
t ~_~"'~ .' - -.--.--.--.. - ..... -----.-...... -."'-__ . .r-
I
', Ef) Intern.Uon.lln.lllul. 01 Troplc.1 Agrlcultur, (IITA) ( - ..... "'-----------
. In.Ulul Inl.rn.tlon.1 d'.grlcultur.troplcal. (IITA) 

Instltuto In!ern.clon.1 d. Agrlcultur. Troplc.1 (IITA) ; 

FA~~ 

Building and maintenance 
of roads 
on agricultural research farms .:,'-7/.0 

Douglas C. Couper 



liT A Research Guide 20 

Building and maintenance 
of roads 
on agricultural research farms 

Douglas C. Couper 

September 1995 

Internationallnstilute of Tropical Agriculture (IITA) 
Training Program Telephone: (234-2) 2412626 
PMB 5320 Fax (INMARSAT): 874-1772276 
Ibadan Telex: 31417 or 31159 TROPIB NG 
Nigeria E-mail (Intemet):IITA@CGNET.COM 



UTA Research Guides 

UTA Research Guides provide information and guidance to 
agricultural researchers, technicians, extension specialists, 
educators and students involved in research and training. 
The Research Guides are periodically updated to meet 
advances in scientific knowledge. 

UTA pemnits reproduction of this Research Guide for non­
profit purposes. For commercial reproduction, contact the 
UTA Publications Unit. 

Editing Judith Ugonna 
Ayotunde Oyetunde 
Kehinde Jaiyeoba 
Chiweta Onianwa 
Nancy Ibikunle 
Rainer Zachmann 

Text processing 
Artwork 
Layout 
Coordination 

Couper, D.C. 1995. Building and maintenance of roads on agricultural 
research farms. ·IITA Research Guide 20. Training Program, Inter· 
national Institute of Tropical Agriculture (IITA), Ibaden, Nigeria. 20 p. 
Second edition. 

2 



Building and maintenance 
of roads 
on agricultural research farms 

Objectives. This guide is intended to enable you to: 

• discuss the importance of good roads, 
• design and construct roads, 
• maintain roads, 
• construct alternative maintenance equipment. 

Study materials 

• A few meters of bad road. 
• Material for constructing roads. 
• Grader, pay-loader, sprayer, vibrating roller. 
• Home-built roller and grader. 

Practicals 

• Demonstrate the effects of a bad" road on machinery. 
• Practice road design and construction. 
• Practice road maintenance. 
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Questions 

1 What vehicles are most affected by bad roads? 
2 What are the characteristics of suitable material for 

constructing roads? 
3 Why should roads be above the bordering land? 
4 What should you do with top-soil when preparing 

roads? 
5 How wide should a farm road and its drains be? 
6 Describe the procedure for marking a road. 
7 What is the ideal machine if many roads have to be 

constructed? 
8 What is the objective of a camber? 
9 Describe the shape of a 6 m wide road. 

10 What material should you use for surfacing the 
road? 

11 Where should you place culverts? 
12 How can you prevent erosion on road drains? 
13 Describe the process of road deterioration. 
14 Why should you grade roads frequently? 
15 What is the detrimental effect of grading off grass 

outwards to the sides of the road? 
16 How can you avoid transporting large amounts of 

laterite to rebuild roads? 
17 In what direction should you grade when maintain­

ing a road? 
18 Describe the correct grading operation. 
19 Describe alternative maintenance equipment. 
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Building and maintenance 
of roads 
on agricultural research farms 

1 ImportanoeoCroads 
2 Road design and construction 
3 Road maintenance 
4 Alternative maintenance equipment 
5 Bibliograpby 
6 Suggestions Cor trainers 

Abstract. Good roads can prevent costly damage to 
machinery . Erosion of roads can be avoided by proper 
design and construction . Earth roads require contin­
uous maintenance . Maintenance is easy if carried out 
correctly and routinely. 
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1 Import-._ of roe_ 

Roads are important on the researc~1 station because 
they provide access . Roads may be: 

• hard -surfaced with tar and chippings or with 
asphalt; 

• earth , dirt or laterite. 

While access roads to building and housing areas are 
generally ha rd , majority of roads on research stations, 
particularly those on the research farm , are earth 
road s. 

Poor and badly maintained roads cause: 

• inconvenience to users ; 
• damage to vehicles plying the roads. 

On a farm , the vehicles most affected by bad roads are 
tractors . Tractors ca rrying heavy implements on their 
three point linkage, bouncing through pot-holes , experi­
ence considerable stress on their hydraulic systems. 
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2 Road dealgn and conatructlon 

Make ea rth roads from s uitab le loca l soi l mate ri al. 
Suitable soil mater ial is: 

• late ritic, 
o low in clay content, 
o high in grave l content. 

Prefer grave lly so il s as they give a vehicle good tyre 
grip, even when wet . Avoid cl ay as it ca uses tyre s lip­
page when wet , and can be dangerous. 

Const ruct roads to ensure they shed wa ter . Always site 
roads a bove the borde ring land so th a t water d rai ns ofT 
du r ing heavy rainfall. Olde r , poorl y maintained 
roads can s ink below the bordering land due to soil e ro­
sion , with the resu lt that the road becomes a river bed 
during heavy rai nfall s . 

Initial pre p a r a tion. Remove good topsoi l eithe r by 
grading it to one side and then piling with a pay loader, 
or by pushing it into heaps with a bulldozer . Store this 
top soil for futu re use in landscaping building a reas, or 
for use in greenhouses, screenhouses or pot plant exper­
im ents. 

Establishing road widtb and drains. Peg out the center­
line of the road . Use this line to establi sh the side 
bounda ries of the road . Farm roads should be at least 
6 m wide with a drain of at least 2 m wide on either side 
of the road . 

Marking the road (Figure 1): 

o Run a grader exactly along t he middle of the 
road, keeping the center-line pegs lined up with 
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the middle of the grader (lst pass). The grader 
is 2 m wide and you will see two wheel tracks at 
1 m either side of the center-line. 

• Turn back to the left and follow the former 
wheel track with your left wheels, creating an­
other line 2 m wide (2nd pass). 

• Do the same in the opposite direction (3rd pass), 
so that there are now 4 wheel tracks demarcat­
ing three widths of the grader. The outer wheel 
tracks mark the sides of the road, 6 m wide. 

• Make another pass in each direction to establish 
the drain limits. 

Figure 1. Marking the road using grader wheel tracks. 

3rd pass 

• -1st pass 

• center pegs 

_ grader wheel tracks 
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Building the road. Start building the road by excavat­
ing the drains on either side and placing the cut mate­
rial onto the proposed road. If many roads have to be 
made, a scraper is ideal. Otherwise, use a pay-loader if 
available. You can also use a grader; working with a 
grader is slow, however. 

Shaping the road (Figure 2). Camber the road to ensure 
that water is shed from the road into the drains. If a 
camber is not present, water will stand on .the road 
causing: 

• inconvenience to users, 
• damage to road surface. 

To camber the road, shape it so that the middle is slight­
ly higher than the edges. Grade and compact all mate­
rial added to the road, using a roller (preferably vibrat­
ing). 

Figure 2. Shaping the road. 

~ J.50m 

6 m-----+I-z m] ,.25 m 
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On a Toad 6 m wide, make the road profile as follows: 

• center 
• drains 

50 cm higher than road edges, 
25 cm lower than road edges. 

Surfacing the road. Material used for the foundation of 
the road is not usually suitable for the final surface. 
Transport suitable high gravel/low clay material from 
a borrow pit or quarry in dump trucks or tippers and de­
posit in heaps along the center of the road. 

Spread this material evenly over the entire road sur­
face, using a grader. If dry, water before final com­
paction. Compact and regrade several times over the 
following months until the road is stable. 

Draining the road. Because the road is above the sur­
rounding land, it may block natural drainage ways. 
Water run-off from the land may cross the road and 
wash it away. To prevent this, place culverts at strate­
gic low areas wherever water gathers. Culverts are 
constructed from concrete or corrugated iron rings 
which run under the road, providing a water tunnel. 

Construct wing walls at the entrance and exit of the cul­
verts to prevent water wash. These wing walls also 
alert drivers to the culverts helping to prevent damage. 
Grass over road drains whenever possible to prevent 
erosion. A suitable grass for drains is Paspalum nota­
tum. 
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3 Road maintenance 

Earth roads require continuous maintenance . On nar­
row single-lane roads, traffic keeps following th e sa me 
tracks causing two depressed , compacted s trips a long 
t he road, with higher s trips often covered in grass , 
along the center-line and two edges of the road (Figure 
3a) . 

Wate r coll ects in the depressed strips and ca n onl y 
escape at low spots . The resultant e rosion ca uses gul ­
lies and the road may have to be rebuilt. 

Grade roads frequ ently to prevent eroded wheel t racks 
and grass growth on little used areas of the road, but be 
carefu l, as poor grading can res ult in costly and diffi­
cul t road repai rs . 

Figure 3. Bad grading procedure: grading outwards de­
stroys roads. 

a 

b 
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If wheel tracks do become eroded, and grass does grow 
on the center-line and edges of the road, avoid grading 
the grass outwards to the sides of the road. Grading out­
wards leaves a ridge of soil and grass down each side of 
the road (Figure 3b), which blocks off the drains render­
ing them ineffective. The road becomes narrower 
(Figure 3c). 

If incorrect grading operations are repeated, the cycle is 
repeated until the road is beneath the level of the adjoin­
ing land and becomes itself a drainage way (Figure 4). 

The only cure at this stage is to transport large amounts 
of laterite to build up the road again and to re-establish 
the road-side drains. 

Never permit a grader operator to grade outwards. 
Always grade inwards towards the center of the road to 
keep it built up and keep the drains free. 

Figure 4. Continued deterioration of road. 

a 
...... 

b 
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In correct grading operations, grade only one side of the 
road at a time: 

• Km the grass with a rew passes of the harrow or 
with an application of paraquat herbicide 
(Figure 5a). 

• Leave the harrowed or sprayed grass to decom­
pose for a few days. 

• Grade back the laterite under the grass onto the 
crown of the road (Figure 5b), leaving drains 
free. 

Figure 5. Correct road maintenance. 

a 

• ... 
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To maintain the height of the road in easily eroded 
areas on steep slopes, add some laterite from time to 
time (Figure 6): 

• spread and compact the laterite, 
• do not disturb the grassed sides of the road to 

reduce erosion. 

Figure 6. Most efficient road maintenance. 

a 

b 
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4 A ........ tIv. ....Intenanc. equlpllMlnt 

Few resea rch stations own motorized !,'r aders . If poss i­
bl e, hire a grader either from a government ministry or 
from a private company, idea lly at t he m d of the ra ins. 

Alternatively, use a tra iled grader, which is drawn by a 
fa rm t ractor . Trailed graders a re: 

• s imple and easy to operate, 
• suitable for the cons truction a nd ma intenance 

of 80il conservati on works and roads in rural 
ar eas . 

Tra iled grade rs a re norm ally conn ected to the hy­
draul ic system of the tractor so tha t bl ade ra is ing, low­
e rin g a nd an gling etc. is ca rri ed out by hydra uli c 
power . 

The power required va ries with the grader bl ade width 
(Ta ble 1). If a sufficiently la rge tractor is not ava il­
able, use two tractors in tandem to pull a grader. 

Table 1. Power required 10 pull graders (Simba Machinery 
Co.). 

widlh of cuI (m) 

2.5 
3.0 
3 .5 

power required (h.p.) 

50 · 100 
70·140 

120 - 180 
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If a trailed grader cannot be obtained, the following 
methods may be used. 

• Use a disc plough to plough inwards from both 
sides, making many passes so that soil is grad­
ually moved into the center of the road. 

• Level with a disc harrow to reduce the largest of 
lumps and areas of unevenness. 

• Make a compaction roller (Figure 7), by fixing 
a 50 mm (2") pipe (a) through the center of a 200 
liter (44 gallon) drum (b). Fill the drum with 
concrete. Prepare a drawbar out of 37 mm (1.5") 
pipe which slips inside the 50 mm pipe (c). Tow 
the roller behind a tractor to compact the soil. 

Figure 7. Home·made roller. 

a 
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• Make a grader (Figure 8) from two pieces of old 
railway line or two pieces of heavy duty angle 
iron around 6 meters in length (a). Fix an old 
D4 bulldozer blade or an old land leveller blade 
(b) approximately half way along the steel 
lengths. Brace appropriately. Fit an old pair of 
wheels (c) on an axle at the rear of the grader. 
Attach a suitable draw"bar to the lift arms of the 
three point hitch. 

You can use locally manufactured machines, such as 
rollers and graders, to carry out soil conservation mea­
sures and keep farm roads in excellent shape. 

Figure 8. Home-made grader. 
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• Su.lltlone for tralne,. 

If you use this Research Guide in training ... 

Generally: 

• Distribute h a nd outs (including thi s Resea rch 
Guide ) to trainees one or seve ra l days before your 
presenta tion , or di s tribute them a t the end of the 
presen ta tion . 

• Do not distribute handouts a t the beginning of a pre­
sentation , otherwise trainees will read instead of 
listen to you . 

• Ask tra inees not to take notes, but to pay full atten­
tion to the training activity . Assure them that your 
handouts (and thi s Resea rch Guide) contain all rel­
evant information. 

• Keep your training activities practica l. Reduce the­
ory to the minimum that is necessary to understand 
the practical exercises . 

• Use the questions on page 4 (or a selection of ques­
tions ) for examinations (qui zzes, periodical t ests, 
etc .). Allow consultation of handouts and books 
during examinations . 

• Promote interaction of trainees . Allow questions, 
but do not deviate from the subject . 

• Respect the time allotted . 
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Specifically: 

• Discuss with participants problems, experiences 
with road design and construction. 

• Present and discuss the content of this Research 
Guide, using the study materials listed on page 3. 
You may photocopy the illustrations onto trans­
parencies for projection with an overhead projector. 

• Conduct the suggested practicals on page 3 in groups 
of 2-3. Make sure that each trainee has the opportu­
nity to practice, Have resource persons available 
for each group and practical. Prevent trainees from 
scattering around the field. Observe safety regula­
tions when operating equipment. 
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International Institute of Tropical Agriculture 
Institut intemational d'agriculture tropicale 
Instituto Intemacional de Agricultura Tropical 

(IITA) 
(IITA) 
(IITA) 

The Intemationallnstitute of Tropical Agriculture (liT A) is an interna­
tional agricultural researrh center in the Consultative Group on Interna­
tional Agricultural Research (CGIAR), which is an association of about 
SO countries. intemational and regional organizations, and private 
foundations. IITA seeks to increase agricultural production in a sustain­
able way, in order to improve the nutritional status and well-being of 
people in tro~'cal sub-Saharan Africa. To achieve this goal, IITA con­
ducts research and training, provides information, collects and exchanges 
germplasm, and encourages transfer of technology. in partnership with 
African national agricultural research and development programs. 

l 'lnstitut international d'agriculture rropicale (lIT A) est un centre in­
ternational de recherrhe agricole, membre du Groupe consultatif pour la 
recherche agricole intemationale (GeRAI), une association regroupanr 
quelque 50pays, organisations intemationales et regionales et fondations 
privees. l "fTA a pour objectif d'accroitre eJurablemenc la production 
agricole. afin d 'ameliorer I'alimentation et Ie bien-etn! des populations 
de I'Afrique tropicale subsaharienne. Pour atCeindre cet objectif, I'IITA 
mene des activites de recherrhe et de formarion, divulgue des informa­
tions, reunit et echange du materiel genetique et encourage Ie transfert 
de technologies en collaboration avec les programmes narionaux africains 
de recherche et deveJoppemenr. 

o Instituto Intemacional de Agricultura Tropical (lfTA) e um centro 
intemacional de investig~ao agricola pertencendo ao Grupo Consu/rivo 
para Investig~ao Agricola Intemacional (GClAI), uma assoc;a~ao de 
cerca de 50 paises, organ;z~6es intemadonais e regionais e funda~6es 
privadas. 0 IfTA procura aumentar duravelmente a prodtx;ao agricola 
para melhorar a aliment~ao e 0 bem-escar das popu/~Oes da Africa 
tropical ao sui do Sahara. Para alcan~ar esse objecivo, 0 liT A conduz 
actividades de investig~ao e rreinamenro, fomece infonna~6es, raine e 
troca material genetico e favorece a transferencia de recnologias en cola­
bo~jo com os programas nacionais africanos de jnves t;ga~ao e 
desenvolvimiento. 


