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Project Description

The development of agriculture, the distribution of food, the
piovision of health services, and the access to information
through educational services and other forms of communica-
tion in rural regions of developing countnies ail heavily de-
pend on fransport facihties Although rail and water faciities
may play important roles in certain areas, a dominant and
universal need is for road systems thal provide an assured
and yet relatively inexpensive means for the movement of
people and goods The bulk of this need 1s for low-volume
roads that generally carry only 5 to 10 vehicles a day and that
seldom carry as many as 400 vehicles a day

The planning, design, construction, and maintenance of
low-volume roads for rural regions of developing counirnies
can be greatly enhanced with respect to economics, quality,
and performance by the use of low-volume road iechnology
that 1s available in many parts of the world

In Oclober 1977 the Transportation Research Board (TRB)
began this 3-year special project under the sponsorship of
the US Agency for International Development (AID} to en-
hance rural transportation 1n developing countries by provid-
ing improved access to existing information on the planning,
design, construction, and maintenance of low-volume roads
With advice and guidance from a project steering commitiee,
TRB defines, produces, and transmils informalion products
through a network of correspondents in developing countries.
Broad goals for the ultimate impact of the project work are to
promoie effective use of existing information in the economic
development of transportation infrastructure and thereby to
enhance other aspects of rural development throughout the
world

In addihion to the packaging and distnbution of technical
information, personal interactions with users are provided
through field wisits, conferences in the United States and
abroad, and other forms of communicatton

STEERING COMMITTEE

The Steering Committee is composed of experis who have
knowledge of the physical and social charactenstics of de-
veloping countnies, knowledge of the needs of developing
countries for transportatron, knowledge of existing transporta-
tion technology, and experience In its use

Major functions of the Steering Committee are to assist in
the defimtion of usars and their needs, the definition of infor-
mation producis that match user needs, and the identification
of informational and human resources for development of the
information products. Through its membership the commitiee
provides haison with project-related activiies and provides
guidance for interackions with users In general the Steenng
Commitlee gives overview advice and direction for all as-
pects of the project work

The project staff has responsibility for the preparation and
transmittal of information products, the development of a
correspondence network throughout the user community,
and interactions with users.

INFORMATION PRODUCTS

The twoe major products of this project are compendiums of
previously published information on relatively narrow topics
and syntheses of knowledge and practice on somewhat
broader subjects Compendiumns are prepared by project
staff at the rate of about 6 per year, consultants are employed
to prepare syniheses at the rale of 2 per year In addion,
proceedings of at least 2 international conferences on low-
volume roads are prepared and transmitied to the project
correspondents. In summary, this project aims to produce
and distribute between 20 and 30 publications that cover
much of what 15 known about low-volume road technology

News about the project work 1s published n the brmonthly
Transportation Research News; reprints of these articles are
distributed to the project correspondents

INTERACTIONS WITH USERS

A number of mechanisms are used {o provide Interackions
between the project and users of the infermation products
Review forms are transmitted with each publication so that
recipients have an opportunily to say how the products are
beneficial and how they may be mproved Through wisits to
developing countries, the project staff acquires first-hand
suggestions for the project work. Additional opportuniiies for
interaction with users anse through international conferences
in which there 1s project participation and through infiormal
meetings with U S students who are from developing coun-
tries and who atiend the annual TRB meeting.
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CHAPTER |

Introduction

GENERAL SITUATION

Many ald prograrns for developing countries in the past have
been onented toward rajor development and large indi-
vidual projects, the emphasis 1s now on heiping the rural poor.
Access and transport are prerequigites for integrating rural
populatrons with urban economres Road access Is a popular
demand of rural communities partly because of real benefits
and partly because roads are befieved to be the forerunner of
other services Roads provide wider and more flexible cover-
age of an area than rail or water and are well suiled to serve
scattered rural populations.

Rural access Is often poor in developing couniries Villages
are connected by paths or simple earth tracks that have met
the needs of pedestnan and anmal traffic in years past, but
are not generally suitable for motor vehicles. Unfortunately,
few developing countries have sufficient financial resources
to provide roads for low volumes of traffic in rural areas.
However, in order to provide as much mileage as possible
within financial imitations, there 1s a procedure called stage
construction that can be iollowed in the development and
construction of low-volume, low-cost roads Stage construc-
tion emphasizes the practical aspects of constructing the
mosi economical and usable road that is adequate 1o meet
the needs of the present and the immediate future As rurat
development progresses and traffic volumes increase, the
road can be upgraded or mproved In stages In response o
the greater needs.

STAGE CONSTRUCTION

The term stage construction 1s used to descnbe the better-
ment of a road in stages through step-by-step Improvements
that are usually adequate to meet current needs Improve-
ment gccurs over an extended interval of ime as traffic vol-
ume or other considerations indicate the need The vanous
stages of construction may be carned out over a few years’
time for local or minor improvements, or may take many years
for major improvements to be made. These types of m-
provements or upgrading are betterments rather than simple
routine maintenance

Stage construction of roads is appropnate for either of two
sets of circumstances:

(a} A path ortrack proves to be nolonger suitable because
of Increased demand that may or may not have been foreseen
by the responsible authorty Stage construction could also
be approprate for a irack or road that had previously under-
gone some degree of improvement Such a road may be
determuined to be inadeguate in surfacing, width, stream
crossings, or for other reasons, and would therefore be up-
graded

{b} A road is designed, but it Is too costly to be built all at
ance, it 1s built in stages Inially only as much as 1s necessary
to satisfy current transport needs 1s bullt Insuch acase, each
stage should be planned and built in such away that it can be

incorporated as a part of the final project, nsofar as that 1s
practical Of the two sets of circumstances, the first 1s the
more common occuirence . .

While the usual requirement is to improve an existing ac-
cess route, there will occasionally be a need to construct a
road where no footpath, track, or road already exists. Decl-
slons must then be made for standards that will be followed
for bullding the new road and for the extent to which the
existing aignment should be employed Typically, the various
stages of constiuction that occur are as follows. In the initial
stage, a tral or track 1s cleared, graded, and drained to
provide a road that a vehicle can use in dry weather Nexi, a
gravel or stabilized surface is added fo improve the rideability
and to lessen the time that wet weather Iimiis usage. Sub-
sequent stages may include paving fords or bullding bridges
across streams The final stage would be widening to ac-
commaodate increased traffic or placing a bituminous surface
that reduces the need for maintenance

Spot or local improvemenis to an existing road are also
stages of construction, as are easing restnctive or hazardous
curves or replacing fords with culveris or bridges Stage
construction may also include combinations or varnations of
the stages noted above

Two considerations should not be overlooked First, each
stage must be a usable facility [t should also be protected
from excessive deterioration caused by weather and usage.
For example, protection from erosion should be built in the
same stage of construction as the road or bndge or ford to be
protected and should not be deferred until a later stage.
Second, when planning or constructing any stage of a proj-
ect, constderation should be given to each stage being logi-
cally utlized or incorporated into a future upgrading. This
applies especizlly to ahgnment and to the more costly and
permanent structures

There are condittons other than the availability of funds that
may sometirnes warrant stage construction

(a) Other government programs may reduce the avallabil-
ity of engineenng or qualified supervisory forces

{b) The equipment needed to build a completed project
may be n use glsewhere Building in stages, especially the
initial stages, requires fewer resources

{c) Construction condittons themselves may sometimes
dictate bullding In stages. Drying wet areas or stabilizing
embankments and foundations can often be achieved erther
by allowing more time or-by following more involved consiruc-
tion procedures. .

{d) It 1s also a common practice to delay the placing of
permanent surfaces in order to identify and correct soft or
unstable areas. Surfacing may thus be delayed for several
years and may be done as a separate stage.

This synthesis considers the planning, design, and con-
struction of low-volume roads with emphasis on construction
in stages. While some recognition 1s given to considering the



standards or levels of construction to be obtained, the thrust
15 toward construction practices and procedures and to vari-
ous factors that enter into a sound but low-cost project. The
synthesis does not attempt to Include the many technical and
detalled procedures that are adequately descnbed in the

reference list that follows Chapter IV Throughout the chap-
ters that follow, references are denoted by bald-face num-
bers in parentheses Thus a word followed by (14) means that
Reference 14 contains more Information on the subject under
discussion

CHAPTER II

Planning for Stage
Construction

GENERAL

This synihesis will consider two classifications of roads. Class
1 — those with less than 50 vehicles per day (ADT} — and
Class 2 —those with between 50 and 400 ADT. These roads
are commonly called feeder or tertiary roads, or they may be
known by local names such as agrculiural, tea, cotton, or
coffee roads Class 1and Class 2 roads carry low volumes of
traffic and normally include both motorized and amimal-drawn
vehicles as well as bicycles and pedesinans Typically they
are from 5 to 15 km long, but they may include penetration or
development roads that sometimes exceed 100 km

When a decision 1S made to provide a road, there must also
be a decision as to the level of service to be prowided That
decision establishes the stage to which the road will be con-
structed Factors enterning into the level-of-service decision
include the amount and types of traffic, the extent to which
delays n traffic movement can be tolerated, and the con-
straints and limitations of funding.

Most Class 1 roads seldom warrant development beyond
the graded natural earth stage, while Class 2 roads generally
have granular surfaces such as gravel, stabilized soll, or
crushed stone. For the higher traffic volumes of Class 2 roads,
the surfaces may be waterproofed with bituminous materials
Exceptlions 10 these general ideas can be easily justified by
conditions of topography, weather, or maintenance cond-
tions. For example, at least one study conducted in open
savannah in Africa has indicaled that the transition from an
unimproved earth road to an improved gravel road can be
Justified on the grounds of costs when the average trafiic
reaches aboul 40 ADT Similarly, the transition from an unim-
proved road to a bituminous road may be justified at 120 ADT,
and from an improved gravel road to a bituminous road at 170
ADT(1) These figures also justify a policy of stage consiruc-
tion and ensure that the total transport costs and the capital
outlay to achieve them are always minimized.

Two terms are commonly used to descnbe further the level
of service to be provided by low-volume roads All-weather
surface describes a road that can be used during all seasons
of the year Streams and rivers can be crossed durning normal
weather conditions but may be mpassable for mdeterminate
periods during storms or igh water The road may therefore
be closed, at least in sections, during those penods All-
weather road descnibes a road that not only can be used in all

seasons, but streams and rvers are crossable during and
immedaiely after storms

Asingie lane s generally adequate for Class 1roads and for
the lower volumes of Class 2 roads (2) Turnouts should be
provided to increase the serviceability of single lane roads of
less than 5 5-m roadbed (3). This will permit them to carry
grealer volumes without undue delays. Two lanes are const-
dered essential when traific volumes approach the 200 ADT
range (3, 4) The number of lanes depends on charactenistics
of traific, the number of animal-drawn vehicles in the traffic
mix, and nationai policies.

Low-volume roads can seldom justify exitensive costs and
manpower during the formal planning stage. It 1s essential,
however, that certain basic information be provided to those
responsible for the final product Knowiedge of the conditions
and problems peculiar to the specific project can avoid costly
mustakes and aliow the orderly execution of the work it 15
desirable to visit the siie and to become familiar with field
conditions Valuable information can be obtained from
firsthand knowledge of the particular topographical and
clmabic conditons 1f an existing road 1s to be Improved, the
local residents or those responsible for the mamntenance of
the existing road will often know about any unusual probleme.
Information on local flooding, useful construction materials,
and labor availablity can also be obtained from these
SOUrceEs.

ALIGNMENT

If the project is a transition irom an earth track to an improved
road, the exient to which the existing alignment should be
employed 15 usually not difficult o decide Generally the
ahgnment of the earth track will follow the ground contour,
winding to avoid steep nclines and other local obstacles It
may follow old foot trals. Except in easy country, the layout of
the track is not Iikely to follow a course that 1s surtable for motor
traffic. The first step in road improvement, then, is to improve
horizontal and vertical alignment consistent with the dasign
standards that were selected (Table 1) Often the general
direction of the old track will be followed, and a deviation from
the old track will occur only where a new line 1s more practical
for short distances. Sometimes a different ling will be required
to avold major cbstacles or to cross streams



Table 1. Suggested design standards.

Variable Cfass 1 Roads Class 2 Roads
ADT on opening under 50 50-400
(Mixed traffic) @
Terrain flat rolling mountalinous flat roling mountainous
Design speed {Km/h) 60 40 30 80 65 40
Maximum gradient {%} 6.0? 8 0? 10.0° 60 7.0 9.0

Width of surfacing {m)

4 0to 5 0 depending on
design speed

S 510 6 2 depending on
design speed

an adequate base)

Width of one shoulder (m) 10 15
Total width of 60to70 8592
roadway (m)
Width of bridges (m) 35040 85to92forL=20
(single lane) 70to77forL= 20
Vertical clearance {m) 50 5.0
Design-live loading H15-44 HS20.44
(AASHO or equivalent)
Axle load for
pavement design - o]
{legal Iimit) (t)
Right-of-way width {m) 25 35
Surface type {assuming granular granular, single- or

double-surface treatment

2Some authorities recommend maximum gradients in the range of 7 0, 10 0 and 12 0, respechively, plus some

addional increase for short distances.

There are difficult decisions to be made at the stage when a
permanent surface 1s being conaidered A permanent sur-
face Is likely to fix the alignment for many years to come, $o
that at this stage It may be appropnate to review the entire
route to determine i major diversions are desirable There
may be some justification for relocating the road nearer to
material sources, providng better access, or perhaps
eliminating some troublesome maintenance problems.

TRAFFIC VOLUME

Some estimate of the volume of traffic to be served is neces-
sary. H only a track or foot trail exists, probably a graded earth
road will suffice, certainly as an inmtial stage. However, there
should be some appraisal of present and near-future trans-
port activities in the vicinity. Movemenis of produce to local

government marketing centers or movements to and from
local village markets probably will account for most of the
activity. Activity, such as increased government services, will
also be generated as the result of a road being bullt. An
improved road may encourage the development and trans-
port of some local natural resources such as lumber and
catfle If produce and goods do not currently move by vehicle,
some reasonable estimates of volume can be made from
loads carned by animals or by head When all these data are
brought together, some concept of the requirements begins
to emerge

Where motorable roads already exist, actual traffic counts
can be made and then estimates of growth can be projected
In many countries the ministries responsible for economic or
agncultural development maintain information pertaining to
potential local development This information shouid be con-
sidered when estimating traffic growth.



When traffic information has been collected, the data can
be compared to the guides given in Figure 1 for the stage to
be developed.

RUNOFF AND DRAINAGE

Rehable information on rainfall and runoff 1s difficuli to obtain.
Yet, because of the destructive effects, runoff plays a major
part In the planning and cost of a project. Lack of data for the
immediate areas involved can be a major cause of premature
and untimely failure of many otherwise sound low-cost roads
it is possible to economize on some facets of road construc-
fion or iImprovement, but shortcuts that do not account prop-
erly for runoff often result in failures that can completely dis-
rupt the use of the road for long periods of time

The problem 1s to obtain reliable data on amounts and
duration of rainfall, catchment areas, runoff charactenstics of
the land, and maximum flood fevels for the immediate area
involved. Valuable information can often be obtained by close
examination of the site for evidence of high water In trees and
brush alongside streams and for deposits on floodplains The
recallections of local Inhabitants may alsc be helpful All the
information must then be analyzed to estmate the proper
sizes for drainage structures.

In considerng the stage construction of drainage struc-
ures, it must be remembered that the amount of runoff water
will be the same regardless of traffic volumes on the road.
Therefore drainage structures do not lend themselves to
stage construction except for the length of culverts and width
of bndges The size of the water opening must meet the runoff
needs regardless of the degree of stage construchon being
congidered. [n and areas where infrequent but intense storms
are hkely, drainage siructures are seldom warranted Provi-
sions should be made for dips to be placed wherever runoff
causes significant erosion In order to minimize cost during
first stage construction, over-the-road flow may be permitted
at some locations instead of placing culveris. This 15 often
practical where road surfaces are stable, flow is limited to
storm runoff, and erosion 15 not a problem (6, 7, 8, 9, 13).

SOILS AND MATERIALS

Soils

Most stage constiuction projects will involve soll handling,
whether for building embankments, shaping road beds, or
providing drainage Some knowledge of how the soil will
respond to handling 1s an important consideration in planning
the work Usually the soll immediately adjacent to the road is
extracted to form the roadside ditches and is placed in the
roadway to form ihe roadbed. However, If the solls are heavy
clay, wet, or exceedingly sticky or hard, it may not be pracical
to handle them, and in extreme cases they may not be usable

A review of the soil conditions to determine workability and
suitability 1s highly desirable if not essential. Experienced
personnel can usually determine general suitability in the field
without making 2 formal survey Less experienced personnel
may require test assistance from the central laboratory.

A minimum solls survey is usually adequate for a Class 1
road If no difficult problems are evident However, if soils are
poor or if traffic volumes indicate a need for amore advanced
stage of construction, more formalized Investigation and
analysis are required (6, 10, 11, 12) The use and treatment of

Figure 1. Guide for lane requirements and surfacing
types related to traffic volumes.
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soils will be discussed in more detaill in Chapter IV of this
synthesis

Other Materials

The avalabihty of cther matenals needed for the project
should be determined before the planning I1s completed to
ensure that they will be avallable at the site and at the time
they are required. In the interest of cost savings, local mate-
rials should be used where prachical (10) Gravels or granular
matenals can often be found on or near the roadsides or in
local stream beds and flood terraces (11) Local residents will
often know what other sources are used for various-local
needs Aerial photographs and geological maps may aiso be
helpful in locating likely sources (16}

When gravel, sand, or other granular malenals are not
avallable within a reasonable haul distance, cement, ime, or
asphalt may be used, If available, to mix with the In situ soils
and improve their quality (12}

Local rock has a variety of uses in culvert construction,
erosion conirol, retaining walls, and stream crossings. It also
has the advantage of being readily adaptable to labor-based
construction methods. Care must be exercised, however, that
only durable hard rock 1s used. Rock that is badly weathered
or that deterorates guickly when exposed to the weather
should be avoided If rockis not available for culvert construc-
tion, either concrete or corrugated metal can be used. Corru-
gated metal 13 usually an imported itern, while cement 1s
usually readily available and often 1s produced within the
country. For smaller culverts concrete 1s usually less costly;
but for larger culverts prefabricated, bolted, corrugated metal
culverls may provide an economic advantage over small
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bridges. The cosis for each shouid be investigated. When
concrete pipe culverts are used, they may be produced either
at the project stte or at a central location and then transported
to the project The advantages and disadvantages of each
method of production should be carefully reviewed before
deciding which to employ (7) If access to the site 1s difficult,
transporting the cement and the culvert forms may be less
costly than transporting the finished culverts. However, this
assumes that sand, stone, and water are locally available. 1t1s
important to rememnber that production at the site 15 usually
done under adverse condilions, requires some additional
equipment, and employs inexpenenced personnel. Close
supemvision and control are required Production at a central
site, on the other hand, permits closer control with more
experienced personnel and should result in a higher-quahty
product. Production costs may be less at a central site but
cost of transport to the project site may be greater, even if the
site 1$ easily accessible Production at the project site has the
disadvantage of being limited to producing only those culvert
sizes for which forms are available.

Selected local tmber may be used for a variety of purposes
including structures, piling, and concrete forming. In areas
where termites (while ants) are indigenous, imber must be
lmited to temporary use unless treated It may be that treat-
ment costs will offset cther cost advantages for the use of
timber

CONSTRUCTION METHODS — LABOR-BASED OR
EQUIPMENT(15)

Whether the work s to be done by [abor-based methods or by
maximum use of equipment may very well be decided by
government policy Otherwise the decision depends on the
economics of labor versus equipment Depending on the
nature of the individual project, a practical approach wiit
probably involve some mix of the two methods

The availlability of manpower must be determined, as well
as avallability of equipment and the capability to maintain 1t.

-There must also be an appreciation for the nature of the

materials and the construction problems involved. Labor-
based methods are generally more favorable if (a) the terrain
is level or rolling, (b) the soils are light and can be readily
hancled by hand tools, (c) the guantity of earthmoving is
small, and (d) drainage structures are simple. Mountainous or
very hilly terramn will usually require more equipment. If the
embankments are large, if there 1s an abundance of hard
rock, or if sols are hard, highly plastic, stony, and do not
handle well with hand fools, more mechanical equipment 1s
required. A practical balance between labor and equipment
might be achieved, for example, when there 1 a requirement
to move embankment or road-surfacing matenals for a dis-
tance of several kilometers. Adump truck could be loaded by
tabor, the truck driven to the site and dumped, and the mate-
nal spread by labor.

The possibility of using local equipment or animal-drawn
vehicles for some parts of the work should not be overlooked.
Farm tractors fitted with spreader blades ¢an be used for light
teveling work, and animal-drawn vehicles ¢an be used for
hauling light loads

Making maximum use of resources that are locally availa-

ble requires more supervision at the mtermediate level How-
ever, there are numerous combinations of labor, road-
building equipment, and local equipment that can be used to
build a project at minimum costs

METHOD OF ACCOMPLISHMENT —CONTRACT OR
GOVERNMENT FORCES

Planning needs may differ between a project built by contract
and one built by public employees, especially for stage con-
struction

If the work 1s to be contracted, some form oi documented
technical specification and formal agreement is required,
regardless of how simpie the work may be This document
must specify, as a minimum, a description of the work to be
done, the quality of the resulting product, and the time for
completion Varying degrees of detall are required depend-
ing on the extent and complexity of the work The aaim should
be to make the specifications as simple and brief as practical
and still maintain the quality of work desired Procedures must
be specified for determining the amount the contractor is to
be reimbursed for the work he does. These must be precise
and exact, but also simple and prachcal

If the work1s to be done by public employees, the paper
work may be imied to sketches and general instruciions
Depending on the abiity and experence of the field super-
visor, many decisions on construction methods and details
may be left to him. If the work 15 an uncomphlcated stage
mprovernent, verbal mstructions may be suficient For
example, the instructions may simply be to "piace 15-cm of
gravel, 4 mwde, from A to B " Some level of control must be
provided, however, to ensure that established standards:are
maintained and that the project stays within budget Imita-

" tions.

SCHEDULING THE PROJECT

Time 1s required to brning together all the matenials, man-
power, fools, and equipment needed at the work site, and
delivenes should be scheduled with the construction season
n mind Rainy seasons that are normally disruptive and
damaging can be made o work to the project’s advantage If
the work is so scheduled. if embankments and drainage have
been placed properly, the rains can materially assist in the
settlement of the embankments and n the compaction of the
surfacing.

If the project 1s contracted, itis desirable that specifications
provide for certain activities to occur within given time frames

- or by given dates It s also essential that the contractor be

permitted to start work at a time that will make proper schedul-
ing of operations possible ;

If the project 1s bullt by government forces, the supervisor
assumes direct responsibility for marﬁ? of those scheduling
activites that would otherwise have been assigned to the
contractor It 1s essential, then, that the supervisor be given
the authonzation to proceed with scheduling activities in suf-
ficient time to start the work by the scheduled starting date.
This becomes especially cntical where wet seasons are in-
tensive.




CHAPTER {ll

Design for Stage Construction

GENERAL

Design considerations are illustrated by the following sum-

mary remarks that were made at a major conference on

low-volume roads.
A common thought throughout the papers and discus-
sions was that engineers must design low-volume
roads from a point of view different from that used in the
design of high-volume roads A primary concern was
that techniques should be developed for designing
low-volume faciliies with a minimum of efiort and, cer~
tainly, in most cases with the use of meager data

Throughout the sessions the concept of design by
using simplfied but reasonable techniques constantly
reappeared. Economic and environmental considera-
tlons make it imperative for the engineer to assume
concomitant constraints in design The principle of de-
sign by using what one knows wil work, regardless of
cost, certainly does not apply to low-volume roads To
paraphrase the Mikado, we must make the design fit
the job {16)

There is some question as to when, if ever, vanous compo-
nents of roads should be overdesigned or averbuilt to antic-
pate future upgrading needs Building for 20 years in the
iuture 1s commonly practiced where there are sound data for
anticipating future needs Butwhere reliable forecasts cannot
be made or where the need for improvement cannot be fore-
seen within 20 years, stage development would appear to be
the better use of available funds

Sometimes funding that is.available for a specific project
may not be avallable for improvements at a later date and may
be used to overbuld the more ¢ritical components such as
road width and stream crossings. If difficulties are anticipated
In providing maintenance after a project 1s built, & may be
better to overbuild inially to prowide assurance that the facil-
ity will function. The decision of how mueh to overbuild may be
as much a practical consideration as a technical one

SURVEY

The amount and kind of survey required, like the amount of
design, depend on field conditions and what Is to be built Ifa
road s on a new location or follows a foot trail or track, a
conventional survey normally follows the general direction of
the trail or track Distances are measured and stalions are
established Elevations are determined at the station points,
or more frequently If the terrain is irregular or steep When this
information is plotted to scale, an alignment and center-iine
grade can be established.

If the assignment 1s to mprove an existing well-defined
road, a survey may not be required throughout 1ts entire
length. If only localized improvement of grades, curves, or
drainage s to be made, It may be adequate to provide survey
information for only those locations.

The amount of cross-sectioning depends on the nature of

the terrain Hilly and mountainous terrain generally requires
more irequent sectioning and for greater widths than flat
terrain where there ts Iittle change belween stations Cross-
sections should always extend beyond the probable points of
intersection of the slopes of the natural terrain The sections
should be taken at regular intervals spaced sufficiently close
that quantities can be determined with reasonable accuracy
Additional sections are required wherever there are abrupt
changes In terrain Where water courses intersect, profiles
should be run far enough in both directions to provide the
needed data for the drainage designer

The stage development of an existing road where align-
ment and grades are aiready established generally requires
less survey than to develop the road initrally

STRAIGHT LINE PLANS

A straight ine plan may be adequate when an established
road s to be improved This type of plan 1s most applicable
when no significant changes in grade or alignment are antici-
pated and when design speeds and traffic volumes are low
The work is usually rited to ditching, minor grade alignment
and dranage improvements, or surfacing It requires a
minimum of survey and design and ¢an be used for determin-
Ing quantiies and for building the project The plan may be
developed as follows.

Instead of making a detailed survey the engineer or the
designer rnides the road to be improved. Distances from the
beginning point are noted from the odometer in the vehicle
For controf purposes the distance can be correfated with
features along the road The engineer notes work to be done
and the corresponding odometer reading, estimating to the
nearest fenth. For example, If a culvert 1s required or an
existing culvert is io be extended, the odometer reading and
the work are noted, the same process I1s followed with raising
grades, minor changes i algnment, and special ditching
From these notes a straight line plan 1s prepared that shows
odometer readings with appropnate notes for the work to be
done It does not Indicate ahignment or grade (Figure 2)

The plan 15 used in conjunction with a typicai sechon
Normal ditching material 1s placed as a leveling layer on the
roadway without changing the grade significantly If the plan
requires a significant grade change, the hmits and change in
elevation are noted Depending on the amount, grades may
have io be estabhshed by survey. When special problems
occur, they may require more extensive design considera-
ttons

For stage improvements {0 existing roads this procedure
provides the necessary information at minimum cost. It lends
itself to either labor or equipment construction and 1s equally
adaptable to consiruction by public employees or contractor
It should be noted that this procedure does require a field
supervisor to exercise somewhat more judgment than would
be required If he were furnished with a mare fully engineered



Figure 2. Straight line plan.
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plan But because the design speeds are low, minor grade
changes or the easing of curves can normally be “eyed in”
without presenting problems Dunng construction, survey
parties may be required for the more exacting work Other-
wise a hand fevel, ruler, marker, and stnng are the super-
visor's principal tools

DESIGN STANDARDS

Standards used for the development of low-volume roads
should allow for relatively low construction costs They should
provide for a facility that 1s capable of bearing a potentially
higher volume of traffic through stage development unless
conditions are such that future traffic growth in the area s not
bkely to occur They must also address problems of topog-
raphy and needs of the users.

Gravel surfaces, animal-drawn vehicles, and other controls
will probably prevent these roads from being traveled at high
speeds. For these types of roads most developing couniries
use design speeds of from 60 km/h for flat terrain down to 30
km/h for mountainous terrain. These values are considered
adequate for limiing operating conditions, although the
areater part of most roads may in fact permit higher operating
speeds.

Table 1 shows representative standards used by develop-
ing countries and is intended as a guide (5) It should be
noted that the guide applies to the final stages of develop-
ment of Class 1 and Class 2 roads In order to reduce first
costs it may be expedient to builld to lesser standards in the
initial development stages As traffic increases, improve-
ments ¢an be made at substandard locations to bring the
entrre road up io the desired standard

TYPICAL SECTIONS

The purpose of a typical sectionis to provide the bullder with a
clear understanding of the shape, dimensions, and compo-
nents of the road io be built

Key considerations in the design of typical sections are {a)
sufficient width of riding surface to accommodate the number
of vehicles, {b) enough strength in the surface and its underly-
ing materials to support the wheel loads, and (¢) adequate
drainage to prevent the surface or the roadbed from being
eraded or from being softened by prolonged exposure to
either surface or subsurface water.

The required widih of the nding surface depends on the
amount of traffic  Aithough praciices vary throughout the de-
veloping countnes, a 4-m, single-lane niding surface is gen-
erally considered to be adequate for volumes up to 150-200
vehicles per day if turnouts are provided at frequent intervals
(400 m maximum) (3} Widihs of 6.65 m are common for two-
lane Class 2 roads The capacity of the surface to support the
loads depends on the characteristics of the surfacing mate-
nal, the amount and kind of traffic, and the extent to which the
roadbed soll retans s stabilty as the mosture content
changes Depending on these factors, the typical section
should specily the type and amount of material to be placed
on the surface Drainage is obtained by sloping the road
surface and by providing ditches alongside the roadwayto
keep water off the surface and to carry it away from the
roadbed

Figures 3 through 8 illustrate commonly used typical sec-
tions for Class 1and Class 2 roads and indicate how they can
be apphed to the stage development of roads under vanous
condittons The skeiches illustrate single-lane roads with a
4-m surface and no shoulders, and they represent what Is
generally considered to be a pracuical mimmum for very lim-
ited trafiic volumes.

Some authorities advocate that the roadbed should be
widened imtially to permit 0 5-m to 1 0-m shoulders on each
side. This adds relatively little cost, provides more stability for
road edges, and permits hmited vehicle passing There are
also those who advocate, with some justification, that ditches
should be placed intially to accommodate a future 56 m
nding surface with shoulders For low volumes of traffic, a 4-m
riding surface would be placed initally, to be widened
through stage development when required. This increases
the cost of inthal construction, but provides passing space
and simplifies subsequent stage development to a two-lane
iacility The probability of eventually developing the second
lane should enter into this consideration

The following guides for applying typical sections io the
terrain can help to provide longer road life and reduce
maintenance requirements

1 Agrade lnethat is above the adjacent terrain 1s desira-

ble A higher grade provides a dryer and therefore
stronger roadbed A stronger roadbed resuits in less



Figure 3. Stage construction over old track.

RTH SURFACE

OLD TRACI;( OR TRAIL.
40m

Conditions
+ Flat terrain
» Road placed on location of old track
+ Side ditch matenal used to form roadbed

= Grade set so that matenal from ditches 1s approximately equal to embankment requirements

Notes
*» Matenal must be suitable for use
» Groundwater level should not be near surface
+ Requires minimum moving of earth
- Adaptable to either labor-based or equipment construction

+ Low grade (relative to adjacent terrain) makes roadbed less stable during wet conditions and if ditches are not maintained.

rutting and deformation of the surface In and areas,
blowing sands are less lIikely to accumulate on the road,
but will accumulate on the downwind side of the em-
bankment.

Deeper ditching tends to lower the moisture content of
the roadbed and provides greater capacity for water
runoff This may not be possible where grades are flat.
Raising the grade line may then be a suitable alierna-
tive

. Road surface cross slopes of 3-5 percent are desirable
Less than 3 percent slopes tend to permit puddles to

Figure 4. Stage development to all-weather suiface.

form on the surface, the puddles may become potholes
under traffic Slopes greater than 5 percent tend to
cause corrugations on the road edges. In general, a
trghter surface requires less slope A slope of 3 percent
Is adequate for bitumen surfacing, a 5 percent slope is
preferable for loose gravels .
In cut areas back slopes should be cut as nearly as
practical to their natural angle of repose This angle can
usually be determined by observing the natural slopes
in the vicinity. Flatter slopes require unnecessary exca-
vation and are not necessarnly more stable. Siopes

THICKNESS VARIES WITH
CONDITIONS. 0.10m to 0 15m

CONSIDERED MINIMUM
—3.0% ;

Nofes

* The policy of some countries is to provide ail-weather surfaces in the initial construction stage. Others, i order to minimize initial costs,

provide such surfaces in a subsequent stage of development.

» i the onginal sous are of high quality, an all-weather surface may have been provided by that qualty. More often, granular soils or

gravels must be transported to the site.




Fi_gure 5. Embankment section over old track.

¢
SURFACING MAY BE PLACED
0.10m to 0.15m min ! IN EITHER INITIAL QR SUBSEQUENT
. —40% | 4.0% /_ STAGE OF DEVELOPMENT
MOVED TO FORM T A/ AT I i . ‘
EMBANKMENT * n REMOVED TO FORM EMBANKMENT

VARIES AS
REQUIRED TO PROVIDE
MATERIAL FOR EMBANKMENT

Conditions
e Road placed over old track location
e Flat terramn, high water table or subject to flooding

Nofes

Center ine grade set ligher to provide dryer roadbed

Ditch widened to provide material for embankment and to lower water table
Adaptable fo either labor-based or equipment construction

Dimenston H varies depending on flooding level and quality of embankment soil
More costly but more durable

erode easify If cut too steeply. Erosion causes sitting that 5. In stage development, advantage should be taken of
chstructs drainage and causes excessive mante- exwsting road or tracks when f{itting the typical section
nance Steep slopes are also more likely to cause earth For example, an existing sunken road may be made to
shdes and sluifing when wel serve as a dramnage ditch for one side of the new road

Figure 6. Typical section in cut.

BERM DITCH

{WHEN REQUIRED) NATURAL TERRAIN SURFACE
SLOPE TO ANGLE
OF NATURAL REPOSE
i
0.10 TO 0.15 MIN 4
| Jom
min I min 0.3m mmn
2.0m P 2.0m “!
Notes

« Surfacing applied in erther inthal or subsequent stage
» | abor-based constiuction less adaptable, depending on volumes




Figure 7. Gully-type ditch on curve (long grade).

2
N
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¢
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»
GULLYTYPE K
| GITCH
GRADE PAVE B
L e .-.'-'.','.:-__-:-.'.....:::_.'...‘. - “B.O%
R AR .........
1A\ v ..
A QN AT ..'
I: - 2.0m 1.0m min
Notes
e Limited opportunity to discharge drainage
® To control erosion, pave ditch and road to width required
e Slope full road width toward ditch
e On tangent section break surface slope at ¢
Figure 8. Typical stage improvement in mountainous terrain.
/—NEW ¢ 1~ ORIGINAL ¢
]
UNSTABLE SLOPE

UNSTABLE SIDEHILL ROAD
STABILIZED BY RELOCATION TO UNDISTURBED BASE

Condition
¢ QOriginal road placed partly on solid base and partly on unstable fill

Notes
¢ Road moved into hillside provides firm base
e Same procedure used to ease curves
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* (Figure 9) An existing compacted roadway may serve
as the new road base, provided good drainage s not
sacrificed

6 Widening only one side of 2n existing road embankment
15 preferred When consclidation of the new materiat
occurs, 1t 15 then hmited to one ndge in the surface.
Culvert connections are also reduced (Figure 10)

DRAINAGE

Inattention to simple drainage has caused many low-cost
roads to fal. Many poor roads could be turned into good
roads by following good dramnage practices Drainage begings
by having encugh crown or slope (3-5 percent) across the
surface to allow quick runcfi-without scounng or eroding the
surfacing material.

From the surface, the flow 1s to the ditches or down the
embankment and away from the road Diiches shouid be
graded io permit sieady fiow and to prevent the road from
becoming wet and weakened They shouid be emptied at the
low points In the terrain at every opportunity and thus allow
water 1o leave the roadside area (Figure 11) Water should not
be ailowed to accumulate along the roadside.

In the case of long sections of road on steep grades, water
sometimes overflows the diiches on-to the road surface and
may run down the road along depressions caused by traffic
wheels Large furrows often open up and make the road

Figure 9. Sunken track drainage diich.

impassable Several ways to correct this problem are as
follows

1. Pave the affected section with stone,

2 Intercept the ditch more frequently with transverse cul-
verts,

3. Build either swales or humps diagonally across the road
to divert the water to the ditches (these should be sloped
gently so they will not interfere with traffic),

4. Prowide larger ditches,.and

5. Buid narrow channels across the road to collect the
water and direct it off. Channels must have a covering
that 1s sturdy enough to carry traffic but open enough to
collect water without clogging from surface debris
Paved swales have both the advantages of simple con-
struction and simple maintenance

Problems are prevented on new roads either by adjusfing
vertical aignment to discharge accumulated water more fre-
quently, or by providing greater ditch capacity through gully
iype ditches with paving as shown in the typical section m
Figure 7

Ditches may be constructed in vanous shapes. The most
common 1sthe V-shape, but a trapezoidal shape may be used
to provide greater capacity Aflat-bottom ditch (Figure 5) may
be used to provide a ready source of borrow material for.
building the roadbed The erosion characteristics of different
solls may favor one design over another {9)
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ROAD PLACED ADJACENT TO SUNKEN TRACK
ALLOWING TRACK TO SERVE AS DRAINAGE DITCH

Figure 10. One-side widening of existing road..

WIDENING EXISTING ROAD BY PLACING
WIDENING MATERIAL ON ONE SIDE ONLY
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Figure 11. Lateral ditch.

Table 2. Erosion of Ditches.

NATURAL

DISPERSAL

Note
* Common prackice for disposal of waler in longitudinal
ditches is to provide lateral ditches that divert water from
the fongitudinal ditch

Methods to be employed in ditch maintenance should be
recognized in the ditch design. Some designs may lend
themselves to either labor maintenance or to equpment
maintenance, but not both. On the other hand, a V-shape
diich can be maintained by either labor or equipment.

Lengthy ditches should be avolded by constructing irans-
verse drainage wherever water can be discharged If the
amount of water 1s too great for the standard ditch shown in
the typcal sectton, it should be enlarged The limitation to this
procedure 1s its cost as compared to the cost of the trans-
verse dranage In general, it-will be cheaper to bulld trans-
verse crossings than to extend ditches

Ditches may erode when the grade 1s too steep Erosion
depends on the velocity of the water and the type of material
{13). When the matenial 1s prone to being eroded, it should be
protected The most economical protection Is grass or veg-
etative cover Sprigging with creeping, quick-growing, mdi-
genous grass is usually effective Heavy vine-type vegetation
should be avoided because it may clog the diteh and biock
flow When vegetahion 18 not adequate, paving with rock and
mortared joints may be used. Concrete or cement-stabilized

- soll surfacing can be used f rock 1s not available

Cubhcal grades at which erosion will occur for vanous types
of materials are shownin Table 2 While thus table can serve as
a guide for the need for erosion protection, better information
can be determined by observing conditions in the field, par-
ticularly when the work is a furher stage development if
scouring or erosion is evident, adequate provisions must be
made o prevent reoccurrence after new construction

Wherever possible, ditches should be laid out without
abrupt changes in direction Ditches are particularly suscep-
tible to erosicn at the ends of long cuts where they discharge
into natural water courses. It is somelimes necessary to pave
the outlet areas in order to prevent damage to adjoining
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Type of Cntical

Matenal Grades (%)
Sandy 1-3
Clay 2-5
Fine gravel 4-6
Soft shale 5and over

earthworks. If excessive water flows down a hillside to the
road, it can be diverted by constructing a berm or intercept-
ng ditch (Figure 6) The ditch should be given as gentle a
slope as possible with a mimmum of change tn direction. If
gentle siopes are not practical, ditches should be paved and
provisions made for dispersing the force of the water with
diversion blocks, or check dams If the land is strabhed and
inchned toward the road, an infercepting ditch can easily
contrbute to a landslide An interceptor dich should not be
built without adeqguate investigation.

SURFACES

The least costly surfacing for low-volume roads conststs of
shaped naftural earth Adequacy of this type of surface de-
pends on the characteristics of the soil involved Most soils
provide an adequate surface only when they are dry or
slightly moist, bui when dry they may also be very dusty.
Under very wet condiions almost all soils except sands and
gravels become impassable Earih surfaces can be im-
proved by proper drainage When graded and dramned they
are generally considered adequate for Class 1 roads. Earth-
surfaced roads can be fuither improved to provide an. all-

.weather surface by -adding matenals that are less alfected by

water This may be done either dunng the initial constructon
or as a stage improvement to an existing road

The most common practice for providing an all-weather
surface 1s to place an appropriate thickness of gravel or
granular material on the road Suitable matenals are often
found in stream beds, flood terraces, or in other natural de-
posits (6, 11). The material should contain a sufficient amount
of fine-graned binding soils, 1&, silt and clay, to bind the
material together on the road surface when compacted Too
litile binder results 1n a loose surface, too much binder results
in a soft surface when wet. To provide a good riding surface
the maximurn size of stones in the matenal should not exceed
about 20 mm (34 inch) The thickness of material needed to
provide an all-weather surface will vary'with the quality of the
matenal and the traffic loads to be carmed For low-volume
roads, thicknesses of from 10 cm to 20 cm are common

If material meeting these requirements cannct be found, it
may be possible to obtain satisfactory results by mixing mate-
rials from two or more locations A gravel or sand deficient n
binder may be found at one location and a binding matertal at
another. Each 1s hauled to the site and mixed on the road in
the correct proportions Care must be taken to ensure that the



selected binding material will mix propery under normal
working conditions When suitable granular or surfacing
matertals cannot be found, n situ soils are sometmes mixed
with ime, cemeni, or asphalt to provide stability (12)

Bitumen seal coats are often used when traffic volumes
reach 140 to 170 ADT, but the volume at which they are
justified depends on logal conditions. Sometimes seal coats
are placed on roads having very litlle traffic because they
eliminate the need for pericdic replacing and reshaping of
surface matenals They also prevent raveling of stabihzed
solls, reduce vehicle maintenance costs, and eliminate dust.
Seal-coat surfaging may be a single application of bitumen to
seal the surface from water and to control dust. More often it
consists of one or more applications of bitumen and crushed
stone that provide a stronger and more durable nding sur-
face Itshould not be assumed that seal coats eliminate future
maintenance, since these surfaces will require repairs where
localzed falures occur Complete resurfacing may be
needed every few years, depending on traffic volumes and
local conditions

CULVERTS

As used n this synthesis, the term culvert applies to small
drainage structures in which water crosses transversely
under the road The term apphes to the commonly used sizes
of cuivert pipes or ther equivalents.

While many features of a road can be upgraded economi-
cally as a part of stage development, the size of a culvert
cannot It should be sized and installed correctly as the first
step of road development The sizing should anticipate future
changes In land use that might affect runoff. Vanous methods
for determining the proper sizes for culverts are to be found In
the literature, but no best method has been developed (7)

While 1t may not always be practical to make complete
drainage studiies for low-volume roads, every effort should be
made 1o provide an adequate as well as economical culvert
size Practical information can often be obtained in the field by
observing the locations where the culverts are to be placed
Width and depth of the water course, erosion, or evidence of
high waler are good indications of size requiremenis. Where
improvements to an existing road are involved, the conditions
that surround existing culverts can ndicate the adequacy of
their sizes

Culverts are generally required at low ponts in the ferrain
wherever the road blocks the flow of water. Exceptions in-
clude a deliberate decision 10 provide a ford crossing or a
swale, or when small flows are mntercepted or diverted by
ditches that can carry the water to the next point of crossing
The iatter 1s practical only if the ditches are adequaile to
contan the flow and the distance to be cared s short
Generally 1t will be cheaper to place cuiverts more frequently
than to extend or eniarge ditches (Figure 12) (17).

Low points can be determined from project plan sheets that
show grade and profile of the algnment Ewvidence of flow
across the road should be carefully checked in the field to
determine actual needs.

CULVERT MATERIALS

Where wood I1s plentiful and termites or white ants are not
indigenous, culverts can be constructed of logs or ax-carved
wood Wood culverts can be constructed quickly, and ¢an
thus speed up the road construction and use In a sub-
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Figure 12. Transversal pipes.
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Note

& Transverszl pipes should be provided at regular intervals
to evacuate the water that is running 1n the ditches (usually
lateral ditches are not sufficient); the entrances and exits
of the pipes must either be protected from erosion by
headwalls or riprapped; under some condittons the pipe
may be extended to the toe of slope and the headwall
eliminated

sequent stage, wood culverts can be replaced by more per-
manent construction Temporary construchion of this kind
should oniy be considered if embankments are low, because
heavy embankment removal and replacement would be un-
economical.

Local stone 1s often used for culvert construction where the
foundation 1s good and where the road grade 1s high enough
to provide sufficient cover to spread wheel loads Sione cul-
veits are usually bullt with a paved bottom, vertical sides, and
a flat arch top When the culvert span 1s narrow, reinforced
precast concrete slabs spanning rock walls ¢can be used as
an alternate to the flat arch top. The slabs can be used as the
nding surface. They require less height of embankment over
the culvert and can easily be cast on site to the desired size
Both of the above types of culverts make maxmum use of
local matenals and labor.

When local matenals are not available, either concrete pipe
culverts or corrugated metal pipe culverts are used. They ¢an
be used as single culverts or In seres when a single pipe 1s
not adequale in size The concrete pipe may be produced at
the site or at a central location and transported o the site
Economics and casting condiions should be reviewed be-
fore deciding which method 1o employ Corrugated metal
pipe is often an mported matenal, but it has the advaniage of
being relatively fight in weight and ¢an be more easily trans-
ported to the site It can be used on less stable foundations
than concrete and 1s readily assembied by local labor.

Existing culverts should be iengthened with like maternials of
the same size and without change in the slope of the flow Iine
Connecting two dissimilar or different sizes of culverl may
result In turbulence or a change in water velocity at the joint
Any reduction in slope will cause silt or debns to accumulate

Culverts generally consinct flood flow and increase ve-
locities to give higher erasion potential on the discharge end
In many nstances erosion and scour at these locations are
damaging to the road embankment, to the culvert itself, and to
the downstream channel The energy of the high-velocity flow
at the outlet should be dissipated to prevent scour This can
be done by placing riprap. [f rock is not available, sacked soil
cement is a good substilute.



WATER CROSSINGS

Low-volume roads often cross dry stream beds or low water
streams by means of fords, dips, and drifts. These crossings
are normally used as a first step in the stage construction of a
road 1n order to reduce iniial cost When increased trafiic or
Inconvenience of delays caused by high water justifies the
need, the original crossiNgs can be upgraded by construc-
tion of bndges or culverts.

In practice the initial crossings are used over fong perods
of time The engineer should therefore design and build them
for a long life so that they will not be destroyed by heavy
storms.

The simplest kind of crossing occurs when a stream with a
firm bottom 1s used as a roadway. The approaches should
have gentle grades that do not exceed 5 or 6 percent The
surfacing of the approaches should be gravel or other granu-
lar matenals that are not affected by wetting produced by
traffic

Less firm stream bottoms can often be made passable by
placing rocks in the stream bottom to provide a firm base with
a relatively smooth nding surface The stream wilt tend to
deposit silt on the upstream side and erode the downsiream
side of any matenals placed. It 1s desirable to widen the
crossing on the downstream side to minimize erosion of the
crossing area Fords should follow the bottom of the stream
bed as closely as possible so that the natural ilow of the
current 1s not altered

Paved crossings are often built on [farger streams and
streams with swift currents and deeper water Rocks are
ptaced to about the height of the normal water level Concrete
Is poured over the top and over the stoping sides to provide a
paved crossing with a mimmum disturbance to the flow of
water. in siream beds where erosion 1s hkely, cutoff walls
should be built Rocks should also be placed on the
downstream side to dissipate the farce of flood water flowing
over the surface

The cross slope of a paved ford should not be crowned bui
should slope downstream The elevation of the crossing
should permit a thin flow over the surface for a substanttal part
of the width of the stream when the water is at normal level

A more serviceable but more costly crossing for continu-
ously flowing streams and shallow nvers 1s the pierced dnft or
culverted ford that 1s designed so that normal flow passes
entirely. through one or more lines of pipe culverts A paved
surface 1s bulli over the culverts When flood water nses past
the tops of the culverts, it flows over the road without damage
(8).

In all these types of crossing, gentle approach grades are
essential and every precaution must be taken to minimize
erosion To help the traveler dunng flood waters, markers
should be placed io indicate the edges of the crossing. A
marker should also be placed ai the lowest pont on the
surface of the crossing to show the depth of water

BRIDGES

Bndges or culverts often replace ford crossings as the sec-
ond step in the stage construction of low-volume roads The
new consfruction usually occurs because traffic has -
creased sufficiently to justify elimmation of delays caused by
flood waters, or because flood waters are so violent that
lesser crossings cannot be maintained Bndges may also be
widened or strengthened to meet increased needs.

14

The brnidge site will usually be at or near an existing cros-
sing. It 1s important, however, that the best possible exact
location be selected The following factors should be consid-
ered.

1 The longitudinal center ine of the brndge should be at

right angles io the direction of the flow of the nver

2. The bottom of the bridge span should be at an elevation

above known flooding heighis

3 Piers and abutments shoutd not impede or interfere with

the flow of the stream if interference cannot be avoided,
protection must be provided against scounng and the
collection and accumulation of debns

4 Foundations must be on firm bottom, preferably out of

reach of flood waters. If the bndge 1s on piling, the piles
must be driven deep enough to be beyond scouring
depths and should be protected from the collection of
debns

5. If approaches to the brndge cross a flood plan and

require a road embankment, a swale should be built in
the profile of the embankment io an elevation lower than
the bottom of the brndge beams or girders This will
serve as a rehef overflow when ilood waters approach
the bridge deck level If the embankment washes out it
can be replaced more quickly and at less cost than the
bridge To minimize the chances of the swale washing
out, I can be paved and the embankment can be paved
or nprapped on the downstream side (13)

The least costly matenals to use for construction are gener-
ally those that are locally available Where wood 1s available
and white ants are not indigenous, shortspan wooden
bridges are economical and can serve adequately for many
years They can be built by local labor with relative ease. The
wood should be treated with preservative to prevent rot For
longer bridge life, footings, abutments, and pters can be built
of stone masonry, and woad can be used for beams and
decking Covered bndges have proved to be successiul in
reducing rot in wooden supersiructures  Whenever wood s
used for decking, wooden planking should be placed as
funning strips o protect and preserve the decking Stone
masonry arches, or masonry piers and abutments with steel
or concrete beams, are more permanent but are also more
costly and require a higher degree of skilled labor Some-
times site locations or economic considerations may favor
reinforced concrete structures. These require engineering
design and skilled labor for construction. Their cost can sel-
dom be justified n the initial stages of a low-cost road, but
they are often built in later stages to replace fords or drifts

Widening existing bridges must be undertaken with care
Since widening permits additional loading, the substructure
and foundations must be capable of supporting additional
toads Inspections should be made to determine if
strengthening or additional support I1s required before
widening. It 1s often more practicat to build an additional
bndge immediately adjacent fo the first, or fo replace the
onginal with a new bndge of the desred width

Under some conditions It has been found more economical
to place corrugated metal plate arch culverts than to build
small bridges These prefabricated curved plates are de-
signed to be assembled at the construction site They can be
transported easlly and can be bolied together by local labor
at the site. They have the disadvantage of having o be or-
dered well in advance of installation, and they must also be
bolted to a concrete footing. They are generally best suited for



deeper gullies or for places where embankments are rela-
tively high.

ERQOSION

Erosion 1s a major contributor to the detenoration of roads,
especially newly constructed roads. Erosion 1s often expen-
enced in low-volume roads where the earthwork has not yet
stabilized, and may be due to economic conditions that dic-
tate low-cost design and construction, or because the forces
of nature and the resulting efiects are not fully foreseen by the
designer or bullder

An understanding of the process of erosion is necessary as
a basis for adequate contrg! measures when locating and
designing the facility as well as in its construction.

Soll erosion ts caused by rainfall that displaces soil parti-
c¢les on inadequately protected areas Water running over soil
will carry some soil particles away. The rate of their removal 1s
related to the intensity and duration of rainfall, to the volume of
water flow, and to the charactenstics of the soll particles.

In some areas erosion 1s caused by wind Deposiions of
either water or windborne sediment occur when the velocily 1s
reduced and the carrying capaciy becomes msufficient to
carry all of its sediment load

When man has disturbed land by construction, there may
be a sudden large increase in erosion. Accelerated eroston is
the type that should be controlied dunng road construchon
and after the road 1s completed.

The causes of erosion suggest some basic principles for
erosion and sediment control (7). Some of the more important
principles, as they would apply to the bulding or improve-
ment of low-volume roads, are as follows

1 Construct slopes consistent with soil limitations,

2. Reduce the area of unprotected soil exposure,

3 Reduce the duration of unprotected soil erosion, espe-

clally durning rainy seasons;

4 Protect soll with vegetative cover, mulch, or erosion-

resistant maieral,

5. Control concentration of runoff,

6. Retard runoff with planned engineenng works, and

7 Trap sediment with temporary or permanent barniers,

basins, or other measures

Wherever practical, stream crossings should be made at
stable reaches of a stream to avoid meanders that are subject
to shifting. Consistent with other requirements, alignment and
grade should be blended or iitied to the natural landscape to
minimize cuts and fills and to reduce erosion and costly
mamntenance Culverts should be located so that the least
possible channel change will be required Care should be
taken to protect culvert outlets and channels from severe
erosion Usually rock nprap offers sufficient protection.

Subsurface water Is a frequent cause of landslides and
other distiubed areas that add 1o the erosion problem when
swrface water flows over these aresas The subsurface water
can sometimes be intercepied by trenches backiiled with
gravel and sand to allewiate such unstable conditions and
minimize potental erosion -

Small dams can be placed in a waterway to form reservoirs
or basins for detaining water and trapping sediment caused
by erosion. They can be temporary or permanent depending
on the need

Grading operations should be conducted in such a way
that the area of unprotected soil 1s kept to a minimum The

15

work area should be kept well drained and the ¢concentration
of water avoided

Inmost tropical or subtropical chimates and where rainfall is
adequate, the growth of natural grass in one season will
provide erosion protection for average embankments Where
there 1s need for greater protection, sprigs of. indigenous
creeping grasses are often planted The spngs should be
placed close enough to each other to obtain coverage in one
growing season

When drifting sand presents a problem by covenng or
obstructing a road, it can be controlled by placing
windbreakers on the windward side of the road. A decrease of
wind velocity will cause 1t to deposit iis load Care must be
taken to place the windbreaker far enough away to prevent
the deposit from being made on the road, but not so far that it
is meffective Windbreaks are generally effective for a dis-
tance that 1s 10 to 15 times the height of the break

Windbreaks can consist of any matenal that will break the
wind’s force such as slatted fence, trees, brush, or. other
debns that can be anchored into place ’

ENVIRONMENTAL CONSIDERATIONS

While the construction or improvement of low-volume roads is
not likely to have appreciable adverse eftect on the environ-
ment, there are some general practices the road engineer
should follow to ensure a minimum of disturbance to the area
in which he is involved ’

Erosion and the resulting sedimentation are two of the most
obwious forms of environmental damage Good construction
practices, such as the disposal of waste material so that it
does not affect the watershed, and control of runoff as previ-
ously descibed can reduce this to 2 mmimum {15 important
to bear 1in mind that the damage may extend far beyond that
which 1s visible to the eye A silted stream, for example, may
adversely afiect all of those who depend on it as a way of hife

Insofar as possible, objects having local histoncal, religr-
ous, or cultural significance should be avorded It may some-
times be advisable to modify good alignment to preserve
cemetenes, shrines, or Individual trees with special local sig-
nificance Sources of dnnking water or sites for washing
clothes and bathing should be disturbed as hittle as possible
In fact, it may oiten be possible to iImprove these or make
them more accessible without appreciable costs

No permanent scars should remain as a result of the cor-
siruction Excavaton siies or other denuding of the surface
should be graded to blend into the adjacent terrain and
naturat growth should be encouraged

SPECIFICATIONS

Most couniries have specifications for the construction of
ther major roads These specifications generally require a
higher quality of consiruction than 1s economical or neces-
sary for low-volume roads and, i followed closely, tend to
increase the cost of low-volume roads beyond the benefits
receved It 1s desirable to be guded by specifications that
are geared to low-volume road construction.

H construction 1s by public forces, it is likely that some form
of government guide pubhcation 1s available for the control
and supervision of construction, especially where labor-
based construchion programs are employed However, If the
government employs a contractor, there must be some form
of formal agreement from which the contractor can determine



what 18 to be done and the method by which he 15 to be
rembursed These agreements normally include engineering
plans or sketches as well as specifications that apply to the
quality of the work ko be done. They should also include
cntena for tme and performance of the work, and a firm
declaraton of any penalty to be charged for nonperformance
In stage construction, work units may be difficult to define or
measure One alternative is to reimburse the contractor on the
basis of hime and matenals required instead of the more
common practice of basing payment on the units of work

completed This, however, reguires very-close-and-detailed.

accounting to ensure proper reimbursement for the services
rendered

For low-volume roads the specifications should not be
highly technical because the construction is not hughly tech-
nical. However, it should provide sufficient information to
leave no doubt as to the qually of work desired. In some
cases the various steps to achieve the desired results may be
specified, but the contracior’s iniliative in utlizing acceptable
alternatives should not be restricted. The specifications must
also include provisions for controlling the quality of the mate-
rals to be used.

CHAPTER IV

Constructing the Project

MOBILIZATION
Materials

Before construction 1s begun, arrangements should be made
for the delivery of materials, tools, and equipment, and for the
mabilization of labor The supenvisor would be well advised fo
have all matenals available to him and under his control
before they are needed Delays in equipment delivery can
cause interruptions in work that far exceed the time of the
actual delays

A site convenient to the project should be selected for
assembhing materials and supplies The site should be well
drained and large enough to allow adequate storage space
and good traffic circulation and access Preferably, the site
should be located at the half-way point of the project, and it
should be readily accessible for incoming dehvenes. If the
project area s extensive, more than one site may be required
In that case, different matenals may be stored at different
sites. Construction equipment should be brought to the stte in
time to check for acceptability and serviceablity prior to its
being needed onthe job Proper storage must be provided for
fuel and lubncants

Ashelter s usually provided for the supervisor as a base of
operations and for mantaining records A safe place should
also be provided for secunty and storing small items of
equipment such as hand tools

Cement must be stored off the ground and protected from
the weather It1s no longer usuable if allowed to become wet
{Figure 13): Each site should be provided with the cement
necessary for the completion of the work at that site. If more Is
required than can be properly protected, proviston should be
made for partial delivernies Aggregates and sand should be
protected from contamination by foretgn matenals When
handling or stockplling aggregates, the matenal should be
placed in layers rather than in conrcal piles Cones cause the
particles to roll and segregate into coarse and fine segments
Segregated aggregate makes poor concrete

Reinforcing steel should be stored off the ground and, if it is
not to be used for several months, should be protected from
the weather to minimize rust.

If explosives are reguired, special consideration must be
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given to security and safe storage that 1s well remaoved from
other activittes. The amount that 1s stored should be the
minimum required without interrupting the work. Explosive
and detonating devices should always be handled separately
and must never be stored or transported together If appre-
clable quantihies of explosives are involved, the storage site
elther should be surrounded by mounded earth or should be
located so that an accidental explosion cannot endanger
personnel in the area

Scheduling

The supervisor should review his project to determine the
logical sequence for construction. He should consider how
seasons and weather might affect progress, labor require-
ments must be anticipated For example, If the project 1s
labor-based, the seasonal availability of labor and training
time required must be taken into account. The same consid-
erations apply to the use of local equipment

Figure 13. Cement storage.




TOOLS AND EQUIPMENT
General

The number and types of tools and equipment required for a
road construction project will depend on several factors that
include whether government pohcy demands a maxirmum use
of labor, the nature of the work, local economic conditions, the
availability of equipment, and avaitabllity of local labor. Some
combination of labor-based methods and egupment will
probably be found to be most practical.

Hand labor 1s more productive when soils are easily han-
dled, volumes are small, and haulng distances are short
More equipment 1s required as soils become more difficult to
handie and volumes increase Long hauling distances and
heavy stone or rock removal require heavier equipment
Generally, flat or gently roling terrain is suited to labor-based
construction methods, whife hilly or mountainous terrain re-
quires equipmeni-based methods

Tools

Labor-based construchion requires a variety of hand tools
These include shovels, picks, mattocks, sledges, trowels,
wheelbarrows, axes, saws, and machetes. Tool handles,
sharpening files, and other miscellaneous ariicles are re-
guired [o keep hand leols in good reparr. Extra tools shouid be
available for use when something is damaged or when hand-
les are broken Tool handles are usually available in the iocal
markets and are best replaced by someone who 1s familiar
with that task rather than by the individual user

insome areaslocal labor may be more accustomed to local
tools that are not universally used The supervisor must then
decide which tool 1 most appropriate to use. Training n the
use of unfamihar tools may be necessary

Equipment

Substantial savings can sometimes be realized if local
equipment can be used instead of more costly imported
road-building equipment For example, animal-drawn caris
or wagons can be used for hauling materials when distances
are shoni, farm tractors with attached blades can be used for
spreading loose matenals, and sods dug by labor can be
loosened by tractors or animal-drawn plows
When the woik 1s equipment-intensive, the following are
normally used
1 Dump truck — Most useful for transponting loose mate-
nals over longer distances than is practical for a wheel-
barrow The number of trucks required will depend on
hauling distances, method of loading, and the number
of current activikes The number of trucks used should
ensure that both loading equipment and trucks are cor-
stantty employed
2. Motor grader — Very versatile, used for moving small
guantities of matenials over short distances. it spreads,
levels, and shapes the earth and materials to form road-
beds or other surfaces lt1s used to form ditches and cut
and dress slopes. With a scarfier attachment it can
loosen hard solls Its long wheel base makes 1t 1ceal for
shaping the final road surface to the proper cross slope
and grade. One grader 1s normally adequate for a 10-km
project.
3. Roller — Used.to compact soils and other surfaces.
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Several types are used; steel wheel, sheepsioot, and
rubber-tired are most popular. They may be towed or
self-propelled Different types may be more effective for
differant soils. The best type for all around use is the
rubber-tired roller. Other equipment may sometimes be
used as a substiuie, but the roller 1s considered essen-
tial for good construction even on labor-based projects

4 Bulldozer — Used to move’large volumes of earth for
short distances. lts great power is particularly useful for
heavy work It can be used for rough grading, leveling,
clearing sturmps, and moving large boulders Hs use
may be difficult to justify for low-cost roads with ight
solls and low volurmes to be moved. In low-cost road
construction there 1s greater need for the bulldozer in
hilly to mountainous terrain than in flat terrain. Tracked
bulldozers cannot be used for compaction because the
unit weight on the track 1s too low. A Caterpillar D9
tractor that weighs 95,000 Ib has a ground pressure of
less than 15 pounds per square inch, while a 10-ton
(20,000 Ib), three-wheel rolier has a compression under
the driving whegls of 275 pounds per inch of roller width
or more.

5. Front-end loader — Most useful for loading trucks and
for moving large volumes of earth for short distances,
without frucks In low-cost construction it i1s often used
primarly for [oading trucks at borrow sources. However,
it could be used for excavating cuts It would not nor-
mally be used in labor-based construction.

Other miscellaneous eguipment may be required, depend-
ing on the nature of the construction and tha degree to which
hand-labor Is used. An ar compressor and drils may be
needed if substantial rock is encountered. Small-amounts of
rock can be drilled by labor. Pile driving or bridges may also
require heavier equipment, but reasonable efforts should be
made to substitute less costly methods of construction
whenever it is practical to do so.

SITE PREPARATION AND CLEARING
Site Preparation

As early as 1s practical, the entire project area should be
checked for ponding and wet soills Later construction prob-
lems can be prevented if the site 1s drained or exposed to the
sun and wind Borrow or gravel sources should also be lo-
cated and prepared for extraction when needed They may
require access roads or ¢leanng and top soil removal,

Staking the Work

The project must be staked for control of the work The
amount and details for staking will depend on what work i1s to
be done. New roads wili require stakmg to locate the center-
hne, centerline elevations, tops of slopes, and toe of em-
bankments The nformation -on which staking i1s based 1s
obtained from the engineering plan and the typical section A
survey crew usually sets the Ime in the area to be improved

The foreman i1s given a set of cross-sections and a preiile so
that the grades can be set as required String lines are set
later to ensure that the material 1s excavated or dumped and
spread to the proper grade and cross-section Further stning
lines are required toset ditch gradesto drain, espectally in flat
terrain,



Clearing

Clearing conststs of removing the existing vegetation in prep-
aration for excavation and the formation of embankments.
Cleaning may also be required in areas where ditches are to
be dug or borrow sources excavated As a minimum, a strip
measuring about 1 m beyond the top of cuts and the toe of
embankments 1s cleared Additional widths should be
cleared where the line of sight would be obstructed at inter-
secting roads or around curves. Clearing well back from the

road in heavily wooded or wet areas provides exposure to the.

drying effects of sun and wind that can be beneficial to
construction. Road blockage from falling trees can be
minimized i the cleanng extends 1%z to 2 imes the height of
tree cover Greater widihs may be desirable in the tropics on
the roads with a north-south orientation.

Clearing consists of cne or a combination of the following
operations, depending on the type of project and the charac-
tenistics of the vegetation

1 Felling trees and cutting shrubs If the trees are of suffi-
cient size and quality to be marketable, they may be cut
to appropriate size for transporting. If not, they may be
cut to a stze that 1s convenent for local iInhabitants to use
and may be given away Trees should not be left too
close to the edges of the tops of slopes because con-
tinued weathering often causes them to fall down

2. Undercutting — disposal of undergrowth, grass, and
weeds.

3. Grubbing — removal of tree stumps and roots Where
termites or white ants are not indigenous, stumps that
will be covered by 1 5 m or more of embankmenit may be
left in place.

4. Cleaning and burning — cleaning the road area of
cleared debns and burning, or ctherwise disposing of,
what cannot be used. Useful products from the cleanng
are placed in such a way that they will not obstruct the
operation of the drainage or interfere with traffic or con-
struction activities Of course precautions must be taken
to prevent uncontrollable fires

Clearing 1s invarably done by hand The tools used are axes,
handsaws, and machetes for the feling, and shovels, mat-
tocks, and grub hoes for the clearing and uprooting Shovels
are used for extracting stumps, and dynamiie may be re-
quired for large stumps

Cleanng lends itself well to stage construction [t can be
done far m advance and independently of other construction
activities For example, sore savings in labor and equipment
cost can be realized if the local inhabitants are permitted to
cut the wood that needs to be cleared for therr own use.
Because some control of the cutting and removal Is neces-
sary, areas or indwvidual frees to be cleared should be 1den-
tiied and authonzation given for removal in advance.

Such a program can be undertaken as a separate stage of
development to be begun well ahead of actual construction
activities and can be included equally well in focalized im-
provements or in major projects

SOILS
General

After the topsoll has been removed, the excavation and the
formation of embankments may proceed. The best roadbeds
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and embankments are buillt when the soils involved are known
and understood(6)

For low-cost roads, soil 1s the most common buillding mate-
rial and may be the only matenal Some solls are perfect for
that purpose, and most soills can be improved with proper
techniques Although soll properties vary widely, they can be
classiiied into groups with similar characteristics.

Solls consist of four physical components gravel, sand,
silt, and clay MNatural soils may be composed entirely of one
component, but they usually consist of two or more The main

physical characteristic used to identify soils is particle size.

Gravel and sand are defined as coarse-grained components;
silt and clay as fine-graned components Any oi these may
contain varying amounts of organic matenat that 1s sometimes
defined as a fifth component Gravel, the largest component,
ranges in size from a man's fist to a small pea or bean ltis
commonly known, easily recognized, and often found in
stream bottoms, relatively free of the other components
Sand, the next largest, ranges in size from a smali pea or bean
down 1o about the smallest size the unaided eye can see Itis
commonly found along with gravel, and s present m varying
amounts in most solls. Silis and clays are too small for the
individual particles to be seen by the unaided eye If the
gravel and sand are removed from a soll, silt and clay reman
The clay portion 1s plastic or putty-tke The silt portion 1s not
plastic and behaves more like extremely fine sand

Clay may be characternized as low plastic or high plastic
Moist fine-grained soils (silt and clay) that can be formed into
nbbons by roling between the hands are described as clays,
although they may contain some silt The longer the nbbon
that can be formed, the more plastic the clay. Ribbons that
break into short segments indicate clay that s less plastic and
contains more silt |f the soil 1s dry and lumpy, the more effort
required to break the lumps, the more plastic the soil, and the
higher its clay content

A simple test will determine the approximate amounts of
each of the components of soil Place a sampleofthe soilina
glass jar, filling It to about the one-third point Add water uniif it
1s about two-thirds full and shake wvigorously Allow the mate-
nal to settle until the water 1s clear or nearly so. The sand will
settle to the bottom and can be distinguished from the sift that
will settle on top of the sand. On top of the stit s the clay that 1s
also distinguishable from the silt The thickness of each layer
will indicate its percentage of the total

The ideal matenal for road building is one that 15 mostly
gravel and sand with just enough silt and clay to bind 1t
together The gravel and sand particles will vary from coarse
to fine in order to provide interlocking between them H does
not become soft when wet or loose and dusty when dry The
maore a soll approaches this standard, the better it is for road
buiding

Gravels and sands without any silt or clay make good
embankments if the embankments can be confined, that 1s,
they can be covered with other matenials to hold them in
place They are better If the materials used contain some fine
particles to fill the voids belween the coarse parhicles and io
bind them together The silt and clay content may increase
without much loss 10 quality if the soil reamins relatively dry
But as the silt and clay content increases and If the moisture
content becomes excessive, the soll becomes less stable

The same may be said for gravels and sands used for
surfacing Clean gravels and sand {those without any silt or
clay) provide good support for wheel loads when confined,



but without binder they are quickly displaced by wheel or tire
action. If they contan the right amount of binder, gravels and
sands are stable and prowvide good support without dis-
placement If there 1s too much binder the soils soften when
wet and become dusty when dry,

Soils that are mostly silt and clay generally make satisfac-
lory embankments If they are controlled. If the moisture con-
fent at the time the matenal is placed i1s not within certain
Imits, these soils begome difficult to handle If too dry, they
are hard to extract and are lumpy; if too wet, they are shippery
or may turn to mud Embankment silt and clay solls may
perform satisfactorily while dry, but they become soft when
wet, making the in-situ surface of most tracks or unsurfaced
roads impassable during wet seasons This s why it ts impor-
tant to provide adequate drainage adjacent to the roadbeds
and to ensure that the drainage functions properly Those silts
and clay soils with greater quantities of gravels or sands are
better and are applied to roads to obtain all-weather surfaces

Soils are found within short distances of each other may
vary considerably in compasition, and different strata of soil at
any one location may also vary. When such vanations occur
and the vanable solls are used for bullding embankments, the
poorer sotls should be placed at the botiom and the better
soils on top The pressure of a vehicle wheel on soll de-
creases with the depth of the soil, sothat if the poorer sails are
onthe bottom they are subjected to less pressure and are less
likely to be deformed by the loads Conversely, the better soils
atthe top are better able to withstand the more concentrated
loads without deformation (Figure 14)

Because of economic considerations, the engineer will
seldom have much choice n seleching soills for use n low-
volume road construction. He should select the best of those
avallable and make the best use of those that are poor.

Figure 14. Load distribution in soil.

~Compaction of Soils

In addition to soil quality, the periormance of individual soils
as road building materials depends on how they are placed.
There 1s no single factor that produces as much stability in a
road formation as does proper compaction. Cost of compac-
fion 1s moderaie, the means for accomplishing it are vaned
and generally accessible, and the benefits are substantial.

Soll compaction 1s a mechanical process inwhich the soili1s
made more dense, usually by rolling. Compaction makes a
soll tighier, denser, stronger, keeps it drier, and minimizes
swelling, shninking, and settlement The surface of a well-
compacted road 1s stronger, more durable, less likely fo form
wheel ruts, and less costly to maintain than one on a poorly
compacted or uncompacted formation Five factors are In-
volved In compaction (1) type of sal, (2) equipment, (3)
thickness of soil layer, (4) number of passes of the equipment,
and (5) maisture content.

Certain solls are more easily compacted by one type of
roller than another (6), but the builder of low-cost roads has
practically no choice of soils and seldom a choice of roller In
general, the rubber-tired roller 1s the most effective with most
solls Steel wheel rollers may be more universally available,
butthey are tess effective for general use They can beused if
the layers to be compacted are thin, but on uneven ground
they tend to "brndge” and compact unevenly They aie best
used for fimshuing surfaces A loaded truck can be used as a
substitute for a rubber-tired roller, and in many cases may
compact better than the other types of rollers If a truck 1s
used, care should be taken that the wheel tracks are well
distnbuted over the width of the formation Sheepsfoot rollers
compact clayey soils but are seldom satisfactory for silts and
fine sands.

WHEEL
LOAD

MAT'F.R!AL .- .° X

H

Notes

/ T SURFACING

e Greatest load pressure is at surface; load spreads as depth increases; place best soils at top, poorer soils at boftom

» In the upper-left diagram, load causes ruts or deformation o road surface because embankment soil prowvides inadequate support;
reascns may be poor soil, poor compaction of embankment, too wet, or combinations of each

¢ [n the upper-nght ditagram, a surfacing material {usually gravel-sand-clay mixture) has been placed on the same embankment; surface
15 less suscephible lo moisture and supports the load without deiormation, when load pressure reaches the embankment the pressure 1s
spread over a larger area and can be supported without deforming the embankment matenal

* Poor embankment materials and/er heavy loads need thicker surfacing layers

# Both surfacing and embankments provide befter support without deforming if compacted thoroughly
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Soils should be spread in layers that do not exceed 15-20
cm of thick, loose measurement. Thicker layers are more
difficult to compact. The compaction equipment travels lon-
gitudinally with the embankment, starting at the edges and
working toward the center. There should be an overlap of
about one-half the width of the roller on each pass to ensure
uniform compaction

The number of passes required will vary with the soll, its
moisture content, the kind of equipment, and the thickness of
the soil layer. The average is four fo six coverages
Dry soils will require more passes Excessively wet solls
should be given time to dry before compacting because if
they are compacted when wet they become spongy and will
prevent subsequent layers from being compacted properly,

For each soll there 1s a moisture content that is best suited
for compacting that particular soil. At that degree of moisture,
the optimum. moisture content, the highest density can be
obtained with the least number of equipment passes Accu-
rately determining the optimum moisture content involves a
rather detaled laboratory test However, an approximation
that s adequate for low-cost construction can be made by the
following simple field test

Fine-grained solls and dirty gravels and sands should be
thoroughly damp, not too wet and sticky, and not dry and
dusty. They should be damp enough that a ball of soil will
sticky together when squeezed in the hand but will not stick to
the hand. As a check, drop the ball of soil on a hard surface
from a height of 45-50 cm It should be moist enough that it
cracks but does not shatter after striking the surface [f the soil
at the work site sticks to the feet or to the equipment it 1s too
wel, when it 1s dusty, 1t 1s much too dry,

Taking advantage of natural conditions can reduce the cost
of compacting the soll. In dry weather the soil will usually be at
its highest moisture content when 1t 1s first excavated it
should be placed and compacted before it dries The mois-
ture can beincreased by sprinkling the soif with water, but this
1S costly and water 1 not always available Soll that is too wet
should be permitted to dry in the sun and wind. Drying can be
accelerated by loosening the soil for greater evaporation
However, in rainy seasons care must be taken to prevent the
soil from becoming even wetter Wetness can be minimized
when storms threaten by shaping the surface to drain and by
hightly rolling to provide greater runoft.

Unsuitable Soils

Sometimes roads must pass through areas where the soils
are nol ugable for road construction Satisfactory results can
often be obtained by mixing these soils with varying amounts
of ime, cement, or brick dust to improve therr stabiliiy{12)

Black cotton soil 1s often encountered in tropical and sub-
tropical climates. This 1s a highly plastic soll whose volume
changes greatly as the moisture content changes The ill
effects of the volume changes can be controlled by insulating
the road embankment from the black cotton soll with a layer of
sand About 15-20 cm of sand will stabilize the moisture
content of the underlying soii and minimize volume changes.
Culverts and other small structures must be similarly insu-
fated with sand tayers to prevent volume changes from dis-
rupting the flow profiles.

When acceptable surfacing matenals cannot be found, it 1
sometimes possible © combine sois from two or more
sources to produce one that 1s acceptable. For example, if a
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granular matenal is available from one source and a cohesive
matenal from ancther, and neither 1s satisfactory by itself, they
both may be hauled to the site and mixed in the proper
proportions ltis a good idea to lay some trial sechions that use
varying amounts of each material to determine the best pro-
portions.

Treating soils with additives like cement or ime, or mixing
two or more soils together, 1s costly. The procedure should be
avoided unless there are no practical alternatives

EARTHWORK
Removal of Topsaoil

Topsoll normally vanes from 10 to 30 cm in thickness, de-
pending on many conditions of growth, soils, and climate 1t
may not be present in barren, rocky, or eroded areas It s
easlly recognized by its darker color as compared to the
underlying soil and s generally not suitable for embank-
ments.

Topsoll can be laid aside for later use on the project or may
be discarded It contains nutrients and can be used on slopes
to encourage growth and to minimize eroston. Topsoil can
also be used to flaiten the slopes of embankments If used as
part of the work, it 1s placed in its final position after the cuts
and embankments are constructed and shaped. lt should not
be stored, even temporarly, where it will contribute to the
sitbing of drainage facihies

Tracks or old roads often have varying thicknesses of mud
or other sediment on their surface or along the roadsides This
15 extremely poor matenat for road buflding If the new road is
on a shallow embankment and 1s being placed over the
sediment, the sediment should be removed and discarded [f
the embankment 1s greater than @ 5 m, the sediment may be
leveled and left in place, provided it 1s not so thick or soft that it
will cause an unstable embankment.

If existing embankments are being widespread, the growth
and topsoll on the slopes should be removed beiore placing
additional material This permits a better bond between the
old and the new maternal.

If the project 1s labor-based, the removal of the topsoll 1s
done with shovels and mattocks 1t 1s moved fo the edge of the
road nght-of-way beyond the Imits of cuts, fills, or ditches,
where It is stored. Later it can be moved in wheelbarrows and
placed on the slopes or embankments.

If equipment 1s used to remove topsoil, a motor grader 1s
preferred The blade of the grader s angled so that a windrow
of the topsoil 1s formed The windrow may be moved by a
front-end loader to the stockpile, ¢r it may be loaded inio a
truck and hauled away

A baiance between equipment use and labor may be ap-
propnate The grader would do the more difficult work of
loosening or windrowing the topsoil. Labor could then move
the loosened matenal to the stockpile either by truck or
wheelbarrow. If a motor grader 1$ not available, a bulldozer
can be used and might be preferable under some conditions
The frond-end loader, though less versatile for this purpose,
might also be used

Excavation :

After the topsoll has been removed, ‘the roadbed can be
formed by cuting high areas, filing low areas, and shaping
the roadbed In flat areas the forming may consist entirely of



cutting the ditches and placing the excavated material be-
tween the ditches to form the roadbed. )

When the work is labor-based, excavation is done with
mattocks and shovels, and the matenal 1s taken to the em-
bankment area The laborers must be spaced far enough
apart to ensure that they are not accidentally struck by the
tools of laborers beside them. Excavaton should not cause
landslides that would endanger the workers (Figure 15). If the
hauling distance is short (under 100 m} the excavated mate-
nal ¢can be moved by wheelbarrow. For greater distances
vehicles are usually required The hauling distance ¢an be
kept to a minmum by balancing the cuts with the fills.

If the projecl 1s equipment-intensive, excavation will de-
pend on the kind of equipment that 1s available and the nature
of the construction The frond-end loader1s most versatileand
can be used lo excavate alt but the hardest matenals and for
loading A bulldozer can loosen the harder matenal and can
move it short distances [t cannot be effectively used for
loading unless through a chute or other arrangement where
matenal can drop into a truck{10). A grader can also loosen
and move soll for shont distances, but it 1s less productive for
that purpose than the bulldozer. However, it 1s an exiremely
versatlle piece of equipment for cutting ditches, shaping
slopes, and for other fine grading work(7).

The work should be planned to take advantage of gravity
rather than oppose it. Workers should load to the low side of
the hauling equipment and push maternals downgrade rather
than upgrade Excavation should proceed so that the center
of the cut remains high enough to assure drainage toward the
edges

Excavation continues until the planned centerling elevation
Is reached The roadway is then carefully shaped to the
required cross-section The section can be controlled by

Figure 15. Hand-labor excavation saquence.

streiching a string across the roadway ai some selected
height above the finished centerline grade. The correcl
offsets are then measured down to the points of the road
formation. Key ponts are the centerine, the edge of the
roadway, the top of the ditch, and the bottom of the ditch.

Finishing and dressing of cut slopes are generally done by
hand, using mattocks and shovels, but may be done by
grader. Provision of proper slope, removal of excess mate-
nals, and compaction of loose areas will minimize the possibil-
ity that the slopes will eventually slide down to obstruct drain-
age (Figures 16 and 17).

If berm ditches are required to prevent excessive erosion of
the slopes, they should be excavated before the slopes are
finished Berms should be placed well back from the top of
the slope to minimize landslides

Embankments

General. Low-cost, low-volume roads will generally have.low
embankments, perhaps less than a meter above the adjoin-
ing terrain  Exceptions may occur at cross road culverts, low
areas subject to flooding, and in more hilly terrain The follow-
Ing engineenng principles should be applied to embankment
construction to make the difference between a good road and
a poor one:
1. Start with a firm base,
2. Place fill matenal in layers of moderate and uniform
thickness (15-20 cm),
3 Compact each layer thoroughly, and
4 Control drainage to minmize wet soils both during and
after construction

Firm base. Any wet or soft areas in the alignment should have
been corrected by drainage or exposure early in the project
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Figure 16. Excavating stable slopes.

DO

DON'T

SIDE WILL STAY.

SIDE MAY SLIDE WITH RAIN AND OBSTRUCT THE RCAD

By the time embankments are started the base should be firm.
Construction will often involve upgrading tracks or urim-
proved earth roads and with the improved road placed over
the old travel area. These tracks or old roads are often sunken
below ground level and badly rutted Discarded material
often forms ndges at the sides Before any embankment
material 1s placed, the old road area shoutd be leveled o a
reasonable extent, either with hand tools or equipment such
as a grader or bulldozer If holes or sharp depressions exist,
they should be filled and compacted before staring the em-
bankment layers

Special base conditions. Sometimes embankments must be
placed across swamps, marshes, or other unstable sails that
are too soit to supportthem If the soft matenal 1s shallow (less
than 0 5 m), it may be practical to remave and replace it with
iill matenial The weight of higher embankments may simply
displace shallow soft matenals, resuliing in continuing and
irregular settlement The settlement may or may not be objec-
tronable, but feveling the settled road surface from tme to
time 1s simply done
[f the matenal 1s deep and too soft to support an embank-
ment, it may be crossed by taking the following steps
1 Place a compact mat of brush, twigs, leaves, or small
Iimbs about 1-2 m thick on the area to be crossed The
widih of the mat should be about twice the width of the
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bottomn of the embankment to be placed Thickness and
widih ¢an be altered depending on the softness of the
swamp.

2 Place on the mat the minimum thickness of embankment
material required to provide a working platform

3" After a few days, place a layer of embankment material
not to exceed 03 m, and observe the selilement for
about two weeks.

4 [f the seftlement appears reasonably uniform and if no
lateral shppage has occurred, add another thin em-
bankment layer Do not compact any of the layers Re-
peat the addition of thin layers at increasing time mter-
vals untl the minimum elevation that will allow usage has
been reached If shppage occurs, stop all loading in the
shppage area for an extended time penod and slow the
loading schedule on the remainder.

Never buld the embankment higher than the minimum
required As settlement occurs, it can be raised from time io
time, but always in thin layers If loading proceeds too rapidly
and sltppage occurs, there may be no correction that 1s
economically feasible

Forming the roadbed with labor. Aifter the topsoll has been
removed and major irregularites leveled, the roadway 1s
formed by digging diiches and depositing matenal i the
roadway area (Figure 18) The work 1s done with matiocks,



Figure 17. Safe slope excavation.

Do

DON'T

YES!

NOT NOI

DON'T

SIDE MAY COLLAPSE DURING CONSTRUCTION
AND INJURE THE LABORER.
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shovels, and wheelbarrows. The material should be placed in
layers not more than 15 cm thick across the width of the
embankment. The depth of digging can be controlled by
placing taut strings from which the depths can be measured,
for easy control by the workmen, sticks can be cut to the
proper length or rnarks made on the handles of the digging
tools.

For the reasons discussed earler, each layer placed in the
embankrment should be compacted If no roller is available,
other means may be improvised. A loaded truck is a possible
alternative

The material made avallable from forming the ditches may
not be sufficient for building the embankment to the desired
height Additional material may be cobtained by digging a
wider, flat-bottom ditch This is often done inientionally to
provide greater volumes of earth for a higher grade and better
ditch drainage. It also tends to iower ground water levels and
keep road embankmenis dner Additional embankment
materal can be obtained from cuts or roadside excavations
When nearby sources cannot be located, trucks or other
transporting equipment must be used to bring borrow mate-
rial to the work site

Forming the roadbed with equipment Unless there are sub-
stantial embankments, the mitial work with equipment is “pul-
Iing the ditches” with a grader. The grader blade 1s set ta the
desired angle and the ditch is cut by proceeding along the
alignment at the planned distance from the centerline The
matenal 1s bladed toward the center as repeated cuts are
made. All matenal is moved toward the center and spread in
thin layers with the blade. The center of the roadway 1s kept
high at all times to maintain drainage This procedure con-
tinues until the ditches are cut to their final depth and the
roadway 1s shaped The grader tires will provide some com-
paction but the surface should be rolied to provide uniformity

If the embankment requires more matenal than the ditches
provide, additional material can be obtained from cut areas
on the project or fram other borrow sources Dump trucks
bring the matenal to the embankment. The grader spreads
the materal over the entire surface to the desired thickness
The amount of spreading required can be reduced by spac-
ing the dumped loads at intervals along the roadway.

Aiter the matenal is spread, each layer is rolled by starting
atthe edges and working toward the center Each pass of the

Figure 18. Forming the roadbed.

roller should overlap the preceding pass by about one-half.
Unless the soil is too wet, roling should commence 1m-
mediately after the spreading and before the matenal dries
out Varying the paths of the trucks over the embankment as
they deliver the material will aid in the compaction, thus reduc-
Ing the number of rolling passes required. The grader should
maintain a smooth even surface until the embankment
reaches the desired height, always crowned to drain.
Whether the final surfacing matenal is to be placed. im-
mediaiely upon ¢ompletion of the embankment or at some
future date, the embankment surface should reflect good
waorkmanship It should be firm with no soft or spongy areas.
The crown should be adequate for runoff without being ex-
cesstve The surface should be free of depressions that could

. retan water Even a small depression will allow soiftening of

the soil when wet and cause potholes under traffic.

Widening embankments Stage construction may Involve
the widening of an exrsting embankment or the digging of new
ditches to provide a wider road. The principles of good con-
struction remain the same. Matenals should not be dumped
oft the side of an embankment to widen an existing embank-
ment They should be placed in honzontal layers with each
layer compacted Thus will minimize differential settiement
between the embankment and the widening Old diiches
undeilying the shallow embankments of the wider road
shouldiirst be cleaned of any soft or wet material They should
then be filled with well-compacted matenal before starting to
build the new embankment.

Compaction alternatives Funds avatlable for low-volume
road construction may not always provide for compaction
equipment. While the advantages of compaction are undeni-
able, many roads have been built in the past without a con-
scious effort to compact them The road builder without com-
paction equipment should make every effort to provide the
best compaction he can by whatever means 1s at his dis-
posal The emphasis on embankment compaction shouid be
at the topmost layers Most crittcal of all are backfills around
culverts that are-exposed to erosion from water. Wheeled
equipment or travel of any kind provides some compaction.
In confined areas hand tamping may be the best that is
available

ROAD BEFORE EARTHWORK

cuT

SPREAD & COMPACT STOCKPILE
GOOD MATERIAL ROCKS &
QTONES

ROAD AFTER EARTHWORK




ROQK EXCAVATION

Rock excavation Is costly and highly specialized. It should be
avoided if there are reasonable alternatives such as changing
the alignment or grade When solid rock cannot be avoided, it
is usually necessary to blast with explosives. The blasting
operation includes the following activities

Drilling

In this operation, holes are made in the rocks for placing the
explosives This can be done by hand or equipment, depend-
ing on the amount to be done and the equipment available

Placing the Explosives and Blasting

Contrary to dnlling, this operation requires the use of skilled
workmen. Experience is of the utmost importance in locating
the proper drll sites and in loading the holes so ihat no
unnecessary nsks are taken with badly placed charges Im-
properly placed charges can result In inferior iragmentation
that makes road bulding operations uneconomical Unless
the workmen are well qualifted, explosives advisors should be
employed. After the explosive has been inserted in the hole
and prepared for btasting, all personnel within the blasting
area are to be warned of the impending blast by a whistle or
other alarm. '

Extracting and Loading

Once the blast has faken place, the shattered rock 1s picked
up and loaded for removal. If the fragments are too large they
can be broken with mauls or sledge hammers (Figure 19).
Excessively large fragmenis may be a measure of inefticient

Figure 19. Breaking rock with hand tools.
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blasting and may require additional blasting. For.short dis-
tances wheelbarrows can be used for removal, otherwise
dump trucks are used

The fragmented rock may be used in embankment con-
struction, but only the small fragments should be placed in the
uppermost layer Using large preces at the surface resultsina
rough and rocky surface. More rectangular or cubical shaped
fragmenis may be used for building culverts, bridges, or
retaning walis, or for surfacing cntical sections of roadway.-
Pcorer shaped fragments are useful for erosion protechon
Small fragmenis or chips, even though mixed with soll, can be
used m the roadway The fragments are especially effective in
strengthening localized soft or spongy areas

Safety

Strict safety measures must be emploved to avoid accrdents
with explosives.

¢ The fewer men handling explosives, the fewer accident
rsks

* Never keep explosives and blasting caps together and
never allow the same workman to carry both

* Allow only one person to carry, connect the wiring, and
activate the detonator.

* Work should be assigned according to experience

s The work party should have exact knowledge of each
individual’s duties.

® Storage magazines should be entrusted to one man
only

* The magazine should be surrounded with a protecting
earth embankment that ¢contains no rock fragments

* All safety regulations must be observed

SURFACES
General

Surfacing 's a means of providing a more rehable road
throughout the year regardiess of weather conditions. The
surfacing matenal may be placed either immediately follow-
ing the construction of the road formation or as a later stage
development. Both methods have advantages and disadvan-
tages

i surfacing matenal is placed as part of the inihial construc-
tion, traffic 15 provided with an all-weather surface im-
mediately. Any further extensive reshaping of the road In
preparation for surfacing 1s eliminated The greatest disad-
vantage Is the greater inihal cost However, there may also be
difficulties in initiating a new project for surfacing at some later
date. Some countries include surfacing in the initial work as a
matter of policy.

Delaying the surfacing o a later stage of development has
the advantage of lower initial costs Funds are not committed
until the need is evident Such a decision also aflows time for
the road formation to become more stabilized as 1t ages If
problems develop they can be corrected before surfacing 1s
placed Delaying has the disadvantage of not providing as
rehable a surface nitially. It also requires more extensive
preparation for surfacing due fo the long-term effects of ero-
sion and traffic.

Staged Surfacing

Preparing an older road for surfacing usually requires much
more work than 1s required for a recently constructed road.



The ditches should be c¢leaned and the flow lines reestab-
ished. This may require completely new ditching or merely
the removal of debris and silt frem the existing diiches Ditch
sediment 1s generaily of such poor qualty that it should not be
placed on the road surface Ditch outlets and culverts should
be cleanead to ensure roadside drainage Drainage and ero-
sion problems should be corrected. it 1s likely that the road
surface will be misshapen from erosion and years of usage. It
should be rehshaped to provide a suitable crown for runoff
and then recompacted

Roadway shaping 1s done with a motor grader and some
labor support Either a rubber-tired or steel-wheeled roller
can be used for compaction |f either graders nor rollers are
available, the work can be done with picks, mattocks, and
shovels Local or improvised drags, either tractor- or animai-
drawn, can be used to spread ihe loosened material more
evenly along the road. Traffic will provide compaction if the
matenal 1s moist.

Gravel Surfaces

Before starting the surfacing operation, suitable sources of
matenal must be located. In many areas this may require
considerable time and should be started well in advance of
when the matenals will be needed at the road site For endur-
ance, a good surfacing matenial must be stable under both
wet and dry conditions and resistant to abrasive traffic action.
In addition, the cost for delivery to the road site should be low

The materials thal meet these requirements are mixtures of
gravel, sand, silt, and clay Stability 1s actieved when the
mixture 1s well graded, 1 e , contains a more or less uniform
distribution of particles ranging from coarse to fine.

Material sources. The main resources for surfacing matenals
are stream and nver bottoms, terraces, and alluwvial fans and
sediments. Other deposits occur as a result of the underlying
rock (10, 11) Very often matenals that were used for local
improvements may be suitable for reuse as surface matenal.

Because surfacing matenals play such an important part in
the performance of a road, they should not be approved
indiscriminately Samples of prospective souices should be
subjected to laboratory tests and accepted on the basis of
compliance with established speacifications {14).

Samples for testing can be obtained by digging test pits or
from the exposed faces of banks. When obtaning samples
from a pit, each change n the soil layers is identified by a
change in texture or color A sample of each 1s bagged.and
labeled for location, depth, and thickness of layer, and sub-
mitted for laboratory tests. When sampling the face of a bank,
avertical strip of the face 1s cleaned of vegetanhle matter and
weathered maienal. A sample 1s obtained by scraping loose a
uniform amount of the bank face from top to bottom or from
each stratum if there are appreciable differences in strata
When the tests from these preliminary samples indicate ac-
ceptable matenal, additonal sampling should be undertaken
to determine the Imits of the suitable matenal and f an
adequate quantity 1s available

Time and work can be saved if a laboratory unit and tramned
personnel are available to assist in the search and to make
preliminary evaluations.

Excavaling the surfacing matenal. Before the excavation Is
slaried, the borrow area 1s cleared and the topsoil is removed
and sectioned far quantity measurament, if measurement 1s
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required In some cases haul roads must be built for access f
the surfacing is to be included as part of the initial construc-
tion it should get underway simultaneously with the earthwork
s0 that the finished stretch of road can be protected im-
mediately.

If the work 1s labor-based, the operation is similar to cut
excavation except that the hauling 15 usually by trucks If
appreciable distance 1s involved. The matenal is loosened
with pickax and shovel and loaded by hand When the exca-
vation 1s from a bank, the ptacement of the truck shouid be
lower than the workmen, thus increasing the work yield The
bank should be dug in steps, while maintaining a stable
sfope, so that there I1s no danger to workmen from landshdes.
If the excavation is from a pit, consideration must be given to
drainage Aramped approach permits access by fruck tothe
pit bottom and increases the work yeld If the work 15
equipment-intensive, the loading is done by front-end loader.

When the material contains stones that are too large to be
placed on the road, the stones should be removed at the
source to save hauling. Stones may be removed by passing
the material over a slanted screening device that rejects the
large stones The stones roll to one side while the remainder of
the matenal falls through the screen to the truck. This device
can be improvised in the field with a smple log or sione
structure through which a truck can drnive Heavy reinforcing
bars, rairoad track, or similar maternal can be used for the
screening Large stones that are delivered with the surfacing
material can be removed from the road surface by labor.

The matenal 1s hauled from the source to the road and
dumped The number of trucks required depends on the
manner of loading and the haul distance If ali the trucks are
the same size, loading and unloading will be more efficient.
Immediately after unloading, the matenal is spread to the full
width of the area 1o be suifaced |t may be spread either by
shovel and rake or, if the project 1s equipment-intensive, by a
grader and other equipment |f should be compacted without
delay in the manner previously descnbed. The hauling trucks
can provide parital compaction by varying their travel over the
surface A fully loaded hauling truck can be used if no roller is
available for the final compaction.

To ensure the proper drainage of the finished surface it 1s
important that the planned crown of the road be maintained
the final compacting The compacted surfiace should be
checked irequently for correct thickness, and adjustments
should be made accordingly.

Bituminous Surfacing

A bitumnminous surface treatment 1s oiten applied as a ftnal
phase of stage construction when traffic reaches predeter-
mined levels This type of surface preserves the surfacing
materials, eliminates traffic dust, and prowvides a smoother
and faster nding surface that is free from the softening effects
of surface water. it consisis of one or more coatings of bitu-
men and crushed stone or gravel aggregate Clean sand Is
sometimes used as the aggregate. The aggregate is applied
to the existing surface that serves as a base for the surface
treatment Surfaces that are not stable or that consist primarily
of silts and clays with poor supporting value when wet are not
suitable for surface treatment

Equipment for bituminous surfacing. Equipment-intensive
work requires a grader, water sprinkler, asphalt distributor,



broom drag, stone spreader, stegl-wheeled or rubber-tired

roller (steel-wheeled rollers sometimes crush the agaregate),”

and dump trucks. Some of this equipment can be eliminated .

for labor-based work

Materials. Various bituminous or asphaltic materials may
be used depending on ciimatic conditions and availability
Materials that have previously proven satisfactory under
local conditions should be given preférence. Depending on
local practice, what is available, and the number of coats to
be applied, the aggregate should be a clean, hard, crushed
gravel, usually ranging in size from 1to 2.5 cm.

Procedure. The road is brought to the proper shape and
grade with the depressions filled and irregularittes leveled
This 15 best done with a grader because even small -
regularitles are objectionable to vehicles traveling at higher
speeds. The surface should then be rolied until it 1s smooth
and tight and wet down 1f necessary Any loose materal that
remains should be removed. Sometimes additional matenal 1s
required to bring the surface to the proper shape and grade
This material should be placed sufficiently in advance of the
final firishing to become fully stabilized.

When the bitumen 1s applied the surface should be firm,
shghtly moist, and free of loose matenal or dust. If the surface
is soft, the bituminous surfacing will soon break and disinte-
grate under traffic |f the surface 1sloose or dusty, the bitumen
will not adhere to the surface Usually the bitumen is appled
with a pressurized, truck-mounted distributor, equipped with
spray nozzles for even distribution The distributor 15 also
equipped with a heater for applying the bitumen at the re-
quired temperature, and a measuring device for control of the
amount applied. Except for relatively small areas, application
of this material by hand 1s not considered practical

The bitumen peneirates the road surface and seals It from
the softening effects of moisture It also serves as a binding
matieral to hold the stone that 1s spread on it before the
bitumen begins to set or cure This may be done with a
spreader or by labor with shovels If a spreader is used, 1t 1s
attached to the back of a dump truck. The loaded truck is
backed over the area to be covered in such a way that the
wheels always nde on the stone being spread and not on the
bitumen If the spreading I1s by hand; the stone i1s shoveled
from piles that have previously been placed at surtable inter-
vals along the sides of the road.

Sufficient stone should be used to cover the surface with
one thickness More than one thickness 1s wasteful and will be
cast to the side by traffic, while less than one thickness fails fo
provide the intended protection to the surface. Single surface
treatments require approximately 25 Ib per square yard (13 5
kg/m?} Double surface treatments use from 35 to 70 Ib per
square yard (19 to 35 kg/m?)

After the stone 1s spread, it should be broomed for even
distribution. This can be done with either a drag broom or
with hand brooms. The stone 1s then rolled, preferably with a
steel-wheeled roller, to set the stone in the bitumen and to
provide a smooth surface

I a thicker surface 1s desired for greater durability, addi-
tional apphcations of bitumen and stone are made in reduced
amounts. Two or three coatings are common for heavier
travelled roads. A pilot car should be used to conduct traffic
over the completed surface treatments at amixmum speed of
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25 mph (40 km/h) for the first 24 hours after the aggregate Is
apphed. For best long-term results, an additional coating s
apphed at three- to five-year intervals.

PIPE CULVERTS
General

Constructing culverts involves preparing the site, bultding or
faying the culvert, back filing, and protection from erosion.
Sometimes tt 1s necessary to clean or reahgn the channel at
the intake and discharge ends of the culvert to ensure proper
flow.

Culverts are notmally installed before the road embank-
mentis placed. Where there is no flow during the construction
penod the embankment may be placed first and a trench
excavated for placing the culvert. Thisis usually a more costly
procedure and is to be avoided unless unusual conditions
exist.

Culverts may be constructed from local materials such as
wood or stone, If they are avarlable If not, either corrugated
metal pipe or concrete pipa1s commonly used Concrete pipe
may be produced at the site or it may be manufactured at a
central location and transported to the site. Cotrugaied metai
1s usually an imported product, but it 1s highter than concrete
and 1s more easily transported to the construction site If the
culverts are large, the pipe may be produced 1n sections that
can be nested for transporting and then assembled by bolting
the sections together at the site.

Choosing the type of culvert to be placed 1s normally an
economic consideration and will have been decided before
the project reaches the construction stage Locations at
which culverts are io be placed are normally a part of the
design and are also decided before the construction stage.
The supervisor should always be on the alert for additional
locations where water would be blocked by the road forma-
tion. Such locations require addiional cuiverls unless the
blockage can be relleved by minor ditching.

Exact placement of culverts should be decided n the field
after examining the flow and channel conditions at each loca-
tion. A culveri should be placed as part of a continuous
channel, and it should alter the natural flow conditions as httle
as possible H the grade of the culvert 1s flatter than the
channel, the culveri inlet may fill with sediment. If the culvert
grade 15 steeper than the channel grade, the culvert outlet
may cause erosion.

There may be a natural inclination to place a culvert at nght
angles to the road centerline in order to save matenals. This
should be done only when the onginal channels aiso at nght
angles to the road [f the culvert alters the direction of the
siream flow, erosion can occur at either end of the culvert.
There are greater overall savings Iif the culvert follows the
course of the channel When this is not possible, a new
channel 1s cut and should be protected from erosion at points
where the flow changes direction. If the direction of flow must
be altered, it 1s better to make the change at the discharge
end This assures maxmum protection of the embankment
against scour and wash

Before the culvert 1s placed, a smooth firm bedding should
be prepared al the proper grade, aliering the naturai flow line
as littte as possible If the stream 1s flowing, it may be neces-
sary to relocate the flow temporarly in order to prepare the
base or to place the culvert.

~



Building the Culvert

Wood Where wood is plentiful, logs or ax-carved wood ¢an
be used. Wooden culverts should be considered as an expe-
dient and not as permanent construction. Wood s sometimes
used In order to gain access to the area for construction
purposes and serves until the permanent culvert matenals
are available. In subtropical and tropical chmates rot and
insect damage make wood short lived. [n temperate and
dryer climates log culverts have been known to last many
years.

Stone. Stone culverts are often built where stone 15 locally
avallable They are simple to construct and do not require
highly skilled labor Necessary matenals are limited to stone,
cement, sand, and water They are best suited to sites where
channels are well-defined

Stones are selected and cut, if necessary, with a stone
mason's hammer. Afloor of stone with mortared joints s laid 1o
the proper grade Walls are built to the approprnate height
The top may be construcied as a ilat arch if the span Is not
excessive and the road grade permits. If not, reinforced con-
crete slabs may be cast and laid across the tops of the walls.
When the grade Is low and when spans are not excessive,
these slabs may be used as the nding surface without cover.

Concrete Pipe

When concrete pipe is produced at the site, care must be
exercised to ensure a good quality product. Not only must the
ingredients be properly proportioned and mixed but great
care must be given to proper cunng The inikial curing 1s
obtained by keeping all the surfaces of pipe completely moist
for a mimimum of three days This 1$ done either by covering
with maist burlap, by flooding, or by spraying Hand spraying
Is usually not effective because of the tendency to allow the
surfaces to dry before the next spraying.

The pipe should not be handled nor moved until it has aged
for a mimmum of seven days under favorable curing condi-
tons. For less favorable condiions the aging time should be
extended.

Reasonable care must always be used to prevent damage
to the pipe during transporting and unloading The pipe
should not be dropped from a truck nor rolled down an em-
bankment (Figure 20).

Installing concrete pipe culverts The load that the pipe will
support as a culvert 1s determined to some extent by the way it
1s bedded. The least effective bedding results when the pipe
1s simply laid on the ground surface. A much more effective
bedding 1s obtained when the earth I1s shaped to fit the lower
part of the pipe for about one-half the diameter of the pipe
{Figure 21). lf the bottom of the pipe bed 1s rock or hard clay, a
space below the pipe should be excavated and replaced with
10-15 cm of sand or compacted granutar material The pipe
should never be laid direcily on the rock.

Concrete culvert pipe 1s made with a groove or recess on
one end and a corresponding tongue on the opposite end.
When the pipes are joined, the tongue enters the groove of the
adjpining pipe to form an overlapping and smooth connec-
tion The jonts are sealed with cement mortar consisting of
one part cement and not more than two parnts of fine clean
sand. Joints should be constructed so that the flow will not
leak out of the pipe and so that water or sand will not seep into
the pipe. Seepage may cause eroston under the pipe and
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Figure 20. Handling concrete pipe.

eventually cause faillure or blockage of the culvert

The first pipe is laid on the downstream end with the groove
upsiream The grooved end should be cleaned with a wet
brush and the bottom half spread with mortar The mortar will
not adhere to a dirty or dusty surface, and will crack and break
away if the surface 1s dry. A shallow excavation should be
made underneath the end of the pipe at the joint. The excava-
tion should be filled with mortar that will bed the joint of the first
and second pipe. The tongue end of the second pipe Is fitted
into the groove end of the first pipe untl the mortar 13
squeezed out into the inner and outer surfaces. The inner
surface at the joint 1s then brushed smooth The outer surface
is covered with a bed of mortar. This procedure 1s repeated
until the entire length of culvert 1s laid. The joints should be
kept motst until the mortar has cured. Twenty-four hours I1s
considered a minimum curing time (Figure 22)

If existing culverts are being extended as part of a staged
widening improvement, extra care must be taken to ensure
that the culvert extension is on a firm base and on the same
line and grade as the oniginal culvert. Before any extensions
are placed, the onginal culvert should be checked to see that
it 1s free of obstructions or debns and that the joints are hight

Backhlling concrete pipe culverts. Backiill around the pipe
should be fully compacted because of the susceptibility of
backfill to erosion damage and future settlernent If backiill 1
carefully done, the culvert will be protected from misahgn-
ment or damage to the joints (Figure 23), The backftll matenal
should be good clean earth, preferably granular, and should
be free of lumps, boulders, roots, or excessive organic mate-
nal It should be placed on each side of the pipe with shovels



Figure 21. Bedding concrete pipe.
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THOROUGHLY UNDER HAUNCHES
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COMPACTED EARTH
CUSHION

infayers not exceeding 10-cm ioose thickness and should be
thoroughly compacted with hand tamps (pneumatic tampers
may be used If avatlable) To be effective, hand famps should
not exceed about 150 cm2 in size. Care should be taken to
place and compact the matenal around the lower surfaces of
the pipe in order to provide adequate support and distribution
ofloads Adter each layer is compacted, addittonal layers are
placed and compacted, keeping each side approximately
even, until the pipe 1s covered by atleast 10 cm of matenal. A

Figure 22. Mortaring concrete pipe.

minimum of 30 cm of material is desirable for cover between
the top of pipe and the road surface, but the cover should
always be adequate to protect the pipe from damage (Figure
24)

The supervisor should keep in mind that the greatest den-
sity 1s obtained when the materal is at optimum moisture
content, somewhere between very wet andvery dry Puddling
or water flooding for consohdating the backfill 1s recom-
mended only for very sandy or gravelly matenals

APPLY MORTAR
ALONG INTERIOR
& EXTERIOR JOINTS

APPLY MORTAR TO FACES

BEFORE PLACEMENT

- .

—— BED OF MORTAR
UNDER JOINT




Figure 23. Concrete pipe alignment and backfill.

BACKFILLING PIPE TRENCH

Corrugated Metal Pipe

Corrugated metal pipe 1s sometimes preferred for construct-
Ing culverts because it 15 ight in weight, less subject to
damage i handiing, and easy to assemble using common
labor It is also more adaptable for use 1n soft terrain than
concrete or stone. It 1s furnished in vanety of lengths that can
be joined together with bands that provide a tight, durable
joint. The pipe should be long enough to prevent the em-
bankment from slumping into exposed culvert openings In
many instances, particularly in mountamnous terrain, the pipe
¢an be extended fo carry water well away from the embank-
ment. If ¢ross-sections of the road are not available, the
culvert length may be determined by adding four times the
height of the fill to the width of the roadway, measured from
the top of slope to top of slope This formula ts based on an
embankment slope of 2 11f the culvert is at a right angle to the
centerlne of the road.

Installing corrugated metal pipe. All the requirements of
channel preparation for concrete pipe apply equally to corru-
gated metal pipe The difference 1s that metal pipe can be
placed more quickly and more easity than concrete.

One of the most mportant phases of installation 1s the
placing and compacting of backiill material around the pipe.
Side support must be provided so that it will carry the fill and
live: loads withoul excessive deflection Side support can be
obtamned only by adeguate compaction of good fill matenal
around the pipe Matenal should be placed and compacted
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with care under the haunches of the pipe and should be
brought up evenly and simultaneously on both sides Thick-

-ness of the layers and methods of placing and compacting

are as descnbed for concrete pipe. The backfiling procedure
should continue until the matenal 1s at least 30 cm above the
top of the pipe This should also be the minimum cover be-
tween the top of the pipe and the road surface

Where multiple lines of pipe are to be installed, they should
be spaced far enough apart to permit thorough tamping of
backftl between and argund each pipe A rule of thumb for
spacing Is at least one-half the pipe diameter or 1 m apart,
whichever is less.

If heavy eguipment 1s allowed to pass over the culvert
dunng construciion, the cover should be at least 13 m be-
cause the equipment may generate high impact and subject
the pipe to extremely heavy damaging loads Excess cover
may then be removed before surfacing.

Erosicn Protection

Culverts and the immediate area surrounding them are the
most likely components of the entire road to suffer from storm
damage Culverts are placed where the water flow is most
concentrated and constricted, but economic considerations
seldom permit culverls to be designed for the worst possible
condition Therefore, there may be times when the intake
area, the discharge area, the embankment adjoining the cul-
vert, and the culvert itself are all subject to damage and
washouts To minimize this possibility, the flow should be
impeded as hitle as possible Backfill should be thoroughly
compacted around culverts to prevent seepage through the
embankment Whenthe water flow through the culvert is swift,
embankments should be protected and headwalls provided
(Figure 25) Aprons should be built at the discharge end of
culverts to dissipate water energy, cut-off walls should be
built to prevent scour, and riprap should be placed at points
of potential scour. Areas that are not subject to intensive
scour can be protected by grass cover For guick growth in
troptcal or subtropical areas, sprngs of grass may be planted
instead of seed. For greater protection, nprap consisting of
hard, durable rock, at least half of which is as large as can be
conveniently carried by labor, may be hand placed Where

Figure 24, Concrete pipe cover.

NO VEHICLES SHOULD BE ALLOWED TO DRIVE OVER PIPES
BEFCRE BACKFILLING AND COMPACTING THE TRENCH




Figure 25. Construction of headwalls.

4D

025
{
\

0,30 025

020
SECTION A-A

VIEW

Ay ry =g

|
_J

V4

A
7/

3
s N ;

;‘
/

! .m 1

Q-.
5y A
@¢ S

~ &
</

INLET (DITCH STOPS)

MASONRY

020 | O_i 020
DiTcH & -~
.. o

i | MASONRY

*")) i

-

[‘

SECTION A-A

rock i1s not avallable, a mixture of cement and soil placed in
Jute bags can be used erther for slope protection or as head-
walls A mixture of 10-15 percent by weight of cement to soil is
usually adequate for obtaining a hard material that i1s resistant
to erosion It may be a good 1dea to expenment with mixes of
the soils involved to determine the most economical mix.
Afrequent cause for unsatisfactory performance or culvent
failure 1s the accumulation of water-borne debris. If this prob-
lemn is anticipated, provisions can be made for its control(7).
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LOW WATER CROSSINGS

Fords, dips, or driits are relatively economical to bulld They
compensate to some extent for the Inconvenience of delays
caused by highwater. Fords are generally built across shal-
low or seasonal streams and rivers by placing a concrete slab
across the bottom of the stream bed Great care must be
taken to ensure that the concrete slabs are not quickly de-
stroyed by the erosive forces that accompany swift water. The



amount of concrete used can be lessened with maximum use
of available stone.

Due to their riding characteristics, fards do have a notice-
able influence on traffic Unless fords and approaches are
built with gently sloping grades, they may ¢onstitute an obs-
tacle that can force a driver to reduce speed abruptly The
alignment should always follow the contour of the topog-
raphy, and approaching roads should be surfaced with mate-
nal that will remain stable when wet. In order not to alter the
natural flow of the current, these crossings should follow the
stream bed as closely as possible. Thickness of the concrete

paving should take into account the speed of flow and the, -

nature of the matenals carried by the stream durnng flooding.
In some stream beds, erosion becomes an important factor
because of the swiit flow or. the type of material in the stream
bed. At these locations fords should include paved aprons as
well as cut-off walls to prevent the structure from being un-
dermined and destroyed Cut-off walls may not be necessary
on less violent streams because many stream bottoms tend to
butld up to the level of the crossing on the upstream side
Erosion on the downstream side can be controlled or reduced
by placing targe rocks in the stream bed on the downstream
side (Figure 26) Where rock is not available, more costly
concrete consiruction may be employed Where erosion from
anoccasional storm is so great as to require very deep cut-off
walls, It may be appropnate to omit them and-make repairs
when required instead of making a farge inttial iInvestment(8).

REINFORCED CONCRETE BRIDGES
General

Reinforced concrete structures require comprehensive en-
gineenng for their design as welt as technical skills for their
construction and are not usually built on low-cost roads
However, in some [ocations where streams are swift or deep
or where other matenals are not avallable, reinforced con-
crete may be the only practical means of providing a cros-
sing.

Materials and Equipment

The materials and equipment redun’red in addition to those
normally used for low-cost road construction are reinforcing
steel, lumber and nails fof forms, and a concrete mixer.

Foundations

Foundafions are carefully staked out in agcordance with the
plans Excavation for the footings is one of the most critical
steps In bndge construction While prelwninary speciiications
on footing conditions may have been made, conditions are
frequently different from those shown on the plans. The foot-
ing must be based on a soild foundation. Solid rock is excel-
lent, dense sands and gravels are good, and hard clays are
generally acceptable.

The bottom of the excavation should be horlzontal Foot-
INgs can be stepped where sloping rock occurs When the
quality of the foundation matenal 1s in doubt, a bndge or
foundation engineer should be consulted.

Piings are driven when the foundation matenial s too softto

support the load of the structure without settlement. Normally
the need for pilings will have been determined from subsur-
face investigations prior to the design(8) The piles are driven
by a piledrniver until they can be driven no deeper(8) The piles
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are then cut off at the feoting leve! and serve fo carry the
footing load. After the foundation has been prepared the
concrete footing can be poured.

!

Forms and Falsework

Forms contain the plastic concrete and provide shapes for
the structure components They are usually built with lurmber
or plywood but other matenals may be used They must be
sturdy enough 1o retain the proper shape after being filled
with wet concrete, and tight enough that water or mortar will
not leak through Any dirt or other foreign material, including
ponded water, must be removed from the forms before plac-
ing the concrete The inside surfaces of the form work should
be oiled to permit ease of strpping.

Falsework is used to brace the forms and to hold them in
place The falsework 15 supported by mud sills when the
ground is firm or by piles f the ground is soft, Care should be
taken that the falsework and its supports are not exposed to
damage or movement from flooding or eroston Bracing
should be adequate to prevent movement from water or ex-
centric [oading while the forms are being filled If wedges are
used to adjust.the setlement of forms, they should be double
and made of hard wood

Suffictent markers should be provided to indicate any set-
tierment of forms that might occur during the placing of the wet
concreie Adjustments must be made before the concrete
has taken its inttial set If adjustments are made aiter the
concrete has set, the concrete may be permanently dam- -
aged

Reinforcing Steel

Reinforcing steel rods are placed in the forms to take the
tensile stresses developed by loads on the structual mem-
bers The sizes of the rods and the locations for placing them
should be carefully designed beforehand Rods should be
placed strictly in accordance with that design.

Reinforcing steel should never be stored on the ground, nor
where it 1s likely to be damaged or bent by equipment Any
heavy rust, grease, or dirt that might interfere with bonding
between steel and concrete must be removed before the rods
are placed in the forms The rods must be firmly supported to
provide the proper distance from the surfaces and to ensure
that they wili be held in place when the concrete is poured.
Immediately before placing any concrete in the forms, the
steel should be checked to see that it is placed exactly as
shown on the plan, including the proper overlap at all splices

Concrete

Proper proportions of cement, aggregate, and water for the
concrete are mixed with a concrete mixer Water content
should be carefully controlled The mixed concrete should be
just flurd enough that it can be placed in the forms and around
the renforcement without leaving voids, but shiff enough so
that it will not flatten If the water conient 15 increased, the
strength of the concrete decreases Excessive water will also
cause segregation of the aggregate from the mortar

Handling and Placing the Concrete

Concrete is moved from the mixer to the forms with wheelbar-
rows or other containers Constant attention should be given
to its consistency and the method of spreading and working



Figure 26. Low water crossing.
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Segregation of the aggregate should be avoided and the
finished product should be well consolidated. It should be
iree from surface cavittes that result from the trapping of air or
water along the forms. Spading of the concrete along the
vertical forms will usually release the arr and water bubbles.
Forms should be watched closely for leaks, and any that are
found must be caulked immediately

The concrete should not be dumped indiscriminately
through the reinforcement, nor should it be deposited con-
tinuously at one point and forced to flow for considerable
distances. The work should proceed by dumping succeeding
batches in such a way that the concrete will flow along and
under the remforcement. it should then be spaded io the
preceding batch to ensure coniinuity. The last concrete dis-
charged from the rmixer will usually contain an excess of
coarse aggregate This should be placed in the forms in such
a way that it will mix with concrete containing an excess of
mortar The concrete should be spaded immediately on
dumping but should not be overworked to the point that
excessive mortar or water rises o the top Once a concrete
pour is started, it must continue untif it 1s finished or until a
predetermined construction joint.is reached.

When placing concrete in foundations it is sometimes im-
practical to remove all the water in the foundations In such
cases, It 1s best to start the placing of the concrete in one
corner and continue until it is well above the water surface
The concrete should disptace water as it moves forward with
as little disturbance as possible Concrete should never be
deposited In running water

Curing the Concrete

Proper curing of concrete is controiled by humidity, tempera-
ture, and protection agamnst disturbance. Temperature 1s not
a factor than needs control until it approaches the fregzing
point. The concrete then requires protection Newly placed
concrete in structures should be kept continuously maist for a
minimum of seven days When wooden forms are used they
should be wetted frequently to prevent opening of cracks that
would permit loss of morsture from the concrete

Concrete must not be distrubed nor loaded while it 1s cur-
ing. Parttally cured concrete may suffer permanent damage if
disturbed

Removing Falsework and Forms

Forms and falsework must not be removed-until after curing
has occurred and the concrete has gained the necessary’
sfrength Strength requirements vary with the function of the
concrete member involved The forms on vertical surfaces
carrying no load may usually be removed after lwo day's
curing. Beams, decks, and other load-carrying members
should be given at feast 14 days; 28 days of curing are usually
required before live loads are permitied

Allforms should be stripped carefully to prevent damage to
the concrete Any honeycombed or damaged areas-should
be repaired immediately. after stripping.

CYCLOPEAN CONCRETE

Cyclopean concrete is an econormical but poorer quality con-
cretemasonry Itis sometimes used to build simple structures
that do not require the strength or the appearances of normal
concrete It can be used to bulld low headwalls, wingwalls,

low retaning walls, low abutments, piers, and other similar
structures. It requires a minimum of cement and rakes
maximum use of local matenals and labor

Random-sized rocks or boulders are placed n position, or
within rough form work, and the voids are filled with mortar or
small aggregate concrete mix. The random stone 1s generally
mited to not more than 50 percent of total volume. Filling
large voids with smaller stones will reduce the amount of
concrete or mortar required Care must be taken to ensure
that the mortar fills the remaining voids sufficiently. In order to
obtain a bond between the stones and the concrete the stone
surfaces should be moist As with all strucfures, the founda-
tons must be solld and not subject to differential settlement.
This type of construction 1s limited in its usefulness It s best
suited to vertical loads and can withstand only imited horizon-
tal thrusts

DRY STONE RETAINING WALLS

. In mountainous terrain roadways must often be supported by
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retaining walls One of the least costly types of walls to build is
a dry stone wall (Figure 27} Dry stone walls contain no mortar
to hold the stones together. Stone or rock is normally available
in mountatnous areas, and no other matenals are required
except earth and stone backiill. Work crews experienced in
paving ditches and building drainage headwalls are normally
capable of.building dry retaining walls

The wall is constructed before the road embankment is
placed Excavation may be required to ensure a firm footing
and should be on previously undisturbed ground. If exca-
valed materials are surtable for backfilling, they should be
piled next to the excavation for reuse The bottom of the
excavation should be well compacted before the boftom
course of stone is placed

The wall should be constructed so that the stones are in
contact with each other and so that their longest dimension is
perpendicular to the embankment. Larger stones should be
placed at the bottom of the wall Voids belween the large
stones must be filled with small stones.

After completion of the wall the excavation should be
backifilled and compacied with 10-15-cm thick layers of soil
The fill mmediately behind the wall should consist of stones
that facilitate dranage.

GABIONS

Gabions are wire mesh containers, either cylindrical or basket
shaped, that are filled with rock They can be placed to act as
retaning walls, to control erosion, or o sefve other uses
(Figure 28) Where rock is avaiiable, they are economical to
install and lend themselves 0 magcimum use of hand labor.

MAINTENANCE

A road built in stage development lacks many of the features
of a fully completed project. Some features that would ensure
minimum maintenance and long life for the road are omitted.
Only these essentrals are provided that are necessary to
satisfy the iImmediate transporiation needs.

Once buili, the road will probably be required to serve in its
newly developed stage long beyond the time onginally in-
tended, regardless of increasing traffic needs Af the same
time, hard-pressed economies are often unable to provide



Figure 27. Dry stone retaining walls.
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Figure 28. Use of gabions.
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the continuous maintenance that every road requires from the
day it 1s built. it 1s highly desirable that the road be inspected
for preventative maintenance at its completion Small prob-
fems that are detected and corrected early can reduce future
maintenance costs and extend the life of the road considera-
bly Many corrections are best noted following the first rainy
season after the substantial completion of the project

Particular attention should be given to correction of exces-
sive surface scouring, excessive side-hill runoff, ditch and
channel blockage, to the need for addiional culverts, and to
scourmng or erosion in the vicimity of culverts, drfis, or
bndges The most common problems are associated with

water erosion The most common correction 1s to provide
proper drainage
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