
 
 
 
 
 

LOW COST STRUCTURES  
FOR RURAL ROADS 

 
A review of existing books, 
manuals and design guides 

 
 
 
 
 
 
 

Paul Larcher 
 
 
 
 
 
 
 

MART Working Paper No. 13



 
 

© Institute of Development Engineering, Loughborough University, Leicestershire, LE11 3TU 
 
 
 
 
ISBN 1 900930 17 X



Preface - The MART Initiative 
 
The Management of Appropriate Road Technology (MART) initiative aims to reduce the 
costs of constructing, rehabilitating and maintaining road infrastructure, and vehicle 
operations in economically emerging and developing countries (EDCs).  It is based on a 
research project funded principally by the Department for International Development 
(DFID), formally the Overseas Development Administration (ODA), under its 
Technology Development and Research (TDR) provision.  The initiative is led by the 
Construction Enterprise Unit of Loughborough University's Institute of Development 
Engineering, in association with two UK-based specialist consultants Intech Associates 
and I.T.Transport.  
 
The MART programme is concerned with supporting sustainable improvements in road 
construction and maintenance in developing countries.  This implies the effective use of 
local resources, particularly human resources and readily available intermediate 
equipment (especially wheeled agricultural tractors and related ancillary equipment).  To 
optimise the use of scarce financial resources, it also requires the effective mobilisation 
of the indigenous private sector (particularly small domestic construction enterprises), 
and the application of good management practices in both contracting and employing 
organisations. 
 
The first phase of the MART programme will inter alia draw together existing expertise 
in labour- and intermediate equipment-based technology and the development of private 
construction enterprises to produce a series of guidelines on the four priority topics of: 

• handtools; 
• intermediate equipment; 
• private sector development; and 
• institution building. 

 
Through undertaking this work it was noticed that the quality of simple structures built 
on many local and rural roads were of poor standard.   An extension to the initial MART 
project was therefore proposed which would address this issue by providing a design 
manual for the planning, design, construction and maintenance of highway structures.  
 
The MART initiative is strongly research-based, and both the DFID and the MART 
partners see its main impact as providing analysis and codification to support practical 
project initiatives.  Thus much of the output will be in the form of journal papers and 
other formal publications suitable as reference material and providing an independent 
and reliable record of the advancing state of the art. 
 
MART welcomes dialogue with engineers, equipment designers and manufacturers 
regarding designs, products or experience of intermediate equipment with the objective 
of the promotion of a sustainable road sector technology and management approach for 
EDCs. 
 
This document is an output from a project supported by the Department for International 
Development (DFID) for the benefit of  developing countries.  The views expressed are 
not necessarily those of the DFID.
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Introduction 
 
Road construction plays a major role in the development capabilities of a country, 
particularly in the rural areas.  Numerous road construction projects have aimed to 
provide low cost roads.   One of the major components of these road networks are the 
structures which are required to cross streams and rivers. These structures can range from 
simple water pipes to large multi-span bridges.  Although many technical manuals and 
standard design briefs have been published, often as part of these projects, they often 
describe structures that require the import of expensive construction materials and 
equipment such as large lifting cranes.  These are resources which road authorities or 
contractors in remote areas of many low income countries do not have or cannot afford.  
Little attention has been paid, on these projects, to the use of local resources and 
indigenous skills such as masonry, brick or manufactured blocks for the construction of 
highway structures rather than reinforced concrete. 
 
A manual is required that offers guidelines on the design and construction of low cost 
structures that use local resources available in low income countries.  The aim of the 
manual is to develop the utilisation of the resources which are readily available in 
developing countries; cheap labour and local materials.   It is envisaged that it will cover 
the provision of all structures that may be encountered on rural roads, including; small 
and large culverts, vented fords and simple short span bridges.  The manual will be 
aimed at private contractors and consultants, local government highway departments and 
other organisations involved in infrastructure provision. Its contents will aim to offer all 
the engineering background which will be required to make the necessary decisions from 
planning and assessment, the choice of appropriate structural design and construction 
method to maintenance of the finished product.  
 
The first stage in producing this manual has been to undertake a desk study of existing 
material covering the design, construction and management of highway structures.  
Various local government departments and technical advisors on road programmes have 
produced guidelines or manuals for their own area or project that can often contain useful 
reference material.  Unfortunately the majority of this material could be classified as 
‘grey published’ material and hence not widely available in the public domain.  This desk 
study has succeeded in assembling a wide collection of this ‘grey published’ material 
along with more widely published work on the subject of low cost highway structures.   
 
This literature review provides a critique of the collected material in an attempt to assist 
in the search for suitable supporting information prior to the production of the low cost 
structures manual.  The project to produce this manual commenced in May 1997 and will 
culminate in the publication of the manual at the end of the summer 1999.  Although the 
publication of the manual may supersede this review for some readers, it is likely that it 
will still be useful for readers who are interested in a particular or specialist aspect of low 
cost highway structures which may not be covered in sufficient depth in the manual.  The 
main part of this review provides a complete reference, a short description of the 
information contained in each work and a classification of the subjects that are discussed.  
This classification is indicated in the text as a series of letters after the title.  The table 
below indicates the subject area signified by each letter.
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Subject Letter Subject Area 

A Accounting, Financial 
B Bridges 
C Culverts 
D Design 
E Environmental 
F Failures 
H Hydraulics 
I Irish Bridges, Fords, Causeways and Drifts 

M Materials 
N Maintenance 
R River Protection, Erosion Control 
S Site Planning, Construction 
T Slope Stability 

 
The books and papers are listed in alphabetical order by author’s name.   However, for 
readers who are interested in a particular topic all the material reviewed by the report is 
listed by subject area at the end of the report.   Items which cover more than one topic are 
listed under each relevant subject area.  At the end of the report there is a list of 
publishers addresses.  This list does not cover all the publishers of material reviewed, as 
the exact source of many of the reports is unclear.  However, the ASIST project 
(Advisory Support, Information Services and Training for labour based roadworks) 
which is an ILO supported project may be able to supply copies of some items of ‘grey 
published’ material.  ASIST maintains a library of over 7000 books, reports, manuals and 
guides covering a wide range of low cost and appropriate technology road and other 
infrastructure work.  The address for ASIST is also included at the end of the review 
 

Abbreviations appearing in the report 
 

APCVE American Peace Corps Volunteer Engineers 
ASCE American Society of Civil Engineers 
CIRIA Construction Industry Research and Information 

Association (UK) 
CTP Construction Technology Paper 
DRIMP District Road Improvement Programme (Malawi) 
HMSO Her Majesty’s Stationary Office (UK) 
ICLVR International Conference on Low Volume Roads 
KHARDEP Kosi Hill Area Rural Development Programme 
MoLG Ministry of Local Government 
MoPW Ministry of Public Works 
MoW Ministry of Works 
RAR Rural Access Road 
SPWP Special Public Works Programmes 
TRL Transport Research Laboratory (UK) 
TRR Transportation Research Record (US) 
UNIDO United Nations Industrial Development Organisation 
WEP World Employment Programme 
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Agingu J, Bosma G, 1992, Trapezoidal culvert rings: Introduction and strength 
calculations, ASIST, ILO Nairobi 
(C, D) pp6 
This paper offers an alternative design to the traditional unreinforced circular concrete 
culvert.  It explains the benefits of using a trapezoidal shaped culvert and includes design 
calculations to prove the design. 
 
 
APCVE, 1965, Manual of standard bridge design, (East Pakistan Rural Public Works 
Programme), Basic Democracies and Local Government Department, East Pakistan 
(B, D, F) pp44 
This purpose of this manual was to assist those involved with planning and designing 
small bridges on rural roads.  The manual covers the design process including design 
examples and the various causes of bridge failures.  The manual also contains a series of 
design drawings for bridges with concrete and timbers decks for spans from 3 to 7.5m 
which require basic resources and simple techniques to construct. 
 
 
Arne Engdahl, 1987, Drifts: Training course notes, Roads Training Centre, Gaborone 
(I) pp40 
This set of training course notes introduce the concepts of drifts and when they should be 
used instead of culverts.  The note also explain how a drift can be constructed using 
profile boards to set out the approaches and the drift itself.  Four types of drift are 
discussed and their methods of construction; cement bound stone paving, dry pitched 
stone paving, concrete slabs and gabions 
 
 
ASCE, 1990, Retaining Forest Roads, Civil Engineering (Dec 1990), ASCE 
(D, E, T) pp50-53 
This article discusses some of the ways the US Forestry Service has achieved practical, 
economical and environmentally acceptable designs of retaining ways for their rural 
roads.  The article includes the design of an old tyre retaining wall and the use of 
different backfill materials. 
 
 
Berger L, Greenstein J, Arrieta J, 1987, Guidelines for the Design of Low Cost Water 
Crossings, TRR 1106, Transportation Research Board, Washington 
(A, B, D, M) pp10 
This paper reviews the different designs and materials which can be used for the 
construction of bridges on low volume roads in central America.  The article indicates 
that the standards which have been used on these roads need only be suitable for vehicles 
up to 10 tonnes, resulting in major cost savings when compared with full specifications.  
The use of gravelled fords, split deck concrete bridges and timber bridges are discussed. 
 
 
 
 
Blakelock R, Barr J, Barr P, 1987, Bridge Inspection in developing countries, 4th ICLVR, 
TRR 1106, Transportation Research Board, Washington 
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(B, N) pp140-146 
This paper reviews the Bridge Inspector’s Handbook and Guide produced by TRL 
(referenced below).  It discuses the background to the guide and the stages in its 
production.  The handbook and guide are reviewed highlighting key points and the 
reasons for its final layout, to be readable and understandable by engineers and bridge 
inspectors.  Finally the paper discusses the field trials of the handbook and guide. 
 
 
Brandon T, 1989, River Engineering - Part2, Structures and Coastal Defence Works, 
Institute of Water and Environmental Management, London 
(D, H, N) pp332 
This book is the second of two volumes and covers the design and construction and 
maintenance of water structures.  It is primarily concerned with the design of river 
control structures such as lock, weirs and sluices, but also includes limited discussion on 
river protection, culverts and bridges.  There are two useful chapters on maintenance 
issues and construction planning and management. 
 
 
Clark J, Hellin J, 1996, Bio-Engineering for Effective Road Maintenance in the 
Caribbean, Natural Resources Institute, Chatham, UK 
(E, M, R, T) pp122 
This book discusses the use of vegetation for the control of erosion and stabilising slopes 
indicating the functions different types of vegetation can perform.  Six simple techniques 
are described, along with the vegetation species that may be used, which are useful in the 
road sector for drainage control.  The book also contains a large section which gives 
background details of eleven species which are suitable for bio-engineering.  These 
species are normally found in the Caribbean, however the description of the species and 
specification of different planting material should allow practitioners in other areas to 
make use of the information. 
 
 
Coghlan G, Davis N, 1979, Low Water Crossings, 2nd ICLVR, Transportation Research 
Board, Washington 
(I) pp6 
This paper explains the differences between fords, vented fords and low water bridges.  It 
examines the location and financial criteria for selecting the most appropriate crossing 
and discusses the design features of each of the 3 types of crossing.  The paper includes a 
number of photographs with case studies of low water crossings showing different design 
failures. 
 
 
Department of Roads - Nepal, 1995, Construction Guidelines for Low Cost Feeder 
Roads, Ministry of Works and Transport, Government of Nepal 
(D, E, M, S) pp22 
This booklet lists the construction standards for 8 different structures encountered on 
Nepalese feeder roads.  The majority of the structures are constructed from masonry and 
are shown in a series of figures which indicate the salient design features. 
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Department of Roads - Nepal, 1997, Use of Bioengineering in the Road Sector, Ministry 
of Works and Transport, Government of Nepal 
(E, M, R, T) pp20 
This manual produced by the geo-environmental unit explains how bio-engineering can 
be applied within the road sector.  It introduces the concepts of bio-engineering, explains 
the techniques which can be used and assists with the selection of the most appropriate 
technique. 
 
 
Department of Roads - Nepal, 1997, Design Standards for Feeder Roads, Ministry of 
Works and Transport, Government of Nepal 
(A, D) pp22 
This booklet lists the design standards to be adopted for feeder roads with different levels 
of traffic encountered in Nepal.  It also has useful information highlighting criteria for 
upgrading the standard of the road and highway structures. 
 
 
Eriksson M, 1983, Cost effective low volume road stream crossings, 3rd ICLVR, 
Transportation Research Board, Washington 
(B, C, I) pp5 
This paper discusses the design issues in choosing an appropriate stream crossing for low 
volume roads.  It explains that site selection is the most important factor in the design 
and offers low cost design solutions for bridges according to the span.  The paper also 
discusses low level water crossings and includes 2 case studies from bridges provided by 
the US forestry service which explains the principle and advantages of a low water 
bridge with an overflow channel. 
 
 
Farraday R, Charlton F, 1983, Hydraulic Factors in Bridge Design, Hydraulics Research, 
Wallingford 
(B, D, H, R) pp102 
This book explains in fairly simple terms the different hydraulic issues which need to be 
addressed when designing bridges over rivers.  It describes the data which needs to be 
collected and a step by step design process which must be undertaken to ensure that 
bridges will be able to withstand the loads exerted by the water and changing flow 
patterns due to scour of the river bed.  Each chapter is extensively referenced. 
 
 
Flavell D (ed), 1994, Waterway Design, Austroads, Sydney 
(B, C, D, H) pp138 
This book provide guidance on the selection of design floods required for the various 
aspects of the design of waterway structures and the hydraulic design of bridges, culverts 
and floodways.  It also provides information for the design of works required to protect 
these structures from the affects of scour. 
 
 
Freedman G, 1989, Bridges and Culverts, in Low Cost Unsurfaced Roads, Forestry 
Engineering Group, Institute of Agricultural Engineers, Silsoe, UK 
(B, C, D) pp24 
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This paper is directed towards the design of low cost structures on UK forest roads, 
highlighting where standards can be reduced or simplified from those specified in the UK 
bridge design codes.  It concentrates on reinforced concrete culverts and bridge decks but 
also gives recommendations and empirical rules for the siting and design of bridges and 
culverts. 
 
 
Gichaga F & Parker N, 1988, Essentials of highway engineering with reference to warm 
climates, Macmillan, London 
(A) pp314 
This book has a chapter which deals with costing options for different highway crossing 
solutions.  It explains how future maintenance and replacement costs can be included in a 
calculation to determine the whole life cost of a structure and hence best solution from a 
financial view point. 
 
 
Gupta D P, 1997, Manual on Route Location, Design, Construction and Maintenance of 
Rural Roads, Special Publication 20, Indian Roads Congress, New Delhi 
(D) pp108 
This book primarily covers the design and construction of roads, however it has two 
chapters covering drainage and cross drainage structures.  Other sections of the book 
highlight design issues which are effected by highway structures.  This book would be a 
useful reference if structures were to be designed on a new road. 
 
 
Hedström, Carl-Eric, , 1994, Culvert manual, Road Training School, Lusaka, Zambia 
(C, D, H) pp54 
This detailed manual on culvert hydraulics, design and construction was prepared for the 
labour based feeder roads project in Zambia.  It examines the advantages and 
disadvantages of different types of culvert and explains how to size culverts based on 
hydraulic design.  The construction techniques for different types of culvert are explained 
and finally the level of maintenance which should be undertaken is introduced 
 
 
Hemphill R, Bramley M, 1989, Protection of river and canal banks, CIRIA Water 
Engineering Report, Butterworths, London 
(D, E, H, M, R, T) pp200 
This book aims to provide guidance on the selection and design of methods of bank 
protection on rivers, canals, and other waterways, with particular reference to UK 
practice.  It identifies the different causes for bank failures, reviews present UK design 
practice and identifies the engineering, economic and environmental parameter which 
affect the choice of protection structure. 
 
 
Heyman J, 1980, The Estimation of the Strength of Masonry Arches, Proc. Institute of 
Civil Engineers Part 2 Dec   
(D) pp921-937 
This paper discusses the development of the simplified method for estimating the 
strength of masonry arches by the military load classification.  It discusses the 
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mathematical proof of the assumptions made and explains that the strength of an arch is 
closely related to its span and crown thickness.  The paper suggests that nomographs 
could be used to predict strength with correction factors used to account for span/rise 
ratio, mortar condition and quality of material used. 
 
 
Hindson, 1983, Earth Roads: Their Construction and Maintenance, IT Publications, 
London 
(C, D, I, R, S) pp124 
This book covers the design and construction of earth roads for traffic up to about 50 
vehicles per day.  It concentrates on the control of water through drainage control 
measures.  The first half of the book deals with the theory of road design which includes 
splashes, drifts and culverts.  The second half of the book deals with the techniques of 
construction offering different solutions for different topological conditions.  The second 
half of the book also includes a section on maintenance. 
 
 
HMSO, 1983, Bridge Inspection Guide, HMSO, London 
(F, N) pp52 
This book provide guidelines for consultant and contractors on how to undertake bridge 
inspections in the UK.  It is intended as a supplement to the Department of Transport’s 
technical memorandum on the inspection of highway structures, indicating proposed 
methods and best practice techniques in order to satisfy the requirements of the 
memorandum. 
 
 
Howell J et al, 1991, Vegetation Structures for Stabilising Highway Slopes: A manual for 
Nepal, Dept. of Roads, Kathmandu 
(E, F, N, M, R, T) pp182 
This manual was prepared following six years work on vegetation structures in Nepal by 
the Maintenance and rehabilitation co-ordinating unit of the department of roads.  It 
discusses different vegetative stabilisation and small scale engineering techniques and 
provides flow diagrams and tables to assist with the choice of the  most appropriate 
solution to different problems.  The manual also provides information about 
implementing bio-engineering which includes the management of a nursery.  
 
 
 
 
ILO, 1985, Gully Correction, UNDP/ILO, Geneva 
(R) pp54 
This booklet forms part of a training course for site foremen.  It explains how gullies 
develop and why they deteriorate.  It also describes the main aims of drainage control 
and with the use of simple line drawings how to build and maintain simple erosion 
control structures. 
 
 
ILO, 1991, Stone Masonry, (Training Element and Technical Guide for SPWP Workers 
Booklet 2), UNDP/ILO, Geneva 
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(M, S) pp84 
This booklet covers the design, construction and maintenance of small masonry 
structures which include culverts and small headwalls.  It may be used as a technical 
manual for site personnel or as the basis for a training course for site supervisors in the 
use of masonry for construction. 
 
 
ILO, 1986, Gabions, (Training Element and Technical Guide for SPWP Workers Booklet 
3), UNDP/ILO, Geneva 
(M, S) pp84 
This booklet is similar to its predecessor covering stone masonry.  It does not specifically 
deal with highway structures but, highlights the uses of gabions and how they should 
constructed. 
 
 
Intech Associates, 1992, Kenyan Minor Roads Programme Technical Manual Vol.1, 
MoPW, Nairobi, Kenya 
(C, I, R, S) pp252 
This manual sets out the Minor roads programme technical standards and gives guidance 
on planning and control of road improvement work.  It is aimed at engineers and other 
technical personnel who may be working on labour based road construction.  The manual 
consists of 13 modules covering different aspects of road construction and maintenance 
which include small structures and erosion control. 
 
 
Irwin L, Nieber J, 1975, A New Approach to Highway Drainage Design, in Special 
Report 160, Transportation Research Board, Washington 
(C, D) pp92-104 
This paper explains how small culverts and ditches which are regularly designed in the 
same area for low volume roads can be made more efficient.  The author proposes the use 
of a series of tables to estimate runoff, culvert size selection and ditch size selection.  The 
author points out that the run off tables would be specific to a particular area, but may be 
derived if rainfall data is available.  
 
 
I T Transport, 1996, Design Guidelines for low volume roads (4th edition), Ministry of 
Works, Lesotho 
(D) pp68 
These guidelines provide standards for the design of tertiary roads primarily for the 
construction using labour based techniques.  The guide primarily covers the standards for 
geometric and cross section design for roads, however there are two chapters which 
cover drainage structures and erosion protection. 
 
 
I T Transport, 1996, Technical Manual for Low Volume Roads (2nd Edition), Ministry of 
Works, Lesotho 
(Q, S) pp165 
This manual accompanies the design manual which is produced by the MoW.  It details 
the techniques for undertaking upgrading and construction of tertiary roads using labour 
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based methods.  The manual concentrates on the techniques for roads but, like the design 
manual, there are two chapters on drainage and soil erosion.  This manual superseded the 
1st edition which was prepared by Scott Wilson Kirkpatrick. 
 
 
Jackura K, Hannon J, Forsyth R, 1983, Experimental tire-anchored timber wall, 3rd 
ICLVR, TRR 898, Transportation Research Board, Washington 
(D, E, T) pp197-202 
This paper explains how old tires and railway timbers were used to create a retaining 
wall up to 4m high.  The tires were used as anchors in the backfill and the timbers used 
as the wall facings. 
 
 
Johnson A, 1989, Concrete: Construction Supervision, MoPW, Indonesia 
(M, S) pp30 
This booklet was prepared by the Aceh Provincial Irrigation Project under the control of 
the Directorate General of Water Resources Development.  It is a check list and ‘aide 
memoire’ for construction supervisors covering the factors which must be addressed 
when constructing using concrete.  Topics covered include; checking reinforcement and 
formwork, mixing and placing concrete, curing and testing. 
 
 
Jones T, Parry J, 1993, Design of Irish bridges, fords and causeways in developing 
countries, Highways and Transportation (Jan 1993), Institution of Highways and 
Transportation, London 
(I) pp28-33 
This article explains the differences between the different types of low level water 
crossing.  It discusses the site selection and materials which may be used for the different 
crossings.  The article also describes with a series of photographs and diagram the key 
design points of the different structures. 
 
 
Kadam S.P, 1993, Vented Paved Dips for Rural Roads, Indian Highways 
(D, H, I) pp14 
This paper discusses the uses of vented fords on rural roads to allow for monsoon rains.  
It concentrates on the issues of scour downstream of the structure but also discusses the 
hydraulics of a vented ford when it is being overtopped.  The optimum dimensions for a 
structure are provided which include a standard construction drawing.  
 
 
Lal G, 1995, Guidelines for the design of small bridges and culverts, Special Publication 
13, Indian Roads Congress, New Delhi 
(B, C, D, H, I, R) pp176 
This book covers the complete design of small bridges and culverts from the collection of 
the initial design data to the preparation of construction drawings.  It concentrates on the 
mathematics of the estimation of maximum water flows and scour around structural 
supports.  However, other empirical results and solutions are also described throughout 
the book to simplify the design process where applicable. 
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Lipangile T, 1997, The Manufacture, Supply and Installation of Woodstave Road 
Culverts in Tanzania , Annual Roads Convention 97, Tanzanian Roads Authority, Dar es 
Salaam 
(C, D, M) pp321-331 
This paper discusses the use of treated wood staves for the construction of culverts from 
diameters of 450mm to 1200mm.  It describes the manufacturing and installation process 
and highlights design specifications.  The paper also explains the advantages of using 
these culverts which include reduced storage and transportation costs as culverts are 
assembled on site.  Finally the economic and environmental advantages are discussed. 
 
 
 
Local Government Engineering Dept. - Dhaka, 1996, Maintenance of Rural 
Infrastructure Course, Human Resource Development Unit, Local Government 
Engineering Dept., Dhaka, Bangladesh 
(M, S) pp106 
The book is the course text for the Dhaka Engineering Departments maintenance course.  
The course covers 8 topics of which 7 are related to road maintenance.  There are two 
topics related to structures, one on concrete structures and the other on bridges and 
culverts which covers the common maintenance problems and how to address them 
 
 
 
Local Government Engineering Dept. - Dhaka, 1995, Road and Road Structures Course, 
Human Resource Development Unit, Local Government Engineering Dept., Dhaka, 
Bangladesh 
(B, C, D,) pp129 
This book is a course text for Engineers undertaking the design of road infrastructure 
course.  Approximately one third of the course deals with the design of highways 
structures initially discussing hydraulic issues and then the design steps for bridges and 
culverts.  The course also contains a session that addresses quality control and materials 
sampling. 
 
 
 
 
Markerink, H J, 1985, Timber bridges for developing countries, Expert Group Meeting 
on Timber Construction, UNIDO, Geneva 
(B, D, S) pp29 
This paper describes 7 different types of bridge design undertaken by a Dutch consultant 
predominately in Indonesia.  The bridges included in the paper are of relatively complex 
design with spans form about 10 to 50 metres.  It also indicates the different factors that 
must be taken into account when a large bridge is to be constructed with timber. 
 
Mehta, RR, 1978, Standard design and specifications for box culverts on rural feeder 
roads, ILO, Geneva 
(C, D) pp25 

 11



This technical instruction offers specifications and design drawings for the construction 
of six concrete box culverts with spans from 0.5 to 4m.  Design calculations and tables 
are also included in order to assist with the design of different size culverts not included 
in the instruction. 
 
 
Ministry of Agriculture - Kenya, 1990, Small Holder Irrigation Manual: Structures part 
3: Culverts, Ministry of Agriculture, Irrigation and Drainage Branch, Republic of Kenya 
(C, D) pp45 
This manual is aimed at engineers in the Ministry of Agriculture who are designing 
irrigation schemes and forms part of a series of manuals on irrigation schemes.  It mainly 
deals with the design of small pipe and bridge culverts.  It initially covers general 
selection and design considerations, before discussing alternative designs with the aid of 
worked examples.    
 
  
Ministry of Local Government, Design manual for the construction of culverts, small 
bridges and sluices, Rural Development and Co-operatives (MoLG), Government of the 
People’s Republic of Bangladesh 
(B, C, D, S) pp208 
This manual is aimed at local engineers and community leaders to enable them to 
understand the process of providing highway structures.  It discusses the fundamental 
planning and engineering principles of structures and explains the field data and 
conditions required.  Common construction practices are explained along with the 
records and inspections which should be carried out during and after construction.  The 
manual also contains a chapter on contract procedures and documentation and a variety 
of reinforced concrete design examples. 
 
Ministry of Transport and Communications - Kenya,  1983, Drainage structures manual 
for RAR overseers, Staff Training Department, Ministry of Transport and 
Communications, Nairobi 
(B, C, I, N, S) pp48 
This manual explains the practicalities of siting and constructing culverts, drifts and 
small bridges for Rural Access Road overseers.  It contains useful information for 
supervisors indicating specific design and construction points that should not be 
overlooked when carrying out the construction.  The manual also has an section on 
maintenance of structures which explains the problems cause by a lack of maintenance 
and tasks that should be undertaken.  
 
Ministry of Works - Malawi, 1983, DRIMP Foreman’s manual, Ministry of Works, 
Malawi 
(B, C, I, S) 
This manual prepared for the use of foreman on the DRIMP project explains in simple 
words and pictures how to prepare a work site and construct simple bridges, culverts and 
drifts.  It covers ‘site design’ issues, such as the staggering of running boards and setting 
out, rather than detailed design procedures.   In addition to highway structures the 
manual covers other aspects of highway construction and maintenance. 
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Ministry of Works - Tanzania, 1991, Concrete Technology: Handbook for Supervisors of 
Bridge Construction Units, Department of Roads and Aerodromes, Tanzania 
(M, S) pp36 
This handbook is aimed at engineers and supervisors of construction work which 
involves the use of concrete.  It covers all the aspects of concrete technology from the 
selection of materials to the curing of finished concrete.  The handbook also includes 
chapters on the concrete theory, testing and interpretation of concrete reinforcement 
drawings. 
 
 
Morris, J, 1995, Earth Roads, Avebury 
(B, C, I, M, N, R, S) pp304 
This book is a practical guide for managers and engineers of agricultural estates to 
provide guidelines and practical advice on how roads can meet the needs of their 
commercial operation.  It concentrates on earth and other unsealed roads in developing 
countries, but has extensive sections  covering bridges and culverts.  The majority of the 
solutions discussed make use of timber which is likely to be available as a by product 
from the agricultural operations. 
 
 
Odier L, et al, 1967, Low Cost Roads, UNESCO, Butterworths, London 
(D, N) pp158 
This book aims to offer guidelines on the design, construction and maintenance of rural 
roads in developing countries.  It covers issues ranging from road planning and 
geometric design to construction operations and road maintenance.  There is also a 
chapter which discusses road drainage that includes a short section on bridges and 
culverts. 
 
 
Otte E, Pienaar A, 1995, Low Level Stream Crossings in Developing Areas, 6th ICLVR, 
Transportation Research Board, Washington 
(I) pp4 
This article describes 3 structures used in the rural areas of South Africa to provide low 
cost stream crossings; concrete slab, vented concrete slab and stone masonry bridge.  The 
structure utilised at each site depended on the level of water flow.  The article explains 
that the structures used required a reduction in the national road standards but were 
adequate for the level of traffic and budget available. 
 
 
Parry J , 1981, The Kenyan low cost modular timber bridge, TRL Lab report 970, 
Transport Research Laboratory, Crowthorne, UK 
(A, B, D) pp34 
This report assesses the design of a wooden truss bridge used in Kenya.  It suggests some 
modifications to the design, reports results of loading tests performed on the structure 
and provide guidance on safe loading and costs.  The report also contains detailed design 
drawings and possible construction methods. 
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Ring S, , 1987, The Design of Low Water Stream Crossings, TRR 1106, Transportation 
Research Board, Washington 
(D, I) pp10 
This paper highlights the general applications and types of low water stream crossings.  It 
discusses the general design criteria for low level stream crossings and concentrates on 
the detailed design of vented fords.  The different construction techniques are described 
and the selection of suitable construction materials covered in detail. 
 
 
Schuster R., Jones W, Scak R., Smart S., 1975, Timber crib Retaining Structures, Special 
Report 160, Transportation Research Board, Washington 
(D, T) pp 116-127 
This paper describes a study which analytically investigated the structural behaviour of 
timber crib retaining structures.  The paper describes the different types of internal and 
external failures which can occur with a timber crib wall.  It concludes that walls are 
most likely to fail externally rather than the failure of one of its members, however, it 
will often remain functional even when it has failed.  The paper discusses methods and 
formulae for calculating the ‘bursting’ pressures on the timber structure. 
 
 
Taylor G, 1982, Comparison of wall costs, (KHARDEP report 31), I T Transport, 
Ardington, UK 
(A, M, T) pp9 
This report compares the relative costs of dry, composite, cement bound and gabion 
retaining walls, taking into account the length of stone haul.  The report also gives some 
design considerations and recommendations for choosing different wall types. 
 
 
Taylor G, 1982, An approximate method for the sizing of culverts, (KHARDEP report 
39), I T Transport, Ardington, UK 
(C, D, H) pp9 
This report gives a simple method for calculating the size of culverts required to 
accommodate the flood discharge based on rainfall intensity, time of concentration and 
catchment characteristics.  It is based on the conditions and data from Nepal, but may be 
adapted using to other areas using local data. 
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Taylor G, 1990, Low Cost structures - Local resource alternatives, in Labour-based 
Technology: A review of current practice (WEP CTP 121), ILO Geneva 
(C, M, T) pp9 
This paper examines the use of masonry for the construction of highway structures.  The 
design and resources required to construct dry stone retaining walls are explained.  The 
methods of using  
stone in cross drainage slab and arch culverts is also discussed. 
 
 
Thagesen B (ed), 1996, Highway and Traffic Engineering in Developing Countries, E & 
FN Spon, London 
(C, D, N, S) pp485 
This textbook covers the planning, design, construction, maintenance and management of 
roads in tropical developing countries.  It contains a section on drainage design which 
covers hydrology and hydraulic design and another section which discusses maintenance 
strategies and management. 
 
 
TRL, 1988, Bridge Inspectors Handbook  Vol. 1 & 2,  (ORN7), Transport Research 
Laboratory, Crowthorne, UK 
(B, C, N) pp20 & pp208 
The object of these two volumes is to allow a district engineer to establish and operate an 
effective bridge and culvert record system.  The guide explains the principles of record 
keeping and contains a series of proforma record sheets.  The pocket size handbook 
(vol2) deals with the actual inspection highlighting, through the use of photographs and 
drawings, the items which should be checked and recorded. 
 
 
TRL, 1992, A Design Manual for Small Bridges, (ORN7), Transport Research 
Laboratory, Crowthorne, UK 
(B, C, D, H, I, M, N, R, S) pp223 
This manual prepared by TRL offers a comprehensive set of guidelines to highways 
engineers for the design and of small bridges and culverts.  It covers the whole process 
from the planning stage to the final preparation of detailed specifications and drawings.  
It is intended for practising engineers who may not be highway specialists.  The designs 
which are discussed in the manual are appropriate for relatively large roads or traffic 
flows and predominately utilise reinforced concrete. 
 
 
TRL, 1997, Principles of low cost road engineering in mountainous areas (ORN16), 
Transport Research Laboroatory, Crowthorne, UK 
(C, E, R, T) pp150 
This manual describes and explains techniques for designing, constructing and 
maintaining roads in mountainous areas.  It contains sections on drainage and retaining 
walls as methods to control erosion and maintain slope stability. 
 
 
Tufnell R, 1995, Dry Stone Causeways, Appropriate Technology Vol. 22 No. 1, 
Intermediate Technology Publications, London 
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(I, M) pp3 
This article explains in simple practical terms, with sketches, how to build a masonry 
causeway or vented ford. 
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List of Low Cost Highway Structures Information by Category 
 
Accounting/Financial - A  
Comparison of wall costs Taylor G 
Design Standards for Feeder Roads Department of Roads - Nepal 
Essentials of highway engineering  Gichaga F & Parker N 
Guidelines for the Design of Low Cost Water Crossings Berger L et al 
The Kenyan low cost modular timber bridge Parry J  
 
 

 

Bridges - B  
A Design Manual for Small Bridges TRL 
Bridge Inspection in developing countries Blakelock R et al 
Bridge Inspectors Handbook  Vol. 1 & 2 TRL 
Bridges and Culverts Freedman G 
Cost effective low volume road stream crossings Eriksson M 
Design manual for the construction of culverts, small 
bridges and sluices 

Ministry of Local 
Government 

Drainage structures manual for RAR overseers Ministry of Transport and 
Communications - Kenya 

DRIMP Foreman’s manual Ministry of Works - Malawi 
Earth Roads Morris J 
Guidelines for the Design of Low Cost Water Crossings Berger L et al 
Guidelines for the design of small bridges and culverts Lal G 
Hydraulic Factors in Bridge Design Farraday R, Charlton F 
Manual of standard bridge design APCVE 
River Engineering - Part2 Structures and Coastal Defence 
Works 

Brandon T 

Road and Road Structures Course Local Government 
Engineering Dept. - Dhaka 

The Kenyan low cost modular timber bridge Parry J  
Timber bridges for developing countries Markerink H 
Waterway Design  Flavell D (ed)  
 
 

 

Culverts - C  
A Design Manual for Small Bridges TRL 
A New Approach to Highway Drainage Design Irwin L, Nieber J 
An approximate method for the sizing of culverts Taylor G 
Bridge Inspectors Handbook  Vol. 1 & 2 TRL 
Bridges and Culverts Freedman G 
Cost effective low volume road stream crossings Eriksson M 
Culvert manual Hedström C-E 
Design manual for the construction of culverts, small 
bridges and sluices 

Ministry of Local 
Government 

Cont’d  
Culverts - C  cont’d  
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Drainage structures manual for RAR overseers Ministry of Transport and 
Communications - Kenya 

DRIMP Foreman’s manual Ministry of Works - Malawi 
Earth Roads Morris J 
Earth Roads: Their Construction and Maintenance Hindson 
Guidelines for the design of small bridges and culverts Lal G 
Highway and Traffic Engineering in Developing Countries Thagesen B 
Kenyan Minor Roads Programme Technical Manual Vol.1 Intech Associates 
Low Cost structures - Local resource alternatives Taylor G 
Principles of low cost road engineering in mountainous 
areas 

TRL 

Road and Road Structures Course Local Government 
Engineering Dept. - Dhaka 

Small Holder Irrigation Manual: Structures part 3: 
Culverts 

Ministry of Agriculture - 
Kenya 

Standard design and specifications for box culverts on 
rural feeder roads 

Mehta RR 

The Manufacture, Supply and Installation of Woodstave 
Road Culverts in Tanzania 

Lipangile T 

Trapezoidal culvert rings: Introduction and strength 
calculations 

Agingu J, Bosma G 

Waterway Design  Flavell D (ed)  
 
 

 

Design - D  
A Design Manual for Small Bridges TRL 
A New Approach to Highway Drainage Design Irwin L, Nieber J 
An approximate method for the sizing of culverts Taylor G 
Bridges and Culverts Freedman G 
Construction Guidelines for Low Cost Feeder Roads Department of Roads - Nepal 
Culvert manual Hedström C-E 
Design Guidelines for low volume roads (4th edition) I T Transport 
Design manual for the construction of culverts, small 
bridges and sluices 

Ministry of Local 
Government 

Design Standards for Feeder Roads Department of Roads - Nepal 
Earth Roads: Their Construction and Maintenance Hindson 
Experimental tire-anchored timber wall Jackura K et al 
Guidelines for the Design of Low Cost Water Crossings Berger L et al 
Guidelines for the design of small bridges and culverts Lal G 
Highway and Traffic Engineering in Developing Countries Thagesen B 
Hydraulic Factors in Bridge Design Farraday R, Charlton F 
Low Cost Roads Odier L et al 
Manual of standard bridge design APCVE 
Manual on Route Location, Design, Construction and 
Maintenance of Rural Roads 

Gupta D P 

Design - D   cont’d  
Protection of river and canal banks Hemphill R, Bramley M 
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Retaining Forest Roads ASCE 
Road and Road Structures Course Local Government 

Engineering Dept. - Dhaka 
Small Holder Irrigation Manual: Structures part 3: 
Culverts 

Ministry of Agriculture - 
Kenya 

Standard design and specifications for box culverts on 
rural feeder roads 

Mehta R 

The Design of Low Water Stream Crossings Ring S 
The Estimation of the Strength of Masonry Arches Heyman J 
The Kenyan low cost modular timber bridge Parry J  
The Manufacture, Supply and Installation of Woodstave 
Road Culverts in Tanzania 

Lipangile T 

Timber bridges for developing countries Markerink H 
Timber crib Retaining Structures Schuster R et al 
Trapezoidal culvert rings: Introduction and strength 
calculations 

Agingu J, Bosma G 

Vented Paved Dips for Rural Roads Kadam S.P 
Waterway Design  Flavell D (ed)  
 
 

 

Environmental - E  
Bio-Engineering for Effective Road Maintenance in the 
Caribbean 

Clark J, Hellin J 

Construction Guidelines for Low Cost Feeder Roads Department of Roads - Nepal 
Experimental tire-anchored timber wall Jackura K et al 
Principles of low cost road engineering in mountainous 
areas 

TRL 

Protection of river and canal banks Hemphill R, Bramley M 
Retaining Forest Roads ASCE 
Use of Bioengineering in the Road Sector Department of Roads - Nepal 
Vegetation Structures for Stabilising Highway Slopes: A 
manual for Nepal 

Howell J et al 

 
 
 

 

Structural Failures - F  
Bridge Inspection Guide HMSO 
Manual of standard bridge design APCVE 
Vegetation Structures for Stabilising Highway Slopes: A 
manual for Nepal 

Howell J et al 

 
 
 
 

 

Hydraulics - H  
A Design Manual for Small Bridges TRL 
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An approximate method for the sizing of culverts Taylor G 
Culvert manual Hedström C-E 
Guidelines for the design of small bridges and culverts Lal G 
Hydraulic Factors in Bridge Design Farraday R, Charlton F 
Protection of river and canal banks Hemphill R, Bramley M 
River Engineering - Part2, Structures and Coastal Defence 
Works 

Brandon T 

Vented Paved Dips for Rural Roads Kadam S.P 
Waterway Design  Flavell D (ed)  
 
 

 

Irish Bridges, Fords, Causeways and Drifts - I  
A Design Manual for Small Bridges TRL 
Cost effective low volume road stream crossings Eriksson M 
Design of Irish bridges, fords and causeways in developing 
countries 

Jones T, Parry J 

Drainage structures manual for RAR overseers Ministry of Transport and 
Communications - Kenya 

Drifts: Training course notes Arne Engdahl 
DRIMP Foreman’s manual Ministry of Works - Malawi 
Dry Stone Causeways Tufnell R 
Earth Roads Morris 
Earth Roads: Their Construction and Maintenance Hindson 
Guidelines for the design of small bridges and culverts Lal G 
Kenyan Minor Roads Programme Technical Manual Vol.1 Intech Associates 
Low Level Stream Crossings in Developing Areas Otte E, Pienaar A 
Low Water Crossings Coghlan G, Davis N 
The Design of Low Water Stream Crossings Ring S 
Vented Paved Dips for Rural Roads Kadam S.P 
 
 

 

Materials - M  
A Design Manual for Small Bridges TRL 
Bio-Engineering for Effective Road Maintenance in the 
Caribbean 

Clark J, Hellin J 

Comparison of wall costs Taylor G 
Concrete Technology: Handbook for Supervisors of 
Bridge Construction Units 

Ministry of Works - Tanzania 

Concrete: Construction Supervision Johnson A 
Construction Guidelines for Low Cost Feeder Roads Department of Roads - Nepal 
Dry Stone Causeways Tufnell R 
Earth Roads Morris 
Gabions ILO 
Guidelines for the Design of Low Cost Water Crossings Berger L et al 
Materials - M   Cont’d  
Low Cost structures - Local resource alternatives Taylor G 
Maintenance of Rural Infrastructure Course Local Government 
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Engineering Dept. - Dhaka 
Protection of river and canal banks Hemphill R, Bramley M 
Stone Masonry ILO 
The Manufacture, Supply and Installation of Woodstave 
Road Culverts in Tanzania 

Lipangile T 

Use of Bioengineering in the Road Sector Department of Roads - Nepal 
 
 

 

Maintenance - N  
A Design Manual for Small Bridges TRL 
Bridge Inspection Guide HMSO 
Bridge Inspection in developing countries Blakelock R et al 
Bridge Inspectors Handbook  Vol. 1 & 2 TRL 
Drainage structures manual for RAR overseers Ministry of Transport and 

Communications - Kenya 
Earth Roads Morris 
Highway and Traffic Engineering in Developing Countries Thagesen B 
Low Cost Roads Odier L et al 
River Engineering - Part2, Structures and Coastal Defence 
Works 

Brandon T 

Vegetation Structures for Stabilising Highway Slopes: A 
manual for Nepal 

Howell J et al 

 
 

 

River Protection, Erosion Control - R  
A Design Manual for Small Bridges TRL 
Bio-Engineering for Effective Road Maintenance in the 
Caribbean 

Clark J, Hellin J 

Earth Roads Morris 
Earth Roads: Their Construction and Maintenance Hindson 
Guidelines for the design of small bridges and culverts Lal G 
Gully Correction ILO 
Hydraulic Factors in Bridge Design Farraday R, Charlton F 
Kenyan Minor Roads Programme Technical Manual Vol.1 Intech Associates 
Principles of low cost road engineering in mountainous 
areas 

TRL 

Protection of river and canal banks Hemphill R, Bramley M 
Use of Bioengineering in the Road Sector Department of Roads - Nepal 
Vegetation Structures for Stabilising Highway Slopes: A 
manual for Nepal 

Howell J et al 

 
 

 

Site Planning, Construction - S  
A Design Manual for Small Bridges TRL 
Concrete Technology: Handbook for Supervisors of 
Bridge Construction Units 

Ministry of Works - Tanzania 
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Concrete: Construction Supervision Johnson A 
Construction Guidelines for Low Cost Feeder Roads Department of Roads - Nepal 
Design manual for the construction of culverts, small 
bridges and sluices 

Ministry of Local 
Government 

Drainage structures manual for RAR overseers Ministry of Transport and 
Communications - Kenya 

DRIMP Foreman’s manual Ministry of Works - Malawi 
Earth Roads Morris 
Earth Roads: Their Construction and Maintenance Hindson 
Gabions ILO 
Highway and Traffic Engineering in Developing Countries Thagesen B 
Kenyan Minor Roads Programme Technical Manual Vol.1 Intech Associates 
Maintenance of Rural Infrastructure Course Local Government 

Engineering Dept. - Dhaka 
Stone Masonry ILO 
Technical Manual for Low Volume Roads (2nd Edition) I T Transport 
Timber bridges for developing countries Markerink H 
 
 
Slope Stability - T  
Bio-Engineering for Effective Road Maintenance in the 
Caribbean 

Clark J, Hellin J 

Comparison of wall costs Taylor G 
Experimental tire-anchored timber wall Jackura K, et al 
Low Cost structures - Local resource alternatives Taylor G 
Principles of low cost road engineering in mountainous 
areas 

TRL 

Protection of river and canal banks Hemphill R, Bramley M 
Retaining Forest Roads ASCE 
Timber crib Retaining Structures Schuster R. et al 
Use of Bioengineering in the Road Sector Department of Roads - Nepal 
Vegetation Structures for Stabilising Highway Slopes: A 
manual for Nepal 

Howell J et al 
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