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Definition of Terms

Demographic Characteristics of Workers

The number of workers that fall within the following categories must be recorded: Youth (i.e. 18 — 35
years of age), Women, People with disabilities. The definitions contained in the Preferential
Procurement Regulations of 2001 for these categories of beneficiaries will be utilised.

Elementary occupation
This relates to any occupation involving unskilled or semi-skilled work.

Job Opportunities

1 job opportunity = paid work created for an individual on an EPWP project for any period of time. In
the case of social sector projects, learnerships will also constitute job opportunities. The same
individual can be employed on different projects and each period of employment will be counted as a
job opportunity.

Labour-intensive

Labour-intensive construction is the economically efficient employment of as great a proportion of
labour as is technically feasible, throughout the construction process including the production of
materials, to produce as high a standard of construction as demanded by the specification, the result
being the generation of a significant increase in employment opportunities per unit of expenditure by
comparison with conventional capital-intensive construction, without compromising cost, time ard or
quality.

Person-days of Employment Created
The number of people who worked on a project x the number of days each person worked.

Project Wage
Minimum Daily Wage Rate = daily wage (whether task-rated or time-rated) per individual project. This
wage rate must be inserted in the Project tender document as per the EPWP Guidelines.

Special public works programme
A programme providing public assets through a short-term, non-permanent, labour-intensive
programme initiated by government and funded from public resource.

Sustainability

In the context of this document, sustainability refers to the medium to long term creation of
employment as a result of the skills development, training and experience gained during the
construction of roads using labour intensive techniques.

Targeted labour
Any unemployed person who is employed on the project and classified as local labour.

Task Rate
A rate agreed, set and fixed for the project to be fair compensation for a days work.

Task
An amount of work, that can be done per day, that can be measured, has been tried, tested and
agreed, for different activities and which is project specific.

Task-rated worker
Means a worker paid on the basis of the number of tasks completed.

Team balancing

The optimisation of resources applied to any operation, or set of operations comprising a project,
taking cognisance of parallel and subsequent tasks and the need to keep the entire workforce
optimally employed.



Glossary of Technical Terms

Aggregate (for construction)

A broad category of coarse particulate material including sand, gravel, crushed stone, slag and
recycled material that forms a component of composite materials such as concrete and asphalt
serving as reinforcement to add strength to the overall composite material.

Asphalt
A mixture of inert mineral matter, such as aggregate, mineral filler (if required) and bituminous binder
in predetermined proportions.

Asphalt, Recycled

Asphalt which has been reclaimed from a road and with which (if required) a new binder, new
aggregate and recycling additive (rejuvenator) have been mixed in predetermined proportions under
hot or cold conditions depending on the type of new binder used.

Binder, Bituminous
Any bitumen based material used in road construction to bind together or to seal aggregate or soil
particles.

Binder, Modified
Bitumen based material modified by the addition of compounds to enhance performance. Examples
of modifiers are polymers, such as PVC, and natural or synthetic rubbers.

Bitumen

A non-crystalline solid or viscous mixture of complex hydrocarbons that possesses characteristic
agglomerating properties, softens gradually when heated, is substantially soluble in trichlorethylene
and is obtained from crude petroleum by refining processes.

Bitumen, Cutback
A liquid bitumen product obtained by blending penetration grade bitumen with a volatile solvent to
produce rapid curing (RC) or medium curing (MC) cutbacks, depending on the volatility of the solvent
used. After evaporation of the solvent, the properties of the original penetration grade bitumen
become operative.

Bitumen, Penetration Grade

That fraction of the crude petroleum remaining after the refining processes which is solid or near solid
at normal air temperature and which has been blended or further processed to products of varying
hardness or viscosity.

Bitumen emulsion

An emulsion of bitumen and water with the addition of an emulsifier or emulsifying agent to ensure
stability. Conventional bitumen emulsion most commonly used in road works has the bitumen
dispersed in the water. An invert bitumen emulsion has the water dispersed in the bitumen. In the
former, the bitumen is the dispersed phase and the water is the continuous phase. In the latter, the
water is the dispersed phase and the bitumen is the continuous phase. The bitumen is sometimes
fluxed to lower its viscosity by the addition of a suitable solvent.

Bitumen Emulsion, Anionic
An emulsion where the emulsifier is an alkaline organic salt. The bitumen globules carry a negative
electrostatic charge.

Bitumen Emulsion, Cationic
An emulsion where the emulsifier is an acidic organic salt. The bitumen globules carry a positive
electrostatic charge.



Bitumen Emulsion Grades

Premix grade: An emulsion formulated to be more stable than spray grade emulsion and suitable for
mixing with medium or coarse graded aggregate with the amount smaller than 0.075mm not
exceeding 2%.

Quick setting grade: An emulsion specially formulated for use with fine slurry seal type aggregates,
where quick setting of the mixture is desired.

Spray grade: An emulsion formulated for application by mechanical spray equipment in chip seal
construction where no mixing with aggregate is required.

Stable mix grade: An emulsion formulated for mixing with very fine aggregates, sand and crusher
dust. Mainly used for slow-setting slurry seals and tack coats.

Bitumen Rubber
A blend of bitumen and approximately 20% by weight of crumb rubber containing, where necessary,
an extender oil and/or dilutent.

Bituminous Curing Membrane
A coat of bituminous material applied to a newly constructed cemented pavement layer to promote
the curing of the layer.

Bitumen Treated Base
A base layer consisting of granular material mixed together with a bituminous binder.

Cape Seal
A single application of binder and stone followed by one or two applications of slurry.

Cement (for construction)
A dry powder which on the addition of water and other additives, hardens and sets independently to
bind aggregates together to produce concrete.

Cement Treated Material
A compacted layer of gravel treated with a nominal amount of cement.

Chip Seal
One or more applications of bituminous materials to a pavement surface with a cover of mineral
aggregate.

Chip Seal, Single
An application of bituminous binder followed by a layer of stone or clean sand. The stone is
sometimes covered with a fog spray.

Chip Seal, Double
An application of bituminous binder and stone followed by a second application of binder and stone or
sand. A fog spray is sometimes applied on the second layer of aggregate.

Composite Macadam
A pavement or surfacing layer constructed where the bottom two-thirds of voids in a large single-sized
stone skeleton are filled with sand and the top-third is filled with a bituminous slurry.

Concrete
A construction material composed of cement (commonly Portland cement) as well as other
cementitious materials such as fly ash and slag cement, aggregate (generally a coarse aggregate
such as gravel or crushed stone plus a fine aggregate such as sand), water, and chemical
admixtures.

Concrete Block Paving
A course of interlocking or rectangular concrete blocks placed on a suitable base course and bedded
and jointed with sand.



Crushed Stone
A form of construction aggregate, typically produced by mining a suitable rock deposit and breaking
the removed rock down to the desired size using crushers.

Distributor
A vehicle comprising an insulated tank with heating and circulating facilities and a spray bar capable
of applying a thin, uniform and predetermined layer of binder.

Emulsion Treated Base
Modification of sandy, granular or reclaimed pavement layers with bitumen emulsion.

Filler
Mineral matter composed of particles smaller than 0.075mm.

Foam Bitumen Treated material
A compacted layer of gravel or recycled material pretreated with foamed bitumen.

Fog Spray
A light application of diluted bitumen emulsion to the final layer of stone of a reseal or chip seal or to
an existing bituminous surfacing as a maintenance treatment.

Gravel
A naturally-occurring, weathered rock within a specific particle size range. In geology, gravel is any
loose rock that is larger than 2mm in its largest dimension and not more than 63 mm.

Lime Treated Material
A compacted layer of gravel treated with a nominal amount of lime.

Otta Seal
A carpet of graded aggregate spread over a freshly sprayed hot bituminous binder.

Overlay
A layer of asphalt applied to an existing surfaced road. This may be to strengthen the pavement or to
improve the riding quality or skid resistance.

Polymer-Modified Bitumen
A bitumen with improved physical properties obtained by the addition of a polymer.

Prime Coat

A coat of suitable bituminous binder applied to a non-bituminous granular pavement layer as a
preliminary treatment before the application of a bituminous base or surfacing. While adhesion
between this layer and the bituminous base or surfacing may be promoted, the primary function of the
prime coat is to assist in sealing the surface voids and bind the aggregate near the surface of the
layer.

Reseal
A surface treatment applied to an existing bituminous surface.

Rejuvenator
A material (which may range from a soft bitumen to petroleum) which, when applied to reclaimed
asphalt or to existing bituminous surfacing, has the ability to soften aged, hard, brittle binders.

Seal
A term frequently used instead of “reseal” or “surface treatment”. Also used in the context of “double
seal” and “sand seal” where sand is used instead of stone.

Selected layers
Pavement layers of selected gravel materials used to bring the subgrade support up to the required
structural standard for placing the subbase or base course
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Slurry

A mix of suitably graded fine aggregate, cement or hydrated lime, bitumen emulsion and water, used
for filling the voids in the final layer of stone of a new surface treatment or as a maintenance treatment
(also referred to as a slurry seal).

Slurrybound Macadam
A surfacing layer constructed where the voids in single-sized stone skeleton are filled using
bituminous slurry.

Surface Treatment
A general term incorporating chip seals, micro surfacing, fog sprays or tack coats.

Surfacing
The layer with which traffic makes direct contact.

Tack Coat

A coat of bituminous binder applied to a primed layer or to an existing bituminous surface as a
preliminary treatment to promote adhesion between the existing surface and a subsequently applied
bituminous layer.

Ultra-thin Reinforced Concrete Pavement (UTRCP)
A layer of concrete, 50 mm thick, continuously reinforced with welded wire mesh.

Wearing Course
The upper layer of a road pavement on which the traffic runs.

Waterbound Macadam

A pavement layer constructed where the voids in a large single-sized stone skeleton are filled with a
fine sand.

11



Abbreviations

ABET:
CCcC:
CETA:
CIDB:
COLTO:
CSIR:
DOE:
DOL:
DPW:
ECSA:
EPWP:
ETB:
FET:
FIDIC:

GDPTRW:

GET:
HET:
ILO:
LIC:
LICT :
MIG:
MISA:
NEC:
NQF:
PIG:
SANS:
SADC:
SATCC:
SPWP:
SAQA:
TRH:
TMH:
UTG:
UTRCP:

Adult Basic Education and Training
Contractor Contact Centres

Construction Education and Training Authority
Construction Industry Development Board
Committee of Land Transport Officials
Council for Scientific and Industrial Research
Department of Education

Department of Labour

Department of Public Works

Engineering Council of South Africa
Expanded Public Works Programme
Emulsion Treated Base

Further Education and Training

French acronym for the International Federation of Consulting Engineers
Gauteng Department of Public Transport, Roads and Works
General Education and Training

Higher Education and Training

International Labour Organisation
Labour-Intensive Construction
Labour-Intensive Construction Techniques
Municipal Infrastructure Grant

Million Standard 80 kN Axles

New Engineering Contract

National Qualifications Framework

Provincial Infrastructure Grant

South African National Standard

Southern African Development Community
Southern African Transport and Communications Commission
Special Public Works Programme

South African Qualifications Authority
Technical Recommendations for Highways
Technical Methods for Highways

Urban Transport Guidelines

Ultra-thin Reinforced Concrete Pavement
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1.1

1.2.

Introduction
Background

South Africa has historically had a high unemployment rate with Statistics South Africa
reporting an unemployment rate of 25.5%" as of September 2006. Given that many
unemployed persons are “unskilled” and that there is litle demand for “unskilled” persons in
the South African labour market, the challenge facing government has been to provide
employment for these people. In light of this challenge, in 2003/4 government launched the
Expanded Public Works Programme (EPWP) to create temporary work opportunities using
public sector expenditure mainly in the infrastructure sector.

The EPWP has a target of providing employment opportunities and training for at least one
million targeted unemployed people in its first five years. As a result, the infrastructure sector
has had to increase the labour content on government funded projects, as part of the existing
budget, through the application of appropriate labour-intensive technologies where technically
and economically feasible.

The EPWP has its focus on the labour-intensive construction of low volume roads, pipelines,
stormwater drains and urban sidewalks within a generally ring-fenced and isolated
environment. The main reason for this is that labour-intensive construction and maintenance
of roads is very often regarded as inferior due to perceived quality, costs, and productivity
issues. Hence, Road Authorities generally only allocate low volume roads for labour-intensive
construction and maintenance (to minimise risk of investment) at the exclusion of the larger
formal construction sector.

However in the past few years, developments in appropriate labour-intensive technologies,
labour optimisation and project management techniques have improved significantly to a point
where it is now possible to integrate labour as a critical and measurable component for the
whole of the road construction sector.

Consequently, the Gauteng Department of Public Transport, Roads and Works (GDPTRW)
have developed this manual as a best-practice guideline for the formal and emerging
construction sector to promote sustainable job creation and empowerment in the planning and
execution of all road construction, rehabilitation and maintenance projects.
Recommendations on the use of appropriate labour-intensive techniques are also provided to
ensure that the labour content of all projects is increased and optimised without
adversely affecting the cost and quality of projects.

It is also important to note that the construction of roads referred to in this document should
not be confused with building construction referred to in CIDB documentation — there is a
marked difference.

Objectives of the manual

The manual is primarily intended to provide guidance to Road Authorities and their
Consultants on:
Optimal labour components for specific design elements;
Appropriate contract documentation, specifications and tender evaluation procedures to
encourage the use of labour;
Legal requirements related to the employment of unskilled and semi-skilled labour;
Quality and cost of labour related to group tasks and group balancing:
Training, mentoring and incubation programmes.

* statistics South Africa (2006) - Using the “narrow” definition which reports on those who have been actively looking for work during the past 2 weeks. Using the
“broad” definition, which includes those who have stopped looking for work, the figure rise over 40%

13



1.3.

1.4.

15.

Benefits of the manual

The following benefits of the manual are identified:
Optimisation of the use of labour on all projects (new construction, rehabilitation and
maintenance);
Increased sustainability of job opportunities through the optimisation of labour on all
projects;
Increased use of appropriate labour-intensive technologies;
Increased involvement by the formal construction sector in job creation and mentoring of
emerging contractors;
Improvement in performance of the emerging sector through, training, mentoring and
incubation.

Target audience

This manual is targeted primarily at pavement design engineers within Road Authorities and
the consultants who are contracted to prepare pavement designs for those Authorities.

Benefits of the manual

The document is structured to provide:

- Anintroduction to the purpose and philosophy behind labour optimisation;
Project selection criteria that highlight the type of construction activity and its relevance
and appropriateness to labour-intensive construction;
An indication of the typical employment potential of various road construction activities
(Appendix 2 to 26). (It should be noted that the information in these Appendices is
provided for guidance and should be used with care by inexperienced
practitioners. Detailed method statements for the various activities are being
prepared as a supplementary document.)
Advice on suitable contract documentation, specification and tender evaluation
procedures.(Standard forms of contract are provided in Appendix 27);
References to available maintenance guidelines and manuals. (Details provided in
Appendices 28 to 30);
Guidelines on the legal, labour and training requirements of road construction projects
including calculations of the required labour force. (Additional information and calculation
examples are provided in Appendices 31 to 34).

The reference documents used in the compilation of the manual are acknowledged in the

footer on the page where the reference occurs along with additional explanatory notes.
Sources of additional information are given in Appendix 1.

14



The Philosophy of Labour Optimisation

Labour-intensive construction techniques in the road sector are well developed and can
significantly raise the labour component of road construction projects. However, in certain
instances the relationship between the labour intensity of a project and the external project
constraints (i.e. time, cost and quality) are not considered simultaneously. This results in
projects where either the job creation targets are not met, or where the constraints of time
cost and quality are not met, or both.

Therefore, the optimum labour component for each project can and must be calculated
systematically within the constraints of the project and with due consideration for what is
reasonably practicable, as demonstrated in Figure 1.
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Figure 1: Principle of Labour Optimisation

The major contributors to project costs are materials, labour and plant, although the cost of
materials and the labour input in their production/manufacture is not considered in the labour
optimisation process.

In Figure 1, the project costs (Line A) is determined as the sum of plant costs (Line B) and
labour costs (Line C). The extreme scenarios of all labour and no plant (Point B) and all plant
and no labour (Point C) are plotted on a reverse scale against the project cost. The most
economical project cost (Point A) is determined through an intelligent mix of labour and plant
taking full cognisance of all the factors governing the project cost. Most of these factors are
interdependent and as such the management thereof requires careful consideration.
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2.1.

The main factors influencing project cost are:
The Scope of Work
The type of project and scope thereof will significantly influence the overall labour
component of the project. For example the construction of a multilane highway, will have
a different labour requirement to a rural access road but could still have a significant
labour component provided that the appropriate pavement design is adopted.
The Socio-Economic Environment
A profile of the potential workforce in the project area is a function of the socio-economic
environment. An appreciation of this environment coupled with community inputs must be
known at design stage as this will influence the design parameters and the project goals.
The Scope of Work (stage and extent) in conjunction with the socio-economic
environment where the project is being carried out will be the main drivers determining
the labour-intensiveness of the project.
The Specified Quality (Desigh and Specification)
The design must specify the required quality which needs to be achieved irrespective of
the level of labour intensity. Furthermore the design must encompass appropriate
technologies to satisfy both the level of labour intensity and the quality required. However,
it must be noted that the objective of this manual is not to relax any specifications or
standards provided in COLTO (1998) but to relate the use of labour to such specifications
and standards. Many clauses in the COLTO specification refer directly to the use of
specific construction equipment and techniques for these uses (eg number of passes of
compaction equipment). These aspects, where not appropriate to labour-intensive
construction need to be identified and more appropriate statements replacing them must
be added to the Special Specifications and Conditions for the specific project.
The Project Budget/Costs
The project budget must be allocated proportionally to satisfy the project goals. Tolerance
towards a labour premium is advocated during the learning stage of a project. However
the limits and extent thereof must be controlled.
The Project Construction Period (Time)
In many instances, employers’ budgets are fixed to specific timeframes. Hence, the
completion of construction within the required timeframe is of critical importance. The
optimisation of labour around this constraint needs specific attention. The potential exists
for the significant increase in the labour utilised on a project (coupled with supervision
and management) as the projects time constrains come into play.

An understanding and acceptance of the principles of labour optimisation shown in Figure 1
will then allow for the measurable parameters to be used to determine achievable project
goals (Figure 2) in terms of:

The optimum labour component of the project (point A in figures 1 and 2) within agreed

allowable tolerances as a condition of contract (shaded area in Figure 2); and

The introduction of bonus/penalty schemes to ensure labour targets are met.

Involvement of the Wider Construction Sector

The application of the Labour Optimisation Philosophy provides a procedure that can be used
to encourage the formal construction sector to create job opportunities. Reward procedures
could also be developed to ensure that the conventional performance drivers of time, cost and
guality are not compromised.

Appropriate labour-intensive technologies are typically those technologies with a lower
mechanisation level, that are more human-friendly than conventional construction and are
specifically designed and developed for construction by labour. However, certain labour-
intensive technologies that are well developed with a proven service record are still used in
relative isolation. Therefore, the widespread implementation of these technologies needs to
be driven through facilitation by experienced personnel coupled with appropriate training.
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2.2.
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Figure 2: Determination of Achievable Project Goals through Labour Optimisation

Labour-intensive technologies also provide opportunities to the emerging construction sector
due to the relatively low barriers to entry as the technologies are based on the greater use of
productive labour without the high cost of purchasing machines. However, through the
application of this philosophy, sustainability, growth and integration of the emerging
construction industry will take place as a matter of course with the application (in conjunction
with training, facilitation and mentorship) of appropriate technologies to all projects in the road
construction sector.

The application of the Labour Optimisation Philosophy ensures that projects are no longer
divided into “conventional” and “labour-intensive” projects, but that all projects are carried out
with labour being a measurable and critical part thereof.

Sustainability of Job Creation

Experience in previous programmes, and specifically the EPWP has shown that because the
jobs created were temporary in nature, skills developed during the programmes were not
necessarily retained in the road construction industry. It is a specific aim of this manual to
encourage the creation of sustainable (permanent) skills and jobs for the roads sector that will
be achieved through:
- Increasing the total labour input on all projects;
Increasing the skills levels of emerging contractors and labour through training, mentoring
and incubation;
Funding of labour-intensive programmes through the Departmental budget rather than
through ad hoc special programmes;
Involving the formal construction industry in labour-intensive construction, in joint venture
with the emerging contractors;
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2.3.

231

The longer term extension of job creation by ensuring that those involved in construction
activities continue to be involved in maintenance activities to ensure the ongoing
preservation of the road asset.

Lessons learnt®

Previous experience has identified factors that have lead to the successful completion, or
otherwise, of projects and could provide guidelines for the future planning of long-term, large-
scale programmes.

Success Factors

The following factors need to be considered and implemented to ensure the successful
completion of a labour-intensive programme or project:

Policy- and decision-makers at all levels must understand the concepts and principles of

labour-intensive work and guidelines for large-scale programmes.

Appropriate types of projects should be selected and planned for implementation as part

of long-term programmes of construction and not undertaken as ad hoc projects. Given

the nature of remuneration for engineering and project management expertise,
overheads are generally extremely high on one-off projects and will inordinately distort
the ratio of expenditure on engineering and managerial expertise to that of employment
of skilled, semi-skilled and unskilled labour. This can only be addressed if a number of
projects are designed and supervised by the same engineering/managerial component,
as it takes as much high-level technical expertise for one project as it does for a number
of projects in a programme. In Kenya, for example, the ratio of overheads to direct
construction was 84:16 during the first three years of labour-intensive construction

implementation (1974-76) but 16:84 over the period 1974-1985.%

There needs to be a sound intellectual assessment of the technical feasibility and

economic efficiency of labour-intensive methods taking cognisance of technological and

institutional capacity. The principles of labour-intensive work should be incorporated into
the daily work activities.

Technical, institutional, organisational, managerial and socio-economic aspects should

receive concentrated attention during preliminary work which should continue through

pilot projects, embryonic training programmes and subsequent large-scale training and
construction programmes.

@ Technical matters should include design, standards of construction and
maintenance, specifications, tools and equipment and methods of construction.

@ Institutional matters should include the decentralisation necessary for grass roots
success and the centralisation necessary to plan and co-ordinate a large
programme.

@ Organisational and managerial aspects should include the type of organisation
required, the management structures and systems (recording, reporting, monitoring,
controlling and evaluation) and training.

@ Socio-economic aspects should include wage rates, conditions of employment,
labour legislation, labour supply, role of women and evaluation. Prior agreement will
be required between the different parties with regard to wage rates, conditions of
employment and the role and responsibilities of the community.

Strong organisations need to be established with good management systems providing

a balance between decentralisation and centralisation.

Training should be extensive and targeted specifically at the various worker categories

(eg engineers, “hands-on“, single- and multi-site supervisors, clerks, vehicle/tractor

drivers and artisans). The expansion of the construction programme should also be

integrally linked to the rate at which the training programme can realistically produce
competent personnel. In effect the human resources necessary to run the programmes
are generated by the programmes themselves.

Long term financial commitment needs to be provided by Government and Donors.

2 McCutcheon and Marshall (1998) and McCutcheon (2003: 15-56)

% Hagen (1985)
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2.3.2

There is a need for good co-ordination between government, government departments,
those administering the programme, local authorities, those providing technical
assistance and donors. Independent evaluation also contributed to the success, as did
the continuity and commitment provided by particular individuals.

The corollary to the above is that the programmes are not short-term relief projects. While
this anticipates a portion of the next section, it is considered of such over-riding importance
that it has been highlighted again here. Experience has shown that in a relief context, it is
virtually impossible to generate sustainable employment and skills; and construct sound,
efficient public infrastructure. Long-term programmes and commitment are therefore essential
for successful implementation.

Failure Factors

Analysis of projects and large-scale endeavours that were discontinued revealed the following
reasons for failure:
Very little sustainable employment was created.
The assets constructed were not cost-effective, of doubtful value and ill-maintained with
the consequence that the results have often disappeared.

The overriding failure mechanisms resulted from an array of factors, which included:

: Too many ill-defined objectives that could not be independently and verifiably measured;
Confusion between short-term relief objectives and long-term developmental objectives;
Inappropriate institutional structures responsible for implementation;

“Add-on” funding as opposed to the formal procedures normally followed for the
provision of public infrastructure;

Ad hoc projects neither linked to a programme of construction nor training;

Inappropriate definition of the scope of labour-intensity;

Inadequate planning with, in particular, unrealistically short lead-in times between
project conception and initiation of construction;

Inadequate and inappropriate contract documentation;

Lack of appropriate legislation (in particular employment legislation) to allow the
principles of labour-intensive construction to be used,;

Little national, provincial and local institutional capacity-building along with a lack of
communication between the various levels and agencies of government;

The expenditure on development failed to reach the target group (the poor) to the extent
envisaged;

Individual skills were not improved. Training, where present, was not particularly
appropriate or focused and has not shown itself to be carried through into post-project
employment;

Individual commitment to the long-term success of the project was lacking: it was seen
as a short-term source of income for the community;

Internal planning, recording, reporting, monitoring, control and evaluation were severely
lacking and any independent evaluation was noticeable by its absence. Given the lack
of systems for planning and monitoring, systematic evaluation (internal or independent)
would have been extremely difficult anyway.
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3.1.

Project Selection

This Section deals with the overall project selection taking due consideration of the optimum
balance of labour and plant as illustrated in Figures 1 and 2. The project selection process is
shown in the flow chart of Figure 3.

Select Appropriate Design Strategy
Structural design
Traffic design
Life-cycle costing
Maintenance strategy

A 4

Select Viable Surfacing and Layerworks
Options through a Rating Process
(Tables 2, 3& 4)

y y y

Labour Time Cost

A 4 Y Y

Optimise Labour Input through the Selection
of Appropriate Surfacing and Layerworks
(See example in Table 6)

y

Optimise the Labour Input for all
Bill of Quantity Items for
Construction, Rehabilitation &
Maintenance Activities
(Tables 4 & 5)

y

Finalise Contract Documentation
Including Special Conditions and
Specifications for LIC Items

Figure 3: Project Selection Process

The Rating Process

All road infrastructure projects have the potential for labour-intensive construction and
maintenance, contractor development and skills development to various degrees. It has been
proven that labour-intensive construction can achieve the same level of accuracy and quality
as conventional methods when designed and constructed appropriately. However, there are
various stages of assessing and optimising the labour-intensity of projects, the first of which is
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3.2.

an evaluation of the competitiveness of including appropriate labour-intensive methods
compared with conventional capital-intensive construction in terms of cost, time and quality.

When analyzing the labour component of a project, a holistic approach should be followed
where all parameters are rated on a scale between 1 (most favourable) and 5 (least
favourable). Hence, a rating of 1 will be attractive for a particular parameter (cost, time, quality
and the labour component).

When analyzing a technology or activity, the designer needs to appreciate that quality and
workmanship in accordance with specifications will apply. For example, if hot mix asphalt is
considered, the mechanisation level will be high. Hot mix asphalt requires a batching plant,
asphalt paver and heavy rollers to construct a product in accordance with specifications. The
cost parameter will therefore be rated as for the conventional and be rated as 1. Time and
quality will also be as for conventional and rated 1. However, the labour component for
conventional construction will be lower than 7% and therefore a rating of 5 will apply. It
should also be noted that the ratings of the various parameters must be considered in
isolation and not added together.

The following subjective ratings are recommended:

Cost

Equivalent to conventional methods

The labour alternative represents a high costs premium
The labour alternative represents a very high cost premium

g wEk

Time (Production Rate)

Equivalent to conventional methods 1
The labour alternative represents a high time premium 3
The labour alternative represents a very high time premium 5

Quality (A measure of the ease at which quality similar to conventional specification can be
achieved taking into account the structural integrity, functionality and riding quality)

Equivalent to conventional methods 1
The labour alternative may require moderate machine corrections 3
The labour alternative may require extensive machine corrections 5

Labour component (Calculated as a % of the unit rate)
Labour component x: = 30%

Labour component x: = 20% and < 30%

Labour component x: = 15% and < 20%

Labour component x: = 7% and < 15%

Labour component x: < 7%

abrhwNBEF

Assuming that projects will be correctly selected in terms of labour component and that quality
and cost will not be compromised; all projects and project components can be rated in terms
of their suitability to increase the labour component of the project or programme.

Labour Component Targets for Project Types

Following the philosophy of labour optimisation as explained in Section 2, it is apparent that
all projects must be considered as potential labour-intensive projects and that labour needs to
be optimized with every project. However, it is obvious that the higher order roads will have a
lower potential labour component as a lesser number of appropriate labour intensive
technologies will result in compliance with the required specifications without compromising
cost, time and quality. Nevertheless, the potential labour components still need to be
optimized. Table 1 shows labour component targets for different project types.
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3.3.

3.4.

Table 1: Labour Component Targets for Different Project Types

Project Type

Road category

Achievable labour
component targets

Rating
(labour component)

Routine
Maintenance

Freeways/Highways

>30% (50%)

Urban arterials

>30% (60%)

Low volume, low
speed roads

>30% (70%)

1
1
1
Freeways/Highways <7% 5
i — 0,
Rehabilitation ~ -Zoan aterias 7-15% 4
' 20 — 30% 2
speed roads
Freeways/Highways <7% 5
New Urban arterials 7 —15% 4
C tructi
onstruction Low volume, low 20 — 30% 2

speed roads

Selection of Design Strategy and Optimisation

All road construction or upgrading projects are currently designed in terms of:
- Structural capacity;

Design traffic;

Life cycle costing;
Maintenance strategy.

However in order to optimise the use of labour in construction, the actual design needs to
take into account the labour content of the individual pavement components in terms of cost,
time, quality and labour component. As a general guide, Tables 2 and 3 give an indication of
the appropriateness of using labour-intensive construction for specific components of the

road. (NB: Pavement Design is dealt with in more detail in Section 4):

Table 2 provides a comparative rating of surfacings for LIC decision purposes; (further
details are provided in the Appendices indicated in the table);
Table 3 provides comparative rating of establishment, earth/layerworks and drainage for
LIC decision purposes; (where available, details are provided in the Appendices indicated

in the table).

It should be noted that the details provided in the relevant appendices are not intended
as full method statements for the particular activities and should be used with caution.
Full method statements are being developed as a supplementary document.

lllustration of Project Selection Criteria

To illustrate the proposed selection criteria, Table 4 provides an example of how viable
competing options for construction of the basecourse for a typical road could be compared.
The initial selection decision should be based on the labour component rating with the time,
cost and quality ratings used to justify the final decision.
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Table 2: Comparative Rating of Surfacings for LIC Decision-making Purposes

(CCSE]T%)ZEZE) Cost Time | Quality ngr?]l:)r Comments Motivation Appendix
Asphalt — hot Requires batching plant + paver. . . .
(4200) 1 1 1 5 Labour component optimised. Superior strength low maintenance surface | Appendix 21
gsg)nr;a)lt —cold 3 3 2 4 Could be laid by hand Has shelf life and easier application Appendix 22

Slurry must be squeegeed in.
Cape seal Bitumen emulsion should be applied . - . .
(4600) 2 1 1 3 through a motorised distributor or by Labour friendly, forgiving construction. Appendix 16
hand sprayer
Concrete . . .
conventional 2 2 1 3 Could be plain or reinforced IH igh Iapour content, superior strength/life & Appendix 25
(7100) ow maintenance
gggfé?g; d Attention need to be paid to tolerances
of the supporting layer and placing the High labour content, superior strength/life & .
Concrete 1 2 1 2 : : : Appendix 24
Pavement — mesh in the UTRCP due to the thinness | low maintenance
UTRCP (none) of the concrete
Double seal 2 3 3 4 Nee_ds accurate binder & aggregate Labour-intensive aggregate application only Appendix 17
(4500) application.
Cold graded
aggregate seal . . Forgiving construction & maintenance .
(Modified Otta) 3 3 2 3 Hand sprayer can be used with emulsion Labour-intensive aggregate application Appendix 18
(none)
Hot graded . - . .
gsmesenl | 3| 3|14 e ey e om ol | B e i | AP0
Sand seal 1 1 1 3 Nee_ds attentive sand broom back & re- Ease of construction & maintenance Appendix 14
(4900) application
(Slll?lglg) seal 2 2 2 4 Requires accurate binder application. Labour-intensive aggregate application only | Appendix 15
Slurry-bound 2 2 2 1 Sensitive to poor workmanship Experl_enced teams can produce excellent Appendix 23
Macadam surfacing
Siurry seal Not recommended as a first surfacing.
( 4603),) 1 2 1 1 Generally used for texture correction or Labour friendly, forgiving construction. Appendix 20
overlay on an aged seal.
Interlocking 1 1 1 4 Blocks not to be manufactured on site. Cost of placing is small compared with cost Appendix 26

blocks (7300)

of blocks
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Table 3: Comparative Rating of Establishment, Earth/Layerworks and Drainage for LIC Decision Purposes

Component . . Labour . .
Cost Time ualit Comments Motivation Appendix
(COLTO spec) Q Y Comp PP
Establishment and
general 2 2 1 3 Relevant to all projects Similar to conventional approaches -
requirements
Clear & grub 5 5 1 1 Lack of progress may delay other activities Not recommended for larger prOJects but could -
be appropriate for smaller projects
Drainage 3 3 1 3 Relevant to all drainage elements Applicable on all projects -
Bulk earthworks . Not recommended for LIC. .
(3300) 5 5 5 1 Slow & demoralising work for labour Labour component optimised Appendix 2
Telford (none) 5 5 2 2 High cost and time Not recommended -
Cement treated L -
gravel base & sub- 5 5 4 1 Not for LIC.' setting time restriction. Only in emergency and on small projects for LIC Appendix 11
HSE Restrictions
base (3500)
Composite emulsion ' Increases strength of gravel .
treated base (none) > > 2 1 Only top % of gravel treated Could be prone to excessive cracking Appendix 6
Crushed Stone High specification & final slush compaction Cost effective, superior base using conventional
base (G1, G2) 1 1 1 5 with mechanical rollers methods. Appendix 13
(3600) Labour component optimised Not recommended for LIC
Crusher-run base & P . . . . . .
sub-base (G2/G3) 1 1 1 5 Do not relax specification & normal density Superior base if density & support is achieved Appendix 12
(3600) requirements Not recommended for LIC
(C70lr5%r)ete base 3 4 2 1 Base and surface layer Slow rate of construction Appendix 25
Rollcrete 3 4 2 3 Base and surface layer Slow rate of construction -
Emulsion treated Good for LIC if suitable natural base material is
base (3500) 3 3 2 2 Improves marginal materials not available. Appendix 4
Can be trafficked prior to surfacing.
Foamed bitumen Static batching plant (not in-situ foaming) Superior flexible base.
treated base 3 3 2 3 required for mgilx'ian and aplication 9 Can accommodate construction traffic. Appendix 5
(none) q 9 pp Mix can be stockpiled for up to 6 months
Natural gravel base ! . . Not recommended for larger projects but is .
& sub-base (3400) 3 3 3 2 Prone to traffic damage prior to sealing appropriate for smaller projects Appendix 3
('\\/,l\,ﬁ:?a;ﬂﬁas;s Costly & requires expertise. Appendix 7
bitumén bouynd) 3 4 3 2 Asphalt finish for riding quality. Preferable for layers to be less than 8m wide Appendix 8
(none) Density not to be compromised. Appendix 9
Lime treated gravel Lime treatment recommended for basic
base & sub-base 2 2 2 1 crystalline material When material improvement is required Appendix 10
(3500) Prone to traffic damage prior to sealing
Gravel selected 3 3 3 2 Slow & demoralising work for labour Not recommended for larger projects but is Appendix 3

layers (3300)

appropriate for smaller projects
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Table 4: Example of how competing options for base construction are compared

COMPONENT LIME TREATED CRUSHED STONE (G1) EMULSION TREATED
GRAVEL BASE PAVEMENT (ETB)
BASE PAVEMENT BASE PAVEMENT
Equipment - Wheelbarrows, shovels, Wheelbarrows, Wheelbarrows,
(from rakes, measuring cans, shovels, brooms shovels, rakes,
summaries in guide & bulking rails, manual or mechanised brooms, measuring
Appendices etc. rotary cans, guide rails, etc.
10,13 & 4) - Transport for carting Transport for Emulsion drums
gravel aggregate Transport for
- Lime storage Watering truck aggregate
- 150/200 concrete mixer Motor grader 150/200 concrete
- Suitably sized (= 1 ton) Suitably sized (12-17 mixer
tandem vibratory ton) steel drum and Suitably sized (= 1 ton)
pedestrian roller/s pneumatic roller/s tandem vibratory
- Plastic cover First aid kit and pedestrian roller/s
- First aid kit and protective clothing First aid kit and
protective clothing protective clothing
Cost 2 1 3
Equipment, lime, water, Cost optimised using Equipment, emulsion,
gravel. conventional methods. water, aggregate
Bituminous prime Not recommended for LIC | Saving on aggregate
required possible when reworking
old base
Time 2 1 3
- Fixing guide rails Time optimised using Fixing guide rails
. Mixing in concrete conventional methods. Mixing emulsion &
mixer Not recommended for LIC aggregate
- Carting by wheelbarrow Carting in by
- Spreading/Shaping wheelbarrow
- Compaction Spreading/Shaping
- Taking up of guide rail Compaction
- Prime -> apply Taking up of guide
surfacing rails
- Apply surfacing
Quality 2 1 2
Very little, if any, Quality optimised using Eminently suited to LIC
detrimental effect conventional methods. provided attention is
provided attention is Not recommended for LIC | given to mixing, levels
given to mixing, levels and density.
and compaction — prime Sound gravel with 60*%
base as work progresses CBR is required
No priming necessary
Trafficable early
Labour 1 5 2
Component Suitable for unskilled Low labour component. Suitable for unskilled

labour.
Mixing & compaction by
machine

Requires trained labour —
Shaping, compaction &
slushing done by machine

labour.
Mixing & compaction by
machine

NB - Figures in blocks correspond to the suggested ratings given in Table 3
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3.5.

Road Maintenance

Although it is not the intention of the manual to address road maintenance in general some
aspects related to labour-intensive applications are addressed. The importance of timely
maintenance to prevent unnecessary rehabilitation and reconstruction costs with the
associated reduction in road user costs is also highlighted.

Maintenance is defined as that timely corrective activity that aims to retain the functional and
structural integrity of the road at its intended (design) service level and averts costly failure
and repair work. It is basically a preventative activity and falls into three major categories:

Routine maintenance

Periodic maintenance (8 — 14 years)

Rehabilitation

Maintenance can only effectively be achieved if undertaken on a systematic, ongoing,
continuous basis as distinct from an ad hoc or crisis maintenance system that can be
extremely costly.

Table 5 provides an analysis of programmable maintenance activities (daily chores) related to
costs, time, quality and labour component as a guide to selecting maintenance activities with
optimal labour content.

Additional information relating to the maintenance of roads and appurtenant works is provided
in the references in Appendix 1 with other relevant information in the following Appendices:
Appendix 28 which provides some examples of community based road maintenance
programmes.
Appendix 29 which expands on LICT 5 which is one of the sources referred to in
Appendix 1, Reference 6.
Appendix 30 details a proposed method for dealing with edge break repairs which are
not covered in the above.
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Table 5: Analysis of programmable maintenance activities (daily chores) against costs, time,
guality, suitability, labour component and application

= c
8| 8
c = -
> |= & © Remarks Motivation

(2] = 5 a5 L

P Q = o =

7] c © |ao E [=%

(] = > T O o

Ol S |00 <
Pavement maintenance
Surfacing patching (pothole
initiation) with cold mix 2 2 1 Surface Recommended Similar to conventional
asphalt
Crack sealing with cold 2 2 1 Surface Recommended Similar to conventional
pour sealant

. . Delay in traffic
Sﬂface texturing with 3 4 2 Surface Recommended accommodation may favour
Y conventional
. ) Delay in traffic
Edge preak repairs with 3 4 2 Surface Recommended accommodation may favour
cold mix asphalt h
conventional
Deep patching 4 4 3 Top To be avoided Slightly dlffgrent approach to
Layers the conventional
Drainage maintenance
Subsoil drain installation 3 4 1 All roads Recommended Similar to trenching activities
Cleaning of waterway 2 1 1 All roads Recommended -
structures
Cleaning of prefabricated 1 1 1 All roads Recommended Similar to conventional
culverts
Haf‘d cleaning of concrete 1 1 1 All roads Recommended -
drainage channels
Hand cleaning and
maintenance of existing 2 3 1 All roads Recommended -
earth channels
Machine cleaning and . ] .
maintenance of existing 1 1 1 All roads Not recommended Only if traffic accommodation
affected

earth channels
Signs & safety maintenance
Eregtlon of permanent road 2 2 1 All roads Recommended Some signs may be too big to
traffic signs manage by hand
Sign cleaning 1 1 1 All roads Recommended -
Roadstud installation 1 1 1 All roads Recommended Coring done by machine
Guardrail erection 1 1 1 All roads Recommended Similar to conventional
Dazzle screen erection 1 1 1 All roads Recommended Similar to conventional
Marking of roadway 2 1 1 1 All roads Recommended Except for centre-lines
features
Roadside maintenance
Fencing 1 1 1 1 All roads Recommended Similar to conventional
Edge build-up (shoulders) 3 3 1 1 All roads Recommended Normally done by graders
Gabion protection work 1 1 1 1 All roads Recommended Similar to conventional
Collgctlon aT‘d removal of 1 1 1 1 All roads Recommended Similar to conventional
debris and litter
Maintenance of roadside 1 1 1 1 All roads Recommended Similar to conventional

stopping places

27



Table 5 (continued)

from the road surface

= c
g| &
c = S
> |50 8 Remarks Motivation
(2] = 5 a8 =
P Q = o =
7] c © | o E [=%
o = > T O o
O |F| O |ad0 <
Gravel maintenance
Blading of gravel roads 5 5 5 1 Wearing Not recommended Tolgrances difficult to
coarse achieve, thus costly
Gravel patching 2 2 1 1 Wearing Recommended -
coarse
Betterment of gravel roads 5 5 5 1 Wearing Not recommended Tolerances difficult to achieve
(shaping) coarse thus costly
Regravelling of roads 5 5 5 1 Wearing Not recommended -
coarse
Vegetation maintenance
Controlling vegetation 1 111 1 All roads Recommended -
growth
Removgl of undesirable 1 1 (1 1 All roads Recommended -
vegetation
Maintenance of
established plants and 1 1 (1 1 All roads Recommended -
grassing
Emergency maintenance
Emergency repairs 2 2 |1 1 All roads Recommended rTgt'iJnZOf repair may influence
Accident restoration 2 2 |1 1 All roads Recommended Type of restoration may
influence rating
Removing obstructions 5 5 |2 1 Recommended Type of obstruction may

influence rating
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Pavement Design

The general objective of this section of the document is to identify those pavement layer
alternatives that are particularly conducive to construction using labour. The aim is to assist
design engineers to employ their skills, knowledge and creativity to incorporate those design
components employing higher labour inputs for any specific operation into their designs.

The design components need to be related to the relevant components in the COLTO
Standard Specifications for Road and Bridge Works for State Road Authorities (1998) as this
will still dictate the construction standards required. The information presented here refers
only to the direct labour inputs associated with a road contract and not indirect labour inputs
related to the production of construction materials such as cement, concrete pipes and
crushed stone which can be significant. For example, a tonne of cement has a production
labour input of about 1.1 person hours and a tonne of aggregate road base an input of 0.27
person hours, whereas a 10 m section of 600 mm concrete pipe has a labour input of about
12.5 person hours.

Table 6 indicates the typical employment potential of various roadwork activities as a
preliminary guide to the type of labour that could be employed (CIDB, 2002).

Table 6: Typical employment potential of various roadwork activities (CIDB, 2002)

Activity Thickness Person Hours to produce and
(mm) construct (person h/m?)
Plant-intensive | Labour-intensive
Road bed preparation (Rip and recompact) - 0.033 0.350
Gravel wearing course (G5) 125 0.160 1.000
Base course (G4) 150 0.192 1.200
Base course (G3) 125 0.165 N/A
Subbase (G6) 150 0.192 1.200
Waterbound macadam base course 100 1.040 1.370
Slurry seal 10 0.110 2.011
Asphalt 25 0.140 1.170
Concrete blocks 60 0.930° 2.120°

a — Factory produced blocks for paving
b — Based on past experience of the Cement and Concrete Institute, blocks manufactured on
site using labour is not recommended

It must be noted that the objective of this section is not to relax any specifications or
standards provided in COLTO (1998) but to relate the use of labour to such specifications and
standards. Many clauses in the COLTO specification refer directly to the use of specific
construction equipment and techniques for these uses (eg number of passes of compaction
equipment). These clauses, where not appropriate to labour-intensive construction, need to
be identified and replaced by more appropriate statements in the Special Specifications and
Conditions for the specific project.

As mentioned in Section 3.3, definitive method statements for appropriate labour-intensive
activities need to be developed as a complimentary document to this manual. The information
provided in the Appendices of this manual and referenced in Tables 2 and 3, is intended as
preliminary guidelines to help evaluate the suitability of competing alternative activities and
should be used with care by inexperienced practitioners.
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4.1. Pavement design philosophy

The structural design of the pavement should follow conventional techniques, whether using
national or provincial catalogue methods (eg TRH 4%, mechanistic empirical design
technigues (Theyse, 2005°) or the Dynamic Cone Penetrometer (DCP) method (Kleyn
1982°"). Concrete pavement designs will usually be based on the cncPave system® or the
low volume concrete road methods® while block paving would be based on UTG 2 (1987)"° or
LOCKPAVE™. A number of draft documents and guidelines also exist for the use of bitumen
emulsions'” and foamed bitumen™®, although foamed bitumen tends to be less labour-friendly
than bitumen emulsion.

It should be noted that the design methods applied in South Africa are based on many years
of experience, combined with a full scale accelerated pavement testing (APT) programme of
more than 400 sections of road covering a wide variety of pavement structures, climatic and
material characteristics from different regions of South Africa using Heavy Vehicle Simulators
(HVS) (see Section 4.2). Although HVS testing cannot take into account the effects of time, it
does simulate closely the effects of traffic over time with accelerated characteristics such as
overloaded vehicles and moisture sensitivity.

An aspect that must not be underrated in the pavement design is the determination of the
design traffic, bearing in mind that the design traffic is essentially a function of the heavy
vehicles (in terms of E80s). There is no doubt that improvement of a road from unsealed to
sealed standard attracts and generates significant heavy traffic (primarily delivery vehicles)
which, inter alia, soon necessitates upgrading of the pavement and realignment. Hence, the
underestimation of the traffic for projects of this nature should be avoided at all costs. Traffic
estimation on rehabilitation projects tends to be more conventional and accurate.

The engineer must satisfy himself that the chosen design is adequate for the expected traffic
and environment in the area, based on conventional design principles. The fact that some or
all of the layers will be constructed using labour should have no bearing on the structural
nature of the design.

The anticipated life cycle of interventions for a specific pavement have a definite bearing on
the type and composition of the pavement since they will influence the constructability and the
maintainability of the pavement. Thus, the road network management programme and
maintenance capabilities of the client/contractor are important determining factors in the
selection of pavement type. The better the construction and maintenance capabilities of the
client, the less the built-in redundancy or conservatism needs to be. However, without a good
maintenance capability, it may mean that optimally, the design should rather be one bearing
capacity category higher to make it more maintainable. Whatever the specific situation, the
construction cost must be balanced against the overall life cycle strategy cost. The decision
as to whether the road will be a “run-to-death” structure or a standard well-maintained road
with an extended life and with a residual value should be made early in the design process.

Alternatively, it might be more effective to plan for phased construction, starting with a light
pavement (also utilising traffic compaction) and systematically increasing the bearing capacity
by adding the necessary layer/s at fixed intervals or in phase with traffic growth. It should be
noted that this option should only be considered when the client is fully committed to the

4 Department of Transport. 1996. Structural design of flexible pavements for interurban and rural roads. Pretoria: Department of Transport. (Technical
Recommendations for Highways: Draft TRH 4)

° Theyse,EL. 2005. Classical South African mechanistic empirical design method; pavement design series. Pretoria: CSIR Transportek. (TIK 7200)

& Kleyn EG et al. 1982. The Application of a Portable Pavement Dynamic Cone Penetrometer to Determine in situ Bearing Properties of Road Pavement Layers and
Subgrades in South Africa. European Symposium on Penetration Testing, Amsterdam, Netherlands, May 1982.

’ Kleyn, EG et al. 1987. Application of the Dynamic Cone Penetrometer (DCP) to Light Pavement Design. Department of Transport and Public Works, Gauteng.

:Available after registration at www.cnipave.co.za
Perrie, B. 2000. Low volume concrete roads. Midrand: Cement and Concrete Institute
Department of Transport. 1987. Structural design of segmental block pavements for southern Africa. Pretoria: Department of Transport (Urban Transport Guidelines:
draft UTG 2)

1 LOCKPAVE design programme — http://www.cma.org.za

2 Sabita manual 14 (1993), GEMS - The Design and use of Granular Emulsion Mixes

B Asphalt Academy TG2 (2002) — Interim Technical Guideline: The Design and Use of Foam Bitumen Treated Materials
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4.2.

execution of the programme. In this process, areas that are weak will often show premature
failure and a stronger design can be applied to these areas during the phasing programme.

The capacity and likelihood of maintaining the road properly must be an important input into
the design assumptions. In a well-organised and managed road authority, maintenance
operations are usually programmed to be preventative more than reactionary. In these cases,
bitumen surfacings will be maintained such that, for example, regular fog sprays will be
applied to keep the surfacing alive and intact (preventative and routine maintenance) and
potholes are not allowed to develop as a result of poorly maintained fatigue cracking. In a
poorly managed road network system, the maintenance is often restricted to patching
potholes (local pavement failures) by which time the base course and even deeper layers
could have become weakened through de-densification and/or water ingress. The materials
selected and the pavement design needs to take aspects such as these into account.

Once viable pavement structures have been identified, and the Engineer is satisfied that the
pavement will reach its design life under the design assumptions (life cycle strategy), the
opportunity arises for innovation in terms of the materials and the layer types. It is at this
stage that labour-intensive techniques should be considered and incorporated into the project
to maximise the labour content. Materials most amenable to labour-intensive construction
techniques should also be considered at this time. However, the required pavement structural
properties (eg strength and stiffness) identified as part of the design process must still be
achieved.

Heavy Vehicle Simulator Testing

Heavy Vehicle Simulator testing has been applied directly to a number of road sections
constructed using labour-intensive methods. These include various waterbound macadam
structures as well as bitumen emulsion stabilized materials tested in the Makhado (Louis
Trichardt) and Cullinan areas. Labour-intensive sections of untreated ash and composite
macadam were also included in these test sections. Numerous block paved road designs
using labour for construction as well as concrete pavements have also been tested under the
Heavy Vehicle Simulator. The results from all of these tests have been used in many of the
design methods currently employed in South Africa.

The Makhado sections were constructed as part of the N1 (section 28) using a 73 mm
nominal size coarse aggregate and tested using dual wheel loads. The general findings of
these investigations were that the structural performance of pavements constructed using
labour-intensive techniques was equivalent to those constructed conventionally. The HVS
was used to apply approximately 1 million equivalent standard axles (including 100 000
repetitions under wet conditions) to the road sections. The test sections performed
exceptionally well and indicated that the road had a capacity to carry about 37 million
standard axles.

The road sections at Cullinan included waterbound macadam and bitumen emulsion treated
materials as well as untreated ash and composite macadam sections with a conventionally
constructed crushed stone control section. The HVS sections were constructed on relatively
weak support structures and the sections were each subjected to up to 500 000 load
repetitions. The results of testing the macadam sections indicated that the roads were easily
capable of carrying more than 11 million standard axles. Generally all of the sections were
capable of supporting more than 2 million standard axles. The results also indicated that an
improved cost benefit ratio can be achieved if the density specifications on the waterbound
macadams are not relaxed to accommodate the labour intensity.

HVS testing on labour-intensive pavement construction methods were also conducted on
three concrete sections. The first series of tests took place on the N3 close to
Pietermaritzburg at the Hilton off-ramp. The test sections included both dowelled and
undowelled jointed sections of 150 mm thick concrete placed on a G5 supporting layer with
the aim of investigating the influence of the environment and accelerated loading on joint
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deterioration of doweled and plain aggregate interlocking joints using quartzite and dolerite
materials.

Significant outcomes from this research indicated that temperature changes have a significant
effect on slab edge and corner curl. Slab curl due to differential temperatures between the top
and the bottom of the slabs were as high as 0.75 mm. This effect highlighted the importance
of proper concrete pavement construction techniques and proper curing methods. As
expected, the doweled joints performed significantly better than the plain aggregate
interlocking joints.

The second series of tests were undertaken on a 180mm Continuously Reinforced Concrete
Pavement (CRCP) inlay constructed using labour intensive construction methods in the
climbing lane on the N3 northbound at Town Hill. The original 180mm was placed using
labour-intensive construction methods to determine the remaining life of the existing concrete
in-service inlay through HVS testing. The pavement, constructed in 1998, had carried
approximately 6.5 million standard axle loads at the time of testing and, due to the presence
of a significant cracking of the pavement, it became important to determine how long the
structure would last before major rehabilitation would be required. The section was subjected
to 340 000 repetitions using a 60 kN load followed by 223 000 repetitions using a 80 kN load.
Due to the slow rate of deterioration, water was introduced to all cracks from 130 000
repetitions onwards. Even with the aggressive loading and the introduction of water very little
additional damage was detected and by using a damage factor of 4.2, the pavement was
subjected to 5.9 million E80s in addition to the 6.5 million prior to the start of HVS testing.
After the completion of the test, the pavement was still not considered to have failed.

The benefits of HVS testing are clearly illustrated by this study. Due to the presence of a
significant cracking pattern it was thought that the pavement had reached the end of its
structural life. Through HVS testing it was discovered that the pavement has not yet failed and
that a significant amount of traffic could still be carried before any major rehabilitation would
be required.

The third series of concrete-related tests to evaluate the success of labour-intensive
pavement construction methods is the HVS evaluation of ultra thin (up to 50mm thick)
continuously reinforced concrete to be used as an overlay for the rehabilitation of moderate to
high traffic roads. The HVS was used to test the structural strength of a customised concrete
mix with substantial steel reinforcement. The whole construction process is done by labour
except for the mixing of the concrete and the tests were carried out on the N3 Southbound at
the Traffic Control Centre near Heidelberg. The tests have shown that with proper
construction methods and good quality control this type of overlay will be suited to a traffic
demand of over 30million equivalent standard axles with little preparation required to the
existing pavement. The results from the testing have encouraged SANRAL to include this
type of rehabilitation strategy in some of their rehabilitation tenders in Gauteng in 2008.

Block paved road designs were tested in the late 1970s and early 1980s™ culminating in the
publication of UTG 2. Similarly, concrete roads using various thicknesses, as well as various
configurations of steel reinforcement and dowels have been tested using the HVS more
recently with the findings being incorporated in the cncPave design method.

There is no doubt that the use of the HVS to assess pavements such as these allows
significantly more confidence in the development of details for documents such as this one.
Unfortunately, only a limited number of labour-intensive roads have so far been tested with
the HVS. However, most of the basic pavement structures in use today have been assessed
and fine-tuned with the HVS over the years. Thus, there should be no doubt that they are
sound and should perform well, provided construction quality standards are upheld.

* Shackel B. 1980. The evaluation and design of interlocking concrete block pavements subjected to road traffic. Pretoria: CSIR NITRR (Technical Report RP/9/80)
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4.3.

Guide to material selection

There is a large range of possible material types for any specific layer in sealed roads. The
variety typically increases for layers as they approach the surface of the road, with low cost
natural materials typically being used in the lower layers (fill and selected), more costly
treated materials for the subbase and/or base and a wide range of higher cost surfacing
options for the wearing course that actually interacts with the vehicle tyres.

The structural design of the pavement (Section 4.1) will dictate the number of pavement
layers and the thicknesses and strengths of each individual layer. The quality of the in situ
material will dictate which and how many of the layers will have to be imported but
irrespective of this, the controlled pavement depth should not be less than 600 mm for flexible
pavements, although this depth may be reduced in some circumstances for rigid pavements.

Typical pavement designs will be similar to those provided in the catalogue of designs in
TRH 4, UTG 2, cncPave or the design manual of the Gauteng Department of Public
Transport, Roads and Works. Other pavement designs based on less widely used design
methods (see Section 4.1) can also be used providing they carry the approval of the Client.
The different materials for the various layers are summarised in Table 7.

Table 7: Different materials for pavement layers

Layer Typical materials proposed

Surfacing Surface treatment (seals)
Asphalt

Slurry-bound Macadam Surfacing
Concrete

Block paving

Base Natural gravel

Mechanically stabilized natural gravel
Crushed stone

Crusher run

Chemically stabilized gravel (lime or cement)
Bitumen emulsion treated gravel/aggregate
Foam bitumen treated gravel/aggregate
Waterbound macadam

Slurry-bound Macadam

Hot-mix asphalt

Composite Macadam

Concrete

Rollcrete
Subbase Natural gravel

Chemically stabilized gravel (lime or cement)
Selected layers Natural gravel

Chemically stabilized gravel (lime or cement)

Table 8 summarises a range of labour-intensive alternatives for the conventional materials
shown in Table 7. It should also be noted that in many cases, a layer of one material of a
specified design thickness can be replaced directly by a different material of the same
thickness. It is equally important to recognise that a thick layer or two layers of different
material can be replaced by a thinner layer of a stronger material, within the constraints of
maintaining an acceptable pavement strength-balance. However, when the replacement of
one material with another is considered to optimise the labour component, the influence on
the life cycle maintenance strategy/cost and possibly the service life of the pavement could
change significantly and needs to be taken into consideration.
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The importance of the maintenance capacity of the road authority in the area for which the
road is planned is critical to the choice of surfacing and cannot be over emphasised.
Experience has shown™ that if maintenance is likely to be infrequent and of low quality, it is
far more effective to provide a thicker, more durable seal (eg asphalt or Cape seal) during
construction than to accept the likely failure of thinner seals, with relatively lower construction
costs (eg sand and single seals), as a result of poor maintenance practice.

In order to optimise the use of labour-intensive techniques, the engineer needs to consider
the final structural design in the light of whether the individual layers selected are the most
effective in creating employment (see Tables 2 and 3). Each layer needs to be assessed in
terms of whether there are more labour friendly alternatives (see example in Table 4), without
detrimentally affecting the costs, the construction time (the use of more labour on site
shortens the time component) or the quality of the finished product.

In this context, every project could have a number of design alternatives and those that
increase the labour component without sacrificing the design objective and life cycle cost,
should be proposed to the client for consideration.

Typical examples of alternative pavement designs for two traffic categories (0.03-0.1 MISA
and 1-3 MISA) are shown in Table 9. For each alternative design, an assessment of the
optimum labour components for each layer should be undertaken using Tables 2 and 3.

Despite the guidance given in this, and any other design documents, the final design requires
the Engineer to use the knowledge and judgment gained through experience to ensure that
the final structure is the best/optimised engineering solution, within the constraints of the
project requirements. In other words, one does not now design “low cost” as this is a
misnomer that implies that the design engineer is normally not optimising all aspects in his
design. However, there are areas where the in-situ/local materials are of such
quality/availability that road building in that specific location may cost less than in other areas.
The designer should be mindful of this and utilise it to his advantage when it occurs.

*° Sabita Manual 10:- Appropriate Standards for Bituminous Surfacings
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Table 8: Alternative technologies particularly amenable to labour-intensive construction

Layer Conventional Option Labour-intensive alternative Comments
No alternatives but activities can be | Potential to increase labour activities by spreading sand by hand or using manually
Sand Seal L . ; . ;
optimised operated chip spreader and hand spraying with emulsion
Siurry Seals No alternatives but activities can be | Not recommended as a first seal.
Y optimised Potential to increase labour activities by mixing and laying by hand
Surface - — - - — - -
No alternatives but activities can be | Potential to increase labour activities by spreading aggregate by hand or using a
treatment Stone Seals L . - . -
optimised manually operated chip spreader and hand spraying with emulsion
Tack spray can be applied by hand if using emulsion. Aggregate can be applied using
Cape Seal Slurry-bound Macadam (SBM) a manually operated chip spreader and the slurry can be mixed and spread by hand.
Minimum thickness 15 mm for SBM
SBM less flexible than asphalt
. Slurry-bound Macadam Alternative for high traffic volumes at low speeds on rigid pavements (research
Surfacing ongoing)
Asphalt C Alternative for high traffic volumes at all speeds.
ape Seal
See comments under Cape Seals above.
Block paving Total pavement design and associated costs need to be considered
Concrete Consider total pavement design and associated costs. Combined base and surfacing.
Siurrv-bound Macadam See comments for SBM above.
Concrete M Minimum thickness of 15mm applies
Block paving
Siurrv-bound Macadam See comments for SBM above.
Block paving Y Minimum thickness of 15mm applies
Concrete Higher labour component with long maintenance-free life cycle. Higher cost.
Dry/Water-bound Macadam Heavy roII(_ars reqwre(_J to ach!e_ve _den3|ty specifications.
No relaxation of density specifications
Composite Macadams Heavy rollers required to achieve density specifications.
Crushed stone Slurry-bound Macadam Costly if thicker than 50mm
. Labour intensity is equivalent to crusher-run except for lower volume roads where
Emulsion Treated Base :
labour component can be increased.
Concrete High labour component. Combined base and wearing course
Base Dry/Water-bound Macadam See comment above

Cemented Gravel

Composite Macadams

Combined base and wearing course
Heavy rollers required to achieve density specifications.
No relaxation of density specifications

Emulsion Treated Base

Similar labour intensity except for low volume roads where labour component can be
increased

Foam Treated Base

Requires specialised mixing equipment

Concrete

High labour component. Combined base and wearing course.

35




4.4.

Table 9: Examples of Alternative Designs

Traffic Laver Conventional Labour-intensive Designs
Category y Design Alternative 1 Alternative 2
Surfacing | 13.2/6.7 Double 13.2 mm Cape Seal 50 mm UTRCP
Seal
0.1 - 0.3 MISA | Base 125 mm C4 100 mm Waterbound | 50 mm ETB
Macadam
Subbase | 125 mm G6 150 mm G5 100 mm G6
Surfacing | 30 mm Asphalt 30 mm Slurrybound 80 mm Concrete
Macadam Blocks
1.0-3.0MISA Base 150 mm G1 150 mm ETB 100 mm C4
Subbase | 200 mm C4 200 mm C4 100 mm C4
General

It should be noted that a number of the options provided in this document are not included in
the current COLTO Standard Specifications for Road and Bridge Works for State Road
Authorities™® and should be provided for in the special requirements of the project
specifications. It is essential that the Engineer takes note of this and ensures that the project
documentation is compatible with the Standard Conditions of Contract and Specifications.

In line with accepted practice for all civil engineering projects, a labour optimized project must
be completed in accordance with the specifications irrespective of the labour intensity of the
construction methodology or technologies used. In addition, the project team (contractor and
consultant) must comply with, and achieve, the requirements set in terms of costs, quality,
and time. The importance of producing the required quality as specified in the standard
specifications cannot be overemphasised. In fact in some cases, it may be necessary to
include additional quality requirements and checks in the project specification to ensure that
the quality is maintained in all steps of the construction process. Job lots, defined by a days
work or task, will often be smaller than those using conventional plant-based construction.
This, in itself, will ensure that a relatively higher intensity of quality control is applied to the
labour-intensive component of the project.

On any project the specifications form an integral part of the overall project design. As such
the design of the works needs to be undertaken as part of a well defined and holistic process.
The workforce must be dealt with as a design parameter in terms of size, training and
sustainable opportunities. A balanced consideration of this and all the other design
parameters must be carried out to ensure that the project and labour utilization specifications
are realistic and achievable. Over-emphasis on one parameter may sacrifice another; for
example, over emphasis on job creation may sacrifice quality and vice versa. Over emphasis
on quality may sacrifice costs resulting in too conservative designs. Research, development
and innovation must be encouraged within this balanced approach.

The application of the technologies discussed in this document must be applied in practice in
accordance with the norms and specifications applied in the industry. Limitations inherent to
labour-intensive techniques may be easily overcome by specially designed equipment (eg the
introduction of a spinning straight edge beam on guide rails to eliminate the irregularities
associated with narrow plate vibrators on any bituminous slurry road surfaces). Further
consideration should be given to:
- Verifying the level of expertise available for the project;
Developing definitive method statements for all appropriate labour-intensive activities;
Instituting the necessary training to achieve the level of expertise required,;
Prompt observation and correction of sub-standard work while the extent is still relatively
small;

*® COLTO. 1998. Standard Specifications for Road and Bridge Works for State Road Authorities. Midrand: SAICE
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Ensuring specifications are suitable and are strictly applied;
Defining milestones with written approvals by site supervision;
Tolerance towards machine corrections to labour-intensive tasks.

Summaries of each of the possible design alternatives for the various layers and the
advantages/disadvantages of each are provided in Appendices 2 — 26. However, as
mentioned earlier, these Appendices are included for guidance in the absence of
definitive method statements for the various activities and should be used with care.
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Contract documentation, specification and tender evaluation

As stated previously, one of the major objectives of government is to reduce unemployment
and create job opportunities. As such, the construction industry, of which the road
construction sector is a significant part, has been identified as a major contributor to achieving
this objective. Hence, the sector will need to review its current implementation models and
develop more innovative designs for future construction, rehabilitation, maintenance and
upgrading of the road network. However, as with all major changes with philosophy and
approaches, in order to manage change effectively, outputs must be measurable.

The various implementation models that need to be considered will dictate that different types
of contract documentation, specifications and tender evaluation procedures will be required.
Typical examples of different implementation models are the:

Design-and-construct (turnkey) implementation model,

Construction management model.

The unique features of any of these implementation models will dictate different
documentation suites with different measurable milestones. Typically, the optimum labour
content can be disclosed as a design condition/specification offered by the tenderers on a
score-sheet to be weighted during tender evaluation. The labour component proposed by the
successful tenderer must become a condition of contract and must be measured during the
execution of the work. Bonus incentives or penalties can be introduced for compliance or
non-compliance.

The introduction of the Expanded Public Works Programme (EPWP) is a government initiative
to create temporary work opportunities using public sector expenditure and has its own
preferred contract documentation and specifications supported through legislation to protect
the principles of job-creation. However, this manual goes beyond the aim of the EPWP in that
all road construction projects, irrespective of size, will be sensitised towards job-creation. The
experience gained as part of the development of the EPWP in order to break out of the
previous ring-fenced labour-intensive programmes will provide valuable inputs for this
manual.

Currently, all public sector bodies involved in the provision of infrastructure are expected to
contribute to the EPWP that was formally launched by the State President in January 2004.
This introductory section outlines the policy framework within which the EPWP contracts of
the Gauteng Department of Public Transport, Roads and Works should be formulated to
conform to government objectives.

The EPWP is one of governments short to medium-term programmes aimed at alleviating and
reducing unemployment through the provision of work opportunities coupled with appropriate
training. It is a national programme covering all spheres of government and state owned
enterprises.

The programme involves re-orientating line function budgets so that government expenditure
results in more work opportunities, particularly for unskilled labour. EPWP projects will
therefore be funded through the normal budgetary process of line-function departments,
provinces and municipalities and opportunities for implementing the EPWP have been
identified in the infrastructure, environmental, social and economic sectors. In the
infrastructure sector the emphasis is on creating additional work opportunities through the
introduction of labour-intensive construction methods.

Labour-intensive construction methods involve the use of an appropriate mix of labour and
machines, with a preference for labour where technically and economically feasible, without
compromising the quality of the product. Internatio