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ls  Foreward

This report has been pre?ared by the technical study mission of
the Japan Internatignal Coopenation Agency dispatched by the Government
of Japan to study possible measures for the lendslide at La Butte in
Port Louis City in Mauritius. The mission consisting of the team leader
of Dr. M, Watari and other four experts carried out a‘field survey and
data collection of the previous investigutioﬁs during the period fronm
6th September, 1988 to 19th September, 1988, The mission has raised
several proposals and advices for the landslide protection measures
through assessment of the findings from the field survey and examination

of the previous studies.

The mission wishes to express heartfelt thankfullness for patronage
and kind cooperation extended by the Ministry of Local Government and
the organisations concerned of the Goverument of Mauritius in connection

with successful completion of this study with tafgeted engineering depth,

Lastly the mission hopes that this report will be helpful for the
Government of Mauritius in undertaking necessary measures for the land—

slide at Ia Butte in Port Louis,



2. The Study

2.1 Background of the Study

At La Butte, Port Louis City, the capital of Mauritius, large scale
landslide has been observed for t:ese several years in the northexn slope
off the'Signal Mountain, The novenent was suddenly accelerated in March-
June, 1987 and appears to be still developing continuously. The Government
of HMauritius designated the oren of about 12,5 ha as the landsiide dangex

arecd,

The Govermment of Mauritius submitbed in March 1988 an official
request to the Govermment of Japan for technical assistance for the
deteiled investigation and study with a view to establishing counter-
mensures for the landslide, In response to the reguest the Government
of Japan despatched the technical study mission to Mauritive through the
Japan International Coorperation LAgency (JICA), the official agency .
responsible for the implementation of the technical coopération programs
of the Government of Japan, The mission headed by Dr. Masasuke Watari,
president of the Japan Society of Landslide, conducted a field survey and
_had discussions on the project with the officials concerned of the

Governmeht of Mauritius,

L

2 0

¥
i

2.2 Objectives of ‘the Stully
. H f

1 ~

Ny n
The major objectlées of ithe study are as follows:

1l. to examine the mechonisn of the occurrence and movement of

the landslide by means of field survey and obtained data,
2. to make a plan for wgent lindslide protection works,

3., to establish a temporary warning evacuation system in an

emergency,
and

4. to advise an outline of detailed survey and landslide protection

works of long-term sitability.



2.3 Plan of the Study

The survey and study were carvied out in line with the following

work flow chart,

Field survey -

+ Estimation of Land-

slide area.
« Geological survey

« Topographical survey

« Groundwater survey

« Survey for movement
type

{ Making Study Plan

{Advice for urgent

landslide protection

Occurrence and movement

of lzndslide

Collecting data | j

« Topographical data
o Geological data
« Rainfall data

» Existing study reports
about landslide at

La Butte

« Area of landslide

« Scale of landslide

« Zoning the blocks

+ Type of movement

. Condition of ground
water

+ hetivity (Speed) of
movenent

« Degree of danger

. Stability analysis

. Methods of works

+ Type of works

. Location

Monitoring of the land-

slide for warning and

evacuation

~« Study for population

et al,

« Setting instruments
for warning and

evacuation

« EBstablishment of warning

"and evacuation plan

‘Advice for detailed
survey and landslide

protection works long-

term stability




B Assessment of Landslide

3.1 Geomorphology

(1) General geomorpholofy

Mauritius island is entircly composed of volcanic formations

except for small marginal tracts of uplifted coral reef and beach.

The volcanic formation is nzinly devided into two series, older
volcanic and younger volcanic one. The old volcanic series distributed
in some places forming rugged mountcinous features through the process
of long-term erosion. On the other hond the younger volcanic series

spread widely in the élopé of lava plateau.

It is presumed that the geological time of the old volcanic series

and the younger series are respectively, miccene and pleistocene.

Geological compositions consist of mainly basalt lava assocliated

with pyroclastic flow materials and ashy materials in minority.

(2) Geomorphology in the landslide area

La Butte, the landslide aren is located .on the skirt of the Signal
Mountain (300 m in elevation, of old volcanic series). Steep ridge and
slope are formed on the top part ond mountainside, In the lower port
the shape of slope is gradually chonged into gentle one 10 to 15 degrees

in grade which is related %o the landslide movement.

Geological composition principally consists of three layers, namely
basalt rock, pyroclastic flow znd tuffaceous one. Basalt rock layer and
basalt lava of old volcanic seiics are distributed uhder the ground 20
to 30 m in depth, Pyroclasiic f£low which shows talﬁs condition is spread
with thickness of about 20 m on the upper parf.. ¥While tuffaceous layer,

" possibly the‘deposit in the water such as marsh is interlaid between the
clastic basalt layer zand the basalirocl layer. This tuffacecus layer
i=s impermeable clay and consequently slide surface of landslide is formed

along this layex,



3.2 Present Landslide Movement and Previous Studies and Hoasures

(1) Previous Works

After acceleration of landslide in the fainy geason of 1987, the
Government of Mauritius carried out first preliminary investigation,

The findings bave been sumarized as follows:

~  Although the movement was suddenly accelerated in March ~ June 1987,
it is assumed that landslide occurred in long time ago and will

continue to develop in the future.

- The sliding mass is composed of thlck colluvial’ materlals having low

shear strength of ¢ = o and }5 9, 5%
- Sliding area is about 600 m in width and 400 m in length,

- Slide surface is assumed at 15 « 30 m in depth.

- Landslide is assumed 0 be caused by not only heavy rainfall lut

supplied water from the Haupin reservoir and water pipes.

Based on the results of first prellmlnaly investigation, the Government
of Mauritius decided to take the folloving measures- relocatlon of water
pipes; demolition of the Maupin reservoir, tentative 01031ng of Boole de 1a
Montagne, evacuation of damnged Buildings including'Yamaha Trading Building
and Mosque, fllllng of cracks, displacement survey of landsllde rovement

and installation of inclinometer.

(2) Present Condiiion of the Landslide

The program mentioned zbhove is mbstly completed and relevant displaqement
survey and measurement of inclinometer haove been continued'by the Ministry of

Works to date,

Accordlng to the existing displacement data, ground subsidence in
the Line-1 located at head portlon in slldlng area is remarkable. Espe01ally
in the section between survey point 1/20 and 1/33, subsidence rate is about
12 em during the period from 16 December 1987 to 6 June 1988 in maximum, In
the Line~2 and Line-3 located at the middle and the toe portlon, respectlvely,

there is a general tendency of upheav1ng.



According to the measurement results of inolinometer and observation
of drilling cores, slide surface is probably formed about 25 m - 28 m deep

at the middle portion and'5.5 m - 20 m in the lower portion.

The findings based on the site recommaissance are as follows;
development of cracks is sporadically found in the head portion of
s8liding area, Upheaving parts are continuously observed on the road
at the lower portion, accordingly the toe portion boundary of the main
sliding area is clearly identified. If is observed that in the main sliding
area, subsidence  at the upper porition and wpheaving at the lower portion
have been taking place Judging from the shape of eracks and deformation of
building. Iﬁ the adjacent area of eastern boundary of main sliding area, .
although buildingsdeformatién is widely observed, subsidence or upheaving
due to sliding are not found. Therefors, building deformation in this

area is probably caused by main landslide,

Considering the present condiltion mentioned above, the landslide
movement appears to be developing continuously. Therefore, detailed
study and investigation are reguired to establish measures to stabilize

the landslide permanently.



%.3% Mechanism of Landslide

(1) Area and Zoning

In the landslide area tonsion cracls occur in the upper part and
upheavings take place at the tip part. Through detailed tracing in-situ
of tension cracks and upheafing in the natural slope,. the area of active
zone of lahdslide is identified as shown in Figure l. In addition, three
influenced zohes are observed, Iﬁ these zones at presént distribution of
tension ecracks and upheaving is not obvious; however, in future, those
influenced zones will be possibly developed to active zones due to inter—
related force. This possible development will be checked in subsequent
investigation, Influenced zones exist in eastern side, western side and
northern side to the main sone and particularly the eastern side'is 200m
from the main zone, where deformation of houses is observed, Active zone
exists in 450 m in width from east to west as a whole, Active zone is
assumed to comprise two blocks, western block and eastern block in view
of different length. The condition of landslide of each zone is described

helov,

(a) Western Block : width 300 m, length 330 m, area 10 ha,
depth 30 m. This blocl: bears the largest scale of movement

associated with minor block on the upper part,

(v) Bastern Block : width 150 m, length 230 m, area 4 ha,
depth 15 M,

{c) Entire Active Zone (sum up of western block and eastern block) :

width 450 m, length 330 m, area 14 ha, depth 30 m.

(d)_In the eastern side influenced zone, the upper limit of
(southern limit) of landslide area is bordered below the
lower location, the French Drain Channel, 32 m in
elevation, wheve deformation is not found. Judging from
the scale of plan it is assumed that the depth of landslide

mass is less than holf of western block of acitive zone.



(2) Distribution of glide surface and scale of landslide

According to the previous test boring carried out in the lower
part of the westernm block of the active zone, géological composi tion
consists of following three layers, from the ground surface to the below,
pyroclastic flow {clastic besolt with minor talus), tuffaceous mud layex

and basalt lava. (Fig. 2)

Basalt lava in the lowest layer is stiff and fresh, thevefore it
is regarded as a base rock, Tuffaceous mud layer overlying the basalt
lava consists of c¢lay with a 1little rquantity of volcanic breccia. As a
shearing propexrties, cohesive stirength C = Of /mz, interfrictional
angle § = 9,5°% were measured. (Lzboratory test was carried out in the
. University of Mauritius). Thiclmess of its layer is estimated from
3m to.7 m, in the upper part of slope. Along with the slope it increases
in thickness, This layer is an impermenble one, Pyroclastic flow which
distributes the upper part of the ground is mainly composed of angular
gravels with ashy soil except for the local part showing the lava condition,
Tts thickness is 8 to 20 m and it carries with loose and high permeable

condition.

Sliding surface is principally formed along with the top of the
tuffaceous mud layer. -in the neasurement of inclinometer in the bore-
holes, like-wise, the sliding surface is confirmed near the level of the
fuffaceous mud layer. The surface of this layer lies nearly levels 1%,
means that its area is located in not the tension zone {driving zone) but

the compressive zone (passive zone),

Based on the. plain distribution arnd typical section, scale of

landslide is summarized as follows:

(2) Area of tension zone spreads widely in the location of
school and its upper area.
(b) Main driving force of ithe western block takes place in
the flat area of the old reservoir location.
(¢) Average depth of landslide mess is estimated at 20 to 25 m,
therefore its volwae is estinated at 2.0 to 2,5 million m3
in the western block of active zone., On the other hand
in the eastern bleck, its volume is estimated at 0.5 to

0,6 m3 on the assumption of the average depth of 15 m.



(d)

Conseguently, volume of landslide mass of active zone
is estimated at 2.5 to 3.0 million m3.
Compreésion zZone (upheaving zone) ranges from MGR Leen
Avenue to Mootoosam& Street where many houses locate

very closely.

All engineering views are formulated through the short-
term survey and study in the limited time, Therefore
it is recommended further detailed investigation will be

carried out for confirmation.



(%) Rainfall

Mauritius has a tropidai maritime climate 'having summer season
from December to April and winter season from June to September. During
summer season it is warm and humid, while it is cool and dry during

winter season.

Pbrt Louis is 1ooateci in drier part of Mauritius with annual rainfall
of less than 1000 mm. Sometimes the amount of rainfall can be very large
in certain period but usvally rainfall concentrates in one or two months

during the period from December to April.

At La Butte Station there were 6 days with rainfall greater than
20mm pér day during the period from January to August in this year.
E‘xtreme: value of 24 hourly rainfall was 187 mn on 18 January 1985 at
La Butte,

(4) Groundwater

Groundwater is one of the causes for landslide movement.

The northern siope of Signal lMountain has very pervious geomorphology
and therefore rainfall infiltrates into the ground and supplies the ground-
water around the surface of tuffaceous muddy layer. Thus stored ground-

vater is assumed one of the main causes of the landslide at La Butte,

In the landslide area there are apparently two zones, one is very
pexvious and the other is impervious as described in (1) of this chapter.
‘Hovever there are no growndwater out-springs nor wells and groundwater
level is not cleé.rly measured in boreholes, Therefore further detailed

investigation for growndwater will be necessary.



(5) Possibility of movement in future

Iﬁ the tension zone the scale of dioplacement in the past is
assumed to exceed 50 cm in width, more than 15 mm per year on the
average, This assumption is due to the fact that the width of tension
crack in the head part of sliding area amounted to 50 om at least in

the past 4 years,

On the other hand displacement in the compression zone is assumed
relatively small. As a consejuence average velocity of movement in the

active stage in future is assuned %o be lom/day and/or less than that.

Rainfall and water leak through the old reservoir and pipe line are
possibly main causes of this landslide, At present reservoir has been
filled, in addition pipe line has been removed, Therefore sefious_
problem of water leak is avoided, However surface drainage system is
insufficient in the upper part of natural slope, quantity of groundwauer

infiltration increases in the rainy season.

In case much quentity of rainfall than uswal in this rainy
season takes place the possibility of dangerous sliding is anticipated.
Above all in the cyclone season tﬁe probability of this occurrsnce is
very high, Consequently in such cases close watch of s1ope movement 1s
" required, If the velocity of movement cones to 1 cm/day in mlnlmum
vdrning system should be talzen in the active zone and northern ad jacent

area about 100 m in distance.



3,4 Preliminary Stability Analysis

According to the field survey aznd review of geological data, the slide

surface is assumed to exist alons ihe surface of the taffaceous muddy layer.

The preliminary stability anolysis is made in the conventional slice

method along the typical section of Z, ¥ and G as shown in Figure 1.

The equation used for the stability analysis is:

FSe=(tanp @ -V)+CxL)/T

i

YWhere F S ¢ Safety factor
Normal force attributable to gravity of slices (t/m?)

Tangentional force attrlbuthnle to grav1ty of sllces (t/m )

-

Pore water pressure acting on slices (L/m

Length of slide surface (m)

"

Intemal friction angle of slide surface (degree)

O m g B =

Cohesion of slide surface (t/mz)

o

At tention portion, cohesion of slide surface is assumed about 2,0
‘t/m2 because vertical thiclmess of sliding mass is more than 20 m, At
compression portion, strength properties of muddy layer hive been measured,
=0 t/m2, by labo-test. Thus average cohesion of slide surface is
estimated to be 1,0 t/mz.

Pore pressure during rainy season is estimated to be high on the
assumption that groundwater level probably rises 1n avoul 8 metres abvove

the slide surface.
Internal friction angle coan he estimzted with the formwla for
stability analysis under the following conditions:

- saflety factor against londslide is 1.0 before occurrence

of movement
~  Cohesive strength is 1,0 t/m2 on the slide surface

- wit weight of the sliding mass is 1.8 i/mB



Pactors of sliding mass such 5 T, H, I and U, and internal friction

angle are estimated as follouws:

Section ‘ P 3 L ' U
B 1776.68 11,104.11 355.47 2600
F 197500 11,324.09 320,21 242%
G 668,48  4,025,63 208,60 736

Internal friction angle
B tan f = (1776.68 ~ 555.47) / (11,104.11 ~ 2600) = 0.167

F  tan # = (1975.00 — 320,21) / (11,324.09 - 2423) = 0,186
G tan P = { 668.48 ~ 208.60) / ( 4,025,653 - 7T36) = 0,140

i

t

It has been known that drawdown of wéter level is well effective for
restraint against landslide, The analysis indicates that the safety factor
increases as follows when water level is lowered by about 2 m from high

water level,

(0,167 (22,104,11 ~ 1920) + 1.0 x 355.47) / 1776.68

B FS = = 1,063
F  FS = (0,186 (11,324.09 - 1788) + 1.0 x 320,21) / 1975.0 = 1,060
G FS = {0,140 (4025.63 - 348) + 1,0 x 208,60) / 669,48 = 1,080

Drainage wéll work will be considered to be effective in order to-

lover groundwater level.

However in most cases to lower groundwaier level by moreé than 2 m

in a short period is rather difficult,

In case safely factor for landslide protection works is more than
1.10, resisting force neceded in order to stabilize landslide movement is

as follows:

B P = (1,10 - 1,063) 1776.68 = 65,74 t/m
F P =(1.20 = 1,060) 1975.00 = 79.00 +/m
G P=(1,10 - 1.080) 668,48 = 13.34 t/m

From the above, steel pile works will be recommendable in addition

to the drainage works mentioned above.



4., HMonitoring

4.1 Method of Monitoring

(1) Objective of Monitoring

It is important to establish warning and evacuation system to
prevent damages to inhabitant from londslides. Therefore a monitoring

system is regquired to monitor landslide activities.

It is proposed to introduce an extensometer for simple measurement

as urgent measure of monitoring.

However as a result of further detailed investigation more accurate

system might be introduced in addition to an extensometer,

(2} Measuring Items ond Insirunent

In addition to recording of roinfall by rainfall gavge and observation
of deformation of the ground by sﬁrvey end deformation of the underground
by inclinometer it is additionally proposed to measure displacement of the

ground by an extensometer as well as inclination of the ground by a tilimeter.

Observation of landslide activitles must be carried out after comprehen-

give analysis of data obtained from the above works.

Given hereunder are two measurement items and relevant instruments as

newly proposed.

Measurement Item Instroment Nos Remarks
ground displacement extensomneter 4 E- 1 -4
ground inclination ' tiltmetexr T T 1 -7

(3) Measuvement Interval

Given hereunder is an explanstion of measurement reading interval

of extensometer and tiltmeter,

(3) Extensometer

Measurement reading is once a week in case of small variation of value.



Hovever when there is large variation in measurement value as
described in 4.2 measurement reading must be done in an interval

as specified therein,

(v) Tiltmeter

Measurement reading is once a week if there is no large variabion
of measurement value, However if daily variation of extensometer

exceeds 2 mm daily reading of tilimeter must be done.

4.2 Warning, Evacuation and Release Standard

Simple warning and evacuation system which has been introduced
. during this study depends in principle upon measurement value of the
ground variation by extensomebter. Therefore warning and evacuation

standard is mainly classified according to the extensometer value.

(1) Warning evacuation standard

Warmning and evacuation standard is classified in four stages as

follows;
1st Stage (preparatory stage) d = “mn/day

R 2, 30mn/day
2nd Stage (warning stage) d 2 1 emfday
3rd Stage (evacuation stage) d 2 2 mn/hour
4th Stage (emergency stage) = 4 mm/hour

where, d : displacement
R ¢ amount of rainfall

(2) Measure in each stage

ist Stage : daily measurcment reading of extensometer

(Preparatory
Stage)
2nd Stage : switch-on of alarning equipment’
Warning ot
( Stage) connected to the extensometer (E - 1, 3, 4).

- daily patrol to chépk abniormal phencmena of'slopes,'

roads and housings,

Jrd Stage : to check whether the extensometer is
(Evacuation in proper measuring condition when alarming buzzer starts
Stage) to work because in this stage alarming buzzer is set fo

work automatically.
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- continuous reading of the extensometer when it is
confirned that alarming buzzer is forced to work due

to coineident proper function of the extensometer,

- commencement of evacuation of inhabitants from the
active zone, the influenced zone and the area about
100 m from the end-line of those mones where damage

is anticipoted,

4th Stage : continuous reading of the extensomeber
(Emergency

stage)

o

— road closing in the above-mentioned area.
- off-limit order for the active zone.

 ~ forecasting of sliding time according to SAITO's method
- (See Appendix 9 )

(3) Release standard of Werning and evacuation

Warning and evacuation is released in principle in an adverse manner

of the aforementioned, as follows:

Varning Releasing Stage Standard Warning Tightening Stage

Ordinary Stage

1t d 2z 2mm/day or
1st Stage R 2z 30 m/day v
(evacuation release) . 1st Stage
P d 2 lcem/day
2nd Stage U
{continued evacuation) 2nd Stage
1 ' d Z  2mm/hour
3rd Stage L
: 3rd Stage
A 4 z  4my/hour
4th Stage R
Ath Stage

However it is to be noted that in the ?nd stage of warning release
evaciation of inhabitants must be continued, and that evacuation of

inhabitants must be released at the lst stage.



5, HRecommendation

5.1 Urgent Measures

" Several measures should be contemplated to secure lives and assets of

inhabitants as well as public property from damages of landslides.
There are long-temm measure and urgent measure for landslide.

. Long-term measures require in advance detailed survey, investigation

and study before implementation which tekes time to some extent for completion,

For the landslide at La Butte it is important to establish a wamming
and evacuation system and to implement emergency protection works as urgent

measures which should be started before coming rainy season.

Given hereinafter are urgent measures vhile warning and evacnation

system is as written in the Chapter 4.

For stabilization of %the landslide at La Butte it is very efficient to
lower the groundwater level. Therefore it is important to prevent infiltra~
tion of rainfall into the ground vhich will supply groundwatex. As well it
ig important to drain groundxora{:er immediately from the landslide area.
Teldng into account limited cllowable time the following is proposed as a

possible and efficient measure.

It is consiruction of surface drainage ditches of which work jitems are

as follows:

(1} Bottom lining of the existing ditches in the mountain slope
with asphalt or vinyl., _

(2) Bottom lining of the French Drain Channel with concrete,
asphalt or vinyl.

(3) Prevention works for rainfall infiltration into - tension
cracks with vinyl or clay, _

(4) Maintenance and repzir works and water 1eakagé prevention works
of ‘the side ditch as well as water diécha.rging to non-landslide

" area by the side ditch of Mgr. Leen Avenue, Lime Street (Dickens

Street - Andrews Street) and S, I*Iooto_oéamy Street.

(5) Maintenance and repair (possible by vinyl lining) of the side
ditch and water discherging to non-landslide avea by ditches

along the roads above 55 m elevation from the sea level.



5.2 Further Study Plan

Since this study is so called as preliminary one, there are uncertain
issues to be confimmed through the detailed investipgation. Required contents
of detailed investigation are as follows: Please refer to Fig. 1 regarding

the location.

(1) Topographic Suibvey

To carry out in order to confiym the accurate shape of

landslide morphology.

(a) Plain survey, Scale = 1/1000, in the relevant area 20 ha,

(b) Profile survey (cross section) 4 measurement lines,

{2) Installation of Landslide instruments

(a) Extensometer. 2 nos. each measurement line in active
Zone and 5 nos. in the residential area, Total 11

instrunents.

(3) Geological survey including the groundwater prospecting work

Geolngical composition, especially the layer of slide surface

is confirmed, and condition of groundwater is made cleax.

(a) Core drilling 18 holes, approximately 430 m long in total.
10 holes are used for the groundwater prospectings.

Sirainer pipes are placed,

8 holes are used for the installation of inclinometer,
(b) Groundwater prospecting in boxeholes

This is carried out excluding the holes for the installation

of inclinometer.



5.5 Long-term Measure

The landslide has been teaking place at La Bubte which is located in
the residential area of Port Louis, capitel of Mauritius. Therefore it is

very important to stabilize the landslide with long—term stability measures,

In preparing a plan for long-term stability meaSuies it is necessary
to carry out in advance detailed investigation for landslide morphology,
geology, eroundwater, landslide movement and those respective observation.

And subsequent analysis and design works are required.,

Given herein are 3 long-temm stability measures which is assumed the
most effective. The landslide ab la Butte basing on the result of the
field survey and preliminary study of this time as well as the previous

studies and investigations.

They are cqnstruction of dfainage wells with horizontal drainage

boring; steel pile works and counter weight embankment.

The following are to be noted,

(1) Drainage well

Water drainage well is considered effective to lower the ground—

water level,
Intermediate well will be regquired due to long drainage boring.

Main feature is as follows:
VYater drainage well : 3,5 m in diameter and
' 20 n in.depth
Intefmediate well - : 3.5 m in diameter and

15 m in depth

(2) Steel pile works

Steel piling works is considered'effective to encounter large
force by landslides. Steel pipe must be placed in the compression
zone through the slide surface, steel pipe will be 35 em - 40 cm
in diameter and 20 m ~ 30 m in length.



(3) Countexrweight embankment

Counterweight embankment along the lower edge line of landslide
is efficient for most cases of landslides,

It is recommended that counterweight embankment will be consbructed
at the evacuated places of YAMAHA Trading Building and Al Madina
Mbsque. -

It is anticipated that 011 of the above three.measures will be required.
It is apparent that independent implementation of those three measures in
terms of'construction'year will still contribute to stabilization of the
landslide in each stage. In undertaling those measures, each construction
method, coordination and vork guantity should be determined incorporating
the result of further detailed study.



Appendix 9

SATTO'S MRTHOD OF FORECASTING THE PIME OF RUPTURE

1, Creep - Rupture Phenomena of Soils

In case of creep-rupture test with soil specimens, an application
of stress leada first to a period of transient creep followed by creep
with steady - state rate and then it tums to accelerating stage, finally
leading to failure, These three stages ave usually termed as prlmary,
secondary and tertiary, as shown in Fig. 1 (a).

In case of model tests of slope failure by artificial rainfall, the
primaxy creep does not appear, but the secondary creep can be seen, directly
followed to daily variation of creep, and the tertiary creep range is rather
small as shown in Fig. 1 (b).

Actual slope failure or landslide is similar to the case of model test
with no primary creep range, but the teriiary creep range is vexry. large
especially regarding total strain and strain rate, as seen in Fig, 1 (cj.
2. Saito's Forecasting Method

. Fox forecasting the time of occurrence of rupture of landsiides, the
Saito's method based on creep theory is often utilized, apd many successful

examples have been reported. The general formula of the method based on
creep theory is given by eguation ?e

log tp =.a ~ b log § eevoenane (1)
where, tr : creep — rupture life,

£ : steady - state strain rate,

a,b ? constants,
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Fig. 1 Typical expression of various
creep — ruplure curves



Phrough full-sacale slope failure tests, Dr. Saito found that strain
measurement of slope surface is the most effective as forecasting factor.
It was tummed to creep-rupiure tests in laboratories as phenomenological
approach., The results are shown in the forecasting diagram indicating
inversely proportional relationship belween steady—state strain rate and
creep-rupture life as shown in Fig. 2. This relationship was examined
with actual slope failure wrecords and verified effective to forecast the
rupture 1life as shown in Fig. 3. Furthexrmore, Dr. Saito found, throusgh
the case study at Asamushi Landslide, that the inversely proportional
relationship can be extended to the textiary oreep range with some modi-
fication, that is called as graphical analysis and explained with the
direction of arrows in Fig. 4. Fig. 5 shows the result of application
of this method Yo Asamushi landslide in Japan,

Thus, the Saito's forecasting method based on creép — rupture
characteristics has been established and is expressed as follows:

In the secondary creep range, rupture life of slope i& found in
the forecasting diagram (Fig. 2) or calculated with the following formula

J-Oglo tr = 2.35 Lad 0:916 10&0é -'t 0.59 coecsav e (2)

where, tr 3 creep-rupture life, in minute.

£ : steady-state strain rate, in x 10—4_ pexr minute.

In the tertiary creep range, a following logarithnnc formula is
applicable as an empirical one

t -_h‘v"t H
8—80 = Alog H eoe--.l-.(E)
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or :
Al:lﬁlogm sossbvo0 (4)
tr - %
where, tr : creep - rupture life left before failure,

to ¢ reference time,

E- ¢ strain at optional time,
£o t strain at tg,
Al-=€. 1 : relative displacement
A : conatant

Rupture 1life before failure is obtained with the empirical logarithmic
formula {(2), (3), (4) by calculation, by graphieal analysis or by plotting
on sSemi-logarithmic graph applied with measured values,

It is, therefore, advisable that the time of initiation of rupture
is roughly estimated with steady-state strain rate in the secondary creep
range, and closely estimated using substituted logarithmic formula ( 3) or
(4) in the tertiary creep range. Besides, the estimation method in the
secondaTy creep range may be used for forecasting in the tertiary creep
renge as rough estimation, but warning should be paid to be in danger side
vithin one hour before. failure.
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Technical Study on the La Butte Landslide

In response to the reguest made in June 1988 by ‘the Govermment of Mauritiuns
for a comprehensive study of the landslicde at La Butte, the Japenese Government
despatched to Mauritins from fhe 6th ~ 19th September a technical mission to
undertake a preliminary study. The technical mission was headed by Pr Watari,
President, Japan Landsii&e Society 2nd consisted: of the following members:

Vr. Hideski KOBLYASHI

Vice Director, River Rempart, Kinki Regionzl Con-
struction Bureau, MNinistry of Construction

¥r. Faszaki NAKAND

Deputy Direcior, Slope Protection, Sediment Conirol
Bepartment, River Burezu, Ministry of Construction

Mr. Senju IKEPA
Consultant, Ceologist
Yir, Okichike KUROKEWAL
~ Ieputy Chief, Technical Section, Sabo Techniczl Center

2. e objectives of the mission were as follows:

1) To examine the mechanism of the occurrence and movement of the

landslide by means of field survey and datz obtained,
'2)  To make 2 plan for urgent landslide protection works,

3) To-establish a temporary werning znd evacuation system in emergency,

and

4) To advise an outline of detziled survey and landslide protection
works for long-term stebility in the future.

3. During their stay in Mauritius the mission carried out a field survey,
installed monitoring equipment, and held discussions with representatives of

the Kinistry of Local Government and other departments/organisations concerned.

Ak A



e The Mission submitled at the end of its assigoment a repord cohtaining

recoumendations relating inter alia to

(i) the setting up of a warning and evacuation systenm
(ii) execution of urgent landsiide protection works
(ii1)  the need to conduct a detailed investigation (topographicai;
geological , gecmorphological ete) of ithe avea with a vievw to
the preparation of a long-term stability programme foxr the

ared.

5. The discussions beiween the Japanese and the Mauritian sides took place

in an atmos?here-of cordiality'and-friendship characférizing the good relations
thet exist between the two countries. The Mauritian side was appreciative of
the work done by the ifechnical m;ss;on and felt tnat furtner cocperation between
the two Governments would bring about a solution to the landslide problem at La

Butte.

6. In wiiness vhereof the Mission and the Government of Mauritius have caused

this document to be signed on the 19th September 1988 by their respective

representatives.
(hr. 2 Honore) N (Mr. H. Xdbayashi) '

Permaznent Secretary for Jr. ¥. Yzteri
¥inistry of Tocal Government Leader of the Hission
" Japan International Coope-

ration igency
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Mauritian Side
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Mr.

R. E. U, Honore
Permanent Secretary, Hinlstry of Local Government

Rn HOS&DY
Prlncipal Assistant Secretary, Ninlatry of local Govermment

H, Jeanne

Administrative Officer, Hinistry of local Covernment

C. Hurrea i
Principal Bngineer; Ministxy of Works

S, Gooljar
Civil Englneer, Hinistry of Hb*ks

J. Shimada
JICA Expert, ﬂlnistry of Horks

B. Kistnasamy

- ANNEX I

Principal Economist, Ministry of E Beonomic Plamming end Development

Seeraz

Land Surveyor, Minlstry of Housing, Lands and the Environment

R, Tegelly
Town Clerk, Hunlcipality of Port Louls :

G. Lefobure .
City Englneer, Hunlc:pality of Port Iouis

C. Ng Tung Hing
Acting Deputy City Eng1neer, Munlclpality of Port Louis

A. Chan Chlm Yuk

Lecturer, School of Industrial Technology, Unlversity of Hauritlus

V. Proag
Principal Bngineer, Central Water Authority

K. R. Vaghjee .
Assistant Ddrector, Heteorologlcal Services

" Japanese_Side

1.
2.
3
e
.

‘DI'.

Hr.

Mr.

Mr.

 Mr.

Hasaéukaiwa%éri -  Leader of Study Team

'Hideski Kobayashi -  Sub Leader
Maseaki Nekano - Member
Seijﬁjikéda . - Member

Okichika Kurckewa - Member
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AR R 2.

Terms of Reference for a Leam of Bxperts for landulide at La Butte

1. Backeround Information

A large slow-moving landslide is causing extensive building dawmage in the
Ia Butte area, When the problem was first identified in sarly 1987, the Goverpmer
sought the services of foreign experts to make a preliminary assesament of the
extent, causes and risks of the lundslide, The Overseas Developmant Administratic
{ODA) egreed to offer the services of Mr, Ian Longworth, geologist, Building
Research Establishment Department of the Bnvirenment, UK foz the prediminary atud:

It 1s now established that the landslide extends 600 p sideways from Qrange
Street to Dickens Street. It extends 400 m up the glope of the Signal Hounbain,
The toe lies along Brabent and d'Bntrecasteaux Streets and terminates upwards
in tension cracks about 500 m long. :

In his reports to the Government of Mauritius, Mr. Ian Longworth wmade & numbe
of recommendations te reduce the risks of the landslide. All these recommendatior
have boen implemented. . Thezae include

{a) the displacement of water mains that go through the area
8long safer alignments;

(b) the closure of the primary school "Bcole da 1a Montagne";
(¢) the cleaning of all catchment drains and opening of new drains;
(d)' the sealing of tension cracks to prevent ingress of Water; and

(e) thg.installafion of inelinometres to monitor the movement of
th{tidzndndide, :

The siudy conducted by the British Expsrt has been in terns of geological
agsegsment of the nature, extent and damages that may be coused by ths landslide,
This study needs now to be followed by a global research by & multi-disciplinary
team of erperts in order to ehable the elaboration of long-ternm planning and
phlicles for the area, The need for further Lechnical studies has also been

_indi€ated to the CGovernment of Mauritius by Mr. I.Longworth who, in,a report had
recommended that a comprehensive geotechnicalistudy of the landslide and design o
romedial works for long term stability be carried out by consulting engincers of

- international standing.

2. Objéctivcs of the study

The objectives of the study are to provide an understending ¢f the mechanisn
of the landslide and to prepsre the landslide protection plans for subsequent
implementation. The objectives of the .study shall ba, in the short term, t¢ prov
prlans for urgent landslide protection works and in the long term to woxrk out appr
priefe schemes for long term stability of the erea,

3. Scope. of the sfudy

The atudy ahall.include, but not be limited to, the following:

(a) to take cognizance of available data, results of surveys
and. previous reports on La Butte;

(b} to undertaks gite investigation and ecarry out surveys as
nay be required; ’

(¢) to carry out works and to install appropriate oquipment te
monitor the landslide;



(4) to establish guidelines for monitoring of the #oil movement;

‘s)} to prepare appropriata design for long term and short term
- land yrot~ction works;

\f) 6 mixce recommondations Lo fubure land usae for the area; and
(g} to carry out atability analysis of the area in order to
svaluete protection works.

‘4,  Iurailon of the study: fThe duration of the project shall be for a period

of one year -as follows:
.Inception'Work ' s 1 month
Field Investlgation : 3 months

Honiforing & Analysis : 8 months

5. Expertise Input

For the purpese of the study, foreign sxperts shall be required &s follows:

(s) One landslide Engineer and Team Leader ~ 9 m/m

(b) One Englneering Gaologist - 5 n/m
(c) oOne Civil Design Engineex - 5m/m
(d)_ One Constructioﬁ Planner - 5 n/m
(e) One P.oject Economis® - % n/m

6. Covernment of Mauritius Contribution

(1) 7To nominate a counterpart group including & project coordinttor,
enginesrs and surveyors;

(ii) To arrange for the foreign exports all necessary immigration
. procedure such as entry, stay, exit and work permits and exempt
. them frok income tax and charge of any kind imposed om or in
connection with the ¥iving allowance remiited from abroad and
from import and export duties imposed on their personal effects,
and inatrument and materials necessary for the services;

(111) 7o provide a sufficient and sultable office space durlng the
period of the services;

{iv) Yo provide official vehicles with drivers for executivn of the
services;

(V) To provids available documonts, such &s raports, draw1ngs, topo—'
graphie maps and other relevant data and information;

{vi) "o provide facillties for field aurveys;
(viif The Hinistry of Local Government wil be responsible for the pr01°r+
7 . Re EOI"t

Inception Report, Interim and Draft Final Reports shall be prepared 'nclua'“ﬂ
ocecasionnl progreas reports as may be required,
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LANDSLIIE AT 1A BUTTE

The geologist Longﬂorth report had recommerided an extensive stddy at the
site of labutie where an important land slide has affected the whole area;
For this reason, Yesterdsy a tesm of expert has errived from the

Japan In¥ernational Coperstive Authority for a survey of two weeks. Sinée
their errivels, they are expected to verify the extent of the disaster,

. after vhich they éhgll recommend -the approprizte measures to be taken for

]

lorg term. Also they shall define the precautions to be tzken in emergency
cese 2nd the possibility of using the land of that areas

£in snother team of experi is expected next week in order to start working

on recommendationse

‘le Heuricien
Wednesdey Tth September 1986.
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LANDSLIDE

JAPANESE EXPERTS FOR LANDSLIDE AT LA BUTTE

A team of Japsnese experts arrlved Mauritius begining of this week in order
to carried oul research in the regioh of La Butte.

The main objective of the project is’ to study the present poSitioﬁ at La

* Butte with a view to providing an understanding of the landslide and
prepariﬁg'the lzndslide protection plans Tor subsequent implementation.
This study will also set up measures to be taken in order %o assure the
stability of the 1ong torm site and will maka rGCQmmendation for ‘the:
utlllzatlon of the land in this region.

During their stay of two weeks, the experts, all from Japanese Agency of
Internatzonal Cooperation (JICA) will have working sessions with officials
~of the Mznlstry of Housing, Works and Local Covernment.

They will meet also technicians of the C.H.A as well as the officials of
" the Municipality of Port Loujs. The arrxval of this team follows the

- report carried out by the British Geologist who hes recommended further
technical studies of the site. '

['I‘hé recomnendation of this team will be executed by ancther team of experts

coming.from Japan next month,

Yesterday afternoon, the experts have visited the_Site accompanied by the
Minister of Local Government, Hr_Régis Finette, and other officials of

the Ministry.

L'EXPRESS 10 SEPTEMBER 1988
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MEMORANDUHN

Technical Study on the la Putte Landslide

In response to the request made in June 1988 by ‘the Government of Maurit.:
for a comprehensive study of the landslide at La Butte, the Japanese Governmen:
despatched to Mauritius from the 6th - 1§th September a technical mission to
undertake a preliminary study. fThe technical mlsslon was headed by Dr Watar:,
President, Japan Landélide'Society and consisted of the following members:

Mr. Hideaki KOBAYASHI

“Vice Director, River Rempart, Kinki Regional Con-
struction Bureau, Ministry of Construction

Mr. Masaalki NAKANO

Peputy Birector, Slope Protection, Sediment Control
Depariment, River Bureau, Ministry of Construction

Mr. Senju IKEDA
Coneulfant, Geclogist

Mr, Ckichika KUROK@WA _

Deputy Chief, Technical Section, Sabo Technical Centexr

2. - The bbjectives of the mission wexe as follows:

1)  To examine the mechanism of the ocourrence znd movement of the

landslide by means of field survey and data obtained,

2) To make a plan for urgent landslide protection works,

3) To establish a temporary warning and evacuation system in emergency,

and

4)  To advise an outline of detajled purvey and landslide protection
works for long-term stability in the future.

3.  During their stay in Mauritius the mission carried out a field survey,
installed monitoring equipment, and held discussions with representatives of
the Ministry of Local Government and other departments/organisations concerned.

K A‘?%



4.  The Mission submitted at the end of its assignment a report containing

recommendations relating jinter alia to

(1) the setting up of a warning and evacuation system

(i1)  execution ‘of urgent landslide protection works

(iil) the need to conduct a éetailed inwvestigation (topographical,

geological, geomorphological etc) of the awea with a view to

the piepa&ation of a long~term stability programme for the

alred.

5. The diszcussions between the Japanese and the Mauritian sides took place

in an atmosphere of cordiality and friendship characterizing the good-relatiu:s
that exist between the two countries. The Mauritian side was appreciative of
the worE done by'thé'iechnicél mission and felt.tﬁaﬁ fﬁrther cooperafion betwoen
the two Governmewts would bring about a solution to the landslide problem at La

Butte °

6. .In witness whereof the lMission and the Government of-Mauritius have cavses

this document to be signed on the 19th September 1988 by their respective

representatives.

(rstle

(Mx. R, Honore)
Permanent Secretary
Ministry of Local Government

7 Kobosgenie ..
(Mr. H. Kobayashi)
for Jr. K. Watari

Leader of the Mission

Japan Interﬁational Sogpe-

ration Agency
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