stressed also and moved gradually by sliding movements. No water
seepage was observed during the operation of soil removal works

because groundwater levels were relatively deep.
4) Effect of the work

The soil removal works were conducted for securing the safety of the
whole landslide area by reducing the earth pressure from the upper
slope of the landslide area. According to the stability analysis
along the survey lines, W and X, which are aligned to cross the soil
removal area in the western and the central parts of the landslide
area, improvement of safety factors of about 3 I and about 8 X were

expected for the line-¥W and the line-X.

Judging from the topographic conditions such as inclination of slopes
and topographic shapes, the only possible soil removal area was
considered to be at the site where the so0il removal works were
conducted. The soil removal work was expected to stabilize the main
part of the landslide area with cooperative effects by the drainage
well construction and drilling of groundwater collection boreholes,

which were conducted as an experimental investigation.

No clear evaluation of the soil removal works for the landslide
stability is possible so far because there has been no heavy rainfall
or continuous rainfall since completion of the soil removal works. A
certain amount of rainfall has been recorded since December 1989, but
there has been no very heavy rainfall or continuous rainfall in the
area. Even after this rainfall no significant displacements has been
confirmed by the monitoring equipment. Therefore, it seems to be able
to conclude that the landslide movements may have been stabilized by

the soil removal works at least for relatively heavy rainfall so far.
(2) Stability analysis for soil removal works

Stability analysis in relation to the scoil removal work was performed
along the Line-W, which crosses the old abandoned reservoir, and
Line-X, which aligns in the eastern part of Line-W. The stability
analysis was made for confirming the improvement of the safety factor
by soil removal works, following the same procedure for the drainage

well construction. The results of stability analysis indicate that
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the safety factors for the area will be increased by about 3 ¥ to 7 2
for Line-W and Line-X by the scil removal work. The results obtained

are summarized as follows:

IMPROVEMENT OF SAFETY FACTOR BY SO0OIL REMOVAL

LINE BEFORE SOIL REMOVAL AFTER 50IL REMOVAL

W F.§5 = F.5 = 1,031
X F.§ = 1.0 F.8§ = 1.071

While the -safety factor will be increased by several percentage
points as a result of the so0il removal works as shown in the above
table, the expected improvement in the safety factor is not
sufficient for the required value of 1.2 for the long term protective
measures. An adequate safety factor has to be secured therefore a
combination of measures, such as surface water drainage, groundwater

drainage, soil removal, piling works, and other measures.



1I.3.2 Emergency Counterweight for a Small Landslide
(1) Location of the small landslide

A possible minor landslide movement was observed by the records of
extensometer E-3 for 1. mm to 3 mm per day at the end of October. The
open cracks crossing E-3 were observed to move at the same time. The
extensometer records are shown in Fig.I.2.6-2C {Supporting Report-1).
The total displacement amount recorded by the extensometer readings
was 120 mm between October 1989 and the end of January 1990. Although
there was no displacement in the inclinometer readings on September
12, 1989, clear displacements were observed in the readings measured
in the borehole, BV-X1l, at depths of 5.0 m and 10.5 m on November 29,
1989. Moreover, the probe of the inclinometer could not be inserted
deeper than 10 m on Pecember 12, 1989,

According to the measurement results of the extensometer, E~-3, the
inclinometer in BV-X1, and the observation results of open cracks; a
minor landslide was estimated in the size of 80 m in width and 60 m
in length. The extent of this small possible landslide was estimated
from the location of E-3 and the berm at El.46 m in the soil removal

area.

There was a relatively large rainfall of about 100 mm between
February 20 and 21, 1990. After this rainfall movement of one more
possible minor landslide was observed by the extensometer reading of
E-3. The probe of the borehole inclinometer could not be inserted
more than 2.5 m in BV-X1 at the end of February. The slide surface of
this minor landslide seems to be derived from the above mentioned
minor landslide. For the stabilization of +this landslide a
counterweight embankment was required. The Jlocation of the small
landslide and the emergency counterweight site are shown in
Fig.I1.3.2-1.

{2) Stability analysis

The location and dimensicns of the required counterweights for
mitigation of the concerned small landslide were determined by
stability analysis. For the stability analysis the slide surfaces of

the small landslide were assumed to be as shown in Fig.I1.3.2-2 and
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Fig.I1.3.2-3

Based on the results of the stability analysis, counterweighting by
soil embankment on the berm at El.46 m was planned as an emergency
protective measure for this minor landslide, and the counterweight
was provided at the end of January. The size of counterweight is 5 m
in width and 40 m in length on the berm at EL1.46 m. The design of the
counterweight is shown in Fig.II1.3.2-2. The improvement of safety
factor by the counterweight was expected for about 9 Z. Movement of

the possible minor landslide has been mitigated by this emergency

protective measure.

The expected safety factors for the firstly to the thirdly assumed
slide surfaces are 1.046, 1.119 and 1.134 after completion of three

stages emergency counterweights.
(3) Execution of emergency counterweight
1) Purpose of the work

Soil removal works were carried out in Phase-I of the 2nd Stage study

3 were removed from the

period. Overburden materials of about 50000 m
upper central part of the landslide area. The soil removal works were
made as one of the emergency protective measures for the landslide
movement. The essential purpose of the works seems to have been
achieved successfully because no remarkable landslide movement was

observed in the landslide area as a whole in the last rainy season.

Movement of a small landslide, however, was -observed after the soil
removal works at the southeastern part of the soil removal work site
gince October 1989. Embankment of the first emergency counterweight
for about 650 m>
area at the end of January 1990. The required amount of the emergency

was made on the berm at E1.46 m in the soil removal
counterweight was calculated by the stability analysis.

The landslide movement was checked by this counterweight for a short
period. The expected safety factor is 1.094 for the firstly assumed
slide surface after completion of the first  counterweight. However,
the movement was resumed after the relatively heavy rainfall in

February. The sliding surface for the resumed landslide movements was
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assumed to be secondary to the slide surface of the first small
landslide., The landslide displacement indicated by extensometer
readings show intensive movements from the beginning of March 1990

after the rainfall brought by the cyclone "Edisaona".

Taking the accelerated landslide movement and the site condition for
available counter measures into consideration, JICA study team
recommended MOLG additional emergency counterweights to mitigate the
movement at the middle of March 1990 (before the end of Phase-I1 in
the Stage-2 study). MOLG organized the works for the emergency
counterweight at the middle of May 1990, corresﬁonding to the
recommendation from JICA study team. The embankment of the second

emergency counterweight was started at the middle of May 19890,

Judging from the assumed shallower slide surface and the topographic
condition, the possibilities of damage is not 1likely to be very
serious, even if the small landslide is occurred. However, there is a
possibility that the landslide might be extended to the upper slopes
if the landslide movement actually occurs. The recommendation for the

emergency counterweight was made from these considerations.
2) Location and dimension of the work

The small landslide is located in the southeastern part of the soil
removal area. The upper margin of this landslide is bounded by the
open cracks running across extensometer E-3. There are no clear
deformations or clear cracks which seem to be accompanied by the
displacements caused by the small landslide along the drainage
channels aligned at the upper parts of the open cracks. Therefore,
movements of the small landslide seem not to extend to the upper part

of the surface drainage channels so far.

The lower extremity of the small landslide is considered to be higher
than the berm at El.46 m in the soil removal area because the
movement of the small landslide was decelerated by the first
embankment of emergency counterweights, and phenomena accompanied
with landslide movements such as cracks or heaving of ground surface
have not been observed below the berm at EL.46 m,

A schematic drawing of the counterweights is shown in Fig.1I1.3.2-2
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and the quantity of the counterweights and the stability analysis
results are summarized in Table 1I.3.2-1 and Table I1II.3.2-2., The
volumes are 6535 My, 485 mgq and 154 my for the first, second and third

counterweights,

Embankment of the first counterweipght was made on the berm at El.46 m
for 3 m in height. The second counterweight was started on the berm
at E1.49 m for 3 m in height, covering the first counterweight
between E1.46 m and E1.49 m. The embankment of counterweight was made
under compaction by a vibration loader at every 50 cm in thickness
approximately. The lengths are about 40 m and 34 m for the first and
second counterweights, After completion of the second counterweipght,
embankment of the third counterweight was made continuously on the
berm at E1.52 m for 3 m in height. The length of the third

counterweight is about 21 m.

The small landslide was estimated to occupy an area of about 60 m in
length and about 40 m in width at the start of movement immediately
after the so0il removal works. However, the size is considered to have
been decreased by embankment of the first counterweight on the berm
at El.46 m. The size of the decreased landslide is assumed to be
about 50 m in length and about 40 m in width.

3) Progress of the work

The soil excavation site for supplying soil materials for the first
counterweight was selected at about 500 m east of the soil removal
area. The soil excavation site for supplying soil materials for the
second and third counterweights was selected at about 300 m to the
west of the soil removal area. The soil materials were collected from

flat and gentle slope areas.

The soil excavation and embankment of the first .counterweight was

started at the end of January 1990, and the work took about one week,

The soil excavation and the embankment. works for the second and third
counterweights were started in the middle of May and were completed
by the beginning of June. The works took about two weeks to compleéte

except for installation of drainage channels and vegetation planting.
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4y Bffect of the work

According to the monitoring records of extensometer, E-3,
displacement movement triggered by the soil removal works since the
end of October 1989 ceased temporarily after completion of the first
counterweight embankment. However, the displacement resumed after the
heavy rainfalls in February and March 1990. Intensive displacements
continued until the end of April 1990. Displacement by the landslide

movements was reduced with the decrease in rainfall in May 1990.

Reduction of landslide movement after completion of the additional
counterweight embankments was observed at the time. From observation
results of the extensometer, E-3, the counterweight embankment
appears to have been effective so far. However, movements in the
rainy season have not been very clear because there is the
possibility that the movement may be induced by heavy rainfall. For
the stabilization of the small landslide, determent works such as

piling will be required as a long term protective measure.
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TABLEH 2.1-1 DESIGN EARTH PRESSURE

DEPTH DESIGN EARTH PRESSURE DEPTH DESIGN EARTH PRESSURE
{(m) g: (Lf/m') {m} g: (tf/m')

0. 00 0.00 10. 00 9.00
0.50 0.45 10. 50 5. 45
1. 00 0.90 11. 00 9.90
1. 50 1. 35 11.50 10. 35
2. 00 1. 80 12.00 10. 80
2. 30 2.25 12. 50 11.25
3. 00 2.70 13.00 1170
3.50 3. 15 13. 50 12. 15
4. 00 3. 60 14,00 12. 60
4. 50 4.05 14. 50 13.05
5. 00 4,50 15. 00 03.50
5. 50 4,95 i5.50 13.95
6.00 5. 40 16. 00 14, 40
6,350 5. 89 16. 50 14. 85
7.00 6. 30 17.00 19. 30
7.50 6. 75 17,50 15. 7%
8.00 7.20 18. 00 16. 20
8.50 7. 65 18. 50 16. 65
9.00 8.10 18, 00 17.10
8. 50 8.53 19. 50 17.55
10. 00 9. 00 20. 00 18. 00
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TABLELI 2.1-2 ALLOWABLE EXTERNAL PRESSURE

THECKNESS STIFRENER RING ALLOWABLE ALLUWABLE PRESSURE

SIZE  INTERVAL PRESSURE FOR COMPRESSIODN
FOR BUCKLING {(n {11)
(mm) (mm) {m) (tf/m*) (tf/m?) (tf/m?)

1. Without perforation

11. 035 40. 30 9. 25
iH-125 2.0 44. 24 96, 48 24. 25
2.1 1125 1.3 55. 30 61. 68 28. 44
i-1235 1.0 17. 43 72. 07 36. 38
§-125 0.5 143. 81 103. 25 58.70
13.13 48. 47 10. 96
fi-125 2.0 16, 32 64. 05 26. 31
3.2 -125 1.5 57. 38 69. 25 30. 62
-1295 1.0 79.51 79,64 38.7
H-125 0.5 145. 89 110. 82 61.45
2 With perforation
8. 84 40. 90 8. 22
H-125 2.0 42. 03 a6, 48 23,94
2.1 125 1.2 53,09 61.68 28. 18
H-125 i.0 75. 22 72.07 36. 18
125 0.5 131. 59 103. 25 58. 57
16, 51 48. 47 9.74
H-125 2.0 43. 70 64. 05 25.90
3.2 fi-125 L. 5 54. 76 69. 25 30.28
H-125 1.0 76, 89 79. 64 38.50
H-125 0.5 143. 26 110, 82 61.28
* (1) ¢ in the case that only compressive strength is considered,
(11) : in the case that bending moment is considered,



TABLEI 2.1-~3 REQUIRED QUANTITY OF MATERIALS FOR

THE

WELLS

DRAINAGE WELL [NTERMEDIATE WELL
HATERIAL SPECIFICATION UNIT -
WEIGHT  QUANTITY WELGHT  QUANTITY WEIGHT
{kg) (kg) {kg)
Steel plate P10, t2. Tmm 27.43 T7plates 2103.8 217plates 5952.3
Perforated 27.43 2i0plates 5754.0
Stiffener ring 0-125, [=2747.5um 65, 4 24pcs 1569. 6 iZpcs 784. 8
Stiffener H-175, 1=60000m 241.2 dpcs 964. 8
[=4500mm  180.9 dpcs 123. 6
Conrecting plate
for ring 330x125X 1Z2nm 3. 89 4§plates 136.7 24plates 93.4
for stiffener J40x 175X 12mm 5.6 ' Iplates 44. 8
- do - 340x 140 % 6&mm 2. 24 Splates 17.9
Bolt ¥16 % Jomm 0.146 3528pcs 515.1 2758pcs 402. 1
Y16 45mm 0.160 420pcs 67.2 210pcs 33.6
Y20 X 50nm 0.283  528pcs 1495  19Zpcs 94.3
¥ut for Y20 192pcs 96pcs
i-bolt M16 1. 07 48pcs 51.4
lLadder A-type H=1500mn 37.8 2pes 75.4
B-type H=2000mn 48.5 Gpcs 291.90
C-type H=1000mm 21.5 Jpcs 82. 5
Step 41. 4 dpcs 124.2
Vertical H=4000mm 61.0 dpcs 183.0
Vertical H=2000om 32,0 lpc 32.0
fandratl H=1000mm 17,86 lpc 17. 8
Hetal fixtures 2.5 3apcs 87.5
Cover Dia, = 3600nm §10.0 ipc 610.0 Ipc 610.0
TOTAL WEIGHT (kg) = 13461.4 8146.1



TABLEX 2.1-4 MAIN MATERIALS REQUIRED FOR THE DRAINAGE WELL

UNIT MANUFACTURER AVAILABILITY BASIC PRICE FOR
MATERIAL 1% MALRITIUS IN MAURITIHS COST ESTIMATE
(Rs.) (Yen}

Portland cement t none available 1097 0
Ready mixed concrete ' éxist available 1643 0
Sand m' exist availabie 381 0
Gravel ey exist available 210

H-shape steel, H200xH200 t none none 0 63000
Gas pipe, 1004, 4.5t m none none 0 1098
PVC pipe, dia=40mm m exist available 0 223
Ilate for concrete form m' exist available 16344 0
Dynamite ke exist avaitahle 0 850
Detonator nos none available 0 190
Taper rod, 2Zmm nos none none 0 6550
Cross bit, 36am nas none none 0 6000
Metal crown, dia=66mn nos none none 0 4090
Metal crowmn, dia=!]6mn nos none none 0 §000
Core tube, dia=G6ma nos nene none 0 20900
Metal crown, dia=116mm noes none none ] 41500
Boring rod, dia=f6nm nos none none 0 11600
Boring rod, dia=1]6mm nos nene none 0 15800
Liner plate, et none none 0 0
Light oil 1 ‘none available 5.3 0
Gasoline 1 none available 11.2 L0
Dils and fats 1 none available 17. 7 0
Flectric power KUl exist available 3.3 0

% Basic price indicated with Yen does not include transportation cost,



TABLE I 2.1-5 MAIN MACHINES REQUIRED FOR THE DRAINAGE WELL

MACHINE AVATLABILETY BASIC UNIT COST

' IN MAORETIES FOR COST ESTIMATE

{Rs.) (Yen)

Bulldozer It class available 408 0
Bulldozer 20t available 6335 0
Backhoe 0. 35m’ available 450 0
Truck crane 11t available 587 0
Dump truck it avatlable 400 0
Dump truck 12t available 527 0
Truck trailer available 320 0
Macadam roller 11t available 400 ]
Hand hammer not avail, { 1310/day
Pick hammer not avatl, 0 160/day
Boring machine not avail, ] 8294%/day
Boring pump not avatl, ] 5313/day
Air compressor hm'/min not avatl, 0 67006/day
Air compressor 10, 9m’/min not avail, 0 13500/day
Submergible puap §0mm, 5. 5KY not avail, 0 1583/day
Blower BOm'/min, G, 7ToKW not avail, 0 152/day
Disel genecrator 25KVA not avail, 0 3540/day
Winch 1. HKHW not avail, 0 1600/day
Alr hammer not avail, 0 4440/day
Skip Tower not avail, 0 1962/day

For the Reference :

Tractor shovel 1.5m' class available
Wheel roader 1. 5m’ available
Tire roller 1it available
Motorized grade 3.1m available




TABLENI 2.1-6 REQUIRED MANPOWER FOR THE DRAINAGE WELL

CONSTRUCTION
K1X¥D OF WORK J/AUINITMUY BASIC UNIT PRICE
WAGE FOR COST ESTIMATE
4/BAILY  5/BXTRA  UNIT
WAGE PAY PRICE
Foreaan 83. 70 330 163 435
Operator 39, 00 220 0 220
Assistant (perator 39. 00 170 ] 176
Driver - 39.00 202 0 202
Mechanic 0l. 46 230 0 230
Electrician 44. 59 230 0 230
Carpenter 50. 08 184 92 276
Concrete Worker SRS 139 80 239
Masonry Worker 52. 96 182 0 142
Plumber SRS 182 0 182
Rigger S 197 98 296
Skilled Labour 44,59 232 116 348
Semi-skilled Labour e 143 72 213
Common [abour 32.56 118 29 17
Average daily § hours 8§ hours
-working hours
Extra pay for normal overtime 50 %
overtime night overtine 0% e

heliday overtime 100—200 %

x 3/ According to “lLabour Laws of Mauritius (2nd edition)”, 1988,
4/ Though drainage well construction is not experienced enough in Mauritius,

extra pay is calculated as 50.% up,



TABLELI 2.1-7 GQUANTITY OF GROUNDWATER COLLECTION BOREHOLES
AND DRAEINAGE BOREHOLES

WORK BOREHOLE DRILL PROTECTION KING OF
ITEM LENGTH PIPE PROTECTION REMARKS
DiA. (mm) {m) DIA. {mm) PiPE
Groundwater 66. 0 1000. 0 18. 90 PVC pipe with strainer
collection (504 x {(vrdD)
borehole 20holes)
Drainage 116.0 30,0 101. 6 SGPB0A frainage well to
borehole intermediate well
116.0 10,0 101.6 SGPY0A Intermediate well to

drainage channel

¥ |) Diameter of protection pipes are indicated with outer diameter,
2) SGP pipe : gas pipe (carbon steel pipe)

3) Protection pipe has to be the same quality mentioned above or better,



TABLEL 2.2-1 QUANTITY OF MATERIALS FOR CONSTRUCTION

OF DRAINAGE WELL

Item Guantity
Liner Plate Type AN-type
Diameter 3, bm
Thickness 2. Tmm
Width 500mm
Nos., of Seperate T pcs
Coating Galvanised

15.5n {including 0. 5m
height above the ground)

Total Depth

Ring Stiffener Nos, of Stage f stages
Size CH-125 % 125 x 6.5 x 9§
Vertical stiffener Length 10.Tm x 4 pcs
Size =176 x 175 x 7.5 x 11
Ladder Type Spiral
Nos, of Landing 3 stages
Bottom Type Concrete
Thickness 0. 3m
Steel Cover Type Expanded Metal
Diameter 3. 6om
Fense Height - 2m




TABLEL 2.2-2 QUANTITY OF MATERIALS FOR CONSTRUCTION
OF INTERMEDIATE WELL

ftem Quantity

Liner Plate Type AN-type
Diameter 3. om
Thickness 2. Tmm
Width 500mn
N¥os, of Seperate T pcs
Coating Galvanised
Total Depth 15.5m (including 0. 5n

height above the ground)

Stiffner Nos, of Stage 3 stages
Size H-125 x 125 x 6.5 x 9
l.adder Type Vertical Ladder Type Step
Nos, of Landing 2 stages
Bottom Type Concrete
Thickness 0.3m
Cap Type Expanded Metal
Diameter 3. 6bm
Fense Height am




TABLEXl 2.2-3 QUANTITY AND SIZE OF DRAINAGE BOREHOLES

[tem lpper Section Lower Section

Drillting Diameter 135 am
Drilling Length 45 m 5
Protection Pipe of Borehole

Nominal Code SGP 1004

0.0, 114, 3 no

Thickness 4.5 mm

Coating Anticorrosive

Notes : lpper Section : Between Drainage well and I[ntermediate well

Lower Section : Between Intermediate well and Outlet
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TABLET 2.2-4 QUANTTIY OF MATERIALS FOR OUTLET WORKS
OF DRAINAGE BOREHOLES

[tem Quantity
Drainage Chanael Length 18.0 =
Depth from Ground 2.0 m
Width at Bottom 0. a
Inclination of wall 1 :0.7
Mud Pit Size at Bottom 1.Omx 1.0m
Depth for Ground 2.8 m
BExcavation Volume 451 w
Yascnry Thickness 0.3 m
Volume 18] o




TABLEL 3.2-1 QUANTITY AND SIZE OF EMERGENCY COUNTERWEIGHT EMBANKMENT

Counterweight Length Width leight Volume  Elevation Time
(@) () (m) (m') (m)
First 40 59-6 3 655 46-49 Jan, 1990
Second 34 6-4 3 485 49-52 May, 1990
Third 21 2-3 3 154 52-58 Jun, 1990

% The first counterweight was for the landslide movements since Oct. 1989,

% The Second and third counterweights are for the landslide movements since

Feb, 1990,
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TABLET 3.2-2 SUMMARY OF STABILITY ANALYSIS RESULTS ON THE SMALL
LANDSLIDE BELOW EXTENSOMETER, E-3

STAGE ¢ phi A B ¢
(kg/sq. cm)  (deg.)

0 1.00 14. 89 1. 00 1.103 1,224
I 1. 00 14. 89 1.084 1,103 1,224
i 1. 60 13. G5 1.00 1. 016 1,134
P+ 01+ 1. 00 13.05 L. 046 1. 119 1. 134

¢ : cohesion of soil

phi @ internal friction angle of soil
A : safety factor along the firstly assumed sliding surface
B : safecty factor along the secondary assumed sliding surface
{ : safety factor alorg Lbe thirdly assumed sliding surface

at the completion of the first counterweight

I+ +I0: at the completion of the first to the third counterweights
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Note.

Materials {surrounding the drainage well) are camposed
of basall gravel and cohesive clayey soil.

No groundwater level is observed,

Clayey soil appears to be reddish brown.

Frequent slickensides are developed in clayey soil.

Clayey soil is slightly sandy below 13m.
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Note:
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 No groundwater level is observed.
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' GOVERNMENT OF MAURITIUS
SUBSURFACE GEOLOGICAL CONDITION LANDSLIDE PROTEGTION PROJEGT IN PORT LOUIS
SURROUNDING INTERMEDIATE WELL

JAPAN INTERNATIONAL COOPERATION AGENCY







Ll

h}

% MGR., Leen Avenue f//
L

Outlet.of Drainage Borehole

| Fig. {1m2.2-11

Existing Drainage Channel

L/

Drainage Channel 110

—

Lower Section of Drainage Borehole

Intermediate Well _
D=1%m

L=75m

173"

Upper Section of Drainage Borehole

Drainage Well
D=20m

L=45m

Groundwater Collection Boreholes

ALIGNMENT OF DRAINAGE BOREHOLES

GOVERNMENT OF MAURITIUS
LANDSLIDE PROTECTION PROJECT IN PORT LOUIS

JAPAN INTERNATIONAL COOPERATION AGENCY







ADNIDY NOUWHSHOOD TYNOLLYNHILING Nedv!

SINCT LHOd NI L03M0dd NOILOZL0HE 3AMSCNY
SNULIENVYIW JO INIWNEIACD

SITOHAYOL IDVNIVEM 40 A71J0dd

T10HIY0d 30YNIvdd

g"ﬂ:"[

O0T4dos

IUI0r MBJI8 adrlJNng usnid

o<
| st ozd Ny bgi=1 .80
4 _ 7 .
Of et sToysICH b atoysacg 98euUTRBIg JO UCTIO8G JBMOT
s3eutRIg IO UCTISAG J2ddn 1
| Tauuey) sFeuTeag
on -
oo 672
CrE
ung oc =271

A\\

ﬁlﬂﬂm_.gm_

oz

0%

o)

wos

NOT.LYAHIH







ADNIOY NOLVHIJOOD TYNOLIYNEILNI NudyT mﬂommmgm NQ¢ZH¢WQ

SINOT 1804 NI LO3rQrd NOILOILOHd 3AMISANY™
SNLLENYIN 40 LNIWNESACD A0 SXyoM LI7LG0

FAAA

7

s
Aauosey

006<

1Td POy
1

g oT 72 1a g —_—
A&cowm.; ; \
A = —
—_— St ]
— 0T

Cogg
[«

€1-Z7H | Big |







| Fig. |11.3.1-1

Ty TR
T 2423

i ——&pH —

/4

SR Ry 4 ;

—Es * e
de

. ™~
e & 1! \\
N L DRAINAGE CHANNEL /
N S— EP.
0

/\. -

i 7 /6'u5 - L , Y
_ \p- : S01L REMOVAL AREA™ . 4 =
Y ol 2T A2 , -/

EP ; \(

7 (A taserioir ! 2 . !
4 X N S S
/] /5 - p o
L :
o / ;“*’ o /'4’
: < Jk A .
2] / ! = ¥ -
v ;
L o = .. ” . y -
Lo 24 i
- ]
v
——— -,
s Vg YT, z ~
P " hd ——
- 26
= Ep @ ‘ = £22 z
5 o gf t = = e a—
_ e
72
R/ e p
A —0 EP____\
o EP °ep — "
.80 2 '
F
o P
CL] e
p——— / P
,_/ . - - o
. OOEP e = oEF
{ - —___ _%Ep
——— 70 o° —— °
st
I T =

/ Q 6:0[“ §
:‘o . //ﬁ/;”r;"“—i——_le —

GOVERNMENT OF MAURITIUS
DESIGN FOR SOIL REMOVAL LANDSLIDE PROTEGTION PROJECT IN PORT LOUIS

JAPAN INTERNATIONAL COOPERATION AGENGY







| Fig. | m.3.1-2

Y

¢ Roche Bois’ . p
S
~ LR

c{\
2
. ('t((

[
- »
Baitery Comm

Heciaimad Aroa

Spogt
i/ Groun
_f'(c.lm

rHospg
I

A b3
Bl ¥ O SN L ..
P ST A T A T
L a2 b /!_,,}A.u N

Cipotolott /s P

Tanks
Jolnu::_’_.
TP 24

e RE N, =8 g
. ~LH ) . i
ham 2 ewt [l GEEP WATEH QUAY - e e
: w:g,?,-,:n\,ﬂ.‘:n:u}_’_;:/ﬁ’.ﬁ

7. X

,?\’)'I, M NI o Bulk Sugar 118
Leoban E.-}E?rli Yarminal
a7 pr

21, G!ld;'/hﬁ:: {uQ)
' SN

[ =

P o\~ H VR &
: :i' Bain d?slaame; Com 5, vy
K A AR NS 2
n "}r"'""tb"\‘a' N --_ggi-j.—_Cassm[., e S e\
' - 1 i FRey FORY T TI Tt -
EET NS s AlE e omnan iy 2
L BAY A NS N w2 K:‘,ZJ.".": NLA L i
r \d H - |,:‘-'17\ .
NEr
W :-
e Lt i ‘
R p . HAHAL MOUHTASH . R . ue
L 9 P EYER "’! ‘ L
By T J { " : ' MONE

LA, ptsing Ling X . SRR

AT lnduagiai—_zeniﬁ\‘ }’, RN
NV ‘ai.t "'-" E\Qi 7 [ SR ARG
BN A o :
B “Y"ﬂ‘"‘-'l}’j /LB
e g e g ) -
e ,{n ks e 4 X

Paowiar Sa o® )’
irand ‘River “({./,
lorth West, &\ X

Sy

e

QUOIN BLUFF ™

S ; SNy
i, A /. AN 1000 m
SR / '|,ﬂ§,‘\\ 1dihfn=:/ \\74\ ’ Hw‘_ T =

GOVERNMENT OF MAURITIUS
LOCATION MAP OF SOIL REMOVAL AREA LANDSLIDE PROTECTION PROJECT IN PORT LOUIS

AND DUMPING AREA JAPAN INTERNATIONAL COOPERATION AGENCY

F 27







ASNIOY NOLYHSIOOD TYNOILYNGILN! Nvdvl _ WMHHM HZMEMZﬁmEm QZaq

SINGT 1804 NI LO3r0dd NOLLD3L0Hd 3ANSANY?
oA mvapipeh A NOILVAVOX3 TIOS AONIDUAWA J0 JVW NOILVIOT

43

ERUEPARTD

s

£ L7 »,
< /......r.. i v -y ) [a.
W.%/ ELAS sf.\a@rwwom !
: // =
S N

-S| Bid |

r—2







ASNBOVY NOUYEIZ000 TYNOLLYNGALNI Nedvr

SINOT LOd NI 103r0dHe NGILOZ10Hd 3GASANY
SNILIENYIN 40 INSWNYIA0D

IHDIAK BTINNGD AJANTOYINH
40 DNIMVEE JI1VAWIHDS

e E P T X O“_

W o2

/

7—zen| Ol |

T N/ A——
T 430 1\\\
430
!/’[-/
/
— Wpg =112 —
43 © J\\\ [
- wilg="
S i/t w\ﬁ N@ &/\\A
X v\ u\.\..“l\!.[.lfr.llwl =T ,\LP
=7 = SSSeRS T . -
B g e —y
L \ KHN_W
ozl < \mN\_ n_m_orr.lu““rff
G BT
\ Z AT !
&mo %?I N, /_// .//\//._,\ ./;}N\..Xr //// _//

29







ADNEDY NOLVEE4000 ToNOLYNGZING Nudv

SINCT 1d0d Nt LO3Mr0Hd NOLLOZLOHd IANSANYT
SNILENYIN 40 INIWNEIACD

JHOTAMYIINAOD
AONIDEIRA 40 ITI408d -

woL 08 06 on 0% 0z AT
Ce , _ )
Tte=T {§& \ @ \
Uhe= @ g @ \
og
N e
o .>> -5/
0% 2 T
WID\ - |l@nr — - -
os Mm! — ©
T ©
@ qudtaep JI93uno]
03
_ 5%
o
o Y S—

¢~z ¢ | Big |

Ce

0%

o

04

wg.,

NOLLVAYTA







SUPPORTING (117)






TABLE OF CONTENTS

IT¥.1 INTRODUCTION

TIT.1.1 General ... iuiiiisnnvssiatanarsoscsonnnensnnns e III-
II1.1.2 Planning of the Long Term Protective Measures ...... III- 1
IIT.1.3 Construction Plan, Cost Estimate and

Y

Project Justification «...iiiviiiiireinncenssnesnenss LI 2

"IT1.2 LONG TERM PROTECTIVE MEASURES
¥1I.2.1 Stability Analysis for Long Term
Protective MEBASULES .. ..iiseieeinssstrrennsrnensones ITI- 4
(1) Planned safety factor ........i i iinvesoraansssreanses LII- 4
(2) Selection of protective MEASUYES +..vvvvrrecerasnrsseas LII=- 4

(3) Stability analysis for long term protective

MEBASULES .+ vv v vssrorsanessersans erasarrasranecaarriaanrass 1TE- 5
{4) Required deterrent force for steel piling works ....... III- 6
I117.2.2 Planning of Long Term Protection Measures .......... III- 9
(1) Planning of drainage well ...... ¢ttt ennnenns 111I- 9
{2) Design of the drainage well ....... it cnnrsnns ITI-11
{3) Availability of local material ................. cersess 1TII-14
IIT.2.3 Draimage Work ... ...ttt ianeanssnenns ve.. III-15
(1) Construction of drainage well and intermediate well ... III-15
(2) Groundwater collecticen borehole ............. cr e a e ITI-15
I1IT.2.4 Drainage Boreholes .......cciiiniincnnnencaannnacensan I1T-16
II1.2.5 Horizontal Borehole for Drainage of
Shallow Groundwater ........icsciicvenroneasnrs i ess IITI-17
I1I.2.6 Steel Pile Work ........... et IT1I-.18

{1) Planned safety factor and required deterrent force .... I1I-18
{(2) Examination of diameter and interval of steel pile .... III-19

{3) Selection of steel pile ............ et e et IT1-19
(%) Length of steel pile and length of embedment of

steel pile ...ttt it it i i i s e et i e s I11-20

(5) Quantity of steel pile .....vicv et ienrans e I11-20

I1X.2.7 Plan of Steel Pile Work ...... ..ottt eannnnnse 111-22

(1) Steel pile work for the main landslide ............. v ITI-22

(2) Steel pile work for the small landslide ....... e ne. 1TI-22

(3) Procedure for steel pile work ......... i, .. IITI-22



IXT.3 CONSTRUCTION PLAN

ITI.3.1 Principal Feature and Major Work Quantities ........

TIL.3.2 Construction Conditions ... .eesiviivann
(1) Public supply for construction work ......
{2) Construction method ......... et er e

(3) Temporary construction facilities ........

(4) Workable day and working hours ............

(5) Volume change factor of earth materials ..

(6) Concrete mix proportion ....... f e e

ITI.53.3 Construction Plan and Schedule ..... e

(1) Implementation time schedule .............

(2) Construction plan ........ G e r et

ITIT.4 COST ESTIMATE

IT1I.4.1 Conditions for Cost Estimate ..........
(1) Price level and exchange rate ....... Ces e
{2y Currency of cost estimate .............. -
(3) Constitution of the project cost .........
(4) Tax and duty ...... et er ey e i e e .

II1T1.4.2 Unite Price ...svvvevncnn et e

(1) Labor CcoSt ..ceesarvcenosas e e e et i e

(2) Material cost ......... e a e et et
(3) Equipment exXpense .........v.. Prt e e
(4) Contractor’'s indirect COSE veveresravrnie-
IIZ.4.3 Estimated Project Cost .....o.oviveannns
(1) Total project cost ........ e e e e e e e
{2) Construction cost ..... e et e e e e
{3) Administration expense ...... R
{(4) Price escalation .......... e e e Ceera e
{5) Physical contingencies ....' ............ o n e
{6) Fngineering services cost ,......... e
(7) Interest during constructdion .............
I1T1.4.4 Implementation Agency .......... Cereas
ITI1.4.5 Annual Disbursement Schedule ..........

FIT1.5 ECONOMIC EVALUATION

ITI.5.1 Project Justification ...... I

(1) General ...iveeeenneccnrsocens C et et a e
(2) Project benefits ... v iinenonsss

(3) Project COSt +u v vttt vrsarasnsnsssnsennnns

L A B I R

IX1-27
I1I1-27
ITT-27
I11-27
II1-28
ITI-28
I1I-28
II1-29
I1I1-30
III-390
III-30

111-33
I11-33
I11-33
TII-34
IT1-34
III-36
I11-36
I11-36
I1I-36
1T1-37
I1I1-38
111-38
TII-38
I11-38
II1-39
IT1-39
I11-39
1TI-40
III-41
TIT-41

III-42
ITI-42
ITI-43
ITI-43



(4) Evaluation results ..ivveivravsearrsnasarsrencanarsseass LIT-44
{5) Sensitivity test ...i.iirtirrerrer ittt ittt aataanan . IIT-44
(6) Overall project evaluation .....vvviiinsvinconessveses. 1IT-44



Table

Table

Table
Table
Table
Table
Table
Table
Table
Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table
Table

Table
Table

IIT.2.2-1(1/2)

ITT.2.2-1(2/2)

i1r.2.2-2
I11.2.2-3

IT1I.2.3 Summary of the Wells
I¥71.2.6 Standards Steel Piles ........
I1I.2.7 FExample of Machine Arrangement

LIST OF TABLES

Required Quantity of Materials for

the Wells ..t viir i ennrnns Che e .

Regquired Quantity of Materials for

the Wells ...viiiinvinrans v eea e cas
Design Earth Pressure .......... G ee et
Allowable External Pressure .....coosrssrnansss

ooooooo

.......

ITII.3.1 Principal Features and Major Work Quantities

I1Ir.3.3-1
IIT1.3.3-2
I11.3.3-3

IT1.3.3-4
II1T1.3.3-5
I11.3.3-6
ITI.3.3-7
II1.4.2-1
111.4.2-2
I1T1.4.2-3
TIT.4.2-4
ITT.4.3-1
II1.4.3-2
ITI.5.1-1

TIT.5.1-2

III1.5.1-3
ITII.5.1-4

IIT.5.1-5
III.5.1-6

Main Equipment for Well Construction Work .....
Required Period of Well Construction ..........

Required Period for Groundwater

Collection Borehole

Main Equipment for Horizontal

R R T I I L LR N R B R I

Borehole Drilling .....
Required Period for Horizontal
Borehole brilling
Piling Work .....cveeevesne

Piling Work

Ma jor Equipment for
Required Period for
Labor Wages ..
Unit price of Major Materials

PR I R R O A N R R R I N R N L R )

Expenses for Major Equipment .........
Total Project Cost
Annual Disbursement Schedule
(Financial Cost) ... vt
Annual Disbursement Schedule
(Economic Cost) ...cviuirennnns
Cash Flow of the Project for the Long Term
Protective Measures ......iievvvivveccconnnseana
Summary of Annual Disbursement Schedule
(Economic Cost)ivee i ionssronans

I R I I R I A

Basic Concepts of Anticipated Damage ...

Anticipated Damage by the landslide Occurrence
at La Butte ...

L I R I R R R A R I ]

LR R I R R ]

Economic Evaluation by Three Methods

Result of Sensitivity Analysis ....cvivvinnans

T~-13
T-14
T-15
T-16
T-17
T-18
T-19



LIST OF FIGURES

Flg.TIIT.2.2-1 Gonstruction Site for Long Term

Protective Measures ........ 4. B
Fig.I11.2.2-2 Structure of Drainage Well, DW-2 ................ F-
Fig.II1.2.2-3 Profile of Drainage Well, DW-2 ...... Cer s eae e F-
Fig.1II.2.2-4 Structure of Drainage Wells, DW-3 [/ DW-4 ........ F- &
Fig.1I1.2.2-5 Profile of Drainage Wells, DW-3 [/ DW-4 .......... F- 5
Fig.I11.2.2-6 Structure of Intermediate Well, IW-2 ............ F- 6
Fig.I11.2.2-7 Profile of Intermediate Well, IW-2 .............. F- 7
Fig.IIT.2.2-8 Detail of Liner Plate ........... L
Fig.I¥I1.2.2-9 Liner Plate and Stiffener Ring .................. F- 9
Fig.IXI.2.2-10 Connection of Stiffener and Fixing of

Vertical Stiffener ........iveieeinnnnrenvennnnne F-10
Fig.II1.2.2-11 Steel Cover of Wells .........ciciiimoneiinnsn F-11

Fig.III.2.3 Arrangement of Groundwater Collection
Borehole and Strainer ........ci0ivvivcenernanns c+. F=12

Fig.II1I1.2.5 Drainage Channel and Outlet for Horizontal

Borehole ..... b s et e s es et e e e e F-13
Fig.III.2.6-1 Cross Sectional Alignment of Steel Piles
for Main Landslide .......ci00ovinnn et e e e F-14
Fig.I11.2.6-2 Gross Sectional Alignment of Steel Piles
for Small Landslide ...... o0 e F-15
Fig.IIT1.2.6~-3 Temporary Work for Steel Pile Work .............. F-16
Fig.IT1I1.2.6-4 Temporary Work for Water Supply and
' Mud Water Treatment Facility .................... F-17
Fig.I11.3.3 Implementation Time Schedule .............. e F-18

Fig.IIT1.5.1 Anticipated Potentially Endanger Area ............. F-19






IIX.1 INTRODUCTION

II7.1.1 General

pPlanning of long term protective measures for the landslide at La
Butte was the final target for this study. The planning of long term
protective measures was prepared on the basis of results obtained
from the field investigation carried out in Stage-1 study and from
the experimental investigation and the urgent protective measures

which were performed in Stage-2.

This Supporting Repert (III) describes the planning and design of the
long term protective measures. The cost estimate and construction
plan for the long term protective measures and results of project
justification based on the cost estimate are also described in this

report.

II1.1.2 Planning of the Long Texm Protective Measure

Long term protective measures were planned on the basis of results
obtained from the field investigations carried out in the first stage
study period, the experimental investigation and the wurgent

protective measures provided in the second stage.

The soil removal works which were made as one of the urgent
protective measures are considered to have contributed to
stabilization of the landslide from the analysis results .of the
obtained monitoring data. On the other hand, it is difficult to
evaluate the efficiency of the drainage well which was constructed in
Stage-2 as an experimental investigation because there was no heavy
rainfall to cause a significant recovery of groundwater levels since
completion of the drainage well. However, it is believed that the
drainage well will functionate effectively to drain groundwater from
the landslide area if the groundwater levels recovered to the levels

which were measured in the start of this study.

The safety of the landslide was evaluated by stability analysis along
observation lines which were aligned to cross the landslide area in a

north-south direction. The planned safety factor for long term

IIT - 1



protective measures is F.s=1.2 in general. However, according to the
stability analysis results, the estimated improvement in the safety
factor by the soil removal works and the experimental investigation

is not sufficient to achieve the planned safety factor of F.s=1.2.

It is expected that construction of additional drainage wells and
stedél piling works as the long term protective measures will ensure a

sufficient safety factor in the future.

The works required for the long term protective measures are:
construction of three (3) additional drainage wells with groundwater
collection boreholes for 2100 m in total; drilling of horizontal
boreholes for draining shallower groundwater for 1670 m in total; and
installation of steel piles, 8996 m (416 piles) in total length. The
location of the construction site for the long term protective

measures is shown in Fig.III.2.2-1.

IIT.1.3 Construction Plan, Cost Estimate and Project Justification

Taking the urgency of the project into consideration, the long term
protective measures were considered on. the assumption that the

construction would be completed within 22 months.

The total project cost is estimated to be Rs.272.3 x 10% on the basis
of the financial cost. For the cost estimate availability of local
materials, machinery, labor and so on were examined beforehand. The
disbursement schedule is divided into two years, the first year and

the second year.

For project justification the occurrence of a landsilide at La Butte
is assumed just after completion of the long term protective
measures. A time horizon of 35 years is taken for the project
evaluation. The results of project justification were obtained by
three methods with the following results:
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Method Value

Cost-henefit ratio method (GBR) 1.96

Net present wvalue (NPV) Rs.214.1
Internal-rate-return {(IRR) 47.7 %

According to the obtained results project viability is emphasized and

early implementation of the project is recommended.

ITT -~ 3



III.2 LONG TERM PROTECTIVE MEASURES
III.2.1 Stability Analysis for Long Term Protective Measures

For the stabilization of the whole landslide at La Butte,
ingstallation of surface drain channels and soil removal works were
performed already. Installation of surface drainage channels and soil
removal works were included into urgent protective measures for the
whole landslide. Construction of one drainage well was included into

the experimental investigation.

On the other hand, emergency counterweights were provided for a small
secondary landslide near extensometer E-3. The planning of the long
term protective measures was prepared with consideration of

expectable effects from the protective measures conducted.

(1) Planned safety factor

The general approach to planning landslide protective measures, is
first to decide the necessary safety factors for stabilization of
landslides, and then to plan protective measures which will be able
to secure the required safety factors. The necessary safety factors

mentioned above are called the planned safety factors.

The planned safety factors for securing stabilization of slopes by
providing landslide protective measures are generally required to be
F.s=1.1 to 1.2 except for urgent protective measures. A planned
safety factor of 1.2 was selected for the landslide at La Butte
because there are many important facilities in the area concerned
‘such as houses, roads, transmission lines, water supply pipes and so
on. On the other hand, 8 planned safety factor of 1.1 was selected
for the small secondary landslide because there was no important

facility at risk.
(2) Selection of protective measures

Owning to the topographic and geological conditions and the assumed
features of the slide surface in La Butte landslide area, protective
measures for the landslide were selected as a combination of

groundwater drainage and steel piling works. The groundwater drainage
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was divided into drainage well works for deeper pgroundwater and
horizontal boring works for shallower groundwater.

Steel piling was selected also for the protective measures for the
small secondary landslide due to the topographic and geological
conditions.

{3) Stability analysis for long term protective measures
1) strength of clayey materials along slide surfaces

Stability analyses were made for the whole landslide and the small
secondary landslide separately. The stability analysis for the whole
landslide was made along five observation lines, V, W, X, Y and 2
with the assumption that the safety factor was F.s=1.0 for all
observation 1lines before the soil removal works conducted in the
experimental investigation. Slide surfaces along the observation

lines were assumed from results of core drilling.

Groundwater levels were assumed to be the levels observed in June
1989 when landslide movements were ceasing. Based on the thickness
of soil masses above the slide surface and results of soil mechanical
test in this study, cohesion of soil materials along the assumed
slide surface is estimated to be c¢=1.0 tlmz, and internal friction
angles of the materials was calculated with using the obtained

cohesion.

The extent of the small secondary landslide was assumed from the
topographic conditions. Cohesion of c=1.0 tlmz, which was estimated
for the whole landslide area, was also adopted for the clayey
materials along the slide surface of the small landslide. Pore
pressures among the materials above the slide surface were ignored
because the groundwater_leﬁels were estimated to be much deeper than

the slide surface from the topographic conditions.
2) Safety factor

Stability analysis of the landslides was made by following the same
procedure as described in Supporting Report-1. The safety factors

before providing protective measures were assumed to be F.s=1.0 along
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all the observation lines V, W, X, Y and 2. Improvement of the safety
factors by the soil removal works was expected for the Line-W and
Line-X. The safety factors after the soil removal works were

estimated to be 1.031 for Line-W and 1.07 for Line-X.

Three additional drainage wells are planned in the landslide area as
one of the protective measures in the long term. A 2 m drawdown of
groundwater levels from the levels observed at the beginning of this
study is expected by providing these drainage wells. Safety factors
will be expected to improve to some extent by drawdown of groundwater
levels in the landslide area. The expected safety factors by drawdown
of groundwater levels are as follows for all the observation lines.
Among these all observation lines the expected safety factors for

Line-W and Line-X consist of accumulated values of the soil removal

works and drainage works.

LINE . SAFETY FACTOR (F.s)
v 1.071
W 1.092
X 1.134
1.084
Z 1.094

(4) Required deterrent force for steel piling works .

The planned safety factor is F.s=1,2 for all the observation lines as
a long term protective measure. The difference between the planned
safety factors and the calculated safety factor mentioned above is
the insufficient safety factor:which.has to be compensated by steel

piling works.
The required deterrent force (Pr) is calculated by multiplying the

insufficient safety factors and force along the tangent line of each

slice of the slice analysis method, The equation is given below.
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Pr = (PF.3 ~ F.5) x T

where, Pr : required deterrent force (t/m)
PF.s : planned safety factor
F.s : safety factor before providing
protective measures

T : force along tangent line (t/m)

Required deterrent forces for all the observation lines were
calculated as follows. The required deterrent force for the small

secondary landslide is shown below also.

REQUIRED DETERRENT FORCE FOR EACH OBSERVATION LINE

LINE PF.s F.s T Pr
(t/m) (t/m)

v 1.20 1.071 975.1 125.83

W 1.20 1.092 1508.3 162.82

X 1.20 1.134 1152.8 75.94

Y 1.20 1.084 683.2 79.25

2 1.20 1.094 494 .2 52.39
small landslide 1.10 1.000 478.3 47 .40

Judging from contour maps of bedrock surface and slide surface
prepared by using core drilling results and extension of open cracks
of the landsliide, landslide is considered to be one block rather than
the landslide composed of several landslide blocks. Therefore, steel
piling works are planned on the basis of the total required deterrent

forces of one landslide block.

Steel piling works have to be performed in compressive zones at lower
parts of landslides in general. The total length along which piling

works will be made is about 750 m in total in La Butte landslide.

The required total deterrent force is calculated by multiplying the
deterrent force for each observation line by the section length
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between each observation line.

are summarized below.

The calculated total deterrent forces

Observation Required

Section Length

Total Required

Line Deterrent Force Deterrent Force
(t/m) (m) (L)

vV : 125.83 180 22649.40
W o 162.82 120 19538.40
X 75.94 120 9112.80
Y ¢ 79.25 120 9510.00
2 52.39 210 11001.90

TOTAL 750 71812.50

Since total required deterrent force for the whole landslide is about

72000 tons and the total section length'is about 750 m, required

deterrent force for the unit section length is 95.75 t/m.

11X
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I1T.2.2 Planning of Long Term Protective Measures
{1) Planning of drainage well

The purpose of the constructing drainage wells is to mitigate
landslide movements by draining groundwater Iin deeper zones near
bedrock surfaces. The most important cause for landslide movement is
considered to be increasing of pore pressure among moving earth
masses above slide surfaces by rising groundwater levels. Landslide
movements have been confirmed to accompany with heavy rainfalls in La
Butte landslide, there is no room for doubt about the close relation

between landslide movements and rising of groundwater levels.

Drainage well works are for drawdown of groundwater levels by
draining groundwater in the whole landslide area and to secure
landslide stability. Many drainage wells will be required essentially
in landslide areas accordingly. However, an additional three drainage
wells are planned in La Butte landslide area effective groundwater
drainage in the landslide area. Groundwater levels are estimated to
decrease by about 2 m on an average from the groundwater levels in

June 1989 which seemed to trigger the landslide movement.

The drainage well works were planned as follows on the basis of field

reconnaissance results and analysis of collected data in this study.

1) The siting of the drainage wells was chosen as shown in

Fig.III.2.2-1 with particular attention to the following points:

a. The locations are at the foot of tension cracks for effective

drainage.

b. These locations enable the depth of the drainage wells to be
minimized.

c¢. The ground surface surrounding the location is stable and easy

for transportation of construction equipment and materials.

2) The depth of the drainage wells was decided to be 10 m to 15 m

with attention to the following points.

a. The depth of the dralnage wells has to be shallower than the

assumed slide surface for avoiding damage to the drainage wells
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3)

4)

3)

6)

7

8)

9)

10)

11)

12)

by shearing of the slide surfaces.

The depth has to be as deep as possible for effective groundwater

drainage.

The diameter of the drainage wells was decided as 3.5 m for

efficiency and economy of the works and following experience in

Japan.

The  excavated wall of the drainage wells shall be protected by
perforated liner plates except ground surface and the bottom
portions of the wells for draining groundwater from the zone

surrounding the drainage wells.

The liner plates are corrosion-proof galvanized plates. The

stiffeners are galvanized also,

The first section of 50 cm liner plate is to be assembled above

the ground surface for prevention of mud flowing into the wells.

Steel covers shall be provided on top of the wells in order to

prevent material from falling into the wells.

Spiral ladder will be provided in the wells for the future

inspection.

Groundwater <collection boreholes of 66 mm . in diameter will be
drilled for 50 m to 60 m from one or two steps in each drainage
well.

Perforated pvc pipes of 40 mm in diameter will be inserted into

the groundwater collection boreholes.

Drainage of water from the drainage well te the ground surface
shall be gravitational. However, dewatering by pumps shall be
made until completion of the drainage boreholes, which  penetrate

the sections between the drainage wéll_and the ground surface.

The - outer diameter of the drainage borehecles shall be 116 mm.

Steel pipes of 101.6 mm in outer diameter shall be inserted after
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completion of drilling.

13) Drilling of wvery long drainage boreholes seem difficult for
geological and topographic reasons. Intermediate well shall be

provided at a no more 50 m from the drainage well.
14) The length of the drainage boreholes will be 50 m uniformly.

1.5) The diameter of the intermediate well shall be also 3.5 m, and
the depth shall be 11 m. The intermediate well shall be protected
by steel liner plates but perforation of the liner plates will

not be required.

{(2) Design of the drainage well
1) Procedure for designing

The drainage wells and the intermediate well planned in the landslide
area have the same size of 3.5 m in diameter using steel liner plates
which are of the same type as those used for the wells constructed in
the experimental investigation. Since the bottoms of the wells have
to be shallower than the assumed slide surface for about 2 m, the
maximum depth of the drainage well will be 15 m and the depth of the
intermediate well will be 11 m.

The design of the.drainage well was performed by following the same
procedure of calculation methods as carried out in the experimental
investigation of which details are given the Supporting Report (2).

The design of the drainage well structure was made for securing
sufficient safety against buckling of the wells and compressive
stress on the circular section on the basis of the calculation of
horizontal earth pressure and allowable stress of the steel liner
plates. In designing of drainage wells for the long term protective
measures, uneven earth pressure of 10 t/m was added to the horizontal
earth pressure, which was examined in designing of the drainage well
for the experimental investigation, for safety of the wells and

following actual achievements in Japan.
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2} Specification and quantity of materials for wells

The materials for the drainage well ‘and the intermediate well are
specified as follows and a summary of the required quantity of
materials is shown in Table IIT.2.2-1. The structures of drainage
well and the intermediate well are shown in Fig.III1.2.2-2 to

Fig.1ir.2.2-7.
a, Steel liner plate

The wells of 3.5 m in diameter will reguire 7 liner plates for one
section. The liner plate has to be galvanized against corrosion: and
perforated for groundwater collection. The perforated holes for
groundwater collection shall be arranged at 80 cm intervals. The
liner plate is shown in Fig.III.2.2-8. The liner plates that will be

used are as follows:

Specification : 8834 (JIS G3101)

Standard : P10 section (circle 1570 mm round; height 500 mm;
thickness 2.7 mm)

Quantity :+ 7 plates/section/50cm x (15.5m + 10.5m + 10.5m
+11.5m) = 672 plates
(perforated type, 30l plates for 21.5 m)

Weight :+ 27.43 kg [ plate x 672 plates = 18433.0 kg

b. Stiffener

Stiffeners will be composed of H-shape steel and consist of stiffener
rings and wvertical stiffeners. These are all bolted together. The
stiffeners that will be used are as.follows. The liner plate and the

stiffener ring are shown in Fig.IT11.2.2-9.

Specification : 8841 (JIS G3101) -
Standard stiffener ring H-125x125x6.5x9mm, L=2747.5mm
vertical stiffener H-175x175x7.5x11mm, L=6.0m,
4,5m, 4.0m, 2.5m
connecting plate 330x125x12mm, 340x175x12mm,
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Quantity : stiffener ring

vertical stiffener

connecting plate

Weight : stiffener ring
vertical stiffener

connecting plate

c¢. Bolt and nut

340x140x6mm

4 x 26 sections

{drainage well 20 +
intermediate well 6) = 104
L=6m(20), L=4.5m(4), L=4.,0m(8),
L=2.5m(4%} )
drainage well (224) +
intermediate well (64) = 288
65.4 x 104 = 6801.6kg

(241.2 to 100.5) x (20 to 4)

= 7236.0 kg

(3.89 x 208)+(2.24 to 5.86) x 40
=1122.6 kg

Bolts and nuts, which will fix liner plates with stiffeners, were

selected by considering the thickness of liner plates and stiffeners.

The detail of the connection of liner plates with stiffener rings is

shown Fig.I1I1.2.2-10 and summarized below.

Specification: M16 - M20

Strength : 4T(tension strength, 41 to 50 kglmmz), JT{70 kglmmz)
Quantity : drainage well (8960 pcs) + intermediate well
(2760 pcs) = 11720 pcs.

Weight

-

0.146 to 1.07 kg x 12136

2255.4 kg

{(for drainage well 1729.9 kg)

d. Steel cover

Covers will be provided for prevention of falling materials. The

cover is shown in Fig.II1.2.2-11.

Specification : expanded metal

Standard : outer diameter 3600 mm
Quantity : 4(drainage wells 3, intermediate well 1)
Welght t 610 x & =2440 kg
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e. Ladder

Ladders are for inspection of wells after completion of the well

construction. Materials for the ladders are summarized below.

Specification : steel

Standard : spiral type (H=1 to 2m, width 0.5m)
Quantity i1 4 sets

Weight : spiral type 1502.6 kg

{3) Availability of local material

Availability of local materials was examined for the preparation of
the experimental investigation in this study. Details of the

availability are referred to the Supporting Report (2}).
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III.2.3 Drainage Work
(1) Construction of drainage well and intermediate well

Construction of the drainage wells and the intermediate well will
follow the same methods as described in full for the experimental

investigation in the Supporting Report (2).
(2) Groundwater collection borehole

The groundwater collection boreholes will have the most important
function of draining groundwater from the landslide areas to outside
landslide areas. Groundwater collection boreholes are drilled from
inside drainage wells into the mountain side for groundwater
collection. The total drilling length of the groundwater collection
boreholes in the concerned area is planned as from 500 m to 1000 m

for each drainage well.

The drilling length for each groundwater collection borehole will be
50 m to 60 m which is estimated to penetrate about 10 m after
reaching the assumed slide surfaces. The groundwater collection
boreholes will be drilled at levels of about 1L m and 4 m above the
bottoms of the drainage wells where drilling is planned in two stages
and at about 1 m in only one stage. The arrangement of the boreholes

is shown in Fig.III.2.3 and summarized in Table III.Z.3.

The angle of elevation of groundwater collection boreholes will be
about 5 deg. to 10 deg. in general. However, the angle for the
planned boreholes will be 3 deg. in the direction the mountain side
to ensure that the ends of the boreholes are able to penetrate the

slide surfaces.

Perforated pvc pipes, having an inner diameter of 40 mm and an outer
diameter of 48 mm, will be imnserted into the drilled groundwater

collection boreholes,

The lateral opening angle between boreholes will be about 15 deg. in
general, but 12.5 deg. is designed for effective draining of
groundwater where subsurface drainage channels are assumed to be

developed complicatedly.
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I1I.2.4 Drainage Boreholes

Four drainage boreholes are planned in the sections between the
drainage wells and the drain pits, the drainage wells and the
intermediate well, and the intermediate well and the drain pit. Steel
pipes of SGP80A to SGPL00A will be used for protection of the drilled
drainage boreholes. The drilling diameter for the steel pipes is 116

nm.

Tn the landslide area gravel materials are frequently included in the
scree deposits. Therefore the drilling length of the drainage
boreholes will be no more than 50 m. The drilling quantities for
drainage boreholes are summarized in Table III.3.1. The drainage
boreholes are planned to be horizontal between the drainage wells and

the intermediate well.
The section between the drain pits and ditch along the existing road

will be excavated to about 2 m maximum depth in open channels. The

open channel is planned to be protected by masonry works.
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I1I.2.5 Horizontal Borehole for Drainage of Shallow Groundwater

Groundwater collection boreholes are for draining of groundwater from
deeper zones in the landslide area, while horizontal boreholes into
the mountain slopes or from excavated slope surfaces in the soil
removal area are for draining groundwater from shallower zones for
protection of slope surfaces and for prevention of groundwater from

infiltrating into deeper subsurface zones.

The horizontal boreholes will be drilled from 11 locations, along the
route of an old water supply pipe line and the upper most berm in the
soil removal area at about 52 m in elevation. The number of
horizontal boreholes will be 3 to 6 holes at each point, and the
depth of the boreholes will range from 30 m to 50 m. Quantities of

horizontal boreholes are summarized as follows:

REQUIRED QUANTITY OF HORIZONTAL BOREHOLES

Location Depth Holes Sites Total depth
(m) No. No. {m)
along the old pipe line trail 50 X 3 X 2 = 300
along Line-¥W 50 X 6 X 1 = 300
along berm at 55 m in elevation 50 x 4 X 2 = 400
- do - 30 x 3 X 1
plus 40 x 1 = 130
- do - 30 b4 3 2 = 180
along berm at 46 m in elevation 30 X 4 3 = 360
Total 24 11 1670 m

Horizontal boreholes are planned to be drilled at 11 sites. The
location of the sites is shown in Pig.IIX.2.2-1. Drainage of
collected groundwater is planned to lead to the existing drainage
channels. Additional drainage channels will be planned where there
are no existing drainage channels beside the drilling sites. Typical
drawings of the drainage channel and the drain pit for the additional

drainage channels are shown in Fig.III1.2.5.

ITT - 17



1I1.2.6 Steel Pile Work
(1) Planned safety factor and required deterrent force

For the preparation of stability analysis for the long term
protective measures, groundwater levels are assumed to be lowered by
about 2 m on average in the whole landslide area by providing
drainage works including installation of surface drainage channels,
construction of drainape wells, and drilling of horizontal boreholes.
The effects expected from the soill removal works are also considered

in the zone between Line-W and Line-X,.

Taking important location of the landslide area into consideration,
the "planned safety factor" was decided as F.s=1.2 or more to be
achieved by conducting steel piling works as the long term protective
measures. On the assumption mentioned above, required deterrent force

(Pr) was calculated for each observation line as follows:

Line Pr (t/m)

125.83
162.82
75.94
79.25
52.39

Mo Mo g

Steel piling works will be conducted in the compressive zones in the
lower slopes of the landslide. The total alignment length for steel
piling works is about 750 m giving the total required deterrent force

for each observation line as follows:

Line Total Pr (t)

22649.4
19538.4

9112.8
19510.0
11001.9

Mo Mo

Total 71812.5
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Required total deterrent force for unit length is Pr=95.75 t/m in the

whole landslide area accordingly.
(2) Examination of diameter and interval of steel pile

The outer diameter of the steel piies for landslide prevention will
be 300 mm from considerations of efficiency and experience in Japan.
The interval of steel piles is determined by the relationship between
depth of the sliding earth masses and the diameter of the steel
piles. Accordingly the dinterval will be 1less than 3 m when the
sliding mass has a depth of more than 10 m to 20 m in general subject

to also being less than 8 times the diameter generally.

Since steel piles of 300 mm outer diameter have been selected, the
interval of steel piles should be less than 2.4 m (0.3x8=2.4), but
the interval of 2.0 m will be adopted in the actual construction
- works since the interval of 'steel piles for landslide prevention

should be less than 2.0 m by Japanese standards.
{3) Selection of steel pile

Steel piling works have to resist sliding forces Dby shear strength
of the steel piles on the basis of a long term allowable stress
intensity. Steel piles are classified dinto thin piles and thick
piles. If the shear stress is small, thin steel piles of SKK41 or the
same quality may be selected. If the the shear stress is large, thick
sfeel piles must be used such as welded type centrifugal cast-iron
pipes (SCW50-CF) and seamless steel pipes (5KK-50}.

Judging from the required unit deterrent force of 95.75 tfm, thin
steel piles will not be sufficient to prevent the concerned
landslide, and thick steel piles which have a larger shear strength

have to be selected.

Required shearing yield strength for each pile is calculated as
follows when steel piles of 300 mm in outer diameter are used at 2.0

m interval.

Pr = 95.75 x 2.0 = 191.50 tfpile

ITI - 19



Since the ground surface at the steel piling work sites is flat, the

required cross sectional area for each steel piles is calculated as

follows:
A= PrxD/ s

where, A: required cross sectional area for each pile (cmz)
Pr: shearing yield strength for each pile (t/m)
D: interval of piles (m}
s: shearing stress intensity for a long term
of steel piles (1270 kg/cm2) .

A= 95.7% x 1000 x 2 [ 1270
= 150,79 cmz

According to the calculation results and the attached Table III.Z2.6
Standard of Steel Pile, diameter and thickness of the required steel

piles are decided to be 300 mm and 17 mm.
(4) Length of steel pile and length of embedment of steel pile

The subsurface of the landslide area is composed of basaltic rocks,
weak clayey soil, and scree deposits from deeper subsurface zones.
The slide surface is assumed to lie along the upper surface of the
clayey layer in the lower part of the landslide. Accordingly the
length of embedment in the zone deeper than the slide surfaces should
be more than one third of pile length, and the length cf embedment
into bedrock should be 2 m in minimum length also. The head of the
steel piles should be about 1 m below the ground surface and with the

earth filled back after penetration of the piles.
(5) Quantity of steel pile
Required quantity of steel piles of 300 mm in outer diameter and 17

mm in thickness are summarized as follows. Arrangement of the steel

piles is shown in Figs.111.2.6-1 and III.2.6-2.
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REQUIRED QUANTITY OF STEEL PILE

Quter dias Unit Shear Interval Pile Pile " Total Total
x thickness weilght stress of pile length length weight
{mm} {(kg/m) () (m) (No.) (m) (m) {(t)
300x17 118.6 191.5 2.00 380 12-36 8420 998.61
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IXT.2.7 Plan of Steel Pile Work
(1) Steel pile work for the main landslide

Steel pile works for the main landslide are to prevent movement of
the whole 1andslide.~Taking accessibility and ease work into
consideration, the alignment of the piling works is planned to pass
along existing roads. The alignment will be divided into 12 sections
according to the required pile length. The sections are shown in
Fig.I11.2.6-1. The 300 mm diameter piles will be for this work and
total length of the piles will be 8420 m.

{2} Steel pile work for the small landslide

For prevention of the small landslide which occurred below
extensometer E-3, steel piling works are also required for a total
length of 576 m. The piling work is planned along the berm at El.=535
m in the soil removal site. 16 m steel piles of uniform length of 300
mn diameter are required on a straight line for this work. Alignment

of the steel pile work is shown in Fig.III.2.6-2.
{3) Procedure for steel piling work

Steel piles will be dinserted into boreholes after completion of
drilling at the landslide area. The work schedule for piling works

will be generally as follows:

1.Decision of location for piling work
2.Temporary works : preparation
transportation of materials
temporary works {leveling of ground,
scaffolding, and water supply and draining)
3.0rilling works drilling
bentonite
4.Installation of piles
5.Mortar filling : washing
mortar filling
6.Dismantle and cleaning
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'1) Temporary work

Temporary works are divided into preparatory works, transportation
works, temporary works, and safety measure works. The preparatory
works include land acquisition, survey works for piling work sites,
and preparation of materials. The transportation works indicate
loading and unloading of machines and equipment mainly composed of
drilling machines. An arrangement of working site is shown in
Fig.IIl.2.6-3.

Temporary works are preparatory works for ground leveling,
scaffolding, water supply and draining, bentonite plant, electric
power facilities, assembly and dismantle of machines, and preparation
of steel piling facilities. Water supply and mud water treatment

facilities are shown in Fig.III.2.6-4.
a. Ground leveling and scaffolding

Footing of piling works are prepared by pground leveling and
scaffolding. Ground leveling may be required to create a flat site
but it can be obtained by excavation. The drilling machine has to be
assembled on square timbers (0.2x0.3x3.0 m) not directly on the
excavated ground surface for prevention of unequal settlement of the

machine.

Working stages have to be assembled by logs, steel pipes and H-beams,
Working stages have to have a size of more than 2.5 times of machine

sizes and have to be sufficiently strong for the loading.
b. Water supply and mud water facility

Securing of the water supply source is very important because much
water, 100-500 1/min. will be required for drilling of boreholes and
for washing of boreholes after completion of borehole drilling in

general.

The mud water facility (mainly using bentonite} needs more than
100-500 l/min. of water for protection of boreholes, prevention of
leakage, removal of slimes, and protection of drill bits. The density

and the viscosity of the bentonite have to be prepared according to
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the geological conditions. Bentonite, of which the grain size is
larger than #200 is used in general with the addition of some kinds
of regulating materials.

¢. Electric power facility

Electric power for the concerned site is expected to be supplied from
C.E.B (Central Electricity Board}.

2) Drilling of large diameter borehole

The required machines for drilling of large diameter of boreholes are

summarized in Table 2.7.

a. Selection of machine

Large diameter boring machine:
A drilling machine of the 30 kw class is required for the work
judging from the geological conditions and drilling depth for piles
ingtallation.

Drill bit:

Selection of drill bits will accord to the following table.

GEOLOGICAL CLASSIFICATION AND DRILL BIT

Drill bit Wing bit Metal crown Tricorn bit
Geology
Sand and clayey soil * * X
Sandy soil with gravel * * : ' *
Sandy soil with boulder x * *
Soft rock * * *
Medium hard rock . X * L
Hard rock x x BE

%%; yery suitable *#: suitable - x: not suitable
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Crane or winch:

A truck crane (hydraulic type: 10-11 tons) or a winch (3 tons) is
required for installing steel piles or for moving a large diameter
drilling machine.

b. Drilling is started after completion of preparatory works for
drilling machine assembly, arrangement of drill bits and mud
water facility. After opening the borehole, trial drilling will
be made for 3 m to 5 m. Bits may then be replacing if necessary
and drilling continued.

3) Installation of steel piles

Steel piles have to be inserted into the drilled boreholes
immediately after completion of borehole drilling to prevent collapse
of the borehole walls.

Steel piles will be inserted under their own weight up to the target
depth by connecting 4 m long sections by welding. Steel piles will be
suspended by a winch attached to a drilling machine or a truck crane.
In this case the capacity of the winch is required to be about 3 tons

or a truck crane of 10 tons to 11 tons.
4) Connection of steel piles

The steel piles will be transported to the site in lengths of 4 m,
and the required length will be obtained by welding these together.
The welding connection is most important for the steel piling works.

Welding will be done by an automatic or semi-automatic welding method
with using an electric welding machine of about 530 kva class.
Semiautomatic welding is often used for ease of operation, reduction
of operation time, decreasing of air locks, easy removal of slag and
go on. Automatic welding is an excellent method of reducing
requirements for labor and quality control. However, adoption of this

method will depend on conditions at the work sites.
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5) Concrete filling

After placing the piles will be filled with concrete or mortar both
inside and outside between the piles and the borehole walls. This
work will be done for consolidation between piles and ground
surrounding boreholes and for reinforcement of piles. Mortar fillling
work will be performed by filling mortar after washing out bentonite

and slimes by injecting clean water into the bottoms of boreholes.

Mortar £illing will be done where the groundwater level is low as in
the concerned landslide area in general. Grout injection will be made
into the space between the piles and the borehole walls by using
grout pipes (2-3 cm in dia.) installed in the steel piles beforehand.
Mortar (sand : cement = 1 : 0.5-0.8) will be injected at a pressure

of 2-3 kglcm2 for consoclidation between piles and ground.
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TIYX.3 CONSTRUCTION PLAN
I1¥.3.1 Principal Feature and Major Work Quantities

The construction works for the Project with consist mainly of
drainsge wells, horizontal boring and piling works. The salient
features and the work quantities of the construction works are

summarized in Table III.3.1,.

"III.3.2 Construction Conditions
(1) Public supply for construction work

Existing roads will be utilized as access roads for construction
purposes in general. Unpaved or narrow roads will be required for

periodical repair and maintenance.

Electric power cable lines are well distributed near the construction
sites and they have enough capacity to accept new demand for
construction use. However, since the construction period for the
Project will have to be limited to around one (1) year because of
the urgency of the works to prevent landslides, a diesel generator
will be installed at each site to supply electric power for the

construction works.

Water for construction use is assumed to be supplied from a water
tank to be installed at each construction site, Radio communication
will also have to be provided at each construction site to connect

with the main office of the contractor of the Project.

{2) Construction method

All the construction works for the Project will be executed on a
contract basis employing a contractor to be selected through an
international coﬁpetitive bidding (ICB). Mechanized construction will
be applied on principle because for work efficiency. All the
construction works will be supervised by an engineering consulting
firm.
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(3} Temporary construction facilities

Temporary construction facilities will have to be provided prior to

commencement of construction works such as:

- Offices for the Client, the Engineer and the Contractor
- Power supply, water supply and a radio communication system

- A repair shop, motor pool, workshops, warehouses and laboratory
(4) Workable days and working hours
Based on the need to suspend work on Sundays and National holidays,
the workable days for purposes of construction planning are assumed

to be 23 days per month or 276 days per year.

Daily working hours will be 8 hours on Mondays to Fridays and 5 hours

on Saturdays. Total working hours per month are fixed at 45 hours.
(5) Volume change factor of earth materials
From the characteristics of the soil materials in the project area

for the wells and piling sites, the volume change factor for earth

materiales are assumed to be as shown below:

Materials L,oose/Bank Compact/Bank
Clayey & sandy soil 1.20 0.90
Gravely soil : 1.20 0.90
Cobble stone 1.40 1.20
Soft rock IT 1.45 1.20

Rock is classified into : soft rock I
soft rock II
semi-hard rock

~hard rock
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{6) Concrete mix proportions

The types of concrete mix proportions are assumed as shown below.

Type Gmax wi/C sla Unit Weight (kglm3)
{mm} (%) (%) C W G S A
A 40 55 34 250 135 1300 679 0.625
B 25 51 37 280 145 1220 710 0.700
c 20 51 44 300 155 1060 830 0.750

Gmax: maximum size of coarse aggregate
wic

sfa. : fine apggregate portion against total aggregate volume

water~cement ratio

G: cement W: water G: gravel $S: sand A: add mixture
Note : Type A for top portion of well

Type B for bottom portion of well
Type C for pile filling
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III.5%3.3 Construction Plan and Schedule
(1) Implementation time schedule

The pre-construction program for the Project broadly consists of loan
arrangement, selection of consultant and selection of contractor. The
program will start with loan arrangement which will require about 2.5
months in parallel with selection of a consultant. Selection of a
contractor through an international competitive bidding (ICB) and
contract signing ére assumed to require about 4 months. Notice to
proceed (NTP) is agsumed to be issued by the Government of Mauritius

within 1 month after contract signing.

Immediately after the routine procedure of contract signing between
the Client and the Contractor, preparatory works will be started with
mobilization. Following that, the main civil works will be commenced,

and this construction period is assumed to be about 15.5 months. the
construction period being decided on account of the urgency of the
Project. Above mentioned implementation time schedule is shown in

Figure III.3.3.
(2) Construction plan
1) Drainage well

There will be four (4) wells in total, namely, three drainage wells
{No.3 to 5) and one intermediate well (No.6). Construction of the
drainage wells will he divided into three stages. In the first stage,
portal protective works will be carried out in the first two meters.
Excavation in the well portion and liner installation will then
follow. Finally the groundwater collection boreholes and the drainage
boreholes will be drilled by a boring machine installed on a staging

in the well,

The main items of equipment required for one unit of well

construction works are listed in Table IIT.3.3-1.

The estimated perilod for construction of the four wells is given in
Table III.3.3-2 on the assumption of a moderate rate of progress.

The required period is summarized for items such as site preparation,
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excavation, installation, bottom concrete, fence installation, and

site clearance.

Construction of the drainage well will require use of two sets of
equipment. First, No.3 well (DW-4) construction works will be carried
out in parallel with No.4 well (DW-5) construction works. Immediately
after resetting of the gantry crane and other necessary equipment,
No.5 well (DW-6) and No.6 well (IW-2) construction works will be

commenced in parallel.

The required period for drilling of the groundwater collection
boreholes in the three (3) drainage wells and drainage boreholes is
expected to be as given in Table III.3.3-3 on assumption of slow
progress because of the limited space in the wells. The drilling
works will include groundwater collection boreholes, drainage
boreholes, and installation of protective pipes. The construction of

boring works will be carried out by use of two sets of equipment.
2) Horizontal boring

Drilling of horizontal boreholes will be carried out on the ground
surface, employing the same procedure as described above for the
groundwater collection boring in the construction plan for the
drainage wells. The main items of equipment required for horizontal
borehole drilling works at ground level will be as summarized in
Table III.3.3-4.

The required period for drilling the horizontal boreholes at ground
level will be as estimated in Table III.3.3-5 on the assumption of a
modefate rate of progress. Drilling work progress is considered
separately for different materials such as gravely soil, cobble stone

and soft rock.

Installation of borehole protective pipes will be conducted in
parallel with borehole boring works. The drilling will be carried out

by use of set of equipment.
3} Piling works

Piling works will be divided into three stages. In the first stage, a
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vertical hole will be bored after leveling the construction sites. In
the second stage, a steel pile will be carefully installed in the
borehole. The pile will be then filled with concrete after the voids
between pille and borehole will be filled with mortar. In the final
stage the pile head will be plugged with specified materials.

The main items of equipment required for the piling works are listed
in Table IIT.3.3-6. The equipment is summarized for vertical
drilling, pile installation, disposal of drilling mud and slimes, and

concrete and mortar filling.

Required period for all the piling works is estimated in Table
I11.3.3-7 on the assumption of a moderate rate of progress. The
required period includes site preparation, boring, pile installation,

and resetting of equipment.

1f only one set of equipment were used, the piling works would take
4587 days. Since the construction period is limited to 13 months, and
if the working hours per day are set at 10 hours (1.25 times normal
conditions) ten sets of equipment will be required for the piling

works.
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IIX.4 COST ESTIMATE
I1I.4.1 Conditions for Cost Estimate
(1) Price level and exchange rhtes

The construction cost of the project is estimated at the price level
of January, 1950.

The exchange rates of one (1) United States dollar (§) applied in the
conversion inte Msuritian Rupees (Re.) and Japanese Yen (JYE) are
Rs.15.3 and JYE 146.0 respectively, based on the Mean Monthly
Telegraphic Transfer Selling (TTS$S) rate on January in 1990.

{2) Currency of cost estimate

The construction cost is estimated separately for the foreign and

local currency components according to the origin of the material.

The currency for cost estimate is expressed in Mauritian Rupees for
local currency component and in Japanese Yen for the foreign currency
component, respectively. The total construction cost is expressed in

Mauritian Rupees.

The local and the foreign currency components include the following

items;
1) Local currency component

- Labor cost,

~- Cost of local materials,

- Local mechanics and spare parts cost for repair of
equipment,

- Contractor's indirect cost,

- Project administration expense,

- Local portion of price escalation,

- Local portion of physical contingency,

- Local portion of engineering service, and

- Local portion of interest during construction
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2) Foreign 