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PART ONE

Transport means the movement
of people and goods ...

1 PROCESS and means of moviag
people and  goods are normually
reterred to as “tramsport”, whether
the meirs involved is a bicyele or an
ol tanker. In 12 industrialized
wtons the twerm has become
ssnonvinous with - motor
teuchs. buses, traims, ships and
wrcralt, because  those  are  the
meins of ransport most commonly
tsed there. T developing countries
these methaods of transport are also
but they  are much  iess
important to the majority of people.
Most people do not have aceess to
vehicles of this sort, which theeetore
catmol mect many of thew needs.
More amportant to the poor are
forms ol local lind transport, based
on the use of simple vehicles which
ST INCRPCNNIVE T own and operate,
and which can travel over the narrow
paths and vnmade roads which torm
the Lirgest part of the route network
they have (o use. 1o as this Kind of
transport which s the coneern of this
book

Calls,

llht‘l'.

«. but it is more than just large
vehicles o major routes,

Pransport authorities.  whether
governmental or independent, are
rarcly concerned with any type of
transport other than large vekicles
on major routes. Organizations with
other primary concerns, such as

agriculture or health, often address
themseives o problems off “aceess™.
avindabiling’. cdistnibation”  and
mobitity”, but they do not usualhy
reler 1o aspecitic need for transport,
The purpose of tats book i 1o
highlight the tact that transpost s
nccessary in many different fields of
acvity, and to show that there are
many  more  ways ol meeting
transport needs than just by using
large vehieles on major routes.

Transport is needed for many
reasons...

Transport is different from other
needs’, such as the need for food or
housing. in that it s required only 1o
enable other activities to take place.
It enables people to obtait: access to
services, or o work away from their
home. or to make visits: it enables
poods to be marketed: it enables
matenals to be gathered, and used
where they are wanted. The 1otal
transport requirements of o society
cicompitss many permutations of
different types of load. of different
sizes and weight, to be moved over
different distances and iypes of ter-
rain. Itis worth giving some peneral
examples in various fields of activity
in order to identify the types of
transport need with which this book
I$ concerned.

... in agriculture ...

In develeping countries most




agricultural work is carried out on
smali farms to produce subsistence
crops and. where possibie, surpluses
to create cash income. It can be ar-
gucd, as the FAQ has done, that the
tarmer 15, above all. a transporter.
Tools, tertilizer, seeds and produce
must all by moved between field.
store and markel, and transporting,
them is often the single most time-
consuming activity. The means of
transport used therefore has a very
important effect on overall produc-
tvity. and it may play a crucial role
in determining  whether  surplus
crops can be marketed successfully.

... in business ...

Al businesses involve communi-
cation, by telephone. by letter and
also by personal visits to customers.,
supplicrs and  other contacts. In
places where other forms of com-
munication are poor, personal (ravel
is particularty important in conduct-
ing business. Manuacturing and
trading companies reiy on transpott
tor the defivery ol matertals and
goods, and Tor the distribution of
linished products 1o customers. The
cost and efficieney of the mecans of
transport cmployved can have a sig-
nficant cllcet on profitability and
SUCCUSS.

... in domestic work ...

Two  tasks  which  dominate
domestic work foi many people are
the coliection and movement of fucl
and water. The method of transport
most commonly used is simply to
carry loads on the head. shoulder or
hack. Frequently it is women who do
these tasks, and it is unusual for any

[ ]

kind of equipment or vehicle to be
used which would reduce  the
amount of time or effort involved.
Domestic work muy alse involve
travelling to a town or market to
purchase food or other gouds. The
frequency of such trips and the
places visited are conditioned by the
type and cost of the transport which
is available.

... in education ...

Education is largely concerned
with providing people with access to
information and learning factlities.
Whether those -t sources are laken
to where people live, or whether
people ravel to a central school o
college, & need for transport still
exists. In rural arcas the level of ac-
cess 1o a school, and the means of
wansport available. can have o cru-
ctal influence on the effectiveness ot
the educational service — on the
supply of teaching materials, on the
provision of management and sup-
port services and on the willingness
of teachers to work at a particular
place. Equally these factors wili in-
fluence the attendance at the school,

... in kzalth care ...

Eealth care is sinmlarly concerned
with providing people with access to
medical facilities and personnel. The
problems of providing access are
often acute. [t is difficult for peopie
who are ill to travel very tar. particu-
farly if walking is the only means of
transport available. With the trend
towards decentralization of
{acilities, and greater use ot
paramedical staff to visit patients in
their home or vikiape. the importance




of transport in providing heaith carc
increases.  Equipment.  medicines
and other supplies hiave to be distri-
buted without detenoration  en
route, and staff must be able to
travel, often 1o remote locations, to
reach their patients.

... and for social activities.

is clear’ s ery dessrable . particularly
in socicties where family ties are
strong. In most societies some form
of personal transport. be it an ani-
miil. a bicvcle or a4 motor car. 15 a
prized possession. Studies of the im-
pact of rur:l road programmes show
that one of the most important con-
sequences of the provision of a road
is often an increase in personal travel.

People in societies at every leve!
ol development attach great impor-
tance o personal mobility. The
ability to travel freely, not just for
practical purposes but to  visil
friends and relatives, or for recrea-
tion, may not be o *basic nced’. but it

Transport is essential in meeting
basic needs ...

a pre-eminent priority for the indi-
vidual. and it is the wmm of many

The satisfaction of “basic needs’ is

Box A Distance and use of health facilities

® _jtwis loundin Kenya that 30 per cent of the outpationts auending i
health centre lived within S miles of it, 30 per cent lived between S and 10
miles from it and i further 30 per cent lived more than 10 miles away ...
approximately four times as many people came from each square mile
within the 0 - 5 mile zone as came from one in the 5 - 10 mile zone. The
same grossly inequitable distribution of outpatient services has also been
obwerved in Uganda!

®  Similar data on attendance and distance are available for a study from
[usaka’.

Disiance fronm hospital Ratio of patients

attending hospital

less than Sk Iin2
S5-8km lin3
O-1okm fins
17-32kmn linit7
J3-Hm I in4d6

® Ancye hospital serving a large area of Tanzania has recorded that 70
per cent of patients attending for the treatment of cataracts live less than
30km away. Only 20 per ¢ent live within a radius of 30 to S0km. and just 10
per cent come from further away.




governments and aid agencies in
their attempts to stimulate develop-
ment. "Basic needs” have been de-
fincd as comprising two 2lements:
Firsis they melude certam minimum re-
quirements ol a fanddy (or private con-
sumption: adequate tood. shelter and
clothing., as well as certain houschold
cyquipment and furndure. Sceeond. they
include exsentisl services provided by and
for the commumty at large. such as sate
drinking water, sanitation. public 17ans-
pent and health, cducation and cultural
Lacilities
For the individual, meeting the firsg
clement of these needs normally in-
volves  time-consuming and  ardu-
ous labour in fetching water from the
river or well, bringing in the harvest
trom the field. and gathering wood
from the forest. In these terms trans-
port is a denived need, the type and
ntensity of trimsport required being
dictated by the particular  necds
which 1t is being used to satisty,

... and impreved transport is an
essential par? of development .

The clement of these
necds s satisfied only when com-
munities or socictics can produge
more than s required for subsistence
alone. Since many  productive
activities involve moving people
and goods, as the above examples
show, overall productivity can often
he ncreased by improving  the
means  of  transport  emploved.
Where populations are widely dis-
persed, and resources available for
providing essential services are
himited. mproved  transport  will
provide better aceess to the ser-
vices that do exist. Examples of how
the aceessibility of services affects

second
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the extent to whichshey are used are
aiven in Box AL

Most people require local
transport ...
The ype of transport  which

peopic use is both that which they
can afford and that which meets
their immediate needs. Improved
mcethods  of transport must,  of
course. fulfil the same requirements.
So what are these immediate necds?
Relatively  few  surveys  have
examined the transport needs of the
mdividual. Studics which have been
carried out tend to focus on rural
communities, and some of their im-
portant finding. are presented in
Bax B. The resalis of these studics
indicate that transport in rural com-
munitics  has  several  amportang
characternstics:

® small-scale farmers move Joads
of relatively small size and
welght over short distanees;
subsistence-related tasks, such
as cultivation and the collec-
tion of firewood and water,
dominate houschold travel:
most trips are village/commun-
ity orientated; and

many longer trips are made for
social and wellare purposes.

It is reasonable to argue that,
while specific trip characterisiics will
be different, the transport needs of
poor urban communitics follow a
similar pattern. The majority of trips
are short distance. for economic
amd houschold purposes. Trips to
and from paid work . when this is av-
ailable. tend to replace those as-
sactated with agriculture.




Box B Transport needs in rural areas

& A World Bank study in Kenya indicated that smallhoelders there gen-

erally need to move small loads (10-150kg) over relatively short distances
(1-25km). For farm-based activities, loads arc about the same but dis-
tances are shorter (1-13km). Domestic requirements involve moving
Stikg of water and 30kg of firewood per day which takes 3-6 hours. Where
additional water is required for crop spraving, 2-3 tonnes of water are re-
Juired during the year to spray a halt hectare of cotton — a formidable
amountif headloading is used for transport *

¢ Another ceport about village life in Southern and East Atrica stated
that in an average family of six or seven, one person’s sole job s to collect
fircwood

& in many arcas of Kenva, waere fanmily members tvpically find
cmployment off the farm, passenger transport is required oncee or twice i
wmaonth for trips back to the farm o visit the tamitv. In general the dis-
tunces mvolved for these tnps range from 23-50km. and kads caened are
NUHUER

@ A study e India reveaked that 81 per cont of the weighi of goods
movement wis within the viilage. with an averaswe trip length of 3k,
Outside the vitlage the average trip leagth was 8 3k "

® A study of rural mobility and communications in Mexico found that

houschold heads travelled. on average. about 1100km. cach veis on jour-
nevs related o work and over 1200km. a vear for general purposes. 63
pereent of trips were local. 10 per cent regional and 25 per cent long dis-
e

... to meet individual needs. ‘Canventional’ transport meets

- . , , some needs ...
Fhe best way of mecting these in-

dividual needs is o have aceess toa
means of (ransport of saitable size,
capahility and cost. An individually-
owned means ol transport ensures
control and availability as and when
1tis necded, and transport costs are
not dictated by others. When trans-
port has to be hired. most nceds wll
be met by aserviee winich is flexible,
locally onentated and economically
cificient fov the car-iage of smuall
foads over short distances.

A

In  arcas  where  coaventional
motor vehicles are avilable they are
widely used. Their availabtlity s de-
pendent on the existence of asystem
of suitable roads, and. since few
people own motor vehicles, on the
operation of commercial vehicles for
hire on those routes. Motor vehicles
are normally made available cither
by itaerant traders. or by private
operators, co-operabves or public
sector transport services. In dealing




with itinerant traders the producer
delegates responsibility for trans-
porting and marketing goods by sei-
ling at the farm or factory gate. This
is certainly convenient, but where no
alternative means of transport exists
it means that the trader can dictate
terms and depiess the price paid.
Private transport services may simi-
larly be able to dictate terms. Many
co-aperatives have been successful
in providing transport over fixed
routes  for limiticd pumbers  of
people. In general, however, they
have failed to provide an effective
transport service  {or widely  dis-
persed customers with small and var-
uble cavgoes. Pubtic sector trans-
port services are often cheaper for
the consumer . but they generally use
large vehicles and tend to be oper-
ated only on a himited number of
more unportant routes,

Commercial motor vehicle ser-
vices are widely used for longer trips
— indeed the demand olien leads to
overloading. frequent breakdowns
and consequently unreliable service.
The charge 1o the user vines consid-
crably: with private services the
price is often setiled by negotiation,
depending on the length of journey,
the load being carried and the com-
petitton for business on the route,
For @l commercial services which
use Cconventional” motor vehicles,
unit charges tend to be higher for
smati loads and short trips.

... but other forms of transport
are used ...

The main reason why tew people
o setor vehicles in developing
countrics (typical ownership levels

6

are between 1 and 25 per 1000
people. compared with about 300 for
the UK. and over 640 for the
U.S.AL), issimply ihat they cannot af-
ford 0 buy them. Although ihese
figures will increase. it is unlikely.
given current trends in economic
and population growth. that the situ-
ation will chang: significantly in the
foreseeable future. Other types of
vehicle are much more  widely
owned and used, however. These
are very much cheaper to buy and
operate; they are easier to manuiac-
ture, use and maintain: and many
are capable of operating on narrow
paths and unmade roads. If the lit-
eral mearing of “vehicle” is used. i.e.
including non-whecled devices. they
can be described as a range of “hasic
vchicles'. This range includes aids to
human porterage at onc extreme,
and basic versions of conventional
motor vehicles at the other. Because
of their relatively low purchase price
they cin also be described as “low-
cost’. The range covers many dilfe-
rent types of vehicle. but the com-
mon characteristic is that they are all
able to meet local needs — indeed
many of them have evolved locally in
response 1o these needs.

.. t0 meet many needs.

The construction and operational
characteristics of the complete range
of low-cost vehicles are described in
Part Two. but it is important to un-
derstand how widely they are used.
Knowledge of this aspect is incom-
plete because only a limited number
of surveys which have considered
them as part of the transport system
have been carried out, and many do




not normally appear in statistics for
licensed or registered vehicles. The
evidence that does exist. however,
clearly indicates thar they are the

most common means of meeting the
majority of everyday transport
needs. The results of some o1 these
studics are presented in Box C.

Box C Availability and use of vehicles

@ Surveys in Kenya (1971) showed that over 90 per cent of rural trips
were on toot, 4 per ceat by bicycle, with just 2 per cent by motorized
transport.®

* A study in India (1977-8) showed that 74 per cent of households did
not own any type of wheeled vehicle, nor did 89 per cent of households
with less than 5 heetares of lund. 17 per cent and 9 per cent respectively
owned an anmimal cart or bicycle.?

® Another survey in India (1980) indicated that ncarly 40 per cent of
rural households spend no money on travel or transport,

®  Astudy in Malaysia (1981) reported {3 per cent of houscholds as own-
ing no wheeled vehieles, and a further 32 per cent as owning only a bicy-

cle !

® InaNigerianstudy (1981) 32 per cent of the houscholds owned an ani-
mal used for transport and 68 per cent a bicyele. About 27 per cent owned
a4 motor eveie and 15 per cent other motor vehicles. 12

® Ewvidence from the Philippines (1980) indicates that peopie who use
commercial public transport have incomes at or above the median income
levelsi.e. the poorest travel little on these services, !

A wide range of vehicles exists ...

Eight broad categories of low-cost
vehicles can be defined:

® Carrying aids;

Wheelbarrows and handcarts;
Amimal transport;
Pedal-driven vehicles;

Motor cycles and conversions;
Bicycle and motor cycle
traalers:

Basic motor vehicles:
Agricultural vehicles.

. @

These categories encompass a wide
range of vehicles which cater for
many different needs. The type of
vehicles used vary according to
transport requirements, as described
previously, and to circumstances
such as income level, topography.
route conditiors. chmate, local re-
sources and capabilities, and cultural
traditions.

.. but not all are widely available ...

Not all these vehicles are available




cverywhere, In some places many of
them are found: in others very few.
Somie are used only 'n one or two
countries, and certain types are used
in just one region within a country.
Exampies are given in Box 2. Com-
mon sense indicates that the reason
for this is not that the transport
needs and social and economic cir-

cumstances of diiferent countries or
regions are so specialized that cer-
tain vehicles are appropriate there
and nowhere clse: instead it is much
more likely that alternatives to the
vehicles currently used are simply
unknown to those who could exploit
the knowledge.

Box D Uncommon but effective low-cost vehicles

The chee-geh . a traditional load-carrying frame worn on the back. is
believed to be unigue to Korea. 1ts main advantage over other carrying
aids is that it can be picked up and set down - ithout assistance.

The Chinese wheelbarrow is of quite different design from the wheel-

barrow found in most other parts of the world, Scientific tests have proved
it to be very effective. but it s rarely seen outside China.

& I'wo-wheeled handearts are used to move goods by hand in many
countrics. ‘Fhey are particularly common in Indo-China.where they are
also used as bicvele wrailers w extend the range and specd of operation.
®  The motor evele and sideca. combination, which is a popular means of
moving both poads and passengers in rurin and ueban areas of the Phil.-
pines, is found in very {ew othetr countries.

® A range of motorized ithree-wheeled vehicles has evolved on the island
of Crete to meet the demand for a means of moving goods and people
around farms and vineyards in the gencrally hilly terrain. They are also
used by farmers as personal family trancport, both locally and for longer
trips into urban arcas. They are especially useful at harvest time when

muany ¢xtra people are needed 1o work in the vineyards.

... and their potential has yettobe
fully realised.

The lack ol alternatives to existing
vehicles is inevitably a major con-
straint on people’s etforts to improve
their methods of transport. People

will only use a beiter method if it s
both affordable and meets their needs.
For many people. 2 graduated
choice of efficient low-cost vehicles
undoubtedly meets ti.ose criteria
better than a limited range of much
more expensive vehicles, yet these




basic vehicles are not readily availa-
ble to many who cou'd make use of
them.

Low-cost vehicles offer otber ben-
efits in addition to those felt by the
user:

& they can be made by local man-
ufacturers, tsing manly local
resources and materials;

thev minimize  requirem.snts
for lorcign exchange for initial
purchase. Tucl and spare parts:
and

they  can provide  uscful
emplovment in their manufac-
turing and maintenance, and
in their use to provide trans-
port services, at a low mvest-
ment Cost.,

The benctits of using low-cost vehi-
cles are thus felt by sociely as a
whole, as well as by individuals,
There is undoubtedly greai potential
I many countrics for the provision
and use of this type of transport
— which has not vet been fully
exploited

Benefits would result from
improving transport ...

For the user. ong or more of a
. - . ]
aumber of benelits will result trom
using better methods of transport:

® [vss ime or elfort may be re-
yuired to move a given load;
labour or ather operaiing costs
may be reduced:

journeys may be gquicker, more
comfortable or tess expensive:
transport bottlenecks may be
relieved. which will reduce the
delays and costs caused by
transport not being available:
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® the cfticiency of other opera-
tions may be amprosved by
making transport avaidable at
the right time and place: and

® other activities may be permit-
ted to take place.

... by applying existing technology
more widely ...

There is a variety of ingenious and
efficient low-cost vehicles which are
widely used in countries such as
Indonesia. Malaysia. the Philippines
and South Korea. Yol in many de-
veloping countries such vehicles are
notl used at all. ITn many cases im-
provements could be made by the
transfer  of - elficient  transport
technologies  from the  countries
where their atility has been proven
to arcas where they are unknown.

by improving
technology ...

existing

Muany low-cost vehicles are tradi-
tional devices which have remamed
unchanged for vears. Almost all of
them could be improved by applying
contemporary technical knowledge,
materials and manufacturing
techniques so as to increase thetr
efticiency and usctuiness.

and by developing new
technology ...

Many low-cost vehicles are adap-
tations or conversions of other vehi-
cles which were originally designed
for a differemt purpose. In making
improvements it is sometimes pref-
crable to design a new vehicle from
first principles rather than simply to




make  further modifications.  The
new vehicle will thus be based on the
same concept as the existing one., but
the detailed engineering will be dif-
ferent. Designing o vehicle, even a
non-wheeled or non-motorized one,
is far from straightforward. The
resull may appear simple. but it re-
quires considerable engineering skill
to make something which is simple
and which works well. Tne this case
simple” means that the vehicle s
casy to operate and maintain, is at-
tractive to the prospective owner.
can  be  manufactured  with
mimmum investment and can be

sold at a competitive price. Itisalso
important that the vehicle s de-
stgned to suit local market require-
ments and manutacturing resources.
Some examples of the way in which
equipment can be designed for tocal
manufacture are given in Box E.
Designing the vehicle is only the
first step towards successful man-
ufacture however. Testing and mar-
ket research: provision of adequate
financial resources; and effective
production. management and mar-
keting methods. including making
tinance available for purchasers., will

all play their part.

Box E Design for local manufacture

In designing products to by manufactured and markcted in countries
which have yet to establish a sophisticated and widespread industrial in-
frastructure, it is particularly important to take local circumstances into
account. Materials and components which are already available localty
shoutd be wtilized as far as possibie, and the design should be capable of
being manulactured with machinery and skills which already exist, or
which can be obtained easily. In transferring technologies between coun-
trics it will be considerably easier and less expensive to adapt the design o
suit the new circumstances, rather than attempt to change the cir-
cumstinces (o suit the design.

For example. one developing country in Asia imports hundreds of
thousands of 40mm. diameter bearings for its large mining industry.
These, and thie corresponding steel shafts, are readily available at rela-
tively low prices because of the large quantitics imported. A vehicle
rigidly designed around 25mm dianteter bearings would be unable to take
advantage ol these cheap components, and the relatively small import
guantities would almost certainly make them more expensive than the
stock items.

In order to achicve successful small-scale production it is often impor-
tant to rationalize the design by minimizing the number of different types
and sizes of materials used to reduce purchasing and inventory costs and
to mmmimize the fixed costs of manufacturing plant.

10




Box F Road development and prospects

&  Eveninacomparatively wealthy country such as Egypt. 32 per cent of
villages are not provided with earth road access (1981); they are con-
nected to larger villages, and thence the road neiwork. only by foot-
paths.™

e In India (1978) about 70 per cent of villages do not have all-weather
road connections, and 55 per cent are not connected to any type of road.
Under current development plans the proportion of villages without an
all-weather road connection will be reduced to 60 per cent by 1990 at
(1978) cost of USH 3.5 billion. 1#

e According to the Pakistan Census of Agriculture (1980). nearly haif
of Pakistan’s population lives eight kilometres or more away from a ser-
viceable road link and is almost completely isolated during the rainy sea-
son. During the period 1978-83 a total of approximateiy 6 (00km. of
furm-to- market roads were added to the existing rural network of nearly
R3I000km. 1t s estimated that as many as 160.000km. of farm- to-market

roads are reqgutired to serve adequately a totat of over 44,600 villages.te

Past efforts to improve transport

Most governments and aid agencies
have alwass considereid investment
N ransport to beoan important
priority. That investment has in-
vartiibly been focussed on the con-
struction of roacds, particularly those
designed 1o be used by cars and
fracks. With construction costs of
rural roids using conventional ¢apital
intensive methods of $36.000 per
kilometre or more, even tor so-
calicd tow-cost” roads. very large
sums of money have been commit-
ted. Progress with the extension of
the motosable network  has
been correspondingly impressive. ie
terms of the aumber of kilometres
constructed. but there s still a long

road

way 1o go before the network wall
reach evervone. (see Box By,

... have not been focussed on the
provision of vehicles.

As ransport is 4 combination of
road (of whatever guastity ) and veli-
cle it ds surprising that more cm-
phasts hias not been placed on the
provision of vehicles to complement
the investment in roads. Presuniably
there has been an uaderlving as-
sumption that privie sector witia-
tives  would take care of  this,
Evidently tlus has ot happened to
any great extent, and in many cases
efforts to do so have been hampered
by shortages ot foreign exchange 1o
pay for imported motor vehicles.




luel and spare parts, In many of the
photographs in Part Two people are
to be seen carrving loads for long
distanees on motorable roads, pre-
sumably because more  efficient
vehicles which they coutd afford to
usc are not avatlable,

Some countries have already
begun to adopt a new approach.

The use of Tors-cost vehicles will un-
doubtedly be encouraged by govern-
ment intervention and assistance. In
wo  countries in particular,  toe
People’s Republic of China and the
Socialist Republic of Vietnam, there
hie. been formal recognition of the
impossiihity of putting sutficient ia-
vestments into both roads and vehi-
cles to make motorized transport
avaddable to o vgniticant proportion
of the poputation within a reasoni-
ble period of tme. The dependence
ol most people on paths. tracks and
trachtional vehicles tor most of their
transport needs has been aceepted,
and considerable mvestments have
been made in order to improve
them. rather than replace them. A
crucial part ol this approach has
been to produce certatn technolog-
wally advanced items — such as
hearings, pneumatic  tyres, and
components for spoked wheels and
pedal drives — on a large scale in
order to achieve acceptable quality
at a reasonable price. These compo-
nents are then incorporated into
vehicles which can be manufactured
Dy local commumtics on a smatl
scale i order o meet their particu-
lar needs and resources. Further de-
tatls of measures taken o promote

l‘)

low-cost transport in China and
Vietnam are givenin Box G
Ideally. the startimg point tor the
planning of transport improvemants
should be an analysis of tho speciie
local-level transport sccds ot indi-
vidual housciolds or communities.
The analysis should not be resiricted
to the needs of agncultural produc-
tion. where so much atiention s
focussed i present. but should in-
clude the whole range of economic.
social and other activities as well.
This analysts will allow the most
cffective  measures for mecting
these needs to he identified. These
measures. which might include the
introduction of suitable means of
transport and provision of approp-
riate infrastructure widl be aimed at
mproving  the  productivity  of
people’s labour, and at enhancing
the development of the community.

The purpose of this book is to
suggest ideas ...

The information prescated in Part
Two is not intended to be an exhaus-
tive listing of all the dificrem forms
of low-cost transport used in the de-
veloping world. Nor is itintended to
provide dctailed technical  data
about the vehicles, Rather s pur-
pose is to highlight the diversity of
methods. and the extent of their use,
tn order to suggest ways in which the
transport  facilities avalable to
people might be tmproved more
effectively in the future.

... to businessmen ...

These ideas represent a range of
opportunities for entrepreneurs to




Box G Low-cost transport in China and Vietham

® People's Republic of China

In the 1950% local transportation administrations and local vehicle re-
scarch instititutes were set up. Modern, large-scale plants were created
with the specific objective of producing ball bearings, axles, wheel com-
ponents and pneumatic tyres, to enable Jocal manufacturers to improve
the specification and performance of traditional wheelbarrows, handearts
and animat carts.

In the 1960°s animal-drawn carts were widely introduced to replace
manpower, and some non-motorized vehicles were replaced by motor
vehicles. Non-motorized vehicles remain important, however, because
they can be manufactured locally. they are not restricted to use on motor-
able roads and supplies of motor vehicles are limited.

®  Socialist Republic of Viemam

The Government of Vietnam attaches special importance to the develop-
inent of non-matorized vehicles. They are said to have advantages of zero
fuel consumption, high mobility. simplicity in manufacture and use, in-
trequent breakdown, low maintenance and repair costs, low investnrent
and high rate of return., and they can be used in ditferent tyvpes of errain
without large investments in road construction,

State enterprises manufacture axles, bl bearings and wheels which
are used in locally manufactured vehicles. Technical standards have been
defined for several different types of non- motorized velicle and for tiw
construction of routes 1o suit them. The state also finances rescarch into
methods of improving the guality and reliability of non-motorized vehi-
cles.

introduce new products for which i
ready  market and  which
could tormy the basts of a suceessful
busimess. Where lavourable condi-
tons exist little non-commercial as-
sistance should be necessary for the

CXisly, ... and to governments and aid

agencies.
The kind of intervention necaed
will viry according 1o circumstances.,

business to become established, bat
10as recognized that in many cases
government or aid agency interven-
tion will ke necessary in order 1o
stimulate commerctal activity.
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but s likely toinclude:

and
local

® provision of technical
financial assistance  to
vehiele manufacturers:

® creation of laige-scale enter-




prises to manufacture critical
components;

provision of information and
other assistance to encourage
the transfer of successful
technologies between coun-
tries:

establishmen’ of credit
schemes for purchasers; and
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® investment in the construction

and improvement of the paths
and tracks which can be used
by low-cost vehicles and which
are considerably less expensive
to butld than roads designed
for “conventional’ motor vehi-
cles.




PART TWO

THIS SECTION of the bouk describes
a range of basic, or low-cost,
vehicles which are refevant to the
transport needs of many people in
developing countries. They are
divided into cight groups:

Carrying aids

Wheelbarrows and handcarts
Animal transport

Pedal-driven vehicies

Motor cycles and conversions
Bicycele and motor cycle trailers
Basic motor vehicles
Agricultural vehicles

Fach gioup contains a number of
distinct types of vehicle, and each
type and its variations are described
witli the aid of photographs and. in a
few cuses, drawtngs. Each vehuele
has diffcrent advantages and., of
course, disadvantages, which make
it more suitable for one purpose, or
set of circumstances, than another.
Many of the terms used in the
descriptions such as “advantage’,
‘disadvantage’, “large”, small’, ete.,
are nceessarily relative, and  the
vehicles  should  thercfore  be
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assessed by the reader accordingly.
In order to avoid repetition the
introductions to the various groups
provide an overall description and
indicate .haracteristics relative to
the other groups. whilst different
vehicles within the groups are
compared only with each other.
Technical and operational details
and geographical locations stated
are correct to the gauthor’s
knowledge.

The term *load capacity’ is used in
the “Remarks’ section of the
descriptions to define the weight the
vehicle can carry

Where it is undefined. the volume of
the load is also included in the mean-
ing.

The metric system of measure-
ment is used throughout, although
the centimetre (cm) is used in prefer-
ence te the S1 standard millimetre
{mm) because it is more commonly
used in general descriptions of this
type. Engine power is expressed in
(hp) which is more commonly used
for this purpuose thar the S standard
kilowatt (kW)




Carrying aids

CARRYING AIDS cnable people to carry ioads on their head. shoulders or
back. Their use allows people o move larger or heavier foads than can be
rarried by hand. Despite their apparent simplicity. carrying aids merit seri-
ous consideration because they are such an important means of transporting
goods. They are casy to make and require little expenditure on materials,
and are therefore widety affordable and (potentially) widely available. They
can be uz 2d where difficult route conditions prevent the use of wheeled vehi-
cles. Several types of carrying wid exist. with difterent charactenstics which
determine their convenience, suitability for a particular type of load or ter-
rain. anad safety.

Currving aids provide a means of placing the load directly above the
body’s centre of gravity. cither on the head, shoulders or high on the back.
The weight is thus supported by the spine and legs as directly as possible.,
which minimizes the muscular effort required. With some aids the size and
weight of load which one person can lift. unassisted, into the carrving posi-
tion is less than the amount which can be carred. 'Fhis is o significant Jdisadd-
vintage of these methods.,

The Internationat Labour Organization recommends (Recommendation
128 June 1967} than an adult male should carry maximum ol 55kg.. but
many individual countries spectly considerably lower maxima than this.
especially for young people and women. Typically. loads carricd in develop-
ing countries are in the range 25-30kg. The total weight of pavioad and carry-
ing aid has an important effect on hoth speed and the distance which can be
covered. Speed is limited to a walking pace of 4-5km/hr. and these methods
are commonly used to carry loads for journeys of up to 20km. There are wide
vanations in the distance people are prepared to carry loads, however - de-
pending on need, physical abinty and the nature of the terrain,

Regular use of one type ol axd develops speciad skills and strength in cer-
tain parts of the body. This physical conditioning is usually acquired during
childhood, although it can be achieved guite guickly by an adult with fre-
quent and regular practice.

Although carrving loads may appeay to be a straightforward, it arduous.
task. there are associated hazards. A report from Bangladesh indicates that
ity per centof broken necks sustained there are the result of falls whilst car-
rying loads on the head. The habuual carrying and lifting of heavy loads over
fong pericds of ume can also result in damage to the spine. the joints, the
muscles of the limbs and trunk, and to internal organs. In developing coun-
trics such injurics are particilarly prevalent amongst women, on whom ihe
burden of carrving toads very often falls.
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Direct headloading

Women  headloading maize 10 marker along a main road. (WHO photo:
L AMandetman)

Desceription — paud of cloth tn cushion the head. and container for the
load il necessary.

Advantages -— very simple and cheap.

Disadvantiges  —- difficult to load without assistance:

— requires strength in the neck and considerable skill:

— load is unstable and difticult to control on steep or rough
terrain;

— hazardous in the event of a tall.

Remarks  This is probably the most widely used of all methods of carrying
foads.
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Headstrap (or tumpline)

Men carrving large loads of firewood to market using headstraps: Nepal. (FAO photo:
5o Thewvenet)

Deseription - loop of strong cloth or webbing, and container for the
load if necessary.
Advanages -~ very simple and cheap:
— loadis stable and easy to control.
Disadvantages -~ difticult to load and unload without assistance:

requires considerable skill, and steength in the neck;
~= stooped posture s likely to cause long-term back in-
Juries;
~— hazardousn the event of a fatl.

Remaevks  Widely used on rough and steep terrain, and in crowded urban
Higirth
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Shoulder strap

Wennan carrving water i a plastic comtainer wsing a shoulder strap: Ethiopia.
Carrving water s freguenidy a time- consuming and arduows sk for women in srany
corwndries, (WHO photo: M. de Vreede)

Description ~- foop of strong cloth or webbing. and container for the
load if necessary.
Advantages — very simple and cheap:
— load is stable and casy to control:
Disadvantares  — dilficult to load and unload without assistance:

~— stooped pusture likely to cause long-term back injuries.
Remarks A less common alternative to the headstrap.
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Shoulder pole

Showlder pole beirg used (o carry a variery of goods in Bangladesh. The balance of the
fowd can be adinsted by altering the position of the pole on the showdder,

Description — section of bamboo or, less commonly, suitable umber,
which tapers towards the ends. The load is suspended on
rope. cane or bamboo hangers, cithey directly or i con-
1ainers.

Advamuages ~— simple and cheap:
—— able to carry bulky or awkward loads:
— can be loaded and unloaded without assistance:
- shock loads imposed on the Fody by the vertical — oscil-
Lation of load are minimized by flexing of the pole:
— difficult to wse on steep or rough terrain.
Disadvantages  — skill reqrired to prevent the load bouncing ¢ cessively:
— loads must be balanced.

Remarks  Although apparently very simple, the shoulder pole is carclully
shaped to make its natural frequency (rate of hounce). with an average load.
about half the frequency of the rhythm of normal walking pace. This built-in
suspension system reduces shock loads which would otherwise waste cifort
and cause discomfort. With loads that are smaller or greater than average,
the natural freguency of the system is higher or lower respectively. and the
user must cither adjust his pace or alter the position of the loads. The shoul-
der pole is widely used in south-east Asia, and is also found in South
America and in a few places in Africa.
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Shoulder poles are sometimes used to carry unusually heavy loads by car-
rving one beiween two people, with the load suspended from the middle of
the pole. Rigid poles can also be used; these are not as comtortabic. but they
are easier (0 make and the load does not have to be balanced.

A rigid shoulder pole in Laos. This tvpe of pole is easy w0 make from bamboo or

timber, but it is not as comifortable to use as a flexible pole. The load is balanced and
controlled with one hand.
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A shoulder pole in use on a fish farm in Indonesia. (UNA)
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i

Twer people using a showtder pole for heavy load. (UNA)

The shoulder pole is well suited to awkward loads: India. (E.Hoddy)
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Back frame

Description — Rectangular frame with shoulder straps which 1s carnied
on the back. The load is either tied directly on to the
frame or contained in a basket or bag. The centre of
gravity of the load should be high and as close to the
back as possible. Modern pack frames are made of steel
or aluminium tube with padded backs and shoulder
straps. Heavier, less comfortable but much cheaper
frames can be made from wood and rope or webbing. A
hip kelt may atso be incorporated to transfer some of the
weight directly to the legs.

Advantages ~ load is stable and easy to control.

Disadvariiages  — difficuit to load and unload without assistance:

— modern versions are relatively expensive.

Remarks  Although back frames are used by the military throughout the
world, and for feisure use by civilians in industrialized countries, they are
rarcly seen elsewhere, One type of back frame which is used in a few de-
veloping countries has extended arms from which joads are suspended at
qach end. The user’s hands can reach the load 1o limit the vertical move-
ment, which makes this frame particularly suitable for corrying water or
other liquids in open containers, and for irrigating or spraying crops.

A modern, aluminium back frame, with tensioned nylon webbing: U.K.
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A simple wooden back frame with cxtended arms, used for carrving water in steep,
narrow urban strects. (Used in this way, loading and unloading is not difficult): Sonih
Korea. (Earthscan photo: Mark Edwards)
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Chee-geh

Description -— an ‘A’ shaped back frame with extended legs such that it
can be stood on the ground and supported with a stick
for loading and unloading. When t' -~ frame is being car-
ried the stick is used to aid walking. The traditional
chee-geh is made from two strong, forked branches with
woven straw back-padding and shoulder straps. The
load container is made from woven sticks and may be
lined with clo*h or plastic to carry loose loads such as
sand or earth.

Advantages — load is stable and easy to control.
— can be loaded and unloaded without assistance.
Disadvanteges — relatively complicated and difficult to make.

Remarks  The chee-geh is believed to be unigue to Korea, where it is indis-
pensable for carrying loads up to fifty kilograms or more on mountain paths,
and for negotiating streams and ditches which frequently cross farm roads.

An improved chee-geh has been made from steel tube, incorporating
wheels which enable it to be used as a handcart on suitable terrain. The de-
sign was developed by Dr Seyeu] Kim of Han Nam University with the close
co-operation ol fariers, to ensure that it was both practical and acceptable
to the people who were intended to benelit from it.

A radiional wooden chee-gel: South  Traditional chee-geh with load container
Koreda. (8. Kim) of woven sticks: South Korea. (S. Kim)




An onproved chee-gelt made of sieel wbe. The stick is an essential aid: South Korea,
(5. Kiwr)




Another view of an improved chee-geh. The wheels fold down 1o convert the chee-geh
inte o handcart for use on swiable terrain,




Wheelbarrows
and Handcarts

A WHEELED VEEHICLYE: enables loads o be moved more cefficicntly than is
possible with & carrying aid - and indecd they are essential when more than
50kg. has to be transported by one person in one trip. Less cffortis needed to
move a given load because most of the weight is supported by the wheel(s).
However, on steep mclines a large proportion of the weight has to be
supported b, the operator, and on rough ground the rolling resistance of the
vehicles may be high. The simplest and cheapest types of hand-propelled
vehicles are wheelbarrows and handcarts.

Wheelbarrows have one wheel and are normally pushed. The operator
must maintain halance and support part of the load - which limits the
maximum load capacity. Wheelbarrows can be used to move loads along
narrow paths and tracks where a wider vehicle could not go. A wheelbarrow
may ., however, have to be pulled over exceptionally large obstacles. Moving
carth and other matenials on construction sites is a long-standing use for
whecelharrows and their effectiveness when used in Yarge numbers with good
organization can be remarkable. The extensive raillway networks built
during the ninetecnth century were constructed almost entirely with manual
tabour and non-motorized haulage methods, including animal-drawn carts
and wheelbarrows. More recently . similar methods have been vsed to build
Frge dams and canals in China.

Most handearts have two wheels and may be pulled or pushed. Three or
four wheels e sometinies used if o stable horizontal platforny is aceded. The
operator doesa thave 1o support any ol the weight if the cart is balanced by
carctul distribution of the load, and this means greater loads can be moved in
one trip than when using a wheelbarrow - substantially greater when two or
more people are emploved. Handcarts are most useful on wide and level
routes to carry large and heavy loads. On rough ground the higher dead
weight of a handcart 1s a disadvantage.

The maximum load which can be moved with a wheelbarrow or handcart
is determined by the roughness and gradient of the terrain, the strength and
skill of the operator and the design of the vehicle. Large diameter wheels.,
pneumatic tyres und efficient bearings are desirable for low rolling
reswstance, and a lightweight but strong body will minimize the dead weight
of the vehicke and hence maximize the payload. Maximum loads vary from
about 100kg. for a Western wheelbarrow to over 1000kg. for a large
handcart pulied by several people. Operating speed is. of course, generally
limited o walking pace.
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Western wheelbarrow

Dwo modern, western wheelbarrows. The pressed steel trav indicates that these
whectharrows are probably mass-produced, but a folded and welded rray can be wsed
for small-scale manfaciure: Botswana,

The western wheelharrow is best suited o short trips with frequent loading and
unloading in work of the type shown here on a road constru. on site: Botswana.
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Awestern wheelbarrow with sieel Jrame and wheel, and a wooden body. (UNA)




Description

Advantages

Disadvantages

Modern designs consist of a stect tube frame with a shect
steel tray and a pneumatic or solid tyre 3-40cm in
diameter (as shown). Variatons exist to isicorporate Jif-
terent materials and types of wheel, but the overall con-
figuration is always very similar. with the load container
well behind the wheel axie.

simple and robust:

light weight;

casy to load and unload;

stabic and easy to manoeuvre,

small load canacity;

difficult to push over rough ground;

large proportion of the load supported by the operator,
making it very arduous for long distance use:

has to be pulled backwards over large obstacles.

Remarks The Western wheelbarrow is most suitable for use on construc-
tion sites to move loose materials over short distances, with frequent loading
and unloading. The maximum load is determined by the strength of the
operator. but is normally about 100kg. It is widely used tor construction
work in most parts of the world.

Two chjh’n'm western wheelharrows made of wood. The open platform is useful for
carrving loads in sacks or other containers; large loads can be tied on: Stdan.

pry
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Chinese wheelbarrow

A modern, steel, Chinese wheelharrow with pnewmatic ivre.

Description — The load container is located above, or sometimes
cither side of . a wheel about 70em in diameter or more,
Widely spaced handles help balance the load. Con-
struction materials and details of the configuration
vary, but the basic arrangement is always the same.
Maodern versions are shown, with steel tube and sheet
bodics. spoked wheels, roller bearings and pneumatic
tyees, A shoulder strap attached to the handles may be
used to aid balancing. pushing uphill and braking

downhill.
Advantages — small proportion of the load supported by the operator:
~= large load capacity.
Disatvansages — high and unstable platform for toading:

- difticnlt to balance, especially when starting and stop-
ping. because of high centre of gravity;
- hazardous if tipped over accidentally:
-~ Joad tends to slide out of container going over bumps:
— requires skili to handle effectively;
— legs tend to catch on obstacles and vegetation.,

Remarks  The Chinese wheelbarrow is best suited to transporting large
leads over long distances, and is wvidely used in Chira for moving farm goods
i rural arcas. BUis also used as an earth-moving wheelbarrow, often in very
irge numbers on major civil construction works. The maximum load is de-
lermined as much by the skill of the operator as by the strength of the vehi-
cle, butis 150-200kg. This type of wheelbarrow is rarely seen outside China.
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Chinese wheelbarrow with wosden frame. (Phoro: J. Collert)

Chinese wheelbarrow with wooden frame used for moving farm goods. (Photo: J.
Coflen)
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SFTV (Small farm transport vehicle)
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An STV made of tubdar steel and wood, with preamatic tvre: UK,

Descriprion

Advantages

{disadvantages

A large diameter wheel, 50-6tkem in diameter, is com-
hined with a load platform or container either side of the
wheel such that the centre of gravity of the load is lov
and just behind the axle. Widely spaced handles assist
the operator in maintaining batance. Many different
construction materials can be used. but a pneumatic tyre
and tubular steel frame combination are preferred. A
wide variety of general or special purpose bodies can be
built on the basic frame. The version shown is most suit-
able tor carrying sacks, boxes and bulky goods, which
can be ticd onif required. A shoudder strap can be used
to aid badancing. pushing uphitl and braking downbhill.
small proportion of the load supported by the operator:
large load capacity:

¢asy to push over rough ground;

casy to balance and manocuvere,

load needs to be balanced either side of wheel.

]
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Remarks  The SFTV is a new type of wheelbarrow which has been designed
and developed by LLT. Transport Ltd and the Intermediate Technology
Development Group. It is specifically intended to carry loads up to 150kg for
distances of up to 10km, which are typical of the transport requirements of
smal! farmers. It can be used on existing farm routes including rough and
narrow paths and tracks, by unskilled people with minimal training. 1t has
been designed to be manufactured by smiati scate industries in rural or wrban
arcas, using locally available materials. Production costs will vary in
diftercat situat«ons, but a selling price of half the price of a bicycle should be
schievable. The basic design can be adapt-d readily for many different
applications, primarily in agnculture but the SFTVY may well be useful in
urban arcas as well. An extensive programme of prototype manufacture anc
fickd testing is being carried out in India before starting production and
making the technology available to manuafactorers elsewhere.

An SFIV with load containers for loose marerials, made of steel angle and wood.,
shinv with sypical examples of a Chinese, and one Western, wheetharrow,
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Tubrdar steet SFTV carrving a 150kg load in sacks. Larger loads can be tied on. The
handies are wide spaced 1o make it easier 1o balance the load. A simple shoulder strap
can be added 1o provide further assistunce.




faghnveieht wooden handeart witly digencier wheels and ppewmatic tvres: Laes.

Deseription

Advantages -

Disadvantages

The most common handeart, as shown, hias two wheels

70-150cm in diameter cither side of aload platform. I a
stiable horizontal platform is required, a third wheel
ity be incorporated at one end. or four wheels may be
used. two on cach side. Brakes are desirable on large
handcearts for parking and going downhilt.

targe load capacity:

small proportion of load s supported by the operator;
does not need to be balanced:

- simple configuration permits casy adaptation lor diffe-

rent applications:
provides stable platform for toading and unloading.

- heavier than wheelbarrow:

more expensive than wheelbarrow:
cannot be used on narrow paths.

Renwrks  Most handearts are normally operated by one person, but other
people can help swhen required, either by pushing directly on the cart or by
puliing with straps or ropes. Alternatively. an animal or a bicyele can be at-
tached. In Chinat is common practice to hoist a simple sail on a handeart if
the wind is Mowing in the right direction. Load capacities vary trom 1530kg to
about 1000kg, but 300k is about the maximum for one operator. Handcarts
are most commoniy used in urban areas, often lor strect irading,




Hundvurtsed for sireet irading: South Korea, (Phote: 8. Kim)

Handeart used jor transporting farm geods: South Korea. (Phoso: S. Kim)
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There are many vpes of handeart designed for various applications and made from
differens materials. Here is an industrial handcart made of steel with large diumeter
wheels and solid rubber tyres. This design allows the load 1o be tipped out: Philippines.
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A tradit.onal haideart made of wood and bamboo: India.

Huandcart used for wrban refuse collection: South Korea, (Phoro: S, Kin)
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Some handearts can be hitched to a small animal, such as « donkev: China.
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A small handeart can also be used as a bicvcle trailer 10 increase the speed and range of
operation: [aos,

o=~

Several empty handcarts being towed by an animal cart: China.
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Riding donkeys io marker: Haiti. (WHO photo: F. Mattioli)
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Animal panniers

General purpose wooden panmers: Ethiopia,

Description — Animal panniers take many different forms, but the two
cssential features are a saddie (which may simply be
layers of cloth) to distribute the load and protect the ani-
mal, and a load container with straps to hold it in posi-
tion. General purpose panniers may be in the form of a
wooden frame, as shown, or they may be rope, cloth,
wickerwork or leather bags or baskets. Special purpose
panniers can be made for specific tasks, such as the
transport of water.

Advantages — very simple and cheap:
— can be used on narrow paths and steep. rough terrain:
-— cun be made by the user, or by local craftsmen.
Disudvarmages — limited load capacity.

Remarks  Load capacities vary, according to the type of animal. from about
150kg (or a donkey to H0kg fur a camel. Pannicrs are commonly used with
horses, mules. donkeyvs and camels, especially in mountainoas parts of the
world, There s little evidenee of the use of oxen. although buffalo are used
to carry people.
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Special purpose panniers for carrving waer: Ethiopia. These panniers are made from
o farge rectangle of canvas, folded in half and sewn around the edge with a simple filling
spoud in the niddle and drain plugs in deo corners.

A tearn of donkevs with very low-cost panniers (made of hessian sacks) being wsed to
sOve construction mdatertals in an urban arca: fndia.

47




Animal sledge

Desceription

Advantages:

Disadvantages

A buftalo stedge being used 1o wmove 006 of ferts

ey e

fizer: Philippines.

sledges usually consist of an open frame made of wood
or bamboo with a yoke or other simple harness to attach
the animal. A strong, hight structure is desirable, the
runiers being wide to stop them digging into the
ground.

simple and cheap;

- can be manutactured by the user. or by local craftsman,
- inefficient use of draught power because of friction bet-

ween the sledge and the ground:

capid wear of runners;

cannut be used on narrow paths:

may cause crosion of earth roads and tracks by forming
ruts which become channels for water.

Remarks:  Although sledges are not as efficient as carts, they are considera-
bly cheaper and casier to make. As panniers often cannot be used withoxen,
a stedge may be the only way that small farmers can afford to use an ox for
transport. Load capacities vary greatly according to the type of animal and
the route surface. but are typically about Gifty percent greater than can be
carried with panniers.

Sledges are used in only a few countries. In at least one. where the erosion
of carth roads by the uncontrolled flow of rainwater is a scrious problem,

they are illegal.
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hi buffalo sledge shown above: Philippines.

Ox sledee: Botswana, Even in a device as simple as a sledge there is scope for the
improvement of vaditional designy. Contrast the heavy. inflexible construction with
the Philippine buffulo Medge.
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Animal cart

A traditional bullock cart being used to iransport wood: Bangladesh.

Description:  — A wide variety of carts exists, designed for different pur-

posecs. made from various materials and adapted to suit
different types and sizes of animal. The most common
design has two wheels, 70 - 150cm in diameter, one
cither side of a load platform. The centre of gravity of
the toad is positioned justin front of the axle so that the
animal supports only a smadl proportion of the load.
Traditional carts are made of wood or bamboo, with
large diameter wheels to give low rolling resistance.
Pneumatic tyres and roller bearings may be incorpo-
rated into otherwise traditional designs in order to
[urther reduce rolling resistance, and hence increase
load capacity. This is often achieved by using a scrap
motor vehicle axle. Modern designs have hightweight
steel frames and may incorporate a simple suspension
system and brakes for efficiency. comfort and safety. To
carry hcavier loads, or if a stable. horizontal platform is
required. a four-whecied cart may be used. These carts
usually incorporatc suspension, or have a single
backbone which will twist, to avoid imposing excessive
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stress on the cart when only one wheel passes over a
bump. A four-wheeled cart has to have a steering
mechanism, which adds weight and complexity. Special
purpose carts can be made for specific tasks. such as
transporting water or construction materials.
Advantages:  — can carry large and heavy loads:
— simple configuration permits easy adaptation for diffe-
rent purposes.
Disadvantages: — narrow wheels of traditional carts may damage carth
roads;
— relatively expensive compared to other animal trans-
port;
— cannot operate on narrow paths:
— four-wheeled carts have a large turning cirele.

Remarks:  The draught power available from the animal varies according
to species, but more than one animal can be used if required. The gain in use-
ful power is not directly proportional to the number of amimals however. and
it is not normally worth using more than four. Maximum loads can therefore
vary widely from about 500-3000kg. Pneumatic tyres and roller bearings
have a very significant effect on the performance of a cart by reducing rolling
resistance, on both hard and soft ground. Load capacity can be increased by
up to 100% compared with an equivalent traditional cart, albeit at greater
cost. A number of organizations manufacture pneumatic-tyred wheel/axle
assemblics specifically designed for use with animal carts. Standard motor
vehicle wheels are often used to simplify the supply of oniginal components
and spare parts, Scrap tyres may be fitted since a tread is not aecessary on a
cart. Complete wheelaxle assemblies from scrap motor vehicles are less
satisfactory. as they are unnecessarily heavy and replacement parts may be
difficult to find.




For 4l types of cart, a harness which is comfortable and which hits the ani-
mal properly is essential to produce maximum cffort and to prevent the for-
mation of sores. Many different types of harness exist, which vary according
to the type of cart, the species and number of animals used. and local prefer-
ence. A detailed description of these is beyond the scope of this book, bui
further information is contained in The Harnessing of Draught Animals by
Tun Barwell and Michael Ayre (I T Publications, London 1982)

A ligluweight cart with suspension for carrving passengers: Ethiopia.
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Phe efficiency of raditional carts can be increased by fitting a new wheellaxde assembly
with puetmatic teres: ndia,

e - ;
Fowr-wheeled carts are best suited to use on wide, level routes with large loads: India.
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Pedal-driven vehicles

PEDAL-DRIVEN hicycles and tricycles were developed in Europe in the sec-
ond half of the nincteenth century. The corfiguration of the bicycle which is
50 familiar today became the standard d.sign in the early part of the twen-
ticth century. after an intensive period of development. Since then bicycles
have remained popular as a means of personal transport throughout the
world. and significant innovations in bicycle design have occurred in indus-
trialized countries 1o cater for the demand for difterent leisure uses. These
innovations have been of only limited relevance to the ways in which bicycles
are used in developing societies. and the design of these bicycles has changed
little.

The utility of pedal-driven vehicles extends beyond personal transport to
the movenment of goods and passengers. This has long been recognized and
cyeles are widely used for this purpose in many developing countries. Most
of these load-carrying cycles are adaptations of standard bicycles. Wheels,
forks and trames are strengthened and load frames added. A toad platform
and third wheel may be added to form a sidecar, and tricycles are made by
removing the front or rear half of the bicyele and replacing it with a two-
wheeled body. The wheels on three- wheeted cycles, unlike bicycle wheels,
are subjected 1o side toads when turning and going across slopes and must
therefore be stronger than bicycle wheels. Improved brakes and multi-speed
gears, though desiruble on load-carrying cycles. are rarely used. A wide vari-
ety of pedal-driven Joad carriers exists, but there remains considerable scope
lor the development of bicyeles and tricycles specifically designed for this
purpusc.

A pedal-dniven vehicle uses human effort about four times more
cthiciently thar walking. This enables a person to travel faster (about three
tumes walking speed) and/or to carry a greater load. However the perfor-
manee ol pedial-driven vehicles is much more sensitive 1o route conditions
and gradicats than walking. Load capacity is determined by the strength of
construction, the “dead” weight of the vehicle and the physical condition of
the rider. Pedalling more than 200kg (including the load but excluding the
rider) is slow and arduous, however, except on very smooth and flat terrain.

The cashcost ol purchasing pedal-driven vehicles varies widely but a stan-
dard bicyele is normally about the same price as a medium-sized handcart.
whereas a load-carrying tricyele costs two to three times as much.
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Bicycle

A standard Crowdsier
t8hoto: 1 Collenn)

Deseriprion _

Advantages

Disadvantages —

bicvefe with o small load frame and parking suvd: Clina,

Modcrn bicycles in industrialized countries have a var-
ety of frame contigurations for different apphceations,
and use lightweight components and multi-speed gears,
The most popular bicyele in developing countries is the
heavyweight “roadster’, of rugged construction with
wide tyres, designed for reliability on rough roads wath-
out the need for frequent maintenance. A parking stand
and @ sl load rack are often incorporated.

can be used on narrow and rough paths:

relatively light:

cheaper than load-carrying cyctes:

able to manocuvre through congested urban traffic.
himited load capacity.

Remarks  Although standard bicyeles are intended to carry the nderonly. a
passenger may be carried on the load rack. If a large or awkward load has 1o
be carricd | or inorder to negotiate a very rough or steep section of a route,
the bicyele can always be pushed rather than ridden.

A
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A passenger can he carried on the load frame of a standard bicycle: Laos.

To carry lurge loads, bicycles can be pushed rather than ridden: Indonesia.




Load-carrying bicycle

A strengthened bicyele with aload frame can carry a subsianiial load. This one is carry-
ing 200kg of cassava: Indonesta.




I
Description — A standard heavvweight roadster” bicvele can be
modificd for carrving loads by strengthening the original
construction and adding a load frame. Thicker spokes
and hubs with bigger axles may be incorporated into the
back wheel. extra struts may be added to the front forks,
and the main frame may be strengthened with additional
tubes. Loads are usually carried either side of the back
wheel on a pannier frame., to which they can be attached
direetly or contained in bags. sacks or baskets. Spectal-
purpose panniers can be made for specitic loads such as
water or milk containers. To accommodate larger loads,
lhc bicyele frame may be lengthened and a Jong, wide
k may be Illlcd whnch IS¢ sp el |llv usclul for carrying

%
l"'.

above i,
Advantages . can be used on narrow paths:
- cun be used for personal transport as well as careying
poods;
— lighter and cheaper than three-wheeled eyveles.
Disadvaninges - dilficult to balance . especially with high and beavy loads
and at low speed:
- poor braking when loaded. especially in wet conditions.

Rewarks The maximum load capacity is dependent on the extent of
strengthening modifications, and can vary from 50 - 200kg. Load-carrying
bicveles are espectially common in the Far East.

Laree load contwners can be fitied to a standard bicvete: China. (Photo. J. Colle)

ol
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These bicycles have been heavily modified and strengthened for load carrving. The
strengithenmg of the front forks mavlook excessive, butif the front forks break, this can
lead 1o serioes mjury. The gloves are wsed i very cold weather: South Korea. i Photo:
SoRam)
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Purpose-built, load-carrving bicycle - with a parking stand and a load frame at the
front and rear - used for postal deliveries: Switzerland.

A similar type of bicyele o the one shown above, but the frame construction is very
different: Swiizerland.
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Anoiirer Brinsh design of carrier bicvele with a load frame in froni: Zimbabwe.
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Bicycle and sidecar

.

U bevele and sidecar i well saited to careving tong lowds: bdonesia,

Description A load platform with a third wheed can be fixed to a
bicyele to form a sidecar. so that the load s spread
hetween all three wheels. The frame. wheels and forks
are usually strengthened to accommaodate the load. To
minimize side oads on the wheels, the load piatform is
as Jowv as possible.

Advantages i be used on poor roads which bave two wheel trieks:
cun be used to carey very fong loads (see photo);

-~ stable platform easy to load and vnload;
—- cheap and simple conversion compared with tneveles.

Disadvantages — cannot operate on nerow paths:
unstable when hightly loaded:

= very poor braking when loaded. especially in wet
conditions.

Remarks Maximum load capacity depends on the strength of construction,

and can vary from 150 - 300kg. Sidecars are found in only a few countrics.

The relative simplicity of adding a sidecar to an existing bicycle and the need

to modily the details of the design to suit different makes and sizes of bicycle,

offers good potential for manufacty= by individual metalworkers or co-
operatives,




. E
A weatherproof passenger compariment fitted 1o a bicvele and sidecar provides an
effective means of fumily ranspore: Cliing. (Photo: 1. Collett)

A bicyele and sidecar can also be used 1o carry adult passengers: Burma.
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Tricycle with front load platform

A triovele with a load platforns in frome. A fow platform is good for stabifiey and

verenetl Meviena.

Description

Addvantages

- Most tricveles of this type are made by replacing the

front hall of a load-carrving bicvele with a two-wheeled
lowed platform incorporating a steering mechanism. The
front wheels are strengthened to accommodate side
loads. but further modifications  are not normally
necessary, A parking brake is someumes added for
CONVENICIWE .

S easy 1o load and unload:

- oad platform can be very low 1o minintize side loads.

Disadvaniages

Canned operate on narrow paths;

- ditticult to steer, especially when loaded;

large loads and passenger protection restrict driver's
vision:

very poor braking when loaded, especially in wet
conditions.

Remarks:  This type of tricycle, known as a becak in Indonesia, can be
adapted for carrying goods or passengers. They are often used as mobile
market stalls becanse the rider cansee the load and does not necessarily have
to dismount to serve customers, Load capacities vary from 150- 300kg. They
are used in several countries., including Indonesia. Malaysia and Mexico.
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Tricveles of different types provide an effective faxi service in many urban areas. These
are “becaks' - whicl have seats in front ~ in Indonesia.

A trievele can be used as a mobile market stall, with an enclosed display cabinet if
required: Malavsia.
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Tricycle with rear load platform

Fricycle with a general-purpose load platform ai the rear: Thailand.

Dexeription

Advantages

Disadvantages

Most tricyeles of this type are made by replacing the rear
half of a load-carrying bicycle with a two-wheeled load
platform incorporating a drive mechanism. Usually only
aite rear wheel is driven and the other is allowed 1o turn
[reely. The rear wheels are usually strengthened to
accommodate side loads. A parking brake may also be
added.

Jarge. versatile load platform;

casy to load and unload.

cannot operate on narrow paths;

very poor braking when loaded. especially in wet
conditions,

Remarks  This type of tricycle is known as a rickshaw in India and
Bangladesh, where it is widely used in urban and rural arcas for carrying
gouds or passengers. In China and other countries of the Far East a dual-
purpese load platform is often added for carrying both goods and passengers.
Load capacities vary from 150-300kg.
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Tricvoles are usefud in urban and rural areas. This one is being used to move farm
goodys in Bangladesh. The construction is very similar to the passenger rickshaw shown
helow.

L4

The narrow raised platforms and uprighis ar the side are useful for carrying large loads,
or to provide seats for pussengers: Laos.
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(Top) A passenger
rickshaw in a rurat area of
Bangladesh.

(Left} Passenger rickshawy
provide an effective taxi
service in maity urban areas
in India and Bangladesh,




Oxtrike

Deseription - The Oxtrike is @ modern tricyele which is specitically
designed for carrying loads. The frame is made of square
steel tube for strength without execssive wetght. Foot-
operaied brakes with a parking lock act on both rear
wheels, The load platform is low, 1o minimize side
loads, and has springs underncath. Scm diameter
wheels with wade tyres are used. and a standard three-
speed gearbox and differential drive can be fitted if
required. A varicty of general or special purpose bodies
can be litted.

Advantuges relatively hghe;

- pood brakes;
- large. versatile load platform:
------- sy to load and unload;
~— optional gearbox improves efficiency:
—— optional difterential improves handling, especially
wel conditions,
Disadvantages  — not widely available;
-= Cannot operate on narrow paths.,

Remarks  The Oxtrike has been developed by IT Transport Ltd. from an
original  concept of Stuart Wilson of Oxford Univessity. 1t can be
manufactured on a small scale with minimum capital investment, using
widely available materials and components. Load capacity is the same as for
other tricveles. The Oxtrike is currently in production in Kenya.
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Frreveles such av the Qwarike are well suited 1o the distribution of goods o somall
vetertters in nrhan areas Kenva.

The designe of the Oxieike can be adapted to suir Iocally- available materials and
Manufacturing resonrces. Contrast the design of tis velicle, made in Kenva, with the
UK. version ubove,




Motor cycles and conver-
sions

MOTOR CYCLES have been developed since about 1900 to meet the demand
in industrialized countries for a quick and effortless means of personal trans-
port. Since the early 1960°s the international motor cycle market has become
dominated by lightweight machines manufactured in Japan. where the
cconomies of efficient, large-scale production have kept their cost to a mod-
est level. Evidently, they are widely affordable and effective, especially for
travelling in congested urban arcas. Their use in many industrialized coun-
tries is constrained by frequent bad weather and the safety hazards of riding
a motor cvele on busy roads. Motor cycles are also popular in developing
countrics, particularly as a means of personal and family transport in urban
arcas. Because of their relatively high cost, however. they are beyond the
means of many people.

The potential utility of motor cycles for moving more than two people, or
substantial loads. is undoubtedly good, although few motor cycles designed
specitically for this purpose have yet been produced by the major manufac-
turers. However, standard motor cycles and components are converted into
load-carrying vehicles by small-scale enterprises in some countrics. The
scope of these conversions ranges from simply fitting a pannier frame 1o
creating a three or four-wheeled vehicle, and there are wide variations in
performance and cost.

Although these vehicles are generaily more expensive to buy than non-
motorized vehicles, they have important advantages. Physical effort is re-
duced or climinated, and the speed of operation is substantially higher. The
load capacity may be no larger, but much greater distances can be covered.
maore trips can be made in a given amount of time and hills do not present a
serious obstacie.

Motor-assisted cycle

Description —- A smali (35-50cc) petrol engine can be added to a pedal-
driven vehicle in order to provide assistance. The drive
arrangement may be either direct to the tyre or incorpo-
rated into the existing transmission. The normal pedal
drive is retained so that the engine provides assistance,
rather than the sole means of power. In order to with-
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A small petrol engine can be added to a strengthened bicycle to increase the speed and
range of operation: Sauth Korea, {Photo: S. Kim)

A small engine can alyo be added to a tricyele - in this case a passenger rickshaw in
India.

stand the increased loads imposed on it by the engine the
original vehicle needs to be of rugged construction. Crit-
ical components such as forks and wheels can be
strengthened. and brakes upgraded.

— cheap method of increasing the utility of an existing veh-
icle:

—- low fuel consumption:

— simple 10 maintain.

Advantages
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Disadvantages - strength, durability and performance of vehicle compo-
nents not designed for increased power;
— possibly high running costs caused by frequent replace-
ment of parts.

Remarks  Although the load capacity of the original vehicle will not be in-
creased, the speed will be considerably higher (up to 30km/hr). especially in
hilly arcas. These vehicles are quite common in countries where suitable en-
gines are available, but they are not usually as popular as purpose-built
motor cycles. There is increasing interest in the industrialized countries in
the use of electric imotors to assist pedal cycles.

Rear view of a motor-assisted cvele rickshaw: India.
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Motor cycle

Description —

Advantages —

Disadvantages: —

Motor cycle with weatherproof load container: Zimbabwe.

Many different types and sizes of motor cycle exist, but
att of them have large wheels (50-70cm in diameter).
with an exposed engine and chain drive. The most popu-
lar have engine sizes in the range 50-250cc. Adaptations
for load carrying can be a simple pannier {rame. to
which loads are tied directly, or they may consist of a
large, weatherproof box as iltustrated. These fittings are
usually attached to the small rear luggage rack whictvis a
standard featurc on most motor cycles.

fast and convenient means of personal transport;
load-carrying attachments easily fitted;

can be used on narrow paths and rough terrain;

able to manoguvre through congested urban trafhic.
limited load capacity;

difficult to balance when loaded.

Remarks  The motor cycle is primarily intended for personal transport. Al-
though considerable weights can be carried (up to 150kg). the volume of the
load is restricted by the difficulty of balancing it, especially on rough ground.
The motor cycle excels as a fast urban delivery vchicle carrying small goods
and documents. whilst purpose-built "trail bikes’ can travel over remarkably
steep and rough routes.
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Surprisingly large loads can be carried on a motor cycle with a suitable load frame and
careftd packing. However, @ load as large as this would be difficult to control on rough
grotid or busy streets,

A moror cycle is the only type of motorized transport that can travel on narrow
Joutpaths, which are often the sole access route 1o rural settlements: Indonesia.
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Scooter

Scooers are usefud for carrving small loads in rural areas.

Description Only a limited range of scooters exists, their main
characteristics being a sheet steel bady. smatl wheels
{approximately Hem in diameter), an enclosed engine
and direct drive to ihe rear wheel. Engine sizes vary
from 50-200ce. Load-carrying adaptations may consist
of a pannier frame or weatherproof box fixed to a rear
luggage rack.

Advantages - cleaner to ride and guieter than motor cyele:
= low centre of gravity makes balancing casier at low
speed:
Disadvaniages — limited load capacity.

— difficult 1o fit load-carrying attachments:
— poor performance on rough ground because of small
wheels and low ground clearanee:
— more difficult to balance at high speed than motor cycle
(because of small wheels).
Remarks  Scooters are mainly used in urban arcas where they are a popular
means of personal transport in many countries. They originated in {taly and
are sttt manufactured in very large numbers there. and under licence
clsewhere. notably in India.
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Motor cycle and sidecar

Description — A tubular steel sidecar is fitted to the side of a motor
cycle of engine size 100cc or more. The motor cycle
[rame 1s normally strengthened and modified for this
purpose. Most sidecars can be used for carrying goods or
people, although some have a simple flat platform for
goods only.
Advantages ~— high ground clearance and larre wheels give good per-
formance on rough ground;
— can be used on poor roads which have two wheel tracks:
— light cnough to be pushed over (or around) very bad or
wet sections of road:
—— large load capavity:
— rehatively cheap and simple conversion of standard
motor cycle:
- ¢asy 1o load and unload.
Disadvantages - poor braking:
—unstable with hight loads when turming.

Remarks  Fhese vehicles are widely used in parts of South East Asia, nota-
By the Philippines where some 70,000 are estinvated to be inuse. They are a
remirkably versatite and effective means of low-cost motorized transport
for both rural and urban use. Payloads and specds depend on the strength of
construction and size of the engine, but S00kg or six passengers are com-
monly carried at up to 60km/he. They are normally used on a *for hire” basis.

N

Moior evete and sidecar used for carrving passengers: Indonesia.
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Motor tricycle

Deseription

Advaniages

Disadvantages

A motor tricvele used as an urban taxi: India.

A standard motor cycle or scooter can be converted into
a tricyele by replacing either the front or the rear wheel
with a two-wheeled load platform, in the same way as a
pedal-driven tricycle. The bodywork may be totaily en-
closed for carrying goods or passengers (as shown), or it
may be a flat platform for goods only.

driver and load may be protected from weather:
stable:

large load capacity:

casier to load and unload:

greater toad area than sidecar.

heavier, and requires larger engine than sidecar;
relatively complicated and expensive.

Remuarks  Load capactty is about the same as for a motor cycle and sidecar.
A simpler conversion, which looks very similar to a tnicycle. can be made by
placing a two-wheeled load platform and bodywork behind a complete
maotoreyele, to create a four-wheeled vehicle (see photo). The resulting veh-
icle has characteristics similar to & motor tricyele.
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A seooter can also be converted into a motor tricvele. This tvpe has a weatherproof
PUSSCHEEE COMPUriment.




BIOYCLE TRAILERS. and to a lesser extent motor evele trailers, have been
used for many vears in certain parts of Europe as a convenient., simple and
cheap means of transporting loads in both urban and rural arcas. Yet. with
certain isolated exceptions, cyele trailers have not been used ta any signifi-
cant extent i developing countries. They are found in parts of West and
Sauthern Africacand in Indo-Chiaa, but in fow other places.

A trailer has several important characteristics as a load carrier. [t enables
a standard bicvele or motor cycle to carry substantial toads with minimal
modifications, vet the trailer can be attsched or removed quickly and casily.
The towing vehicle can be used on its own for small loads or for personal
transport, and the trailer attached as and when needed for carrying larger
loads (ot possibly passengers). The trailer can also be used on its own as a
small handeart. Someone with a small income can purchase a bicycle or
motor evele, and at a tater date buy a trailer to extend the utility of the veln-
cle. A trailer would normally cost beween one third and half the price of o
bicvele or mowor eyele. The potential for the sise of tralers s particularly
good in countries where eyveles are already widely used.

A well-designed tranier will minimize the additional loading on the cycle
(rame, but the total weight of the load and trailer should not exceed that of
the vehicle and rider - about 1Kg Tor a bicyele or 250kg for a motor cyele.
Foxcessive hoids can make the combination unstable, and the cycles brakes
are not likely to be powertu! enough for safe control. The hitch must aliow
the traifer to move relative to the towing vehicle (when turning or going over
bpumpsi. but at the same ume transfer a steady pulling or braking force to it
without “snatching”. and be casy 1o connect and Jdisconnect. A two-legged
parking stand fitted to the cycle will make loading and unloading easier.

Probuably the best exampie of the successtul commeicia! use of cycle trail-
ors s in Switzerlind where they are widely used for postal deliveries. De-
spite high wage rates, hilly terrain and freguent poor weather they are used
as i costs offective means of transport, which s fast, flexible and convenient
te operate. Bicyeles and trailers oniginaliy proved the viability of the sysiem
hut these have now been largely superseded by small motorcycles and trail-
ers. (Details of the system are given in . Weightman's report on design and
ise ol bicveles, mopeds and tratlers by the Swiss Post Office in Geneva-1. T.
Transport Lid. . 1980).

Further mformation about the construction of trailers and hitches for bicy-
cles is contned in The Design of Cvele Trailers by 1.}, Barwell (1 T Publica-
tons, London {977).




Two-wheeled bicycle trailer

Bicvele trailer used for delivering bread: Zisnbabwe.

Description — A bicycle trailer consists essentially of a load container
with one wheel either side, such that the centre of grav-
ity of the load is just in front of the axle line. The hitchis
usaitlly fixed to the bicyele frame above the rear wheel,
ar sometimes on one side of the rear hub, Large wheels
(3)-70emin divmeter) and pncumatic tyres ar: preferred
[or use on rough ground. but small wheels (30-4em in
diameter) are adequate in urban arcas. A strong but
light construction witl minimize thesdead” weight of the
vehicle. A wide variety of general or special purpose
load containers may be fitted.

Advanrages - cheap and simple.

Disadvantages - cannot be used on narrow paths;
must be foaded carcfully whee hitched to the bicycle to
prevent tipping.

Remarks A problem conunon to all conventional two-wheceled trailers is that

they are difficult 1o use on poor roads which have two distinet wheel tracks.

This can be overcome by wsing an “offset” trailer, which is towed fo one side

so that one wheelis in fine with those of the bicyele. This technique has been

devetoped by TT Tronsport and has surprisingly hitie effect on performance
ot handiing. Another method s to use a trailer with a single wheel which fol-
lows the same line as the bicvele. The trailer wnd hitch must be carefully de-
signed to moke the combination stabic.

A notable speaal-purpose trabler is the bicycle ambulance . adapted by I'T

Transport and Intermediate Technology Industrial Services from an original

verston used in Malawi.
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Load-carrying bicycle and trailer used for postal deliveries in Switzerland. This is a
cost-cffective means of transport despite high vage rates, hifly terrain and poor
weather. This trailer can also be used as a handeart and has independent brakes.

A “bicycle ambidance’ can be used to carry patients to a health centre or hospital when
other means of transport are not available. The bicycle amibuiance can be hitched
hehind any bicyele (no special hiteh fitting is needed). The stretcher is removable. This
trailer was developed in the UK. by I.T. Transport Lid., from an original design used
in Malawi.
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(Topr A single-
wheeled trailer is use-
fal for carrving loads
on narrow footpaths,
which are often the
ody access ronte 1o
rural sertlements. The
configuration of the
trader and the design
of the hiteh are eritical
Jor satisfactory handi-
ing ated performance,
This trailr - was de-
signed and . eloped
by LT Trunspost
Lid inthe UK.

(Left)y Rear view of
bike and trailer.




Bievele wrailers are ased in only a few developing countries. This general purpose
traifer was made in Malawiy,

TN .

This general purpose trailer is being developed for manufacture in India, with ihe
assistnrce of 1T Transport Lid. There are abour 25 miflion bicyveles in India, but
trailers are almost unknown.
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Two wheeled motor cycle/scooter trailer

Urban delivery trailer with weatherproof, fibreglass, load container- Zimbabwe.

Description -~ The basic arrangement of a motor cycle/scooter trailer is
the same as that of a bicycle trailer, although the con-
struction is stronger to accommodate higher speeds and
larger loads. Large diameter wheels are preferred for
use on rough ground, and pacumatic tyres are essential.
Suspension is desirable to minimize the effect of the
wrailer on the handling of the motor cycle. A ball and
socket-type hitch is usually used and attached to the rear
lugpage rack. The strength and load capacity of traiters
and hitches vary to suit different sizes of motor cycle.

Advantages — large load capacity.
Disadvantages — requires skill to operate safely.
Remarks A different system of hitching a trailer to a scooter has been

developed i Ladia. The hitch is fitted in front of the scat and slides on the
trailer arm to allow the scoc »rto turn.

In some countries the use of motor cycle trailers has been prevented by
law . but this situation is likely to change in the near future. This should en-
courage their emergence as an important means of low-cost motorized trans-
port. because of their potential for increasing the utility of existing vehicles.
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Small maotor eyelex and teailers are used by the Swiss Post Office to complement the use
of bicveles and trailers. The motor evele trailers are simiilar in design, but the construc-
fion is more robust and a simple suspension iy used.

A scooter can also be used to pull a traier. although the arrangement of the hitci is
refatively complicated. This type way developed in India, but is shown on test in Sri
fLanka.
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A small motor evele and trailer can carry a surprising amount of goods and passengers,
although loading like this is not common or recommended. (Photo: Terry Fincher}

Small motor cycle and generai purpose trailer.
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Basic Motor Vehicles

THE TERM “basic motor vehicle” is used 1o desceribe a range of light goods or
passenger vehicles which are less sophisticated than conventional cars. vans
or trucks. They are an attractive prospect for manufacturing in developing
countries because thete is a comparatively low investment required for pro-
duction facilities and equipment. and because a high proportion of local
labour and materials can be incorporated. They are attractive to the user be-
cause they are usually less expensive to buy than conventional imported veh-
icles: spare parts should be casily obtainable: and. with a small engine and
straightforwird mechanical arrangement. they are relatively cheap to run
and casy to mamntain. There are twe main tvpes of basic motor vehicle
three and tour-wheeled.

Three-wheeled basic motor vehicles

Most three-wheeled bisic motor vehicles are based on motor cyele and
scoater components. They are made and used in farge numbers in
Mcediterranean countries, such as ltaly and Greece. for the haulage of light
goods and agriculturad produce. Ther are also made in a number of countries
i Asia where they are primarily used as passenger taxis. Engine sizes vary
from S0 to 250c¢e with load capacities up to S00kg. The small wheels and
lightweight construction of most of these vehicles limits their use to smooth
roads and urban arcas. More robust three-wheeled vehicles with large
diameter wheels suitable for rural arcas are much fess common but one
example is made in India with adee engine and 750kg load capacity.

Four-wheeled basic motor vehicles

Four-wheeled motor vehicles are made in many developing countries with
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the assistance of major international vehicle manufacturers. Many are
stmply assembled from kits of imported components with few locally made
iterns. In a oumber of countries. however, vehicles with a more basic
specification have been introduced which can be made economically in
refatively small numbers using a large proportion of locally made parts.
These include several which are referred to collectively as BTV's (Basic
Transport Vchicles) or AUV's (Astan Uiility Vehicles). The lead in their
design came from two companies in the United States, Ford and General
Motors, and other international manufacturers have now followed. They arc
designed to be manufactured in developing countries by adding imported
drive trains and other critical components to a locally produced civassis and
body. As experience is gained, an increasing proportion of the components
are made locally.

Fngine sizes are generally between TR and 1606ce and payloads are 5(0)
to 1000k g, The chassis is casy to fabricate and the body pancls are designed
to be formed by simple bending processes. A wide variety of bodies can be
fitted 10 the basic chassis and cab for both goods and pussenger trassport.
The manufacture and use of BTV's has been particularly successful in the
Philippines, where several different models exist, but they are also produced
in other countries in Asia and South America.

Another type of vehicle which can also be considered as a basic motor
vehicle is the "micro” pick-up or van. These were introduced in the mid 1970°
by Japanese manufucturers, and they have raptliv become popular in some
devetoping countries because they are signiticantly cheaper to buy and
operate than Larger motor vehicles,

As there are such a wade and diverse range of basic motor vehicles in
existence. a dilferent format has been adopted for this section. The principal
features of the two main types are deseribed above, and a vanety of
examples with a brief description of cach now tollows. The advantages and
disadvantages of the group as a whole are considered in comparison the
other categorices of vehicles.

Advaniages - driver and passengers or load usually protected from
weather:
- large load capacity:
- speed up to 90km /hour.
isadvantages - relatively complicated and  expensive to buy  and
operate.




e

CGoods veliicle suitable for rural areas. 400cc engine. 750kg load capaciry: India.
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General purpose lipht goods veliicle, manufaciured in ltaly. 500kg load capacity.
220cc engine. The off-road performance of this vehicle is surprisingly good because the
caging iy posittoned beoween the rear wheels, giving a lew centre of gravity and good
grip in stippery conditions. Many of the components are similar o those used in
SCenters.

Urban taxi, known as a ‘autorickshaw’, manufactured in India. 150-175cc engine, 300-
500 kg load capacity, or three passengers. Many components are similar to those used
in scooters.
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Lirban goods vehicle, manatactired in Greece, 5o engine, 200kg load capavity, also
hused on scooter ¢ HELHCHES.

Urban taxi with 125cc engine and rust-proof fibreglass body, manufactured in
Indonesia.
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Urban goods vehicle, used by the Dutch Post Office. Many components gre similar to
those wxed i motor eveles.

Light goodsfpassenger vehicle, manufactiured in Vietnam. 600cc engine, 450kg load
capatcity, Based on components made by Citroen, the French car manufacturer.
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Ford AUV, muanafactired in the Philippines. This maodel has a L300cc engine and
WOk load capucity. Used for carrving goods ar passengers.,

Japanese ‘micro’ pick-up, used as an urban ‘share’ taxi in Indonesia. Engine sizes for
this evpe of vehicle vary from 350- 850cc, with load capacities of 450-700kg.
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Agricultural vehicles

POWER SOURCES intended primarily for agricultural activities can often be
utilized for transport as well. While such devices may not offer optimum
transport performance {because they are not specifically designed for that
purpose) they are often attractive to the farmer because they can meet many
of his needs without the purchase of a separate vehicle being necessary. This
not only saves capital expenditure, but also spreads the fixed cost of owning
and operating the equipment over a greater amount of useful work. The
dual-purpose nature of agriculturat vehicles is ali the more useful where the
scasonal pattern of agricultural work creates needs for transport and cultiva-
ton at different times of the year.

Three types of {ow-cost agricultural transport are considered here.
Wheeled tool carriers are used for cultivation with draught antmals, and can
he converted into carts by adding load platforms. Single-axie tractors. or
power tillers, are used in many countries, most successfully for wet land ag-
riculture, and they can be used for transport by adding trailers. Finally there
are examples of semi-permancent vehicles which are powered by engines that
have been temporarily removed from single-axle tractors,

Animal drawn tool carrier conversion

&

Animal drawn 1ool carrier converted for use as a cart: Sudan.
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Animal drawn tool carrier in use for culivation. Conversion 1o a cart is time-
consuping and may be inconvenient: India.

Description — A flat load platiorm. and simple container if necessary.
is fitted on top of the ool carrier sieh that it may be at-
tached or removed quickly and casily. The platform
should be as low as possible to mimimize side loads on
the wheels and bearings. As the wheels are normally
snaall (40-6(kcm in diameter) pnecumatic tyres are desira-

ble.
Advanrages —— stmple and cheap.
Disadvantages -~ load capacity less than purpose-buidy cart:

- heavier, farger capacity bodies are difficult and time-
consuming to fit.

Remarks  With an multi-purpose equipment, some compromises in the
design have 1o be accepted due to the conflicting requirements of versatility
and aptimum performance in cach role. In the example shown immediately
above, small wheels and low ground clearance are desirable for cultivation,
but are a disadvantage when using the cquipment as a cart. Also, the load
platform is inevitably rather high, which is inconvenient for loading and
unloading and increases side loads on the wheels. If cuttivation equipment
and transport are needed at the same time. or if frequent conversion s
necessary., operational compromises are unavoidable,

A separate, purpose-built animal-drawn cart is clearly preferable to a tool
carrier conversion — if sufficient finance and ammals are avalable.
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Single-axle tractor and trailer

A vingle axte pracior, normally used for cudtivation, pudling a generad purpose trailer:
{armeroon,

Descripion: A wod or steel load container is mounted on (wo
wheels such that the centre of gravity of the load is over
the axle. Pacumatic tyres and roller bearings are essen-
tial and suspension and brakes are desirable. A hiteh is
normally provided on the tractor. Most tractors use low-
speed. single evlinder diesel engines with power outputs
of 6- 20hp, which are robust and reliable.

Advanrages: - high load capacity;
- ¢t be used on rough ground and hills;
— irexpensive and straightforward o maintian.
Dhisadvantages: - slower and less comfortable than purpose-built vehicles;
— special purpose bodies are difficult and time- consuming
10 it
— difficult to manocuvre:
— poor braking.

Rermarks:  Single-axle tractors can carry up to 15300kg at up to 20km/hr and
can be used 1o transport both goods and people. There is normally no pro-
tection from the weather for the driver or passengers, but if the tractoris to
be used for along period of ime for transport only it may be worthwhile to fit
a more elaborate body,
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A single-axle mractor and trafler being used to carry a large load of goods and
Jassengers: Chinag.

2

FThis single-axle tractor and trailer appears 10 be a permanent vehicle as so many
modificattons have been wmade. Apart from the covered trailer and driver’s seat, the
exvhaust pipe hay been extended above the roof and a drive belt guard and wind shield
fave been fitted, together with a full width seat and luggage box underneath: Ching,
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Semi-permanent agricultural vehicle

Theee-wheeled semi-permanent vehicle in China. The engine can be remaoved for other
duties.

Descriptton: - The engine onasingle-axle tractor is usually casy to re-
move and replace. and can be incorporated into i pur-
pose-built three or four-wheeled vehicle. The vehicle
usually has a steel chassis and a steet or wood body . with
an absolute minimum of refinements and which is robust
and easy to maintain. High ground clearance is normally
provided for use on rough terrain. By incorporating
pearmg an increase in speed compared with a tractor
may be obtained. but there will be a corresponding re-
duction in lead capacity.

Advantages: - casy to mamoeuvee and reverse:
may be Taster than tractor and trailer:
stranghtliorward o maintain.
Disaudvartages: - relatively expensive, and can only be used when engine
is not required for tractor;
— may have lower load capacity than tractor and trailer.

Remarks:  Phoese vehicles have been very widely used in Greecee and Crete
tor transporung farm goods and people in hilly arcas. Several thousand
three-wheceled vehieles have been built by small-scile manufacturers since
the 1960°s. Fuarly designs utihzed engines from single-axie tractors, but the
concept wis successful enouwgh to justify built-in engines and more elaborate
bodywork in Tater models. They are capable of carrying about HOUkg at up
o $5kmvhr. In some countries farmers have made their own vehicles from
scrap materials by using a tractor engine,
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Three wheeled agricultural vehicle in Germany. As the engine is fitted under the body,
it ix unfikely 1o be removed regularly.

1 —

This four-wheeled vehicle uses a single-axie tractor engine and was made by a farmer in
South Korea, (Photo by S Kim)
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Performance characteristics
of low cost vehicles

The following table describes the performance characteristics of the range
of low-cost vehicles deseribed in this book.

The figures quoted are a brief summary of what is typical. and they are not
claimed to be definitive or comprehensive. With such a wide varicety of vehi-
cles. circumstances and geographical locations there will inevitably be con-
siderable local variations.

Vehicle Relative Max. Max. Max. Roule
Cost load speed ramge limitations
(kg) {(km/hr} {km)
Shaoulder pole . 3= 5 20 Unlimited
Chee-gelt Y 50 5 20 Unlimiied
Western wheelbarrow | 20 1o 5 2 Reasonably flat
Chinese wheelbarrow | 30 200 5 Al Reasonably flat
Handeart SI-150 200-500 5 20 Reasonably flat,
wide track
Stancdard hievele 50-90 40 L f 60 Reasonably flat
{oad-carrving bicvele | 60-700 52000 1015 MEH O Reasonably
Brevele and trailer G- 50 LY 10-05 3 Reasonably (lat,
wide track
Bicvele and sidecar Y0 | M) ISR =18 30-40 Reasosably Har,
wide track
Pricvele 130-200 303000 10-15 30-40 Reasonably Hat,
wide track
Pack anzmal viriable 150-H10 S 2u Unlienited
Annmal dedge 19 g TTT 0 Reasonably Am,
(sledge only) wide track
Aninnd cart 1040- 180 A00-3000 5 R Reasonabyly flat,
{cartonly) wide irick
Maotorized bicvele 1541200 0200 20300 M) Reasomably flat
Matorevely 250-600 HIO-150  J46-¢0 190-200 Steep bills
Matorevele and 350-800 J50-300 0 30-600 J0-150  Moderate hilis.
stdecarlricvele wide track
Motor cvele amd srader | 350-860 250 -6t RBO-150 Moderate hills,
wide track
Single-axle tractor 1500 150 1320 50 Steep hills,
and trailer wide track
ALV SO SO0- 1000 90 L) Steep ills,
wide track
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Relative Cost:  No currency is quoted or intended. The figures indicate the
order ol magnitude of cost in relation to oiher vehicles m the table. For some
of the simpler vehicles a significant proportion of the “cost” to the user may
consist of the time needed to make the device. rather than cash outlay.

Maximum Load and Speed: Actual loads and speeds would normally be
considerably less than these Agures. and the maximum speed is unlikely to
be achieved when carrying the maximum load.

Maximum Range: The figure quoted is an assessment of the maximum dis-
tunce that is likely to be covered in one journey with a typical load, taking
into account the physical effort required. Conflicting factors. such as speed,
toad, physical ability, terrain, route conditions and intensity of need create
particularly wide variations in the distances which vehicles are used to cover.

Route Limitations: These descriptions indicate the types of route ¢n which
the vehicle can be used.
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