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6.2.4 Study in Terms of Geotechnical Enginecring
~ (1) Study on the Road Banking Material

A proposed place for borrow pit near the route produces the quality banking material because sandy
1o gravel laterites are distributed.

Each of ten picces of disturbed samples (CD01 - CD10) taken from the candidate place for borrow
pit was compacted to 95% of maximum dry (Iensitj with the optitﬁum water content énd soaked in
water for 96 hours. Then, the CBR test was made, and the design CBR was determined to be 6
. {average 12.1 minus standard deviation 5.3 = 6.8) on the basis of test result, .. . .. . "

" The field CBR fest and laboratory CBR test with compacted lnﬁdis{utbed/dislurbed saﬁ]plcs were
made for the base course/subgrad.c.of existing national rbads (Al, A2, A3,' Ad, A8, B84, AliO,
B214, B216). Al A2 and A3 national roads showed CBR of 6 or more. 'For A4 national road,
the field CBR was 3.7, CBR with undisturbed samples was 5.25, and CBR with disturbed samples
was 6.6. In the casc of A8 national road the field CBR was 11. 4 CBR with undlslurbed samples o
was 4.4, and CBR with disturbed s_amples was 21.4. Cons:denng that the data of exisling national
- roads show such degree of variation, the dcsign CBR of 5 is considered rational and proposed for

" this outline design. -

. Table 6.1, Results of Labo-CBR tests for Proclof 95% c'o'mpac_tion of disturbed soil from borrow pits
~ and Field CBR tests fb( Subgrade at the shoulder of existing National Roads - .
Borrow pit - CBR , Field CBR | Ficld CBR | Proclor UD CBR

location - | Value __location Value  |CBR Vatue| Value =
- CD0O4 | 64 | | CF8 (Ad) 3.66 6.625 - 8525
___¢bot | @ 9.2_5,% CI-10 (B84) 7.72 - 3.685 8.75
. CD 09 | 8425 CF-6 (Al10)| 82 21 ] 975
“cpos | 9875 CFa (A | 93 | 24 | 625
- CDO0O7 | 1025 Cl-12 (A8) 1136 2143 4.395
o3 1205 | | CF2 (A} | 122 | 6075 | 2435
- CD 05 14.375 CF-14 (A2} . 168 . 17 41.75
- CD10 - 16,75 CF-16 (B216) | . 189 3.48 36.375
CDO8 ¢ 2405 | e L G
Average (a) 12,12 : (@ 11.02 11,75 17.11
: Standard s o - : N
_deviation(b) | 528 || o () )] 465 | 820 | 1403
(a)~(b) - 684 | | (@-® 637 | 355 | 308 |
L Demgn CBR l 7574] '
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(2) Road Fill for the Soft Ground

For the high road fill of 3 m or more in the optimum route, there are geotechnical enginecring

problems as follows:
1) Ordinary Lowland

Soft flood plain deposit distributed in paddics, streams, and low marsh in the dentritic water
system occupying most of routes is extremely uneven and complicated in distribution.  For the
depth of several meters from the ground surface, deposilion of extremely loose silt-mixed sandy
soil with the N value of about 0 — 1 and soft sand-mixed clayey soil is often observed. From
the result of this ficld survey boring, standard penclration test, portable cone penetration test,
and sampling from the ground surface, the thickness of soft layer with the N value of 0 — 1 or
less is estimated to be 1 — 2 m or less on average. It is advised to replace this soft layer with
banking material according to the displacement method during construction of fill. Note that
this boring survey (BH-03, BH-08, BH-09) and portable cone penetration test (M-02, M-03, M-
04, M-05, and M-06) did not show any soft layer with possible consolidation scttlement below
the surface soft layer. Consolidation seitiement of road fill is considered to be negligibly small
after replacement of soft layer directly below the ground surface.

For the area around Bolgoda River and Lake to the south of the route and the arca to the north of
Kelani River, this geotechnical investigation result showed no excessively soft layer.  However,
the existing data shows that there are certain locations where the soft peat layer is buried in a
drowned val.lcy or old backland marsh. It is therefore advised to confirm the siluétion in the

future by the detailed geotechnical investigation.
2) Swamp Near the Northern STA24

From this ficld survey and analysis of cxisting data, it was confirmed that the lhick soft layer (in
parlicular, the peaty soft ground where substantial consolidation settlement is éxpecl_ed) exists
near northern STA24 (Nawanmchara Marsh Area) where boring BH-02 was made. .Due
consideration must be paid during design and construction of the road filling in this area.

Followings arc the description of the ground condition and countermcasures,
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Boring at BH-02 and laboratory soil test results showed that the extremely soft peat and organic
clay layer cxists to the thickness of about 8 m. For this Nawanmchara Marsh, the soil
investigation was made previously when there was a reclamation plan. According to the
existing data obtained from above investigation, the peat layer thickness varics within a range of
2 — 8 m in this marsh. Boring BH-02 made this time was at a point where the soft layer is the
thickest, as determined from the previous study on the past data. Fig. 6.2.6 shows thickness
contours of soft layers (Pt for peat, Oc for organic clayey soil) extracted from existing data (19
mechanical borings and 15 hand auger borings) by assuming the thickness of soft layer of the
island (DUWA) in the middle of marsh, island (ILUKGODA) to the south-west, and northern
boundary with the Navy facilities as zero. |

BH-02 Location Island ( DUWA\j Thickness

) | A ;

1200.00-

ROUTE

Island {ILUKGODA) I

Fig - 6.2.6 Estimation for the thickness of Peat and Organic Clay from existing data
at Nawanmehara Marsh (in metess, arbitrative X-Y coordinate, cxisting data

from “WELISARA Landfill - Geotechnical Investigation 1994”)

- b) The detailed design study by JICA (1992) for old Katunayake highway, in which the south-

north route was to run along the railway to the east of the marsh involved several ten borings
and detailed soil survey. Fig. 6.2.7 summarizes the consolidation characteristics (e-log P) of
peaty/organic clay at BH-02. The figure also shows data extracted for Horape and Ragama

arcas from existing Katunayake data by using broken lines.
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a) Boring at BH-02 and laboratory soil test results showed that the extremely soft peat and organic
clav Tayer exists to the thickness of about 8 m. For this Nawanmehara Marsh, the soil
investigation was made previously when there was a reclamation plan.  According to the
existing data obtained from above investigation, the peat layer thickness varies within a range of
2 - 8 m in this marsh.  Boring BH-02 made this time was at a point where the soft layer is the
thickest, as determined from the previous study on the past data. Fig. 6.2.6 shows thickness
contours of soft lavers (Pt Tor peat, Oc for organic clayey soil) extracted from existing data (19
mechanical borings and 15 hand auger borings) by assuming the thickness of soft layer of the
island (DUWA) in the middle of marsh, island (ILUKGODA) to the south-west, and northern

boundary with the Navy facilities as zero.

I Bi1-02 Location { Istand (DUWA) Thickness

{(m)
200.00 e
12990 i ~ +\ Navy &mp
00
aa 1C40
)
S &
ROUF'/? 2,
50000 o

40000 60000 8N)X0Q 100000 120000 140000 1500.00 13{;?]“) 2500.00

[stand {ILLUKGODAY

Fig — 6.2.6  Estimation for the thickness of Peat and Organic Clay from existing data
at Nawanmehara Marsh (in meters, arbitrative X-Y coordinate, existing data

from “WELISARA Landfill — Geotechnical Investigation 1994)

b) The detailed design study by JICA (1992) for old Katunayake highway, in which the south-
north route was to run along the railway to the cast of the marsh involved sceveral ten borings
and detailed soil survey. Fig. 6.2.7 summarizes the consolidation characteristics (e-log P) of
pealy/organic clay at BH-02. The figure also shows data extracted for Horape and Ragama

arcas [rom existing Katunayake data by using broken lines.
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Fig. 6.27 e —logP Curvo of Alluvial Peat (Ap) at BH-02 and
existing data of Katunayake(1992) at Horape — Ragama Area

As a result of the laboratory test conducted on thc undlslurbed samples from BH-02, cxlremcly '
soft blacklsh orgamc cla) with the natural walcr contcnt of 150 - 300% was predominant,

cxccpt for pcat with the natural water content of 550% at the dcpth of 2 m (BH-02- 2) It was

- known also that the clay mlxed wnth orgamcs with the nalural water content of 50 ~ 100%

d)

¢)

existed to the depth of 63-83m under the soft layer No mtcrvenmg thin sand layer, etc.
could bc obscrvcd thn comparcd w1th the nelghbormg peat area (old Katunayake hlghway), '

peat dlsmbuted in thls marsh was pred()mmanlly orgamc clay and its consolldahon seltlement is -

~ considered to take more Inne relauve to the peat with hlgh water contont

Asis esnmated from the result of unconfmed comprcssnon test of BH- 02 lhe undrained strength
of the sml is 25 — 3.8 kN/m in Cu, In companson w1th the cxnstmg data of the old
Katunayake HW (avcragc of data of the entire scctlon, the peat Ap is Cu = 10 k\Um and
organic clay Ao = 15 kN/mz) the sml here is cons.ldelably soft.. Though n]erc COIllp'll’lSOll
between places dlffermg in depos:l envnronmcnt can not be madc, this Nawanmchara Marsh is a

vugm ground and the ground is characterized by its exlremc softness.

Judgmg from the critical bearmg capacily of qd 3 6 Cu =9 - 14 kN/m of lhc ground for f|ll
the critical fill height, Hec becomes Hec = 9 to 14 / 19 0. 47 0. 74 m whcn the umt wclght of
fillis = 19 kN/m’. In this situation, the fill may be mnncchately buned undcr the ground

even if sand mat of aboul 0.5 m thick is mslalled
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)

In Sri Lanka, replacement and pre-loading methods have proved successful as a soft ground
improvement process. But mcthods requiring special soil improvement machinery, such as
sand compaction pile method or decp mixing method of soil stabilization, have not been applied,
and application of such methods requires import of the machinery from the outside. - Besides,

materials used for ground improvement (quality sand or cement) are expensive. In this way,

. the applicable soil improvement method is restricted because of the cost.

g)

In Sri Lanka, the displacement method or cxcavation replacement method has often been

- applied to ordinary roads (e.g., thc Japan — Sri Lanka Friendéhip Road near the National

Assembly Hall) that pass through the peat area. As shown in Fig. 6.2.6, the soft layer
thickness tends to be thin, with localized thickening, around the marsh. . If the thorough soil

investigation is made and the route selecled with care, it may be possible to bypass the thick soft

- layer area. Besides, the length of routc.passing through the soft layer is about 1 — 2 km.

' Thercforc, if replacement is to be made for the pcat layer within 4 -- 5 m, the replacemcnt

~ method will be the most economic and pracllcal soil lmprovemcnt method and thus

. recommended. - For replacement, gravely laterite used for road fill may be used. In the case

of cxcavation replacement melhod, additional application of sheet pile wall or a dewatering

. mclhdd will reduce settlement in the future while enabling satisfactory conslruclion work, - On

the other hand, the dlsplacement mcihod will suffer dclerloratlon of the work accuracy when the

o

replacement thickness cxcc__eds 1-3m. Namely, more or less residual settlement may occur.

If there is cnough time allowance for the work, the pre-loading method may be applied. = But
this method suffers in terms of residual secondary consolidation settlement in the future and

assaciated necessily of road maintenance, so that the replacement method is considered to be

more practical.

3) Lowland Marsh Near Abutment of South STA443 .

Near lhe eastern abutment BH-10 at a Bolgoda River crossing pomt the base rock is covered
with soft orgamc clayey soil with N = 0 to the depth of 0-3m, alluvial clayey sonl withN=2 -
410 the depth. of 3-5.8 m, and sofl residual clay (complelely weathered base rock) with N=0 -

_ “4twothe deplh ot_’ 5.8- 9.5 m. On the other hand, at BH- 11 only 27 m to the wcsi the base rock
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appears at a depth shallower by about 4 m and there is no residual clay distribution.  Since the
geological distribution around here is extremely complicated with the basc depth varying heavily,
detailed soil investigation in the future is indispensable for rational design. |
When the 3 — 4 m high fill is to be made on the backside of eastern abutment, the use of .pilc
foundation for abutment may possibly result in substantial displacement of abutment due to
lateral flow of the ground. - Reliable way is to apply the caisson foundation that allows bearing
of the abutment dircctly on the base rock and to replace the backside soil. It is also
" recommended o replace the backside soil.  Though dcpending on the ground condition of the
- marsh behind the abutment (up to the southern connection interchange on the cast side), pile
- foundation may bc employed if the lightweight fill mc{hod is planncd for the backside of thc
abutment, or brldgc structure may be planncd passmg through this marshy section. ' For the
- sand compacuon plle method or deep mixing mcthod of soil stabilization that requires the
- dedicated soil improvement machmcry as discussed in above (2), c), thc first thing to do is
construction of a access road to carry such machmery into lhe marsh,
"~ Assuming that the ground condition behmd the abutment is similar to the BH-10, substantial
setilement after fill may be due mamly to organic claycy soil at lhe dcpth of 0 -3 m. It is
: adwscd thercfore to apply ihe dlsplaccmcnt method to such orgamc chycy sml thn the fill - |
X height is 3 — 4 m, fillmg is considered difficult because of smalt shearing slrcngth of residual
clay at the depth of 5. 8 9 5m unless the width of the counterwclght fill or slopc of fillmg is
' subslanuaily large. -
Distribution and faces of weathered soil on l()p of bcdrock are compllcatcd and it is dcsnrable to

carry out dclalled geotechnical investigation.
(3) Stability of the Road Fill for the Soft Ground

Stability calculation was conductcd by circular arc method for ongmal ground and 1mpr0ved
giound by rcplaccmcm method at above-mentioned 6.2.4 (2) 2) Swamp near the northern STA24,
F]g.6.2.9 -0.2.25 sh_ow the condluons of a_nalysns and lhc results of calculatlons. The condmons

and results were summarized in Table 6.2.1, These results mean as follows; - -

- Original ground © - :° Maximum height of filling must be less t_haﬁ LS5m ~
3mof filling height : . Replacement thickness must be 6m - '
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4 - 6m of filling height
7 - 9m of filling height

Replacement thickness must be more than 7 m

All of soft layers have Lo be replaced

‘Table 6.2.1  Summary of stability calculations for road fill on very soft ground
Ground Filling Applied Replacement method Safetly | Reference
condition | height | ‘Thickness Average | Replacement | factor
of width of quantilics Fs | Figure
(m) | replacement | replacement (m*fm) No
' {m) (m)

: 1 1437 | 629
Original 1.5  1.001 | © 6.2.10
ground | 2 0.776 6.2.11

: 3 : : 0.557 |  6.2.12

3 1 B+28.8 1x(B+28.8) | 0.559 | 6.2.13
3 2 B+27.8 . | 2x(B+27.8) | 0.594 | 6.2.14
3 3 B+26.8 3x(B+26.8) | 0.629 | 6.2.15
Soil | 3 4 B+31.8 | 4x(B+31.8) | 0.792 [ 6.2.16
improvement | 3 5 B+30.8 | 5x(B+30.8) | 1.015 | 6.2.17
: . 3 6 B+30.8 6x(B+30.8) | 1.171 | 6.2,18
Replacement | 4 6 B+34.4 | 6x(B+34.4) | 1.052 | 6.2.19
method -~ |5 6 B+380 | 6x(B+38.0) | 0.959 | 6.2.20
oo 5 T B4320 7x(B+32.0) [ 1.205 | 6.2.21
Displacement [T ¢ 7 B35.6 | 7x(B+35.6) | 1205 | 6.2.22
method 7 7 B+392 | 7x(B139.2) | 1059 | 6.2.23
8 7 B+42.8 . | 7x(B+42.8) | 0.994 |  6.2.24
9 7 - B+40.4 7x(B+46.4) ] 0976 | 6.2.25

Note: B= Roadway width {m)

Allhbugh it is difficult td filt uf) o 1.5 meters without soil improvcment consolidation settlement

was calculated for the ongmal ground condlllon using the tesl rcsulls showed in Fxg 6.2.7 for the

references.

o l*1g6227'md F1g6228

The calculatcd consohdanon sctlIcments for center of the road fill arc shown in
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* (4) Stability of the Cut Slope

Fig. 6.2.26 shows a case study concerning the rclationship between the cut slope angle and limit
height of lateritic soil. According to this study, the stope angle should be less than 45 degrees for
the slope height of more than 17.5 m although this may vary depending on the type of soil.

This must be confirmed by means of the actual geological and geotechnical investigation in the
future. As shown in Photo 6.2.9, it is common that .thc thickness of weathered soil over the
" bedrock varies from several meters to more than ten meters, and it is no easy matter to excavate the
hard fresh bedrock for 10 m or more.  In pariicular, vibration and noise must be taken into account
for the rock grinding method near the Al road in the dense residential arca.  Detailed survey is
most desirable for rational desngn on the required land width, the design of an over-bridge, and
determination.of construction method. ~ Since the slope slabilil'y of weathered soil slope on the
bedrock dcpcnds greatly on the gcologlcal structure (dip slope, geological boundary, fault, fractured
zone) and groundwatcr conditions, thorough survey must be madc to ensure the final design that

takes into account the reqmrcd drainage plan, slope protection, etc.
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(5) Study on the Bearing Stratum of Structural Foundation

For the foundation of structures (bridges, etc.) to be planned on the route, cither the shallow
foundation or pile or caisson foundation will be considered depending on the scale of structure and
the depth of bearing stratum because the bedrock and its weathered portion appears at a rclétivcly
shallow depth. | y _ | _

Large structures should be embedded firmly to the bearing strata with standard penetration test N
value N > 30 - 50 or more. As lhé thibkncss of weathered portion of bedrock often varies
suddenly and the dépth of bearing strata is not uniform, it is essential to carry out boring survey for
cach slruclu.rc to design the pile lchglh rationally.

In the case of pile foundation, the end bearing capacity of a pile and skin friction varics (lepéliding
on the work method (including the work reliability). Accordingly; the ordinary iiiclhod that has
achieved successful result in Sri Lanka must be referenced.  For the beéring capacity of cach
bearing strata, the followmg vertical bearing capacity of the ground can be e)specled by sufﬂcncnt
peneirahon to the bearing layer. As the allowab]c bearmg capacny of foundatlon in lhe vcrncal
dlrecuon is dclermmcd from the rclatlonshlp with the concrete strcnglh used in this pro;ccl it is
desirable to attempt rational foundation design appropriate to the nnporlancc and scale of a

struclure.
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1) The method to calculate the bearing capacity of the ground in the vertical dircction can be
determined as follows,
a) Pile Foundation

Table 6.2.2 = Ultimate end bearing capacity of pile, q'd (N/mmz)

Soil of bearing layer Gravel and sand layers, | Hard Base rock

and weathered bedrock | clayey soil | (N>50) or

| ‘Type of pile (N>30) layer fresh rock
Driven piles _ Db/B > 5: qd = 0.3N :

Db/B<5: . qd=0.06NDyB
' - —Open end steel piles

qd=0.1 N (1 + 0.4 Df/B) 21
_ "~ Closed end piles o
Note that the upper limit of N value is
40. '
Cast-in-place piles : ‘
or PHC piles accordingto . _ _ _
the pile installation by inner 3 Jqu | 15

excavation (concrele
placement method)
PHC piles according to the D
pile installation by inncr ~ 0.15 N: Sand layer
excavation (cemcnt milk spray | . 0.2 N : Gravel ]ayer
stirring method) - - '
NotesN ; SPTN value
' Db; Penetration depth into the bearmg layer(m)
B ; Pile diameter (m)
qu ; Unconfined compressive slrenglh (N/mm®)

‘Table 6.2.3 Ultimate friciional resistance of pile peripheral surface, f (N/mm?)

Soil of bearing layer Gravel and sand layers, and | Clayey soil layer
_ weathered bedrock . e
| Type of pile - -
Driven piles ~ N/500 (= 10) qu/2 or N/100 (= 15)
Cast-in-place piles N/200 (=20} | qu/2or N/100 (£15)
Pile installation by N/1000 (=5) | qu/d or Nj200 (=10) .
inner excavalion : ,

b) Spread Foundation and Caisson Foundation S
To calculate the ultimate bearing capacily of spréad found'alion in the vértical dircclion,r the
cohesion “¢” and anglc of shear resistance “ ¢ “ of lhe ground should flrst be calculatcd from the

- result of plate loadmg test. Then, the bcanng capacny is calcuialed usmg a slatlcs cquatlon that

QUTER CIRCULAR HIGHWAY PAGE 6-48_ - C B .HCA STUDYTEAM '7
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takes the eccentric inclination into account: . ‘

Qu = Ae(akcNc+kqNq+0.5yl8BeNy) Equation (6.2.1)
For the sandy soil, the following estimate equation may be used with the N value of standard
penctration test aﬁd angle of shear resistance “ ¢ “: _

S15+ V1SN <45 (NZ5) Equation (6.2.2)

For the cohesion “c” of cIaycy soil, either 1/2 of unconfined compressive strength qu or the
triaxial compresSi\'c strength cu of undisturbed sample may be used. _
The upper limit of the maximum subgrade reaction for both the bearing strata and bedrock is as

follows.

Table 6.2.4 Upper limit of maximum subgrade_fcaclion in ordinéry condition,

Qu (N/mm?) o :
Soil of bearing layer Max. subfeade reaction, Qu | Guideline
Gravel ground l 3 07 N>70
Sand ground 04 - N>40
Claycey soil graound : .02 N>20
__Table 6.2.5  Upper limit of maximum subgrade reaction of bedrock, Qu (N/mm?)
Type of bearing bedrock Max. subgrade reactionin - " Guideline
- 3 3 ordinary condition ~ qu (N/fmm®) | = RQD
Hard rock | A few fissures 25 : 20 or more |
~ .| Many fissures 3 1.0 10 or more | 20 or less
Soft rocks and weathered - o I : o I
rocks LS 06 1 or more - 0
" *QUTER CIRCULAR HIGHWAY .. PHGE 6-49 e U JICA STUDY TEAM
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2) Bearing Capacity for Each Structure

a) Kelani River Crossing Point
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| Fig— 6229 Geologlcal Cross scchon (Prowsmml)

(‘Secuon Kelam RIVCI' crossmg poml)

| i) North-side abulment BH- 04 lhc sandy layer at the clcvatlon of —5 Om (GL 10 2 m) or dcepcr

with N > 50 is conmdercd appropnate 1o bear the pile founda{lon

ii) South-side abutmcnl BH-07: 'The weathered bedrock at the elevation of ~7.4 m (GL 12 8 m)
- or deeper with N > 50 is considered approprlate to bear the p]le foundation.

m)Norlh—sndc picr, BH-05: The weathered bcdrock at the clevallon of -12m (GL 6.3 m) or deeper

~ with N > 50 is considered appropriate to bear the pllc foundahon _

The caisson foundation using the fresh bcdrock at lhe clevatlon of -13.3 m (GL - 77 m) or
deeper as a bearmg layer may also be considered for comparison.

iv) South-side pier, BH-06: Thc weathered bcdrock at the elevation of ~10. 5 m (GL 6.3 m) or
deeper with N > 50 may bec_omc the bearmg layer of pllc foundation. In the case of dr_;vcn
piles, fﬁrlher geotechnical invcstigé!ion ié'néécssary in the future because the frésh bedrock
appears at the cic_vat_ion of -11.0 m. (GL - 6.8 m) _Or.dcepcr that prevents peﬁelralion of piles.
Besides, excessive im':linal'ion 6r unevenness of the bedrock surface may cause slip of pilé chd
The caisson foundation usmg the fresh bedrock al the elevation of -11.0 m (GL - 6.8 rn) or

dcepcr asa bcarmg stratum may also be consldcred for companson

OUTER CIRCULAR HIGHWAY Co PAGE 6-50 . ¥ - JICA STUDY TEAM
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b)- Bolgoda River Crossing Point
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Frg 6.2. 3{) Geologrcal cross sectron (Provrsronal)

(Sccuon Bolgoda Rwer crossmg pomt)

i) East-side abulmelrt' BH-10: T.h.e' cai.s'soh .foundat'iorlr lusiné the \‘ye'athered -. bedrock at the
elevation of 10, O m (GL 9.5 m) or deeper asa bearmg layer is recommendcd In llre case of
prle foundatron duc consrdcratron must be made on ground 1mprovemenl because of possrblhly
that the abulmcnt may devclop subslantral dlsplacement due to Iateral flow of the ground caused

- by fill on lhe backsrde as descnbed in 6 2.4 (3), 3) _ . '

' =11) West-51de abulment BH- 13 The wealhered rock at the elevalron of _125m (GL - 11 8 m) or
deeper wrlh N > 50 is consrdcred approprrate asa bcarmg layer of plle foundalron

m)East -side pler, BH 11 The weathered rock at lhc clevatron of 9.5 m (GL -7 m) or deeper wrlh

. N > 50 is consrdered appropnate as a bearmg layer of pllc foundatron '_ :

w)West-srde pier, BH 12 The wealhered bedrock at the elevalron of —9 5m (GL 9 m) or dcepcr

 withN > 50 may becomc the bearmg layer of prlc foundatron ln lhe case of driven prles detail
geotechmcal mveslrgauon is nccessary in the future because the fresh bedrock appears at the

elevation of 105 m (GL - 10 m) or deeper that prevenls penelrauon of pllcs Besides,

OUTER CIRCULARIHGHWAY R : PAGE6-5I_ S 0 JICA STUDY TEAM
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excessive inclination or unevenness of the bedrock surface may cause siip of RC pile end.
The caisson foundation using the fresh bedrock at the elevation of —10.5 m (GL -~ 10 m) or

deeper as a bearing stralum may also be considered for comparison.

¢) Interchanges

i) A3 national road, BH-01: The sand layer at the elevation of —10.5 m (GL 11 m) or deeper is
considered appropriate as a bcarmg stralum of plle foundation.

ii) Al national road, B11-03: The weathcred bedrock at the elevation of +4.7 m (GL 4 m) or
deeper is conmdered appropnate as a bearing stratum of shallow foundalmn |
iii)A4 national road BH-08: The weathered bedrock at the elevation of 0.5 (GI -~ 10 m) or

deeper with N > 45 or more is considered appropnate asa bearing stratum of pile foundation.

iv) A8 national road BH-09: The weathered bedrock at the elevation of 183 m (GL 9 m) or
deeper is appropriate as a bearing stratum for pile foundation.

v) AZ national road, BH_—lS: The sandy layer ai the elevation of +0 m (GL - 3,3 m) or deeper with
N > 20 - 30 is considered appropriate as a bearing' stratum for spread rfoundatio_n. .Note lh'.at
dewatering must also be made during the \vork because the groundwater level is at GL - 0. 6 m
(elevallon +2.7m). The sand layer at the elevmon of -3.7m (GL 7 m) or decper with N > 35

or more may also be considered as a bearmg slralum for pile foundauon
6.2,5 Study on the Maximum Flood Run-Off ef Kel.ani and Bolgeda Rivers

The lroplcal clnmle of Sri Lanka is charactenzed by two ramfall pailerns south westem monsoon'

and nor lh easlem MONSCON. Normally the precnpllation is hlghcst durmg both monsoon seasons n

soulh-wcslem monsoon season is from May to Seplember (so -calted the YALA season) and the'
-noith-eastern monsoon season 1s from Deccmbcr to February (so called the MAHA season)

Sri Lanka, the hydrologlcal year begms with Octobcr and ends wnth September, the next year .
(The 1999 hydrologlcal year began w1th October, 1998 and ended w1lh September, 1999 )

As shown in Fig. 6.2.31, the chmate d1v1snon of Sn Lemka mcludes three cllmales accordmg to the
annual precnpnallon patlcm he'wy rain, med;um, and hght ram The mland_ _wate_r of the heavy

rain cllmate area oceurs practlcally durmg lwo monsoon seasons

QUTER CIRCULAR HIGIIWAY PAGE 6-52 , L JICA STUDY TEAM
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(1) Kelani River

‘Fhis river is located in the heavy rain climate area (Fig, 6.2.32).‘ The monthly average flow rale
during a period from 1972 to 1997 is as shown in Fig. 6.2.35 and Fig.6.2.36. Details of
obscrvation stations are shown in Fig. 6.2.33 and Table 6.2.7. Fig. 6.2.34 shows estimated flood
profiles of Kelani river studied by the Irrigati011 Department of Sri Lanka.
Fig. 6.2.36 sllo\;.'s the monthly average run-off at the Hanwella station. During a period from 1972
to 1997, the maxlmum flood run- off occurred at 2349, 46 m3/scc in October 29, 1973.
Table 6.2.9 shows the occurrence probablhly of flood run-off cshmated on the basis of the annual
maxlmum ﬂow rate durmg a pcrlod from 1972 to 1997 by usmg the Gumbel (hslnbullon

" Note that the elevatlon of lhc under-surfﬂce of the girder of Kaduwcla bndgc located about 1. 3 km

' upstream from lhc crossmg pomt was conﬂrmcd tobe 9.377m durmg this snrvcy
(2) Bolgoda River

The Bolgoda Lake, aé shown in Fig, 6.2.738, is a slack catrchmc'nt arca within a relatively narrow
range, which is ldcated in a watc}shcd defined by .thc Kalu River syslmh on the norih and Kelani
Rive_r sysfcrﬁ o'n._the' south. This lake has two major calchment arcas (north and south lakes) that
are connected by the B_olgoda Ri?er. The north lake opens to the sea via the Panadura cstuary.
: The south lake connects h-). lhc sca at Pinwalta via a slender ar-lificiél channel known as Talpitiya
'C_ana_l that is closed almosl tHroUghout the year duc to sedimentation. The Bolgoda River runs
ffom the north-castern end of south lake l'oward' lhc notth lake, and the crossing point of this
- selected roule is localed several 100 m from the north-eastern end of the south lake.
- As shown in Plg 6.2.39, many lnbulancs such as Panape River, Kapu River, ctc. mcrgc before
ﬂowmg mto the Bolgoda Rwer In addmon, the Maha river and agricultural water channels
connect to the south lake from the southern cnd via two small rivers known as the Madubokka
River and Hungurilla River. Tht, dramagc arca of this soulh lake is about 160 km®.
'The average watcr depth of Bolgoda Lake i is about 2 m, with the tide level r'mgmg from 1 cm 1o 75
cm As shown in Fig. 6. 2.38, there are many hydrologtca] observation stations around this lake.
_ But it is difficult to dctermmc lhc occurrence probab:llty of flood run-off accordmg to the ordmary

| method becausc dala to analyzc the flood level has not been obtained.
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(3)Interview Result on the Flood Level

According to the result of interview, the flood level was confirmed to be the elevation + 5.4 m at the

- crossing point of Kelani River and the elevation + 1.0 - +2.0 m at the crossing point of the Bolgoda

River.
Table 6.2.6 Resull of interview with residents on the flood level alohg the route
Position  Station .- | Maximum flood water . | Year when thé flood
| evel _clcvalioil (m) | occurred, cte.
BHOL  [SIAS  [+l0(CL+03) |98
BILO4 [ STAIGO +6.3 (GL+Q.9) ‘ 1,9215_;,Bank_§f1<elani river
BHOD | STA424 |30 (GL10.95) 1989, A8 ~
B]{--ltiL STA485.S‘_ +1.5 (GL+0.5) | _ . 1§48, Padd} by Bolgo‘d_a lake
Boat yard | STA444 +1.9 (GL+1.0) 1948, Thotupola
M-01 STA2 (GI+1.5) 1948
M-02 [ STA148 . {GL+2.2) 1948
M-03 STA307 (GL+0.5) 1989
M-04 | STA357 T (OLi03) |98
CU-09  |STAI80 | ~ (GI+03) ~ ~  [1989
CF~09. : STA338 . -+ (GL10.6) <. 11989 R
GPS-9912 o . (GL+0.5) - [1989
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Table 6.2.7 Average annual rainfall of meteorological stations in Kelani river catchments area

MEIEOROLOGICAL STATION LOCATION _ | ELEN: ] AV ANSUAL [ PERIOD
COBE | NAME LAT. LONG. M) ll.\l;\\;l:;';l.l_.'
: ) 1M
[~ 7073 | ANNERIELD —|TegiranC ) RO3ISSE | 1My 2858 1913185 |
Mo31 | ARSLLNEA 06S125N | B0I9IE 487 4560 19181983
M6 | BLAIR ATHOL 021N | §61A2E 1 3153 1938-1513
M6 |_CAMPION T ost61an |_sonaiE | 1524 2361 19431985 |
MID} | DIGALLEESTAIL 0637 | BO1746E 122 4233 1949- 1985
MI05_ | DIWELATGSTATE UNZ43N | E0INIE | 21 764y | 1999197 _
MI15__| DUNEDIN _07023IN | S0IG0IE 122 4011 19391983
T MNH_ | INGOYAGSTATE I T T 303 40 19491985
[ M168 | KELLIEESTAIE 01061 1N | S02GNE 954 4761 1919-1984
M3 | LIMYAGALA GROUP 065557N | S0ZUIE 259 Caiss | isagauss
M35 | LUCCOMBEESTATE 065332N | BUVSIE 1097 —avs3__ 15131976
MITL_| MALIGODA 06537IN_| 801526E 214 5693 |__1919.198%
[~ Ma30 | _NORTONBRIDGE 0G5456N_ | B03I06E 893 L BT IALTE
431 | RORWOOD(NEW VALLEY) | 065033N | E033S9E 1122 “2k10 19131985
M182 | PINDENIYA OTI0IN_|_80172¢E 76 EYTEN 15151973
M539 | SOUTH WANARAJAH 065153 _|_ BO33S6E 1120 2713 1939-1581
M519 | UDARENKANDE — | 063534BN | ®01935E 1130 4321 1932-1508
MGI6 | WEWLITALAWA 070314N | 802251E 3531 19131985

Table 6.2.8 Mean monihly rainfall of meteorological stations in Kelani river catchments

during period specified in Table 6.2.7

LY RAEN

STATION o MEAN MONTII FALL :
COLE OCT | Rov | DEC | JAN | FEB | MAR | APR [MAY [ HN JULT | AUG | SEP [ YEARLY

‘ ' : S R IO TOTALS

[ Mo 36| 09| 1633} 10| 840| 1806| 2660§ 2873 2755 | 2560 | 78536
XN 56561 3546 | 1817F 43| 932) 1596 3is7| 3814 4836 | s062|  d6tr®
Mool 85 2193 16s7 | miA| A} 1800 | 2887) 3359 3007 | BrE|  nwe
MGLo Ji07] 14| 19s2f 122] es3| 1663 2578) 22715 1509 ] 1] 23622
M103 00| as02 | 2008 | dro] 136 2837 4607|5283 285.7| 4158 42352
MI05 4000 | 7984 | 1136] 04 934 1or8] 2915| 2453 1364 34| 76037
Mi15 5164|4663 | 2190 | 1097} 60| 2787 sar1| de90 3553 w22 do106
M09 6157 | 4036 45| 1065} nez| 227 3830] 6019 4535 ) s13aj 40094
Mz08 59721 4520 2530] 870 1050 _1975] 3550] 3536 3088 | 30691 48004

[ M3 5500 3904 | (812] 150] 1229 ikl | 4334 37136 304} 4145 ) 42567 |
M3 aps4| 2837 | 1839 san| st4] 1523} 13| 4333 3054 f 4116)_ 4088
M341 59| 4rsa | 3srd ] 1264 | 1348 ;w06 | 4615|7330 4355 | s930| 55703
M430 516} 3743 | 1956) 846] 90| 1690 | 2800] 5154 | 6080 | 5662 | 49116

[ M MI6) 2656 | 1692 7144| 7961 243| 3| 3910 _ M5 | 2659|8813
[ Mig2 572) 3918 | 18I8) 959 wAd| 2482 1794 | 2815] 31899
M533 2694 | 2269 134 sE1]  720] 1694 2657 | maz]  xosd
M573 s176 | g | zsna) 1080 ) 1640 | 2928 3266 | 4308 | 43616
M626 7504 | 5529 | #Hee| 1013 ] 1s0] 2986 o0 sz $1926

Table 6_.2.9 Caluculaled ﬂocds for differenl I‘cl_u'm.pcriods using Gumbel distribution at Hénwclla '

'ﬁﬁﬁ’mod ('i‘) Discharge (@) S(al.ulard Er‘ror ]
: )'ears. Kr - m¥s (se 0r) . ms (@7 (se Q)%
50 2592 | o7 268126 37138 13.85
TTThee T | 3040 ) 2983.50 ) 41858 | 1403
TTTTTuse T aasa T 3ise3d TTTAGsssT | T Ase
o0 T T3 T | 8035 | T4a0r [ 1506
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Figure 6.2.39 Catchments arca of Bolgoda basin
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CHAPTER7 THE OCH CONCEPI

7.1 Objective

The objective of this chapter is to describe the concept, functions, and physical structure of the
Outer Circular Highway (OCH).

7.2 Concept for the OCII

One of the biggcst transpoitation issues facing Colombo is the lack of an orbital or outer ring road,
The purpose of such a road in the CMR would be to encourage the development of current or future
growth centers, to connect radial routes, and lastly to divert through traffic from the center of the
city. This is in line with the stance of the Urban Dcvelopmenl Authonty (UDA) and the Sri Lankan
Government to shift some of the city’s core urban functions and populatlon to the outer suburbs in
order to reduce congestion and control urban sprawl. In regards to this goal, the OCH is crucial,
- since il connects many of the présent and future growth centers that the UDA envisions in Colombo,

which would attract traffic away from the center of Colombo and reduce congestion by creating a

multi-core urban structure instcad of a uni-core struclure (see Fig. 7.1).

Morcover the OCH could act as a ‘Green Belt’ by delmeatmg the area inside the ring as a place for
planncd concenlrated urban growth and the area outside the ring as a green area; thereby, serving as
a barrier to uncontrolled growth and thc oonoomntant problems of congestion, increased
transportation cosls rising automobltc emissions, efc. It should be noted that uncontrolled growth
also makes the systematlc planmng of infrastructure and facilities difficult; thereby, preventing
efficient public investment. In fact, many cities in the UK such as London, as well as an increasing
~ number of cities in the US (e.g., Seattle), have required the establishment of green belts to prevent

- sprawl, Finally, the OCH would provide more convenience for CMR rcsider_its by improving the
inter-connectivily of Zlil_i. the major radial routes of the network, which would include the linking up

of _thé Katunayake Expressway and the Southern Tran_sport Corridor.

Béséd on thé needs of the CMR described above, one of the tnajor functions of the OCH will be the
scrvwmg of rclatwely short-distance tnps between cx1stmg and future growth centers and the
connectron of exlstlng radial routes Given this, it does not seem advisable for the OCH to be a
fuily conlrolled facnhty hke the Katunayakc Expressway, On the other hand, it is crucial for the
'OCH to mamtam relatwely hlgh speeds if it is to propcrly fulfill the functions mentioned above. It
is suggcsted therefore, that the OCH be constructed toa standard somewhere between an arterial

“road and an expressway

. QUTER CIRCULAR HIGHWAY o - PAGE7-1 JICA STUDY TEAM
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7.3 Functions of the OCH

Given the above suggestion, it is realistically impossible for the OCH to be a toll road, since a toll
road must be a futly-controlled facility in order to collect tolls from users. This, of course, would
defeat the main purpose of the OCH, which is to provide quick and casy access within Colombo. As
Tab. 7.1 shows below, a parlially-controlled facility with levels of service between an arterial road
and an expressway (¢.g., a toll way) would have the functions nceded to provide the access required

together with sufficient travel speeds for the people of the CMR. To ensure that travel speeds are
maintained at acceptable levels, buses would not be allowed to stop on the OCH facilities and bus
stops would be constructed at or near interchanges.

Tab. 7.1 ‘The OCH Types of Urban Roads and Their Functions

Type ' Access - Traffic Spatial Design Speed
Of Road Function Function | Function N
- Freeway - X o O ~ High Speed -

(fuilyict)nlrolled facility)

Partlally conlrollcd fac;llty O o O
| Arlenal @) _ | © @)
o lCollectbr Road © '. @ - © e
Local Street - | : @ - N .O : : '_.© ' Ibivvfipecd

Source: Adapted from The Planning & Design of Urban Roads, Traflic Engineering Socncly, Tok) o, 1988.
- ©,0,X indicates the ]cvcl of importance in thal order. :

Another .i-mportant reason for not assigning the function of a toll road to thec OCH is that it would
result in fcwéf .dr_ivérs' using it, producing gréatcr congeslion throughout urban Colombo. Even if
_ tolls \Qerc setata low level, the social cost in terms of wailing times at toll booths would be larger
“than the actual tolls collected. In fact, under hon—hypcrtbngestcd conditions, the toll paid by users is
greater than the valuation of iheir savings in time. Moreover, those who are forced off to an inferior
route or mode would also be worse off. In addmon, the OCH does not meet two unportam criteria
_ for becomlng a toll road. They are as follows: ; o o

(1) Thcrc musl be a realistic altenative route 10 a loll road: No such aItcmahvc orbnal route exists

in Colombo. Although, it is possible to use minor local roads to reach one’s destination.

' (2) A toll road should not be built when the main purpose is ‘development: One of the purposes of
thc OCH is to encouragc the development of both remdcntlal and industrial areas in the outer
suburbs of CMR away form the cnly core,

. QOUIER CIRCULAR HIGHHHY _ ' PAGE 7-3 s - JICA STUDY TEAM
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Finally, the OCH has the crucial function of controlling urban sprawl by connecting strategically
designated growth centers and providing the nccessary transportation infrastructure to support them,
as in accordance with the Colombo Metropolitan Regional Structure Plan (the CMRSP). The
purpose of the CMRSP is to create a sustainable urban slructure, which the Outer Circular Highway
can play a crucial role in achicving, as shown in the conceptual sketch below.

e Growth Ccnlcr

s

/\ Utban Sprawl Coﬁtrolléd ' /\

7.4 Physical Structure for Outer Circular Highway -

OCH OCH

In order to satisfy the above-mentioned functions of the Outer 'Circula_r Highwéy (OCH), which

include servicing trips between growth centers, COnnécling cxisling radial routcs, and rcrouiing

north-south through traffic, it is of great 1mp0rtancc that the OCH mamlam relatively high speeds as

well as provide good access. Bascd on this, it recommendcd that the physical structure of the OCH

have the characteristics listed below. ' ' R
@ Be partially- -controlled: To allow for OCH access only at pre- established lnlcrch'mges w1lh

fences and bus bays at the appropriate locations. _ '

Be separated by a median or green area: 'To secure the safel:y of OCH users.

Be grade-separated: To ensure h;gh levels of operahon and the smooth flow of traffic.

®ee

Be equipped with a frontage road: To ensure sufficient access to the OCH as well as
maintain current road and communily l_ntcgnty.

Based on the above concept for the OCH, the gtorne_lric design criteria for the OCH should be
determined. In addition, conneclivity with other projects such as fhe.ColombO—Kdtt'ln_ayake
Expressway and the Southern Transport Corridor should be taken into account. At present, both of
these projecis arc being undertaken scpéfately and they each seem fo be applying different
geometric standards. The unification _'or'coord'inalion of these standards should be taken into
account as well when designing the OCH. ' ' ' ' ' '
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CHAPTER 8 SELECTION OF HIGHWAY ALIGNMENT

8.1 Highway Sections

The Outer Circular Highway is approximarcly 40 to SO0kilometers in length and is divided
into three (3) highway scctions as shown in Fig. 8.1 to simplify the selection of alternative
align'mcnt from a view point of terrain and land use. The details of these sections arc as
" follows:
Section 1 :
This seclion starts from the proposed Colombo - Katunayakc Expressway junclion
to the Colombo - Ratnapura trunk road ( Routc A4 ) approximately 2 kilometers to
the north, crossing the Colombo — Puttalam Road ( Route A3 ), Colombo -- Kandy
Road ( Route Al ) and the Kelani River on the way.
* Most of this area cover lateritic hlgh ground and rollmg terrain where the tand is
_' utilized for rcsrdcntlal, commercial and industrial purpose.

Section 2 . o
This secuon runs from the Colombo - Ra{napura lrunk road apprommatcly 2
kllomelcrs lo the north and cnds at the proposed Soulhem Transport Corridor
Junctron ,which will intersect with the Route A4 and Rou{c 1384 ( Colombo —
Horana Road ).and traverse paddy lands. '

Secuon 3 : : - o
‘This section cxtcnds from the proposed Soulhcrn 'I‘ransporl Comdor junction to the
Colombo — Galle Road ( Route A2) approxrma_tcly 3 kilometers south of Panadura.
It will 'beriocated in the north cdgc of Bolgoda Lake \Srllerc is marsh. .

82 - Alternative Highw_siy A!ignniénté Method for Selecting -

' A flow chart i_lIusrrati_ng the steps uscd to'sele_ol the method fori delermining the mosl
' appropriate highWay alignment is shown Fig. 8.2 and is summarized as follows:

Step 1
_ Determmation of Possrble Hrghway Ahgnments
Al possrble altematrve alignments for consudcratnon are located within a 10-
|  km wide belt . The dclcrmmation is based on discussions w1lh the RDA from
-~ the results of previous sludlos, and from land acquisition requitements..

. OUTER CIRCULARHIGHWAY . PAGES-1 .- T JICASTUDY TEAM
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Selection of Preferred Possible Highway Alignments
The possible alignments are broken down into segments with alpha-numeric
designations ( ¢.g. , ai-cl ) which are then screened for suitability
based on the concept of urban sustainability. Here, urban sustainability
consists of three factors : cconomic, social and environmental sustainability.

" These preferred possible '1hgnments are 1o be evaluated further as described in
Step 2, '

Step 2 . , _
Selection of Most Appropriate Highway A]ignmént
Alternative allgnments comprlsmg scgments arc compared usmg a raling
System. O
All of the parameters brokcn down into major categories (Engineering, Cost)
arc assigned an importance factor ( The total for ali categories must equal 100)
to reflect the significance of each parameter and the rclauve lmportancc among
- those calcgories.
_ .' The best alternative ahgnmcnl scgmcnts is selccled based on the sum of the

' pomls and judgcmcnl of an cnwronmenlal view point, -

Itis proposcd to the RDA for !he economlc and finance feaSIblhty sludy in
Step 3. ' : : L

Step 3 _

Recommended Highway Alignment
Analyses of the economic benefits and financial return on investment are

- performed. o R
If the results are acceptable, the mdsl appropriate highway alignment is

“considered to be in the recommended hlghway alignment and the feasible
1mplementatmn plan is drawn up takmg into consideration the financial
capabilities of the project, its appropnale phasmg, and lhc most cost- cffectwe
work packagmg and work breakdown. '
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[ BASED ON DISCUSSION WITH RDA AND RESULTS :
OF

PREVIOUS STUDIES AND LAND ACQUISITION
' REQUIREMENTS -

STEP 1

DETERMINATION OF POSSIBLE HIGHWAY
ALIGNMENTS

CONFINED TO A BELT 10Km IN WIDTH

BASED ON _
CONCEPT OF URBAN SUSTAINABILITY
LAND ACQUISITION REQUIREMENTS

ELIMINATE

Ww

SELECTION OF
PREFERRED POSSIBLE HIGHWAY ALIGN“ENTS

_ | ) BASED ON _
"STEP 2 X THE RDA APPROVED PARAMETERS
: _ AN D
" IMPORTANCE FACTORS
- IN BACH CATEGORY
(ENGINEERING, COST, CONSTRUCTION, TRAFFIC,
- $0CIO - ECONOMIC, DEVELOPMENT

AND ENVIRONMENTAL) ___—"

EVALUTION OF
PREFERRED POSSIBLE ALIGNMENT

- SELECTION OF _
\iOS’I‘ APPROPRIATE HIGHWAY ALIGN“ENT

:  PERFORM
STEP 3 _ DETAILED SITE SURVEY
* PRERIMINARY DESION

IMPLEMENTATION PLAN FOR
RECOMMENED HIGHWAY ALIGNMENT
BASED ON EIRR AND FIRR RESULTS

3 Fig.l8.2. Flow Chart for Alignme'n.l Selection Method : |
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