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Abstract
This research seeks to understand how gabion baskets work and how they were implemented at the Caratal River, Georgetown, St. Vincent. 

The Introduction and the Background
The researcher grew up in St. Vincent and the Grenadines, an island in the Caribbean and is currently studying Civil Engineering. 

GISGeography (2022) Describes the topography of St. Vincent as “rugged and very mountainous”. The highest peak is the active volcano La Soufriѐre at 1234 metres. With that, there are also many waterfalls and rivers. 

St. Vincent and the Grenadines is subject to two seasons, the dry season (November to May) and the wet/hurricane season (June to October). During the dry season, there are trough systems which cause flash flooding, heavy rain, rising river levels and landslides. 

In December 2013, an unseasonal trough system and accompanying torrential rain resulted in considerable river flooding, landslides, slope failures, and debris flows to St. Vincent (mainland). There was also extensive damage to roads, bridges, river defences and residential housing. The island suffered nine fatalities, and thirty-four injuries were reported. (Refer to Appendix A)

As part of the rehabilitation and reconstruction after this tragic event, and to reduce the effects that trough systems and the hurricane season have on the island, gabion baskets have been engineered at the Caratal River in Georgetown. 

Aim
· Were Gabion Baskets the correct choice for the Caratal River, Georgetown St. Vincent and the Grenadines?


Objectives
· What are gabion baskets, their uses, and their advantages? 
· What is the nature of St. Vincent, and how did it contribute to the problems that created the need/use of gabion baskets at Caratal River? (Get information from the terms of reference TOR/Appendix A)
· Using the drawings, what size stones were used in the gabion baskets? 
· Why is stone size important in engineering gabion baskets?
· What research is available on other rivers that have implemented gabion baskets to resolve similar issues as Caratal River?
· Based on that research, will the use of gabion baskets at Caratal River be successful?


Literature Review 

Introduction and Background of Gabion Baskets
A Gabion basket is a square or rectangular wire cage that is filled with stones. The stones that are used must be durable, of a high specific weight(dense), and have a good resistance to the elements (water, wind, snow). The wires/mesh of the cage are double-twisted into hexagonal shapes, as opposed to the original square, simple-twist cage. Depending on the environment the gabions will be placed, the wires can be coated with zinc or PVC.	
		
Gabion baskets were introduced to the world since ancient Egypt as a method to make different environments habitable but still aesthetically pleasing. They used gabion structures along the banks of the Nile River to protect their crops. (Civil Engineering Magazine, 2018)

Today, gabion baskets are used to stabilise shorelines, stream banks, slopes against erosion, retaining walls, temporary flood walls, silt filtration from runoff, small dams, river training, and channel lining. The use of gabions is much more predominant in today’s society as global warming has caused severe climate change resulting in floods and droughts. Flash floods result in a number of issues, including mass erosion of river banks, which gabions can be engineered to resolve. (AARSLEFF, 2022)

Gabions are prefabricated, and the flattened units are sent on site, where the boxy shape is achieved by fastening the different elements together. All gabion baskets must be laced to each other, both horizontally (those next to each other) and vertically (those on top of each other). Before the gabions are placed, a layer of geotextile must be put down on the soil surface. The geotextile is a semi-permeable membrane which prevents the loss of fine soils (from behind/under the gabions) but still allows water to pass through. Failure to use the geotextile will decrease the integrity of the structure. (Refer to Appendix B)

The lattice shape of the gabion allows even distribution of the imposed forces. The wire netting increases the tension on the structure, which will enable it to take any other loads which may not have been calculated when it was designed. Though the structure of a gabion may deform, it will not fail because it is still applying the same load to the soil; this is particularly advantageous when the land beneath the gabion is uneven or where deposition of soils may occur. 

Gabion baskets are permeable because of the empty spaces between the stone fill, which allows fluid movement. This makes gabion baskets the optimal choice for hydraulic systems as they are not highly affected by the pressure exerted on them, and they allow water to flow in both directions, thus remaining efficient. Also, installing gabion baskets does not require a change in the usual flow of hydraulic systems. 


What happens to a river, and why Gabion Basket Walls are used? 

A river is an active natural body of water that can change the pattern in which it flows. When the pattern of a river changes, it can destabilise the bank because the bank absorbs energy from the water. Erosion of a river bank takes place naturally as the water flow wears it away. The bank of a river can also erode due to floods, heavy rainfalls, strong currents of the river, deforestation, and housing near banking. Erosion can occur in two forms: bank scours and mass failure. In bank scours, the bank is eroded by the flowing water removing and carrying the sediment, while mass failure occurs when the bank slides and falls into the water. River bank erosion has severe socio-economic impacts, such as loss of homes, loss of land, and death; thus, it is important to create and implement solutions for an eroded/eroding river bank. (Adidti, 2020) 

When a gabion basket is utilized as a solution for stabilising an eroded/eroding river bank, it acts as a retaining wall. The Oxford Dictionary defines a retaining wall as “a wall that holds back earth or water on one side of it”. Retaining walls are designed to withstand lateral pressure of soil or to hold back the soil materials, liquid pressure and/or sand (The Constructor, 2021). 

Gabion walls can be designed using two different analysis methods: serviceability limit state design or ultimate limit state design; whichever design method is adopted, there are key factors that must be considered which would influence the stability of the existing bank or what may affect the gabion wall (Guan-Chyun and Cheng-Yung, 2011).

Determining the equilibrium of the wall is done in two parts. 
· External Stability, which includes analysis for sliding, overturning, and bearing capacity. 
· Internal Stability, which is the analysis of shear failure slope. 
(Peerdawood and Mawlood, 2010)


(I’m not finished with this part, but I feel like I’m going on a tangent -- I want to include some calculations/equations that are used to assess the forces)

(I am also not finding any information on the importance of stone size)


While gabions act as a retaining wall, they can simultaneously be used to widen a river channel. Widening or deepening a river to increase the volume of water that can flow in a section is known as channelization. Channelization helps water to move more efficiently and at a higher volume in times of a flood, which decreases bank erosion (Alberta Water Portal Society, 2013). Increasing the width of a river also decreases the chances of the river overflowing or reaching the height of the bank and its surrounding areas, which can have different effects based on what is in the surrounding areas. 


Methodology
Research on how gabion baskets aid in slope stabilization and widening river channels by lining and supporting the river bank will be obtained from (e)books and (e)journals. 

St. Vincent does not have much research available online or to the public regarding projects; therefore, information specific to the use of gabion baskets at the Caratal River will be obtained by informal interviews over the next few months with the Civil Technician who worked on site. The existing drawings and proposed drawings will also be used to deduce information on the river and how engineering gabion baskets is expected to make change. 

The research from books/journals will be used to make assumptions on whether using gabion baskets at Caratal River was a good choice by analysing results of similar case studies.

Studying the behaviour of the river in the occurrences of high rainfall is also another way to tell if the gabions have succeeded. This information will be obtained by contacting the relevant ministries and persons living close by Caratal River. Through the timeline of this assignment, if a trough system approaches the island or if there is heavy rainfall, it would be perfect to examine the behaviour of Caratal River, through video evidence from persons living close by. 

Start linking things from the lit review with the Caratal river to justify using gabion baskets and analyse whether it was the correct choice. For example, using drawings and aerial photos to show that houses are near the bank, which in the Lit Rev is stated as a contributor to erosion. 

(I am also not sure if I should include the case studies in my Lit Rev or in my methodology/results, as my objectives state that I would be using them to assume the success of Gabions at Caratal River. I was thinking that I can use stats to build a case)
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Section 7. Terms of Reference

101 The Govemment of St. Vincent and the Grenadines (GOSVG) has approached the
Caribbean Development Bank (CDB) for rehabiltaion and reconstruction of infrastrcture
‘damaged as a consequence ofthe December 24 0 25, 2013 trough event.

102 Over a 24-hou period between December 24 125, 2013, an unseasonallow-level trough
system moving westwards towards the Windward Islands chain, interacted with a mid 1o
upper-level trough system moving in asouth to north direction. Heavy preipitation, high winds
‘and thunderstor activity was generated along the castern boundary of the mid to upper-level
trough as a result o this nteraction. Peak rainfal ntensity occurred over the thre-hour period
between 9:00 pm. and 12:00 am. on the evening of Desember 24, 2013, Observed ranfall
accumulations ranged between 163 millimetres (mim) 10 312 mm at Belle Isle and Rabacea

dons in St Vincent. Rainful intensties were highest in the northeastern quadrant of St
Vincent with rainfal gauges in » [ of 278 mm per 3-hour
period.

103 The passage of the trough and accompanying torrental rainfall resulted in signifcant
iver flooding and landslide damage to mainland SL. Vincent. Nine futalities and 34 persons with
injuries were recorded. - Damage was susained on both windward and leeward sides of the

As a result of the exireme rainfal, flash flooding, slope failures and debrs flows

triggered by the December 2013 Trough Event, St. Vincent experienced extensive damage 1o
roads, bidges, iver defences, drainage, water ntake and distribation infrastructure, agriculure,

setlements and rsideatial housing. During the storm, a wotal of 21% of bridges on the sland
were affected, with 24 bridges (13% o all bridges) damaged and 14 bridges being compltely
destroyed. Estimated damage to bridges and roadways is approximately USD7.9 mn.

OBIECTIVE

201 GOSVG, in an effort to provide the necessary infrastructural support fo the economic
and social development of the project areas,is desirous of engaging qualified and experenced
‘Consultan(s) to be responsible fo the design and supervision ofthe execution of works firanced
by CDB, inclusive of the following:

(@) River Defence works at the selected sections of the Caratal River and the
‘arabagqua River along the North Windward:

() rehabiliation and upgrade of fecder rouds in the North Central, and North
‘Windward disrits and
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GABION ASSEMBLY
MANUAL

The information contained in this manual is produced with reference to SANS 1200 DK, and the
Colto 5200 series on gabions. Compliance with this manual ensures a well packed, structurally
sound, durable and attractive gabion structure that can be easily and quickly assembled by
semiskilled/unskilled labour.

1.  MATERIALS AND REQUIREMENTS BEFORE STARTING
This work shall consist of furnishing, assembling, and filling woven wire mesh gabions with rock as specified in the contract to the
dimensions, lines and grades shown on the plans, or determined by the engineer.

1.1 Gabions:

Gabions are manufactured with all components mechanically connected at the production
facility. Units are delivered to site folded and compressed in bundles weighing
approximately 800kg, and measuring approximately 2m x 1m plan and 0,5m in height.
Type and size determine the number of units per bundle.

The correct size and type of units should be delivered to the site. Ensure that the correct
sizes are selected for the different structures. For easy identification, bundles are coded
with coloured stripes, in different positions and orientations, to identify the sizes. For a
spraypainted | detailed colour chart contact your local Maccaferri Southern Africa office.
coloured stripes
1.2 Bracing and lacing wire and stiffeners for binding operations:
Lacing wire is used to assemble and interconnect empty units, to close and secure stone
filled units and for internal stiffeners. Sufficient lacing wire is supplied in coils with each
unit to enable assembly but addtion wire will be
required to interconnect gabions. All lacing wire
is Class A zinc coated. For PVC coated gabions,
PVC coated lacing wire is used. Ensure that the
correct type of lacing wire is available for use
with the required structure. To support the
facing and to connect the front panel to the back
panel of a gabion 3,4mm pre-formed bracing
wires may alternatively be used to the lacing
wire. They are available from Maccaferri

BINDING WIRE PREFORMED BRACE Southern Africa.

1.3 Geotextiles:
An MacTex N geotextile must be placed at each soil-gabion interface for
separation/filtration purposes. Ensure that the correct type, grade and
quantity is delivered to the site.

The MacTex N range of geotextiles has been developed specifically for

gabion related applications and is available in various grades for different
applications.

Ensure that the correct quality, grading and quantity of rock is available for the
completion of the works. Rock used should be clean, sufficiently durable and should be
obtained from a commercial crushing source or as per engineer’s specification. For
gabions, the rock should be well graded between 100mm and 200mm, and should have a
minimum Specific Gravity of 2,3.

Awell packed gabion ensures better performance of the gabion structure. Once filled,
gabions typically have a void ratio (e) of 0,3.
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1.5 Tools
To aid the lacing and bracing operations, the use of pliers to create tight joints is
recommended. Care shall be taken to avoid damaging to the wire coating. The teeth of the
pliers should be ground to a smooth finish. Do not use fencing pliers as they damage the
PVC and zinc coating. Care shall be taken when using crowbars for closing the lids as this
also damages the coating.

1.6 Gabion Construction Frame:
For ease of alignment of the structure, both horizontally and vertically, and to obtain the
correct lines and levels, the use of a gabion construction frame is recommended. The
frame further assists in minimising bulging during filling and ensures that the finished
structure is aesthetically pleasing.

Detailed drawings and dimensions of the recommended construction frame are available
from Maccaferri Southern Africa

1.7  Greening gabion structure:
Experience has shown that greening is most successful if integrated early on in the
design stage. Greening should not be undertaken as a post-construction activity as
certain products such as BioMac™ are incorporated during the construction phase.

For more information on how to successfully incorporate greening techniques, please
contact your local Maccaferri Southern Africa office for copies of our Soil Bioengineering

Training Manual available on CD or download from our website, www.maccaferri.co.za.

2. FOUNDATION PREPARATION
The foundation on which gabions are to be placed shall be level, and graded to the
elevations as shown on the project construction drawings. The foundation for gabions
shall be smooth, and free from surface irregularities, loose material, and vegetation, in
accordance with the project specifications. To facilitate the construction of battered walls
the founding surface should be sloped at a maximum of 6 degrees.

The foundation should be compacted to the engineer’s specification to ensure uniform
bearing capacity and minimise differential settlements. When founding on rock, a
concrete levelling pad and dowel anchors are recommended.

3. FLATTENING THE UNIT
The folded units shall be taken out from the bundle and placed on a hard, flat surface.
Gabions shall be opened, unfolded and pressed out to their original shape.

Diaphragm
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4. ASSEMBLING AND LACING THE INDIVIDUAL UNITS

Front, back and end panels shall be lifted to a vertical position to form an open box shape. Panels shall be fastened
together with the projecting heavier wire by firmly wrapping the selvedge wire around the selvedge or edge of the
intersecting panel, or back panel. Inner diaphragms shall be lifted into vertical position and secured in the same
manner. NOTE: It is esstential that the top cormers meet.

Secure the lacing wire at the top corners of the panels to be joined and laced from the top down. Lace the edges
using the double and single loop technique along the wire mesh openings. Allow for 100mm between loops.

Cut off a piece of wire approximately 1.5 times the length of the edges to be tied. The maximum length of the edge to
be tied at one time shall not exceed 1m. Longer edges shall be joined by several lengths of wire. All diaphragms are
pre-attached to the base with a spiral

5. PLACING GEOTEXTILE
Geotextiles prevent the loss of fines from the soil behind the gabion
structure through the rock fill and simultaneously negate the build up of
Mactex N Geolextie 4 . o e i
(Compac nesaopuRched) ¥ any water pressure behind the wall. The omission of the geotextile is
/ detrimental to the integrity of the structure as a whole.

Cut sufficient geotextile to line the structure along the soil-gabion interface
Place the geotextile on the prepared foundation, with the remaining geotextile
temporarily draped along the backfi

Place the gabion on the geotextile lined foundation. Ensure that the geotextile
is not torn or ripped during the placing and filling of the basket, or the placing
and compacting of the backfill

During construction, ensure contact between the geotextile and the back face
of the gabion structure. If required, tie the geotextile to the top of the gabion
structure to facilitate construction.

When overlapping geotextiles, ensure a minimum overlap of 300mm. In
hydraulic applications, ensure that the upstream section of geotextile overlaps
the downstream section of geotextile as indicated in the sketch.

FLATTENING
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6.  PLACING THE UNITS
Place a number of individually laced units side by side in

the required position. Care must be taken not to damage
the geotextile. Lace adjacent units together as described
in Section 4 of this manual at every adjacent edge to form
a monolithic cage structure.

Tension | Thereatter the units should be tensioned longitudinally

e using a fencing wire tensioner. The gabions should
remain under tension during the filing operation to allow
for good alignment and finish. Al gabion structures
should be aligned and constructed accurately using
standard engineering methods and procedures e.g. fish
lines, dumpy levels or formwork (Section 1.6). Alignment
should be done BEFORE the units are filed, as the units
are almost impossible to move afterwards.
NOTE: All Gabion units to be laced to each other on all
contact surfaces. Each layer of Gabion must be
securely laced to the Gabion layer below.

7. FILLING AND BRACING THE GABIONS
Only stone as specified in Section 1.4 of this document can be used for filling
of gabions unless otherwise stipulated by the project engineer.

Fill each gabion cell in 1/3 layers between which bracing wires are installed. A
minimum of four bracing wires per square metre of gabion front face is
recommended. These should be fixed at one third and two thirds the total
depth of a 1m deep gabion as shown in the sketch. For 0,5m high gabions,
bracing wires should be fixed at a height of 0,25m

Two complete turns from the coil of binding wire supplied (approximately 2,3 -
2,7m), is sufficient for each brace for a 1m wide gabion unit and
approximately 3,3 - 3,7m for a 1,5m gabion unit.

Thread the wire around two mesh openings on the front and rear faces of the
basket and twist the ends together at the middle and tension the brace.

This procedure should be repeated across all exposed faces of the gabion
structure.

Fill each row of gabions in stages when placing a number of gabion units next
to each other. Fill the entire row, except the last cell to a third.

Brace the entire row at 1/3 level before filling and proceed with filling the row
up to the one third mark. Again brace the entire row at the two third mark and
then fill the remainder of the cells to the top. At no time should the difference
in height of gabion rock between adjacent cells be more than a third of a
metre. This is done so as to prevent bulging of the diaphragms. If more
gabions are to be added to a row, the last cell in each row should be left
empty to facilitate wiring. To ensure a good finished appearance, all visible
faces should be hand-packed carefully.

Alternatively prefabricated bracing wires are available to expedite

Gabions should be overfilled by 25mm to allow for natural settlement of
the rock fill whilst keeping the top edge of the diaphragm visible so as to
lace it to the lid.
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8. BACKFILLING
Compaction of the backfill must be done simultaneously with every row of gabions
laid. Care must be taken not to damage the geotextile when placing and
compacting the backfill. Heavy compaction equipment must not come within 2,0m
of the gabion basket. Small hand held compaction equipment may be used

seecies | adjacent to the gabion basket.

and compacs

backfi

AG Geotextie
(Compact, needie-punchec)

9. CLOSING

Fold the lid down, stretch into position with the aid of a suitable tool

(see Section 1.5), lace the lid to the front, the ends and the top of the diaphragm as
per Section 4
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