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Foreword
This Landslide Management Guideline covers the range of
landslide hazards that impact the Ugandan road network.
Landslides and related slope instability pose significant
hazards to the community, infrastructure and economy in
most of the hilly and mountainous parts of Uganda. The
effective management of landslides in Uganda depends
to a great extent on the adoption of appropriate and costeffective standards that meet the needs of road users at
minimum life-cycle costs.
The purpose of this document is to provide guidance
to all practitioners on the recognition, investigation and
management of landslides and related slope problems on the
road network in Uganda. It is a Guideline and not a Manual.
It focuses on low-cost options for protection and stabilisation,
making maximum use of bio-engineering techniques. The
Guideline takes account of best practice developments in
landslide management that have evolved both regionally and
internationally in the past few decades. The Uganda National
Roads Authority urges all practitioners in the roads sector to
refer to the guidance set out in the Guideline. This will ensure
that a consistent, harmonised approach is followed in the
management of landslides in the country.
The development of this Guideline was guided by
professionals from both public and private sector
organisations, and was led by the Research and
Development Department of the Uganda National Roads
Authority. By its very nature, the Guideline will require

periodic updating to take account of developments
in landslide management options and to incorporate
climate change considerations. The Uganda National
Roads Authority would therefore welcome comments
and suggestions from any stakeholders as feedback on
all aspects of the Guideline during its implementation.
All feedback will be carefully considered by professional
experts in future updates of the Guideline.
On behalf of the Uganda National Roads Authority, I
would like to thank the Department for International
Development, UK (DFID) for its support towards the
development of the Guideline through the ReCAP
programme. I would also like to thank all our partners,
both local and international, who contributed to the
development of the Guideline. In addition, l would
commend all the roads sector stakeholders who
contributed their time, knowledge and effort during the
development of the Guideline.
It is my sincere hope that this Guideline will herald a new
era in the more efficient and cost-effective management of
landslides, especially those that affect the road network in
Uganda. In so doing, it will make a substantial contribution
to the improved sustainability of the road infrastructure in
the country.

Allen C. Kagina
Executive Director
Uganda National
Roads Authority
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Acronyms and abbreviations
AASHTO

American Association of State Highway and Transportation Officials

BS

British Standard

EN

European Norms

DCP

Dynamic Cone Penetrometer

DFID

Department for International Development

GIS

Geographical Information System

LAA

Los Angeles Abrasion (test)

LRMT

Landslide and Road Reserve Management Toolkit

MoWHC

Ministry of Works, Housing and Communications

PVC

Polyvinyl Chloride (plastic)

ReCAP

Research for Community Access Partnership

RC

Reinforced Concrete

RSJ

Rolled Steel Joist

SEACAP 21 South East Asia Community Access Programme (Project No 21)
SPT

Standard Penetration Test

UAVs

Unmanned Aerial Vehicles

UNRA

Uganda National Roads Authority

UV

Ultra Violet

WG

Weathering Grade (of rock)
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1 Introduction and scope of this document
Background

This Guideline

In 2019-2020, the Research for Community Access
Partnership (ReCAP) funded a research study in Uganda
with the aim of improving the quality of road infrastructure
through landslide management and optimisation of road
reserve use.

Landslides and related slope instability pose significant
hazards to the community, infrastructure and economy in
most of the hilly and mountainous parts of Uganda. The
most landslide-susceptible regions are Mt Elgon-Bududa in
the east, Rwenzori in the west and Kabale in the southwest
(Figure 1). Figure 2 shows the distribution of landslides
collated by Mbuga and Hearn (2020) from various published
sources as part of Activity 1 above. These landslides have
involved the failure of natural slopes; the map does not show
roadside cut and fill slope failures. However, earthworks
susceptibility to landslides is often greatest in the areas
of the country that suffer from the highest susceptibility
to natural slope failure. Furthermore, locations and entire
sections of the road network are directly impacted by
landslides occurring on natural slopes that affect the road
reserve from above and below, sometimes destabilising the
road itself.

The research study was originally divided into three Phases:
Phase 1 was a Scoping/Feasibility Study; Phase 2 covered
data collection, investigation and analysis; and Phase 3
included study implementation. In the event, Phases 2 and
3 were combined into a single phase (Phase 2) to address
a shortlist of key activities defined and agreed at the end of
Phase 1. These included:
1. development of a GIS layer of published and known
landslide locations along with published landslide
susceptibility maps, and comparison of the two
(Mbuga and Hearn 2020);
2. development of a Landslide and Road Reserve
Management Toolkit prototyped under Phase 1
(Van Oostenrijk 2020);
3. field investigations to determine the extent to which
bio-engineering and related low-cost techniques of
slope stabilisation and protection might apply along
the road network, together with community discussion
where appropriate and training of UNRA (Uganda
National Roads Authority) station managers and their
site engineers in the use of bio-engineering techniques,
to the extent that this was possible within the time
constraints of the programme;
4. development of a guideline for bio-engineering and lowcost slope stabilisation in the road sector.
This Guideline addresses Activity 4 above and draws on
some of the findings from Activity 3 in the process.

The purpose of this document is to provide guidance on the
recognition, investigation and management of landslides and
related slope problems on the UNRA national road network.
It focuses on low-cost options for protection and stabilisation,
making maximum use of bio-engineering techniques to
address shallow soil slope instability and erosion. Deeper
slope instability problems, as well as those involving rock
and not soil, are considered in terms of more conventional
civil engineering approaches that are less likely to be
low-cost.
The Guideline commences with a summary of landslide
causes and mechanisms in Uganda and illustrates the typical
impacts that they have on the road network. It discusses
approaches to route selection and the design of crosssections for new roads. Nevertheless, the emphasis is on
the control of slope stability problems along existing roads,
and how to combine geotechnical and bio-engineering
approaches in the development of solutions. It also covers
community extension activities because so much of the road
network is located in rural areas where there are sometimes
conflicting demands on the use of land.
This document is a Guideline and not a Manual, and the
details of the bio-engineering techniques presented may
need to be reviewed as progress is made in their application.
The design and construction of any slope works will require
thorough site-specific investigation.
While the Guideline does not specifically address climate
change considerations, it will be important to consider the
forecast trends, particularly with respect to rainfall patterns,
in all UNRA operations relating to slope and drainage
management. These trends include increased inter-annual
variability in rainfall, increased rainfall during the dry season
and a probable increased frequency of extreme events,
generating floods and landslides.
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Figure 1: Landslide susceptibility map of Uganda (from Broeckx et al. 2018 with landslide locations taken from Figure 2)

This map can be examined as a separate layer in UNRA’s Landslide and Road Reserve Management Toolkit, (Van Oostenrijk 2020) developed under
Activity 2 (as listed on the previous page).
Figure 2: Landslide distribution map (from Mbuga and Hearn 2020)
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Table 1 summarises the topics covered by this Guideline and
identifies why they are important to the management of the
road network. One of the most important steps in any slope
management programme is to be able to identify landslide
areas and sources of landslide hazard. Understanding
the causes of landslides is the key to finding a sustainable
solution. New road alignments must be designed in such
a way that landslide hazards are avoided or minimised,
and cross-sections should be designed according to the
topography and the materials exposed. Techniques of
landslide investigation and mitigation are dependent on the
type of landslides encountered. The investigation should
determine the depth of movement, its cause(s), mechanism(s)
and rate(s) of displacement, and this information is used to
help identify the correct course of action to take. The aim is
to maximise the use of low-cost and sustainable approaches,
working with roadside communities for the benefit of all
stakeholders. This document provides guidance on all these
topics and Table 1 indicates where in the text this guidance
and related details can be found.
The standard details, bills of quantity templates and
additional specifications provided in Annex 1 and Annex 2

Introduction

How to use this Guideline
to this document are indicative and should be used with
discretion. The Additional Specifications in Annex 2 should
be read in conjunction with the General Specifications for
Road and Bridge Works (Ministry of Works, Housing and
Communications) dated January 2005. These Additional
Specifications should be used where the work includes
requirements for slope stabilisation and bio-engineering.
They are referred to as Series 8000. They should be used in
preference to any apparent duplicate requirements given in
the General Specifications, though the latter contains other
topics and should be read in conjunction with this Guideline.
Annex 3 contains additional notes on the use of bioengineering techniques, and Annex 4 contains the LRMT
checklist used for landslide data collection by UNRA station
managers.
To help you with the navigation of this Guideline, you can click
on the section tabs located to the right-hand side of each page.
The home button at the top-right will always take you back to
the main contents page, which also contains interactive links to
each chapter section. Also, figure, table and section numbers
that appear in bold text, as well as references underlined, are
clickable links.

Table 1: Topics covered by this Guideline

Section
reference

Topics

Why should this Guideline be used?

Landslides as terrain
features

To understand the causes and processes of landsliding on the Ugandan
road network

Refer to Section 2

Road alignments

To understand how best to align roads so as to avoid landslides

Refer to Section 3

Road cross-sections and
earthworks

To understand how best to design roads so as to minimise landslides

Refer to Section 4

Cut slope geometry

To understand how best to design road cut slopes so as to minimise
landslides

Refer to Section 5

Landslide investigation

To determine landslide depth, soil and groundwater conditions for the
design of remedial measures

Refer to Section 6

Landslide stabilisation

To determine how to stabilise different types of landslides:
• Rock falls in proximity to the road
• Remote rock falls
• Remote earth slides or flows
• Debris flows from remote sources upstream
• Earth slides onto the road from above
• Earth flows onto the road from above
• Earth slides or flows from below
• Valley side deep-seated landslides
• Rock falls and rock slides in cut slopes
• Shallow debris slides and erosion in cut slopes
• Deeper slides in cut slopes, which may extend into the slope above
• Failure of fill slopes
• Instability in stream channel side slopes
• Retaining wall failure

Refer to Section 7

Working with communities

To understand how to work with communities for integrated road sector
slope management

Refer to Section 8

Standard drawings

To refer to standard detail drawings for various works

Refer to Annex 1

Additional specifications

To refer to technical engineering specifications for slope stabilisation and
bio-engineering

Refer to Annex 2

Bio-engineering details

To find out more details on how to undertake bio-engineering works

Refer to Annex 3

Landslide data collection

To understand the breadth of data needed to be captured for the LRMT

Refer to Annex 4

Prepared for the Uganda National Roads Authority (UNRA)

3

Improving the resilience & quality of rural road infrastructure through landslide management & optimisation of road reserve use in Uganda

1
2
Definitions, causes and mechanisms of landslides in Uganda

2 Definitions, causes and mechanisms of landslides in Uganda
Definitions
A landslide is the movement of a mass of rock or soil
(usually both) down a slope under the influence of gravity.
Landslide impacts on the road network can be broadly
grouped into the following categories:

3. landslides and related slope instability that take place
within the road reserve as cut slope failures, fill slope
failures or spoil slope failures.
Some examples are given in Figures 3, 4, 5 and 6.

1. landslides that originate outside of the road reserve and
a) travel downslope from above or b) extend upslope
from below to impact the road;
2. landslides that are crossed by sections of the road
network, the activation and reactivation of which result
in deformation to affected lengths of road;
Figure 3: Examples of landslides originating on the slopes above the road

A. Black volcanic ash piled up alongside the Kabale-Kisoro road (Kabale

B. Rock fall from cliff above Bulegani-Bullago road (Bulambuli Dist.).

C. Landslide on the slopes upstream of the Bubulo-Bududa road
(Manafwa Dist.), debris from which blocked the river crossing at road level

D. Scar of landslide above the Nalugugu-Mt Elgon road (Bulambuli Dist.).

Dist.). The green arrow indicates the ash flow source area

The fallen boulders are marked by a green arrow and did not reach the
carriageway, marked by the white, dashed line in this example

The road was blocked for 2 weeks. There were 12 fatalities

These landslides originate outside the road reserve (1a above) but travel into it.
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A. Landslide in Bundibugyo town (Bundibugyo Dist.) on the Fort
Portal-Bundibugyo-Lamia road. Road shoulder to the right. Several
buildings have been abandoned and others remain at risk

B. Active landslide head threatens the Fort Portal-Bundibugyo-road
(Bundibugyo Dist.). The scarp (drop) below the road is 4m high and the
landslide itself extends several hundred metres downslope

C. Landslide below the Kufu-Magale road (Manafwa Dist.), causing road

D. Landslide encroaching towards the shoulder of the Ntungamo-Kabale

deformation and sliding. Approx. location of road shown by broken white line

Definitions, causes and mechanisms of landslides in Uganda

Figure 4: Examples of landslides originating on the slopes below the road

road (Kabale Dist.)

These landslides originate outside of the road reserve (1b above) but extend upslope into it.
Figure 5: Examples of landslides that involve failure of the road itself

A. Deformation and gradual sliding of the Kufu-Magale road (Manafwa
Dist.) due to deep-seated movements below and through the road.
Movement from left to right.

B. Large, deep-seated landslide below and through the
Muruseghe-Ithandiro road (Kasese Dist.). Landslide shown by broken
white line, road shown by black line. Active movements occur above the
road, including in the cut slope.

Examples of where roads have been built across landslides or where such landslides are triggered after construction (2 above).
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A. Structurally-controlled rock slide along the Ntungamo-Kabale road
(Kabale Dist.)

B. Typical soil failure into the side drain and edge of carriageway along
the Rugenddabara-Kasanggari road (Kasese Dist.)

C. Embankment displacement along the Kabale-Kisoro road (Kisoro Dist.),

D. Fill slope failure and temporary reinstatement using gabion revetment

following previous reinstatement

Definitions, causes and mechanisms of landslides in Uganda

Figure 6: Examples of cut and fill slope failures

along the Kabale-Kisoro road (Kabale Dist.)

Landslide causes in Uganda
Natural slopes
Some of the main factors responsible for landslides in
Uganda are listed below:
Inherent (conditioning) factors

•
•

Weak rocks and soils (Figure 7A, B and C)

•

Adverse jointing in rock that facilitates movement along
low-strength joint surfaces (Figure 7D)

Bedding sequences within rocks (sedimentary and
volcanic) that cause a build-up of water pressure due to
differences in permeability (Figure 7A)
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Transient (triggering) factors

•
•
•
•
•

Toe erosion by rivers

•

Cuts (loss of slope support) and fills (slope loading)
associated with engineering works, including road
construction and quarrying practices

Ground shaking during earthquakes
Heavy rainfall
Direct land use effects, such as irrigation
Indirect land use effects, such as changed slope
hydrology caused by deforestation
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A. Weak sediments, that are especially susceptible to differential erosion

B. Deep, weathered soils can have significant clay content, promoting
slope failure when wet. These soils are found across wide areas of
plateau in Uganda

C. Completely weathered marl, susceptible to internal erosion and
slope instability

D. Adverse jointing in volcaniclastic rocks (Mt Elgon region)

and slope instability in Uganda (Rift Valley Alluvium)

As shown in Figures 5A and B, many unstable slopes in the
country are reactivations of previous, probably prehistoric,
movements. Some of these may have been triggered
originally by earthquakes, heavy rainfall or river erosion.
Usually, reactivation of these movements takes place during
heavy rain. It may also be the case that the stability of these
slopes has been adversely affected by land use change,
including the effects of irrigation or excavation for road
construction.
Most new (first-time) landslides are also triggered by
heavy rain. There is much discussion in the published
literature as to the role of land use in triggering some of
these ground movements. While irrigation practices may
be important locally, land use may be one of a number of
factors potentially responsible, and farmers can sometimes
be given the blame for slope instability that is primarily the
result of other causes. One example is the large area of
ground movement that affects approximately 1.2 km of the
Kufu-Magale road (Manafwa District) in the vicinity of Km
14. Significant displacement of approximately 200m of this
road occurred in May 2018 and, during a site visit in early
2019, it was suggested by some of the local inhabitants that
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movement had been triggered by the diversion of a stream
channel for irrigation purposes on the slopes above. In
February 2020 the same area was visited again, and some
time was spent investigating the slopes above and below
the road. Large areas of failing cultivated slopes were found
located below a 4m high ancient landslide scarp (cliff), 100m
or so above the road. Numerous springs were observed
over a large area of slope, suggesting a high groundwater
table, and it was concluded that it was this naturally high
groundwater that was responsible, rather than the single
action of a local farmer. As a result, reactivated movements
were taking place on slopes as gentle as 10° within
previously failed (and therefore weak) soils.
In other parts of the Mt Elgon-Bududa region, springs above
sections of road are also associated with the development of
slope instability, causing road blockage. In at least one case,
flow diversion for irrigation purposes appears to have been,
at least partly, to blame. It is vitally important to consult local
communities on the history of ground movements in their
area and the location of springs and changing patterns of
drainage. It is also important to carry out site investigation to
confirm that this information is correct so that objective and
informed decisions can be made.
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Figure 7: Examples of typical soil and rock conditions in Uganda
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Some of the main factors responsible for the failure of
earthworks slopes in Uganda are listed below:
Cut slopes

•

Slope is cut too steeply for the strength and structural
orientations of the soils and rocks exposed (Figure 8)

•
•

Heavy rainfall and groundwater seepage (Figure 9)

•

Erosion on the cut slope causes failure of adjacent
sections of slope.

Inadequate control of drainage on the slopes above the
excavation, possibly due to land use effects

Fill slopes

•

Slope is too steep for the strength of the materials used
as fill (Figure 10A)

•
•

Heavy rainfall

•

Inadequate preparation (grubbing, stepping, drainage)
between the underlying soil and overlying fill

•
•

Toe erosion by streams or rivers and at culvert outlets

Inadequate control of drainage, including deficient
cross-drainage provision, absence of subsoil drainage,
seepage through unlined side drains and flow from side
drain turnouts into the fill material (Figure 10B)

Dumping of spoil from cut slope failures that overloads
underlying fill.

Figure 8: Example of the effect of steepening and deepening a cut
slope along the Ntungamo-Kabale road (Kabale Dist.)

Cut slope
steepened
to c. 70° for
road widening.
Unstable

Pre-widening cut
slope in phyllite rock
cut to 45°. Stable
45°

70°

The foliation (bedding in metamorphic rocks) shown by the red arrows
dips at an angle of 45° obliquely out of the slope, and the steeper
excavation permitted movement along these surfaces causing
localised rock slides and rock fall.

Prepared for the Uganda National Roads Authority (UNRA)

The slope was originally cut to 60° and has remained largely stable. It has
a case-hardened surface which is where the iron and aluminium oxides
and hydroxides derived from chemical weathering of the soil form a hardened crust that helps protect the slope from erosion. The slope remains
stable as long as the material remains drained. In the lower part of the
illustrated cut slope, erosion and ‘sloughing’ are occurring where the slope
material becomes wet and slumps. This is undermining the slope above.

Landslide mechanisms in Uganda
Natural slopes
The landslide mechanisms referred to in this Guideline are
consistent with the universal classification system of Cruden
and Varnes (1996) and illustrated in Hearn (2011). The most
common landslide mechanisms encountered are determined
primarily by the constituent slope materials and their structure.
Cliffs are common-place in both the Mt Elgon-Bududa District
and in the Rwenzori mountains. These cliffs are composed of
hard rocks, such as basalt, limestone and granite, overlying
weaker rocks, such as pyroclastic and poorly cemented
sedimentary rocks. Rock falls and rock slides (Figure 11)
occur quite frequently from these cliffs, especially where
jointing in the rock is adverse, i.e. the joint surfaces are
inclined out of the slope.
Earth slides and earth flows are also common mechanisms
of slope failure in Uganda, often occurring on relatively lowangled slopes in fine-grained soils and weathered argillaceous
(clayey) rocks (Figure 4C and D) and Figure 12. These
landslides are usually slow-moving and intermittent and are
associated with high groundwater tables. By contrast, debris
slides occur in coarse-grained soils as a result of surface soil
saturation on steep slopes and are usually fast-moving.
Debris flows are fast-moving ‘pulses’ of flowing debris that
occur when high velocity landslides mix with stream water
in mountain catchments. They are relatively infrequent in
Uganda. However, debris floods do pose a hazard where flood
waters from mountain channels scour out all stream channel
debris and transport it downstream. Where these floods flow
over deep, coarse-grained alluvial deposits at the foot of
mountain ranges, they scour deep channels and deposit the
material further downstream. Examples of these debris floods
occur along the Bundibugyo-Lamia road where at times debris
has been deposited to depths of 2m across the carriageway.
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Figure 9: Typical cut slope along the Kampala-Mubende road

Earthworks slopes
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A. Cracking to road carriageway. The fill slope angle is 38° and the
material is composed of gravels and cobbles in a clayey silt matrix.
Seepage was observed in a trial pit excavated into the fill

Definitions, causes and mechanisms of landslides in Uganda

Figure 10: Fill slope failure (A) along the Ntungamo-Kabale road (Kabale Dist.), possibly associated with a lack of drainage along the inside edge
of the road (B)

B. Wide undrained margin on the inside edge of the road (opposite A) is
undrained and probably forms a sink for surface water that seeps below
the road into the fill

Figure 11: Site of a major rock fall from a cliff that killed 7 people in August 2018

The location is far from the road in the Mt Elgon area, Bulambuli District. The cliffs are 60° or steeper. It is very difficult to estimate the volume of this
rock fall, but it could have been of the order of 6,000-10,000m3. The rock fall appears to have occurred as a result of sliding along a stress-relief joint
in the rock mass. There remains a further mass of rock, also defined by this steeply-sloping joint, that could also fail in the near future. The volume
of this mass could be of the order of 3,000-4,000m3. Other scars on the cliff are indicative of previous rock failures and, according to local residents,
the boulders that litter the slopes below the cliffs, i.e. above the main village area, are the result of individual rock falls that occur each year.
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The underlying materials are Rift Valley
Alluvial marls and weakly-cemented sands,
siltstones and mudstones. The broken
white line indicates the approximate extent
of movement, the green arrow is the
direction of movement into the valley floor.
The road is located along the ridge at the
top of the photograph and settled in
March 2017.

Earthworks slopes
Cut slopes

Fill slopes

The most common failure mechanisms affecting cut slopes
are shallow, planar slides involving soil and weathered
rock. These are usually less than a metre in depth and
cause temporary blockage to side drains and, where large
enough, carriageways. Soil falls are also frequent, especially
where slopes have been cut too steeply due to road reserve
restrictions. Rock falls are also common along roads in the
more mountainous parts of the country.

Failure of fill slopes also tends to occur as shallow planar
slides, though rotational (circular) failure mechanisms do
occur in fills with a high clay content and where fill slopes are
underlain by alluvial clays (Figure 13).

Figure 13: Rotational failure in fill underlain by plastic clay

A. Rotational failure involving fill along the Kabale-Katuna road
(Kabale Dist.) in May 2018
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B. Soft, plastic alluvial clay exposed in trial pit beneath the failed fill
slope in A
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Figure 12: Earth slide-flow below the Fort Portal-Bundibugyo road (Ntoroko Dist.)
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3 Route selection
Figure 14 shows two alignment options for a road in a deep
gorge. Corridor A is the constructed road and corridor B is an
alternative. Corridor A crosses unstable ground associated
with deep-seated landslides triggered during prehistoric
times that remain active in response to high groundwater
levels. Corridor B would have crossed steeper terrain,
requiring greater rock excavation, but fewer landslides.
Corridor A continues to cause significant access difficulties
and, while the performance of an alignment can never be
fully judged until it is built and operating, Corridor B probably
offers significant longer-term advantages.

The selection of routes for new roads needs to take
consideration of several issues, including socio-economic,
environmental, strategic and development planning factors,
topography, cost, ground conditions, drainage (including
flood potential) and slope stability (including landslide
potential). For high-volume roads, resources are usually
available to mitigate ground-related problems as part of a
much larger construction budget. On low-volume roads,
however, this may not be the case, and high geotechnical
costs can lead to significant delays and cost overruns.
Longer alignments that avoid unstable ground may be more
cost-effective for low-volume roads, in terms of construction
and for operation costs, than shorter alignments that cross
problematic areas, especially when maintenance costs are
included in the comparison.

Advice on the inclusion of landslide and slope stability
considerations in route selection is provided in Hearn (2011;
2015) and the Ethiopian Route Selection Manual (ERA
2013). Table 2 provides some general considerations for
route selection in hilly and mountainous terrain with regard to
landform, land use and slope stability.

Figure 14: Route corridor options in relation to slope stability in a deep gorge

Alternative route
Corridor B

Constructed route Corridor A

Active ground movement
and road failure
Constructed route Corridor A
crosses less steep failed ground

Alternative route Corridor B
Bridge required on
crossing steeper, rockier
alternative route Corridor B
though more stable terrain
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Table 2: Landform and land use features, slope stability and construction difficulty for route selection purposes

Unlikely

Possibly

Sharp relief

Rock at surface. Costly and difficult rock
excavation possible

Unlikely

Unlikely

Irregular relief

Difficult alignment along ridge top
between high points and low points

Possibly

Possibly

Asymmetric relief
(much steeper on one
side than the other)

Joint-controlled slopes will influence
stability of alignments and cut slopes

Possibly – check
for failed debris
downslope

Possibly on dip
slope

Ridge lines generally

May be subject to greater rainfall than
valley sides

Possibly

Possibly

May be more affected by seismicity

Possibly

Possibly

Probably underlain by rock. Therefore,
alignment likely to be more costly to
construct but less costly to maintain
unless rock jointing is adverse

Unlikely

Possibly, depends
on jointing

2. Slopes are 35° to 40° Potential to be shallow debris on rock

Possibly

Possibly

2.
2.
2.3.

3. Slopes are 20-35°

Possibly

Possibly

3.

Potential to be deep transported soils or
failed deep-seated mass
Depending on strength of rock mass
this joint set could be problematic in
excavations and foundations

Possibly - check
for failed debris
downslope

Likely

4.
4.

4. Continuous rock
slopes with persistent
jointing approximately
parallel to slope

4.

5. Embayments

Either erosional in origin or formed
by landslide(s)

Probably

Possibly, reactivated
movements in
landslide debris

6. 6.

6. Areas of irrigated
paddy field

Drainage problems likely. Soils
possibly transported and potentially
unstable locally

Possibly, but mass as Possibly
a whole may be stable

7. 7.

7. Forest/jungle areas
on otherwise cultivated
hillside

Possibly areas of wet ground,
steep slopes and instability that
cannot be cultivated

Possibly

Possibly

8. Rounded spurs

Probably formed in residual soils
and stable

Unlikely

Unlikely

9. Elongated and
continuous mid-slope
benches

Either ancient river terraces or rock
benches. Both stable and ‘easy’ for
road construction

Unlikely

Unlikely

10. Local mid-slope
benches

Could be as above, or part of
deep- seated landslide

Possibly

Possibly

Steep slopes
forming margins of river
channel (i.e. no river
terrace)

Possibly actively unstable due to erosion.
Difficult for road alignments, especially on
meander bends. Possible flood risk and
high groundwater table

Likely

Likely

Steep slopes forming
valley side margins to
river terrace

Toe erosion absent, possible ancient
landslides. High groundwater table

Possibly

Possibly

River terrace

Possible flood risk and terrace edge
scour. High groundwater table

Unlikely, except at
terrace edges

Unlikely

Tributary streams

Possibly active debris flows and
debris fan deposition causing scour and
blockage/damage to road
structures. Also, possible flood risk

Debris flows only

Debris flows only

Ridge top

Deeply weathered soils likely. Some
erosion potential

Dip
Dip
slope
slope
Dip
Dip
slope
Dip

slope
slope

1.
1.

1.1.

1. Slopes are steeper
than 40°

1.

1.
1.
2.
1.2.

2.

2.

3.
3.2.3.
3.
3.
3.
4.
4.3.4.

Valley side

3

Rounded relief

Dip
Dip
slope
Dip
slope
Dip
slope
slope

4.
4.5.
5.4.
5.
5.

5.
5.
5.
5.

5.

6.

6.
6.
6.
6.
6.

7.
7.
6.
7.7.
7.
7.

8.

8.

8.
8.8.

7.

8.8.
9.

9.
8.
9.
9.
9.
9.9.

9.
10.

8.
10.
10.
10.
10.

10.
10.
9.
10.

10.

Valley floor

Typical problems encountered

Potential
for road
construction to
cause landslides

Route selection

Landform and land use features

Likelihood
of existing
landslides

Note: Transported soils are soils that have been transported downslope by past instability or erosion.
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1. the need to avoid crossing active or marginally stable
existing landslides;
2. the need to avoid crossing ground that could become
susceptible to ground movements, i.e. the activation of
new, first-time slope failure in the future;
3. the need to avoid crossing areas where the road could
become vulnerable to the effects of landslides travelling
down slopes and stream channels (debris flows) from
source areas above.
All three categories require engineering geological
assessment combining remote sensing and field
observations. However, some broad recommendations and
illustrations are provided below.

2

Avoiding existing landslides
The LRMT contains a GIS layer that shows the distribution
of landslides recorded from the published literature (Mbuga
and Hearn 2020 and Figure 2). This information should be
consulted in order to provide an initial indication of where
some of the landslides in Uganda are located. Of course,
there will be many others that have not yet been mapped, and
route selection engineers will need to look very carefully at
ground conditions in the field to see if there are any in their
area of interest. Figure 15 shows some of the obvious and
less obvious topography associated with large, deep-seated
landslides in Uganda that could pose problematic conditions
for road construction and operation.
The rotational landslide shown in Figure 15A could possibly
have been triggered during earthquake activity associated
with the Albertine Rift. The landslide mass has travelled a
significant distance from a steep slope to a more-gentle slope,
and is probably stable under current environmental conditions.
A road constructed across it might, subject to investigation,
remain unaffected.

Figure 15: Landslides that pose varying degrees of hazard to potential road alignments

A. Large deep-seated rotational landslide occupying the valley side above

B. Valley side disturbed by deep-seated landslide crossed by the Rugend-

C. Intermediate scarp (behind the banana trees) associated with active
ground movement above the Kufu-Magale road (Manafwa Dist.)

D. Obvious active landslide scarps on the slopes in the Bundibugyo area

the Fort Portal-Bundibugyo road (Ntoroko Dist.) in the Albertine Rift
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dabara-Mbata road (Kasese Dist.). Scarp defined by broken white lines,
ground surface hummocky/irregular

(Bundibugyo Dist.)
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Slope stability considerations for route selection fall into
three broad categories:

1
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The obvious landslide in Figure 15C is part of a larger
landslide mass. It is more active than Figure 15B and poses
a high level of hazard to the Kufu-Magale road that crosses
it. Nevertheless, the rates of movement appear to have
been slow enough to allow the Mbale Station to maintain
traffickability. The road carries a very low volume of traffic,
especially as there is an alternative route that can be taken.
The landslides scarps that are very evident in Figure 15D
are indicative of ground movements that are active and
probably rapid enough to create serious problems for road
construction, making long-term maintenance of road access
in this area very difficult.

2

Avoiding slopes potentially susceptible to
ground movement

3

Figure 1 shows a landslide susceptibility map for Uganda
that can be examined in the LRMT. This should form one of
the initial steps in any route selection exercise, bearing in
mind that the map is very generalised, and the process of
route selection will require significant field verification.
Alignments that cross flat or gently sloping terrain will have
significantly lower construction costs than those through
steep terrain and, where there is a choice, will usually be
preferred. Nevertheless, it is important to bear in mind that
gently-sloping ground may be underlain by inherently weak
materials (Figure 16). For example, gentle slopes may be
composed of weathered fine-grained sediments or soils that
have slipped to this position, but still remain susceptible to
movement, especially where groundwater levels are high
in low-lying areas. Some of these unstable slopes may be
as low as 10° in angle. The assessment of slope stability
in these areas will require specialist investigation, but route
selection engineers can also make their own preliminary
observations, based on the following:

•

If low-angled slopes are underlain by weathered rock
and not fine-grained (clay-rich) sedimentary deposits or
transported soils, then they should be stable

•

If the slopes are uniform, without a hummocky/undulating
or irregular appearance, then they probably have not
failed in the past

•

If there is no evidence of springs and waterlogged
conditions, i.e. the slopes appear well-drained, then they
should be stable

•

If the local community has no recollection of any slope
movements then this evidence can be used to support
the above observations. Flood hazards, of course, will
need to be considered as well.

Figure 16: Gently-sloping terrain along the Fort Portal-Bundibugyo road

Where there is no choice but to cross soils and rocks that
are susceptible to instability on sloping ground, care will be
required in the detailed design of the vertical and horizontal
alignments (Section 4). These materials will be vulnerable if
cut too steeply in excavations and may fail if overloaded by
fill. A balanced cut and fill approach may be preferable, and
this will dictate the detailed design of the alignment.

The topography appears easy from the point of view of route selection,
but is underlain by weak erosion- and landslide-prone Rift Valley
Alluvium (image c/o Google Earth/Maxar technologies)

Prepared for the Uganda National Roads Authority (UNRA)
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The landslide in Figure 15B is more recent than that in
Figure 15A and probably moves slowly and intermittently. Its
slope is 10° and might therefore seem easy terrain for a road
alignment. On the ground it can be observed that parts of
the slope are ponded, indicating that the groundwater table
is high and there are large blocks of rock on the slope that
provide tell-tale evidence that the slope has failed. Towards
the top of the slope is a well-defined scarp and the irregular
(‘jumbled’) nature of the topography below it is indicative of
ongoing ground movement. The slope is unoccupied and
one local informant said that cracks in the soil appear during
very heavy rain. This slope therefore poses a moderate
level of hazard to low-volume road maintenance because,
while ground movement is active, it is slow and intermittent,
allowing access to be maintained. The Rugenddabara-Mbata
road that crosses it does have an irregular vertical and
horizontal alignment over an affected 500m section, probably
the result of ground movement.

1
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Other techniques for mitigating the effects of expansive
soils on road pavements include the use of impermeable
membranes to prevent water infiltration and the use of lime
or cement stabilisation to modify soil chemistry. Transported
soils are also weak, as they usually have low cohesion and
frictional strength (Figure 17B).

Figure 17: Contrasting soil types: black cotton soil formed on completely weathered basalt (A) and transported soils formed from previous slope
instability (B)

A. Black cotton (expansive) soils exposed along the Fort PortalKasese road (Kabarole Dist.)

B. Coarse-grained transported soils in a silty matrix, typical of soils in
parts of the Kasese District. NB transported by natural slope processes
(pen on main block for scale)

Avoiding areas subject to potential landslide
runout from source areas on the slopes above
Predicting where landslides will occur in the future is a
difficult task and determining where they will runout to is
even more problematic. From a route selection perspective,
it will be important to identify which slopes, catchments and
stream channels have been subject to these hazards in the
past. This can be assisted by:

•

the interpretation of aerial photography and satellite
imagery

•

the field mapping of runout deposits, predominantly
boulders

•

anecdotal information.

On steep slopes, landslide materials can travel over long
distances, especially when they have high moisture contents.
When these landslide masses enter stream channels, they
can mix with stream water and become torrents of fastflowing debris capable of destroying riverside and river
crossing infrastructure in their paths. Catchments crossed
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by the road network that are prone to these hazards are
well-known to UNRA station managers, and the slopes
in and around the Mt Elgon area are probably among
the most prone in the country. The floods that impact the
Bundibugyo-Lamia road in the Rwenzori mountains have
different mechanisms (Figure 18), but nevertheless cause
repetitive damage to the road and other structures due to
the large quantities of debris that they carry.
The lessons for route selection are to identify and take full
account of prehistoric and historic landslide and debris
flood events and, wherever possible, avoid locations that
appear most vulnerable. It may be the case that this is not
always feasible and so mitigation actions will be required,
including the use of check dams, flood defences, raised
embankments and larger culverts to accommodate the flow
of debris and not just the flow of water. The locations of
stable bridge abutments will be paramount in maximising
bridge security, and their selection will exert some control
on alignment design.

15
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Route selection

Expansive black cotton soils occupy parts of Uganda that
are flat or gently sloping and underlain by highly weathered
volcanic rocks (Figure 17A). These soils should be avoided
wherever possible, but if they have to be crossed then careful
attention to drainage provision will be required, accompanied
by excavation and replacement techniques where necessary.

1
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Figure 18: Debris flood effects along the Bundibugyo-Lamia road (Bundibugyo Dist.)

Route selection

3

A. Clear-cut boundary between steep mountains and alluvial terrace
below

B. Flood waters pick up all debris in the fast-flowing mountain stream
channel

C. These flood waters scour deep channels in the alluvial sediments,
vastly increasing the quantities of debris transported at speed

D. As these flows cross the alluvial terraces, flow velocities decrease
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rapidly and the debris is deposited in fans, damaging and burying
buildings and infrastructure
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4 Choice of cross-section and earthworks design

3
•

Introduction
Where high-volume roads are to be constructed through hilly
and mountainous terrain, the alignment specifications will
usually dictate the design of cross-section at any particular
location. Where there is a choice (Table 3), as is usually the
case on low-volume mountain roads, a balance between cut
and fill is preferred on environmental grounds because:

•
•
•

the volume of spoil to be disposed of will be minimised;
there is a reduced requirement for borrow pits;
the extent of excavation will be less than that required for
full cut, meaning farm areas and farm accesses will be
disturbed less.

There are also obvious practical benefits from an
engineering perspective if excavated material can be used
as fill within close proximity, thus avoiding long haulage costs
to safe disposal sites. However, the use of cut material as fill
will depend on the following:

•

the suitability of the cut material as fill, according to the
fill specification;

•

the ability of the contractor to compact the fill to the
specified density;

the steepness of the slopes upon which the fill is to
be constructed.

In relation to the last point, it is normally accepted (e.g.
Hearn and Hunt 2011) that fill slopes cannot be constructed
on natural slopes greater than 30-35° (1V:1.5H) as
most material other than rock fill will not have sufficient
strength to stand unsupported at steeper angles. Fill
slopes constructed on steeper slopes will require support
from retaining walls, increasing the construction costs
considerably. Furthermore, where the maximum allowable
fill slope is not significantly steeper than that of the natural
ground upon which it is to be constructed, the area of fill will
become excessive and difficult to construct and compact.
On cost grounds, full-cut is often found to be the preferred
choice of cross-section on low-volume mountain roads,
especially where excavations are in soils or rippable
weathered rock. Full cut ensures a subgrade that is of
approximately uniform density, or strength, whereas the
placement of fill in the cross-section requires compaction
that may not always be effective, close to the shoulder
especially. The disadvantage with full cut cross-sections
is that deeper excavations are required into the hillside
above and this can have significant implications for slope
stability. It is important therefore, to assess the soil and rock
conditions before deciding on the preferred cross-section.

Table 3: Comparison of road cross-sections
Type of section

Typical range
of cut slope
Typical
range
gradients
Typical
of
cutrange
slope
of gradients
cut slope
1
gradients

Full cut

10

1

10
101
1
1

CL
C
CL L

1
1
11

x
x
x

Advantages

Disadvantages

•

Road formation requires minimum
compaction because it is formed
entirely in natural ground
No requirement for fill slope
placement or compaction
Potential source of fill material for
use elsewhere along the road
Potential source of rock, if present,
for masonry, aggregate and
drainage backfill
Usually the only practical solution if
existing ground slope > 50°

•

Volume of spoil minimised if
balanced cut/fill can be obtained
Minimum impact on landscape

•

Usually an impracticable solution
when traversing
re-entrants or water courses
Where the jointing and strength
of a rock mass would make any
excavations unstable, retained fill
may be the only solution, providing
wall foundations are suitable

•

•
•
•
•

Part
cut maximum
and part fill
Normal
fill slope
gradient
Normal
maximum
Normal
maximum
fill
fillslope
slopegradient
gradient
1.5
1
1.5
1.5
11

•
1

CL
CL C
L

1
1 1
1 1

•

•

Full fill
CL
CL
CL

1.5
1
1.5
1 1.5
1
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•

•
•
•

•

•
•

Greater height of cut may lead
to greater instability and/or
erosion
May result in large volumes of
spoil requiring safe disposal
Adverse rock jointing will
encourage failure (see x on
figure)
May require cut slope
protection or stabilisation
above the road
Requirement for fill placement
and compaction
May require below-road
retaining wall or reinforced fill
to avoid excessive area of fill
if existing ground slope > 30°

Requirement for significant
fill import, ground preparation
(including benching),
placement and compaction
Will require below-road
retaining wall or reinforced fill
to avoid excessive fill area if
existing ground slope > 30°
Impracticable if existing
ground slope > 40°
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Excavations in soil
the cut slope in Figure 19B is composed of relatively
loose landslide debris. These materials will not normally
stand stable for long periods of time in deep excavations.

3
4

Figures 19C and 19D illustrate quite different situations.
The clay-rich soil underlying the volcanic ash in Figure
19C is impermeable and rainwater permeating through
the ash will not be able to drain further, thus saturating
the ash and causing it to flow (Figure 3A). The colluvium
overlying the pinkish in situ weathered siltstone in Figure
19D is susceptible to sliding along the boundary between
the two materials.

Choice of cross-section and earthworks design

A distinction should be made first between soils that are
in situ, i.e. derived from the weathering of the underlying
rock, and those that are transported. Figures 19A and
19B illustrate the two types of soil commonly encountered.
While deep excavations should be avoided in both soil types
wherever possible, the in situ weathered soils (Figure 19A)
will have inherently greater strength on account of their
higher density and cohesion. They may, however, contain
adversely-orientated relict jointing that can be identified
during site investigation. If the excavation can be maintained
in a drained condition, these slopes can remain stable for
many years if they have no adverse structure. By contrast,

Figure 19: Very different soil types found along Ugandan roads, with varying geotechnical properties that are important for slope stability

A. Deep benched excavation in completely weathered granite

B. Shallow cut in landslide debris (transported soil), typically found in
Kasese District

C. In situ weathered soil (orange brown) buried beneath volcanic ash
(dark grey) near Kisoro

D. Clay matrix landslide debris overlying completely weathered (clay-
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dominated) siltstone, near Katuna
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Figure 20 shows some typical rock conditions exposed in
roadside excavations. When assessing these conditions
for the purpose of cross-section design it is important to
consider:

•
•

the strength and weathering condition of the rock; and
the presence and orientation of joints that might allow
failure along weak joint surfaces (e.g. Figures 7D and 8).

Figures 20A and B show two very contrasting rock types.
In Figure 20A the closely-jointed metamorphic rock
(phyllite) was probably originally cut much steeper but
has progressively failed back to this angle and remains

locally unstable. In addition to its close jointing, the joints
themselves are orientated partly out of the slope, i.e. they are
unfavourable to stability. By contrast, the granite in Figure
20B is able to stand stable in deeper excavation due to its
inherent strength and the lack of any apparent through-going
adverse joint sets in this particular case.

3

The stability of any cut slope will need to be very carefully
considered if occupied housing areas or other high-risk
facilities, such as electricity pylons, for example, are located
on the slopes immediately above. Occupied buildings at the
foot of cut slopes, i.e. within the road reserve, should be
removed on safety grounds in any case.

Choice of cross-section and earthworks design

Excavations in rock

Figure 20: Some typical cut slope exposures of rock in Uganda

A. Typical closely-jointed rock with partially adverse jointing in

phyllite. Subject to shallow sliding and erosion, near Fort Portal

B. Strong granite without adverse jointing, capable of standing stable in
deep excavations, near Fort Portal

Use of retaining walls
As referred to above, the use of retaining walls to support
road fill slopes is an expensive solution and is usually only
applied in specific circumstances. These circumstances
relate mostly to roads constructed through very steep terrain
where retaining walls are constructed across mountain
gullies, usually as culvert headwalls or where the alternative
of full cut would require major and/or unsafe excavation.
Figure 21A illustrates the effective use of a 6m high
masonry retaining wall to provide additional road width, thus
reducing the extent of excavation required. This wall has a
foundation on rock and is stable. Where retaining walls are
considered for locations with soil foundations, and especially
transported soils, the founding conditions will need to
be considered very carefully to ensure sufficient bearing
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capacity exists. Figure 21B shows an adjacent section
of the same road where a combination of walling and
deep and near-vertical excavation has created a very
precarious situation.
Retaining walls are also used to help retain and stabilise
cut slopes and landslides located above the road.
Although the foundations for these walls need to be
checked, they are less liable to differential settlement due
to relatively deeper founding levels below original ground.
It is not uncommon, however, to find some of these aboveroad retaining walls failing because they are inadequately
designed to resist the overturning forces applied by the
unstable sloping ground above.
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Figure 21: Road constructed across cliffs formed in volcaniclastic rocks between Simu and Kaserem in the Mt Elgon area (Bulambuli Dist.)

3

A. Masonry retaining wall, 6m high and performing well after many
decades

Although mortared masonry is commonly used for road fill
retaining walls along mountain roads, cheaper and more
expensive options include gabion and concrete respectively.
Gabion is most suited to conditions where differential
settlement of the foundation cannot be ruled out and where
bearing pressures need to be spread over a wider wall
footprint, i.e. where subgrade soils are of low and variable
strength. Concrete walls are often used in situations where
space for construction is limited and where the required
retained heights are high. Further details on the design and
scheduling of road retaining walls along mountain roads can
be found in Hearn et al. (2011).
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Choice of cross-section and earthworks design

4

B. Vertical-overhanging excavations and retaining walls facilitate road
access, though the hazard from rock falls is high

Spoil disposal
Excess spoil, not used as fill, should be transported to an
approved stable and environmentally acceptable disposal
site. The practice of dumping spoil over the road edge to
avoid haulage costs to suitable locations often leads to
erosion and the surcharge, and hence failure, of the slopes
below. Debris disposed of in this way can also lead to
sediment problems in downslope stream channels and can
impact adjacent land uses.

20

Improving the resilience & quality of rural road infrastructure through landslide management & optimisation of road reserve use in Uganda

1
2

5 Cut slope geometry

3

angles according to soil type and the weathering grade
of the rock exposed (Figure 22). Note that the angles in
Table 5 are based on rock mass conditions where there
is no continuous adverse jointing. Table 6 provides a brief
description, illustration and overview of the engineering
significance of the soil types listed in Table 5.

4
5
Cut slope geometry

Cut slopes along trunk roads in Ugandan are usually
benched when they exceed a certain depth (or height). It
is usual to bench cut slopes at 3-5m height intervals and
to have a 1-2m intervening bench width to facilitate water
management. Table 4 outlines some of the main advantages
and disadvantages associated with benched cut slopes.
Table 5 provides some broad recommendations for cutting

Table 4: Advantages and disadvantages of benched cut slopes
Advantages

Disadvantages

•

Benches slow down the rate of surface runoff, and
therefore reduce surface erosion

•

•

Benches permit the construction of mid-slope longitudinal
drains much more easily, and these can form part of an
overall slope drainage system

The cut face risers in a benched slope profile will be
steeper than a continuous slope cut to the same overall
angle. This may encourage localised failures to occur in
soft materials and may create conditions of instability in
adversely-jointed rock that might otherwise not occur

•

Where excavation is to be undertaken in softer materials,
such as weathered rock, benching can help prevent
long erosion furrows from developing by interrupting and
controlling the flow of surface runoff

•

Conversely, if the risers of a benched cut slope are cut to
the same slope as a continuous cut, the overall height of
cut (and thus volume of requiring excavation) will usually
be greater

•

Shallow failures are usually limited to one bench at a time

•

•

Shallow failures are usually contained on the bench below
and are thus often prevented from reaching the road

Vegetation is less easy to establish on risers in a benched
slope profile cut to the same overall angle

•

•

If cut wide enough, benches offer advantages in terms of
access for drilling equipment and excavation plant

Defective bench drainage systems due to erosion or
blockage can lead to uncontrolled runoff and concentrated
erosion that ultimately leads to slope failure

•

Benches permit access to the slope face for maintenance
purposes

•

Benches are nearly always inadequately maintained on
low-volume roads as they are not easily inspected or of
primary concern to road maintenance crews. This can
quickly lead to drainage failures

Table 5: Typical cut slope angles for soils and rock masses according to rock weathering grade (without adverse jointing or other planes of weakness)
Weathering
grade

Slope face angle
(°)

Slope face gradient
(V:H)

Competent rock

I-II

80-85

6:1 to 10:1

Weathered rock

III-IV

60-75

2:1 to 4:1

Coarse-grained residual soil

V-VI

45

1:1

Fine-grained residual soil

V-VI

352

1:1.5 to 1:22

Coarse-grained taluvium and river terrace
deposits

n/a

40

1:1.2

Fine-grained colluvium

n/a

352

1:1.5 to 1:32

Material type

weathering grade IV is borderline soil/rock
depends on clay content and groundwater table, if dry 45° (1:1) may be suitable
Note:
• Where space prevents these materials from being excavated to these angles, steeper slopes may be possible if protected by
revetments (Section 7)
• Most of the deeper rock slope excavations will contain a range of weathering grades each of which will require consideration in the
overall earthworks design
1
2
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Figure 22: Rock weathering grade classification
A. Idealised weathering profiles
without corestones (left) and
with corestones (right)

B. Example of a complex
profile with corestones

4

VI Fully
developed
residual soil

All rock material converted to soil; mass
structure and material fabric destroyed.
Significant change in volume

V
Completely
weathered

All rock material decomposed and/or
disintegrated to soil. Original mass structure
still largely intact.

IV
Highly
weathered

More than 50% of rock material decomposed
and/or disintegrated to soil.
Fresh/discoloured rock present as
discontinuous framework or corestones

III
Moderately
weathered

Less than 50% of rock material decomposed
and/or disintegrated to soil.
Fresh/discoloured rock present as
continuous framework or corestones
Discolouration indicates weathering of rock
material and discontinuity surfaces. All rock
material may be discoloured by weathering
and may be weaker than in it’s fresh condition

II
Slightly
weathered

5

IB Faintly
weathered

Discolouration on major discontinuity surfaces

IA Fresh

No visible sign of rock material weathering

Cut slope geometry

BEDROCK & WEATHERED ROCK

RESIDUAL SOIL

Humus/topsoil

KEY

Rock decomposed
to soil

3

Weathered/
disintegrated rock

Rock discoloured
by weathering

Observations made along sections of the Ugandan road
network indicate that slopes in weathering grade V-VI
soils have been cut to 50° and, where dry, have remained
stable. Slopes in weathering grade III-IV materials have
been cut to 60-80° and have remained largely stable.
Exceptions were observed where adverse rock joints and
seepages had resulted in failure. Drainage, therefore,
plays an important part in maintaining cut slope stability,
especially benched cuts where water should not be
allowed to pond on the bench steps and seep into the
underlying material. Where rock jointing is orientated
adversely, each excavation will need to be designed
according to this jointing, and so general recommendations
cannot be given. Specialist input is recommended for their
design, especially where the ground continues to rise
above the top of the cut slope.

Prepared for the Uganda National Roads Authority (UNRA)

Fresh rock

Overlying soil

Hillslope
transported soil

Cut slopes formed in transported soils should be cut to a
maximum of 1:1, and preferably less if space is available. If
not, then mitigation measures should be adopted, such as
enhanced slope drainage and slope protection (see Section 7).
The depth of cutting, i.e. the height of the cut slope, will exert
a significant control on the risk of slope failure. The deeper the
cutting, the greater is the potential volume of failure. However,
soils and rocks generally increase in strength with depth and
thus, even if an excavation is 10m deep, for example, it may be
the upper 3m or 5m alone that fails. The strength and drainage
conditions of the material exposed and the land available
for excavation will also require consideration, along with the
consequences of slope failure should it occur.
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Table 6: Brief explanation, illustration and engineering significance of the soil types listed in Table 5

2

Soil type

Description

Engineering significance

Weathering grade
(WG) IV

Rock is highly weathered,
more than 50% of the rock
material has decomposed
or disintegrated to a soil

This photograph illustrates the lowstrength relict joint surfaces that can be
present. In granitic parent rocks large
core stones can remain in the weathering
profile (lower part of WG V photo),
posing problems for excavation and
reuse. Material can be highly variable
with complex drainage conditions

4

Rock is completely
weathered, all rock has
been turned into soil
though relict structure
remains intact

This soil type is illustrated in the upper
part of the photo, above the core stones.
It is usually weaker than WG IV soil with
the possible presence of low-strength
plastic clay. Relict joint surfaces can
be problematic and the material can be
highly prone to erosion

Weathering grade
(WG) VI

Full residual soil, often
lateritic

This is illustrated in the upper part of this
photo above WG V soil. Soil is generally
homogeneous and, in Uganda, can be
lateritic. This provides increased strength
which is lost as soon as the soil is
disturbed. Low-strength plastic clays may
be present

Alluvium

Deposited by a river

Soils are usually loose and prone to
ravelling. Layers of varying permeability
can create complex and problematic
drainage conditions

Taluvium

Transported and
weathered coarse-grained
rock fall deposits

Individual particles (boulders) are often
orientated downslope, decreasing
stability (as photo). Soils are usually
loose and may contain large boulders
causing difficulties for excavation

Colluvium

Fine-grained slope
deposits transported by
shallow instability and
hill wash

Transported fine-grained soils (as shown
in the photo) will be of low-strength and
prone to instability, especially with high
groundwater, poor drainage

Landslide
debris and debris
flow deposits

Chaotic deposit
containing a range of
particle sizes, often
coarse-grained

May prove difficult to obtain uniform and
stable cutting slopes
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Weathering grade
(WG) V
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6 Landslide investigation

3

Field investigation is a critical component of landslide
management, involving observation and survey, supported
as required by subsoil investigation using trial pitting, drilling
and in some cases geophysical exploration. An examination
of the imagery available on Google Earth can be extremely
useful in helping to see how a particular landslide problem
relates to its surrounding topography, drainage pattern
and land use. This can be supplemented with the use of
UAVs (unmanned aerial vehicles, i.e. drones) to collect
photographic and video information for close-up and distant
perspectives.
Figure 23 shows the use of trial pits to investigate soils and
founding conditions adjacent to and below the road.
Machine-dug trial pits are able to penetrate deeper and more
rapidly into the soil than those excavated by hand. Care must
be taken, however, to avoid damage to any buried services.

Hand-dug trial pits can only be excavated to a limited depth
without shoring, on health and safety grounds, but they
may be the only option available on slopes where machine
access is not possible.
Boreholes are required to investigate deeper instability and
foundation conditions and to facilitate the installation of in
situ monitoring systems such as piezometers (groundwater)
and inclinometers (subsurface ground movement). While
these techniques increase the cost of the investigation
considerably, they will prove necessary in certain
circumstances.
Figure 24 provides some guidance on what to look out for
in the assessment of ground conditions indicative of slope
instability. Figure 25 illustrates a typical field map prepared
for a landslide problem below a trunk road in Uganda.

Figure 23: Trial pits used to investigate ground conditions, usually to a maximum depth of 4m
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Figure 24: Features indicative of previous and active landslide activity

3
4
5

A. Looking downslope: hummocky, water-logged ground indicating active

B. Trees not vertical associated with recent/active movement

C. Undulating ground, associated with previous movement

D. Back scarp (dashed white line) of very old landslide in background,

E. Springs and seepages associated with high groundwater

F. Tension cracks associated with active slope displacement

movement
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Landslide investigation

6

residual movements in failed slope in middle-foreground
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Figure 25: Typical field map recording landslide features, drainage conditions and soil types for site investigation and remedial design
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25°
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0
200

1985

Fallen boulders
12°

Spoil debris

15°

A’

2070

128450

2060

35°

Side drain is
lined with
concrete invert

Colluvium
exposed in
central part
of cut slope

82/040

‘Graben’
3m deep,
6m wide

2030

128550

2050

Scarp up to 9m high
in weathered angular
gravel in whitish grey
silt matrix - Spoil

128500

Outcrop in
stream bed

2040

128598

4m high cliff
in highly
weathered
weak to very
weak grey
meta siltstone

Section line (not
reproduced in this Guideline)

‘Graben’ 4m
wide, 1m deep

20

5

Slope angle
Stream/spring flow channel

A A’

20

202

6

Direction runoff in side ditch

35°

0

201

2m high scarp
in orange-brown
weathered spoil

Subtle convex change
in slope

Failing ground

6m high side scarp
in spoil material

Approx.
location
only

5

Subtle ridge/elevated ground

4m high scarp in
gravels, cobbles
and boulders of
weathered siltstone/
meta siltstone in
silt matrix

1975

Convex change in slope
(slope steepens in
direction of arrowheads)

Tension crack

30°

196

4

Scarp

Poorly defined
slide margin

0
196

Slide into gully
exposes 6-8m
of spoil above
gully bed level

Cliff

Metres

38°

Approx.
5-6m deep
creeping toe

3

KEY
Cut slope

50

Landslide investigation

N

Head scarp is 3m
from road shoulder
and is 3m in height
exposing fill/spoil

Virtually continuous
cracking to centre-line,
but because this extends
into a box cut, it may be
more pavement-related

2080

2090

Benched agricultural
area. No evidence of
instability, past or present

Moderately weathered,
moderately weak to moderately,
for both strong folded
siltstone/meta-siltstone

Note 1: Locations of main morphological features are indicative
Note 2: Spoil generally comprises angular fine-coarse gravel in silt matrix
Spoil is highly weathered and oxidised to orange-brown in places
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During the ground investigation it will be necessary to
take soil samples for laboratory testing. Table 7 provides
some guidance on the range of tests that can assist in the
assessment of slope stability and the design of remedial

1

works. A hand vane can be a useful instrument for assessing
undrained shear strength of fine-grained soils in trial pits and
other excavations.

Remarks

Classification
tests (disturbed
or undisturbed
samples)

Moisture content

Together with plasticity can be helpful in estimating the undrained strength of
cohesive materials

Liquid and plastic limits
(Atterberg tests)

For classifying the fine-grained fraction of soils, can be helpful for estimating both
drained and undrained strength of cohesive materials

Bulk density

For undisturbed samples only, to use in the calculation of forces exerted by the soil

5
6
Landslide investigation

Test

Particle size distribution
a) sieving

a) to determine the grading of a soil coarser than silt size; with description of particle
angularity can be used to estimate friction angle of granular soils

b) sedimentation

b) to determine the relative proportions of silt and clay

Compactionrelated tests
(disturbed
samples)

Dry density

To determine the mass of solids per unit weight of soil

Standard
compaction tests

To determine Maximum Dry Density and Optimum Moisture Content at which
fill materials should be placed. Results used in the control of earthworks,
e.g. embankments

Soil strength
tests
(undisturbed
samples)

Triaxial compression

To determine strength of cohesive soils

a) Unconsolidated
undrained

a) undrained tests to assess undrained shear strength (cu)

b) Undrained with
measurement of
pore pressure

b) undrained tests with the measurement of pore pressure to assess shear strength
parameters in terms of effective stress (c′ and φ′)

c) Drained

c) drained tests to assess shear strength parameters in terms of effective stress
(c′ and φ′)

d) Multi-stage

d) useful if short of samples, but single stage tests usually more reliable

Unconfined
compression

Only suitable for saturated, uniform fine-grained soils

Laboratory vane shear

Only for soft and firm clays. May not give representative results for remoulded samples;
usually better to take in situ vane shear measurements if possible

Direct shear box

To determine peak and residual shear strengths of cohesive soils. Cheaper alternative
to undrained triaxial test. Drainage conditions cannot be controlled during testing

a) Multiple reverse
shear box

a) use undisturbed or remoulded samples in the absence of a pre-formed shear surface

b) Shear box test with
pre-formed shear surface

b) Preparation and alignment of undisturbed samples and test specimens can be
very difficult

Triaxial test with preformed shear surface

Preparation and alignment of undisturbed samples and test specimens can be
very difficult

Ring shear

To determine residual shear strengths of cohesive soils
Use undisturbed or remoulded samples in the absence of a pre-formed shear surface

One-dimensional
consolidation test
(oedometer)

To determine the magnitude and rate of settlement of soft soil under loading
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Table 7: Potential range of laboratory tests on soils for slopes affecting mountain roads
Category

2
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It is equally important to carry out thorough site assessments
when deciding on the most appropriate measures to adopt
for protecting and stabilising earthworks slopes. Some of the
key points to look out for include:
Cut slopes

Fill slopes

•

Is erosion taking place on the fill slope?

•

What is the cause of the instability, i.e. is the fill slope too
steep, for example?

•

Is there evidence that the fill slope or the slope beneath
it is being undercut/eroded by a stream or river?

•

Is there evidence for springs and seepages on the
slopes?

What is the slope angle on the fill and what are its
constituent materials, i.e. fine-grained, coarse-grained
soil, or mixed?

•

What is the extent of slope instability, i.e. is it confined to
the cut slope, does it extend into the natural slope above,
or is it part of a much larger landslide?

•
•
•
•

What is the depth of instability?

Does the slope instability involve rock, soil or a
combination of the two?

•

Is there evidence that road runoff is contributing to the
problem?

•
•

Is there evidence for springs and seepages on the slope?

•

Are there any issues that might limit the choice of
remedial works?

•

Are there any issues that might limit the choice of
remedial works?

Is there evidence for a water source on the slopes above,
for example water flowing from cultivated areas above
the cut slope?

4

What is the depth of the fill?

What is the mechanism of instability, i.e. rock fall, soil fall,
debris slide, rock slide, earth slide etc?

Is the slope comprised predominantly of rock or soil?

3

•
•
•

•

What is the cause of the instability?

2

What is the extent of slope instability, i.e. is it confined
to the fill slope only or does it extend onto the slopes
below?

Figure 26 shows some typical cut slope instability problems
along Ugandan roads. The photographs are annotated to
show the sorts of features that would be recorded by a site
assessment, either onto a topographic map or a field sketch.
Further examples of field investigations for bio-engineering
works are given in Section 7, failure type 9.

Figure 26: Typical field observations necessary for the development of stabilisation and protection options
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7 Landslide stabilisation, protection and mitigation

3

Based on the foregoing, the range of landslide hazards
that impact parts of the Ugandan road network have
been subdivided into 13 main failure type categories.
The remainder of this Guideline discusses methods of
stabilisation, protection and mitigation in the context of
these failure types. Figure 27 shows a model that depicts
the typical occurrence of these failure types in the
Ugandan landscape and in relation to UNRA mountain
roads in general. UNRA site staff may have their own
experiences that do not fit entirely with this model, but
hopefully they will be able to recognise many of the failure
type categories shown.
Table 8 provides a summary of the causes, impacts and
the possible remedial options for these failure types. It
differentiates between low-cost, intermediate-cost and highcost options. Obviously, if a low-cost option is capable of
solving a problem there is no need to consider anything else.
The choice is based on: i) the resources available and ii) the
level of risk that is residual after each option is applied, i.e.

the balance between affordability and acceptable risk. On a
low-volume road, the economic justification for investment
is lower than it is on a high-volume road, but the level of
acceptable risk is also likely to be higher. It is obviously
critical that the engineer responsible is able to assess risk
and residual risk prior to making investment decisions.
Thorough field investigations (Section 6) and a knowledge of
the recent history of instability at any one location will assist
in the assessment.
This section provides discussion and illustration of the
stabilisation, protection and remedial options associated
with each failure type, according to the numbering system in
Figure 27 and Table 8. Attention is given to low-cost options,
though intermediate-cost options are also considered, where
necessary. Selected standard details and specifications
are provided in Annexes 1 and 2. In some cases, the
nature of the problem may be such that only a full specialist
investigation and design, employing high-cost stabilisation
measures, will be required.

Figure 27: Landscape model illustrating slope failure types discussed in the text and Table 8
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Table 8: Summary of failure types and possible remedial/mitigation options
Failure type
No

Description

1a

Rock falls
from cliffs:
nearby

2

Possible stabilisation, protection and remedial/mitigation options

Possible
causes

Impact on
road

Earthquakes,
heavy rain,
adverse joints

Can block/
damage road.
May cause
injury or
fatality

Cutting back of natural cliff is
usually not feasible or safe.
Clear debris. Construct barrier
or earth bund if space permits.
If not, a rock trap fence

None

Not applicable as far as the road network is concerned, but community infrastructure may need to be relocated
where there is rock fall potential

None

Not applicable unless close to road. If close, see 4 below. Community infrastructure may need to be relocated
where there is an earth slide potential

Low-cost

High-cost

3

Rock bolting and anchoring with or
without shotcrete and anchored reinforced
concrete (RC) buttresses. Bolts and
anchors may suffice where joint spacing
is large. Closely jointed rock masses may
benefit from shotcrete

4

Intermediate-cost

If risk is sufficiently high adopt
measures as per 8 below

1b

Rock falls
from cliffs:
remote

2

Earth slide
or flow:
remote

3

Debris flow Earthquake, heavy
from remote rain
source
upstream

Blocks or
scours road

Do nothing if infrequent or
gabion catch wall on upstream
side of road if frequent – clear
regularly

Low-cost plus gabion check dams
in stream channel above. Raise
alignment on embankment to
contain flow

Stabilise source, usually impracticable.
Construct debris retention barriers and/
or raise alignment on embankment.
Channelise through underbridge

4

Earth slide
onto road
from above

Blocks road,
may heave
road surface

Major works: deep drainage, large
gravity retaining walls, improved land use
management where required

Earth flow
onto road
from above

Improve surface drainage,
improve land use management
where required, clear debris
when required

As low-cost plus gabion retaining
walls and more substantial
surface drainage

5

Earthquake, heavy
rain, road cut,
possible land use
effects

Improve surface drainage,
improve land use management
where required, gabion
containment wall or earth bund

Not applicable

6

Earth slide
or flow from
below

Earthquake, heavy
rain, toe erosion,
road fill, possible
land use effects

Exposes
road edge,
may cause
settlement

Periodic refilling to maintain
vertical alignment if required,
though effects will be
temporary and will add load

Road edge retaining wall founded
beneath failure surface, possibly
involving realignment into cut to
provide space for wall below road

Major works: deep drainage, large
gravity retaining walls, improved land use
management where required

7

Valley side
deepseated
landslide

Earthquake, heavy
rain, toe erosion

Causes
intermittent
and gradual
settlement

Do nothing, refill/repair road when necessary. Improve surface
drainage

8

Rock falls
Over-steep
and rock
cut, heavy rain,
slides in cut adverse jointing
slope

Cut back slope if feasible.
Often this is not practicable.
Clear debris. Construct barrier
or berm if space permits. If
not, a rock trap fence

Wire netting with or without
shotcrete and rock dowels

9

Shallow
debris
slides and
erosion in
cut slope

Can block
road, but
mostly result
in debris in
side drain
and inside
carriageway

Cut back slope if feasible,
surface drainage, apply bioengineering works, masonry
revetments

Low-cost measures should be
Not applicable
sufficient. Retaining walls may
be necessary for the deeper
problems, within the low-cost bioengineering scope

10

Deeper
As above
slide in cut
slope, may
extend into
slope above

May block
road, cause
damage to
farmland and
structures
above

Cut back slope if feasible,
improve surface drainage,
construct gabion retaining
walls, liaise with farmers,
as necessary, to improve
drainage management
above. Supplement with bioengineering

As low-cost but with option of
excavating and replacing slide
material, deeper drainage and
more substantial walling.

11

Failure of
fill slope

Fill slope too steep,
heavy rain, road
runoff, possible
land use effects

Exposes
road edge,
may cause
settlement/
failure of road

Excavate failed section and
Not applicable
replace with recompacted
material of higher specification
if necessary. Use bioengineering for erosion
protection

12

Instability
in stream
channel
side slopes

Concentrated
runoff, scour of
weak stream bank
material

Can extend
up to road
edge, causing
edge loss/
settlement

Live check dams if substantial
enough. If road edge is
exposed by ground movement
construct road edge retaining
wall founded beneath failure
surface

As low-cost, but using gabion
check dams instead of live
check dams if more substantial
protection is required

As intermediate-cost, but using additional
protection works, such as cascades,
channel linings and possible channel
bank retaining-revetment structure

13

Retaining
wall failure

Inadequate design, Failure of
foundation or
road where
construction,
unsupported
ground movements

If the road edge is at risk,
replace wall without the
defects that have caused it
to fail and/or with foundation
beneath failure surface in the
case of ground movements

Consider using earth reinforced
fill rather than gabion or masonry

Reinforced concrete walls, but only if
low-cost and intermediate-cost solutions
are insufficient

Over-steep
cut, heavy rain,
possible land use
effects on slopes
above

Blocks road
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Earthquake, heavy
rain, possible land
use effects

5

Realign road or consider major works
following geotechnical advice
Rock bolting and anchoring with or
without shotcrete, anchored reinforced
concrete (RC) buttresses and anchored
rock trap fencing systems

Not applicable, though the larger the
landslide the higher will be the cost
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Landslide stabilisation, protection and
mitigation options

3

Failure type 1B: Remote rock falls

Table 8 identifies the use of debris clearance, barriers,
netting and shotcrete as possible low-cost and intermediatecost measures. Where the volumes and frequency of rock
falls are low, it may be acceptable to clear the debris when
it falls and do nothing else. This approach will be more
suitable to low-volume than high-volume roads. In some
circumstances, it may be appropriate to construct bunds
from rock debris or build gabion walls to contain falling
debris, while in high risk situations it may be necessary to
apply the intermediate-cost measures described for failure
type 8.

While these failure types may be too distant to affect the
national road network, they do pose significant hazards to
local populations (Figure 28A). Speculation as to where
future rock falls will occur is extremely difficult and protection
measures, such as barriers, would be prohibitively expensive
unless source areas of frequent small rock falls are known.
Timber barriers, for example, can be erected to provide a
degree of protection at sites where there is a history of rock
fall. Ultimately, it will be necessary to move housing areas to
safer parts of the landscape.
Debris slides taking place on very steep mountain slopes
can develop into debris avalanches (Figure 28B), especially
if the soil mass has a high moisture content. They can locally
pose a significant hazard to community infrastructure below.

Figure 28: Typical rock fall and debris avalanche hazards on cliffs and steep mountain slopes

A. Rock falls pose significant hazards to communities in some areas

B. Debris slides develop into debris avalanches with long travel distances
on very steep hillsides

Failure type 2: Remote earth slide or flow that does not
reach the road

Failure type 3: Debris flow from remote source
upstream

Again, according to the classification adopted here (Figure
27), these hazards do not impact the road. They have been
responsible for many fatalities over the years in some parts
of the country, especially in Bududa District. The cause of
these hazards is probably a complex interaction between
heavy rainfall, susceptible rock and soil types, drainage
patterns and land use management practices in some areas.
Their resolution will require thorough appraisal of all these
factors in each particular case.

Debris flows (Figure 29) are fast-moving flows of debris,
usually comprising a wide range of particle sizes, including
boulders, and with variable water content. Low- and
intermediate-cost measures for mitigating the impact of
these flows on affected sections of road include the use
of barriers, such as debris bunds and gabion walls, for
example, to contain and slow down the flow of material.
Alternatively, alignments can be raised using embankments,
but continued debris flow activity will ultimately fill these
containment voids and drainage control could become
problematic. In catchments with extensive and expanding
landslide activity, these debris flows can occur on a regular
basis, and therefore mitigation measures such as these
would probably be justified. If, however, these are judged to
be rare occurrences, then it will be more cost-effective to
clear up the debris and monitor activity. Debris flows appear
to be relatively infrequent in Uganda, though the debris
floods illustrated in Figure 18 have similar impacts.
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Failure type 1A: Rock falls in proximity to the road
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Figure 29: Fast-flowing, destructive debris flows.

3
4
5
6

The photograph is of a debris flow passing under a bridge in Nepal.

Failure type 4: Earth slide onto the road from above
Once the extent and likely depth of these landslides are
assessed through field investigation, then remedial options
can be considered. It is unlikely that drainage alone will be
able to stabilise the slope, though drainage will probably be a
critically important element of the remedial package that may
include gravity retaining walls. Cut off drains and diversion
ditches should be considered with the aim of preventing
as much water as possible from entering the landslide.
The possibility that any agricultural practices on the slopes
above might be contributing water to the slopes should be
considered and discussions held with the local community as
to how this might be better managed if, indeed, it is the case.
These issues are discussed further in Section 8.
Trench (or French3) drains can be used to drain the landslide
mass itself. These are normally excavated at between 3m
and 5m centres along the line of steepest slope, backfilled
with free-draining material, and discharged into the road side
drain. Diagonal drains, creating a herringbone pattern, are
also sometimes added for increased effectiveness (Figure
30). Where they are discharged into retaining wall backfill,
measures will need to be taken to ensure the water is safely
drained from behind the wall (e.g. Section B-B, Figure 34).
Annexes 1 and 2 contain standard details and specifications

for surface drains, trench/French drains and related drainage
structures. Ordinarily, these are nominally 1m deep, and so
there will be a limit to which groundwater levels within the
slipped mass can be drawn down. If deeper drawdown is
required, recourse will need to be made to more elaborate
and expensive drainage systems that are usually unsuited to
low-volume roads and more relevant to highly-trafficked and
high-risk situations.
A variant on the trench drains shown in Annex 1 is one
where an excavated trench is filled with gabion boxes, each
wired to the next, thus providing a degree of flexibility and
continuity should ongoing slope movements take place.
As with all trench drains, unless the drain invert is in rock,
an impermeable membrane to the base and lower sides is
required to prevent water escaping. Where such drains are
constructed across or diagonally down a slope, as would
be the case in a cut off or herringbone configuration, a filter
fabric is required on the uphill side (as it would with any
subsoil drain) to prevent migration of fines into the drain and
thus minimise clogging. An impermeable membrane will also
be required to the downslope side to stop water escaping.
It is important to note that, with all drainage systems, it is
one thing to drain water from a slope, but there has to be an
effective and safe way of discharging it as well.

A French drain is defined here as a trench drain with a filter fabric-wrapped slotted PVC pipe towards its base, designed to facilitate more efficient
drainage through the trench. It is often used as a collector drain in herringbone drainage configurations

3
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Figure 30: Typical slope drainage measures
Divert watercourse
away from failure

Drain pond

Install herringbone drains
to intercept seepage

3
4

Cut off drain to intercept
surface runoff where present
Note that cut-off drains are
not recommended as
standard practice: only
where there is an
obvious and targeted
source of runoff

5
6

Extent of slope
movement

Install French
drains to lower
water table

Gabion retaining walls are normally preferred to other
structures in situations of high groundwater table and
seepage because they are free-draining. Gabion walls are
also able to withstand a degree of movement without failure,
and are normally less expensive. They should be constructed
in bays, or short lengths, so as to avoid removing support to
the entire slope at once. They require free-draining backfill
and filter fabric to prevent the removal of fines in seepage
water. Where space is insufficient to construct gabion walls,
then mortared masonry or reinforced concrete structures
might be considered as they tend to have narrower base
widths for the same retained height. However, their expense
and intolerance of differential movements makes them less
desirable, certainly in low-cost situations. Standard details
and specifications for gabion and masonry walls, the most
common wall types used on low-volume roads, are provided
in Annexes 1 and 2.
Geotechnical advice should be sought for large and complex
slope failures. Some of these might require the use of
anchored slope retaining systems (for soil and rock slopes),
necessitating specialist investigation and design.
Failure type 5: Earth flow onto the road from above
Earth flows occur in similar settings to failure type 4, the main
difference being that they have no basal sliding surface and
flow at higher speeds and over longer distances due to their
high-water contents. They are, by definition, fine-grained
and are typified by the volcanic ash flows in the Kisoro area.
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Their remedy should involve a combination of drainage
control and retention structures, such as earth bunds and
gabion walls, though significant investments should only be
contemplated at locations where the hazard is repetitive.
Failure type 6: Earth slide or flow from below
After failure type 7 (see page 38), these failure types pose
the greatest hazard to those sections of road affected. They
can cause exposure of the road edge or result in settlement
and loss of the road itself. Where ground movements
are very slow, and the risk to traffic is minimal, it is not
uncommon to find maintenance authorities using fill to make
up ground levels and remove any dangerous ‘drops’ in the
slope profile below the road. This approach has only shortterm effect, and the placement of fill serves to add further
load to the slope, thus reducing stability further.
The usual, more permanent, approach to reinstating the road
in these situations is to construct a road edge retaining wall
that supports the road fill and, because it is founded beneath
the zone of ground movement, it remains unaffected by any
continuing displacement of the slope below. However, not
only does the wall founding level need to be stable, it also
needs to have sufficient bearing capacity. A foundation
in rock is always preferred but often this is not possible
and therefore the suitability of the soil at depth needs to
be checked. This is normally done using a Dynamic Cone
Penetrometer (DCP) in trial pits, Standard Penetration Tests
(SPTs) in boreholes, and further testing in the wall foundation
excavation itself.
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In these below-road situations, masonry walls are preferred
as they are low-intermediate cost, of narrower section than
gabion, and more robust, but they are intolerant of weak
or differential foundation conditions. Some illustrations
are shown in Figure 31. Where the required wall height is

1
2

greater than approximately 6m, reinforced concrete and
earth-reinforced structures might be considered, though
these are generally more expensive, and the latter requires
specialist design and construction.

3
4

Figure 31: Use of masonry, gabion and reinforced fill walls to retain the road width with active earth slides on the slopes immediately below
Before reinstatement

5

After reinstatement

Masonry onto rock

6

Reinforced fill onto soil

Gabion onto soil

Landslide stabilisation, protection and mitigation

7

In the case of the masonry wall, almost all of the foundation was on rock except a short section in the middle of the wall (visible in the photograph)
where gabion had to be used instead. All foundation levels were beneath the respective failure surfaces.
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Another example, at approximately Km 43 on the Fort Portal
– Bundibugyo road, involves earth slides on either side of
a narrow ridge formed in Rift Valley Alluvium, as illustrated
in Figures 12, 16 and 33. In March 2017 the slope on the
eastern (right hand) side of the road failed creating a tension
crack along the centre-line of the road. Approximately 180m
of road was affected. The road was reconstructed on a fill
slope using imported material in November 2017. In early
2020 there were no clear signs of renewed slope instability
affecting the road, though cut slopes are failing locally and
there is evidence for subgrade failure at the up-chainage end
of the section. The western side of the ridge is also unstable
with a deep erosion gully developed beneath a side drain
turnout (Figure 33D).
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Figure 32: Back scarp of active earth slide is dangerously close to the
road edge
Road

2
3
4
5
6
7

Active
earth slide

Should displacements to the road continue, there are several
options that might be considered. The first would be to lower
the alignment, creating a wider platform and reducing the
depth to the slip surfaces on either side so that protection
and retaining structures might be considered. Road gradients
would need to be checked for this option to be considered
further. An alternative might be to realign the centre-line
slightly to the west where there is a little space to do so and
to provide comprehensive scour protection below all side
drain turnouts, possibly diverting flow from the western side
to the eastern side in the process. A more radical option
might be to culvert the stream that runs along the base of the
eastern slope and fill over it, so as to create a reduced slope
angle and provide toe support against further movements
on that side of the ridge. These are the sorts of options that
would need to be considered when searching for solutions
to these types of problems and will require geotechnical
investigation and analysis to assist in selecting and designing
the most effective in each case.
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Figure 32 shows the case where the road edge is
dangerously exposed at the head of a very large earth slide
close to Bundibugyo. The height of the back scarp is 4m and
cracks extend to within half a metre of the road shoulder.
The earth slide first became apparent in 2017 but recurred
in 2018 and 2019. The location requires geotechnical
investigation before a cost-effective solution can be found.
However, it may prove feasible to reconstruct the road using
reinforced earth with a foundation beneath the failure surface
of the earth slide, in a somewhat similar manner to the
example in Figure 31. Trial pits should be dug in the base
of the scarp to identify the depth of the slip surface and a
Dynamic Cone Penetrometer (DCP) used to assess bearing
capacities beneath it. However, this may prove difficult given
access constraints and soft soil problems for traffickability,
and so drill holes through the road edge may be necessary
to investigate soil conditions at depth.

1
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Figure 33: Narrow ridge line with instability either side at Km 43 on the Fort Portal – Bundibugyo road (Ntoroko Dist.)

3

Erosion gully beneath
side drain turnout (D)

4

Unstable

5
6
B. Active movements on western flank

C. Active movements on eastern flank

D. Erosion gully beneath side drain turnout

Despite the possibility of stabilising the eastern slope in the
case of Km 43, this is not usually an option when considering
these landslides, as many extend over large areas and
can be several metres deep. They may also be subject to
aggressive toe erosion in stream and rivers, though this is
relatively uncommon in Uganda. This is why, in those cases
where it is geotechnically feasible, protection of the road
using road edge retaining walls is likely to be the most costeffective solution as long as suitable foundation conditions
can be found. If the slide is too deep, and foundations
are unsuitable, then slope stabilisation itself might be
considered. Figure 34, for example, shows the design
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details of works carried out to stabilise the slope below a
section of road with an aggressive river at its toe. These are
major works but were needed because the road carried highvolume traffic and was of strategic importance. The example
also illustrates the use of gabion walls, French drains and toe
protection, that might be considered for use in certain cases
in Uganda, perhaps at a smaller scale. Sub-horizontal drains
(Annex 1) were also used, whereby 30m long holes were
drilled into the hillside on a slightly rising gradient into which
filter fabric-wrapped, slotted PVC pipes were inserted to
facilitate deeper drainage.
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A. Ridge line, looking south
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Figure 34: Design of stabilisation works at a failure type 6 location, comprising an 8m high gabion toe wall, French drains, drilled sub-horizontal
drains and scour protection
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Failure type 8: Rock falls and rock slides in cut slopes

As discussed in Section 3, route selection should avoid
crossing large deep-seated landslides. However, many
of the ancient landslides can be inactive under current
environmental conditions and therefore pose little or no
threat to road maintenance. Those that remain marginally
unstable, either through their own mechanics or as a result
of land use change or engineering activity, can undergo slow
and intermittent movement. In almost all cases, they will be
too large to stabilise by any economically-justifiable means.
Depending upon each situation, local improvements can be
made by making provision for additional slope drainage and
using gabion walls as temporary support. However, ongoing
movements should be anticipated and so it is advisable
to apply low-cost measures only. Depending upon rates
of movement, the road itself might be better surfaced with
gravel and not asphalt. As mentioned in Section 1 changing
patterns of rainfall in the future may cause some slopes that
are currently stable to become unstable over time.

The remainder of this section is concerned with earthworks
slopes, drainage channels and engineering structures within
the road reserve or adjacent to it. The majority of slope
failures affecting the Ugandan road network occur within
the road reserve and on its adjacent slopes, and hence it
is necessary to focus on techniques for mitigating these
hazards in detail.
Roadside excavations in rock are much less frequent than
those in soil, but nevertheless do generate rock fall and rock
slide hazards in the more mountainous parts of the network.
There is a wide range of techniques that can be applied
to reduce the hazard from rock fall (Figure 35). Figure 36
summarises typical rock slope failure mechanisms and the
prescriptive measures that might be employed to stabilise
or mitigate them. Table 9 provides a more detailed review
of the measures summarised in Figure 36 for low-cost
applications.

Figure 35: Rock slope stabilisation and protection measures commonly applied to mountain roads
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and trimming
Netting

Netting
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Failure type 7: Valley side deep-seated landslide
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Figure 36a: Simple classification of rock slope materials, failure mechanisms (excluding avalanches) and outline prescriptive remedial measures
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Figure 36b: Prescriptive remedial measure code descriptions for Figure 36a (see Table 9 for more details)

3

10

Regrading and cutting back
of slope to shallower angle
(low - intermediate cost)

2

Rock bolts
(intermediate - high cost)

11

Trimming of overhangs
(low - intermediate cost)

3

Rock anchors
(high cost)

12

Scaling of loose blocks
(low cost)

6

4

Toe support by gravity walls
or anchored structures (high cost)

13

Rock fall control mesh
(low - intermediate cost)

7

5

Shotcrete
(intermediate cost)

14

Provision of rock catch ditch
at slope toe (low cost and
high maintenance)

6

Restraining mesh, bolted to
slope (intermediate cost)

15

Rock catch wall or barrier
(low-intermediate cost and
high maintenance)

7

Buttress and/or dentition
(intermediate cost)

16

Rock catch fence (low - high cost
(depending on design) and
high maintenance)

8

Gravity retaining structures and
berms (intermediate - high cost)

17

Shelter
(very high cost)

9

Drainage
(intermediate cost)

18

Tunnel
(very high cost)

Dowel bars
(low - intermediate cost)

4
5

N.B. Usually a combination of measures will be required at any particular location and the choice of measures to be applied will depend upon the
scale of instability and the risk that it poses.
In the majority of cases along the Ugandan road network,
cutting back of the slope and the removal of overhanging and
loose rock may suffice (prescriptive measures 10, 11 and
12 in Figure 36). Usually there will be adverse joints along
which rock slide and rock fall detachments take place, and
the removal of rock from above these joints will lead to an
improvement in stability.
Where these measures alone are either not feasible, due
to access problems, or insufficient, consideration should
be given to constructing a rock trap containment ditch, wall
or fence (prescriptive measures 14, 15 and 16). These are
illustrated in Figure 37). In most cases, there is usually
insufficient space in which to construct containment walls
between the toe of the cut slope and the road side drain,
and fences become the most viable option. Fences vary in
design from simple stand-alone fences, secured by concrete
or steel pillars, to anchored fences capable of withstanding
high energy impacts from large rock fall volumes. The
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latter fencing systems are usually designed according to
the geological and rock fall dynamics of the site and offer
expensive solutions.
Other intermediate-cost techniques include the use of wire
netting, or mesh, and shotcrete (prescriptive measures
5, 6 and 13 in Figure 36, and Figure 37). Wire netting is
hung on a rock face to contain individual blocks of rock and
prevent them from falling or rolling into the road. The mesh is
anchored into the rock behind the top of the cut slope using
rebar cemented into drilled holes. It is usually also pinned
to the rock face itself using the same method. Shotcrete
(sprayed concrete) is often applied to the mesh to provide a
protective covering to the slope.
Most of the other prescriptive measures in Figure 36 are
high-cost, and largely inappropriate for the Ugandan road
network, except perhaps in certain high-risk circumstances.
Annexes 1 and 2 provide standard details and specifications
for simple fences, netting and shotcrete.
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Table 9: Options for rock slope stabilisation and protection
Technique

Where?

Cost and practicality

1. Dowels

Any potentially unstable block that
can be kept in place by dowels

Low - intermediate cost; use usually restricted
to blocks 1-2m thick, careful design through face
mapping required

2. Bolts

Any potentially unstable block
that can be bolted back to stable
material

Intermediate - high cost; installation using
specialist equipment; long term corrosion/creep
problems. Careful design through face mapping
required

3. Pre-stressed

Any potentially unstable block or
rock mass that can be anchored
back to stable material

High cost; installation uses specialist equipment;
long term corrosion/ creep problems, long term
monitoring required. Careful design through face
mapping required

4. Tied-back

Areas of rock surface that require
reinforcement and face support

High cost; same as for rock bolts and anchors

5. Shotcrete

Closely fractured or degradable rock
face

Intermediate cost; specialist equipment required,
though hand-applied concrete might be considered

6. Restraining
mesh

Mesh can have a face reinforcing
effect if dowelled tightly to the rock
face

Intermediate cost; potential access problems; good
anchorage required throughout

7. Underpinning

Cavity on rock face, overhang

Intermediate cost; potential access problems

8. Retaining

Deep-seated rock failures

Intermediate - high cost; may be impracticable due
to space restrictions and size of failure

9. Drainage

Any rock face where water
pressures in fissures create
instability

Intermediate cost; drilling equipment necessary for
drain holes. Drain holes may not function well in
fractured rock

10. Regrading

Instability at crest of rock face. Oversteep slopes

Low – intermediate cost; potential access
problems; difficult in very steep terrain

11. Trimming

Overhangs

Low – intermediate cost; controlled blasting
techniques may be required

12. Scaling

Loose rock on surface

Low cost; labour-intensive; potential access and
safety problems

13. Rock fall

Loose/weak rock on surface

Low - intermediate cost; will not retain major
blocks; good anchorage required at top of face

14. Catch ditch

Base of slope where space permits

Low cost; shape of ditch dependent on height and
slope of rock face

15. Catch wall
or barrier

Base of slope where space permits

Low - intermediate cost; wall dimensions
dependent on height and slope of rock face

16. Catch fence

Mid-slope or base of slope

Low - high cost depending on impact capacity;
cost increases to high if anchoring or special
founding conditions are required (e.g. soil or debris
rather than rock)

17. Shelter

At base of high unstable face where
other measures are not feasible

Very high cost

18. Tunnel

If relocation is the only solution

Very high cost

Stabilisation

ground anchors

Slope
Stabilisation –
Reinforcement
and Support

walls

buttresses

structures, berms

Slope
Stabilisation –
Drainage

Slope
Stabilisation –
Removal

Protection

control mesh

Protection
to Road
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Figure 37: Examples of catch fences and walls, slope netting, shotcrete and hand-applied concrete
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A. Anchored and dowelled wire netting and steel catch fence

B. Wire netting performing as intended, i.e. preventing debris from
reaching the road

C. Reinforced concrete catch wall

D. Wire netting/mesh dowelled into rock face

E. Shotcreted slope above retaining wall

F. Hand-applied concrete onto dowelled mesh

Landslide stabilisation, protection and mitigation

7

Note that shotcrete and hand-applied concrete are usually only used on slopes composed of weathered and fractured rock, and not soil.
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Failure type 9: Shallow debris slides and erosion in cut
slope
Bio-engineering techniques
Introduction
A cost-effective way to protect slopes against erosion and
shallow slope instability4 is through the use of bio-engineering.
Where slope instability extends to depths of 500 mm or
more, and where erosion problems are advanced, bioengineering techniques should only be used in conjunction with
(geotechnical) engineering measures such as deeper drainage,
retaining walls and more robust techniques of erosion protection.
Bio-engineering is the use of living plants for protection and
restoration purposes. Plant species are carefully selected for the
functions they can provide in protecting slopes. Bio-engineering
techniques are often used in combination with small-scale civil
engineering structures.
In the treatment of roadside slopes, the three most common
uses are:

•

protection of slopes against erosion;

•
•

2

reduction of shallow sliding;
improvement of surface drainage and reduction in
slumping.

3

Separate parts of a landslide or slope have to be given
different bio-engineering consideration, according to
cause, depth and mechanism of failure, existing or
potential. Critically important are careful site examination
and attention to details. Bio-engineering techniques work
by fulfilling the engineering functions required for the
protection and shallow stabilisation of slopes. The plants
must provide one or more functions of catching debris,
armouring the surface, reinforcing the soil, anchoring the
surface layer, supporting the slope or draining the material.
Standard details, specifications and further guidance on the
implementation of bio-engineering works are contained in
Annexes 1-3.
Planting techniques
A range of different plants used together provide much
greater effect than single plants. Nevertheless, grass
planting forms an important component of bio-engineering
and is discussed first.
Contoured grass planting (Figure 38) will also catch debris,
slow runoff and reinforce the soil. Contour lines of grass will
also increase the infiltration capacity of the soil. Grasses
arranged in vertical lines can promote drainage efficiency
between planting lines, though this will also encourage
erosion. Diagonal lines of grass provide a balance
between catching debris and draining the slope, while still
functioning to armour and reinforce the soil. Large-stature
(tall and clump-forming) grasses are the best plants to
armour slopes against erosion. However, shrubs and trees
provide the deeper reinforcing and armouring functions
required on many slopes.

Figure 38: Horizontal and diagonal configuration of grass planting (reproduced with permission of J. Chapman)

Certainly, up to 150 mm depth within one growing season, usually up to 500 mm depth after three to five years; and in some cases, to one metre or more
after five to ten years

4
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An interesting case study from Uganda occurs along the Simu
– Kaserem mountain road in the Mt Elgon area, illustrated in
Figure 21. The presence of tension cracks behind the cut face
and adverse jointing within the rock mass itself suggest that
additional rock slides are to be expected. The carriageway
is narrow and there is therefore no opportunity to construct
containment barriers. The depth of potential failure is large,
perhaps 1-2m, and so techniques designed to stabilise the
face itself, such as netting, shotcrete and dowels, would have
little effect. The most practicable option, given that there is
easy machine access to the top of the cut, would be to
carefully cut the rock face down from the top in a closely
controlled benching exercise.

1
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Individually, the bio-engineering techniques that would be
appropriate for roads in all rural areas of Uganda are simple
and labour-intensive. Local people already utilise these
skills in their agricultural systems and the plants are readily
available to farmers. Bio-engineering techniques can also
be used to help strengthen existing vegetation cover both
within road reserves and outside of them, even where slope
instability problems do not currently exist.

1
2

Typical planting techniques that are appropriate for
roadside slopes are listed in Table 10. Figure 39
illustrates the use of grass planting, palisades, truncheons
and brush layering. Further information on the selection of
species, the use of nurseries and planting applications is
provided in Annexes 1-3.

3
4
5

Table 10: Engineering functions of different bio-engineering techniques
Function

Linear grass planting: rooted slips of large grasses planted
in lines. Slips are made by splitting out clumps to give small
sections of root and shoot. Lines are horizontal (dry, welldrained soils), vertical (moist, poorly-drained soils) or diagonal
(variable moisture)

•

The best and quickest way to create a surface
vegetation cover on a steep, bare, predominantly
soil slope

•

Effective on almost all soil slopes, including cut
slopes up to 2V:1H

•

Robust protection and shallow reinforcement of the
surface soil

Direct seeding: the seeds of shrubs and small trees are
inserted into crevices in slopes composed of weathered rock

•

The best way to establish vegetation on rocky slopes

Brush layers: woody cuttings (c. 20mm dia x 500mm in
length) from shrubs or small trees are arranged in lines
in shallow trenches horizontally across slopes formed in
unconsolidated debris. These can be installed on slopes up
to about 1V:1H

•

Instant barrier that interrupts runoff. As plant roots
grow, they protect and reinforce the soil

•

Stronger than grass

•

Often effective on loose stony debris

•

Most shrubs tolerate shade, so this method can often
be used under tree canopies where grasses will not
grow

Fascines: bundles of long woody cuttings (c. 40mm dia x
1500mm in length) placed horizontally in shallow trenches
across slopes. Can be installed on slopes up to about 1V:1H.
After burial they put out roots and shoots, forming
a strong line of vegetation

•

Provide surface protection and shallow root
reinforcement. Once established, they can also
catch debris

•

In certain locations, fascines can be angled to
provide drainage

Palisades: woody cuttings are planted in lines across the
slope, usually following the contour. This can be done on
a wide range of sites up to about 1.75V:1H

•

Form an immediate barrier that traps debris

•

Less disturbance to the slope than brush layers,
so they can be installed on steeper slopes

•

In certain locations, palisades can be angled to
provide drainage

Truncheon cuttings: big woody cuttings from trees
inserted upright at intervals in slopes formed in deep and/or
loose debris

•

Relatively strong plant material on slopes that are
still unstable

•

Withstand damage from moving debris

Live check dams: small check dams with structural elements
made from the woody cuttings of trees are placed at intervals
in erosion gullies

•

Low cost, flexible structures to reduce
concentrated erosion

•

Limited disturbance to the slope

•

Can be used on weak, unconsolidated materials

Tree planting: potted seedlings from a forest nursery are
planted at intervals across a soil slope

•

Restoration of a forest mix of trees in the long term

Wattle fences: fences made of woven branches are used to
retain small volumes of debris, forming mini terraces

•

A rapid temporary measure on slopes with loose
surface debris.

•

In certain locations, they can be angled to provide
drainage
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Figure 39: Some planting examples
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A. Grass planted in horizontal lines

B. Grass planted in diagonal lines

C. Truncheons

D. Brush layering

E. Palisades

F. Combined use of brush layering and truncheons

Each site will require a careful investigation to see which
combination of approaches and techniques are bestsuited, depending on the physical and environmental
conditions of the site. Figure 40 provides a decision-making
process for determining the best techniques to use at any
particular location. Note that woven jute or coir netting is a
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material made from natural plant fibres and has been used
quite considerably in the past to help establish a stable
environment in which plants can grow. The nets are secured
into the soil using live pegs and often a mulch is applied to
the surface. Eventually, the jute bio-degrades, by which time
the plants should have become established. The use of jute
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erosion protection at high risk sites man-made geotextiles
are usually used in preference to planting systems, though
the two can be combined.

netting in bio-engineering works is referred to in more detail
in Annex 3 and a specification is provided in Annex 2. Trials
would need to be carried out to see how applicable the use
of jute is for the soils and climate of Uganda. For immediate
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Figure 40: Decision-making process for selection of bio-engineering techniques (adapted from Howell 1999)
Slope
length

Materal
drainage (a)

Site
moisture (b)

Good
>15 metres

45 – 60°

Damp

Diagonal grass lines

Dry

Contour grass lines

Damp

Poor

Good

<15 metres

Diagonal grass lines

Any

1 Diagonal grass lines or
2 Jute netting and randomly planted grass or
3 Palisades of woody cuttings

Damp

1 Jute netting and randomly planted grass or
2 Contour grass lines or
3 Diagonal grass lines

Good

Any

1 Horizontal gabion bolster cylinders and shrub/tree planting or
2 Downslope grass lines and vegetated stone pitched rills or
3 Site grass seeding, mulch and wide mesh jute netting

Poor

Any

1 Herringbone gabion bolster cylinders & shrub/tree planting or
2 Another drainage system and shrub/tree planting

Any

1
2
3
4
5

Brush layers of woody cuttings or
Contour grass lines or
Contour fascines or
Palisades of woody cuttings or
Site grass seeding, mulch and wide mesh jute netting

Poor

Any

1
2
3
4
5

Diagonal grass lines or
Diagonal brush layers or
Herringbone fascines and shrub/tree planting or
Herringbone gabion bolster cylinders and shrub/tree planting or
Another drainage system and shrub/tree planting

Good

Any

1 Site seeding of grass and shrub/tree planting or
2 Shrub and tree planting

Poor

Any

1 Diagonal lines of grass and shrubs/trees or
2 Shrub and tree planting

Good

<15 metres

<30°

Any

<15 metres

Any

6
7

1 Downslope grass lines or
2 Diagonal grass lines

Dry

>15 metres

5

1 Downslope grass lines and vegetated stone pitched rills or
2 Chevron grass lines and vegetated stone pitched rills

Dry

Poor

30 – 45°

Technique

Landslide stabilisation, protection and mitigation

Slope
angle

Turfing and shrub/tree planting

Notes

(a) Material drainage. This relates to the internal porosity of soils and the likelihood of their reaching saturation, losing cohesion and starting to flow. Materials with poor
internal drainage tend to have more clay than sand. They are prone to slumping at a shallow depth (e.g. < 500 mm) if they contain too much moisture. In such a case,
stabilisation requires some kind of drainage in addition to other functions.
(b) Site moisture. The moisture regime of the entire site must be assessed. In assessing sites, it is necessary to determine into which of four categories each slope
segment falls.
Wet:
permanently damp sites (e.g. shady gully or valley sides).
Moist:
sites that are reasonably well shaded, at high altitude or moist for some other reason.
Dry:
generally dry sites.
Very dry: sites that are very dry; these are usually quite hot as well (e.g. bare cut slopes at low altitudes).
Techniques in bold type are preferred.
Chevron pattern:
(like a sergeant’s stripes). Herringbone pattern:
(like the bones of a fish).
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Combined planting and low-cost engineering techniques
Figure 41 shows a case study of a shallow debris slide
occupying a cut slope in Laos. It was decided to tackle
the problem using a combination of planting techniques
and small-scale civil engineering works. First, an overall
assessment of the slope condition was made (Figure
41A). This was followed by a more detailed assessment

1

(Figure 41B) and the development of a layout design for
the works (Figure 41C and Figure 42). Figures 41D and E
show the completed works, the only difference being that a
composite masonry revetment was used instead of a gabion
revetment at the toe due to space considerations. The
composite revetment allows the passage of water through its
structure via the dry-stone panels (Figure 41F).

2
3
4
5

Figure 41: Case study of a bio-engineered cut slope failure

6

A. Outline assessment

B. Detailed site assessment

C. Proposed bio-engineering treatment

D. Completed works in 2008

E. Slope condition in 2018

F. Dry-stone panel to facilitate drainage
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Figure 42: Design layout of bio-engineering works shown in Figure 41 (from Hearn et al. 2020 and reproduced with permission of the Geological
Society, London)

N
10

0

Trim edge of scar
back about 500m
20

Metres

Diagonal lines of
grass planted
throughout failure
leading from spurs
into rills

To Louang
Prabang

Tension crack to
be filled and
compacted

4

Trim off debris
to 500mm depth

5

Diagonal lines of grass
planted throughout failure
leading from spurs into rills

6
7

Trim off to 500mm depth

Landslide stabilisation, protection and mitigation

BM03

3

Work with the farmer who
cultivates this land, to plant
permanent trees at 2m
centres in a band 20m wide

Compacted backfill
planted with 3
brush layers

BM01

Construct a composite
masonry revetment
wall 3.5m high

Edge of debris
bench to be trimmed
back and re-profiled

Construct
new side drain

Plant truncheon (large)
live hardwood cuttings
at 1m intervals
throughout the
debris slope

BM02

Road kerb to
be constructed
To Vientiane

Note: Turn-outs for water drainage from
the road still need to be considered
Location of safe spoil disposal area
to be instructed by the engineer

Figure 43 shows a selection of locations in Kasese District
with outline suggestions for bio-engineering techniques of
slope improvement. The slope conditions illustrated in these
annotated photographs are quite common along Ugandan
hill roads and the proposed treatment measures can be
considered in similar circumstances elsewhere.
A bio-engineering demonstration trial was instigated in March
2020 at a typical location of shallow cut slope instability
along the Fort Portal – Bundibugyo road. Grass and brush
layers, palisades and wattle fences were combined with
dry-stone walling at the toe of the slope. Figure 44 shows
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the implementation of this demonstration, while Figure
45 contains photographs of the site taken in July 2020,
indicating the progress that had been achieved during
the intervening four months. Generally, this progress was
very encouraging, especially given the fact that there was
very little rain during the period and the curtailment of
site visits for maintenance purposes during the Covid 19
pandemic. Figure 46 summarises the bio-engineering
site assessment that was carried out in advance of the
demonstration, including the identification of techniques,
plant species, tools required and material quantities.
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Figure 43: Some examples of the potential use of bio-engineering techniques for slope stabilisation and improvement in Uganda
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Figure 44: Implementation of the bio-engineering demonstration trial on the Fort Portal – Bundibugyo road (Kabarole District)

A. Site assessment and design

B. Grass slip planting in horizontal lines

C. Installation of live stakes and fascines

D. Construction of dry stone toe wall
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Figure 45: Progress at the Figure 44 trial site in July 2020, indicating a positive outcome (from site report by Fort Portal Station Manager GF Osoa)

2
3
4
5
6

B. Grass planting after 3 months

C. Palisades after 1 month (slow growth)

D. Brush layering after 3 months (slow growth)

7
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A. Grass planting after 1 month

While the site has made good progress, it has suffered from the dry spell between March and July 2020, emphasising the importance of aftercare,
and especially watering
Figure 46: Bio-engineering trial site assessment form
1. General Details:
Road name

Fort Portal - Bundibugyo

Area

Length: 20m; Height: 40m (Approx.)

Location

Km19+800

Soil type

Red clay

Altitude

900 to 1700 metres a.s.l.

Land use

Roadside slope and farmland

Aspect

–

Erosion

Surface and rills

2. Description of Site:
A small cut slope with surface erosion and several rills. There is fresh soil deposition on the lower section of slope and
the head scar is failing and extending into adjacent farmland. The roadside drain is almost completely blocked with
debris from above. Simple bio-engineering measures along with detailed farmland mitigation measures can help to
resolve the problem.
3. Bio-engineering measures:

•
•
•
•
•
•

Trimming and final slope preparation, removing all loose materials from rills and the slope surface
Constructing a dry-stone toe wall (approx. 10m length and 0.80m height) to protect the base of the slope
Planting of contour grass lines along with brush layers in less steep sections of slope
Planting random grass slips on steep sections of slope and weathered/ fractured in situ rock
Installing fascines and palisades into smaller rills on the lower section of slope
Encouraging local farmer to plant grasses/shrubs above the head scarp and adjacent slopes
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Figure 46: Bio-engineering trial site assessment form (continued)

3

4. Recommended plant species:
Trees/Shrubs
Grasses

•
•
•
•
•

Leguminoseae (Cassia or Albizia)
Vachellia species

4

Cynodon dactylon (Bermuda grass)
Pennisetum purpureum (Napier or elephant grass)
Vetiveria zizanioides (vetiver grass)

5

Bamboos

6

Item Description

Unit

Quantity

Trimming and final slope preparation

M2

800

Dry stone toe wall

M3

Brush layers
Stone rip-rap and palisades

Item Description

Unit

Quantity

Wattles

M

5

4

Fascines

M

10

M

50

Grass planting

M2

600

M

20

Maintenance and aftercare

Unit

Quantity

Planting bars (50 cm mild steel bars
with flattened ends)

No

15

Grass slips: (120 slips for 10m
planting drills)

Crow bars

No

2

Pickaxes

No

Spade

as required

6. Tools and Materials:
Tools

Unit

Quantity

No of slips

1500

Live cuttings for Fascines:
(minimum of 1.5 m length,
3 to 4 cm diameter)

No

20

4

Live cuttings for brush layers
(minimum of 50cm length,
3 to 4 cm diameter)

No

200

No

4

Live cuttings for palisades
(minimum of 50cm length,
3 to 4 cm diameter)

No

50

Shovels

No

4

Angular stone (100-150 mm) for
drystone toe wall

M3

3

Sledgehammer

No

2

Mason Hammer

No

2

Jute bags

No

10

Spirit level

No

2

Tape measure (5m)

No

2

Line strings

No

Safety ropes

No

As required

Helmets, gloves, goggles,
high vis vests

No

No. of staff
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5. Quantities:
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Slope drainage
Drainage is an important element of all bio-engineering
work. Because bio-engineering is used to treat shallow
slope instability and erosion problems, the focus is on
surface drainage, including open and lined ditches in various
configurations. Standard details and specifications are
provided in Annexes 1 and 2. An important element of a
bio-engineering drainage system is the need to identify all
sources of water and put in place measures to drain those
first. This will include identifying springs and seepage points
and constructing drains beneath them in order convey water

1

safely to a discharge point. This can be a neighbouring
stream channel or the road side drain. In some cases, cutoff drains are constructed behind the crest of cut slopes
to intercept surface runoff and prevent it from flowing over
the cut slope (Figure 30). On the cut slope itself, drainage
lines should be identified and strengthened using drains
constructed of dry-stone or mortared masonry. As described
above, grass planting in vertical and diagonal lines assists
slope drainage and grasses can also be planted within open
ditches and dry-stone channels to strengthen them against
erosion. Figure 47 shows some examples.
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Figure 47: Techniques of bio-engineering surface drainage
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A. Dry-stone surface drains in herringbone system with cut-off drain
(broken white line) and masonry cascade into road side drain

B. Mortared masonry surface drains combined with diagonal grass
planting
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C. Dry-stone surface drains constructed in small gullies to protect
against erosion with grass planting in diagonal lines

52

Improving the resilience & quality of rural road infrastructure through landslide management & optimisation of road reserve use in Uganda

These drainage systems should not be implemented as
routine but designed specifically to address observed
needs for drainage improvement. Drains that are not
maintained will block with vegetal debris and soil, causing
seepage and surface runoff problems. Rigid drains, such
as mortared masonry lined surface drains, will crack and
dislocate when even minor ground settlement and movement
occur, thus rendering them inoperable and a source of
erosion and seepage. Maintenance is therefore critical to
their performance. Trench drains are also used in a bioengineering context, usually as rubble or gabion-filled
trenches up to a metre in depth.

1

In some cases, the volume of water that flows down a slope
during very heavy rain cannot be accommodated safely
using the drainage systems described above. In these cases,
more substantial techniques are required to convey the water
and protect the slope. Figure 48 provides examples of the
use of bio-engineering and low-cost engineering systems
of surface drainage on slopes and in small stream channels
above the road. Standard details and specifications for
cascades are given in Annexes 1 and 2, though the details
will need to be modified and adjusted to suit the particular
ground conditions at each location.
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Figure 48: More substantial systems for drainage and erosion control on slopes

A. Erosion control using dry-stone check
dams in unstable cut slope

B. Drainage and erosion control using gabion
cascade. Concrete facing to invert and side
walls prevents scour of gabion wire. Suitable
where foundations are variable, though care is
required in the use of concrete where differential
settlement might cause it to crack. A stepped
impermeable membrane might be required
beneath the invert and against the side walls to
prevent seepage and erosion

Low-cost engineering techniques of slope protection
While planting schemes should be maximised on roadside
soil slopes, they will have little effect on slopes where
rock failure mechanisms predominate. Furthermore, there
are cases when more robust and immediate protection is
required. Low-cost engineering structures, including dry
masonry, mortared masonry and gabion revetments, toe
walls and dentition work, provide this protection. Revetments
are designed to protect the slope against shallow instability
and erosion. They are narrow-section and have very little to
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C. Drainage and erosion control using a
mortared masonry cascade. Suitable where
foundations are reasonably sound, i.e.
weathered rock or dense soils

no retaining capacity. Standard details and specifications
for some of these measures are provided in Annexes
1 and 2, and examples of their application are given
in Figure 49. Figure 50 shows a case study where a
combination of slope trimming and cutting back, surface
drainage, masonry revetment and gabion walling was used
to satisfactorily stabilise an unstable cut slope. Note that
mortared masonry structures are suited best to situations
where foundations are reasonable strong (i.e. weathered
rock and dense soil) and where differential settlements are
not expected.
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Figure 49: Examples of revetment structures successfully applied to roadside slopes
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A. Dry masonry revetment/toe wall provides protection against shallow
instability. Note the high degree of interlock for added frictional strength

B. Mortared masonry revetment

C. Mortared masonry composite wall with dry stone panels to facilitate
through-drainage

D. Gabion revetments along the Kabale – Kisoro road (Kabale Dist.).
Note the use of perennial trees to provide a boundary between the cut
slope and the cultivated areas above

E. Masonry dentition to fill voids in cut slopes to prevent rock and soil fall

F. Mortared masonry revetment. Ample use of weep holes to allow
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through drainage
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Figure 50: Cut slope stabilisation using surface drainage, masonry revetment and gabion retaining wall
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A. Unstable cut slope before treatment

0

Landslide stabilisation, protection and mitigation

7
B. Cut slope after treatment with French drains (not visible), masonry
revetment and gabion wall

20

Cut off drain

Herringbone drains

Metres

Flow direction

Geofabric

45°

French drain

Crushed stone
drainage layer

10m

10m

3m

3m

4m

Masonry
revetment
to cut slope
169 + 500

1m

169 + 400

Catch pit

Top thickness
of wall

Cut platform

Masonry
lined drain
C. General arrangement of stabilisation details
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Compacted
granular fill
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retaining
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Failure type 10: Deeper slide in cut slope, may extend
into slope above
Landslides deeper than 500 mm or so will require more
substantial treatment than is provided by bio-engineering
alone. Usually, this involves deeper drainage measures and
large retaining structures (Figure 51). Depending on the
steepness and height of the topography above the slope,
cutting back to a less steep angle should be considered,
along with slope trimming and the removal of overhangs.
Gabion and masonry walls are the most common retaining
structures used in a low-cost setting, and standard details
and specifications are given in Annexes 1 and 2. These
structures are shown in Annex 1 with horizontal bases

1
2

which, in most applications, is conventional. However,
backward-sloping bases are often used as a means
of increasing factors of safety against overturning and
reducing bearing pressures at the toe of the wall, where
soils are usually weakest. The difficulties with these
variants relate to the provision of drainage behind the
heel of the wall and the compaction of fill behind gabion
structures with tilted back faces.

3
4
5

Geotechnical advice should be sought for the larger
slope failures. Liaison will be required with communities
occupying and farming the slopes above to ensure that a
mutually agreeable solution is found.

6
7
Landslide stabilisation, protection and mitigation

Figure 51: Combined use of gabion retaining wall and planting measures to stabilise a slope failure approximately 2-3m in depth

Note the high quality of gabion wall construction for maximum frictional interlock and structural integrity
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As with slope failures above the road, it is necessary to
identify the cause of fill slope instability before options
for reinstatement and stabilisation are considered. Too
steep a slope, inadequate road drainage and low-strength
fill material (often due to poor compaction) are the most
important factors where fill slope failures in Uganda have
occurred. If, for topographic reasons, the fill slope angle
cannot be decreased, then it will be necessary to excavate
the failed material and replace it with higher specification
fill. At the same time, it is important to ensure that seepage
from the side drain and runoff from the road edge are
unable to penetrate the fill. Constructing side drains where
none exist, installing French drains beneath side drains
where there is evidence of a deeper water seepage source,
and the use of kerbs or upstands to keep road runoff from
draining over fill slopes, may be necessary.
If, for whatever reason, the situation does not allow fill
replacement, and if the failure is due to slope instability
taking place on the slope beneath the fill, then other options
might include minor realignment of the centre-line into the
hillside and/or the construction of below-road retaining
walls. Realigning the centre-line will provide more space
along the outside of the road to reduce fill slope angles
though, in hilly and mountain terrain, it will also involve
cutting into the hillside above which may require additional
mitigation measures.

Where ground movements prove to be due to deep failure,
either (i) within the fill, (ii) along the boundary between the fill
and the underlying natural ground, or iii) within the underlying
natural ground itself, it may be necessary to support the road
using a retaining wall. The wall would need to be founded
within natural ground beneath the zone of movement in soils
or weathered rock of sufficient bearing capacity. Where
founding conditions are suitable, masonry walls might be
considered with heights of up to 4-5m. Deeper foundations
will probably require a bespoke reinforced concrete wall
design, but this may prove costly and other options should be
considered first.
Gabion walls can be used where founding soils are variable,
but deflections in the wall could cause local settlement and
cracking to the adjacent road surface. An alternative option
might be reinforced fill as these structures are light-weight
and spread bearing pressures over a wider footprint. In all
cases, adequate foundations and wall drainage are essential
to the performance of the structure.
Erosion and shallow (surface) instability on fill slopes can
be dealt with using bio-engineering techniques (Figure 52).
Where rills and small gullies have developed on fill slopes,
they can be treated with live check dams and stone pitching
(Figure 53) to protect the rill from further erosion and slow
down the flow of water. Any road runoff discharging over
fill slopes will need to be controlled. Where appropriate,
standard details and specifications are provided in Annexes
1 and 2. Further information on these techniques is provided
in Annex 3.

Figure 52: Protection of fill slopes using grasses, brush layering and truncheons

A. Grass planting

Prepared for the Uganda National Roads Authority (UNRA)

B. Truncheons and brush layering
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Failure type 11: Failure of fill slope

1
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Figure 53: Prevention of further erosion in rills using live check dams and dry-stone pitching

3
4
5
6

B. Stone pitching in rills in combination with grass and hardwood
cutting planting

A. Live check dams

Figure 54 is an idealised scheme for ‘total slope bioengineering’, focusing mainly on the drainage, protection and
management of land below the road. In order to maximise
the benefits from bio-engineering and conservative land

management practices, local communities will need to be
engaged in the process, understanding and benefitting from
the approach (Section 8).

Figure 54: The total bio-engineering approach to slope management (modified from Howell, 1999)
Band of trees and perennial clump grasses at base of cultivated land (catch, armour, reinforce)
Diagonal lines of grass on cut slope (armour, drain)

30° slope; unterraced
agricultural land

Dense line of shrubs at toe of cut slope (catch)
Turfing on shoulder and embankment (armour)

35° cut slope in original
ground composed of
rock weathered to the
condition of residual soil

Double line of small trees to make road edge
more visible for drivers (traffic safety)
Contour lines of grass (armour, reinforce) with
planted shrubs at wide intervals in between (anchor)
Jute netting with randomly planted grass
(armour, reinforce)

Lead side drain runoff
to safe outlet
Construct road with inward
sloping carriageway to
discourage uncrontrolled
runoff over outside edge

Gabion-lined french drains at 5m centres with
gabion bolster herringbone branch drains at
3m centres (drain)
Main french drains discharge into open
trench drains lined with stone pitching
interplanted with grass (armour)

Shoulder and 3m high embankment,
composed of compacted earth fill
20° graded slope

Grass seeding (armour, reinforce)
with widely spaced planted large
trees (anchor)

Mainly in situ rock, highly weathered failure zone of original
landslide; 50° slope trimmed to a straight profile
35° slope of fine colluvial material;
transport zone of original landslide
Diagonal lines of grass in a chevron pattern, leading into drains
(armour, reinforce, drain) with planted shrubs at wide intervals
in between (anchor)
25° slope comprising debris deposited from upslope

Line of bamboos
at base of slope
(support, catch)

Gabion toe wall to prevent undercutting and
mass failure of debris slope (support)
River channel

KEY - Field observations in italic type | Bio-engineering recommendations in normal type
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Failure type 12: Instability in stream channel side slopes
Erosion in stream channels will progressively remove
support to adjacent side slopes that will ultimately cause
them to fail. Vegetation measures can be used to enhance
the strength of the channel banks, and these are outlined in
Table 11. In low-energy streams, these measures can be
combined with live check dams, palisades and dry-stone
check dams to slow flow rates and hence reduce erosion.
In the more severe circumstances, side slope instability can
cause destabilisation of retaining walls and the road edge if
left unchecked. More substantial protection can be provided
using channel linings, energy dissipators, stilling basins,
cascades and gabion, masonry and concrete check dams.
Figure 55 shows an example of comprehensive channel

1

protection works where a side drain turnout and culvert outlet
previously combined to scour out the channel and cause the
adjacent section of road to fail.
Standard details and specifications for check dams and
cascades, as well as bio-engineering structures are given in
Annexes 1 and 2, while additional guidance notes on bioengineering techniques are given in Annex 3. The details
of all these works will require site-specific assessment.
There are guidelines, for example, as to how to locate check
dams in stream courses. In practice, however, this will be
dictated by the need to find straight and stable channel
cross-sections where the structures will not be outflanked
by stream flow and hence erosion. Adequate keying-in and
suitable foundations are paramount.

2
3
4
5
6
7

Technique

Description

Advantages

Palisades

Lines of live hardwood cuttings are planted
along the edge of the waterway channel

A low-cost method of
establishing robust vegetation
along a channel bank

Bamboo planting

Lines of bamboo clumps are established
along the edge of the waterway channel

Tree planting

Lines of trees are planted along the edge
of the waterway channel

Low-cost methods of
establishing very robust and
productive vegetation along
banks

Wattle fencing

Fences of live hardwood cuttings are
planted and woven together along the edge
of the waterway channel

A low-cost method of
establishing robust vegetation
along a channel bank. More
complex than palisades

Vegetated timber
crib systems

A reinforcing framework of timber sections
is incorporated in, or driven into, the bank;
this is supplemented with the inter-planting
of live hardwood cuttings

A technique that establishes
an immediate level of erosion
control that continues to
strengthen over time

Reed rolls

Bundles of rooted reed clumps are planted
along the edge of the waterway channel

A low-cost method of
establishing flexible vegetation
structures that easily absorbs
wave energy

Fascines

Bundles of live hardwood cuttings are
planted in trenches along the edge of the
waterway channel

A low-cost method of
establishing robust vegetation
along a channel bank
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Limitations
These methods will only stop
erosion of the waterway bank;
they will not prevent deeper
instability within any adjacent
slope

These methods will only stop
erosion of the waterway bank;
they will not prevent deeper
instability within any adjacent
slope. In addition, they are
intricate bio-engineering systems
requiring special skills not yet
available in Uganda. They also
involve significant disturbance to
channel banks, requiring careful
bio-engineering reinstatement.
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Table 11: Techniques of stream bank protection
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Figure 55: Comprehensive scour protection beneath the combined outlets of a side drain turnout and culvert
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Failure type 13: Retaining wall failure
The use of retaining walls on the Ugandan road network is
quite rare, principally because the topography is generally
such that unsupported earthworks have been possible.
Exceptions occur where relatively high-volume roads have
been constructed through mountain areas, as illustrated in
Figure 56. In this particular example, which appears more
of a revetment than a retaining wall, scour beneath a culvert
caused failure of the adjacent slope exposing the road edge.
To the right of the wall in the photograph there is an active

slide scar that will also require attention, probably through
the construction of a retaining wall alongside the road
shoulder with a sufficiently deep foundation. The structure
in Figure 56 appears to have undergone at least two
construction phases, with the upper 3m being constructed
on top of the existing wall. Whether this compromises the
stability of the structure is not known, but it emphasises
the need to investigate the founding conditions and design
requirements fully before embarking on construction.

Figure 56: Masonry wall along the Kabale – Kisoro road (Kabale Dist.)
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8 Community extension and the need for integrated slope
management in the road corridor

Bio-engineering can offer a great deal more than just
protection against erosion. The right combinations of
plants can help restore agricultural systems and forests,
and thereby help mitigate some of the damage caused
by poor land management practices and the construction
and maintenance effects of roads. Bio-engineering sites
can be managed in such a way as to become productive
plantations or parts of well-managed farm units. A way to
facilitate this is through community extension programmes,
whereby farmers are encouraged to manage land so that
soil conservation is maximised using erosion-resilient
approaches to irrigation, drainage management and the
maintenance of an adequate plant cover.
A road occupies a corridor and not simply a road reserve.
Unfortunately, along parts of the Uganda road network, the
road reserve itself is insufficiently wide to accommodate the
cut and fill slopes that comprise important components of
the engineering asset. The stability of these earthworks is
central to road operation and yet, in some situations, UNRA
does not have the jurisdiction to implement the required
stability measures. There is, therefore, a need to establish
a land management system whereby UNRA and its rural
neighbours work together to manage the land inside and
outside the road reserve to their mutual benefit. Some of the
issues that will need to be considered in the establishment of
this system are summarised below.
Consultation with roadside communities in Mbale and
Kasese revealed the following:

•

many farmers are unaware of the important role they can
play in soil conservation and the fact that some of their
practices are having a negative effect;

•

rural communities often see landslides and related
problems as the responsibility of the government, and
do not appreciate the role they could potentially play in
preventing them;

•

the role of efficient (including stable) road access in
maintaining and promoting rural livelihoods is not always
appreciated by rural communities;

•

there is generally a lack of knowledge and skill required
to adopt conservative land management practices.
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It is important to engage local communities in the effective
management of the land in order to control erosion and
improve slope stability. The following factors appear to be
currently preventing this from happening:

5

•

there is generally poor consultation between UNRA and
local communities;

•

local communities feel isolated from UNRA, i.e. they do
not consider themselves to be ‘part of the plan’;

•

there is a perception, probably partly justified, that any
change in the way the community manages its land will
lead to a reduction in livelihood and/or the mobilisation of
resources that will have to be provided at the cost of the
community.

The following suggestions were made by members of the
local communities consulted to resolve some of the issues
regarding land management in the road reserve and wider
road corridor:

•

training should be provided on conservative land use
practices and the improvement of slope stability;

•

while UNRA has established road maintenance
committees and pays some community members
to maintain roadside drainage, for example, local
community participation in road maintenance could
be increased, thus providing employment and
supplementing livelihood;

•

UNRA itself could take measures to improve drainage
management and erosion control by increasing the
number of culverts, for example, and applying simple
protection works;

•

UNRA could purchase a buffer of land adjacent to and
on both sides of the road thus giving them control over its
management. This might comprise 2m swathes in which
a dense perennial stand of vegetation (e.g. bamboo) is
established;

•

community bylaws could be set up to encourage farmers
to manage their land in a way that encourages slope
stability.
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In any mountain terrain affected by heavy rainfall, the
management of slopes subject to agricultural use rather than
forest will always be a delicate, and sometimes precarious,
balance between the needs of the rural community to
maintain a livelihood and the importance of soil conservation
and erosion control. Uganda is no different in this respect.
Agricultural practices, such as shifting cultivation and forest
clearance, leave large areas of slope unprotected from
rainfall, posing significant challenges for the control of runoff,
erosion and, in some circumstances, the management of
slope stability.

3
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•

use of contour farming rather than down-the-slope strip
farming, that prevails on many hillsides in Uganda;

•

greater use of terracing to prevent the unhindered
flow of water down slopes, and possibly provide more
manageable planting conditions for farmers;

•

maintenance of a protective soil cover, such as mulches
and crop residues;

•

greater use of fruit trees, tree plantations for forest
products and agroforestry;

•

greater use of grass planting and tree planting around
field boundaries to help conserve water and soil;

•

use of specific plants as part of a bio-engineering
programme within the road reserve that can be harvested
by the local community.

Community extension, through the training and employment
of local farmers in the management of roadside slopes,
and supporting them to adopt farming practices that lead
to an overall improvement in slope stability within the wider
road corridor, should form a central aim of UNRA’s future
road maintenance policy. This will engender a greater
desire to participate among roadside communities, thus
increasing their sense of responsibility in conservative land
management, including within and adjacent to the road
reserve. Bio-engineering techniques and know-how play key
roles in achieving these goals, and UNRA will need to make
the necessary commitments, in terms of manpower and
resources, to ensure successful implementation. Figure 57
summarises the steps that need to be made.

2

Figure 57: Flow chart of proposed activities to integrate communitysupported bio-engineering into UNRA’s road maintenance practices
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Slope management and
low cost bio-engineering

Bio-engineering for
roadside slopes:
earthworks focus

4
5

Community extension
programme: wider
corridor focus

6
7

Capacity building and knowledge transfer
to local community and UNRA staff

8
Community
workshops

Bio-engineering
training

Identification of sites for
bio-engineering works

Design and preparation

Climate - land use engineering considerations

Community
extension

Nursery
establishment

Selection of
techniques

Selection of
planting materials

Implementation

Performance monitoring and maintenance of the works
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Community extension and the need for integrated slope management

Some of the conservative agricultural practices that could be
adopted by farmers to help control runoff and reduce erosion
are identified below:

1
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9 Conclusions and recommendations

3

The more deep-seated and complex landslides will require
geotechnical investigation and specialist advice before
suitable designs can be developed. Although this Guideline
provides some guidance and standard details in this
respect, it will be the responsibility of the site engineer to
determine which is the best combination and configuration
of protection and stabilisation works under any particular
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set of circumstances. This Guideline emphasises the need
to thoroughly investigate every problematic site in order
to gain a full understanding of the causes, extent, depth
and mechanism of failure before deciding on the preferred
course of action. It provides discussion and illustration in
this regard.

5

The widespread use of bio-engineering is a new concept in
the road sector of Uganda, and it has significant potential in
the resolution of shallow landslides and erosion problems
both within and outside of the road reserve. The use of
bio-engineering might be seen as a vehicle by which UNRA
is able to engage more closely with its rural neighbours
in order to establish a framework for improving the
management of land that benefits all stakeholders involved.
The bio-engineering demonstration that took place in
March 2020 along the Fort Portal – Bundibugyo road
was extremely well-received by the local community and
UNRA station engineers alike, and it is hoped that UNRA
can capitalise on this initiative and develop a programme
of training, trials and eventually full implementation. Bioengineering nurseries should be established and operated,
contracted to individuals or communities. In many cases,
arrangements could be made to run such nurseries by local
community members, with UNRA assisting with logistical
and technical matters.
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Conclusions and recommendations

This Guideline examines a wide range of deep-seated
and shallow landslide mechanisms that impact the road
network of Uganda and discusses their causes and options
for prevention, protection, stabilisation and remediation.
These options are loosely split into categories according to
their relative cost, namely low, intermediate and high, and
the focus of the Guideline is on low-cost strategies. These
strategies include the use of bio-engineering and simple
engineering structures that provide drainage, retention and
retaining capacity. Most roads in Uganda are constructed
in cut and fill with very limited use of retaining walls, very
little in the way of slope drainage and no concerted attempts
to utilise bio-engineering techniques. The same situation
applies to the engineering response to slope instability
and landslide-related hazards. This is at least in part due
to limited technical and fiscal resources to try anything
different, and it is hoped that this Guideline can provide
some useful pointers as to how some of these problems can
be tackled, and perhaps avoided in the first place.
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 3/001 | Gabion retaining wall

2
3

1

4

2

5
6

100mm
steps

7
Structural backfill

h

8
9
10
1

150mm Ø PVC perforated
pipe where shown on the
drawings minimum
gradient 2.0% (see Detail A)

50mm
b

Detail A

Gabion wall dimensions
(back battered with front batter at 10v:1h)
Height of
wall h (m)

Base width
of wall b (m)

Cross section
area of wall (m2)

Structural backfill

2.00

2.00

3.00

Free draining
structural backfill

3.00

2.50

5.50

4.00

3.00

8.50

5.00

4.00

12.50

6.00

5.00

17.50

Sheeting up to
top of pipe level

Geotextile (filter fabric)
Polythene
sheeting

Perforated pipe
interceptor drain

NOTES:
1. Foundation level to be approved by engineer prior to wall construction
2. Soft spots under foundation to be removed and replaced with mass concrete
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Annexes

Geotextile

Mass concrete
blinding where required
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 3/002 | Gabion check dam

2
3

A

DETAIL A
(Optional)

4
Gabion boxes
laid as headers
and stretchers

5
6
7

Min 500
bank foundation

Min 300
step length

8
9

A

10

A-A section
Projection of line
of culvert outlet apron

DETAIL A (Optional)

1
200
100

Top of
gabions

Projection of line of
desired bed profile

Annexes

Culvert outlet
apron

DETAIL A
100

300 thick concrete crest
slab. Slab should be cast after
settlement of gabions
Welded fabric reinforcement
using two layers if necessary
to achieve mesh size > 100
anchored with staples and
gabion binding wire
1000
2000

Rip-rap backfill size class 35kg
and/or gabion mattress, depending
on bed erodibility and checkdam
spacing and configuration

300 gabions

300 gabion mattress
2 layers 300 gabions

All dimensions in mm
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 3/003 | Gabion cascades
Gabion cascade type A - short outfall protection
Gabion training
walls where
necessary

B

2

3
Dsh Lsh

3

Drop H
4
5
6
7
Dsh Lsh Dsh Lsh Dsh Lsh Dsh Lsh

4

2.0 1.0 2.3 1.0 2.4 1.0 2.5 1.0 2.6 1.0 2.7
3.0 1.0 2.9 1.0 3.1 1.0 3.3 1.5 3.4 1.5 3.6

1

B

1

5

4.0 1.5 3.6 1.5 4.0 1.5 4.2 2.0 4.4 2.0 4.6

6

H, Lsh, and Dsh are shown on Section 1-1

2
Section 1-1

Section 2-2

Vertical gabion training wall
thickness varies with height
and ground loading conditions
1000
DETAIL A

Rip-rap class 35kg
unless the D50 of the
bed material is >
250 or the
existing bed is made
of competent rock

2

7

500
min

8
9

1000

Filter fabric where
gabions in contact
with ground

Rip-rap infill

Dsh
500

100

Row of 1000 x 500 gabion
boxes or gabion reinforced
channel invert as required

1

200
100

Top of
gabions

Lsh

10

DETAIL A

Annexes

Typical original
stream bed

H

300 thick concrete slab. Slab should
be cast after settlement of gabions

Gabion Cascade - Type B - long outfall protection
Gabion training walls where necessary

3

LB

B

Section 3-3
Backfill where
required

3

Vertical gabion training
wall thickness varies
with height and ground
loading conditions

1000 x 1000 gabions

LB

2.0

4.5

3.0

6.5

4.0

8.5
DETAIL A
100

LB

Filter fabric where
gabions in contact
with ground

B

Top of
gabions

Typical original
stream bed
1000
1000
DETAIL A

400

200
100

300 thick concrete
slab. Slab should be
cast after settlement
of gabions

DETAIL A

500

1000 x 500 gabions
500 rip-rap. Size class 35kg

300 gabion mattress

All dimensions in mm, with exception of tables which are in metres
Detail A optional depending upon sediment load and flow velocity
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 4/001 | Masonry retaining wall

600mm

3
400mm

Mortared masonry
upstand 2.00 long
with 0.70 gaps

2

Structural backfill

4
5

600mm

6

Mortared masonry

7

h

Weepholes 50mm Ø at
2.0 centres vertically
and horizontally (with
geotextile sock)

1

Free draining
structural backfill

5

8
9

Temporary
excavation limit

10

Geotextile
(filter fabric)

1

70°

50mm

500mm
maximum

80°

150mm Ø PVC perforated
pipe where shown on the
drawings minimum
gradient 2.0% (see Detail A)

b

Detail A

Masonry wall dimensions
Height of
wall h (m)

Base width
of wall b (m)

Cross section
area of wall (m2)

3.00

2.22

4.23

4.50

3.03

8.20

6.00

3.84

13.90

7.50

4.65

19.70

Annexes

Mass concrete blinding
where required

300mm

Geotextile
(filter fabric)
Perforated pipe
interceptor drain

Sheeting up to
top of pipe level
Polythene

NOTES:
sheeting
1. Foundation level to be approved by engineer prior to wall construction
2. Soft spots under foundation to be removed and replaced with mass concrete
3. When instructed by the engineer, foundation level to be checked using dynamic cone penetrometer
4. Where rock with potentially adverse jointing is identified as the founding material on sloping ground, 32mm high yield reinforcing bars,
2 metres long shall be grouted into 50mm Ø drillholes installed at the inner 1/3 point of the wall at 1.5m c/c
5. All dimensions are in metres unless otherwise indicated
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 4/002 | Masonry revetment

2
3
4

Dry masonry
300
to
600

5
6
7

Dry masonry

Composite

8

300
to
600

9
10

Mortared
masonry

Mortared masonry

Mortared
masonry
Dry masonry
panels
Mortar surface
with 10° slope
towards drain

1

300
to
600

Annexes

Filter fabric

Mortared
masonry
Mortared
masonry to level
of top of drain

Mortared
masonry

100Ø weepholes
at 3m centres
horizontally and
vertically. Lowest
row of weepholes
at level of top
of drain

All dimensions in mm unless otherwise shown
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 4/003 | Composite masonry retaining wall

2
3
4

Typical Section
(dimensions and ground pressure
dependent on grade of slope)

12

Filter fabric as
directed by
the engineer

Cement
render
Coursed
mortared
masonry

Movement joint detail

5
6

Compressible
joint filler

7
8

1
10

1

9

Joint sealant

2.5-3.5

Dry
masonry
insert
panels

4-6m

10

Coursed
mortared
masonry

Annexes

1

50 blinding concrete

Elevations showing typical layout of dry stone masonry panels

Movement joint

a

a

Dry
masonry
1.5b

0.5b

1.5b

0.5b

Dry
masonry
0.5b

a

0.5b

b

Coursed random
rubble masonry

Movement joint

Coursed random
rubble masonry

b

1.5b

c
b

1.5b

a

0.5b

0.5b

Wall height h = 4m to 5m

Wall height H = 2m to 3m

PANEL LAYOUT DIMENSIONS
Wall height (h)m
Dimension (a)m
Dimension (b)m
Dimension (c)m

Prepared for the Uganda National Roads Authority (UNRA)

2
0.6
0.8
-

3
4
0.75 0.6
1.5 1.15
0.5

5
0.6
1.4
1.0

6
0.75
1.75
1.0
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 9/001 | Slope drainage
Cut-off drain

Filter fabric (with
minumum cover
of soil to protect
against UV
deterioration)

3m minimum
to crest of
failure/cut
slope

0.6m
minimum

Natural
slope
3m minimum angle
to crest of
failure/cut slope

Heavy duty
polythene sheet
(250 microns)

Mortared
masonry
or lightly
reinforced
concrete 3m minimum
to crest of
failure/cut
slope
0.50m

Granular
backfill

Soil cover

Heavy duty
polythene sheet
(250 microns)

Perforated
uPVC pipe

Type 1: Surface

Type 2: Trench

150mm Ø
perforated
pipe

3
4
5

0.30m
(min)

Granular
backfill

Mortared or
dry stone masonry

Filter fabric (with
minumum cover
of soil to protect
against UV
deterioration)

2

6

0.50m

7

0.30m
(min)

Heavy duty polythene
(250 microns)
Type 3: Combined

8
9
10

Soil cover

Extent of
failure

B

4m-8m
spacing

A
A

B

Filter
fabric

Granular
backfill

Up to
2m
0.5m

Soil cover

Granular
backfill

1

Up to
2m
0.5m

Heavy duty
polythene sheet
(250 microns)

Heavy duty
polythene sheet
(250 microns)

Section A-A

Plan View

Filter fabric

Annexes

Herringbone drain

Branch drain

Perforated
uPVC pipe
(150mm dia)

Section B-B

Collector drain

Sub-horizontal drain
Minimum
55mm dia

D

D

Perforated plastic pipe
with unperforated invert
Concrete
mortar plug

Non-woven polypropylene
filter fabric wrapped
around pipe (optional)

Length va

ries

Tight fit
joining collar

Usually
40mm dia
10°
Drillhole
Section D-D

Prepared for the Uganda National Roads Authority (UNRA)
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 10/001 | Wire netting and catch fence

3

Wire netting folded over 16 tonnes
breaking load 16 Ø galvanised wire
rope. Wire rope secured by steel hooks
1500

6
2.2 Ø galvanised
and PVC coated
binding wire

Grout
40 Ø

8

2.2 Ø galvanised and PVC
coated binding wire

9

3000

40 Ø steel rod should extend to within
1m of the full length of the netting

Detail B

2.2 Ø galvanised and PVC
coated binding wire between
adjacent rolls at 200 vertical centres

1

Detail B
Lap over and secure at
netting ends to prevent
theft of rod

200

1000

3000

40 Ø steel rod

Free standing catch fence
3000

178

Two sheets of welded steel mesh, each comprising 8 Ø steel bars at
100 x 100 centres, overlapped horizontally to reduce apertures to 50h x 100v
3000

400
600

2000

600
400
1000
500

Class 25/19
concrete footing

2.2 Ø galvanised and PVC coated
binding wire to secure steel mesh
to RSJs at 600 vertical intervals

Rolled steel
joists at 3000

Rolled steel
joists high
yield steel

9.3mm
thick
5.4mm
thick

102
178

2.2 Ø galvanised and
PVC coated binding
wire to secure steel mesh
to rolled steel joists at
600 vertical intervals

All dimensions in mm

Prepared for the Uganda National Roads Authority (UNRA)
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40 Ø steel rod

80x100
mesh size
3.7 - 4.0 Ø
galvanised
wire

7

80x100 mesh

Netting
folded
at edges

Netting

Detail A

4
5

Detail A

1000
1000

Fixing distance from top
of cut slope to be as
directed by the
supervising geotechnical
engineer, but a
minimum of 1000 is
recommended.

16 Ø galvanised wire rope

20 Ø hot dip galvanised
high yield steel hooks
grouted into rock at 1500
centres in predrilled holes

2.2 Ø galvanised and
PVC coated binding wire

2
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 11/001 | Bio-engineering slope protection methods 1
Brush layering
Cross-section

Hardwood
cuttings

Plan

Maximum slope:
1V : 1H

Backfill soil
over cuttings

0

0
20

0

10

4

Cutting in
higher line

Outer line
of trench
excavation

350 on landslide debris
450 on embankments

3

Cutting in
lower line

Excavated
trench

5

Inner line
of trench
excavation

6

450 min

Double line of cuttings offset
and planted in hand-placed backfill

2

600 max

7

Fascines
Cross-section

Plan
00

Backfilled
soil around
fascine bundle

Bundles contain
between 5 and 8
hardwood cuttings
tied with string and
laid along trench

-4

00

450600

8

Jute or coir
string binding

0

9
1500 - 2000

Live peg

20-40

20
050
0

300
Excavated
trench

Inner line of trench
excavation

Live peg

Palisades or live cuttings Cross-section
(1m spacing between rows. Rows can be
double with offset spacing)

10

Outer line of
trench excavation

1

200-500

Plan (standard single and double rows)
1000

Maximum slope:
1V : 1H
Optional use

50

Cuttings planted
offset in double
contour line
across slope

10

00

of seeded
or planted
grass

Annexes

20

Maximum slope:
1V : 1H

45
60 00

Cuttings planted
in single contour line
across slope

Palisades or live cuttings on very steep slopes
Cross-section
Maximum slope:
1V : 1.75H
Cuttings
inserted
upright in
individual
holes

Cross-beam

Wire bolster cylinders
Steel
Cross-section
peg

00

12

Seeded or
planted grass
Hardwood
cutting

Soil backfilled
by hand around cuttings

Stone-filled
gabion

0
30 ia
d
00

20

Maximum slope:
1V : 1H

All dimensions in mm
Prepared for the Uganda National Roads Authority (UNRA)
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 11/002 | Bio-engineering slope protection methods 2
Front elevation

Plan view
Gully sides

Central spillway

Gully bed level

Long live cuttings laid
horizontally and woven
between vertical posts

5
500mm

2000mm

300500

4

6

Gully sides

Gully sides

Truncheon cuttings
used as vertical
posts inserted at
least 1m into the
gully bed

3

Gully sides

Live check dam

7
8

Foundation trench

Stone backfill of 100 - 150
size with soil between stones

Long live cuttings laid
horizontally and woven
between vertical posts

9

Width as required by site

10

Vegetated stone pitching

1

NOTES:
Hardwood cutting of
approved species
may be ordered
instead of grass slips

Annexes

Cross section through a small gully

Width as per drawing or as
ordered by the engineer

Depth of pitching
as per drawing or
as ordered by
the engineer

Slips of large size grass
clumps planted along
sides of pitched channel

Wattle fences
Top view

Dry stone
Slips of small size
pitching (no mortar)
grass clumps planted
in voids between stones

Long section A-A

Cross section B-B
Grass slips

1m
B

150-200
1-2m

B

Cuttings

300-450

Grass slips
A

2

1m

Slope

At least 100mm
into the ground

A

Prepared for the Uganda National Roads Authority (UNRA)
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 11/003 | Shrubs and trees

2
3

Nursery-raised container
seedlings of approved
shrubs and trees

Container seedlings
planted on site

4
5

Black polythene bag
of 50 microns gauge

7

Ground surface
Forest topsoil
mixed with clean
sand to sandy
loam texture and
maintained moist

Small, pruned root ends
visible through drainage holes

Planting pit
excavated to
adequate size
significantly larger
than soil-root
mass, and carefully
backfilled on planting

8
9

Polythene pot
removed at the
moment of planting

10

Undisturbed
soil-root mass

1
Annexes

Vigorous, healthy
seedling with no
evidence of wilt decay,
stress or damage

6

Cut material from
weed plants laid to
form mulch around
planted seed

300-600

Direct seeding of shrubs and trees
Step 1. Make a small
hole in a crevice in the
soil and rock of the
slope, using a steel bar

Step 2. Push the seed
into the crevice and
cover with 5 to 10mm
of soil

NOTE: Average density and number of seeds per hole to be as per drawing or engineer’s order

Prepared for the Uganda National Roads Authority (UNRA)
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Annex 1 Standard details for some of the low- to intermediate-cost works referred to in the text
DWG 11/004 | Hardwood cuttings

2
3

Preparation of hardwood cuttings
Top cut at
90° to stem

4
5
6

Trim branch here

Trim branch here

7
8
9

Trim branch here

Trim branch here

10

Hardwood stem of approved shrub or
small tree of 8 to 18 months old
(except large truncheon cutting:
18 to 30 months old)

1
Annexes

Bottom cut at
approx. 45°
to stem

Hardwood cuttings
Standard cutting for brush layers
palisides, vegetated stone
pitching and pegs for jute netting

Depth of planting

Long cutting for fascines
and the horizontal elements
in live check dams

Large truncheon
cutting

200 max
1000 max

450-600

20-40

2000 or
1500-2000

20-40

2000

30-80

All dimensions in mm
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Annex 2 Additional specifications for slope stabilisation and bio-engineering works

2
3
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Annex 2 Additional specifications for slope stabilisation and bio-engineering works

2

SERIES 8000 | SECTION 8100: CLEARING AND GRUBBING/TREE REMOVAL

3

Clause 8101 DESCRIPTION
Clause 8102 CONSTRUCTION REQUIREMENTS

4

8101 DESCRIPTION
Clearing and grubbing shall consist of clearing, grubbing,
removing and disposing of vegetation and debris within
designated limits within the right-of-way and easement
areas as ordered by the Engineer, but excluding objects
and vegetation which are designated to remain. The existing
road surface is excluded from the clearing and grubbing.
Clearing and grubbing beyond the limits prescribed by the
Engineer is prohibited.

(c) Disposal Locations
The Contractor shall make all arrangements with property
owners and government authorities and pay all fees and
costs for disposal locations outside the right-of-way. The
locations of all such areas shall be approved by the Engineer.

The work shall include the preservation from damage
of all vegetation and objects designated to remain.
The requirements of Section 3100 of the General
Specification should be followed, supplemented as
appropriate by this Section.

8103 MEASUREMENT AND PAYMENT
(a) Measurement
Measurement for clearing and grubbing is given in Item 31.01
and 31.02 of the General Specification.

8102 CONSTRUCTION REQUIREMENTS
(a) General
The Engineer shall establish the limits of the areas to be
cleared and grubbed in the field and, where applicable, the
Engineer will designate all trees, shrubs and other
vegetation and features to remain.
Topsoil shall not be removed from outside the limits of the
earthworks. Any topsoil removed from outside these limits
shall be replaced and its vegetation cover reinstated by the
Contractor.
All removed topsoil shall be stockpiled at locations approved
by the Engineer and protected and safeguarded by the
Contractor for later reuse.
The Contractor shall preserve all trees, shrubs and other
items designated to remain.
All surface objects, trees, stumps, roots and other
obstructions, not designated to remain, shall be removed
and disposed of in accordance with the requirements of
Clause 3102 of the General Specification.
Excavation areas from which fill is to be taken, as directed
by the Engineer, shall also be cleared and grubbed.
Except in areas to be excavated, stump holes and other
holes from which obstructions have been removed, shall
be backfilled with similar soil taken from another part of the
site and compacted in accordance with Clause 6107 of the
General Specifications.
All materials arising from clearing and grubbing and tree
removal shall be the property of the Contractor unless
otherwise determined, and shall be disposed of at locations
and in a manner approved by the Engineer.

Disposal areas will not be approved within Provincial or
district protected areas, pristine forests or other ecologically
sensitive areas.

Item

Description

Unit

81.01

Clearing and grubbing

Square metre (m2)

81.02

Preparation for reforestation

Square metre (m2)

Measurement for the both items will be for the area
acceptably cleared and grubbed or prepared for reforestation
within the limits shown on the Drawings or ordered by the
Engineer. Areas not shown on the Drawings or ordered by
the Engineer will not be measured for payment.
No separate measurement will be made for clearing and
grubbing of borrow pits, the measurement of which shall be
deemed to be covered elsewhere in the Bill of Quantities.
The existing road surface shall be excluded from the clearing
and grubbing quantity. The existing road surface shall
be deemed to be the full width between the edges of the
road formation as given on surveyed cross sections or as
otherwise determined by the Engineer.
(b) Payment
Payment will be at the rates entered in the Bill of Quantities.
Payment for the Preparation for Reforestation item shall
include for partial clearing as specified, removal and disposal
of all debris, regrading of the ground surface, payment of the
fees and costs for disposal areas and for ground preparation
works as needed, such as deeply scarifying the surface.
Payment for the Removal of Trees items shall include for the
felling and disposal of the tree/branches. The tree stump
shall be measured and paid for under Pay Item 31.02 of the
General Specification.

(b) Reforestation
Areas for reforestation by others outside the roadway will be
designated by the Engineer. In these areas the Contractor
shall deeply-scarify the existing ground having carried out
partial clearing of undergrowth and small shrubs and trees.
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2

SERIES 8000 | SECTION 8200: STRUCTURAL EXCAVATION

3

Clause 8201 DESCRIPTION
Clause 8202 MATERIALS

4

Clause 8203 CONSTRUCTION REQUIREMENTS
Clause 8204 MEASUREMENT AND PAYMENT

8202 MATERIALS
Material for backfilling of structural excavations shall be in
accordance with 8203 (d) (see page 80).
8203 CONSTRUCTION REQUIREMENTS
(a) Measurement
Measurement for clearing and grubbing is given in Item 31.01
and 31.02 of the General Specification.
(b) General
If required by the Engineer and before any structural excavation
is started, the Contractor shall submit for the Engineer’s approval
a program of his proposed operations, together with equipment
lists and a description of the methods intended to be adopted.
The Contractor shall notify the Engineer sufficiently well
in advance of the start of any structural excavation work
which constitutes a pay item in the Bill of Quantities so that
the Engineer may, if he so requires, witness the taking of
measurements of the existing ground. Any materials removed
or excavated before these measurements have been taken and
approved by the Engineer will not be paid for.
Foundation pits shall be excavated to correspond to the outlines
of the footings shown on the Drawings and shall be sufficiently
large to permit the placing of the full width and length of the
footings shown with full horizontal beds. Rounded or undercut
corners and edges of footings will not be permitted.
The elevations of the bottoms of footings, as shown on the
Drawings, shall be considered as approximate only and the
Engineer may order such changes in dimensions and
elevation of footings as may be necessary to secure a
satisfactory foundation.
Excavation shall be carried to such a depth that the bottom of
the excavation is approximately 100 mm above the bottom of
footing elevation. The Contractor will carry out Dynamic Cone
Penetration (DCP) tests in locations agreed with the Engineer
to demonstrate that the formation level has adequate bearing
capacity. The results of the tests will be handed to the Engineer
who will then ascertain that the design bearing pressures stated
on the Drawings can be safely attained. No further excavation
shall be carried out until the Engineer has given approval.
After permission to continue with the excavation is given, the
Contractor shall excavate to the required excavation level and
place blinding concrete immediately.
If after excavating to the required excavation level, the blinding
concrete is not placed immediately, and as a consequence
the material becomes unsuitable, additional excavation and
Prepared for the Uganda National Roads Authority (UNRA)

backfilling with concrete shall be carried out as directed by
the Engineer, at the Contractor’s expense.

5

Over-depth excavation below the required bottom of
concrete blinding elevation approved by the Engineer shall
be backfilled with the same class of concrete designated for
the footing and poured monolithically with the footing. No
payment will be made for unauthorised over-depth excavation
and the concrete backfill shall be at the Contractor’s cost.

6

All spaces excavated and not occupied by the substructure
shall be re-filled with suitable material up to the surface of the
surrounding ground. All backfill shall be compacted to the
density of the surrounding ground, and its top surface neatly
graded. No payment will be made for unauthorised overwidth excavation and the backfill shall be at the expense of
the Contractor.

8

All surplus excavated material not required for backfilling
shall, if considered suitable by the Engineer, be deposited
in embankments or otherwise disposed of as directed by
the Engineer.
When a foundation is to rest on rock, the excavation shall
be done in such manner as to allow the solid rock to be
exposed, the rock freed of all loose material, cleaned and
cut to a firm surface, and prepared in horizontal beds or
roughened as directed by the Engineer. All seams shall be
cleaned out and filled with concrete, mortar or grout before
the blinding concrete is placed.
Adequate vertical sheeting shall be used until completion
of the work to protect employees, to avoid subsidence and
to prevent damage to adjacent ground and structures. If
the Contractor instead elects, and if so approved by the
Engineer, to carry out open excavation with flatter side
slopes, no extra measurement and payment will be made.
All sheeting and bracing used in structural excavation shall
be removed upon completion of the work.
While the excavation is being carried out and until such
time as the construction work will suffer no damage from
flooding, all excavations shall be kept free from water. Where
excavation has to be made and foundations formed below
the groundwater level, the Contractor shall submit a full and
clear description, supported by such drawings as may be
necessary, of the methods he proposes to use in respect
of each foundation to enable the whole of the work to be
executed in the dry, and such measures shall be adopted as
the Engineer approves. All such work shall be deemed to be
included in the unit rate quoted for the appropriate pay item.
Maintenance of natural waterways and allowance for the
passage of surface water during construction shall be the
Contractor’s responsibility, and any damage occurring shall
be made good at the Contractor’s expense.
For structural excavation near adjoining structures, the
Contractor shall ensure the stability of the existing structures
by carrying out at his own cost, all necessary protection and
stabilisation works which shall be subject to the approval of
the Engineer.
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8201 DESCRIPTION
This work comprises excavation of material necessary for the
construction of foundations for retaining walls, pipe culverts and
other major and minor drainage structures and ditches, and shall
include all necessary clearing and grubbing, bailing, drainage,
pumping, sheeting, bracing, and other incidentals required for
the proper execution of the work, and their subsequent removal.
It includes the disposal of all material obtained from such
excavation, and backfilling to the level of the original ground.
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SERIES 8000 | SECTION 8200: STRUCTURAL EXCAVATION (continued)

(d) Backfilling
All structures shall be backfilled in accordance with these
construction requirements. Wall backfill materials should
conform to the grading specification below and be wellcompacted. Materials such as sod, debris, and soil containing
organic matter shall not be used. The Contractor shall remove
all debris, spoil and waste materials from excavations prior to
placing backfill.
BS Sieve Size

Percentage Passing

125

not less than 95

75

0 - 90

0.075

0 - 10

No backfill shall be placed against any structure without the
permission of the Engineer. In general, no concrete structure
shall be subjected to the pressures of backfilling or to live
loads for a period of 14 days or until the minimum required
concrete compressive strength specified for the structure has
been achieved. Special care shall be taken to prevent any
wedging action against the structure. The slopes bounding
the excavation shall be stepped when necessary, to prevent
such wedge action.
Jetting of fills, or other hydraulic methods involving or likely to
involve liquid or semi-liquid pressure, shall be prohibited.
The fill material at retaining walls, abutments and wingwalls
shall be placed in horizontal layers of uniform thickness and
compacted by means of suitable equipment, or by tamping
with mechanical tampers acceptable to the Engineer.
Each layer shall be compacted to a minimum of 95% of the
maximum dry density as per BS 1377: Part 4 (Table 3606/1 in
the General Specification). Embankments under roads shall
be compacted in accordance with the requirements of Clause
3606 and Table 3606/1 of the General Specifications. The
loose thickness of each successive layer when placed shall
be such as to ensure that proper compaction is obtained.
In no case shall the loose thickness of a layer be greater
than 200 mm. Each successive layer shall contain only that
amount of material which will allow proper compaction, but in
no case shall any layer be greater than 150 mm (compacted
measurement) in depth. The moisture content of backfilling
material shall be uniform, and shall be within the moisture
range designated by the compaction testing. Unless
otherwise approved by the Engineer, hand tamping will not be
accepted.
Water shall be drained from the areas to be backfilled
whenever practicable. In cases where, in the opinion of
the Engineer, it is not practicable to drain the areas to be
backfilled, the backfill material shall be free draining material
as specified in Section 8800 of the Additional Specifications
and shall be deposited in the water in thin layers.
Compaction shall be by a method approved by the Engineer.
Where shown on the Drawings or required by the Engineer,
Prepared for the Uganda National Roads Authority (UNRA)

free draining structural backfill to structures shall be provided
in accordance with the requirements of Section 8800 of the
Additional Specifications. The free draining backfill material
shall be covered by at least 300 mm of general fill material
or better to inhibit entry of surface water runoff into the
structural backfill.
8204 MEASUREMENT AND PAYMENT
Item

Description

Unit

82.01

Structural excavation (common)

Cubic metre (m3)

82.02

Excavation for roadside drain

Cubic metre (m3)

82.03

Structural excavation (rock)

Cubic metre (m3)

82.04

Structural backfill (common)

Cubic metre (m )

3
4
5
6
7

3

(a) Measurement
Measurement shall be as follows:

8

Measurement for the Structural Excavation items shall be limited
to excavation for footings or foundations for masonry retaining
walls and other structures shown on the Drawings or as directed
by the Engineer.

9

Structural Excavation shall be measured by the cubic metre
of material removed in its original position, computed by the
average end area method. Measurements shall be made
by the Contractor in the presence of the Engineer. No
measurement will be made for structural excavation outside
the prescribed limits.

10
1

(b) Limits of Measurement
The upper limits shall be the original ground surface as recorded
on the approved cross sections or the top of the required grading
cross section, whichever is lower. The upper limits for river/
stream channels shall be the bed level of channel as shown on
the Drawings or as otherwise directed by the Engineer.
When no excavation dimension details appear on the Drawings,
the limits of excavation shall be from the upper limit plane to the
bottom of the footing or base of structure, and vertical planes
450 mm outside the neat lines of footings or structures without
footings or as otherwise directed by the Engineer.
Concrete blinding shall not be considered as structure for the
purpose of defining the limits of structural excavation.
The Contractor shall notify the Engineer if special or unusual
conditions are encountered. The Engineer may order changes
to the structural excavation limits if deemed necessary. Any
additional excavation performed by the Contractor without prior
approval of the Engineer, shall be at the Contractor’s expense
and no subsequent measurement or payment will be made.
(c) Payment
Payment will be made at the rates given in the Bill of Quantities.
Payment for Structural Excavation items shall include full
compensation for controlling and removing water from
excavations and for furnishing and installing or constructing
cofferdams, shoring and all other facilities necessary to the
operations, except concrete seal courses which are shown on
the Drawings, and their subsequent removal.
Payment for Structural Backfill shall include the furnishing,
placing and compacting to the required level, obtained from
excavation or borrow, and the disposal of all surplus or
unsuitable excavation except where Item 87.01 has been
specifically included for a particular site.
80
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(c) Scheduling of Work
The Contractor shall so schedule the work that no excavation
will be left in an exposed condition for a period longer than
specified or permitted by the Engineer. If the Contractor
fails to meet this requirement, the Engineer may order the
Contractor to suspend further excavation until the Contractor’s
construction progress enables him to meet the requirement.
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SERIES 8000 | SECTION 8300: GABION STRUCTURES

3

Clause 8301 DESCRIPTION
Clause 8302 MATERIALS

4

Clause 8303 CONSTRUCTION REQUIREMENTS
Clause 8304 MEASUREMENT AND PAYMENT

8302 MATERIALS
(a) Stones
Stones for box gabions and gabion mattresses shall be hard,
durable, quarried or natural stone with no obvious planes of
weakness, weak laminations and cleavages, and shall not
disintegrate when submerged in water or exposed to severe
weathering.
Stones shall meet the requirements of Clause 2602(a) and
Table 2602/1 of the General Specifications
b) Mesh and wire
Gabions shall be constructed of wire mesh of galvanised
steel wire as per Clause 2602 (b) of minimum 3.00mm size.
The panel frame (selvedge) shall be of galvanised steel wire
of minimum size 3.90 mm as per Table 2603/3 of the General
Specifications. The tensile strength of the mesh wire shall be
in the range of 350 to 500 MPa, determined in accordance
with EN 10223-3. The minimum zinc coating of the wire shall
be 245 g/m² of uncoated wire surface.
The mesh shall be twisted to form hexagonal openings of
uniform size. The linear dimension of the mesh opening
shall not exceed 100 mm and the area of the mesh opening
shall not exceed 8,000 mm². The mesh shall be fabricated
in such a manner as to be non-ravelling, where non-ravelling
is defined as the ability to resist pulling apart at any of the
twists or connections forming the mesh when a single wire
strand in a section is cut.
Gabions shall be delivered folded flat to facilitate transport
and handling, and shall be furnished in dimensions
corresponding to the various basket lengths and heights
required by the Drawings.
Gabions shall be fabricated in such a manner that the
sides, ends, lid and diaphragms can be assembled at the
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construction site into rectangular baskets of the specified
sizes. Gabions shall be of single unit construction, lids, ends
and sides shall be either woven into a single unit or one
edge of these members connected to the base section of the
gabion in such a manner that the strength and flexibility at
the point of connection is at least equal to that of the mesh.
The gabion shall be equally divided into cells by diaphragms
of the same mesh and gauge as the body of the gabion. The
cells shall be no more than 1.0 metre x 1.0 metre plan size.
The gabions shall have the necessary diaphragms secured
in proper position on the base in such a manner that no
additional tying at this junction will be necessary.
All perimeter edges of the mesh forming the gabion shall be
securely selvedged so that the joints, by tying the selvedges,
have at least the same strength as the body of the mesh.
Tie and connection wires shall be supplied in sufficient
quantity to fasten securely all edges of the gabion and
diaphragms and to provide for four cross-connecting wires in
each cell whose height is 1/3 or 1/2 the width of the gabion,
and 8 cross-connecting wires in each cell whose height
equals the width of the gabion. The wire shall meet the
same specifications as for wire used in the mesh.
Box gabions shall have the following dimensions: length
2.0 metres, 2.5 metres or 3.0 metres, width 1.5 metres, 1.0
metre or 0.5 metres, and height 0.5 metres or 1.0 metre.
Gabion mattresses shall have the following dimensions:
length 3 metre or 6 metres, width 2 metres or 3 metres, and
height 0.25 metres, 0.30 metres, 0.35 metres or 0.50 metres.
(c) Geotextile Sheeting
The requirements for Geotextile Sheeting (Filter Fabric) are
covered in Section 2700 of the General Specification.
Geotextile sheeting rolls shall be furnished with a wrapping
for protection against moisture and ultraviolet exposure
before placement.
Allowance shall be made by the Contractor for an overlap
on all joins of geotextile fabrics, as specified by the
manufacturer. This shall normally be a minimum of 300 mm.
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8301 DESCRIPTION
The work required consists of the construction of wire-mesh
box gabions and gabion mattresses at the locations shown
on the Drawings or ordered by the Engineer. Gabions shall
meet the requirements of Section 2600 of the General
Specifications.
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SERIES 8000 | SECTION 8300: GABION STRUCTURES (continued)

Soft, unstable material at foundation level shall be removed
and replaced with suitable materials approved by the
Engineer.
(b) Positioning
Gabions shall be installed in a workmanlike manner.
The baskets shall be positioned in accordance with the
Drawings and shall be held in place by tie rods to prevent
deformation. The tie rods shall be bars with a minimum
diameter of 12 mm.
All perimeter edges of the gabion mesh shall be securely clip
bound or selvedged. The baskets shall be lifted into a vertical
position and attached together with binding wire. Binding
shall be carried out in a continuous lacing operation. The
wire shall be passed through each mesh and around the
selvedges.
(c) Filling Stones
Before stones are placed in the baskets, each gabion unit
shall be assembled and the empty gabion units set to line
and grade as shown on the Drawings or as directed by the
Engineer. Internal tie wires shall be uniformly spaced and
securely fastened in each cell of the structure. A fence
stretcher, chain fall, or iron rod may be used to stretch the
wire baskets and hold alignment.
The placing of stones shall be done by hand by skilled labour
and in such a way as to maximise interlock and minimise
voids. The baskets shall be slightly over filled to allow for
subsequent settlement.

8304 MEASUREMENT AND PAYMENT
(a) Measurement
Measurement shall be as follows:

4
5

Item

Description

Unit

83.01

Box gabion retaining walls,
cascades and check dams

Cubic metre (m )

83.02

Gabion mattresses

Cubic metre (m3)

83.03

Geotextile sheeting

Square metre (m2)

83.04

Repair of box gabions

Cubic metre (m3)

83.05

Repair of gabion mattresses

Cubic metre (m3)

83.06

300 mm concrete capping to
cascades and checkdams

Square metre (m2)

3

6

8
9

Measurement for geotextile sheeting shall exclude laps
between the sheets.

10

(b) Payment
Payment will be made at the rates entered in the Bill of
Quantities.
Payment for Box Gabions shall include the production,
supply and positioning of the gabions, stone filling, geotextile
sheeting, excavation and preparation of the foundation,
backfilling, compaction, and all wire and tie bars.
Geotextile sheeting may be instructed separately for other
types of structure, in which case only shall it be a separate
item for payment.

Rounded stone shall not be used unless permitted by the
Engineer, in which case the Contractor shall exercise the
maximum care to obtain gabions with plane faces, sharp
corners, and sides completely filled with stones.
Gabions shall be levelled and aligned to the satisfaction
of the Engineer. Where there is more than one course of
gabions, the upper course shall be laced to the lower course.
Vertical joints in the completed work shall be staggered at
approximately 1/3 or 1/2 the length of the full baskets.
After the gabion has been filled, the lid shall be bent over
until it meets the sides and edges. The lid shall then be
secured to the sides, ends and diaphragms.
(d) Repair
When instructed to repair existing gabions, the Contractor
shall remove the existing gabions to the extent instructed and
replace them by gabions meeting the requirements of this
Section of the Specifications. Existing gabion stones may be
re-used provided they meet the requirements of Sub-clause
8302 (a) of these Specifications.
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8303 CONSTRUCTION REQUIREMENTS
(a) Foundations
The foundations shall be excavated to a smooth surface
and to the depth shown on the Drawings or ordered by the
Engineer.

3
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SERIES 8000 | SECTION 8400: MASONRY STRUCTURES

3

Clause 8401 DESCRIPTION
Clause 8402 MATERIALS

4

Clause 8403 CONSTRUCTION REQUIREMENTS
Clause 8404 MEASUREMENT AND PAYMENT

8402 MATERIALS
(a) Stones
Stones for masonry shall be hard, sound, durable, angular
field or quarry stone and shall not disintegrate when
submerged in water or exposed to severe weathering.
Stones for the exposed faces shall be split as necessary
to produce a reasonably planar finish.
The apparent specific gravity shall be 2.5 minimum, and the
absorption shall be 6% maximum when tested according to
AASHTO T 85.
Abrasion loss shall not be more than 45% when tested
according to AASHTO T 96 (500 revolutions).
The stones for rip-rap work shall weigh between 2 and 50 kg,
and at least 50% of the stones shall weigh more than 10 kg.
The stones for stone masonry shall, unless otherwise
shown on the Drawings, have a thickness of not less than
150 mm, and widths of not less than 1 to 1.5 times their
respective thickness, and lengths of not less than 1 to 1.5
times their respective widths. Each stone shall be of good
shape and be free of depressions and projections that might
weaken or prevent it from being properly bedded.
Stones for stone masonry shall be dressed to remove any
thin or weak portions. Face stones shall be dressed to
provide bed and join lines that do not vary more than 20 mm
from the true lines and to ensure the meeting of bed and
joint lines without the rounding of corners of the stones in
excess of 30 mm in radius.
The shape of the stones shall be such as to allow for proper
placing. Stones which are to be grouted or mortared shall
be kept free from soil, dirt or other material which may
prevent proper adhesion of the mortar.
b) Sand
Sand used in mortar shall conform to the requirements of
AASHTO M6, except as otherwise specified herein, and
shall consist of natural sand or, subject to the approval of
the Engineer, of a combination of not more than 50% by
weight of stone screenings and natural sand, having hard,
strong, durable particles.
Sand from different sources shall not be mixed or stored
in the same stockpile nor used alternatively in the same
class of construction or mix without written permission
from the Engineer.
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Sand shall have the following grading:
BS Sieve size (mm)

Percentage passing

9.5

100

4.75

95 – 100

1.18

45 – 80

0.3

10 – 30

0.15

2 – 10

6
7

The above grading requirements represent the extreme limits
which shall determine suitability for use from all sources of supply.
The grading from any one source shall be reasonably uniform,
and not subject to the extreme percentages of grading specified.
The maximum loss when tested to 5 cycles for sodium sulphate
soundness according to AASHTO T104 shall be 10%.
(c) Cement
Cement used in mortar shall be CEM 1 conforming to Clause
6402 of the General Specifications.
Test reports from the manufacturer shall be attached when
cement is delivered to the Site, and checked for brand, grade and
test results.
At the time of use all cement shall be free flowing and free of
lumps. Cement shall be stored in accordance with Clause 6403
of the General Specifications. Where it has been in storage
for a period of 3 months if bagged, or 6 months if bulk, or if the
Engineer is in doubt about its quality, such cement shall not be
used without approval by the Engineer.
When factory tests or field tests subsequent to the original
approval tests, show that the cement does not comply with the
Specifications, the entire consignment from which the sample
was taken will be rejected and the Contractor shall immediately
remove the rejected material from the Site and replace it with
cement which meets the required specifications.
(d) Mortar
Mortar for mortared masonry shall be composed of one part of
CEM 1 cement and two parts of fine aggregate by volume and
sufficient water to make the mortar of such consistency that it can
be handled easily and spread with a trowel.
Mortar shall be mixed only in those quantities required for
immediate use. Unless an approved mortar mixing machine is
used, the fine aggregate and cement shall be mixed dry in a tight
box until the mixture assumes uniform colour, after which, water
shall be added as the mixing continues until the mortar attains the
required consistency. Mortar that is not used within 90 minutes
after the water has been added shall be discarded. Re-tempering
of mortar will not be permitted.
The Engineer may request that the standard strength of the
mortar shall be established by load tests on 100 mm cubes (or
such other specimen size and shape chosen by the Engineer),
and mortar production thereafter monitored by comparing the
strength of tested specimens with the standard strength. Mortar
shall be rejected if the site mix fails to reach 95% of the standard
strength, and work undertaken with such mortar shall be broken
out and redone.
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8401 DESCRIPTION
The work required by Section 8400 consists of the
construction of mortared stone masonry, and dry or
loose stone masonry, in conformity with the lines, grades,
and thickness shown on the Drawings or ordered by the
Engineer. Section 2500 of the General Specification also
covers dry stone and mortared masonry but these Additional
Specifications should be used for slope stabilisation and bioengineering work.
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SERIES 8000 | SECTION 8400: MASONRY STRUCTURES (continued)
8403 CONSTRUCTION REQUIREMENTS
(a) General
The bed upon which the slope protection is to be placed
shall be excavated to the required grades and lines as
shown on the Drawings or ordered by the Engineer in
accordance with 8200 of the Additional Specifications.
Where the slopes cannot be excavated to undisturbed
material, the underlying material shall be compacted
to a minimum of 95% of the maximum dry density
according to BS 1377: Part 4 (Table 3606/1 in the
General Specification).
b) Mortared Masonry
The foundation material and the width of the base of the
structure shall be approved by the Engineer and shall then
be blinded with concrete conforming to Table 6404/2 of the
General Specifications

Cross beds for vertical faced walls shall be level, and for
battered walls may vary from level to normal to the batter
line of the face of the wall.

4

Headers shall be distributed uniformly throughout the
walls of the structures so as to form at least one-fifth of
the exposed faces. They shall be of such lengths as to
extend from the front face of the structure into the backing
by at least 300 mm. When a structure is 450 mm or less
in thickness, the headers shall extend entirely from front to
back face.

5

Care shall be taken to prevent the bunching of small stones
of the same size. Large stones shall be used in the corners.

Copings, if required, shall be as shown on the Drawings.

The stones shall be so handled as not to jar or displace the
stones already set. Suitable equipment shall be provided for
setting stones larger than those that can be handled by two
men. The rolling or turning of stones on the walls will not be
permitted. If a stone is loosened after the mortar has taken
initial set, it shall be removed, the mortar cleaned off, and
the stone relaid with fresh mortar.
Mortar beds for face stones may vary from 20 mm to 50
mm in thickness. They shall not extend in an unbroken line
through more than 5 stones.
Joints may vary from 20 mm to 50 mm in thickness. They
shall not extend in an unbroken line through more than two
stones. They may be at angles with the vertical from 0° to
45°. Face stone shall bond at least 150 mm longitudinally
and 50 mm vertically. At no place shall corners of four
stones be adjacent to each other.
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Where copings are not required, the top of the structure
shall be finished with stones wide enough to cover the top of
the wall from 450 mm to 1000 mm in length, and of random
heights, with a minimum height of 150 mm. Stone shall be
laid in such a manner that the top course is an integral part
of the structure. The tops of the top course of stone shall be
pitched to line, in both vertical and horizontal planes.

1

All walls and abutments shall be provided with weep holes
unless otherwise shown on the Drawings or directed by the
Engineer. The weep holes shall be placed at the lowest
points where free outlets for water can be ensured and shall
be spaced at not more than 2 metres centre to centre.

Annexes

Both bed and vertical joints shall be finished as shown
on the Drawings or as directed by the Engineer. The
top surface of stone masonry shall be crowned to
provide drainage.

The exposed faces of individual stones shall be parallel to
the faces of the walls in which the stones are set.

6

Backing shall be built chiefly of large stones and in a
workmanlike manner. The individual stones composing
the backing and hearting shall be well bonded with the
stones in the face wall and with each other. All openings
and interstices in the backing shall be filled completely with
mortar or with spalls surrounded completely by mortar.

The masonry shall be constructed by skilled labour to
dimensions and lines matching the Drawings, the existing
structure, or as otherwise approved by the Engineer.

All stones shall be cleaned thoroughly and wetted
immediately before being set, and the bed which is to
receive them shall be cleaned and moistened before the
mortar is spread. They shall be laid with their longest faces
horizontal in full beds of mortar, and the joints shall be
flushed with mortar.

3

Immediately after being laid, and while the mortar is fresh,
all face stones shall be thoroughly cleaned of mortar stains
and shall be kept clean until the work is completed.
The stone masonry shall be satisfactorily protected from
the sun and shall be kept continuously wet by an approved
method for a period of at least four (4) days after completion.
The exposed surface of any stone shall not vary from the
desired line by more than 50 mm.
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SERIES 8000 | SECTION 8400: MASONRY STRUCTURES (continued)

The foundation material and the width of the base of the
structure shall be approved by the Engineer.
The dry stone masonry shall be constructed by skilled
labour to dimensions and lines matching the Drawings,
the existing structure, or as otherwise approved by the
Engineer.
Care shall be taken to prevent the bunching of small stones
of the same size. Large stones shall be used in the corners.
The exposed faces of individual stones shall be parallel to
the faces of the walls in which the stones are set.
The stones shall be so handled as not to jar or displace the
stones already set. Suitable equipment shall be provided
for setting stones larger than those that can be handled by
two men. The rolling or turning of stones on the walls will
not be permitted.
Joints may vary from 20 mm to 50 mm in thickness. They
shall not extend in an unbroken line through more than two
stones. They may be at angles with the vertical from 0° to
45°. Face stone shall bond at least 150 mm longitudinally
and 50 mm vertically. At no place shall corners of four
stones be adjacent to each other.
Cross beds for vertical faced walls shall be level, and for
battered walls may vary from level to normal to the batter
line of the face of the wall.
Headers shall be distributed uniformly throughout the
walls of the structures so as to form at least one-fifth of
the exposed faces. They shall be of such lengths as to
extend from the front face of the structure into the backing
by at least 300 mm. When a structure is 450 mm or less
in thickness, the headers shall extend entirely from front to
back face.
Backing shall be built chiefly of large stones and in a
workmanlike manner. The individual stones composing the
backing and hearting shall be well locked with the stones in
the face wall and with each other.
Both bed and vertical joints shall be finished as shown
on the Drawings or as directed by the Engineer. The top
surface of stone masonry shall be crowned to provide
drainage.
The tops of structures shall be finished with stones wide
enough to cover the top from 450 mm to 1000 mm in length,
and of random heights, with a minimum height of 150 mm.
Stone shall be laid in such a manner that the top course
is an integral part of the structure. The tops of the top
course of stone shall be pitched to line, in both vertical and
horizontal planes.
The exposed surface of any stone shall not vary from the
desired line by more than 50 mm.
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(d) Repair
When instructed to repair existing masonry, the defective
existing material shall be removed and be replaced as
specified for each type of protection above. Surplus material
arising from the excavation shall be disposed of in spoil tips
approved by the Engineer.

7

Measurement shall be as follows:
Item

Description

Unit

84.01

Mortared masonry for revetment
wall

Cubic metre (m3)

84.02

Mortared masonry for retaining
wall

Cubic metre (m3)

84.03

Mortared masonry for slope
drain

Cubic metre (m3)

84.04 Mortared masonry for roadside
drain

Cubic metre (m3)

84.05

Cubic metre (m3)

84.06 Dry stone masonry for
revetment wall

Cubic metre (m3)

84.07

Cubic metre (m )

Dry stone masonry for retaining
wall

5
6

8404 MEASUREMENT AND PAYMENT
(a) Measurement

Mortared masonry for drainage
structure/channel

4

8
9
10
1
2

3

84.08 Dry stone masonry for slope
drain

Cubic metre (m3)

84.09 Mortared masonry repair for
roadside drain

Cubic metre (m3)

84.10

Mortared masonry for roadside
kerb

Cubic metre (m3)

84.11

Dry stone masonry repair

Cubic metre (m3)

84.12

Composite masonry for retaining Cubic metre (m3)
wall

Masonry shall be measured by the volume of completed and
accepted work.
No measurement will be made of unauthorised areas or for
extra thickness.
No deductions shall be made for weep holes, drain pipes or
other openings of less than one (1) square metre in area.
(b) Payment
Payment will be made at rates entered in the Bill of Quantities,
which rates shall include excavation, backfilling, disposal of
surplus materials and furnishing and placing of all materials
including reinforcing steel and filter material (as relevant).
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8403 CONSTRUCTION REQUIREMENTS
(c) Dry Stone Masonry
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SERIES 8000 | SECTION 8500: SLOPE PROTECTION

3

Clause 8501 DESCRIPTION
Clause 8502 MATERIALS

4

Clause 8503 CONSTRUCTION REQUIREMENTS
Clause 8504 MEASUREMENT AND PAYMENT

8502 MATERIALS
(a) Stones
Stones for rip-rap, and stone masonry and hand laid rock
embankment (rock fill) shall be hard, sound, durable,
angular field or quarry stone and shall not disintegrate when
submerged in water or exposed to severe weathering.
Stones for the exposed faces shall be split to produce a
reasonably planar finish.
The apparent specific gravity shall be 2.5 minimum, and the
absorption shall be 6% maximum when tested according to
AASHTO T 85.
Abrasion loss shall not be more than 45% when tested
according to AASHTO T 96 (500 revolutions).
The stones shall for rip-rap work weigh between 2 kg and 50
kg, and at least 50% of the stones shall weigh more than 10 kg.
The stones for stone masonry shall, unless otherwise shown
on the Drawings, have a thickness of not less than 150 mm,
and widths of not less than one and one-half times their
respective thickness, and lengths of not less than one and a
half times their respective widths. Each stone shall be of good
shape and be free of depressions and projections that might
weaken or prevent it from being properly bedded.
Stones for stone masonry shall be dressed to remove any
thin or weak portions. Face stones shall be dressed to
provide bed and join lines that do not vary more than 20 mm
from the true lines and to ensure the meeting of bed and
joint lines without the rounding of corners of the stones in
excess of 30 mm in radius.
The shape of the stones for rip-rap and stone masonry work
shall be such as to allow for proper placing. Stones which are
to be grouted or mortared shall be kept free from dirt or other
deleterious material which may prevent proper adhesion of
the mortar.
Unless otherwise required by the Drawings, all stones for
hand laid rock embankment and rock fill work shall be more
than 0.015 cubic metres in volume and not less than 75
percent of the total volume of rock embankment shall consist
of stones in excess of 0.03 cubic metres in volume. Stones
obtained from excavation performed under the Contract may
be used if approved.
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(b) Mortar
Cement, sand and water shall conform to the
requirements of Clause 6402 of the General
Specifications.

6

Mortar for grouted rip-rap shall consist of one part CEM 1
cement to three parts sand by volume, thoroughly mixed
with the minimum quantity of water necessary to obtain a
thick creamy consistency, and to avoid excess shrinkage.
Mortar for stone masonry shall be composed of one part
of CEM 1 cement and two parts of fine aggregate by
volume and sufficient water to make the mortar of such
consistency that it can be handled easily and spread with
a trowel.
Mortar shall be mixed only in those quantities required
for immediate use. Unless an approved mortar mixing
machine is used, the fine aggregate and cement shall
be mixed dry in a tight box until the mixture assumes
uniform colour, after which, water shall be added as the
mixing continues until the mortar attains the required
consistency. Mortar that is not used within 90 minutes
after the water has been added shall be discarded. Retampering of mortar will not be permitted.

•
•
•

Method of curing,

9

1

(c) Shotcrete (Sprayed Concrete)
The following particulars of the proposed materials
and methods of construction shall be submitted to the
Engineer:
Type and performance of mixing and spraying plant,

8

10

The standard strength of the mortar shall be established
by load tests on 100mm cubes (or such other specimen
size and shape chosen by the Engineer), and mortar
production thereafter monitored by comparing the
strength of tested specimens with the standard strength.
Mortar shall be rejected if the site mix fails to reach 95%
of the standard strength, and work undertaken with such
mortar shall be broken out and redone.

•
•

7

Details of water spray and associated pumps for
surface spraying,
Details of trial panels and test panels, and
Methods of achieving the specified thickness of
sprayed concrete and the specified cover to the
reinforcement and methods of measuring the
thickness and cover after spraying.

The particulars shall be submitted to the Engineer for
approval at least 14 days before sprayed concrete is
used.
Concrete shall comply with the requirements of Table
6404/2 of the General Specifications. The nominal
aggregate size shall not exceed 10mm.
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8501 DESCRIPTION
The work required by this Section consists of the construction
of packed dry or grouted stone rip-rap, stone masonry, hand
laid rock embankment, and shotcrete (sprayed concrete) slope
protection in conformity with the lines, grades, and thickness
shown on the Drawings or ordered by the Engineer. The work
shall generally be carried out in accordance with Section 2500
of the General Specification except where these differ from
Section 8500.
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SERIES 8000 | SECTION 8500: SLOPE PROTECTION (continued)

(a) General
The face upon which the slope protection is to be placed
shall be excavated to the required grades and lines as
shown on the Drawings or ordered by the Engineer. A
footing trench may be required to be excavated along the
toe of the slope as shown on the Drawings or ordered by the
Engineer. All loose and flaky rock shall be removed from
the rock slope surface prior to the installation of the steel
mesh reinforcement. All excavation, trenches and underlying
surfaces shall be approved by the Engineer before and after
the mesh is placed.
(b) Packed dry Rip-rap
Larger stones shall be hand -placed first with close joints
in the footing trench. Stones shall be placed with their
longitudinal axis normal to the embankment face and so
arranged so each stone above foundation course has a
three-point bearing on underlying stones.
Rip-rap shall not be placed by dumping. Interstices shall be
filled with smaller stones and spalls. Surface irregularities
shall not vary by more than 100 mm from the intended line
of slope.
After approval of its placing, the surface voids in the rip-rap
in the footing trench and on the lower portions of the slope
shall be filled with hand rammed excavated suitable material
and dressed to the satisfaction of the Engineer.
(c) Grouted Rip-rap
The surfaces of the stones shall be cleaned of adhering dirt
and clay and shall be thoroughly moistened with water after
placement. Stones shall be placed to the vertical height
and thickness shown on the Drawings or ordered by the
Engineer, and shall be carefully arranged by hand to interlock
and have a three point bearing on underlying stones with
their longitudinal axis normal to the surface of the slope.
Grout shall be applied while the stone is moist and shall
be thoroughly worked into the interstices to fill the voids
completely. Immediately after grouting, the grout shall be
spaded and rodded into place with suitable spades, trowels
or other approved tools, and broomed into the spaces until
the voids are completely filled. The exposed surface of the
stones shall project not less than 50 mm and not more than
100 mm above the grout surface.
The grouted rip-rap surface shall be cured by covering
with wet hessian or curing blankets for a minimum period
of 4 days after grout placement. Immediately after the
curing medium is removed the exposed surfaces shall be
thoroughly cleaned.
(d) Stone Masonry
The foundation material and the width of the base of the wall
shall be approved by the Engineer and shall then be blinded
with concrete conforming to Table 6404/2 of the General
Specifications.
The stone masonry shall be constructed to dimensions
and lines matching the existing structure, or as otherwise
approved by the Engineer.
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Care shall be taken to prevent the bunching of small stones
of the same size. Large stones shall be used in the corners.
All stones shall be cleaned thoroughly and wetted
immediately before being set, and the bed which is to
receive them shall be cleaned and moistened before the
mortar is spread. They shall be laid with their longest faces
horizontal in full beds of mortar, and the joints shall be
flushed with mortar.
The exposed faces of individual stones shall be parallel to
the faces of the walls in which the stones are set.
The stones shall be so handled as not to jar or displace the
stones already set. Suitable equipment shall be provided for
setting stones larger than those that can be handled by two
men. The rolling or turning of stones on the walls will not be
permitted. If a stone is loosened after the mortar has taken
initial set, it shall be removed, the mortar cleaned off, and the
stone relaid with fresh mortar.
Mortar beds for face stones may vary from 20 mm to 50
mm in thickness. They shall not extend in an unbroken line
through more than 5 stones.
Joints may vary from 20 mm to 50 mm in thickness. They
shall not extend in an unbroken line through more than two
stones. They may be at angles with the vertical from 0° to
45°. Face stone shall bond at least 150 mm longitudinally
and 50 mm vertically. At no place shall corners of four
stones be adjacent to each other.

4
5
6
7
8
9
10
1

Cross beds for vertical faced walls shall be level, and for
battered walls may vary from level to normal to the batter line
of the face of the wall.
Headers shall be distributed uniformly throughout the walls of
the structures so as to form at least one-fifth of the exposed
faces. They shall be of such lengths as to extend from the
front face of the wall into the backing by at least 300 mm.
When a wall is 450 mm or less in thickness, the headers
shall extend entirely from front to back face.
Backing shall be built chiefly of large stones and in a
workmanlike manner. The individual stones composing
the backing and hearting shall be well bonded with the
stones in the face wall and with each other. All openings
and interstices in the backing shall be filled completely with
mortar or with spalls surrounded completely by mortar.
Both bed and vertical joints shall be finished as shown on the
Drawings or as directed by the Engineer. The top surface of
stone masonry shall be crowned to provide drainage.
Copings, if required, shall be as shown on the Drawings.
Where copings are not required, the top of the wall shall be
finished with stones wide enough to cover the top of the wall
from 450 mm to 1000 mm in length, and of random heights,
with a minimum height of 150 mm. Stone shall be laid in
such a manner that the top course is an integral part of the
wall. The tops of the top course of stone shall be pitched to
line, in both vertical and horizontal planes.
All walls and abutments shall be provided with weep holes
unless otherwise shown on the Drawings or directed by the
Engineer. The weep holes shall be placed at the lowest
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SERIES 8000 | SECTION 8500: SLOPE PROTECTION (continued)

Immediately after being laid, and while the mortar is fresh, all
face stones shall be thoroughly cleaned of mortar stains and
shall be kept clean until the work is completed.
The stone masonry shall be satisfactory protected from the
sun and shall be kept continuously by wet by an approved
method for a period of at least four (4) days after completion.
The exposed surface of any stone shall not vary from the
desired line by more than 50 mm.
(e) Hand Laid Rock Embankment and Rock Fill Slope
Protection
Sufficient excavation shall be made to expose a foundation
bed that is satisfactory to the Engineer. The stone shall
be founded on this bed and laid to the lines and
dimensions required.
Stone shall be laid flat and securely placed with broken joint
lines. The larger stones shall generally be located in lower
part of the structure and voids shall be eliminated to the
extent possible. Spalls smaller than the minimum stone size
specified in Clause 8502 (a) shall be used to check the larger
stones solidly in position and to substantially fill the voids
between the major stones as laid in the embankment.
The exposed face of the rock mass shall be reasonably
uniform, with no projections of more than 150 mm, beyond
the neat lines shown on the Drawings or as directed by
the Engineer.
(f) Shotcrete (Sprayed Concrete)
Weak material along joints or seams in slope surfaces to
which sprayed concrete will be applied shall be removed to
a depth equal to the width of the weak zone
Steel mesh reinforcement for sprayed concrete shall be fixed
securely to the slope by steel nails or rawl bolts and shall
be laid without sharp bends or creases. The mesh shall be
100mm x 100mm made up of welded steel 1-2 mm diameter
and galvanised. The cover to the reinforcement shall be at
least 20 mm and laps between adjacent meshes shall be at
least 150 mm.
The surface to be sprayed shall be wetted using water
sprays not more than 1 hour before spraying of concrete
starts unless otherwise instructed by the engineer. Hoses
without sprays shall not be used. A trial panel at least 50
mm thick and at least 1 m x 1 m shall be constructed for
shotcrete (sprayed concrete) on the surface to be treated.
The average percentage rebound shall be estimated for
each trial panel and shall be used in the calculations of the
cement content of the applied concrete. The mould shall
be securely fixed in position at the same height and
inclination as the surface being sprayed. The panel shall
be constructed by spraying concrete into the mould at the
same time as the concrete to be tested is applied. The test
panel shall be cured by the same method as the shotcrete
(sprayed concrete).
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50 mm diameter weepholes shall be constructed at 2.0
m staggered centres in each direction; the weepholes
shall extend to the full thickness of the shotcrete (sprayed
concrete).

4

Equipment for spraying concrete shall be the dry mix delivery
type with water added at the nozzle. The equipment shall be
fitted with weight-batching facilities. The equipment shall be
capable of projecting a mixture of cement, fine and coarse
aggregate and water at high velocity onto the surface of the
slope to produce a dense homogenous cover.

5

The aggregate and sand for shotcrete (sprayed concrete)
shall be kept dry before mixing. The water shall be added
at the nozzle at the instant of application. The air and water
supply, the rate of application and all other factors affecting
the quality of the work shall be adjusted to produce dense
concrete with no sloughing. Rebound material shall not be
used and shall be removed within 8 hours after spraying.

7

Shotcrete (sprayed concrete) shall be applied in layers not
exceeding 50 mm thick to an average total thickness of
75mm (minimum 50mm). The maximum panel dimension
shall not exceed 15m.
Records of shotcrete (sprayed concrete) operations shall be
kept by the Contractor on the Site and shall be submitted
daily to the Engineer. The records shall contain details of the
quantities of all materials used at each location.
The concrete surface shall be covered with hessian, sacking,
canvas, or other absorbent material agreed by the engineer;
the hessian, sacking, canvas or absorbent material shall be
kept constantly wet.
The concrete surface shall be covered with polythene
sheeting; concrete surfaces which have become dry shall be
thoroughly wetted before the sheeting is placed.
Completed areas of sprayed concrete shall be sounded
using a wooden mallet; areas which in the opinion of the
Engineer are substandard or hollow shall be removed and
resprayed.
The strength of shotcrete (sprayed concrete) shall be
determined from concrete cores cut from a test panel
constructed at the same time as sprayed concrete is applied.
One test panel shall be constructed for each area of sprayed
concrete of 500 m2 or part thereof.
Three concrete cores shall be provided from each test panel;
cores shall not be taken within 125 mm from the edges of the
panel.
Concrete cores shall be 100 mm diameter and shall be the
full thickness of the test panel.
The method of taking concrete cores shall be in accordance
with AASHTO T23, with any necessary modifications to this
method to be approved in writing by the Engineer.
Each concrete core shall be tested to determine the
compressive strength and density.
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points where free outlets for water can be ensured and shall
be spaced at not more than 2 metres centre to centre.

3
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SERIES 8000 | SECTION 8500: SLOPE PROTECTION (continued)

3

The method of preparing and testing the cores to determine
the compressive strength shall be in accordance with
AASHTO T22; the method of testing the cores to determine
the density shall be in accordance with AASHTO T121.
Three concrete cores shall be tested at 28 days.

(b) Payment
Payment shall be made at the rates entered in the Bill of
Quantities, which rates shall include access, materials
including wastage, anchorages, labour, equipment, tools,
and incidentals necessary to complete the items.

Adjustments to the measured strength in respect of the age
of the core when tested shall not be made unless permitted
by the Engineer. The minimum compressive strength of
concrete cores, converted to estimated equivalent cube
strength, shall be 20 MPa at 28 days.

Dry rip-rap, grouted rip-rap, and stone masonry and shall be
measured by the area of completed and accepted work times
the designated thickness.

If the result of any test for compressive strength of density
of concrete cores from shotcrete (sprayed concrete) does
not comply with the specified requirements for the property,
particulars of proposed changes to the materials, mix design,
methods of production or methods of construction shall be
submitted to the Engineer; further trial mixes shall be made
and further trial panels shall be constructed unless otherwise
permitted by the Engineer.

4

No measurement will be made of unauthorised areas or for
extra thickness.
No deductions shall be made for weep holes, drain pipes or
other openings of less than one (1) square metre in area.
The quantity to be paid for shotcrete (sprayed concrete) shall
be the area of the face with no allowance for indentations or
protrusions.

8504 MEASUREMENT AND PAYMENT

5
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(a) Measurement
Measurement shall be as follows:

1

Item

Description

Unit

85.01

Dry rip-rap slope protection

Cubic metre (m )

85.02

Grouted rip-rap slope
protection

Cubic metre (m3)

85.03

Stone masonry slope
protection

Cubic metre (m3)

85.04

Hand laid rock embankment

Cubic metre (m3)

85.05

Repair of loose rip-rap
slope protection

Cubic metre (m3)

85.06

Repair of grouted rip-rap
slope protection

Cubic metre (m3)

85.07

Repair of stone masonry
slope protection

Cubic metre (m3)

85.08

Repair of rock embankment

Cubic metre (m3)

85.09

Reinforced shotcrete (sprayed
concrete) 75mm thick

Square metre (m2)

3
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SERIES 8000 | SECTION 8600: SLOPE PREPARATION FOR BIO-ENGINEERING

3

Clause 8601 DESCRIPTION
Clause 8602 MATERIALS

4

Clause 8603 CONSTRUCTION REQUIREMENTS
Clause 8604 MEASUREMENT AND PAYMENT

The Contractor shall prepare slopes for bio-engineering
planting operations as required by the Drawings or as
ordered by the Engineer. This shall be done according to the
specifications described hereunder, as and when required.
The Contractor shall supply all necessary expertise,
resources and facilities to ensure that these requirements
are met.
In the course of all slope preparation works, it is essential
that no damage is done to existing vegetation unless the
Engineer’s instruction specifically requires certain plants to
be removed.
Slope preparation is an activity that must be undertaken
during the dry season unless specially ordered at other
times. The approval of the Engineer must be sought for any
slope preparation work that is to be carried out following the
start of the wet season.
8602 MATERIALS
For all slopes steeper than 40 degrees (approx. 1.0V:1.25H),
all labourers, gangers, supervisors, overseers and engineers
working on the site must be equipped with the following:
plastic safety helmet and personal safety harness meeting
international standards of protection; and boots or other
strong footwear with well-gripping soles. A comprehensive
first aid kit shall be provided at each site, and two persons
trained in its use shall always be on site.
Safety ropes of not more than 2 years in age, clean, unfrayed and in sound condition, and with a certified holding
strength of 1000 kg or more, will be provided for all personnel
on the steep slope. Ropes will be firmly anchored to
large trees or crow bars not less than 2 metres in length,
driven fully into a firm portion of ground above the slope.
Anchorages will be checked twice daily. Personnel shall
be instructed as to how to attach their safety harness to the
ropes and will be required to use them. Any personnel not
using safety equipment shall be removed from the site.
8603 CONSTRUCTION REQUIREMENTS
(a) Vegetation clearance
The clearance of vegetation is to allow for detailed survey
or ground investigation works, or to permit works that will
introduce a different community of plants. It is only to be
carried out in the areas where it is specially required. It is
the Contractor’s responsibility to ensure that the operation is
undertaken with adequate supervision to ensure that only the
plants required by the Engineer to be cut are actually cut.
Vegetation clearance will remove only the above-ground
parts of grasses, herbs and small shrubs. All trees will be
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left uncut and preserved carefully, whatever their size, unless
specially instructed otherwise.
Plants to be cut will be chopped at 150 to 300 mm above the
ground using sharp knives or machetes. Care will be taken
to ensure that there is no disturbance to the roots or the soil
around the roots.
The cut parts of plants will be raked together into small,
compacted piles that shall be left to rot. They will not be
burnt unless this is specially instructed by the Engineer.

5
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8

Burning is not to be used as a method of vegetation
clearance unless specially instructed by the Engineer.
(b) Preparatory measures: slope trimming
Slope trimming is the main activity where small debris
masses and inherently unstable slope sections are removed,
and the slope made sufficiently sound for civil and bioengineering works. The Contractor must first check that all
prior construction work has been completed and that the
site is clear of equipment. It is the Contractor’s responsibility
to ensure that there is safe access to the site and that the
Contractor’s, the Engineer’s and the Employer’s staff and
labourers are issued with appropriate safety equipment, and
non-authorised people are kept at a safe distance.
Either the Drawing will show or the Engineer will issue an
instruction for the details of trimming required on each site.
Possibilities for slope trimming are as follows: minor trimming
required only on part of site; keeping rill or gully pattern in
plan section; trimming to a new designed plan section; new
retaining wall to be backfilled; or others, as determined by
the individual site.
A trimming survey must first be carried out. Pegs and lines
must be placed as necessary to show the workers how much
material to trim. Notches must be cut through the mass to be
trimmed, to give the final cut lines.
(c) Manual trimming
When trimming a site, work must be started from the top of
the slope segment. The slope is trimmed in steps from the
top, using the steps as ledges for the workers to stand on
during trimming.
If backfilling is required behind a retaining structure below,
the trimmed material must be compacted at intervals as the
operation proceeds. This will involve halting the trimming
and redistributing and compacting the debris as backfill.
Compaction is carried out in level layers approximately 100
to 150 mm thick, laid back into the slope at about 5°. Water
should be added while compacting the material to give it the
optimum consistency for a high standard of compaction.
When the main trim has been completed, the workers should
return to the top of the slope and work down again, carrying
out the final trim. This should give a clean, smooth surface,
good enough for vegetation to be planted on.
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8601 DESCRIPTION
The work in this section covers vegetation clearance of
unwanted plants, slope trimming and the removal of loose
debris from slope surfaces.
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SERIES 8000 | SECTION 8600: SLOPE PREPARATION FOR BIO-ENGINEERING (continued)

(e) Surface profiling
The preparation of some slopes requires the surface to
be re-shaped in a process known as “profiling”. This
is a surface trimming and smoothing operation, where
protrusions are removed and cavities in-filled and
compacted. All excessively steep and fragile areas of
material, however small, must be removed so that there is
nowhere that the surface exceeds the grade specified in the
drawing or instructed by the Engineer. The profiled surface
has a smooth, firm finish.

(g) Approval of the Engineer
The Engineer must approve in writing the final preparation of
all slopes before any bio-engineering works are commenced.
Failure of the Contractor to obtain this approval may lead
to a requirement for all later works to be removed without
payment and at the Contractor’s own cost, so that the slope
can be re-trimmed to the Engineer’s satisfaction.
8604 MEASUREMENT AND PAYMENT
(a) Measurement
Measurement shall be as follows:
Description

Unit

85.01

Vegetation clearance

Cubic metre (m3)

85.02

Slope trimming in original
ground

Cubic metre (m3)

85.03

Slope trimming in loose
ground

Cubic metre (m3)

85.04

Spoil removal from slope
above road

Cubic metre (m3)

Where a drainage system is present or is due to be
constructed, then the finished profile must include a fall
towards the drains, so that surface water runs into them
without obstruction.

85.05

Spoil removal from slope
below road

Cubic metre (m )

85.06

Spoil disposal to safe
tipping site

Cubic metre (m3)

(f) Final preparation of slopes for bio-engineering works
The objective of the final preparation of cut slopes, fill slopes,
and slopes comprising unconsolidated landslide debris, is to
produce a surface adequately prepared for grass planting,
seeding, brush layering or other bio-engineering techniques.
Bio-engineering plants provide a strong surface cover
but need a well prepared surface in which to be planted:
if vegetation is to be an effective form of slope protection,
it must be allowed to establish properly on a slope which
does not subject it to undue stress from erosion and mass
movement in its initial stages.

85.07

Re-profile and compact
surface

Cubic metre (m3)

85.08

Slope drain excavation and
surface profiling

Cubic metre (m3)

85.09

Final Slope Preparation

Square metre (m2)

The Contractor must ensure that the slope under instruction
is trimmed to a straight angle, according to the Drawing or
the Engineer’s order. Cut slopes to be planted with grass will
normally be instructed as 1.0:1.0 or 1.5V:1.0H, but this may
be varied at the Engineer’s discretion. Fill and debris slopes
will normally be instructed as 1.0V:1.5H. In any event, a
straight profile must be obtained. Cavities must be filled with
well compacted material or, in some cases, with dry stone
dentition. Protrusions must be removed, and it is essential
that the general profile does not have a shape giving oversteep segments.
All loose material must be removed from the slope and
tipped elsewhere in an approved location, as per the
requirements of this Section.
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Item

Where gullies and spurs are present on the site, profiling
should retain the shape and effect of natural drainage lines
and protruding ridges when viewed in plan section.
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No measurement will be made of unauthorised areas or for
works exceeding the specifications.
No deductions shall be made for gaps or other untreated
areas of less than one square metre in area.
(b) Payment
Payment will be made at rates entered in the Bill of
Quantities, which rates shall include slope preparation,
trimming, filling, disposal of surplus materials (where not
included in the rates elsewhere) and furnishing and placing
of all materials including safety materials.
Payment for slope trimming in loose ground shall include
slope re-profiling.
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(d) Machine trimming
In locations where the slope to be trimmed is within easy
reach of the road, a back-hoe excavator may be used for
trimming. In this situation the principles described for
manual trimming are to be followed using the machine in
place of labourers. Particular care must be taken to ensure
that the final slope has a straight grade, without small
sections that exceed the designed angle of steepness.

3
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Clause 8701 DESCRIPTION
Clause 8702 CONSTRUCTION REQUIREMENTS

4

Clause 8703 MEASUREMENT AND PAYMENT

5

8701 DESCRIPTION
In hilly areas, the disposal of spoil can lead to many
problems of erosion and slope instability. The Contractor
must follow the Engineer’s instructions in disposing of
surplus spoil in designated safe tipping sites.

Under no circumstances will any of the following be
permitted:

•

Tipping of spoil into stream or river channels, as the
increased sediment load will lead to scour and siltation
downstream;

6

8702 CONSTRUCTION REQUIREMENTS
In selecting the locations of spoil disposal sites, maximum
use must be made of terraces, level ground and broad, flat
spurs. If there is no choice but to dispose of spoil on steep
slopes, it is essential to select areas formed in resistant
bedrock. Tipping should result in no more than the removal
of vegetation and shallow soil, with negligible slope incision
thereafter. Metal sheet disposal chutes can be used to
convey the spoil down a short slope to a safe site below.

•

Tipping of spoil on to slopes where road alignments,
housing areas or farmland downslope might be affected;

7

•

Use of areas of past or active instability and erosion as
tip sites;

•

The discharge of runoff over the loose front edge of a tip
bench during or after construction;

•

Tipping of spoil in front of road retaining walls, where
impeded drainage could soften the wall foundation.

Where there is no choice but to dispose of soil on agricultural
land, the Contractor must form the tip into a benched profile
so that it can eventually be used for agricultural production.
In the meantime, the risers between levels must be protected
against erosion by planting vegetation or constructing dry
stone walls. All topsoil must be carefully removed and
stockpiled to assist in reinstatement.
Where the top surface of the bench is large, runoff must
be reduced by providing regular shallow interceptor drains.
The slope of these drains should be constant as far as is
practicable and should not be so steep as to induce erosion.
On completion, the Contractor is to leave spoil benches in
their required shape and plant them with grasses, shrubs
and trees to encourage maximum stability and resistance
to erosion.
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8703 MEASUREMENT AND PAYMENT
(a) Measurement
Measurement shall be as follows:

1

Item

Description

Unit

87.01

Spoil disposal to designated
safe tipping site within 5 km

Cubic metre (m3)

2
Annexes

During tipping, the Contractor must build many small spoil
benches, rather than a few large ones, to avoid slope
overloading. A drainage blanket must be installed beneath
a spoil bench where there is any indication of a spring or
water seepage at or near the spoil site. Spoil benches must
be compacted during tipping. While benches cannot be
compacted in the formal sense, they can be constructed in
definite lifts, normally not more than 0.5 m thick, with the top
surface of each lift approximately horizontal. This will allow
machines involved in spreading the spoil to track the surface
and provide some degree of compaction.

8

No measurement will be made of unauthorised areas or
for works exceeding the specifications.
No deductions shall be made for gaps or other untreated
areas of less than one square metre in area.
(b) Payment
Payment will be made at rates entered in the Bill of
Quantities, which rates shall include the loading, haulage
and disposal of surplus materials (where not included
in the rates elsewhere) at a designated safe tipping site
located within 5 km. Where Item 87.01 has not been
included for a particular location, the volume of spoil is
considered to be very small and/or disposal can be carried
out in the immediate vicinity. In such cases the excavation
or slope trimming item will be deemed to include the cost
of spoil disposal.
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SERIES 8000 | SECTION 8800: FREE DRAINING STRUCTURAL BACKFILL

3

Clause 8801 DESCRIPTION
Clause 8802 MATERIALS

4

Clause 8803 CONSTRUCTION REQUIREMENTS
Clause 8804 MEASUREMENT AND PAYMENT
8801 DESCRIPTION
The work covered by this Section comprises the placing
of free draining structural backfill material against the rear
faces of retaining walls within the limits as indicated on the
Drawings or ordered by the Engineer.
8802 MATERIALS
Free draining structural backfill material shall consist
of gravel, crushed gravel, crushed rock, natural sands,
or combinations thereof. The material shall conform to
following grading requirements unless otherwise approved
by the Engineer:
BS Sieve size (mm)

Percentage passing (by weight)

50.0

80 - 100

25.0

30 - 60

9.5

12 - 30

2.0

7 - 15

0.425

2 - 10

0.075

0-5

8804 MEASUREMENT AND PAYMENT

5

(a) Measurement
Measurement shall be as follows:

6

Item

Description

Unit

88.01

Free draining structural
backfill

Square metre (m2)

8

The measurement shall be based on the area of freedraining structural backfill minimum 300mm thick placed
against the back of masonry retaining walls in accordance
with the drawings

9

(b) Payment
Payment will be at the rate entered in the Bill of Quantities.

10
1
2
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8803 CONSTRUCTION REQUIREMENTS
Free draining structural backfill material shall be placed
in layers and compacted according to BS 1377: Part 4 in
the General Specifications (Table 3606/1). The maximum
loose thickness of the layer shall be 150 mm and the
moisture content should be adjusted as required to achieve
satisfactory compaction.
Irrespective of the details shown on the Drawings, in no case
shall any retaining wall have less than 300 mm thickness
(measured perpendicular to the rear face) of free draining
structural backfill behind the rear face unless so directed by
the Engineer.
Any excavation necessary to enable the placing of structural
backfill material shall be at the cost of the Contractor.
In such cases the excavation or slope trimming item will be
deemed to include the cost of spoil disposal.

Prepared for the Uganda National Roads Authority (UNRA)

7

93

Improving the resilience & quality of rural road infrastructure through landslide management & optimisation of road reserve use in Uganda

1

Annex 2 Additional specifications for slope stabilisation and bio-engineering works

2

SERIES 8000 | SECTION 8900: SLOPE SURFACE AND SUBSOIL DRAINS

3

Clause 8901 DESCRIPTION
Clause 8902 MATERIALS

4

Clause 8903 CONSTRUCTION REQUIREMENTS
Clause 8904 MEASUREMENT AND PAYMENT
A nominal 50 mm thick layer of filter material bedding shall be
placed in the trench and tamped to the required grade and
level. The pipe shall then be embedded firmly in the bedding
material, with a minimum grade of 1 in 200.

These comprise cut-off drains constructed at the crest of
slopes, herringbone drains on the slope faces, sub-horizontal
drains installed by drilling within the slopes, and subsoil drains
constructed behind retaining walls.

The perforated pipe shall be installed with the perforations
facing upwards. The last 3 metre section at the outlet may
be non-perforated pipe. The method of jointing shall be
approved by the Engineer before commencing the works.
Pipe sections shall be joined securely in accordance with the
manufacturer’s instructions using recommended coupling
fittings, bands or solvents.

8902 MATERIALS
All granular filter material required for the construction of
subsoil drains shall consist of hard, durable, clean sand,
gravel, or crushed stone. The material shall be free from
organic material, clay balls, or other deleterious substances.
Clay lumps and friable particles in the material shall be a
maximum of 3% and the coarse aggregates shall have a LAA
(Los Angeles Abrasion) loss of not more than 50%.
The backfill filter material shall comply with the gradation
requirements as follows:
BS Sieve size (mm)

Percentage passing (by weight)

63

100

37.5

85 - 100

20

0 - 20

10

0-5

0.075

0-2

Perforated pipe shall be 150 mm diameter PVC pipe
conforming to the requirements of Clause 2104 (a)(i)(2) of the
General Specifications. If necessary, the perforations can
be carried out manually. The holes shall be minimum 8mm
diameter, with a minimum of 50 holes per metre length on
the upper half of the pipe in a staggered pattern, uniformly
distributed. The Engineer may adjust this spacing according to
site conditions.
Geotextile (filter fabric) sheeting shall be in accordance with the
requirements of Section 2700 of the General Specifications.
Polythene sheeting shall be of at least 0.8 mm thickness.
8903 CONSTRUCTION REQUIREMENTS
Trenches shall be excavated in the position and to the depth,
width and grade directed by the Engineer. The base shall be
carefully excavated and smoothed to be within 50 mm of the
required levels and the walls sufficiently smooth to allow the
geotextile fabric to be everywhere in close contact.
The base and lower sides of the trench shall be lined with the
polythene sheeting to the limits as shown on the Drawings
The trench shall then be lined with the geotextile sheeting as
shown on the Drawings. There shall be no longitudinal laps.
Transverse laps shall be avoided as much as possible. The
minimum transverse lap length shall be 400 mm unless a
greater overlap is recommended by the manufacturer.
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The detailed layout of the subsoil drainage network shall be as
instructed by the Engineer, based on the general layout given
on the Drawings. The laying of pipes shall commence at the
outlet end and proceed towards the upper ends. Up-gradient
ends of pipe installations shall be securely plugged by an
approved means.
Filter material shall be placed around the pipe to within 100
mm of the slope surface after the pipe installation has been
inspected and approved by the Engineer. The projecting
geotextile sheeting is then folded over and filter material then
placed in the remainder of the trench up to surrounding ground
level and carefully compacted to avoid displacing the pipe.
On completion, the pipe shall be flushed in the presence of the
Engineer with sufficient water to remove any material which
has entered the pipe during installation and to ensure the pipe
is free of obstruction.
Where structural backfill is shown on the drawings behind
retaining walls, the subsoil drains shall be installed before the
structural backfill is placed and compacted.
8904 MEASUREMENT AND PAYMENT
(a) Measurement
Measurement will be as follows:
Item

Description

89.01

Type 1 Mortared masonry cut-off drain Metre (m)

Unit

89.02

Type 2 Trench cut-off drain

Metre (m)

89.03

Type 3 Combined cut-off-trench drain

Metre (m)

89.04

Herringbone branch drain

Metre (m)

89.05

Herringbone collector drain

Metre (m)

89.06

Sub-horizontal drain with 40mm
perforated pipe

Metre (m)

89.07

Retaining wall subsoil drain,
150 mm diameter

Metre (m)

(b) Payment
Payment will be made at the rates entered in the Bill of Quantities.
Payment shall include excavation, placing of filter and backfill
material, geotextile and polythene sheeting, perforated and nonperforated pipe and flushing.
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8901 DESCRIPTION
This work consists of constructing slope surface and
subsoil drains as shown on the Drawings or instructed by
the Engineer.
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2

SERIES 8000 | SECTION 81000: MISCELLANEOUS

3

Clause 81001 DESCRIPTION
Clause 81002 MATERIALS

4

Clause 81003 CONSTRUCTION REQUIREMENTS
Clause 81004 MEASUREMENT AND PAYMENT

81002 MATERIALS
Material for gabion mattresses shall conform to the
requirements of Section 8300 of the Additional Specifications.
Material for grouted rip-rap and stone masonry shall
conform to the requirements of Section 8500 of the
Additional Specifications.

(c) Dry (unmortared) Rip–rap Erosion Protection
The construction of dry rip-rap erosion protection shall be
in accordance with the requirements of Clause 8502(a) and
8503(b) of the Additional Specifications.
(d) Gabion Apron Protection
The construction shall be in accordance with the
requirements of Section 8300 of the Additional
Specifications.
The foundation surface shall be compacted to not less
than 95% of maximum dry density determined according to
BS1377 Part 2 (Table 3606/1 in the General Specifications).

81003 CONSTRUCTION REQUIREMENTS
(a) Excavation
The excavation for side ditches shall be in accordance with
Section 8200 of the Additional Specifications.
Over-depth excavation below the elevation approved by the
Engineer and over-width excavation beyond the lateral
limits shown on the Drawings or directed by the Engineer,
shall be backfilled with grouted rip-rap or concrete, at the
Contractor’s cost.

The fence line shall be cleared over a width of at least
a metre on either side of the fence and any surface
irregularities graded so that the fence will follow the general
contour of the ground. Posts shall be accurately set in holes
and provided with concrete bases as shown on the Drawings

(b) Grouted Rip-rap or Stone Masonry Ditch Lining,
Aprons, and Inlet and Outlet Structures
The construction shall be in accordance with the
requirements of Section 8500 of the Additional Specifications.

The bottom of the fence shall be located at a uniform
distance above the ground in accordance with the
requirements shown on the Drawings.

The stones shall be placed in rows transversely to the
centreline of the ditch and be placed with ends and sides
abutting and the joints between stones in each row breaking
with the joints in the preceding row.
After completing the laying work, the edges of the paved ditch
adjoining the ground surface and shoulders shall be shaped
and compacted to the required cross section.
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(e) Catch Fencing
Catch Fences shall be constructed in the locations as shown
on and in accordance with the Drawings. The purpose
of these fences is to catch any small pieces of rock or
soil falling from the slopes above and prevent them from
reaching the road. The Drawings give full details of the posts
and mesh to be used.

The foundation surface shall be compacted to not less than
95% of maximum dry density as determined according to BS
1377: Part 4 (Table 3606/1 in the General Specifications).

5

(f) Wire Netting
Wire netting for rock slopes shall be installed in the locations
shown on the Drawings.
The Drawings show a typical arrangement for wire netting
installation but the actual installation may be constructed
and assembled in accordance with the specialist supplier’s
drawings and recommendations.
The netting shall be passive non-stressed netting held up
by minimum 20mm dia steel hooks concreted into predrilled
holes with horizontal steel cables. Vertical joins between
mesh netting shall utilise closely spaced ‘C’ rings or similar.
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81001 DESCRIPTION
The work covered by this Section consists of the construction
of grouted rip-rap ditch lining, grouted rip-rap wash checks,
dry (unmortared) and grouted rip-rap, stone masonry and
gabion mattress apron protection, grouted rip-rap and stone
masonry inlet and outlet structures, box gabions for slope
protection at drainage structures, rock slope wire netting and
toe catch fences.
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SERIES 8000 | SECTION 81000: MISCELLANEOUS (continued)
81004 MEASUREMENT AND PAYMENT
(a)
Measurement
Measurement will be as follows:
Item

Description

Unit

810.01

Grouted rip-rap

Cubic metre (m )

810.02

Stone masonry

Cubic metre (m3)

810.03

Dry rip-rap

Cubic metre (m3)

3

Geotextile sheeting shall be measured without consideration
of overlaps.

4

2.0m high catch fencing shall be measured in linear metres
and shall include full compensation for steel reinforcement,
structural steel, excavation for the posts and cast in situ
concrete foundations.

5

Wire netting for rock slopes shall be measured as the square
metre secured to the slope and shall include the installation
of rock dowels/hooks, the securing steel cables, the vertical
joints and steel reinforcing bars.

810.04 Box gabions

Cubic metre (m3)

810.05

Cubic metre (m3)

(b) Payment

810.06 Geotextile sheeting

Square metre (m2)

810.07

Catch fencing

Linear Metre (m)

810.08

Wire netting

Square metre (m2)

Payment will be made at the rates entered in the Bill of
Quantities and shall include excavation, backfilling and
compaction, grouting, blinding concrete, formwork, mortar,
concrete, ditch checks and all incidental items.

Gabion mattresses

3

6
7
8
9

Grouted rip-rap and stone masonry ditch lining shall be
calculated as the area ordered by the Engineer multiplied
by the specified minimum thickness.

10

Gabion mattresses shall be measured from the specified
area and nominal thickness.

1
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SERIES 8000 | SECTION 81100: PLANTING AND SOWING

3

Clause 81101 DESCRIPTION
Clause 81102 MATERIALS

4

Clause 81103 CONSTRUCTION REQUIREMENTS
Clause 81104 MEASUREMENT AND PAYMENT

5

It is the Contractor’s responsibility to ensure that all planting
stock, whether provided under the same or a separate
contract or instruction, is of high quality and is vigorous
enough to grow on the site to be planted.
All seeds and other planting stock must be of approved
species in the lists produced from time to time by the
Engineer and will be either indigenous to Uganda or of
known vigorous pan-tropical characteristics, and not known
to be aggressive invasive plants. They must be appropriate
for the precise site conditions in which they are to be planted
and the Contractor must ensure that they apply to the
specific altitude and other environmental characteristics of
the site in question.
The timing of many bio-engineering operations is of the
utmost importance. Activities such as planting and seed
sowing must be carried out within the critical few weeks
when they will yield the desired results. All other operations
must be carried out in a timely manner to permit this to
happen. The Contractor is responsible for progressing the
works according to the specified schedule, and under no
circumstances will delays be permitted.
All bio-engineering plant materials and constructed
measures shall be subject to the approval of the Engineer.
81102 MATERIALS
(a) Species of plants
The Contractor is to use only species drawn from the List
of Suggested Species for Bio-engineering in Schedule A to
these Additional Specifications, or other species instructed
by the Engineer or proposed by the Contractor in writing and
approved by the Engineer in writing.
(b) Provision of Seed
The Bills of Quantities, Drawings or the Engineer’s orders
will give indications as to the expected amounts of seeds
required, the appropriate species and the expected time or
source of availability. But it is the Contractor’s responsibility
to ensure that adequate quantities of seeds are obtained in a
timely fashion.
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The Contractor shall provide or collect seeds of the required
species in accordance with the requirements described
hereafter, of the species and quantities required, as and
when required. He shall supply all necessary expertise,
resources and facilities to ensure that these requirements
are met in full. It is essential that the seed is of a high quality
as it forms the basis to the success of any bio-engineering
programme. The collection of seeds from trees can be a
dangerous activity, placing the collectors at considerable
personal risk. Specialist equipment and training must
be made available for this purpose. It is the Contractor’s
responsibility to ensure safe working conditions for his
employees or subcontractors.
Weights to be specified are for sun-dried seeds separated
completely from fruiting bodies and other unwanted parts,
and ready for storage and subsequent sowing. There is
usually a large difference between this weight and that of the
freshly collected, untreated fruits.
Should the Contractor be unable to supply the specified
seeds, the advice of the Engineer should be sought. It may
be possible to substitute other species. Some commercial
seed sources tend to supply old or badly treated seeds.
For this reason, seed should not be obtained commercially
without the Engineer’s written authority.
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Seeds must be collected from as many individual healthy
plants as possible. For shrubs and trees, they must be
collected from at least ten individual plants. The plants from
which the seeds are collected must show vigorous growth
and good form. Misshapen and stunted plants should not be
considered. With grasses, it is difficult to determine the best
genetic material; but it is generally sound practice to select
from the largest and most vigorous plants.
The Contractor should under no circumstances damage or
remove the branches of trees, or the roots of grass plants,
while collecting seed. The Contractor is responsible for
safety measures and for making all necessary arrangements
with landowners, farmers and the local Forest Office, as
applicable, before the collection of seeds.
Seeds may only be collected when fully ripe. Seeds collected
early are not viable when sown and will cause a failure of
the planting programme. The Contractor will be held liable
if the germination rate of seeds is seriously lower than the
normally expected percentage.
Immediately after collection, seeds must be separated from
the fruiting bodies or grass flower heads by the method
normally used by farmers and foresters for this purpose:
this depends on the individual species but may be a timeconsuming process for certain fruits. Once separated, the
seeds must be sun-dried before storage.
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81101 DESCRIPTION
The Contractor shall plant or sow grasses, shrubs and trees
as shown on the Drawing or as ordered by the Engineer,
using vegetative cuttings, seeds or nursery-raised seedlings.
This shall be done according to the specifications described
hereunder, as and when required. The Contractor shall
supply all necessary expertise, resources and facilities to
ensure that these requirements are met.
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SERIES 8000 | SECTION 81100: PLANTING AND SOWING (continued)

(c) Provision of grass slip cuttings
Slip cuttings, consisting of a section of the stem, the
rhizome (the tubular underground section) and roots (the
fibrous underground section) must be taken from grasses
of approved species that are known to propagate easily by
vegetative means. They should normally be collected in
or very close to the working site. The size of cuttings to be
made depends on the species and should be as described in
this section or in lists of approved species, the Drawings or
the Engineer’s order.
Apart from the clumps which are dug up to make cuttings,
the Contractor must under no circumstances damage
other plants. The Contractor is responsible for making all
necessary arrangements with landowners, farmers and the
local Forest Office, as applicable, before the excavation of
plants to make cuttings.
Cuttings must be made only from healthy plants that show
vigorous growth and good form. Grass clumps with stunted
growth should not be considered as sources. Since roots
are required as part of the cuttings, grass clumps should be
carefully dug up. They must not be pulled hard, as this can
damage the material.
To make the individual slip cuttings, the clumps must be
separated carefully by hand, using a sharp knife or razor
blade when necessary. There must be no tearing of the
plant fabric. Slips shall be formed that consist of one large or
two small stems, with the rhizomes and roots still attached.
They must be trimmed down using a sharp knife or machete
to give two or three nodes on the stem and rhizome, and, if
examined carefully, at least two viable buds on the rhizome.
All fibrous roots must be cut off 25 to 50 mm from the
rhizome. The slip should then be given a quick inspection to
ensure that it has enough rhizome and stem to be a viable
plant.
Once cuttings have been made, they must be wrapped in
wet hessian jute immediately. At all times, cuttings are to be
kept moist and as cool as possible and should be wrapped
in wet hessian between all operations such as digging out
of the ground, splitting out, trimming and planting. Under all
circumstances, all cuttings must be planted the same day
that they are made.
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(d) Provision of standard hardwood cuttings
Hardwood cuttings must only be taken from shrubs and trees
of approved species, which are known to propagate easily by
vegetative means.
Cuttings must be made from as many healthy individual
plants as possible. The plants from which the cuttings are
taken must show vigorous growth and good form. Misshapen
and stunted plants should not be considered as sources.
Apart from the branches from which cuttings are taken,
the Contractor must under no circumstances damage
plants while taking cuttings. The Contractor is responsible
for making all necessary arrangements with landowners,
farmers and the local Forest Office, as applicable, before the
making of hardwood cuttings. In no event is more than 60
percent of the aerial parts of a single plant to be removed in
the making of cuttings.
Hardwood cuttings must be made from stems which are
between 6 and 18 months old. Materials outside this range
are not normally vigorous or strong enough to survive as
cuttings. The Contractor may be held liable if the success
rate of cuttings is seriously lower than the normally expected
percentage.
Hardwood cuttings must be made using sharp secateurs or a
sharp saw. The top cut should be made at right-angles to the
stem and the bottom cut should be made at 45º to the stem:
this is to show the orientation of planting. Side branches are
trimmed off close to the main stem, just outside the point
where the woody material narrows down to the diameter
of the branch. Under no circumstances must there be any
tearing, bruising or other damage to the bark of the cutting.
Hardwood cuttings shall be of the following diameters
and lengths, which sizes should not be exceeded unless
specified by the Engineer.
Structure

Diameter
(mm)

Length (mm)

Brush layers

20-40

350-450

Live check dams (vertical)

30-80

2000

Live check dams (horizontal)

20-40

2000

Truncheons

30-80

2000

Fascines

20-40

1500-2000

Palisades (live cuttings)

20-40

450-600

Palisades (cross-beam)

20-40

2000

Wattle fences (stakes)

20-40

450-600

Fencing

20-40

2000

Once cuttings have been made, they must be wrapped in
wet hessian jute immediately. At all times, cuttings are to be
kept moist and as cool as possible, and should be wrapped
in wet hessian between all operations such as taking
from the parent plant, trimming and planting. Under any
circumstances, all cuttings must be planted the same day
that they are made.
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Seeds must be stored in a cool, dry, ventilated building
with adequate precautions taken against pests. Containers
should be raised above the floor. They should not be kept
in the same building as cement, or any chemicals, fuels or
lubricants. If kept in sealed containers, the seeds should be
carefully inspected on a weekly basis to ensure that there is
no deterioration or mould formation. Grass seeds are best
stored in bags made of hessian (jute) sheet. Seeds should
be carefully inspected on a weekly basis to ensure that there
is no deterioration or mould formation, or pest attack. Seeds
can only be stored successfully if they have been properly
dried in the sun beforehand.

3
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SERIES 8000 | SECTION 81100: PLANTING AND SOWING (continued)

3

(e) Provision of large truncheon cuttings
A number of species can be propagated using large
truncheon cuttings. These are instructed for use in certain
unstable debris slopes and to form the vertical elements in
live check dams. Hardwood cuttings for truncheons shall be
from material that is 18 to 30 months old and is 30 to 80 mm
in diameter. Cuttings shall be made to 2 metres in length
unless otherwise specified.

Large bamboo culm-and-rhizome planting stock must be
made only on the day that it will be replanted on site.

Apart from the age and size details, all other aspects of
truncheon cuttings shall be as described in Clause 81102 (c).

Material must be selected that consists of one-year-old
rhizomes and 2-2.5 metres of culm. A suitable culm is
selected near the edge of the parent clump and the rhizome
dug out and cut off carefully. It must be removed from the
clump with minimal damage to the fibrous roots.

Nursery-raised seedlings shall be supplied in polythene pots
of 75 × 180 or 100 × 180 mm or greater when laid flat. The
pots should be of black, 200 gauge polythene. They must
have adequate drainage holes at the bottom and be filled
with fertile forest topsoil mixed with clean sand to a texture of
sandy loam.
Throughout the period in the nursery, plants must have been
cultivated with suitable water and light conditions. Plants
that have been shaded for too long become long and thin
(etiolated), resulting in weak stems, and will not be accepted
by the Engineer. Roots protruding from the bottom of pots
must have been pruned with a razor blade on a regular basis
which will not exceed weekly. Protruding roots should never
be allowed to become more than 25 mm in length, and failure
to achieve this will be detectable in a careful examination of
the plants.
To be acceptable for planting on site, trees and shrubs must
be healthy, vigorous and showing no signs of damage, wilt,
irregular growth, fungal or pest attack, or nutrient disorders.
They must be between 300 and 600 mm in height above soil
surface level and of good proportion and form, without any
pruning of shoots and branches. The roots must be in good
condition and there should be no signs of disturbance to the
soil in the polythene pot, even after transport to site.
(g) Provision of large bamboo culm-and-rhizome
planting stock
Where the Drawings or the Engineer’s order require the
use of large bamboos, the Contractor will obtain plants of
a suitable standard and of the approved species. It is the
Contractor’s responsibility to ensure that the specifications
given in this Section are met and that the plants are suitable
for the required purpose.

Prepared for the Uganda National Roads Authority (UNRA)

To provide the planting stock, a section of rooted rhizome
and an entire culm is cut out of an established bamboo
clump. It is later replanted with the culm cut off about 2
metres above the ground, leaving branches emerging from
one or two of the nodes.
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The culm must be cut off about 2 metres above ground
level. The rhizome is cut off where it branches from the
main plant, with great care taken not to damage the buds
and small roots.

9

The root ball must be wrapped in damp hessian and the big
cutting transported to site for planting on the same day.
(h) Mulch
Mulch is to be produced in a timely manner so that it can
be used on site to enhance planting works, particularly the
direct seeding of grass. Its preparation must be started at
least 4 months before the date of its use.

10
1

Mulch should be made from annual and perennial weeds
of poor rooting characteristics. The greenery should be
collected when there is most material available but before it
forms seeds. This is most often in August and September.
Collected material should be chopped finely and stored in a
mound, walled bay or pit. The maximum size for chopped
mulch is 150 mm.
Mulch should be kept moist but not waterlogged, and
in an aerated condition. It should be completely turned
once a month on a regular schedule. At higher altitudes
it can have cow manure mixed in to assist the process of
decomposition.
Mulch should not be applied on site until it is fully rotted.
By this time, it should be black and the parts of individual
plants should be indistinguishable. Early application can
lead to a nutrient loss in the soil if microbes extract nitrogen
to decompose the added organic material.
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(f) Provision of containerised nursery-raised seedlings
Where the Drawings or the Engineer’s order require the use
of nursery raised seedlings, the Contractor will obtain plants
of a suitable standard and of the approved species. It is the
Contractor’s responsibility to ensure that the specifications
given in this Section are met and that the plants are suitable
for the required purpose.

4
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SERIES 8000 | SECTION 81100: PLANTING AND SOWING (continued)

It is the responsibility of the Contractor to ensure that the
condition of the site is good enough for the successful
establishment of plants following the requirements of Section
8600 of these Specifications.
Seeds will have been collected and stored well before the
time of sowing. It is the Contractor’s responsibility to check
that it has been carefully stored and remains fully viable.
Plants will have been raised over a considerable period in a
nursery. Again, it is the Contractor’s responsibility to check
that they have been properly nurtured, carefully transported
to site and remain fully healthy.
The Contractor is required to supervise all field operations
very closely. The planting of all bio-engineering measures is
a delicate operation and should be approached in the same
way as for agricultural crops. The Contractor should employ
experienced and skilled agricultural labourers for this work.
(b) Sowing of grasses
Immediately before sowing, the ground surface should be
lightly scarified to ease early root penetration. Seeds should
then be laid thinly over the surface. Under no circumstances
should they be broadcast, because the lightness of perennial
grass seeds and the steepness of the slopes to be treated
give a poor cover using such a technique. The Contractor is
responsible for ensuring that the correct quantities of seeds
are used, while giving a good, even cover.
A cover of 25 grams of grass seed per square metre of
surface should be achieved unless otherwise specified.
After sowing, a mulch of prepared and dried cut herbs should
be laid over the whole seeded area in a thin layer. If the
mulch is too thick it will prevent light from getting to the seed
and will inhibit germination. Freshly cut herbs should not be
used because of the danger of resprouting and weeding.
If specified, the mulch should be secured with wide mesh
jute netting of size 300 × 500 mm and the netting fixed in
place using suitable live pegs or hardwood cuttings.
(c) Direct seed sowing of shrubs and trees
The direct sowing of shrubs and trees is normally instructed
where very stony materials exclude the use of other planting
techniques or where the site will be badly affected by
disturbance during the planting of polypot seedlings, or
where the site is still unstable and does not warrant the costs
involved in planting but would benefit from relatively cheap
seeding. The Contractor is required to carry out the sowing
of shrub and tree seeds according to the Drawings or the
Engineer’s specific order.
Sowing shall start at the top of the slope and the labourers
should work downwards. Care must be taken not to disturb
areas already seeded.
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To sow the seeds, a small hole should be made in the slope.
The tool used to do this depends on the size of the seed. For
some seeds, a piece of gabion wire is adequate; for others,
a piece of mild steel with a flattened end is required. The
hole should be in the best soil available but if there is little
real soil, then a crevice between two stones is acceptable.
Two seeds should be placed in each hole and a covering of
soil or whatever fines are available should be placed over
them. This covering should never exceed 10 mm and should
preferably be about 5 mm; it should never be less than this.
Seeds shall be placed at 50 to 100 mm centres, as ground
conditions dictate, or as shown in the Drawings or the
Engineer’s order.

4

(d) Planting of grass slips (stem and root cuttings) in
lines
The configuration of grass slip planting will be determined
according to individual site conditions and indicated in
the Drawings or Engineer’s order. It will be either random,
contoured, diagonal or downslope.

8

Slope angle

Row spacing

Slope less than
30°

1000 mm centres

Slope 30 to 45°

500 mm centres

Slope more
than 45°

250 mm centres

Diagonal lines

All slopes

500 mm centres

Downslope lines

All slopes

500 mm centres

Random

Normally used
with jute and
coir netting

Average 100 mm
centres, both ways

Horizontal or
contour lines

6
7

9

Using appropriate tools (such as tape measures and spirit
levels), planting lines must be marked out with string as
required. Unless required differently by the Engineer, the row
spacing to be marked out is as shown in the table below.
Planting
configuration
spacing

5

10
1
2
Annexes

81103 CONSTRUCTION REQUIREMENTS
(a) General
The planting of all bio-engineering measures is intended to
create a strengthened slope surface which is resistant to
erosion. The Contractor is required to carry out the works
according to the Drawings or the Engineer’s specific orders.

3

All diagonal grass lines should be planted at 45 degrees
to the line of maximum slope. In certain situations, where
the planting ordered is not on an even grade but on a slope
with a micro-scale landscape of ridges and rills, this means
that the rows will not necessarily be straight or parallel.
In this situation it is important that the line of planting is
always related to the slope angle, and not to the relationship
between neighbouring rows. Special measurement rules
apply in this situation.
The plants supplied should be prepared for planting as
described in Clause 81102. The Contractor is to transport
them from the source wrapped in hessian jute. At all times,
plants are to be kept moist and as cool as possible, and
should be wrapped in wet hessian between all operations
such as extraction from the nursery, final preparation and
planting. Under any circumstances, all plants supplied must
be planted the same day that they are lifted from the source.
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SERIES 8000 | SECTION 81100: PLANTING AND SOWING (continued)

If the soil is dry and there is no rain within 16 to 24 hours
of planting, the site should be watered carefully with a fine
spray. The Contractor is required to water for the first two
weeks after planting in the event of inadequate rainfall.
(e) Planting of shrubs and trees raised in polythene pots
The location and spacing of containerised seedling
plantation will be determined according to individual site
conditions and indicated in the Drawings or Engineer’s order.
If no instruction is given, seedlings should be planted at 1500
mm centre to centre.
The Contractor is to transport the containerised plants to site
with all due care. The polythene pots should not be removed
until the moment of planting. Plants are to be lifted by the
pots, and never by the stem or leaves. At all times they are
to be kept as cool as possible. The Contractor is responsible
for ensuring that the soil around the roots does not dry
out. Under any circumstances, all plants supplied must be
planted within three days of removal from the nursery.
Planting should be started at the top of the slope and under
no circumstances should new plants be walked on or
otherwise disturbed.
The spacing of plants will be determined according to
individual site conditions. However, it will normally be at 1.5
metres centre to centre unless otherwise ordered.
A planting pit wide and deep enough for the roots to be
buried in without bending, and wide enough for all the
roots and surrounding soil ball, shall be made at the time
of planting. The polythene pot must be removed from the
seedling by cutting it away with a razor blade. The plant will
then be carefully placed into the hole and the soil packed
in around it by hand, ensuring that all gaps are filled and
there are no air pockets. All surrounding soil is then made
firm using gentle foot pressure, taking care not to cause
any damage to the plant or its roots. The surface over
and around the plant should then be mulched using any
appropriate, locally available material, such as dead leaves
or cut herbage.
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(f) Brush layering
Brush layering is a technique whereby woody (or hardwood)
cuttings are laid in shallow trenches aligned across the
slope, usually following the contour. These form a strong
barrier, preventing erosion and the development of rills, and
trap material moving down the slope. In the long term, a
small terrace will develop. The main engineering functions
are to catch debris, and to armour and reinforce the slope.
In certain locations, brush layers can be angled to provide a
drainage function.

4
5
6

The cuttings used for brush layering should be 20 to 40 mm
in diameter and between 450 and 600 mm in length. They
should be temporarily stored and transported wrapped in
hessian jute. At all times, cuttings are to be kept moist and
as cool as possible, and should be wrapped in wet hessian
between all operations such as cutting from the parent plant,
trimming and planting. Under any circumstances, all cuttings
must be planted the same day that they are taken from the
parent plant.

7

Brush layering should be carried out as given here, unless
ordered differently. The spacing between brush layers may
be altered by the Engineer in particular.

10

Starting at the bottom of the area to be treated, and using
appropriate measuring equipment, exact lines shall be
marked out. From 1 metre above the bottom of the slope, a
precise contour line should be marked out every 2 metres up
the slope.

1

Starting at the bottom, trenches approximately 450 mm wide
on landslide debris or 350 mm on road embankments shall
be excavated along the lines. The base of the trench should
be laid back into the slope at approximately 10°.
Cuttings shall then be placed into each trench at 50 mm
centres, the correct way up and angled so that they are at
right-angles to the maximum slope angle. All cuttings should
be inserted to a depth such that three-quarters of their length
is buried.
The trench should then be partially backfilled and another
line of cuttings placed along the trench at 50 mm centres
and 100 mm behind the first line, and with the individual
cuttings offset to coincide with the gaps between the cuttings
in the first line. This results in cuttings at 25 mm centres in
each brush layer (i.e. 40 cuttings per running metre). The
trench is then completely backfilled and gently compacted
using careful foot pressure. Any loose or excess material is
cleared down the slope before the next line is planted.
In some cases, it will be specified that cuttings should be
placed in a criss-cross fashion. Where this is to be done,
one layer of cuttings is laid in the trench at 30º to one side of
the line of maximum fall of slope. A second layer of cuttings
is laid on top of this, at 30º to the other side of the line of
maximum fall of slope. Backfilling and compaction are then
completed.
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Planting should start at the top of the slope and under no
circumstances should new plants be walked on or otherwise
disturbed. Using a small bar (usually made of mild steel and
with a flattened end), a hole should be made that is just big
enough for the roots. The slip cutting is inserted; care must
be taken that the roots are not tangled or bent back to the
surface. Soil is then replaced around the roots and firmed
with the fingers. The spacing of plants within rows should be
100 mm unless otherwise specified.
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SERIES 8000 | SECTION 81100: PLANTING AND SOWING (continued)

The cuttings used for live check dams are two types:
(i) Those for vertical elements shall be truncheon cuttings 30
to 80 mm in diameter and 2.0 metres long.
(ii) Those for horizontal elements shall be 20 to 40 mm in
diameter and 2.0 metres in length.
All cuttings should be temporarily stored and transported
wrapped in hessian jute. At all times, cuttings are to be
kept moist and as cool as possible, and should be wrapped
in wet hessian between all operations such as cutting
from the parent plant, trimming and planting. Under any
circumstances, all cuttings must be planted the same day
that they are taken from the parent plant.
Live check dams should be constructed as detailed here
unless ordered differently. The location and spacing
between check dams may be altered by the Engineer.
If a particular spacing of check dams is ordered, then the
locations shall first be marked out along the gully. If the
Drawings or the Engineer’s order allow discretion in the siting
of the live check dams, then the Contractor shall decide the
best locations where they will achieve the greatest effects of
controlling the water flow and stabilising the gully floor. The
Engineer’s approval should be sought once the locations
have been chosen and before starting construction work.
At each check dam location, two lines shall be marked
out across the gully. These will form the lines for a series
of vertical posts placed at intervals of 300 to 500 mm. A
foundation trench is then excavated to a depth of 100 mm
into the gully bed, extending 300 mm into the gully sides.

(h) Truncheon cuttings
The Drawings or the Engineer’s order may require the
planting of large hardwood cuttings for specific areas, known
as truncheon cuttings. Only approved species may be used
for this purpose.
Truncheon cuttings will be 30 to 80 mm in diameter and
2.0 metres long. They should be temporarily stored and
transported wrapped in hessian jute. At all times, cuttings
are to be kept moist and as cool as possible, and should
be wrapped in wet hessian between all operations such as
cutting from the parent plant, trimming and planting. Under
any circumstances, all cuttings must be planted the same
day that they are taken from the parent plant.
Truncheon cuttings should be planted at a spacing of 1.0
metre centre to centre unless ordered differently according
to the needs of individual site conditions. Planting
should commence at the top of the slope and under no
circumstances should new cuttings be disturbed.
A large crowbar should be used to make a vertical planting
hole 10 to 20 mm wider in diameter than the truncheon
cutting, and at least 1.0 metre deep. The bar may need to
be hammered into the slope with a large sledge-hammer.
The cutting is inserted carefully, making sure that the bark is
not scratched or torn against stones in the sides of the hole.
Soil or whatever fine material is available is then replaced
around the cutting and made firm from the top with gentle
foot pressure.
Under no circumstances should cuttings be hammered into
the ground.
Unless ordered differently, truncheon cuttings should be
spaced at 1.0 metre centres in horizontal lines. The cuttings
should be successively offset to occupy the gaps in the
adjacent lines.

Holes must be made deep and wide enough to insert vertical
truncheon cuttings to a depth of at least 1 metre. To achieve
this, a large crowbar is used to make a hole 10 to 20 mm
wider in diameter than the truncheon cutting. The cutting is
inserted carefully, making sure that the bark is not scratched
or torn against stones in the sides of the hole. Soil, or
whatever fine material is available, is then replaced around
the cutting and firmed from the top with gentle foot pressure.
The holes shall be spaced at 300 to 500 mm centre to centre
in two horizontal lines 500 mm apart across the gully.
Long hardwood cuttings shall then be woven in and out
between the vertical posts, separately for each line. This
is started at the bottom and worked up, with the weaving
alternating on opposite sides of the vertical posts.
The horizontal members shall be keyed into the end of the
trench in the wall of the gully, and cut to length as necessary.
In the centre, one vertical post and two or three horizontal
members are cut to form a central spillway.
Stone and soil is then carefully backfilled by hand around
and between the two live walls of the check dam, and
compacted with gentle foot pressure.
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(g) Live check dams
A live check dam is a structure used specially to control
erosion in small gullies. It uses a matrix of inter-woven live
hardwood cuttings to catch debris and control runoff water.
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SERIES 8000 | SECTION 81100: PLANTING AND SOWING (continued)

Cuttings for large bamboo planting must include a section
of rooted rhizome and about 2 metres of culm that has been
cut out of an established bamboo clump. They should be
temporarily stored and transported wrapped in hessian jute.
At all times, cuttings are to be kept moist and as cool as
possible and should be wrapped in wet hessian between all
operations such as cutting from the parent plant, trimming
and planting. Under any circumstances, all cuttings must be
planted the same day that they are taken from the parent
plant.
All loose debris must be removed from the site and the
surface prepared well in advance of the planting day.
A large hole should be dug at least five times the size of the
cutting’s rhizome. The rhizome is planted either upright or at
right angles to the slope. The hole must then be backfilled
carefully, and the soil firmed around the plant.
The disturbed and surrounding soil must be mulched well.
A depression should be formed around the roots to act as
a water collection area. It should be watered thoroughly
immediately after planting and every two days for the
following month if there is not a significant level of rainfall.
Unless ordered differently, large bamboo plants should be
spaced at 3 metre centres in horizontal lines.
(j) Fascines
Fascines comprise a bundle of 5 to 8 live cuttings bound
together, laid in a shallow dug ditch or trench, and covered
with soil for sprouting. The bundles should be tied with
binding wire or rope and kept moist until required.
The cuttings shall be 1.5 to 2.0 metres long and of differing
local species, each 6 to 18 months old and 20 to 40 mm
diameter.
Trenches should be dug 300 mm deep and variable width up
to 500 mm, following the slope contours. They must be clear
of loose material with all uneven depressions filled.
Exposed trenches should be no longer than 5 metres, with
fascine bundles laid in the base and their ends overlapping.
The trench should then be backfilled with soil as quickly as
possible to minimise the loss of soil moisture.
Spacing between lines of fascines should be 4 metres for
slopes less than 30° and 2 metres for steeper slopes.
(k) Palisades
Palisades are live sprouting cuttings placed across a slope or
small gully usually following a contour, to form a permeable
barrier and catch debris moving downslope.
The cuttings shall be 450 to 600 mm long and of differing
local species, each 6 to 18 months old and 20 to 40 mm
diameter. Each cutting should be cut squarely at the top and
at 45° at the bottom. A live cross-beam is required which
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should be 20 to 40 mm diameter and 2.0 metres long.
A trench should be dug directly across the slope of gully, as
narrow as possible and 300 to 450 mm deep.
The cuttings are placed in the trench at 50 mm intervals and
each tied to the cross-beam. The trench is then filled and
compacted. The palisade is supported on the lower side with
stones and soil.
A second palisade line may be installed 50 mm upslope, with
cuttings placed offset to the first palisade.
Palisades are spaced at 1.0 metre centres.
(l) Wattle fences
Wattle fences are live fences placed across a slope or small
gully usually following a contour, to form a permeable barrier
and catch debris moving downslope. They are formed of
short vertical cuttings with longer cuttings woven between
them.
The short vertical cuttings shall be 450 to 600 mm long, each
6 to 18 months old and 20 to 40 mm diameter. Each cutting
should be cut squarely at the top and at 45° at the bottom.
Long cuttings are required which should be 20 to 40 mm
diameter and 2.0 metres long.
A line is marked across the slope or gully, usually on the
contour.
The short vertical cuttings are placed along the line in holes
at 300 mm intervals and the soil firmed down around them.
The long cuttings are then woven between the vertical
cuttings, alternating from one side to the other. The lower
end of each cutting is dug into the ground to a depth of about
100 mm, so that it roots and stays alive. One long cutting
is started between each vertical cutting, so that the wattle
fence has six woven cuttings overlapping each other.
The space above the wattle fence is then filled and
compacted. Grass slips are planted on the backfill at 100 mm
centres.
Wattle fences are spaced at 1.0 to 2.0 metre centres.
(m) Vegetated stone pitching
The beds of ephemeral gullies can be protected using a
mixture of stones and grass.
The gully bed is trimmed to an even slope, with a rounded
cross profile. Rocks as available and as approved by the
Engineer are placed along the gully bed at random, each
touching its neighbours and bedded so as to give as even an
upper surface as possible. The stone pitching is continued
up the gully sides to the maximum extent of expected water
flow.
The voids between the stones are filled with loose soil and
gently compacted. Slips of small-size grass species are
planted in this soil.
Along the sides of the stone pitching, slips of larger stature
grass species or hardwood cuttings (20 to 40 mm diameter
and 450 to 600 mm in length) are planted at 100 mm centres,
according to the Engineer’s instruction.
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(i) Large bamboo planting (culm-and-rhizome method)
The Drawings or the Engineer’s order may require the
planting of large bamboos using the culm-and-rhizome
method for specific areas. Only approved species may be
used for this purpose.
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SERIES 8000 | SECTION 81100: PLANTING AND SOWING (continued)
81104 MEASUREMENT AND PAYMENT
(a) Measurement
Measurement for bio-engineering works shall be as follows:

5

Item

Description

Unit

811.01

Grass seeding (including
mulching)

Square metre (m2)

811.02

Direct seed sowing of shrubs
and trees

Square metre (m2)

Starting at the bottom, trenches approximately 350 mm wide
and 300 mm deep shall be excavated along the lines.

811.03

Grass slip planting in
diagonal lines (25/m2)

Square metre (m2)

A panel of gabion mesh that is 1.0 by 5.0 metres is laid along
the trench. Stone is laid to dimensions of approximately 300
by 300 mm. The gabion mesh is then bent over and bound
together with wire to form a cylinder of about 300 mm along
the trench. The end of each cylinder is bound to the next one
using wire.

811.04

Grass slip planting in contour
lines (20/m2)

Square metre (m2)

811.05

Grass slip planting in contour
lines (10/m2)

Square metre (m )

811.06

Planting of polypot seedlings
of trees and shrubs

Seedling

811.07

Brush layering

Metre (m)

811.08

Live check dams

Metre (m)

811.09

Truncheon cuttings

Cutting

811.10

Large bamboo planting
(culm-and-rhizome method)

Cutting

811.11

Fascines

Metre (m)

The ground between the lines of bolsters will then be sown
or planted with grass, according to the Engineer’s instruction.

811.12

Palisades

Metre (m)

811.13

Wattle fences

Metre (m)

(o) Jute netting
Jute netting for slopes shall be installed in the locations
shown on the Drawings. The netting shall be made of 100%
natural jute fibre from the latest harvest, properly treated and
dried.

811.14

Vegetated stone pitching

Square metre (m2)

811.15

Wire bolster cylinders

Metre (m)

811.16

Jute netting

Square metre (m2)

Starting at the bottom of the area to be treated, and using
appropriate measuring equipment, exact lines shall be
marked out. From 1.0 metre above the bottom of the slope, a
precise contour line should be marked out every 2.0 metres
up the slope.

Steel pegs made of reinforcing bar of a minimum of 12 mm
diameter and 1.2 metre in length are hammered into the
slope against the lower side of the bolster cylinders. These
pegs are placed at right angles to the slope surface and at
1.0 metre centres.
The trenches around the bolsters are backfilled so that the
upper curve of the cylinder protrudes about 10 to 20 mm
above the surface.
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The mesh size for standard jute netting shall be 40 mm
square and the weight should be within 1.1 to 1.2 kg per
square metre. The yarn shall be hand spun from 5 to 8 mm
size. The netting shall be held in place by live pegs as shown
on the Drawings.

Grass seeding, grass line planting, tree and shrub seeding
and seedling planting, brush layering, truncheon cutting
planting, and live check dams for slope protection shall be
measured by the length or area of completed and accepted
work and shall normally include the provision of all live plants
and other materials.

The mesh size for wide-mesh jute netting (usually used
to hold mulch on slopes) shall be 150 by 500 mm and the
weight should be 0.2 kg per square metre. The yarn shall be
hand spun from 3 to 5 mm size. The netting shall be held in
place by live pegs as shown on the Drawings.

Where grass lines are planted on slope surfaces that have
a complex surface micro-topography, they will often not be
parallel. In recognition of this, checking and measurement
will be based on the average number of slips planted over an
area of 10 m2.
All bio-engineering works include final slope preparation
unless this is instructed separately.

Prepared for the Uganda National Roads Authority (UNRA)

4

104

Annexes

(n) Wire bolster cylinders
Bolster cylinders are small tubes of gabion wire and rock laid
in trenches across a slope or large gully floor. They are used
when an instant and strong check to water scour or shallow
debris movement is required.
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SERIES 8000 | SECTION 81100: PLANTING AND SOWING (continued)

3

Measurement for material provision, if ordered separately, shall be as follows:
Item

Description

4

Unit

811.17

Seed collection, separated and sun-dried seeds

Kilogram (kg)

811.18

Grass slip cuttings, separated and trimmed

100 slips

811.19

Hardwood cuttings (450 to 600 mm length)

100 cuttings

811.20

Hardwood cuttings (20 to 40 mm dia and 2000 mm or 1500 to 2000 mm length)

10 cuttings

811.21

Truncheon cuttings (30 to 80mm dia and 2000 mm length)

10 cuttings

5
6
7

811.22

Tree and shrub seedlings, nursery-raised in containers

Seedling

811.23

Large bamboo cutting (culm-and-rhizome)

Cutting

811.24

Mulch, prepared and rotted

Cubic metre (m3)

811.25

Rock for stone pitching

Cubic metre (m3)

811.26

Gabion mesh for wire bolsters (1.0 by 5.0 metre panels)

Square metre (m2)

811.27

Steel peg (12 mm dia by 1200 mm)

10 pegs

No measurement will be made of unauthorised areas or for
works exceeding the specifications.

Payment will be made at rates entered in the Bill of
Quantities, which rates shall include slope preparation,
trimming, filling, disposal of surplus materials and furnishing
and placing of all materials, labour, tools, equipment
and incidentals including plant and material provision as
appropriate.
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No deductions shall be made for gaps or other untreated
areas of less than one square metre in area.

(b) Payment

8
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SCHEDULE A. | VEGETATION SPECIES FOR BIO-ENGINEERING

3

Potential vegetation species for bio-engineering techniques in Uganda are as given in the tables below. These lists are
provisional and may require modification following future research and application.

4

Trees – provisional listing

Local name(s)

Vachellia nilotica

5

Comments
Very dry sites

6

Albizia grandbracteata

Bulera or nongo

Dry sites; pioneer on degraded land

Albizia zygia

Bedo, blera or nongo

Pioneer; adaptable on many sites

Annona senegalisis

Wild custard apple

Azadiracha indica

Neem

Baikiaea insignis

Nkobakoba or Nkoba

Borassus aethiopum

Borassus palm

Butyrospermum paradoxum

Shear butter

Catha edulis

Khat tea or Somali tea tree

Colonising tree; 1500 to 2500 metres

Celtis africana

Kasisa

Pioneer; grows on poor soils

Cordia africana

Akoiya

Tolerates many soil types

Cordia millenii

Drum tree

Diospyros abyssinica

Nkinga

Eucalyptus grandis

Rose gum

Kigelia africana

Sausage tree

Macaranga capensis

Omurara or muhunga

Fast-growing pioneer in higher rainfall
areas

Maesa lanceolata

Mutaka

Widely distributed, up to 2500 metres

Maesopsis eminii

Musizi

Fast-growing secondary forest species

Margaritaria discoidea

Otego or amakeke

Fast-growing; drier areas

Millettia dura

Omutate or omutete

Fast-growing; tolerates poor soils

Mystroxylon aethiopicum

Akado

Forest edge and savannah tree

Olea europea

Brown olive, wild olive

Pittosporum viridiflorum

Lapingyek

Prunus africana

Red stinkwood

Shirakiopsis elliptica

Bileri or musasa

Tamarindus indica

Tamarind

Trema orientalis

Opoba-bunga

Tolerates many soil types

Turraea floribunda

Pogdliech

Light-demanding

Vitex doniana

Black plum

Warburgia ugandensis

East African greenheart, muwiya

7
8

10

Common on drier sites

1

Markhamia lutea
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Fast-growing; poor soils
Common, light-demanding; syn.
Sapium ellipticum

Common on drier sites
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SCHEDULE A. | VEGETATION SPECIES FOR BIO-ENGINEERING (continued)

3
4

Shrubs and small trees – provisional listing

Botanical name

Local name(s)

Comments

Vachellia seyal

Red acacia or shittah tree

Common on heavy clay soils, in damp
valleys

Dracaena fragrans

Cornstalk dracaena

Commonly used as a hedge plant

Cajanus cajan

Pigeon pea

Jatropha curcas

Pig nut, fig nut, physic nut

Coffea arabica

5
6
7
8

Grasses and bamboos – provisional listing

Botanical name

Local name(s)

Comments

Digitaria scalarum

Couch grass

Small ground cover grass

Hyparrhenia rufa

Jaragua grass

Pennisetum purpureum

Elephant grass

Palatable to livestock

Sinarundinaria alpina

Mountain bamboo

Above 2200 metres altitude

Themeda triandra

Red grass

Vetiveria zizanioides

Vetiver grass

9
10
1

Non-palatable to livestock

Annexes
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A3.1 Bio-engineering plant selection criteria

•

they must address the specific functions required
by the bio-engineering techniques of which they are
components;

•

they must be capable of propagation by means
appropriate to the techniques in which they are used;

•

they must thrive under the environmental conditions on
site;

•

they must be available at the right place, at the right
time, and in the right quantities;

•

if possible, while performing the required functions, they
should also be useful to local farmers for harvesting.

The main points related to the establishment of stable seminatural vegetation are:

4

•
•

the use of fast-growing species for rapid establishment;

5

•

the development of a vegetation cover that will reduce
erosion;

6

•

the development of a canopy which shades the soil and
improves rooting conditions.

7

the establishment of a stable, easily maintained plant
community;

Vegetation in Uganda is extremely diverse, a result of the
differing microclimates of the country that are controlled
principally by the terrain, its latitude and its altitude.
Vegetation zones can be roughly classified according to the
following rainfall and climatic zones: Lake Region; Northern
Region; and Highlands of the Southwest.
Large quantities of planting materials are required for
bio-engineering sites. Fortunately, there are many
nurseries operating within Ugandan road corridors.
These nurseries should be a good source for plants if
sufficient co-ordination is established from the beginning
of a supply contract. With this in mind, a number of
nurseries were visited during the fieldwork undertaken
prior to the preparation of this Guideline, and nursery staff
were involved with assessing their capacity to fulfil the
requirements of a bio-engineering nursery.

9
10
1
2
3

Local species are generally better suited to local conditions
than species introduced from another area. This means
that the choice should normally be a species found in the
area where the bio-engineering is being implemented.
Many of the recommended bio-engineering plants
(Schedule A to Annex 2) are pioneer species, which
means that they are naturally adapted to grow and survive
on poor sites with extremes of sunlight, heat, drought and
low soil nutrition levels.
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The ability of a particular plant to grow in a certain site
is determined by the suitability of the species to the
biophysical conditions of that site. Plants must become
established in the wet season of planting so that they are
able to survive the ensuing dry months. Sufficient water is
critical for a successful outcome. Many roadside sites have
extremely poor (low in nutrients) and stony soils, which
drain rapidly. The species chosen should be robust enough
to fulfil the required bio-engineering function. Vegetation
growth depends upon the temperature and moisture
conditions of the soil in which the species is planted.
Species used for bio-engineering must therefore have the
ability to thrive on sites that would generally be considered
very harsh for plant growth and which would not generally
be suitable for agriculture. The use of pioneer species for
bio-engineering on bare roadside slopes helps to allow
vegetation to establish through the development of shade
and better soil. The factors contributing to the final choice
of species are that:

3
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A3.2 Annual works programme for bio-engineering

3

A recommended annual works programme for bio-engineering activities is given in the table below.

4

Item No.

Activities

1

Preparatory work for plants production
Determine and approve existing and new nursery locations
Calculate the number of plants to be produced and determine
arrangements for production

2

Months

5

Jan- Feb

6

Training in nursery management and bio-engineering
works implementation
Organise participants and location arrangements for the training
Conduct nursery management and operation training

7
Jun-Aug

8

Conduct bio-engineering techniques on site
3

Nursery establishment and operation

9

Calculate the size and agree the location for the site nursery
Construct physical infrastructure (i.e. fencing, nursery beds,
roofing, and water supply)

10

Supply tools required in the nursery
Supply top soil, compost and sand for polybag filling

Jan-Dec

1

Organise seed collection and preparation of all plants
Conduct seed sowing of trees/shrubs/grasses

2

Carry out routine activities (watering, care of plants, seedling
transplanting, weeding, root pruning etc.)
Complete plant production
4

3

Site planting, management and supervision

Annexes

Mobilise supervision staff and manpower
Organise planting tools for plantation
Transport and supply tree/shrubs from nursery to site
Organise collection and preparation of locally available planting
materials (grass slips, live cuttings and bamboos) and supply to
planting site

March - May & Sept – Nov

Carry out plantation work
5

Maintenance, aftercare and protection
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A3.3 Slope trimming and spoil disposal

3

A3.3.1 Trimming slopes

A3.3.2 Spoil disposal

To trim slopes effectively, the following steps are
recommended.

However much care is taken to minimise quantities of spoil,
they cannot be eliminated altogether. Controlling the disposal
of spoil is very important, because it can give rise to a variety
of problems, including:

2. Assess the work required. This might include:

•
•
•
•

minor trimming only on those parts of the site where it
is necessary;

•
•

maintaining the same rill or gully pattern;
trimming to a new design slope;
backfilling retaining walls.

3. Make a site visit and ensure that the site staff and
workers understand exactly what the finished site should
look like. Draw sketches to ensure that they understand.
4. Ensure that there is safe access to the site. On very
steep slopes, construct new paths if necessary. Make
sure that ropes or ladders are provided. When trimming
a site, always work from the top of the site, moving down
the slope. Check that all safety requirements have been
fulfilled.
5. Carry out a survey of the affected slope(s). Install pegs
and lines as necessary.
6. Cut narrow trenches through the mass to be trimmed to
indicate the final cut lines.
7. Trim in steps from the top, if necessary using the steps as
ledges for the workers to stand on during trimming.
8. If backfilling is required behind a retaining structure
below, and the free-draining layer plus geotextile is in
place, compact the trimmed material in layers. This
will require halting the trimming, redistributing and
compacting the debris as backfill. Compact in level layers
approximately 200 mm thick (150 mm when compacted),
laid back into the slope at about 5°. If possible, add water
while compacting dry material.

•
•
•
•

erosion of the spoil tip itself;
the smothering or removal of natural vegetation: once
stripped of plant and soil cover, slopes usually take three
to five years to re-vegetate, and as many as 10 years on
the steeper and more sterile slopes;
instability within the spoil material itself, especially when
infiltrated by water;
overloading and resultant failure of the slope;
disruption of existing runoff patterns and siltation of water
courses and drainage channels;

6
7
8
9

disruption to agricultural practices and neighbouring land.

Spoil problems can be minimised by taking two steps. The
first is to identify those operations that will generate spoil, the
places where it will be generated and the quantities involved,
no matter how small. The second is to plan for its disposal by
designating safe tipping sites.
The site engineer is responsible for designating suitable
sites, and criteria for their selection should aim to avoid
the problems listed above. When construction is being
undertaken through a conventional contract, the engineer
should ensure that both the contractor and the construction
workforce are aware of the restrictions on the disposal
of spoil, the location of approved spoil disposal sites and
specific requirements for the management of these sites.
Contract specifications regarding spoil disposal must be
strictly enforced.

9. Complete the main trim, return to the top of the slope and
work down again, carrying out the final trim. This should
give a clean, smooth surface, satisfactory for planting
and establishing vegetation.
10. Dispose of excess spoil safely.
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1. Check that all prior construction work has been
completed and that the site is clear of equipment.
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A3.3 Slope trimming and spoil disposal (continued)

3

Where spoil is disposed of in a tipping or landfill site, the
following guidelines should be used:

4

•

•
•
•
•
•

•

•

make maximum use of terraces, level ground and wide,
flat spurs;
if spoil tipping has to be carried out on steep slopes,
select areas formed in resistant bedrock: tipping should
result in no more than the removal of vegetation and
shallow soil, with negligible slope incision thereafter;
disposal chutes made of tin sheet can be used to convey
the spoil down a short slope to a safe site below;
ensure that all the spoil is moved to the base of the slope,
to maximise buttressing and minimise weight surcharge;
build many small spoil benches rather than a few large
ones, to avoid slope overloading;

•
•
•
•
•

tipping of spoil into stream channels other than major
rivers, as the increased sediment load will lead to scour
and siltation downstream;
tipping of spoil on to slopes where road alignments,
housing areas or farmland downslope might be affected;
use of areas of past or active instability and erosion as
tip sites;
the discharge of runoff over the loose front edge of a tip
bench during or after construction;
tipping of spoil in front of road retaining walls, where
impeded drainage could soften the wall foundation.

6
7
8
9

provide a drainage blanket beneath a spoil bench where
there is any indication of a spring or water seepage at or
near the spoil site;

10

compact spoil benches during construction;
where spoil benches are constructed on agricultural land,
remove and stockpile the topsoil, and form the tip into
a benched profile so that it can eventually be returned
to agricultural production. During the interim, the risers
between levels must be protected against erosion by
applying vegetation or constructing dry stone walls;

1
2

where the top surface of the bench is large, reduce runoff
by providing regular shallow interceptor drains: the slope
of these drains should be constant as far as is practicable
and should not be so steep as to induce erosion;

3

on completion, leave spoil benches in their required
shape, re-apply the top soil and plant them with grasses,
shrubs and trees to encourage maximum stability and
resistance to erosion.
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The following activities must not be permitted:
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A3.4 Check dams (scour checks) in gullies
•

•
•
•

Choose locations for the check dams so that the
maximum effect can be achieved using the minimum
possible volume of construction. The spacing of check
dams should aim to provide continuous protection to
the stream bed, with stable points in the channel, such
as rock outcrops or very large boulders being used as
foundation and key stones or ‘abutments’.
Excavate a foundation in the gully bed until a sound layer
on which to build is located.
The base of the dam should be at least 660 mm wide in
cross section if it is 1.0 metre high; for every additional
metre of height add a further 330 mm to the width.
Where possible, i.e. in low-energy situations, make
maximum use of dry-stone, i.e. check dams constructed
of interlocking boulders. Where more substantial
structures are required, gabion check dams are
recommended. Mortared masonry and reinforced
concrete check dams might be considered in high-energy
situations, but great care will be required to prepare and
protect the wall foundation.

•
•

•
•

•

If using mortared masonry, include weep holes to drain
water from behind the check dam to reduce hydrostatic
pressure.

4

The ends of the dam should be keyed (notched) into
the gully sides and should be raised at least 250 mm
to create a central spillway: this should minimise the
potential for water scouring the ends.

5

An apron should be provided below the check dam to
ensure that energy is dissipated, and that flow continues
in the centre of the gully below the dam.
When constructing dry-stone (boulder rip rap) check
dams, the top layer should be mortared, especially if it
could be damaged by human or animal traffic or large
flows of water.
Once the construction of the check dam is completed,
backfill behind the wings and sides and compact the fill
thoroughly.

1
2
3

Construction guidelines

A slope is armoured against erosion with a surface of
dry-stone pitching. This provides added protection against
surface erosion and is free-draining.

1. Prepare a uniform and compacted slope before
constructing the stone pitching; it must be free of loose
debris and topsoil and trimmed to an even surface.

Sites

2. Bed the stones down well into the slope surface.
Excavate as necessary to ensure an even upper surface
to the stone pitching.

The largest available stones should be used that permit
pitching to be carried out effectively on the site. Ordinarily
cobble-sized stones and small boulders are used.
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Function

Materials

7
8

A3.5 Stone pitching

Any slope up to 35º. This technique is particularly useful
on slopes with a heavy seepage problem and on slopes
where vegetation is difficult to establish. It is also useful on
gully floors between check dams. The dimensions of the
stone (cobbles and boulders) used will be dictated by scour
potential; in the extreme, large dimension boulders are often
used to help protect riverside embankments against scour.

6

3. Build the stone pitching carefully, with the stones fitted
together firmly, as if it were a dry masonry wall. Stones
should be orientated perpendicular to the slope, with the
main point or narrow side down.
4. In drains and gullies a rough surface can be left to retard
water flow.
5. For further strengthening it is best to plant grasses or the
hardwood cuttings of shrubs through the stone pitching.
6. Options other than dry-stone pitching, include the use
of gabion mattresses (0.3 metre thick) dowelled/
anchored into the slope with rebar, or mortared
masonry revetments with sufficient weep-holes to
facilitate drainage.
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3

Improving the resilience & quality of rural road infrastructure through landslide management & optimisation of road reserve use in Uganda

1

Annex 3 Bio-engineering notes and further details

2

A3.6 Slope drainage
Drain types

•

Surface drains are installed in the surface of a slope to
remove surface water quickly and efficiently.

•

Cascades are surface drains designed to bring water
safely down steep sections of slope.

•

Sub-surface drains are installed in the slope to remove
groundwater quickly and efficiently. In practice they
are constructed to depths of 1 m (maximum 2 m)
using a backhoe (although the design depends on site
conditions and access considerations).

Key features of drain construction

•

Drainage systems are best designed to run along
natural drainage lines. Choose locations for the drains
so that the maximum effect can be achieved using the
minimum possible volume of construction.

3

•

Run main collector drains straight down the slope where
possible. Branch drains should be constructed in a
herringbone pattern.

4

•

Contour drains are not recommended: these block very
easily and are also highly susceptible to seepage erosion
and settlement.

5

•

A blocked or cracked drain can create considerable
damage as a result of concentrated water flow.

•

Branch drains should be designed and constructed in
such a way that water can enter them easily on the upper
side but not seep out on the lower side.

•

Drain flexibility is usually an advantage. Mortared
masonry can be easily cracked by the slightest
movement in the slope, with resulting leakage problems.
Gabion-filled drains can be used as long as the required
impermeable membranes are in place (Annex 2).

•

Always ensure that drain outfalls are protected against
erosion.

•

•

When preparing the ground for surface drains, construct
the foundation for its invert on a sound layer within the
underlying soil profile, or on a compacted layer of soil if
a sound layer cannot be found at reasonable depth.

Completed drains should be backfilled with the specified
fill and thoroughly compacted.

•

Utilise appropriate vegetation measures to enhance the
effectiveness of the drain.

•

The table (see page 114) give comparison details of the
main drain types.

6
7
8
9
10
1
2
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Comparison of surface and sub-soil drain types

3

Structure

Use of vegetation Main sites

Advantages

Limitations

Unlined natural drainage
(rills and gullies already
developed on bare
surfaces)

Grasses in the rills
and gullies, and
grasses and other
plants on adjacent
side slopes

Existing landslide scars
and debris masses

By far the cheapest
form of surface drain.
Rapid surface drainage
is assured

There is a risk of renewed
erosion during very heavy
rainfall in weak materials

Unlined earth ditch

Grasses and other
plants on side slopes
and between feeder
arms (branch drains)

Slumping debris masses
on slopes up to 50º,
where the continued
loss of material is not
a problem (e.g. in
debris masses well
below a road)

Cheapest form of
constructed
surface drain

These drains can become
significantly eroded,
especially on steeper
gradients, so this type of
drain should be used only
where further erosion is not
anticipated. Leakage into
the ground through the drain
invert may occur

Grasses between
stones (as vegetated
stone pitching), and
grasses and other
plants on side slopes
and between feeder
arms (branch drains)

Almost any site, however
unstable, where the
ground is firm enough to
hold stone pitching and
the flow of water is not
too excessive for this
construction technique.

A low-cost drain type
that can be maintained
easily where ongoing
movements continue

Leakage through the
drain invert can occur. A
polythene membrane can be
used to help prevent this

Grasses and other
plants on side slopes
and between feeder
arms (branch drains)

Only on stable slopes
with suitable material for
good foundations

A strong structure
capable of conveying
significant flow rates

More expensive and
inflexible with a high
likelihood of cracking and
failure due to subsidence

Grasses and other
plants on side slopes
and between feeder
arms (branch drains)

Almost any site, however
unstable, where the
ground is firm enough
to permit safe trench
excavation

Can intercept seepage
to the depth of the
drain as well as surface
water runoff

More expensive than
surface drains types.
Requires filter fabric and
polythene sheeting to
prevent ingress of fines
and water leakage into the
underlying ground

Grasses and other
plants on the
side slopes and
between feeder arms
(branch drains)

Almost any site, however
unstable, where the
ground is firm enough
to permit safe trench
excavation

More effective than
most other drain types
at intercepting and
conveying subsoil
water. Can continue to
function following minor
ground movements.

As above. Intermediate
cost, requiring specialist
installation.

Mortared masonry ditch

Trench drain (excavated
trench backfilled with
free-draining material)

French drain (perforated
pipe in trench drain –
Annexes 1 and 2)
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Unbound dry-stone ditch
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A3.7 Bio-engineering techniques

Function
Turf, consisting of a shallow rooting grass and the soil it
is growing in, is placed on the slope. This is a technique
commonly used on gentle embankment slopes. Its only
engineering function is to armour the slope against
surface erosion.
Sites
This technique can be used on any gently sloping site (less
than 30º). It is normally used on well-drained materials, where
there is a minimal risk of slumping.
Materials

•
•
•
•
•

Flat shovel with a sharp edge to cut the turf;
Knife or machete to cut the turf to shape;
Water to keep the turf moist;
Wooden rammer;
If the slope to be turfed is greater than about 25º,
wooden pegs about 300 mm long and 30 mm in diameter
will be required.

Species to use

4. Place the turf, taking care to fit the pieces together with
no gaps between: use the large knife to cut the pieces
to shape;

4

5. If the slope is more than 25º, wooden pegs should be
driven through the turf to prevent sliding

5

6. Once the slope has been satisfactorily covered, the turf
should be compacted with the wooden rammer.

6

7. Finally, water the fresh turf thoroughly.
Main limitations
Turfing is relatively costly and creates bare areas at the
source of the turf, where erosion can start. For this reason,
source areas need to be carefully chosen and protected. In
addition, there is a discontinuity between the turf and the
underlying material which, in extreme conditions, can give
rise to gradual creep or a shallow planar failure. Because
turfing has to be carried out using small grass, there are no
larger plants to discourage animals from tramping over it,
causing damage to the newly applied turf. Newly-laid turf
should therefore be fenced-off where this is a possibility.

A3.7.2 Planting grasses

Construction steps
(removing the turf from the source area)
Turf should be cut the same day as it is to be placed; if this
is not possible, it should be kept very moist in a shady place.
To cut the turf:

In many situations, grass planted in lines (i.e. contour,
downslope or diagonal, depending on the situation) offers
better protection to the slope.

1. Mark out with lines the size and shape to be cut (300 mm
square is easy to manage but 300 × 600 mm is better);

Sites

2. Cut the sides of the shapes with a large knife, to at least
50 mm depth;

Almost any predominantly soil or weathered rock slope less
than 60º.

3. Using a broad, flat shovel with a sharp edge, cut
horizontally under the shapes and lift them out. If the
ground where the turf is to be taken from is hard and
dry, it may be helpful to water it thoroughly the day
before cutting.

Materials

Construction steps (placing the turf)
1. Well in advance of the turfing operation, thoroughly
smooth the surface to be covered. It is most
important to remove all irregularities;
2. If the slope to be turfed is a gravel-fill embankment, then
a 50 mm layer of topsoil should be laid and compacted
by hand:
3. Immediately before placing the turf, scarify the ground
surface slightly and water it well if it is not already moist;
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•

Grass plants raised in a nursery or cuttings obtained
elsewhere;

•
•

Short planting bars;

8
9
10
1

Function
Grass slips (rooted cuttings), rooted stem cuttings or
seedlings can be planted at random on a slope, to an
approximate specified density. They armour the slope
against erosion and reinforce it with their roots against
shallow landsliding. This technique is most commonly used
where surface protection is needed on very steep slopes.

The best species to be used for this technique is the widely
available grass Cynodon dactylon. This is small, spreads
across the ground and has shallow roots.

7

Hessian and water to keep the roots moist.

Species to use
Any large grass that forms clumps and is adapted to
local environmental conditions. The final choice will need
to be approved by the relevant office of the Ministry of
Agriculture, Animal Industry and Fisheries.
Spacing
Plants should be planted at an average of 100 mm centres
(i.e. 100 plants per square metre). No gap should exceed
200 mm.
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A3.7 Bio-engineering techniques

3

Construction guidelines

Species to use

1. Prepare the site well in advance of planting: remove all
debris and either remove or fill in surface irregularities.

Any large grass that forms clumps and is adapted to local
environmental conditions, and that seeds prolifically. The
final choice will need to be approved by the relevant office of
the Ministry of Agriculture, Animal Industry and Fisheries

3. Split the grass plants to give the maximum planting
material. Trim off long roots and cut the shoots off at
about 100 mm above ground level. Wrap the plants in
damp hessian to keep them moist until they are planted.
Two slip cuttings per drill (planting hole) will be required
if the grass is a fibrous rooting type, but only one if it
is rhizomatous (i.e. like a small bamboo), and only one
rooted stem cutting or seedling.
4. With a planting bar, make a hole just big enough for the
roots. Place the grass into the hole, taking care not to
tangle the roots or have them curved back to the
surface. Fill the soil around them, firming the soil gently
using fingers.
5. Aim for an average spacing of 100 mm centres (i.e. 100
plants per square metre). No gap should be greater than
200 mm.
6. If the ground is rather dry and there is no prospect of rain
for a day or two, consider watering the plants by hand, or
delaying the planting application.

A3.7.3 Sowing grass seeds
Function
Grass is sown direct on to the site. It allows easy vegetation
coverage of large areas. The main engineering functions
are to armour the surface against erosion, and later to
reinforce the soil against shallow mass failure, through root
reinforcement.

Construction guidelines
1. Well in advance of the date of sowing, prepare the site.
Remove all irregularities likely to allow slumps or gullies
and clean loose debris away.
2. Immediately before sowing, scarify the surface of
the slope. This gives a loose surface into which the
germinating grass seeds can send their roots.
3. Start sowing from the top of the slope and work
downwards. Spread the seeds or grass seed heads
liberally over the slope. Ideally, the whole surface should
be very lightly covered in seed material. An application
rate of 25 g/m² is normal.
4. Cover the seeds completely with a layer of mulch, made
from cut herbs, or with hessian sheeting. A vegetation
mulch is preferable. Light netting, preferably made from
a biodegradable material like jute should be used to hold
mulch on to the surface if the slope is greater than 30°.
Main limitations
This technique gives none of the structural advantages of
grass slip planting. Plants take longer to develop from seeds
than from slips. Very heavy rain in the days immediately
after sowing can lead to seeds being washed off the slope,
or damage to the very small seedlings.

A3.7.4 Brush layering
Function

Almost any bare predominantly soil site with slopes up to
45°. Grass seeding is mostly used on well-drained materials,
where increased infiltration does not give rise to problems.

Live woody (or hardwood) cuttings are laid in lines across
the slope, usually following a contour. These form a strong
barrier, preventing the development of gullies, and trap
material moving down the slope. The main engineering
functions are to catch debris, and to armour and reinforce
the slope.

Materials

Sites

Sites

•

A supply of a carefully chosen grass seed: this must be
collected when it is ripe, usually some months before the
best time to sow;

•
•

Tools to scarify the surface to be sown;

•

On slopes of 30° to 45°, some kind of light netting will be
required to hold the mulch in place on the slope until the
seedlings are established.

This technique can be used on a wide range of sites up to
about 45°. It is particularly effective on debris sites, fill slopes
and embankments.

Mulch (cut plant material) or hessian sheeting to cover
the seed once sown;
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2. Always commence grass planting at the top of the slope
and work downwards.
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•
•
•
•

Cuttings made from live woody material that is 6 to 18
months old. They should be 20 to 40 mm in diameter and
350 to 450 mm long. When taking the cuttings, the top
should be cut at right angles to the stem and the bottom
at 45° to make it clear as to which way it should be
inserted. If possible, take the cuttings the same day that
they are to be planted.
Shovels and pick-axes to make the trenches for planting;
Hessian and water to keep the cuttings moist until
planting;
Line string and tape measure (30 metres);
Cutter to trim any long protruding branches.

Species to use
Any shrub or small tree that can be propagated from
vegetative cuttings. Examples are Leguminoseae, (Cassia
or Albizia); Vachellia species. The final choice will need to be
approved by the relevant office of the Ministry of Agriculture,
Animal Industry and Fisheries.
Spacing

•
•
•

Spacing between brush layers depends on the steepness
of the slope. 2.0 metres centres for slopes less than 30°;
1.0 metre centres for slopes from 30 to 45°;
Within the brush layers, cuttings should be at 50 mm
centres crosswise in a double layer as described below;

10. Mark a line 1 metre above the first brush layer and set the
string for the next layer.

4

11. Follow steps 3 to 8. As the next terrace is cut, always fill
the lower bench with the material excavated from above
and compact it by gentle foot pressure.

5

Good site supervision is essential to ensure that lines run
along the contours and do not concentrate the runoff. Ensure
that cuttings are not allowed to dry in the sun. Well-buried
cuttings have a higher survival rate.
Main limitations
The main limitation is that construction can cause a
considerable level of disturbance to the slope.
Function
Woody (or hardwood) cuttings are planted across a slope or
small gully, usually following a contour. They form a strong
barrier across a gully and reinforce the slope surface.
Sites
Can be used on a wide range of sites up to around a slope
of 60°. Effective on steep landslide debris and steep narrow
gullies.
Materials

A wider gap than this is acceptable on gentle slopes,
but on steep slopes this spacing is necessary to give
adequate protection.

Construction guidelines
1. Using string, mark the lines to be planted, starting
500 mm from the base of the slope.
2. Always install brush layers from the bottom of the slope
and work upwards.
3. Form a small trench or terrace with a 20% reverse fall.
The terrace should be 350 to 450 mm wide.
4. Lay the first layer of cuttings along the terrace, with a 50
mm interval between the cuttings. Leave at least one bud
and up to a third of the cuttings jutting out beyond the
terrace edge and the rest inside. The branch growing tips
should point towards the outside edge of the terrace.
5. Use branches of different species, age and diameter.
6. This allows a greater chance of survival. Seedlings can
also be mixed with the cuttings.
7. Place a 20 mm-thick layer of soil in between the cuttings
to provide a loose cushion.
8. Lay a second layer of cuttings on top of this, staggered
with the first layer.
9. Partly backfill the terrace with the excavated material.
This should not be more than 50 mm thick.
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•
•
•
•

7
8

A3.7.5 Palisades

•

6

Use cuttings made from live woody material that is 6 to
18 months old. They should be 20 to 40 mm in diameter
and either 450 to 600 mm long for the vertical cuttings or
2000 mm for the horizontal cuttings. Cut the tops at right
angles to the stems and cut the bottom at 45° so that it is
clear as to which way each cutting should be inserted;
If possible, take the cuttings the same day that they are
to be planted;
Shovels to prepare the site and pointed steel bars to
make the holes for planting;
Hessian and water to keep the cuttings moist until
planting;
Line string and tape measure (30 metres).

Species to use
Any shrub or small tree that can be propagated from
vegetative cuttings. Examples are Leguminoseae (Cassia
or Albizia) and Vachellia species. The final choice will need
to be approved by the relevant office of the Ministry of
Agriculture, Animal Industry and Fisheries.
Spacing
Usually just one line across a slope or gully. A double line
can also be used. This should be placed 100 mm upslope
with the cuttings offset to the first. Spacing between palisade
lines should be at 2 m centres on slopes less than 30° and
1 m centres on slopes between 30° and 45°.
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•

1. Trim and clean the site well in advance of the planting
operation. Remove irregularities and loose debris.
2. Mark out the line to be planted with string.
3. Using a pointed steel bar, make a hole that is wider than
the cutting and long enough to take at least two-thirds of
its length.
4. Carefully place the cutting in the hole, so that at least
two-thirds is buried. Firm the soil around it, taking
care not to damage the bark. Ideally, only one node
of the cutting or about the top third should protrude from
the soil.
5. Ensure that cuttings are not allowed to dry in the sun
before they are planted.
Main limitations
Palisades are not as strong as brush layering but involve
less disturbance to the ground.

A3.7.6 Fascines
Function
Live fascines are long bundles of branch cuttings bound
together in cylindrical structures. They are placed in shallow
horizontal contour cuts on dry slopes, and at an angle
dipping into the slope on wet slopes to reduce erosion and
shallow sliding. They are a low-cost measure that helps to
reinforce the slope and increase infiltration.
Sites
Effective on slopes up to 45°, in rills and very small gullies
Materials

•

The completed bundles should be 150 to 200 mm in
diameter, with all of the growing tips oriented in the
same direction. The cuttings should be staggered in the
bundles so that tops are evenly distributed throughout the
length of the fascines;
Live pegs should be 20 to 40 mm diameter and 450
to 600 mm long. String used for bundling should be
untreated twine.

5
6
7

Construction guidelines
1. Prepare the live fascine bundles and live stakes
immediately before installation.
2. Beginning at the base of the slope, dig a trench on the
contour approximately 300 mm deep and up to 500 mm
wide. Spacing between lines of fascines should be at 4 m
intervals on slopes less than 30° and 2 m intervals for
30° – 45° slopes. Only about 5 m of trench should be left
open at any one time.
3. Place the live fascines into the trench with their ends
overlapping.
4. Drive the stakes directly through the live fascines. Extra
stakes should be used at connections or bundle overlaps.
5. Leave the top of the stakes flush with the installed
bundles.

8
9
10
1
2

6. Stakes are also installed on the downslope side of the
bundle. Tamp the stakes below and against the bundle
between the previously installed stakes, leaving 75mm
to protrude above the top of the ground. Place moist soil
along the sides of the bundles and on top of the fascines
(30 – 40 mm cover) as soon as possible and tramp the
soil firmly.

•

Cuttings are best from differing species that root easily
and have long, straight branches, 20 to 40 mm diameter
and 1.5 to 2.0 m long;

7. Excavate trenches up the slope at intervals as specified.
Where possible, place one or two rows immediately
beyond the crest of the slope.

•

Cuttings are tied together to form live fascine bundles
normally varying in length from 1.5 to 3.0 metres or
longer, depending on site conditions and limitations in
handling;

8. Place long straw and plant annual grasses between rows.
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9. For rills and very small gullies, large stones should be
placed immediately downslope of the fascine line to
break up the water flow.
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Function
Wattle fences are made out of live cuttings and placed on
contour across a slope to catch debris and reinforce a slope
surface, and on small channel banks.
Sites
Any slope undergoing very shallow, localised movements
and erosion, heads of gullies and channel banks.
Materials

•

•
•
•
•
•
•

Use cuttings made from 6 to 18 months old woody
material from plants that root easily. Cut the tops at right
angles to the stems and cut the bottoms at 45° so that it
is clear as to which way each cutting should be inserted;
Cuttings for main stakes should be 20 to 40 mm diameter
and 450 to 600 mm long;

4. Dig out a groove between the stakes at least
100 mm deep.

4

5. Place the fence cuttings with their lower ends in the
groove, bending them down along the line of the fence.
Weave them in and out between the pegs. Firm the soil
back into the groove.

5

6. The end result should be with the cuttings almost
horizontally above each other, but with the ends firmly
planted in the soil.
7. Soil should be placed behind the wattles for the planting
of grass cuttings.

8

Wattle fences have not been found to be as effective as
brush layering and fascines, but involve far less disturbance
in establishment.

9

A3.7.8 Bamboo planting

If possible, take the cuttings the same day that they are
to be planted;

Bamboo clumps are planted at frequent intervals to reduce
erosion and help bind channel banks together.
Sites
Almost any channel bank more than 1 metre in width, i.e.
with sufficient space on the bank to plant the bamboo.

Line string and tape measure (30 metres).

Materials

Any shrub or small tree that can be propagated from
vegetative cuttings. Examples are Leguminoseae (Cassia or
Albizia); Vachellia species. The final choice will need to be
approved by the relevant office of the Ministry of Agriculture,
Animal Industry and Fisheries.
Spacing
Spacing between the main stakes should be 1 metre centres
with three intermediate stakes per metre planted in between.
Badly eroded areas might be treated with two or more wattle
fences.
Construction guidelines
1. Prepare the site well in advance of planting. All loose
material and protrusions should be cleared away, and
depressions firmly infilled.
2. Mark the lines where wattle fences are to be installed.
Ensure that the lines follow the slope contour or the edge
of the channel.

10

Function

Hessian and water to keep the cuttings moist until
planting;

Species to use

•
•
•
•
•

1
2
3

One-year-old bamboo rhizomes and 2-2.5 metres of
culm, removed from the clump carefully with minimal
damage to the roots;
Hessian and water to wrap around the root ball to keep it
moist;
A means of transporting the cutting to the planting site;
Tools to dig a hole for planting;
Material for mulching after planting.

Species to use
Any local bamboo for which planting material is available.
Spacing
Planting large bamboos is a much bigger job than with other
plants. It is almost impossible to plant too many; however,
they should not be planted closer than 2 metre centres along
a channel bank.

3. Make holes with the steel bar at intervals of about
300 mm for the main stakes. The holes must be deep
enough so that the stakes can be placed in gently (not
hammered) with the tops protruding 150 to 200 mm
above the ground.
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Main limitations

Cuttings for the main fencing should be 20 to 40 mm
diameter and 2 metres long;

Shovels to prepare the site and pointed steel bars to
make the planting holes;

6
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Materials

1. The planting of bamboos is well known throughout rural
Uganda. It involves taking a very large rhizome and
culm cutting. Source clumps should be identified well in
advance and an agreement reached with the owners.
This method can be used for any bamboo species.

•
•

Plants raised in a nursery, usually as polypot seedlings;

•

Compost (optional).

2. Remove all loose debris from the site and prepare the
surface well in advance of the planting day.

Species to use

3. When the season is wet enough to support reasonable
growth, plant the bamboos. If they are being planted
within the capillary fringe of a waterway channel, this
could be almost any time.
4. Select a suitable culm near the edge of the parent clump
and dig out the rhizome carefully. Cut off the culm about
2 metres above ground level. Cut the rhizome where it
branches from the main plant, taking great care not to
damage the buds and small roots.
5. Wrap the root ball in damp hessian and transport the big
cutting to site for planting on the same day.
6. Dig a large hole (at least five times the size of the
cutting’s rhizome (if this is possible without disturbing the
bank too much) and plant the rhizome either upright or at
right angles to the slope of the waterway bank. Carefully
backfill the hole and firm the soil as much as possible.
7. Mulch well the disturbed and surrounding soil.
8. Form a depression around the roots to act as a water
collection area. Water it thoroughly.
Main limitations
Bamboo takes about 3 years to contribute significantly to
bank strengthening. Protection is required in the early years.

A3.7.9 Tree planting
Function and Site
Trees are planted to help bind the soil together through
the development of a deep and dense root network, and
ultimately create a mature forest cover. In roadside locations,
maintaining a line of large trees (or bamboo clumps) at
the base of a cut slope, for example, can help to buttress
the slope and reduce undercutting by seepage erosion or
erosion in unlined side drains. Trees can also assist in the
protection of stream channel banks.

Tools to dig holes and a means of transporting the plants
to site;

Any tree that grows well in very wet conditions.
Examples of the suitable bio-engineering plant species for
roadside slopes stabilisation are provided in Schedule A of
Annex 2. The final choice will need to be approved by the
relevant office of the Ministry of Agriculture, Animal Industry
and Fisheries.
Spacing
In typical forestry sites, a spacing of 2 × 1 metres is normal,
but in bio-engineering sites a spacing of 1 × 1 metre is
necessary to ensure adequate protection. Trees can later be
thinned out if necessary.

5
6
7
8
9
10

Construction guidelines
1. Prepare the site well in advance of planting. Remove all
debris and remove or fill surface irregularities. If the site
is on backfill material, thoroughly compact it, preferably
when it is wet. Cut all weeds.
2. When the season is wet enough to support reasonable
growth, plant out the seedlings. If they are being planted
within the capillary fringe of a waterway channel, this
could be any time.
3. Dig planting pits 300 mm deep and 300 mm in diameter.
When planting along stream channels, without causing
excessive damage to the bank.
4. Carefully remove the polypot by slicing it down the side
with a razor blade or tear it carefully along the join. Take
care not to cut the roots.
5. Plant the seedling in the pit, filling the soil carefully
around the cylinder of roots and soil from the polypot.
Ensure there are no cavities. Firm the soil all around the
seedling with gentle foot pressure.
6. If available, mix a few handfuls of well-rotted compost
with the soil around the roots when backfilling the hole.
7. Remove any weeds around the plant. Add mulch around
the seedling, but with a slight gap so that it does not
touch the stem.
Main limitations
Seedlings take about 5 years (or more) to contribute
significantly to slope or bank strengthening. Care and
protection are required in the first three years.
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A3.8 Plants for bio-engineering use

•
•
•
•

Fast growing;

•
•
•
•

Ability to recover from damage;

Easy propagation (from seed or vegetative cutting);
Robust in a range of sites;
Ability to withstand poor and dry soils (roadside microsites are often like this, even in moist areas);
Ability to regenerate and coppice;
Planting material easily available;
A range of trees is required to cover all ecological sites.

A3.8.2 Site suitability
All plants are naturally adapted to grow under particular
ecological conditions. The ability of a particular plant to grow
in a certain site is determined by the suitability of the species
to that site.

A3.8.3 Recommended plants for bioengineering use
The recommendations made here have an implicit
requirement for project nursery facilities (see also Section
A3.2). Nurseries can be set up with ease and relatively
cheaply using expertise and materials already available
for the road sector in Uganda. Each small nursery would
be required to have a capacity to produce a million grass
slips and 50,000 tree seedlings per year. This will require
the availability of suitable areas of land in close proximity
to the road network. However, there are many existing
plant nurseries along road corridors and these nurseries
can be contracted for supply of plants required for bioengineering. The best solution is to opt for a number of
smaller bio-engineering nurseries at intervals along the road.
These nurseries can be operated by either direct labour or
management contract and both methods are known to be
equally effective.
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Appropriate trees for bio-engineering

4

East African cordia, akoiya

5

Scientific name: Cordia africana
Character: Small to medium-sized evergreen tree, 4-15 (30 max)
m high, heavily branched with a spreading, umbrella-shaped or
rounded crown. Bole typically curved or crooked.

6
7

Sites: Grows well in dry, moist and wet agroclimatic zones at
900–2500 m elevation.

8

Propagation technique: Easy to raise and reasonably fast
growing. Fruits should be de-pulped immediately after collection
by rubbing over a wire mesh under flowing water. Seed
Germination rate is 50–80% in 40–60 days.

9

Cultivation and maintenance: Requires 5–7 months in a
nursery before planting out. Management practices include
pollarding, lopping and coppicing. It grows fast, reaching 7-8 m
in 7 years.

10

Uses: Afforestation for landslide control

1

Uses (other than bio-engineering): Fodder, apiculture, fuel,
timber, medicinal purposes, shade, soil improver, ornamental use.

2
3
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A3.8.1 Main criteria
The main criteria required of plants for use on roadside
slopes are as follows.

3

121

Improving the resilience & quality of rural road infrastructure through landslide management & optimisation of road reserve use in Uganda

1

Annex 3 Bio-engineering notes and further details

2

A3.8 Plants for bio-engineering use | Appropriate trees for bio-engineering

3

Markhamia

Red stinkwood

Scientific name: Markhamia lutea

Scientific name: Prunus africana

Character: Evergreen tree 10-15 m high, with a narrow, irregular
crown and long taproot.

Character: Prunus africana is an evergreen tree, 10-24 (36 max.)
m in height, with a stem diameter of 1 m.

5

Sites: It is common in the lake basins and highland areas of
eastern Africa. It is drought resistant but cannot withstand
waterlogging. Altitude: 900-2000 m, mean annual temperature: 1227°C. Mean annual rainfall: 800-2000 mm. Soil type: Trees prefer
red loam soil but can tolerate well-drained, heavy, acidic clay soils.

Sites: P. africana, a highland forest tree, that grows in the humid
and semi-humid highlands and humid midlands. Altitude: 9003400 m. Mean annual rainfall: 890-2600 mm. Mean annual
temperature: 18-26°C

6

Propagation technique: Grows fast in good forest soil, and plants
can attain growth rates of more than 2 m/year. They should be
planted in a deep hole, as the roots are long.
Cultivation and maintenance: Trees can be pruned and
pollarded to reduce shading and are coppiced when they are about
1.7 m in height.
Uses: Afforestation for landslide control
Uses (other than bio-engineering): Apiculture, fuel, timber,
medicinal purposes, shade or shelter, soil improver, ornamental
use, boundary/barrier/support.

4

7

Propagation technique: Extracted seeds are spread in a thin
layer in the shade of a well-ventilated area so that excess water
on the pericarp is removed; this drying process should not exceed
4 hours. Seeds are recalcitrant and desiccation sensitive. Initial
germination is 42% but drops to 39% after 9 months of storage at
4°C with 20% moisture content.

8
9

Cultivation and maintenance: The tree grows at a moderate rate
and responds well to cultivation.

10

Uses: Erosion control: Trees can be grown along contour ridges
and terraces

1

Uses (other than bio-engineering): Apiculture, fuel, timber,
medicinal purposes, poison, shade or shelter, soil improver,
ornamental uses, intercropping. This is a popular medicinal plant
in international trade.

2

Annexes

3

Prepared for the Uganda National Roads Authority (UNRA)

122

Improving the resilience & quality of rural road infrastructure through landslide management & optimisation of road reserve use in Uganda

1

Annex 3 Bio-engineering notes and further details

2

A3.8 Plants for bio-engineering use | Appropriate shrubs for bio-engineering
Coffee; Arabian coffee

Cornstalk dracaena

Scientific name: Coffea arabica

Scientific name: Dracaena fragrans

Character: Coffea arabica is an evergreen, shrub or small tree, up
to 5 m tall.

Character: Dracaena fragrans is a slow growing shrub, usually
multi-stemmed at the base, mature specimens reaching 15 m or
more tall with a narrow crown of usually slender erect branches.
Stems may reach up to 30 cm diameter on old plants; in forest
habitats they may become horizontal with erect side branches.
Young plants have a single unbranched stem with a rosette of
leaves until the growing tip flowers or is damaged, after which it
branches, producing two or more new stems; thereafter, branching
increases with subsequent flowering episodes.

Sites: Thrives in a moderately humid atmosphere and prefers
deep friable soil on undulating land. Altitude: 1300-3000 m.
Mean annual temperature: 15-25°C. Mean annual rainfall:
1500-2000 mm.
Propagation technique: Propagated from seed.
Cultivation and maintenance: The seedlings are planted on
contoured fields 2-3 m apart in 3-5 m rows. Weed control is
necessary throughout the entire season. Mulches and green
manure are commonly used with chemical fertilizers.
Shading improves leaf and shoot growth but reduces root growth;
however, it may be useful when the plants are young. Pruning is
important.
Uses: Erosion control: Shrubs can be grown along contour ridges
and terraces
Uses (other than bio-engineering): Food, fodder, fuel, apiculture,
timber, medicine purposes, soil improver, intercropping.

4
5
6
7
8

Sites: Dracaena fragrans is a flowering plant species that is native
throughout tropical Africa from Sudan south to Mozambique,
west to Côte d'Ivoire and southwest to Angola, growing in upland
regions at 600–2250 m altitude.

9

Propagation technique: Dracaena fragrans is propagated by
cutting segments of old stems 10–20 cm long, drying them, and
then inserting them into moist sand until they root. New growth,
typically being two or three shoots, comes from old foliar scars at
the top of the stem.

10
1

Uses: In Africa, D. fragrans is commonly grown as a hedge plant.

2

Uses (other than bio-engineering): It is primarily popular as a
houseplant and valued for its tolerance of a wide range of indoor
conditions from full light to low light. It is also very tolerant of
neglect.

3
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Note: An important cash crop, with potential for wider acceptance
within the community.

3
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3

Mountain bamboo

4

Scientific name: Sinarundinaria alpina
Character: Mountain gorges and mountain tops forming the
bamboo zone. The grass grows in dense stands.

5

Sites: Grows on Mt. Elgon and Ruwenzori Mts. (2700-3000 m).

6

Propagation technique: Propagation from cuttings.
Cultivation and maintenance: Very fast growing in optimal
conditions. Seed watered daily will germinate readily. Transfer to
seed boxes when 25 mm high. Plant out after 8-12 months. Offsets
from one year-old stems can be planted out and will develop
quicker than seedlings.

7

Uses: Riverbank and streamside protection, landslide control and
embankment protection

9

8

Uses (other than bio-engineering): Used as scaffolding for
small-scale construction

10
1
2
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Jaragua grass

Elephant grass

Scientific name: Hyparrhenia rufa

Scientific name: Pennisetum purpureum

Character: A tall perennial grass (up to 3 m) and forms dense
stands. It is native to tropical and southern Africa including
Uganda. It has been introduced in other parts of the world to
enhance livestock production.

Character: P. purpureum is a robust perennial grass and is native
to Uganda. It can grow to 4m, forming thick clumps or colonies
from basal offshoots or short rhizomes.

Sites: H. rufa grows in dry to moist environments from sea level up
to 2000 m altitude with mean annual rainfall ranging from 600 mm
to 1400 mm and annual mean temperatures of 15°C to 35°C. This
species is well adapted to heavy grazing, drought and fire and can
develop well in areas with a dry season lasting up to six months. It
is adapted to a wide variety of soil types but grows best on black
clay soils and latosols. It can tolerate poor drainage, waterlogging
and temporary flooding as well as salinity. It cannot withstand frost
but can regrow after burning.
Propagation technique: H. rufa spreads by seeds. It produces
seeds with long bristles which are capable of catching on people
or animals that walk past the plant. The seeds are also able
to disperse on the wind after fires and germinate well in these
conditions.
Cultivation and maintenance: Not cultivated.
Uses: Erosion control
Uses (other than bio-engineering): It is used for grazing and for
hay and silage

4
5
6

P. purpureum is well adapted to drought conditions and can also
dominate fire-adapted grassland communities. This species has
the capability to re-sprout easily from rhizomes.

7

Sites: P. purpureum is a common weed in agricultural fields,
pastures, and along roadsides. It also grows in waterways,
wetlands, on flood plains, riverbanks, swamps, forest edges,
disturbed sites, and waste ground especially in mesic (moderate
moisture) to wet sites. P. purpureum is well-adapted to drought
conditions and can be found colonizing arid lowlands.

8
9

P. purpureum prefers to grow in moist tropical habitats at
elevations from sea level to 2000 m. It grows best in high-rainfall
areas (>1500 mm/year), but its deep root system allows it to
survive in dry times and it is reported to tolerate areas with annual
precipitation of 200-4000 mm. It is well adapted to grow on a wide
range of soil types from poorly drained clay soils to well drained
sandy soils with pH ranging from 4.5 to 8.2, and grows best in
rich well-drained soils. Temperatures for optimum growth should
be from 25°C to 40°C, with little growth below 15°C. It does not
tolerate much frost. It recovers well following fire and can dominate
fire-adapted grassland communities. P. purpureum has the
capability to grow in completely open sunlit areas to partially lightshaded areas but does not survive under a closed tree canopy.

10
1
2
3

Propagation technique: Elephant grass propagates from seed
and by vegetative propagation

Annexes

It is an aggressive grass highly tolerant to drought, grazing and
fire. It can out-compete and displace native vegetation (including
native grasses) and disrupt successional processes in areas
outside its natural range.

3

Cultivation and maintenance: Not cultivated.
Uses: Erosion control
Uses (other than bioengineering): P. purpureum is
an important forage and pasture
grass especially for cattle and it is
also cut for hay and fermented for
silage. This grass is also planted as
hedgerows for erosion protection.
P. purpureum is also used as a
windbreak in horticultural crops
and orchards and lines of these
plants are used to mark boundaries
between plots and properties. In
Africa, P. purpureum is planted
on riverbanks to prevent erosion,
and the thick culms are made into
fences, screens, and reinforcement
for mud huts. Plant extracts are
used as a diuretic in Africa, and it
is also used in a number of other
herbal remedies.
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1

Annex 3 Bio-engineering notes and further details

2

A3.9 Illustrations of some typical bio-engineering techniques

3
4
5
6
7
8

Grass clumps are split into several pieces

Stem lengths cut to 100-120 mm and roots cut to 30-50 mm and kept
cool and damp

9
10
1
2
3

Rows planted in turn down slope at specified distance apart. Watering
may be necessary

Annexes

Grasses are usually planted about 100 mm apart

Some problems with roots of cut grass plants
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Annex 3 Bio-engineering notes and further details

2

A3.9 Illustrations of some typical bio-engineering techniques

3
4
5
6
7
8

Wood cuttings, 20-40mm diameter, for brush layering

9
Brush layer cuttings spaced about 50 mm apart

10
1
2

Brush layers, a few days after installation

Brush layers after about one month

Brush layering after two growing seasons

Brush layers with intermediate grass planting
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Annex 3 Bio-engineering notes and further details

2

A3.9 Illustrations of some typical bio-engineering techniques

3
4

ush the seed
evice and
5 to 10mm

5
6
7
8
See DWG 11/003 Annex 1

engineer’s order

All dimensions in mm

9

Shrub and tree planting

10
1
2

Palisades, a few days after planting

Live fascine bundles before burial

Live check dam under construction

Live check dam after two seasons
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Annex 4 LRMT checklist for landslide data collection on the UNRA road network

2

1. GENERAL

3

1.2 Did the landslide occur during or after heavy rain?

1.1 Date:
1.3 Cause:
1.4 Surface: Asphalt

Gravel

m

1.5 Road length affected:

4

1.6 Type: New landslide
Extension
Reactiviation

Other

5

2. LOCATION
2.2 Road section from:

2.1 Road number:
2.3 Distance (chainage):

2.4 GPS:

6

to:

Latitude

Longitude

7

3. ORIGIN
3.1 Where did the landslide originate?
Inside the RR

Natural slopes above road reserve (RR)

Failure of: Cut slope?

Fill slope?

8

Natural slope below RR

Retaining wall?

Below

Above

9

4. IMPACT
4.1 Blockage:

Blockage to entire road

No displacement
4.3 Displacement:
Displacement of outside carriageway

Blockage to side drain and inside carriageway

Displacement of entire road

Blockage to side drain

No blockage
4.2 Cracking:

No cracking

4.4 Did the road have to be closed? No

Cracking to outside shoulder

2

m3

4.5 Landslide volume:

Cracking to entire road

1

Yes

hours

If yes, how long?

Cracking to shoulder and outside carriageway

10

3

5. LAND USE
5.1 What was the land use in the source area? Forest
Other

Dry cultivation

Yes

No

4

Unkown

Intermittent dry and wet

Annexes

5.2 Drainage condition: Wet, with springs and seepages
5.3 Land use change?

Irrigated cultivation

If other, specify here:

Dry

Other

6. REINSTATEMENT
6.1 Reinstatement cost:

UGX

6.2 Funding of reinstatement costs: Rountine maintenance
National disaster fund

Other funding

Emergency works

If other, specify here:

6.3 Reinstatement description:

7. OTHER DAMAGE
7.1 Did the landslide cause damage/losses?

If other, specify here:

How many?*

What length?*

m

Type?*

How many?*

What length?*

m

Type?*

Retaining
Culverts
Cables
Buildings
Bridges
Vehicular
Other
Injuries
Fatalities
accidents
walls
Please
choose from
the following:- Bridges, buildings, cables, culverts, retaining walls, vehicular accidents, injuries, fatalities, other.
Retaining
Culverts
Cables
Buildings
Bridges
Vehicular
Other
Injuries
Fatalities
accidents
walls
Please choose from
the following:- Bridges, buildings, cables, culverts, retaining walls, vehicular accidents, injuries, fatalities, other.
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