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ABSTRACT

This articlepresents certain techniques or strategies used to combat rock instability and which are likely to be carried out at
two sites: Bog Walk Gorge and Gordon Towrhe project is part of a technical cooperation between Martinique (General
Council and CAN) and aimaica (ODPEM, National Works Agency, Mine & Geology Department). In agreement with
ODPEM6s expectations, t hiree terhmicat redponseebutiadeiegm dransfes of Iteghnotogy don e
eventually cover the whole of the Jamaican tetyitor

Regarding the first stephe July 2013 interventioresccomplished a technical diagnosis of the 2 Jamaican sites, specifically the
definition of the types o(fandphe dégmrng iofoanwork glanrindpartnershig with thé i me
Martinican and Jamaican businesses. Based on the elements found in this first report, protection screen begks may

The next phases are more ambitious because they require-edongqvestment. Jamaican professionals must be trained in
order to ercute and maintain these security structuasswell as to manage rock fall riskdeed, through the technical
analysis of these 2 sites, the issue of rock fall risk management, covering the entire island of Jamaica, needs ted&address
transfer oftechnology will not be sufficient if a publwrganizatiorof rock fall risk management is not put in place to identify

risks sites throughout Jamaidaidgetthe protection screen worlprioritize theinterventionsande nsur e t he sc
monitoring and upkeegherefore, it is suggested thepublic agency, withat least some dhe above skills, be nominated to
manage rock fall risks in Jamaica. Regarding this point, assistance from the Martinican General Calthbiéwelpful. For
example, the General Council could host this Jamaican ageitbin its own cliff risk management departmeint order to

train the Jamaican actarsa minimum of cliff protection risk management and monitoring techniques.

Regardingthe work in Jamaica, a partnership between Martinican and Jamaican busseesasswise. It could be created
during the work on the 2 study sites, which would allow for a minimum of training in cliff work techniques.

Following this,in the short ternto ensure that the work continues, it is suggestddvor interventions such aghe manual
elimination of rockswhich can be implementesh many different sites at a low cost (reduced staff and material, technical
skills which are quickly learned). Themterventions although they concern only small volume rock fall, are able to treat
frequent eventswhich generally represent 50 #§ rock fall risk. An annual budget fothis type of work runs between
$100,000 an®300,000 and allows for significantérvention throughout the territory.

In the long termonce rock fall risk management is organized and established, large volume rock fall can be treated. This will
require much larger annual budgetg,(0,000 to $,000000 in order to establish, in Jamaica, businesses which specialize in
cliff drilling techniques.

KEY WORDS:rock fall risks, wire netsand screen protection, Jamaican/Martinican cooperation
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| - INTRODUCTION

Steep cliff zones are, by nature, potentialhstable: land slides from its own weight as soon as it loses cohbsidtiple
triggering factors existheavy rainf aahd preeenmtoadttisve measures (tree
regularly practiced in the Caribbean. RdeK, slides and collapses can block roads, dedshuiidings and kill peopleLand
movement risk encompasses several different natural phenortewaver, this report focuses on rdel risk with rockfall

(vol < 10 dm3),block fall (10 dm3 < vol < 5 m3and rockslides in nass (5 m3 <vol < 100 m3) afwt in large masgvol >

100 m3).

In Martinique,this rock risk concerns approximate&i® Km of road (15 Km
National Road + 35 Km Departmeral Road. Since 1990, after 2 fatal
accidents, significant resources were useiti¢ntify the sites at risk and to
complete300 cliff protection works. Ths hasconsiderably reduced the risk,
but it is unrealistic to believe that it can be completely elimindtedny
event technical skills concerning the building of protection works and their
maintenance in a tropical climatbave been developed iMartinique
Presently, these skillsare divided between different public semi
departments, specifically risk site managemand worls maintenance.
Private businesses are respbtesfor the construction of protectiomorks.

Figure #1: Map of rockfall risk in Martinique,along the General
Council és roads

«Rock block falb risk

In Jamaicathis hazard is also prevale with regular rock block fall and slides which affect the roads, including ones
receiving heavy traffic. There are no statistics available on these types of &s;omberis there an agenahich manages rock
block fall risk (identification, surveillanceyupkeepé ) In addition, no cliff protection work has been achieved, except on the
modern projects, such as the new highway betweéegston andMontego Bay (Highway 2000).

Through a cooperation project, exchanges have been established bglavériyue and Jamaica regarding rock hazards. In
agreement witlthe Jamaica®WDPEM ( Of fi ce of Di saster Preparedne,sckf and
protection techniques will be transferred so that, in an autonomous manner, cliffs may be pratestgubdh the whole of
Jamaica. During the first project phase, in July 2@ Bartnership with the Martinican General Council, the company CAN
and ODPEM completed site diagnosis missionTwo siteswere diagnosed and protection principles (types, ctisislines)

were defined. In addition, the Martinican and Jamaican companies were able to organize work tasks.

The following phase is ambitious and requires a long term investinerder to train Jamaican professionals and to organize
rock risk management throughout the entigmaican territory (risk zoneléntification, prioritizing interventions, work
mai ntenance and upkeepé).

The current report concerns the beginning oktproject with the July 2013 technical analysis of the 2 diagnosed &itap

Walk Gorge and Gordon Town The quantity of protection solutions was established, allowing for private businesses to be
consulted. In addition, costs were estimated for theksvthat will be accomplished within the partnership between the
Martincan company (CAN) and the Jamaican counterpart. These works imotkdblock elimination technical trainingo

that the Jamaican partners may reproduce this technique independently.
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Il - THE CARIB RISK CLUST ER ET ITS PARTNERS

I1-17 The Carib Risk Cluster

Cof i nanced by the Cari bbean | NTERREG program, the Carib F
respond to and prevent certain major risks in the Caribbean archipelago. To this effect, the project promotes efficesit pract
andjointly developed pilot projects. In order to achieve this, a network of professionals and partners with different expertise
being created.

In December 2012, a partnership agreement between the technical departments of the Martinican Generah€abecil
Jamaian Office for Disaster Prepamess and Emergency Management (ODPEM) establisinedyear collaboration. One

of the projects, chosen jointly by ODPEM and the Martinican General Council, is cliff protection through dynamic screening
techngues. This project regroups the partners mentioned below.

I1-27 The Partners

ODPEM, NWA (National Works Agency) andM GD (Mines and Geology Division)

These are Jamaican public organizations which intervene, respectively, in the domains of:
- Risk maragement and organization,
- Public works, mainly roads
- Geology

Martinican General Council:

The General Counci®72 is a Martinican local authorityvhich manages a road network @0 Km in which 35 Km are
susceptible to rock block fall. For motiean20 yeas, this local authority housesdepartment of engineers which specializes

in natural risks, particularly in land and rock slides dadty constructionsThi s depart ment 6s functi
along the roads, define the protection solusi, supervise the work and maintain/manage the protection constructions.

A total of 235 cliff protection structurs, representing an estimated valuel(@0,000,000, have been constructed along a
cumulatedtotal of 12 kilometers. This represents slightigre than a thiref the 35 kilometers olepartmentatoads which

are exposed to rock block fall hazards.

CAN Martinique :

CAN is a private French compargpecializingin rope access work, with numerous agencies around the,warlddinga 30
year gpesencan Martinique CAN works, in collaboration with the MartinicaBeneral Council, to protecbads within the
domains of:

- Desigring protection structures

- Protectionconstruction

- Structure maintenance

- Rope access work training throug®RMACAN.

Jamaican companies

In July 2013, threg@rivate Jamaican companigkentech, Explosive Sales altidac) met with their Martinican counterparts
in order to discuss a potential partnersg@AN + Jamaican compayThis partnership has ydb be defined.However, it
could be established during the work on the sitagnosed in July 2013.
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Il T DIFFERENT TYPES OF CLIFF PROTECTION AND
ORGANIZATION I N MARTINIQUE

Severaltypesof CIliff Protection Structures exist Martinique,wi t hi n a geographical context
reliefb,r ol e of water, soil typesé). The main techniques are:

1.1 T Risk reduction through manual elimination

This technique removes the small, instable fragments or compartidentified as potential rock fall generators. These
fragments or small blocksoften represent an important part of rock haZar certain sites, this technique treats0 % of
the total risk.

A Typeof hazard affectedSmallblocs (<5m3)pften veryfractured
For areas where the instable volume is greater, this techpigeedes thdéaying of cliff protection works Wire netting
screené)

A Princige :
Rope access technicians intervene within a possible departure area between blgckse®nei ner 6 s bastable o de't
rock mass which then falls to a cleared space (closed roc¢
A Interest

The risk is eliminatedThe advantages of thischniqueare its low cost (approximatel6$0US per day for a 2 person team)

and it is easily learned. Usually, it is the first action to take on a site with rock instability.

The amount of time needed for this work depends upon local weather conditions. The site must be regularly observed and,
when needed, rock elimination shdule repeated-or thesiteswhere thee is a larger volumef instability, this risk reduction
techniguas accompanied by other protection measuyscreens, wire nettiég .

Photos # 1 througB: Examples ofCANO s wor k on t he Mardtsi miocaalls Gener al Council




1.2 ¥ Wire netting suspendedor fastened

For medium volume rock fall, one solution is to faséewire netagainst the cliff, preventing material from falling or guiding
its fall.

A Hazard type Medium volume rock fall (1 t& m3)
The rockmassesire blocked before fallingThe type of nding will vary depending upon the estimated rock fall volumie
nets(bigger links)are used for block fall with a volume less tfam3. Whereas, wire ferieg (smaller links) is used for rock
fall volume less that m3.

A Principle
Wire netting prevents rock block from falling or guides its falie netis fastened on towith rock bolts drilled 2 to 3 meters
deep and connectedly cables which keep theet in place. The né$ unrolled in 3 m strips which are then stapled together.
Maintenance is necessary in orderemove rock block fall and repair eventual tears.

A Interest This method has marsglvantages
Reasonable cost (except in the cafsdifficult site access
Easily achieved in a short period of time
No hydrogeological characteristics need to be modified
Low visualimpact(covered with vegation)

~—h R~k —~H

The longevity of this solution is variable, around 30 yeardMaurtinique.
Partial teaing of the nefs possible if it is strongly solicited, but it is generall
easy,and inexpensiveotrepair.

Maintenanceis necessary to removeck block fall andto repair any torn
elementsThe defective ties and links must be repaired as quiaklthey are
noticed. A regular works verification is necessary (once a year).

Besides damage to thatructure,attention must be paid to the problem o
corrosion.

Photos #4 an&: Examples ofCANwor k on Marti ni can Gen
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