@17.50 . “ “
6 66455.0 5.5 35.50=2@17.50 “ " “
7 73+40.0 10.0 45.00=2@22.50 “ “ “
8 91420.0 5.5 35.50=2@17,50 : S “ “
9 101+20.0 “ 27.00=2@27.00 | Post-tensioned T-girder . *
10 111455.0 10.0 36.00=2@18.00 | Pre-tensioned girder " “
11 . | 1244200 15.0 . 42.00=2@721.00 “ “ “
12 132+ 40 55 43.90=2@21.95 * “ “
13 144490.0 - “ 35.50=2@17.50 * “ “
14 175+10.0 “ 36.00=2@18.00 “ e “
15 133+20.0 Lo 35.50=2@17.50 “ o “
16 194+465.0 12.0 36.00=2@18.00 “ “ “
17 | 201475.0 5.5 50,00=2@725.00 “ " “
18 | 206415.0 & 35.50=2@17.50 “ “ i
19 247445.0 “ 35.50=2@17.50 ) L. o “ e
20 255+15.0 “ 52.30=2@26.15 | Post-tensioncd T-girder « “
21 260425.0 " 43.90=2@2195 | Pre-tensioned girder “ «
22 | 2644200 “ 43.90=2@21.95 . ; “ “
23 282450.0 “ 35.50=2@17.50 N “ e
24 292446.0 - “ 35.50=2@17.50 “ " e
25 308+23.0 “ 35.50=2@17.50 - “ “
26 315454.0 “ 35.50=2617.50 “ “ « N
| 27| 350+ 00 “ 35.50=2@17.50 “ “
28 3554130 - 43.90=2@21.95 S “ “
29 360466.0 “ 35.50=2@17.50 - “ “
30 3714100 * 35.50=2@17.50 “ “ “
31 3784500 “ 52.50=2@26.25 “ " “
32 3804150 15.0 52.50=2(@26.25 “ “ “
33 384+14.0 5.5 50.00=2@25.00 “ " «
34 391+ 00 - “ 35.50=2@17.50 “ “ "
35 3954510 a 35.50=2@17.50 H “ «
36 403+ 0.0 “ 35.50=2@17.50 “ “ ¢
37 | 4104400 “ 35.50=2(@17.50 “ “ “
38 428+37.0 “ 35.50=2@17.50 « N R
39 436+65.0 “ 44.00=2@22.00 “ " “
40 | 458+40.0 " 30.00 "~ | Post-tensioned ‘T-girder “ Simple beam
41 486+50.0 H 28.50 “ - " “
42 493490.0 * 28.50 - " s
43 500+30.0 “ 28.50 o N o
QUTER CIRCULAR HIGHWAY PAGE 9-74 JICA STUDY TEAM
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9.6.2.5 Box Culverts

_ For box culverts, sectionat dimcnsions will be determined froni thé dimensions of internél
~ hollow spaces (internal holtow width x internal hollow height) and the overburden of culverls
by referring to the Standard Box Culvert DcSIgn Drawmgs established by lhe Mlmslry of

Construction of Japan Tab, 9.22 shows typical sect:onal dnmcnsxons :

_ Tab 9,22 Box Culvert

Side wall

- OUIER CIRCULAR HIGHWAY

Tnner section | Over burden | Top slab Floorslab | ( R o e :
WxHm| @ | @m | @m | @™ | Remarks
| 020100 | a0 | 500 | 450
B I T N T 550300
N : 2.00-2.75 500 600 550
MOS0 s ase | s T 650, | 3507
.3:50-450 | 600 f ... 700 oo 600 SR
4.50 - 5.50 650 750 650 Haunch size
S 1.020-075 ] 400 1 S00 . f.....450 - 300 X 300
60X50 1 075-175 | . 500 . 600 | 500 . o
' 1.75 - 3.00 600 750 600
T 020-075 [ 40 | 550 | 800
70X50 [ 0757200 | 600 | 700 [ 600
: : 2.00-3.25 700 850 650

' 9.6.2.6 Drawings
| Tillcs of drawings are as fo]ldws (R'efer to 'appendix):

' 33 TYPICAL CROSS SECTION BRIDGE & VIADUCI‘ o |
| 34 VIADUCT AT INTERCHANGE WITH MAJOR ROAD (4 LANE. L—27M)
'35 VIADUCT AT INTERCHANGE WITH MAJOR ROAD (2 LANE L-22M)
36 OVERPASS AT LOW EMBANKMENT SECTION . -
37 OVERPASS AT CUTTING SECTION
' 38 GENERAL VIEW OF KELANI GANGA BRIDGE )
-39 GENERAL VIEW OF KELANI GANGA BRIDGE (2)
40 GENERAL VIEW OF BOLGODA GANGA BRIDGE
11 GENERAL VIEW OF RAILWAY CROSSING BRIDGE AT IIORAPE
42 BOX CULVERT

© JICA STUDY TEAM
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9.7 Junction and Interchange Planning

9.7.1 | Design Daily ’I‘raﬁ'nc Yolume

The configuration of interchanges is based on forecastcd l.raffic volumes for the ye#r 2020.
9.7.2 Detern1inati011 of Interchange.Configm.*ation

9;7.2.1 | Inte-rchange Conﬁgura.tion

Sinéé the plénned road will riot be a toll road, | no lollgﬁtes arc necessary. Accofdingly, the
basic conflgurallon of an interchange will be a diamond type. Since the connecting road and

~ ramp intersection will be a level crossing, the conflgurahon will be fmallzed by checking
traffic capacity, :

Diamond Type I nterchange

Interchange configurations were decided applying Fig. 9.32, which describ_cs the relationship
bei\veén interchange type aﬁd access traffic volume and the through traffic volume of the
: _conneclmg road, Based on this, it was dlscovered that the interchanges at A3, Al, and A4
cannot process the traffic volumes at thcse pomls using a dlamond type mtcrchangc Note,
" however, that a dlamond type mtcrchangc has been sclcctcd for Al since the Colombo -
' Kandy Expressway will havc an mtcrchange near by ' B

| Based on the resulls of the abovc exammahon (hc followmg typcs of junctlons (JCI) and
| mterchangcs (IC) have been chosen

. OUTER CIRCULARHIGHWAY .. = PAGE9-76 Lo T L JICA STUDY TEAM
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(1) CKE Double trumpet type JCT
2) A3 Half lrumpét type IC
3 At Diamond type IC
(4) B214Road : Half diamond type IC
(5)  All0Road Half diamond type IC
(6) AdRoad Basic: Half clover type IC
Alternative: Double trumpet type IC -
(7) B84Road Diamond type IC |
(8) A8 Road Diamond type IC
(9) STC Y type JCT
(10) A2 Road - Composite diamond (level crossing) - . |

As for the mlerchangc at Rt. A4 allhough a !nlmpet type is prefcrable in terms of forccasted

traffic volumcs this Study recommends that a half clover type of mterchangc be cons{mctcd

from the perspectlvc of keeping costs down.

As for the interchange at Rt, A2, lhe Smdy Team recommends lhat a composuc diamond lype

be employed for CCO[IOITIIC reasons.

Y
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The traffic volume appiicd to determine interchange configuration is onc half of the daily
volume for the following reasons:

* ‘The planned raffic volume (vch_icleslday) is calculated by assuming a peak ratio of 7 %.
This value is rather small compared to the 9 % for urban areas in Japan, The value for
rural areas in Japanis 12 - 14 %. '

* Capacuy is determined from the peak hour

* The forecasted traffic volume for a four- lane road (A3 road) in 2020 rcachcs 66,000
vchlcles/day, whlch is quite largc

* The mmal mvcslmenl w:li be reduced to enable future reconstruchon
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Fig 9. 33 IC & JCT Types for the Outer Circular Highway

"B214a A110

Alternative:
Doublo Trumpet Type

-

" Basic:

Half Clover Type _ /]

@F

L}

BT\ I
e,
2

- S _ o - cUnit:Hundred Vehicles / Day 2020
b A T o @:Number of Traffic Lanes S
S o dAccess Traffic Volume (Hundred Vehicles/Day)
S ' FAGE 9-80 :






FINAL REPORT

9.7.2.2 Length of Spced Change Lane

The length of acceleration/ deceleréti_on lanes for each IC and JCT is shown below. Note that
the standard and specified value for these lengths is shown below.

*

*

*  Length of speed change ling and t'lper

| (1) Length of speed change lane of the ni_ain line and Colombo-Katunayake Expressway

“Geometric Standard of Higli—stadderd Arterial Highway, September, 1989” |

Design speed of Celombo-K'nunayake Exprcssway 110km/h o

Design speed of the Quter Circular Highway : 80km/h

. Access angle

Desigd speed of main line 110km/h |80km/h
Lengthrof deceler'at&ion lane 90m | 80m
Length of acceleration lane | 180m | 160m -
Length of t'aperi ﬁﬁm 1 S0m
[ Design speed of main fine 1_10kndh _' 80knvh
Angle of e_xu 125 1120
_|Angle of entry .~ - 1/40 1730 _

* Length of speed change lane and laper _

2) Length of speed change fanes of the nauonal highway
(Explanatlon and executlon of the Road Structure Ordinance, February, 1983)

The deSIgn speed of national hlghway is 60 kmfh

7 _ Acceleratlon area . : Deoeleratlon area
Length of ' 120m: Lenglhof 70m
acceleration lane ' * | deceleration lane
Stand_ard' tape_r length  of S0m Standard‘ taper_ length of | 50m
parallel'acceleralien]anc e parallel deceleration lane

OUTER CIRCULAR HIGHWAY " PAGE9-81 © JICA STUDY TEAM -
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9.7.2.3 Configuration of IC and JCT

(1) Colombo-Katunayake Expressway JCT

For the OCH connection with the CKE, the double trumpet type wilt be employed since a
tollgate is to be constructed The configuration will be determined by taking into account the
installation space of the boolh and administration fac;htlcs With this configuratlon a toil free

road ‘may be used for cxtensmn !'rom the CKE to lhe seaside,

<Determination of the length df the speéd ch_angé léhé; -

i) CKE side 7 _ _ S
<Taperend> . - o CL
S 30 . o W4
| | 3181
N _ i
— rm
" <Portion where one lane is secured>
25 35 075 T4 4 -
3.1 31 b
i
i
_ ™
{Nose> -
B o | oL
25 35 10 80 74 .44
2| |87 .81 ] i~
i
i
f 3 -
7 L 1685 b
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- The length of the acceleration/deceleration lane is described below. From the table for the cross-
scction and speed-change line lengths shown above, the length of the speed change lanes of the

CKE will be as follows:

*  Acceleration area: Taper length + Length of acceleration lane
=180 m + 60 m
=240 m
- *  Deceleration arca: _
* (Shift amount + angle of exit) + Length of deccleration lane
= (12.1-7.75) + (1125) + 90
=198.75 200m

i) OCH side -

<Taper end> _C'L
' 3.0 .5
35 35 5
' i
. ! .
!
A
i
| e
/ | oo
; PR A S

<Portion where one lane is secured>

&

25 85 0175 1.0

SO YR g
=
: e

. r.
v IR
| | - >
<Nose> : S . CL
| 25 85 10 30 70 {5
' 1 o136 356 :
. !
B
.
—=rh
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From the table for the cross-scction and speed-change line lengths on the previous page, lhe
length of spccd change lanes for the OCH w;ll be as follows : : :

* Acccleration area: Taper length + Length of acceleration lane
=160m+50m
=210m
* - Deceleration arca: -
(Shift amount / Angle of exit) + Lcngih of deceleration ianc
=(11.75 - 75)/(1/20)+80 ' -
=165m - .

For the interchéngcs_ at Rt A3, Al,.Bz_lt.l, Al110, A4, B84, a'nd A8, the length of‘ the
acceleration/ de'celera_tion'iancs for the OCH was planned as shown above. *

(z) IC at Rt. A3

_ 'Ihc 1nlcrchangc with Rl A3 is as shown in Flg 9. 35 Only one- way serwce wnll be provided
bccause of the nearby CKE mtcrchangc ' ' ' '
. - 'I'o Katunayake |
- CKE S
. A3

- OCH To Kandy

P

To Colombo -

Because of the largc trafﬂc volumc it was judged that a level crossmg would not be enough to
handle the volume for lhe ramp from Kandy lo Katunayake Thcrefore the confi guranon wnll |
.~ consist of a half- dramond type wnlh a loop ramp ' S '

' QUTER CIRCULAR HIGHWAY PAGE 9-84 Lo - 3 JICA ST UDY TEAM
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(3} ICat Rt. Al

Judging from the access traffic volume relative to Rt. A1, a diamond type of IC is difficult to
realize a desirable connection with Al, meaning that a second interchange will become
necessary. As the Colombo-Kandy Expressway will have an interchange nearby, and since the
existing road runs thorough a dense residential arca and it is difficult to 1mprove a diamond
type JC will be applied without constructing a sccond interchange.

@ ICsat Rt. B214, Al 10, B84, A8

For RL. B214 Al10, B84 and A8 along the Kelani River, a lcvel crossmg was judged to be
"enough for each highway after cons;denng the access traffic volume. Thcrefore a diamond type
was selected for the above four ICs. A half diamond type without an mtcrchange on the Kelani
River side will be applied for Rt. B214 road and Al 10 Nearby trafflc will cross the river via an
existing upstrcam bridge. '

(5) IC at Rt. Ad

Because of the _largé (through) traffic volume O_I:I_Rt..A4 and lhé_ access traffic volume to the
OCH, a diamond type IC is difficult. .ACCOrdingly, a double trumpet type inlerchange is
preferablc But because of economical reason, this sludy recommcnds half clover type. It also |
‘acceplable forecaslcd traffic volumes. ' .

' OUTER CIRCULAR HIGHWAY " PAGE 9-85 _ ' . JICA STUDY TEAM
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(6) Southern Transport Corridor JCT'

The OCH junction with the Southern Transport Corridor can be constructed in !hrcc dlffercnl
ways dircct Y - type, semi-direct Y- lypc, and trumpet type ]uncllons ' o

(A)

(B)

(c)

Direct Y TypeJunction . - Semi-Direct ¥ Type Junction -

“(A),

i Tmmpet Ty_pé Junctions )
The semi-direct Y type is selectéd because of the following reasons: _

*  From the viewpoint of traffic safety, the semi-direct Y type or trumpet IC js desifabl_c =
to allow for scparatlon!mcrgmg on the left side of main traffic. '

* The trumpet lypc has a large minimum radius of curve R = 100 m) for thc loop,
requiring a larger _area and is thus less economlcal than the semi-direct Y type. _

* The semi-direct Y type intersects at three points and requircs less land area.

 OUTER CIRCULAR HIGHWAY T PAGE9-86 " JICA STUDY TEAM
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(7) 1C at Rt.A2

“This sludy recommends level crossing construction initially, because of the cost reduction. And
grade separation will be employed when traffic volume prospectively requires. The grade

separation type is shown below

with right turning vehicles heading in the direction of Colombo.

by a signal.

e pram b e e 4 e bt 8k R A G R B S T & R & W )t § et & A ¥ e & e et & o = e @ T 5 & e & o } A 4 At

. 'I'he Colombo —> Kalutara lane (down lanc) of A2 will be elevated to eliminate

* - The Kalutara —> Colombo lane (up lane) of A2 will be at-grade but be controlled

Main line

-§~I
L}

1
S na]

Frontage road
- |DEntrance to main linel,

Grade separation (Viaduct)

tNExit from main lineQ

-1
i

h
RS/ Ay 15 JE RPN PR S

PE - 5 A2 Road
——« e
' T : f'-‘"‘"'mvelcmmg e
To Colombo S To Kalutara
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The speed change area is shown below.

To main line

!
'
'
¥
¥
'
¢
€
]
1
+
'
[]

..............

w E e w T 4w b we a e ko Mm R mE e wr R Wr P R kM P e N ET kR R ma R P B YR 4 W R e N wm o wm d m E KR N EE R SR R e N e h KR N e ko s M S M A M b AN W e s A A e R kA

Transmon of line increase
Rate of transmon of rural arca lISO
35 1/50= 175m
Line shift : 80 3.5/2 = 140m
¥75m>140m 175m

Line transition R Line transition

Rate of transition of - | S . ' Ratc of Iransition of .

rural area 1740 : ' SRR riral area 1/40

6.05+1/40 = 242m o Tl | 605+1/40=242m
-245m ' R —245m

F—_—% ] %

) . - N l..III.-Illflll.lIIIII‘I.I.I'..."' - i
ToColomboe ____° . . - L o4 To Kalutara
. . ) Lo [} Lo ] i :
R hssasynsrpadsssesscnsna I

90m R . 80m . 40m ~ 90m

T \ N Line shift : 60X 3/2=90>6090m
Line shift : 60X3/2 = 90 > 60—>%0m " | Taper length : 60X3.1/6= 31<40—40m
. - : Sloragc length : 30m
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9.8 Désign of Road Accessory Works
9.8.1 Frontage Road Construction Plan
On ceitain seclions, existing road and community fu_ﬁclions cannot be 'sccured”aﬂer_thc OCH

and its interchanges are constructed. To solve lhis-'problem‘,‘ the basic concept below will be
applied.

<Basic concept>

» A frontage road will be provndcd 1o compcnsatc for any loss in ex13nng road and
:_ commumty funcuons . _ _

. Baslcaliy, fronlage roads will be two way, but only onc-way trafflc wﬂl bc allowcd
al mergmg pomts with ramps (chamond typc) '

. Con31dcrmg the convenience of roadside usagc crossmg pom{s wnll bo provulcd
~ about every 500 m to maintain exmtmg funcllons ' :

* To minimize cost as much as p0551ble exnstmg loads wnll be used together with thc
planned frontagc road. =

9.8.2 Interséction Structures

~ For locauons wherc cxlslmg road and commumly funclxons cannot be mamtamcd after thc
- OCH and its 1nterchanges are conslructed the followmg basw concept will apply:

Crossing points will be provided about every 50{) m to maintain exisling road and
communily functions.

'Bo_x culvert design at these crossing points was determined as follows:

OUTER CIRCULAR HIGHWAY " PAGE9-89 - BRI S J’ICA STUDY TEAM
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Concept Ilustration
(1) When existing road width is about 6 mormore, | los 50 0.5
the section will be 6 m x 6 m, taking into account i ' 5.95
a clecarance of 5.25 m + an additional height of 0.5 |
m for utilities. ' [ 1
T 05

(2) For roads where agricultural  traffic s 05 46 0.5
predominant, the section will be 5 m x 5 m, T 4.5
taking into account a clearance of 4.5 m + an - :
additional height of 0.5 m for utilities. I 1

. : y T 05
3) When_ a service road is to detour one-way ]
traffic, the width will be the same as the service |  |gg - 50 05 _.
road to enable two-way traffic. The section will be ] 4.5
6 m x 5 m, laking into account a clearance of 4.5 m
+ an additional height of 0.5 m for utilities, = | 1 T} ] 05
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CHAPTER 10 ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT

10.1 Summary
10.1.1 Introduction

The purpose of the EIA is to cnsurc that the potential environmental consequences of the
proposed OCH are recognized carly for required mitigatory action, which will be taken into
“consideration in project - planning and designs. The present EIA asscsses the cxlstmg
environmental conditions in the 2 km wide corridor encompassing the'pr'opose_d 100m wide
right of way, identifics significant impacfs on the environment, evaluates alternatives (o the
proposcd road and recommends miligatory measures folr identified significant adverse impacts.
It also presents a monitoring plém and makes a recommendation on the cnvimnmontal
acceplablllty of the road prmcct An enwronmental cost benefit analysm a land use map on
1:20,000 scale and a map containing the enwronmentally acceptable trace has also been
included in the EIA. EIA was conducted according 10 Sri Lankan environmental laws and
rcgulallons and the Terms of Rcfercnccs was claborated by Central Enwronmcntal Authority
(CEA) based upon the fmdmgs of IEE, whlch had been conducted by the JICA Study Team

10 1 2 Mcthodology
T.hc gencral methodology adopléd in the EIA procoss is as fo]loWs:

—AnalySls and understandmg of the Terms of Reference (’l OR)
-Idenllflcauou of potenllal impacts and preparation of a relevance matnx
~-Survey and collection of available information
-Identifying the data to be collected and proccduros to be adopled
_ Conduclmg somal ccologlcal and hydrologlcal ficld survcys
- -Preparing delailed land use map -
_._-Conduclmg Air and Watcr quallty and Nmsc lcvel momlormg survcys |
. -Identification of mgmhcanl impacts . ' :
- Companson of altema{lvcs BRI
-Recommending mmgatory measures
 -Formulating a monitoring plan .
—Makmg reoommendallons on enwronmcntal feasnblhty of the prolcct TR

" OUTER CIRCULAR HIGHWAY ' - PAGE 10-1 . C 0w JICA STUDY TEAM
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The EIA has examined all classes of roads and ferry crossings in the sludy area giving due
consideration to the limitations in the existing road system. The government policy on the
development of the road network is to minimize traffic congestion on existing trunk roads,
particularly within the city of Colombo and promote regional development. The plans
dcvclopcd by the Urban Dcvelopmcnt Authority (UDA) are oriented towards shifting the
urban functions and populations to the outer suburbs to assist in reduction of traffic congestion.
The proposed OCH abides by the Government policy and conforms to the UDA plans.

10.1.3 Environmental Policy, Regulélions ancl Guidelines

The lcgal requnrcmcnl for the FIA is found in the Nauonal bnvnronmental Act No. 47 of 1980
and No.56 of 1988, The legal aulhonty for land acqulsmon is prowded by the land acqmsmon
- Act No.9, the Road Development Aulhonly Act No. 73, the Urban Development Aulhonty Act
' 'No 41, Urban Developmcnt Prolect (spec;al Prowsnons Act No. 2) '

Rese{llcmenl 1Ssucs, prewous cxpcnence of resettlement and land acqmsnllon havc also becn
addrcsscd in the FIA .

1014 Existin'g Envimnment' :

~ The physmal enwronment of lhc proposed prolecl area was %ludlcd in dctall by using avallablc.
data and field surveys including sample analysis, Whlle the proposed trace crosses the Kelani
River and the Bolgoda Canal, the entire trace lies on the lowest peneplam which is mamly flat,
with a few low hills and undulations. The project area is in the wet 7onc, which benefits from
~ the bimodal ramfall pattern of the country and contains a fair number of water bodies. A
significant number of drainage palhs cross the proposed lracc There are also scvcral minor

lrrlgauon canals crossing the trace or traversing along the trace, = .

- The ground water levels prevallmg along the lrace has also been recorded Furthcr, two
: hydrogcologlcal units have been identified as closely assomatcd wnt the underlymg gcology

The soils in lhe prolcct area havc bccn 1denl1flcd and the general geology and. mmeral |
resources of the area has also been descnbed The water quallly in thc pro;ccl arca has been

identified by ficld monitoring and using available data All‘ quallly and noise levels have been _ e

studied the same way.

Ecological resources have been recorded using aVé'ila_blc; datal_ and field iédfvoys.'-'rhc
ecological habitats in the project area have been _idchlilied as Marshos, Paddy lands, Homc -

OQUTER CIRCULAR HIGHWAY PAGE 10-2 - = - L J!CA STUDY TFAM
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gardens Plantation crops, Shrub-lands, Rivers, Streams and Lakes. The distribution of these
habitats have been mapped and depicted in map 5-3-6, in EIA report volume 1I. The floral
diversification of the project area has been established with regards to above habitats and the
inventory of plants have been annexed in EIA report volume 11 of the project.  Endemicity
and the stability of plants with regard to abundance/threat have been included in the listing.

Inverlebrates, fish, amphibians, birds and reptiles in the project area has been listed. Their
cndemicity and current status with regards to abundance/threat has been stated. 'The habitat of
fauna in the project area has also been described.

_ With regard to present land use in the area, the compilation methodology of the 1:20,000 scale
land use map has been delailed and the different land use areas have been quanlified.
Important sites, power lines, industrial sites, educational and religious places, buriat groﬁnds
~ and recreational areas affected by the road trace have been enumerated and tabulated. The
affected transporl, irrigation canals, drinking water, electricity and telephone facilitics,
hospitals and heallh facilities, markets and other inslitutions have been identified. The general
socio-cconomic conditions have been exammcd and described,

The socio-economic profllc in lhc study area mcludmg demographlc characteristics social
infrastructure, cultural ties income generalion and employment has been summarized under
" this sub headlng while the data compilcd through surveys are tabulated in EIA report volume
L Othcr mfrastructure facilities such as roads has been identified and listed.
Anticipated Envitonmental Impacts

The anllclpated impacts of lhe opcrahonal phasc of the pro;cct have been 1dent1f1ed with
rcgard to the followmg physwal biologlcal and somal aspccls of the environment.

10.'1-.5'Envir0nmental and Social Impacis
E -': '_ 1) Environm_cnlal Iiﬁpacls

: : As a rcsult of envnronmental 1mpact assessmenl lhe followmg adverse enwmnmenhi impacts
" have been 1dent1fled ' : '

.-Su.rfzice'run off and future flood water levels B
_-Imgatlon and flood protectlon works
- —Inundatlon levels in ﬂood plains.

" OUTER CIRCULAR HIGH!‘}MY ' ’ PAGE 10-3 - " JICA STUDY TEAM
- TOTHE CITY OF COLOMBO - ..~ B ORIENIAL CONSULDINTS’ CO LTD.



FINAL REPORT

-Future wrbanization of the sub- catchments

-Watcer quality changes. |

-Noise and vibration levels

-Air quality changes

-Loss of habitat

-Fauna and flora

-Fisheries and aqu.alic life

-Community severance
-Changes in properly values L
-Changes in accessibility and dcmand for schools, rcligious and business institutions.

-Effect on transportation -

-Elfect on special social groups

-Effect on households and businesscs to be relocated

-Eftect on cmployment opportumty = |

- -Effecton accessmlllly _

-l*ragmcnta{lon of agrlcultural lands

-Loss of agricultural land and production

-Changes in economic and socio -economic siluation

- The significant ilnpacts on thc“ph'yslcal resources aro disrupt_ioaa to the drainage patterh by the

" effect of the road embankment on surface run-off and ﬂood and inohdation level's in the flood
plains. ~ However, these impacts which could cause sevcre envnronmental problems can be
avoided or minimized with proper engincering designs that would allow for natural flow of
surface run-off and floodwaless.

The significant adve_fsc effect on the biological resources is the impact on wetla'n.ds around
Bolgoda Lake system.  In addition, construction activities may cause adverse effects on the
ecosyslems as well as fauna and ﬂora - '

2) Social Impacts

- The social impact assessment was carried out to assess the likely impacts, eSpecially adversc

soctal impacts that may result from the lmplemenlatton of proposed OCH. Three main -

methods were cmployed to collect data and mformallon to analyzc the somal unp'xcls These

are: data collection from Grama Nlladhans wulnn the sludy area-2 km comdor, focus group o

discussions with the commumty leaders along the 1dcnl1flcd 100 m road trace, and household
survey on 432 families llvmg along lhe road trace '
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The analyses revealed that the proposed project might result in significant social impacts, The
affect on propertics in the 100-m trace will include:

-A large nomoer of developed households

-A nioderato number of businesses place

-A modcratc number of industries

-A few educauonal institutions (schools)

-A few rellgtous places

-A few cemeteries ,

-And some olher developed propertles ina rapldly dovclopmg area in general

Somc of thc major ncgatlve lmpacts on the cxnstmg socxo €Conomic envxronment arc as
follows ' o

-A sngmflcant nurnbers of households havc to be rclocated and thlS will lead to varlous types
7 of commumty severance. The long tcrm estabhshed commumty relatlons would be affected
~There will be physwal as well as psychologxcal shocks to the communlllcs affected. :
-The es!abhshed hvehhood systcm will be disrupted. o
_ -Parls of land wﬂl be lost and some other land will be fragmenlcd The productmly of such
lands witl be affected. ' L SN '
-Some school bu;ldmgs w;ll be affccted Thls would bea problom for the chlldren sludymg in
~ the schools as well as for their parcnts o
' _-Rehgtous places will be affected i in some ]ocatlons o
-The 1mpact of oonstructlon activities has been slud1ed in detall and haulage of construcllon
7 material; emission of parllcles sedlmenl generallon and noise are the SIgmflcant lmpacts
| identified. bxtrachon of conslrucuon matcnal parhcularly sand has been snted as a major
problcm o : ' ' '
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Tab. 10.1 Summary of Environmental and Soctal lmpacts .

PROJECT

Hrep o Gonstruction - 0 - =~ Qperation

ants

urfacing&paving
land reclamation

B.60nCrLbl
bridge const.

ENVIRONMENT
Min. Resources
Soil

Landform

Surface Water Quantity
Ground Wal. Quant.
Surface Wat. Quality
Ground Wat. Quality
AirQuality - - - X N
Noise Level ' N
Hydrology X N
Erosion & Siltation

Earth Stability - -
frrigation & Flood Protec
B [Flora-terrestrial

| |Fiora-aquatic ~ - N S B
O |Fauna-terrestiial '
Fauna-aqualic
Avifauna s
" |Biodiversily " D N
Land use ' N
Tenure
Settlement Pattern
Longtermlanduse N
Social struct. NNE
Popul.Migran.Settlemn. N D
Education
Access & Mobility Xk - \
Access of Services
Public Health & Safely \ NS
Housing - 3
Other Infrastruc. facilites N
Other transp.& Facil. N
General Lifestyle 3
Employment
Agricullure R 3
Tourism - D
Income Distribution '
Structures : NN N
Business Volumes | 3

Property Valuses
Visual. & Landscape D N S
Hist.& Archaeo.Monu.
Important Places N

kgeotech. investigat:
land surveying
land acquisition
const.material |
1site ¢learing
biasting&driling
ditching&drainage
spoil disposal
displace. &resettle.
traffic increase
hazard.material
road maintain.
roadsice develo
unforaeseen acts

cut&fill

agro.chem use
jencroachments
road acsidents

lcuivert const.
labour force

.

rr>»0—w<7T

Siaes

i

OCT=EZ0Zo0mMmO T O0Ww

HIGHLY SIGNIFICANT L o ' e
SIGNIFICANT o S oy
COULD BE IGNORED [ ] o S R :
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- 10.1.6 Mitigatlon'Measures

In a development project designed to be implemented in a highly a developed arca,
environmental impacts cannot be totally avoided. What is possible is to minimize such
impacts to the extent possible. Therefore, mitigatory action for all the significant adverse
impacts have been recommended,

‘The major action to be taken is to design the road trace to minimize the negative impacls on
the communities and their properties and also wetlands. In the eventuality that the community

s affected proper compensation should be offered to the affected communitics. An effective

“compensalion prdgram should be implemented to the satisfaction of the affccted people.

- Adequacy, limeliness and reliability are the main criteria to be fulfilled in implcmentatioh of
the compensation program. ' :

-Overall, 'tthDA should employ a participatory approach to implement the mitigatory
: program in'thc field. For this an effective rapport should be built with the affected parties as
well as with the gra'ssro'ots level ag'cn'cy officials in the ficld. Working closely with divisional
' ,secretanes in the prolcct arca will be a necessary condition, With the experience RDA has
'gamed in the past road development pro;ects it should be ablc to handle lhc problcms
mcntloned above with the assnstancc of other external expertise. '

The impact on the drainage pattern can bc avoided or minimized to an acceptable level by
providing brldges culverts and other drainage structures of the required capacity where

necessary.

_ Thc impact on Bolgoda wetlands has to be avoided by shifting lhe road trace away from the

welland system. -

Howevcr, for the lmpact of sand extraction mlugatlon suggested may not be acceptable to all
stakeholders consrdermg the addltlonal cost involved. Further invesligation in this area maybe

: rcqulred
. 10._1.’7 Extended Envimnmenﬁ;l Cost Benefit Analysis

Thc' Extehded'Cost Benefil Analysis has cOnsidered the financial and economic costs and
bcneflts of the project and exfended the analySJS to Envnronmcnlal Benefit Cost.  The results
of the analy51s lndlcate that lhc pro_lect is feasible after env:ronmcntal costs and benefits are

- consu:lered
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10.1.8 Institutional Requirements and Environmental Monitoring Program .

The institutional requirement for nlonilbring has been identified as the cstablishment of a
project monitoring committee (PMC) which will be responsibte for the implementation of the

monitoring plan. The constitution of the PMC has been suggested and the required monitoring
with regard to Flood levels, Air and Water quality, and Noisc level, Biological aspects,
Relocation and Reseltlement have been detailed.

_10.1._9 Conclusions and Recon'm'lendétions

Thc'co'nclusio'ns rcached arc that whereas the proposed OCH is an cconomically viable
necessity, its adverse environmental impacts mentioned above are 31gmf1cant chce, it is
essenua] that the rccommended mitigation be lmplcmemed under close momlormg

= Based on these conclus:ons a rccommcndalnon has been made 1o lhe effect that thc pmjccl is
cnvnronmcmally acceptable provided - that the envnronmentally acceptabic road trace
recommcndcd in the BIA is consndered and the mmgalory action implemented. * Morcover
the contract documents should include environmental safeguards and recommendcd Pro;ect
Monitoring Committee should closely momlor the 1mplcmentat10n of lhc m]tngatory measures.

~ Further investigation is ‘required with regard to the éx(récti_oﬁ and soutcc of saﬁd al dctéi_léd
design stage. ' o - :

In addmon a rcsetllcment plan mcludmg potcntlal rcscttlcmcnt s:tcs, compensallon for
dlfferent calcgorles of people to bc relocated and a time schedule should be formulatcd
lmmedlately after the dctermlnallon of lhe final road ahgnment

10.2 Envirbnnicntal Impact Assessment _Rebo_rt

'Enwronmental and Social Impact Assessmenl Report is altached to this Draft Fma] Reporl ..
. whichisto bc submitted to Central En\nronmcntal Authonty by RDA
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