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ABSTRACT 

Access road studies and design IS mainly carried out so as to 

improve access between farm to farm and community to community. In 

this work, physical inspection of the case study road was conducted to 

identify the existing features of the road. 

The total length of the road WIJ,S measured and recorded as 850m 

length. Survey of the road was conducted at interval of 50m and as well as 

'collecting details required for vertical and , horizontal curves. All the 

features identify during the inspection were recorded. The design made on 

the horizontal alignment was based on the survey carried out on site and 

details of formation levels. Soil samples was taken from the site for test in 

the laboratory. The test such as liquid limit, plastic limit, sieve analysis 

and CBR test are all carried out in this thesis and has been highlighted. 
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CHAPTER ONE 

1.0 INTRODUCTION 

Like many other developing third world countries, unsurfaced or earth 

roads constitute a significant proportion of the national road network in 

Nigeria. Up to 70% of the rural roads in Nigeria are unsurfaced and these 

roads will definitely remain unsurfaced for a very long time to come 

because of the colossal amount of money that is required to pro\'ide 

surfaced roads to the entire Nigeria rural areas where more than 80% of 

the population live. 

Earth roads built \-'lith tropical soil are not common feature of the 

national road network of the industrialized countries and as a result, very 

little attention has been paId to researchers in the design, constnlction and 
~ 

maintenance of-ea..-:th roads . 

Road network of the State:- There are three kinds of road network 

in Niger State. They are federal state and local government area roads. 

There are 1720km of federal roads in the state, of which 1550km are 

Bitumen and the rest is laterite. The state government has a total of 1337 

km length of roads out of which 453km are bitumen and the remaining 

884 kms are laterite type and local government areas has a total of 7,160 

km of earth tracks except 616 km of laterite type of road. Generally, the 

popular mode of transport in the state is by road. 

1.1 JUSTIFICATION 

Agricultural extensi6,B workers find it difficult to re;y~ b the rural 

. ; fanning families in the interior to advice on the new tr:; ';~':lology and 

. : improved method of farIlling because of lack of all weathr earth roads 

i:which is the major factor militating against agricultural I" '/elopment. 

' iFarrying of faEn input i.e feliilizer, pesticides and insect~i . · ;::s become 



1II0re ui rricull. Transportatioll or the harvesteu crops to the market become 

difficult and tedious . 

Finally, the studies and desigll brought out or this thesis will help in 

solving the problems abovo. 

1.2 OU.JECTIVE OF TilE WORK 

The objectives of this thesis are:-

- To improve the quality of life of rural populace. 

- To have good access to carry fann input to the farm and carry the 

harvested produce to the lllnrkel. 

- To reuuce transportatioll cost to the lIlillilllum which will stimulate the 

ill tegration or rural lIlnrkets. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

Access roads are required to enable the inhabitations of a farm to move 

freely from their farm to other farms and it also links one home to another home 

and to major adjoining highways. Both pedestrian and vehicular access have to be 

considered. The size, spacing and layout of the paths, roads are normally 

determined by a planning agency which takes into account the site topography and 

generally accepted design standards for road widths . 

• ' Any access road for pedestrians or vehicles requires a smooth surface, free 
• .. .1 · 
of constructions or holes, wh ich is passable in wet weather or immediately after 

storm conditions. The particular type of surfacing used in designed to meet the 

normal anticipated loading from vehicles. 

Underneath any road, despite its surfacing there are compacted solids which 

have to distribution the vehicle loads. If these soils are saturated with excess 

storm water, their bearing capacity is dramatically reduced which eventually leads 

to failure of the road surface. (A. Cotton and R. Franceys: Services for Shelter 

1991) 

Geometric design data for the rural roads being designed should be 

consistent with the traffic volume, composition of traffic, design speed and access 

control. This manual is a summary of the designed problems. (" A Policy on 

Geometric Design of Rural highway" by American Association of States Highway 

Officials AASHO) 

Compaction and drainage are certainly the two most important factors in the 

constructions of ~arth roads and hence soil considerations in earth roads, should 

involve the evaluation of al l parameters that directly or 
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indirectly influence these hvo factors . (Industrial Engineering Unit of 

Cordec University of Port Harcourt: Design & Construction of Rural 

Roads) . 

Selection of fann access road. Area to be served and benefit to the 

rural community in terms of conveying their fann product to the city or 

nearby market after the harvest. The roads will provide access to areas of 

high abTficuitural potentials and priority will be given to areas where other 

development pro.gramme.is taken plac"e. Traffic survey will be considered 

during the design of any road so as to know the present traffic density . 

-~ Design of Horizontal alignment in which tentative decisions of 

a1ternati~ routes will be taken and comparison of a gradient and 

availability of materials at the site . Avoiding too much curves as much as 

possible and where curve is not avoidable and is of radius less than 30m, 

we introduce super-elevation. Where the straight alignment may pass 

through extremely difficult terrain (Rocks and Swamp) which should be 

avoided to minimise construction cost. 

Design of vertical curves in such a way to avoid too much cut and 

fill so as to suite the labour base/light equipment supported method and to 

get a good gradient and a nice camber of the road. The final road camber 

should be 5%. (UNDP/ILO Training Programme on Labour - Based 

Construction and Maintenance 1990) 

Design of the cross-section of the road to achieve a good camber of 

5% gradient. The laterite surfacing should not be less than 15 cm 

thickness and the materials for both sub-base and base course should 

come from approved borrow pits . Borrow pits should not be too far from 

the road way. The materials should undergo laboratory test such as liquid 

limit test, plasticity test, sieve analysis, and CBR test. The width of the 

road should not be less 6.0m with proper drains on both sides. 
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Location of culverts at appropriate position and gradient, to drain 

water under the road. Where culverts are not necessary or for economic 

reason we provide turnouts . The quality of concrete should be good. 

Adequate drainage system will be provided and avoiding poor drainage 

which is the most frequent cause of failure of our roads . 

The road is design to suite the rural community both during dry and 

\vet season and easy maintenance at all weather. (Y.M. Habib Project 

Presented at NDE/UNDP workshop on labour base/light equipment 

workshop at Epe Lagos State 1990) 

The design of this farm access road is based on the type of vehicle 

'n go iuto the farm and come out of the fann . Such vehicles are low 

bed, tractors, combine harvester, bulldozer etc. The road tenninate only at 

the farm and its design in such away that when construction with the 

recommended material, it will serve all year round minimum maintenance 

cost. 
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CIIAPTI~1{ TIII{EE 

3.n METIIOf)OLOGY 

].1 (a:OMETIUC IH:SIGN: This is primarily cOllcct'llcd witl, 

the relating the physical c1elllellt or the feeder roads or highway to the 

requiremeJlt ortlle driver (lnd the vehicles. 

Features which hnve to be considered 11\ geomctric desigll fire 

prillllll'ily. hori:t.olltallllHl verticill clII'vlltive 1II1l1 the CI'O~S-scCtioll elelllellt. 

Proper geoJlletrie desigll will illevitlll>ly reduce the lIumber nlld severity or 

highway accident while cnsuring high traffic capacity with thc minimum 

of delay to vehicles. 

The ailll should be to desigll a facility that blends harmoniously 

with tile top()graphy alld 1101 olle Ihill leaves fill ugly scm,oll fill otherwise 

plemmlld lalldseape. WhclI geollletric dcsigJl is illlproperly curried out, it 

lIIay result ill early obsolescellce or the new highway wHh consequent 

economic loss to the community. 

3.2 HORIZONTAL ALIGNMENT: This is one of the most 

important considerations in highway design. In general, existing track was 

followed on this project. There is more emphasis on the removal of 

unsuitable soil areas and high cutting and filling to make it more 

economical. 

The maximum comfortable speed on a horizontal curve is primarily 

dependant upon the radius of the curve and- the superelevation of the 

carriage way. In addition, vehicle speeds and safety on high-speed roads 

are aided by the pressure of such features as extra-carriage way width at 

the curves themselves and the insertion of transition curves between 

straight and curves. 
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3.3 DESIGN SPEED: Design speed is a speed selected to ensure 

efficient vehicle operation having regard to the influence of the physical 

features' of the highway. It is the maximum safe speed that can be 

maintained over a specified section of highway when conditions are so 

favourable that the design features 'of the, highway govern. I choose 

64Kmph; because it's a rural road. 

3.4 SIGHT DISTANCE: There are two types of sight distances 

namely: 

(i) Stopping Sight Distance (SSD) 

(ii) Overtaking Sight Distance (OSD) or passing sight distance. 

3.5 STOPPING SIGHT DISTANCE: This is the distance the 

vehicles require to come to a stop after perceiving an object on the road 

and after the application of brake. In other words stopping sight is 

measured from th~ driver's eyes, which are assumed to be 1.14m above 

the surface of the pavement to an object 0.15m on the road. (F.M.}V 

Highway Design Manual Part I) 

3.6 OVERTAKING SIGHT DISTANCE (OSD): This is the 

horizontal distance that, a high speeding vehicle are to accelerate and 

overtake a slow speeding vehicle in a traffic station. 

3.7 RADIUS ' OF CURV A-TURE.: For a design speed of 

64Kmph the minimum radius. 

Rmin = 

127.14 (0.12 + (0.19 - 0.000625v) 

642 

127.14 ( 0.12 + ( 0.19 - 0.000625 x 64) 

119m. 
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But I choose 180m for worst condition. 

3.8 SlJPEI~ELEVATION: When a vehicle passes from stra ight 
to a first curve it experiencc ,I rndical outwnrd thrust called centrifugal 
force WV- where W is its own weight. 

gv 
This centrirtlgnl /()I'CC always acts in n hori7.ontal direction and its 

effect is to push the vehicle ofT the track. 

To minimise these efrect, it is a cOlllmon practice to raise the outer 

edge of the road. This raised amount called superelevatioll . See diagram 

below. 

W = 

V -

F -

g ".." 

R -

b = 

h -

l! --
b ..-

R .. 

R = 

.. 180 = 

b 
w 

Weight of the vehicle. 

Design Speed 

> 

Centrifugal Force = WV2 

gR 
9. 81111/sec 

Radius oCthe circular curve 

Equivalent width of road. 

Superelevation. 

~ = Wv2 
=: .:::l.2 

W WgR gR 
V 

127.14(c +1) 

F = WV­

gR 

180m, V = 64 and f = 0.19 - 0.000625 x 64 = 0.15 

64 

127.14 (e + 0.15) 
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I .~O x ( 127 . 1Ae + 19.07 J) = 642 

22885.2e -I- 3432.78 = 642 

22885.2c + 3432 .78 = 4096 

:. We n12 + V 
2R 9~~~ 

Design Speed V - 64Km/hr. 

11 = 2 lalles 

L = (, . 1111 

R = 180m 

:. We = 2 x 6.12 + 64 
2 x 180 9.5 ~180 

0.21 + 0.5 - 0.71m 

We - 0.71m x 1000 - 710mm 

We - 710 - 355mm 
2 

The total ex!ra widening is distributed equally on the inner and 

outer edges of the pavement as shown in the sketch below . 

INNEn EDGE 

:. e 

..... -.-.-.,... . ..... 
,;. ... 

4096 - 3432.78 

22885.2 

Sillce its withill the rallge 0.02 - 0.12 

Weh 

OUTER EDGE 

0.03 its O./c. 



3.<) I£X'IUA WII)I!:NING OF CII~CULAR CUI~VI£S 

Oulcl' 
II:clJ.\c 

,-- ....... ---- ......... , 
; ~ 

hlllCI' Edgc 

.... {'call' Wheel 
..... 

..... , , 

Centl'c L1uc 

Extra widenillg or CI highwny pavclllellt nlollg a circulnl' eliI've is npplied ",. 

1'01' the following I'ensons: 

(i) The n'ont wheel track 01'1' shorts.or thato(' the renr ollter wheel track 

as showl! ill the figure above. 

(ii) Psychologicnlly, n driver nlways tries to keep awny ('rom the above 

edge. 

(iii) To keep a clear distance between two vehicles in a 2-lane trafIic. 

Extra widening :We" =Mechanical widening due to fixed axles 

+ psychological axles widening. 

3.10 TRANSITION CURVE: The change in the direction of a 

vehicle from a straight path on the target sections of the alignment to a 

curve one on the circular curve cannot be m~de instantaneously since the 

driver has to alter the position of the steering wheel movement gradual so 

as to avoid abrupt changing in gradual acceleration which can cause 

discomfort to passengers. The transition curve is normally introduced 

between a straight target and the circular curve. 

The purpose of a transition curve is as follows: 

(i) To enable the driver to maintain his conect length position at high 

speed. 

(ii) To allow the superelevation to be applied gradually. 
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(iii) Improve the general appearance of the road. 

3.11 ELEMENT OF TRANSITION CURVE: 

Ls 

D -

Ls -

V -

Rc -

C -

length of transition curves (metres) measured along the 

tangent. 

Deflection angle measured from the tangent points. 

V3 

46.7Rc 
design speed (Kmph) 

Radius of circular curve in metre. 

Ratio of centrifugal acceleration which depends on the speed. 

C is between 0.3 - 0.6m/sec for highways. 

C 73 me/sec (Ashworth) 
V+64 

Empirical equation by AASHO. 

Where V design speed 

R Radius of the circular curve. 
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C 73 = 0.57 
64 + 64 

:. Ls - 54.7m 

4().7 x '180 x 0.57 

3.12 ELEMI.i:NTS OF COMUINE CURVI.i: 

o 
Elements 

D Deflection angle which can be determine from compass 

survey 

Dc 

Lc 

Central angle for the circular curve. = D - 2g 

length of the circular curve. RDc 

Ls 

S 

T 

Transition. curve length 

Shift = LS2 

24R 
(R + S) Tan YL + L 

2 2 

180 

.. 
There are two major ways of setting out the transition ClU've namely:-

3.l3 CUBIC SPIRAL: In a transition curve which was to be set 

out in the field by using theodalite. 

For design purpose. 

- 1800Ls2 

RLs 

9.55c2 

RL 
Deflection angle 

(minutes) 

(in degrees) 

30° 

12 
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Radius or the clII've 

Desigll Speed 

Radial acceleratioll 

Chnillnge I 

'J'llllg0llt lellgth 

= 

1st T .. C ransltIon urve 

= 

180111 

64 kill/hI'. 

0.S7111/sec 

R 11111 ...ill 
2 

] 80 x tan 301l 

2 
. 0° 

This has been calculated = 54.7m 

Shift'S' 

s LS2 

24R 

= L2 
24R 

24 x 180 

13 

SI.96m 

,... 

= O.69m 
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3.14 TANGENTIAL LENGTH 

T 

Chainage Ts 

Sc 

(R -I- S) t(ll1 ill-l- L 
2 2 

(180 -I- 0.69) tan 30° -I- 54.7 
2 2 

52.16 -I- 27.35 

79.51 

Ts 

= 

Chainage of I - tangential length 

300 -79.51 

220.49m 

Chainage TS + length of transition curve. 

220.49 + 54.7 

275.19m 

3.15 SETTING OUT FOR TRANSITION CURVE NO 1 

Chainage Chord Chord Length 1800L Total 
(M) . L2 (M) nRLS (Min) Deflection 

Angle 
300 0 0 0 360u -00-00" 

.. 
310 10.00 10.00 5.82' 359u -54' -11" 

:no 10.00 20.00 23.27' 359°-30' -55" 
--

330 10.00 30.00 52.37' 358°-38'-33" 

340 ]0.00 40.00 93.10' 357u-5'-27" 

350 10.00 50.00 145.46' 354u -39' -59" 
. 

354.7 4.70 54.7 174.10' 351 u -45' -53" 

<pmax Ls - 54.7 x 180 - 8.705 
2R 2 x 180 1t 

8° - 42' - 18" 
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3.1 G LENGTII OF CIRCULAR CURVE 

'- Lc R«p - 2<p max) 

180 ( 30 - 2 x 8.71) 2264.4 x JL 
180 

2264.4 X _1t_ 

180 
39.53111 

Chainage at Sc = Chainagc Ts + Length of transition curve. 

275.19 + 39.53 

314.72m 

Chainage at Cs = Chainngc at Sc + LCI)gth or circular curve. 

3 L4.72 + 39.53 

354.25111 

3.17 TAUULATED DATA FOR SETTING OUT CIRCULAR 

CURVE 

erA x 180 x (0) = 

21tR . 
1718.9 X 'fA 

R 
CIIAINAGE CIIORD DEFLECTION TOTAL DEFLECTION I 

ANGLE ANGLE I 

314.72 0 

320.00 5.28 

330.00 10.00 

340.00 10.00 

350.00 10.00 

35<1 ,25 4 .25 

(<p - 2<p max) 

0 

'1718.9"X 5.28 
180 =50.42' 
1718.9 X 10.00 
180 
95.49' 

95.49' 

40 .59' 

30 - (2 x 8.71) 
2 

6.29° 

15 

= 95.49' 

{ 

0 ! 
0 - 50' -25" 

I 
2v-25'-54" 

I 

4v-'1'-23" 

5()-36-52" ., 

A 

61l-17' -27" 



Clmillagc at ST Chaillage Cs ·1· ICllgth or transition curve. 

354.25 + 54. 7 

1108.95111 

3.18 TABULATED DATA FOI{ SETTING OUT OF 
'InANSITION CURVE NO.2 

- .--._- --
POINT 

- ~--

ST 

. 

... -- ._-

..-.. .. - .. 

. 

<r max/3 

Ls x 180 
2R 1t 

~---. -_. - _._-- -- -- -' ._- ------2--
CIIA N I NA(; II; CIIO.U) Cllonl) I HOOL 
(III ) LlI:N(;'! '1I ,clU ,S 

-- - .- - - - . - . -- (III) ____ ._ 
1108.95 0 0 0 

400,00 8,95 8,95 4.66' 
- -- ---.. _-

390,00 10.00 18.95 20.89' 

380,00 10,00 28.95 48 .76' 
- . - - ---- - . ----_.- _._--- - - --- ---
370.00 10.00 38,95 88.27' 

.. ,- . - --------_ . --_._. -.---- . ---
](,0 ,00 10,00 118 .95 139.'12' 

._ - -. - .. -.. - ------- -...-- -
3.511 .25 5.75 54.70 174.1 ' 

, -

III ax 

54.7 x 180 = 8.71° = 
3 2 x 180 1t 

,, -
TOTAL 
UIWI,II;CTION 

"NGLIe 
00-00-00 

0°-4' -40" 

. oO-io' -54"- ·-

0° -48' -46" 

-(1'-28'-16" 

~J_19' -25" 

t'-54" -6" 

3.19 SOl L INVESTIGATION: The purpose of soil test IS to 

dclcl'Jllillc thc followillg : 

-. (n) 'J'o illvestignte the lIattlre or the soil in its constituents, the vnriolls 

lllincruis thllt it contaills. 

(b) To rilld out whether these ' lI1aterial arc good enough for ~ 

construction purposes when the soil act as natural foundation. 

(c) To determine the water table below the ground level. 
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(d) To investigate other possibilities and suitability for the construction if 

required locally materials. 

(e) To investigate the road bed (sub-grade) and to provide necessary 

information concerning the soil characteristic so as to provide adequate 

and economical design. 

3.20. TEST CARRIED OUT ON THE SOIL: The following types of soil test 

were carried out on the soil samples collected from the project site (Barmo Farms) 

at 1.Om depth dug into the ground, they are 

(i) Sieve analysis test 

(ii) Atterberg limit test 

(.ii~).. Moisture content 

(iv) B.S. heavy compaction. California Bearing Ratio test (C.B.R.) 

(See appendix for the result for various test) 

3.21 SIEVE ANALYSIS TEST: A soil sample of lOOOg weight is passed 

through various sieve sizes and weight of sample retained is taken and also 

percentage passing. 

3.22 LIQUID LIMIT TEST: The liquid limit of a soil is moisture content 

expressed as a percentage by weight of the oven dry soil at boundary between the 

liquid and solid states. In the course of the test, a soil part consisting of a mixture 

of water and soil passing the 4.76mm 8.S 

sieve is placed in the cup and divided with a special wedge scaped cutting tool. 

By means of a cam on a shaft turned by handcrank, the brass cup is raised through 

a height of lcm and then dropped sharply on the hard base. 

The device has been calibrated so that 25 drops of the cup at the rate of two drops 

per second. The liquid limit of soil is then taken as the moisture content at which 

the groove cut in:the soil in the pat closes for a length of 13m111 after 25 blows: 

3;23 PLASTIC LIMIT: The plastic limit of a soil is the moisture content 

expressed as a percentage of the oven dried sample, of the air 

17 



dried material passing the 4.76mm B.S. sieve at the time that the soil water 

mixture has been rolled into a thread 3mm diameter and it begin to crumble at this 

size. 

3.24 COMPACTION TEST: In the modified proctor test which I use, a 4.5kg 

rammer falls 45.8cm and a total of 25 blows is applied to each five layers. A new 

soil sample is then prepared, an additional increment of water is added and the 

procedure repeated. The test is continued until the weight of a compacted sample 

in the mould is less than that obtained in the proceeding measurement. 

3.25 C.B.R. TEST: The C.B.R. test is a penetration, which can be expressed as a 

percentage of the penetration resistance to that of a standard value of crushed 

stone. 

Generally, the C.B.R. at 0.1. inch penetration is used for design purposes. 

The C.B.R. penetration is done both at the top and bottom of compacted soil 

sample in the mould. 

3.26 PA VEMENT DESIGN: This involves finding suitable thickness of surface 

course, base course, and sub-base to satisfy the prevailing traffic, soil and other 

necessary conditions. The thickness of the different elements comprising 

pavement is determined by the C.B.R. values. 

The C.B .R. test is a penetration test, which can be expressed as a percentage 

of the · penetration resistance to that of a standard value for crushed stone. 

Generally, the C.B.R. at 0.1. inch penetration is used for design purposes. 

In this design procedure, it is assumed that stress distribution through the 

pavement is independent of the quality of the various layers in each layer of the 

pavement must be of higher quality than the layer below it. 
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The materials to be lIsed in this pavement design 011 the soil which 

will serve as natural foulldation for the pavement has been tested and 

._ evaluated to have a Illininll\lll of' C.n.R of' SIX, nller soaking luI' 4 days . . 
Therefore II Illillillllllli C.B.R of' XIX, has heon selected f'or the f'oundation. 

'I'1'II1'f'ic VO\tIlIlCS plays 1\ vcry iniportllllt role ill gcollietric nllll ~ 

structural desigll of' good pavenlelll. 1"01' certain types or roads e.g 

residential alld associated devclopmcnts, it is quitc COlIlIllOII for aecurntc 

data 1101 to bc avnilnble, alld a detnilcd lralTic slII'vcy may 1I0t be justiried. 

III slIch i IIslllllCCH, I hc I \'lllIsport III \(.\ rollli resenrch Illbomt ory 

rccollllliended thnlthe l'allowing initial valucs be assullled. --.-------.-------------------'---------------1 SINH TVPli;S OF I{OAI) EsOlllntccl Tnlnk Floo.' ill 

Il:nch 1>II'ecHo... I 0111 III 

veh/tlny 
__ . __________ --:---:-~----I --------------l 

I. CuI-de-sac nlld millor rcsidclltial roads. 10 

2. Through Wilds alld rollds cnrl'yillg 75 

regular . bus roulcs involving up to 

25p.s. v/day ill each dircction. 

3. Major through roads carrying rcgular 175 

l~us routcs involving 25-50 p.s.v/dny ill 

cach direetioll. 

4. Mnill shopping ccntre of' n Inrge 350 

developlllcnt carrying goods deliveries 

alld Illaill through \'Oach~ carrying more 

Ihnn 50 lUI. v./dllY in cllch direction 
----- ------_._------------

011 the lable nbovc, residcnlinl road wilh 10 cOllllllercial vch/dny is morc 

suitable for my easc study road dcsign. 

II) 



3.27 IH:SIGN CLJI{Vlt: I{EADING: Referrillg to the llexible 

pavelllellt deRigll curve. the projected volulIle 1111ls between O-IS in tho 

tralTic Clllssil'iClltioll tublc . (highwuy design II HlI IlIH I Purt I) Wherel>~ A is 

to be uRed for the design. 

3.28 DATA FOR CBI{ VALUES 

Sub-grade 8%, 

Sub-base 13 .6110 

Bllse course 78.8IX, 

The required pavelllent thickness I is obtained considering C.B.R VII I lie or 
8% 1'01' slIb-grade material (sandy clay) is given from graph A . 

245111111 

Consider the stlb-bnse (C.B. R 13.6%,) = 5-8" """ I 45 III III 

Consider the !>nRe cotlrse or(C. n.R 7~f8°;.,) ...... 1 00111 III .... 

3.29 MINIMUM PAVEMENT TIIIC((NESS: The summary of 

th is chapter is that , the sub-grade soil has a C.B. R vulue or 8%" sub-base 

thickllesR is I ~5111111 IIl1d is of compacted Icterite soil or 1 ].6% C.I3.R nud 

bmw course thickness of 100111111 well gnlded gqlvel of 78.8%) CI3R vallie. 

Now the Illinillllllll thicklless of the pavelllellt above the 'sub-grude 

levcl is 24SIlllll 

20 
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~8boratory: 
" ' 

" 
, f 

cha"Iage ,',,;., '.": . '~ 

remarks : 

burrow ·pd 

type 01 
materia' 

Signed 
for 

_____ • • • _. _ _ _ .J. ____ :-_._ 

. " _ ""CJU!~ • 

: •• ",,':" .,011' " " ' .. . :' 

21 '-;l ' , ( 

.. ) 

, . ~ '.' . I 

.1 \ •••• .", 
Signed l 

~hglneeri.IJ,'Repregentativ 
.. - .. - -:._-;-:::..;..-._.--------- -' .• ;l.... ___ . ---r-' -::--:-:~ ..:..--:-----



'. 
'- '"" . '(. 

9 ~ CBtfILte8t 

:;----
~ -- - r exect. ,pY /date: 

,.abor.atory: , 
I ealcul.. bylCJate: 

l ab. No. chainage lX>.sltioii ' depth(m) , material 

borrow. pit: 
-. , , 

Q.l ,CD 
.0'0 ii: .alii 
:J ~ :J I'tI 

type of 
1/1 01 111.0 

-- . material: ga.-&-~ - . 

- MOD I lOMe J I comp. eU. ' , 1-S~7 ]moUld ~oIUh1 _ ·r.~/"ocm3 
--------------- --------- - ---- ------ - - "'----- '---. - - dall-readlngs" ----
standard --.. ' - - ---time -- --- penettatloh -- ._,---_. tt1bUld ,No. ---- --- -- - ------mouJd N().- - ---

load hllnut~s mm 
top bottdhi ' top 

KN bottom 

~, - " " . . 
0.00 0.00 . '~ ~, 

0.25 ,,0.25 . .. " . 
I 0.00 0.00 x3 'f S- ' lAg ~/G 

0.75 , 0.76 .' . . 
1.00 too ., , /~ .. , " I !50 .. .. .'Z~ -z... ? 2. ~.s 
1.25 1.25 ~ .' 
1.00 1.00 __ ... , ,/?.S ' I },C/- ', ''3. "?s_ -:!,q:s-

t .. 1 .~ . t,75 
. , 2.00 2.00 , ' ,:;"'4'0 . . :J. ,~ ];F~ ~' ti-9 'T 1'1.50 , " 

2.25 2.25 , 
13.24 2.00 , , 2.50 ,." "- 34.0 Sb-r- , :9-=72 

- ' " 

2.75 2.75 , .. 
3.00 3.00 3lfS Cf~ . ?~'3 ifS-:? 

" 

3 .00 3.00 .' m .oo 4.00 4.00 . lj..:J..e. S , .'fr:J "1'_"76 . 1~7.. 6 
, 4.00 ·4.00 .. _ ' .. 

19.96 5.00 5.00 .' 7i'~-v f7~.~_ 1lJ-96 I~hg 
, 5.50 5.50 .. 

22,20 ... · ~Eo .. 
6.00 0.00 C;<-~n .. 1~_"!i'7 18'8tr. 
600 6.00 

. , 7.00 7 ... m R~o 9/0 77IfGf..8 ' 'l-J/b6 
ZOO 1.00 

26.~ ,8.00 a.m .... 

, ' ;! , .. 
action made (x) 

l~cled 2.00 mm oenetratlon , " . S /n f! _9-~,.'7- .. 
, . 

in\! for 5.00 mtrt oer!elration , TiF?-' 16~K. .. 

at , 2,00 mm tJel1ei.ratiori Ji::2,.. 'I . _, . .!J'-B';S ?oo6 
5,00 rnm penetration ?.3" .'1, ,.B3-6 . ~E"~ f 'w , 

age CBR(Top & Bottum) 
c~ft ,Value· -:;r S ~ 8 t at2.50 mm penetration = -., 

.' i l1li5,00 mm pent:\lrotion "' _ ____ I ' .. 

~'-rk~ 
. 

---------- - --- ---__________ I. - --~------ -~, ----,----- -------------- - ----'--'-, -----~ (-~-=-----:--
I I 

~ 

Signed ____ _ 

'For: . 

22 2-:t 

" ."- \. "'\ ' '" 'r I' { \ ' 
", ~ . 

I : : J ' ~" • i I 

I . ~ 

,', 

~. '. 
·'r· 

-----------

Signed~ _____ --... __ _ 

FMW Rep!'. 

, .: 

~ I 



~ . -. . , r 

LTD. _4 -, 
" 

, . 

. -~ B 
~-------------------------------------.--------------------------~ 

execut. by/date : boratory: calcul. by/date 

No. chainage 
;-- 't 

POSitiOI~ . \ . depth (m) 

borrow-pI : 

~----t-.. ----------
type of 0 

material : Da.$ ~ 

po 

density 

I read 

kg/m3 {)rS3 
--i---i-----~r-~-----

% 
:------+---+--.-.--.. -_. '-"---
pation % 

~~-------+--4------r------" 
age CBR % 

i ;--___ ...L...._-'-__ q'O - l00 •• _-
o • I . m p 

I 
I .o~ 

:::J C'Il 
VI ..... en 

material 

~6oo 

p tI m. I I , ~. 100 
_ ~ _ ___ • __ . ____ ~1 _._< ______ -1.. ________ .... ________________ _ 

Eng1neer's Representative 

, . .. , 
, '. 

, I~ 

.,' .' ~~ . ' . 



,. 
I 

Sieve .. Analysis 

Laboratory: 
I execut. by I date 
rcaTCul. by/date 

. ___ ,.-____ -4 

Lab . No. chainage position . -depth (m) material 
~--~~~b.~o_rr~o_W~p~it_:_+-__________ ~ __ --i-----+----~~~~~-~-~ 

~ . ~~ ~~ $ 
type of 0 ::J ~ ;;:: ::J m m 
material Oa..& ~ VI Ol VI D .::: 

, 
weight ' of soil taken for sieve analysis = S?r c) 9 

"Weight of soil taken for wet washing = 
passing.4.76 mm sieve . 

9 
I --

B. S. s lev;f mesh retained retained passed 

mm No. 9 . % % 

MC = 
25.4 1" 

-
bowl No. g 

c o .;, wet soil + bowl -----' --~ ';;:; ~ .... 
m ... c dry soil ' + bowl 9 c CIl OJ 

'E'o C 'bowl alone 9 Q; E·g - I---... - water alone g 
~o ---_. 

dry soil alone 9 -----

38.1 1Yl" 

19.05 K' -" -- 10-0 
water x100 1---"'-12-.7-0-+-Yl-··-+-ti3·.j'- 8'? Cfll'l 

f-- - bowl No. • 9 dry soil 9.52 3/8' . 7N I~-" 7 '?S' ~ 
.~ '8 ... I--w- et- s-O-i,- +---=-b-o-W--,--- - -'----__ - _-_-~-_- _·-~g~_=--~==~oA:o~-~4:!..7~6-1-3~/:..!.!16 6 1''>- 12'"3 ~(,~ 
c .If -Th bowl atone . 9 2.36 . 7 "7 S',>- IS'/ tf 8 1 J. 
'E ~ 'w - ------ ----m::: ~ wet soil alone __ ._._ __ 9 1.18 14 ~ 7'~- S'~- tI-.l.-1 
~ 0 dry soil alone _~ • ..51}f) 9 • B 600 mic 25 105-' 0 3' 0 :31 .. 1 

~_~~~e~r~~o~ ~O~I 1 • ~'~1','~~--=- ] - -f.k ::: ,: &!:~ ~: ~~; ;~ 
~ gN bowl alone g 75 mic~OO .. ~!2. ~. ' 2 ~6·9 
.~ ~ ~ washed soil a~____~'~ _ -=.~ 9 • . 9 - c 18o't'tO.Q1·. . :'13 tJ+S ~ ~IJ 

- outwa~ed soil < 0.075 mm,£1 9 9 = B - C .. + 

V7;Fi·""".": ... .. ..... .. .. .... .. .. " .. . . ... . ... ~ . ..... •.. , .,.,... •• 'A 
I "~S o " , ' ' .• ~ .... ................... . _ .. , . ... " . 2' .1. .'.'" ,. • , - eo -I,~" D 6," / lIt. / ............ t .. ., ...... ". ·Sand' ·· ·· ... ·· ·· J. · ·Io d, .... e.··· · G "1'- C C bbl II / "",,' ,.\~.,: .••..• ..•... : .• ',': .......... . .. . , : i. 'j',' · '.:\ ._ •• ' •• rave. _ 0 _ •• 0 .-

f , , ; /,' . ,.. , . .... . . . '"! .,," , ......... ., •• L ." • • • fit·· ~ t. , •• _ •. ' . ~ ..... ' t ..... ".... # # II C D. • II II • I> '" -o~_" 

coarse fine 1 medium I coarse fine I . coarse 

Il'esh No 200 100 5'2 25 14 7 3f,&" 'fc" 3/8" '/2" ~U· 1" 1Y2" 
Sieve ~rtureO.075 060 1.18 2.36 4.766.35 9.52 12.7019.0525,438.1 

100 k~ :--~ --j-::::- .= - -l -+=t -T -1:- : ~ 
00 -- 'L- .-.... -t- 1- -. - 1' ~-- .. -j---.--

+-.: . - - =+=: : ~ =-p: -"/r '--

--y'-
-:-1'" - _-+ 

30 

T I 

. f--+-­
\ 32 

. ., . 



C 
aJ 
.J 
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'SOIL LABORATORY 

e: __ - - --- ------- - -----_._- 0d,fiPitfjWnruar===' -~- _____ ~ _____ _ 

ta:_ Sheet Number 

UID AND PLASTIC LIMIT 
ERMINATIO~JS . 

TA AND COMPIJTAT;O'" SHEET 

LL -= UqwJ t.ll f llt i iI ~ t PL = PLastic Limit Test 

~of T.~~~]-:-.. --Container Nwnbar 

~umber of Bi~.;v~ ~~~~_ '?< 
Wi, Sample + Ter~ Wut += 
~8mpl;-:;:-;:;;;-D;y··-- -=-=-
~1/t • . of Wat~~_ ._ .. ____ .. ___ ~.- _ 

are , 
Wt. of Dry Soil -_-.-.-.---~--
~ .- ._------
Water Content 

.... _- - ---

ti LL LL 

.- :~-. 1/ 
IZ 

. sl .. ;Z tl-3~ - t---_._--
.-t--l:L7:.. • - ~B' 

tJ,2. . '3-7 
'3..L *"36 
I~ I'l. 

- - -
:3.cS-"3 3&".>-

-_.-. ---- PL ---- --
?..~ ---

- ~ 
tJ-3 

--
t.f2. 

1 .. i1_. 
3.5-

~_ .... :L<J-'3 

10 

5 6 78 8 10 15 20 25 30 -40 50 

I\JlII lI bu r of 810 \1>'5 on Liquid limit Device 

lL LL 
'7....,>- 16 
-z..:;z '36 

.s-o·3 S-/~cf-

lf7 l./-9 
3,,3 3,l/--
3~- 311-
12 Ill-

27,,/ ~tl-r" 

- - PL--_ ____ e.L 

3S-
~ >< 

tI--z. 
. lfl 

1,0 

3:> 
c;, 

16'L 
fW~ ~ I,>-'~­

RESULTS 

Ll 

. 

--

Liquid limit = -y-, s- % 

J L-.. ~-Plastic Limit = __ -' ____ ~ ____ % 

Plasticity Index = --::/...;.:l~-_tJ __ % 

-

~ 

Flow Index = ___ ~ __ % 
'- /, It.f-O-I ; 

Tougifniss Index -o---l'r...;:();.-· _"7L-_% IS'';' It. 
>461-1 Remarks :. ________ _ 

iglled _ _ _ Siglled ___________ --,-
·r I, .' 

Engillru'$ Rrprrstntllin _ .... _----- -- ---- ----- --- _._-----. ----- ----



, '. 

" : . 
~ ' . 'i ' 

- ,."'1.";-' • ..,..--------------.... -, 

f. 

remirks: 

. , 

Signed .} .' r: 
i' , . 

----~------------~============:------=::~::::::::::::~!~~. ~*:~~~.::======~~~. ------~ 



Lab. No.' thalhiiue 
. borrow. pit: 

Mop 

typ~of . 
tl1aterial: 

.. " ',:',', 

.. i 8x&c[f)Y7cTate;?, . 
r calcUIL.by.(qate: . 

I r1 

f'O.sltioH "'~' " ' depth(m)- .~ . 

;. ,- I , , 

&' 

. material 

x 

.--- .------ ---------.- ~-~, :-~ --:.----.~ ... - , ' .... dalll'ndlngl"'-' ----- -
stantlard time penetrstl.oh ' h1bUld No. . ,.. . , -to mould No .. 

load hllnut~s h11t1 I • ,.. " ... 
KN • , 1~';' . top botttihi . top bottom 

'; .. ' !".~;~. ,\~ , 
--.~~~-------+----~ 0.00 0.00 . 

0.25 .. '. _ 0.25 : " _ 
0.00 ' 0.00. I" ' . , /0 ' ~ . .. - \ .~,'3 

., 1 
• ••• ••. • I .. 0.75 .. . '. 0.75 .. \ . 

11 .50 2.002.00 If- (--; ·.7..0 ./0.2 

. . . . 

ISOY 

l/.W 4.00 . 4.00. . .. .KI . ~ .:4-0. J ~ f..!.'. . '"Z-"9-2 
.4.00 " ·4.00 .' . . 

19.96 
5.00 . l- 5 fOO ·;~·.-'." , " ... , 1 . .... :" ", : _ ,,' . ' 

22.20 6.00 " 0.00 .. + / ~-< . j .. U- .C' . '7. ~ 4"' . .",:'!; .~ 
6.50 . 6.00 ~ 

26.~ 

-- correctlort made (x) 

corrected 
reading for 

C8~ at . 

·8.00 8.00 

Aver.ge CBR(Top & eottum) 
CB~ at2.00 mm pehetration :!i . 
CBR lit 5.00 Inm pernttatloii 10 '--__ . _____ . _ ""~\ 

'-remarks " ~"-4 ~, , ',' 

.~ ; '\ ' 
. 'if ~ , __________________ _____ ..:..,-.---'-'-__ H_~_'_'_· . 

" .. 
.' , 

I 

Signed ...::'___ ___ ' . 
:t-or' ~k~·:';; . j "- . ' . _ , - .. ' r I . - ( l., ""., ! ' .. ,'. 

I ' { 

. ~ 
I 

, ' f 

- " -

' 1 

. '" , ;( ., 

Si~ned ... __ ........ I'_ .... , .... · I __ -

", , 
~MW Rep(\ 
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Sieve .. Analysis 

1--- .. 

Laboratory: 
I P.Xp.c~.~_~.:....y 1.~d-a-te-___ _ _ --- ~---_-------1 
~ul. by/date 

position 
Lab . No. chainage 

~----4~b~o~rr~o~w~p~it~:_~----------~-------~ 
type of . () " f.A 
material 'f' U 

9 weight-of soil taken for sieve analysis = :3 f)-lJ 
--------------~ 

~fght of soil taken for w-et washing ' = 9 

depth (ml 

,Q) 
.0'0 
::leo "' .... Cl 

material 

xl 
I 

I Q) .D", 
::leo 
"'.0 

0.: 

'" eo 
.D 

--passing _4.76 mm sieve 
B.S. si~v;rp1esh retained7eta'inedpassed 

bowl No . 9 
mm No. 9 % % c , 

o OJ wet soil + bowl 9 
.~ .... -----~- -~ .. _._-----
~ ~ ~ dry soil + bowl 9 38. 1 

'E '0 C I-b~ow-I a- I-o-ne---------+ --- --- 9 25.4 
Q; E 8 ______ . --.-------- 1 
+-'..... t I 9 MC = 1905 K' ~ 0 wa er a one _______ 1 ____ ______ 1'------'-. ~.--+-__:_.+- .- .. - -I-------II------; 

dry soil alo~e ,.-- g . water x100 ~--12-.-7-0-4---Yz-··+-.------+~----+----i 
r-- ---+- b-o.:....w-I-N-o-. -----+-~-.---~ - g- dry soil 1-_ _ 9_.5-2-1 3/8" . ""-- .,...--: 100 

.8 ~ f--w- et- s-o-il -+- b-ow- I -- -- -.- -----.-g -- % 4.76 3/16' 11" / ~. '7 91· J 
. ~ .~:g, bowl alone __ -~. " ~._·-~-~-__ "_-__ ----=-~g~~=====~I--~2:.!..3~6-+ .. -~7.~-- 6}J' 11'21., '1 ~IJ'; 
~ ~ .~ wet soil alone g ~. 1.18 14 as·6 l'S't ~ sr,;} 
~ 0 ~I-?-r-Y-S-O-il -a-Io-n-e--------I--- '-" - ~~_-_--=g~-I--~-.$,e.--()-g--' . B 600 mic 25 I~ti-, r ~. '3 SI' I 

Note : dry soil = -~~ 9 t----2.~ mic 52 /8' 0 t2.! ~ itS __ L 

..... L-~-l-~-~+~~-~:~:!O:~ir:':::' · · 'T~ --~--=t~ __ -=g~_-_c.J..!7Bo..:..:B::.::~t,5 _ ; i~iJi~~ I~~ 
outwasHed soil < 0.075 mm )1 9 9 = B - C • ___ .. _____ ._-'-_______ =--_____________ ....1-__ ---1 

I-----~-

1W ' 

1" 

" 
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SOIL LABORATORY 

eme: __ - _ ... __ . ________ ___ .... . ____ _ Vd"'~It! 'ljunlUtlT'==:....:. __ . ___ ~_~ ___ _ 

IOte: _--

QUID AN[) PLASTIc LIMIT 
ETERMINA'rlm4S . 
ATAAND COMP\JTA f;Ol-J SHEET . 

Sheet Number 

I'L = PLastic Limit Test 

PL PL • 
----~--=-+-------~---

Con ta~_.~~~~~! __ . ____ .• ____ I___ _ _ ____ _ 13 
Tvr, "F T,,'- .--. --,--I . ·---1 ____ _ 
Nunlber of ~~_.___ .. ---L--.-+-:;;-__ ~"""j.....::::;...........;~~~_.;:;;;;;-+-___ _ 

Wt. Sample + lure Wet 1J-----=----- ·-_ _ l-.J _____ .... . - .. --_ _ -_ ._. ___ --1 .-.#-Jw!."-':'" 

Wt. Sample· + Tam Qql 
- -. '--' - --- -.---- - ---- . - -- - -. -- - . . ---.---+-...L..:I~y-~L=:..-.,;....J_---+_----"1:__ 

Wt. of Water ._-- - ----.----+-----~---=-

~~;eOfD;ysOil:-~---- -- -I-- -- -··------~: ~ /I' '{ 
Water tonl.ent --------------.- -- - - --- -~o-. ..!:tf-+---!1~6~.I..:::.~----+-----1 

'------- ---- . ..--.- -.- .-'-- - ---. ... ... . -- -~.L_._..;:;......:._...&.... ___ -J. ..... ___ ~ 

-o -C 
QJ 

U 

OJ eo -#H·lmlill 
a. 

-' ..5 -- .. --c 
~ 
c 
o 
u (0 
L. 
Ql 

ro 
~ 

5 6 78 !:J 1O 

r~!lw l~lJ~~~ ~\) 0'-;" (g- 3 

15 20 25 30 ' 40 50 

RESULTS 

Liquid Limit = .g:j_, ....;;0 __ _ 

Plastic Limit = J ~ , '3. % 

Plasticity Index = L 0 • 7 % 

Flow Index = -----_'% 
Toughness Index % 

Remarks:. ________ -. 

f\Ju," bIJ f of Blows on LIquid limit Device 

Signed _ _ _ . 

30 
3 U 

Signed ____________ _ 

lnt.:infU's Rfprtstnt.livr 
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\~\ TRAFFIC ' CLASSIFICATION ' 
\\ \\\ r 

NUMBER OF VEHICLES PER: DAY 

l\\ 1\ 
CURVE EXCEEDING 3 TONS LOADED WEIGHT 

. \' l\ \ ~\ A o - 15 

B 15 - 45 

\1\\ l~ ~ C 45 - , 150 

0 150 - ' 450 

1\\ ~ ~ 
E 450 - ' 1500 

~ 
F 1500 - 4500 

\\ ,\ ~ ~\ 
, 

!\ ~ ~ f 

\ \ \ 
\ \ 

. r 
~ 1\ r\ 

I , 
f\ 

! , 
i 

!\ \ \ \ 
, 

1\ \ 
I , 

I 
~ 

i 

~\ \ 1\ 1\ \ 1 

I t\. , 

- \ \ 1\ \ '\ l"- I 
r-.. \ ~ \ 1\ l"- I 

\ 
, 

1\ 
I 

1\ '" 
I 

1\ \ 1,\ '" 
, 

1\ 1\ r\ 
\ \ \ \ \ '\ . 

r\ 1\ 1\ i\ " \ \ \ fi\ "\ " 1\ 1\ f'\ "- "\ ~" 
1\ 1\ 1\ "- " ~ l.\- . 
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\ i'. [\ t\.. ~ 
, \ i\ " "\ " ~ l"- I 
, 

\ 1\ '" i'-
A ~ B ~ " 0 

L 
~ E i'- F 

1- - K -. --. - 1\ ~. ~ '" "\ '" i'...t-,.. 
l\ " I\. 

o 2 4 6 8 10 12 14 16 18 20 . 22 ! 24 26 28 ·30 

PAVEMENT - INCHES f 

FLEXIBLE PAVEMENT DESIGN CURVE 
FIG. 1·306.1 f 

I , 
I · 
I 
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1 -.l . 

I - . ------- --------- - ------- - - - __ _ 
I ._-_ .. _--_ .. _--
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CIIAPTER F()UR 

11.1 DI{AINAfa: DESIGN: The dl'llillnge syslelll 1'01' !lily !'Om I cnn be 

dif'f'icull as the ways and menns adopted to provide lor the illllllcdinte 

rcmoval or cxcess slII'filce WilIer 01' groulld wntel' from Ihe vieinily or Ihe 

road. The provisioll or 1II1 adequale walcr -drainage syslelll is nn esscllt inl 

feature of any road scheme. In drainage design, the basic consideration is 

to protect the highway against damage Ih)11I storm and sub-slirface water. 

Drainnge facilities must be designed to convey the water neross. along or 

aWlIY /i '01ll the highway in the must "ecullomical, elTiciellt and prnclical 

manner without damaging the highway adjacent property. 

This is accomplished by determining the followings:-

(a) The amount and frequcncy of storm fun ofr. 

(b) I r dctrimental amount or sub-surfilcc watcr cxist. 

(c) Nnturnl poinl or concentrntion, dischnrge nlld other hydraulic 

controls. 

(d) Thc most clricicnt disposnl Ihcilities consistent with initial cosl , 

illlportnncc orthc ro~ld, maintcnance cost and legal obligations. 

4.2 RUN - OFF ESTIMATE 

RUIl-oIT estimates shall be bnsed on the rationnl mcthod, nlso 

known as the Lloyd - Dniries formula (C.A.O'I·laluuty; Highway 

I ~ ngincerillg Vol. 2) III this lIIethod the rUIl-off is reillted to the 

rain ill I I intensity by the formula. 

Q = CIA 

Where :- Q = 

I ' = 

c 

/\ 

Quantity of run-olT (mJ/sec) 

Intensity or rate 'ofrainfall (mm/hr) 

Cu-elTicient of run-urI' expressed as a percentage 

orthe imperviousness of the wntershed surface. 

Total drainage area in unit of 1000 (m2
) 
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The intensity or rainlhll storlll (I) is a ('unction of tho duration of -

storm . Durntion of storm is the time required ~)y the rain water to reach the 

inlet pipe or open ditch in the drainage mea (i'om its rurthcrest point. 

Flow tillle is the time required by the rnin water to flow in the 

cunduit or in the open ditch till it rellches other inlet or rinal out leI. -

Consider a catchment area bordering the sides of the rond which is 850m 

101lg. 

Plnn across the road which is the plan or the cnlchlllollt arca 

Area ;=: AI '" A2 

= Pavelllent (Road) = (Road width) 6.0 x 850 (road 

length) 

Drain Area (Assllmillg a trapazoidal drain) (Drain 

width) 3.0 x (length orrond) 850 = 2550m2 

Now total area - 5100 + 2550 - 76501112 

Taking the run - off co-efficient "e" for pavement 

C I a = 

C 

C = 

c 

0.9, Drain C2 

Al~l -I- A4~4 

Arl' A2 

= 0.3 

5100 x 0.9 -I- 2550 x 0.3 

7650 

4590 -I- 765 -

7650 

5355 -

7650 

4.3 MANNING FOI~MULAR 

0.7 run off 

eo-cfficicnt 

This is the most widely lIsed formula in highway drainage design. 

v 
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Where: 

J~ 

N 

S 

= 
-

= 

Hydraulic radius 

Manning roughness 

The' slope at which "the run-ofT will now. 

4.4 SIDE DITCIIES 

Thcse me normnlly plnced nlong side or the rondways in order to intercept 

._ surlilcc watcr running olT thc carriageway and shoulders. In cut section 

they also serve to prevent water running down the back slopes and 

invading the 1"01ldwny. Side ditches nre lIslInlly V-shaped or trnpezoidnl in 

cross-sectioll. Ditch side walls nre simply cut to natural angle of repose of 

the soil ~lIld to a depth which is usually between 0.3m to O.GIll 

Suggested Value or ultilllate impermeability of various types of sm/aces 

(C.A.O' Flahauty: Highway Engineerilig Vol. ·2 Table 2.3 Page G3) 

Types oj' Drainage Area Illlperllleability Factor 

COliC rete or bit II III i 1l0llS Sli rl1100 0.8 to 0.9 

Gravel 01' macadam slll'face 04 to 0.7 
~ 

Bare imperviolls soils 04 to 0.7 

Imperviolls soil with turf 0.3 to 0.6 -

4.5 HVDRAULIC DESIGN 

/\SSlIlIliilg a trapczoidal drain with side slope I vertical to 2 horizontal and 

bed width or 0.5111. 

.- The inlet time = 

0.5 

1000 
1.5 

= 666.7 sees 

= 11.1 1 millS 
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The /low time of' distance 850m 
= 850 = 

1.5 = 
566.67 sec 
9.44 mins 

DlIratio~l of'rainl'all is usually taken as inlet time pills the How time 

11.11 -I- 9.44 

= 20.5511lins 
,.. 

The value of rainfall intensity /(Jr a period of I year from the graph of 

intensity duration curve . = 100mm/hr (F.M. W highway Design Manual 

Part 1 1973) 

Q = 

Where C = 

= 

A = 

Q == 

Q -

CIA 

0,7 

1001ll1ll/hr 

7650m2 

0.70 x 0.1 x 7650 

60 x 60 

0,149m3/sec 

Let assume a trapezoidal drain with bed width = 0,5m and side slope = 
1 :2, Now the urea = Q 

V 
Whell assuming 1.511l/sec non-scouring and non silting velocity 

A = 

Area -

0, lO = 

0,10 = 

0,10 """ 

Q 

V 

0,149 = 

1.5 

0.10 

112 Slim of the parallel sides x height 

112 (0,5 + 0,5 + )2d) 2 ) x d 

112 (I cI + 4d2
) 

O,5d + 2d2 
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2d2 -I- 0.5 d - 0.10 = 0 

0.5 -I-

0.5+ 

d 

= 

= 

"'" 

x 

,,/ (0.5) 2 - II X 2 (.0.10) 

4 

JO.25 -I- 0.8 

II, 

0.5 + 1.025 

1\ 

2<.12 +d2 

2 (0.13 13) 2 + (0 . 1313) 2 

0.0345 + 0.0172 

0.0517 

0.227 

0.13]3 

Now th~ perimeter of the wetted area of the chair 

p l= 0.227 -/- 0.227 +0.5 = 0.954 

R 

R 

A 
p 

0,10 = 
0.954 

0.105 

Now the bed slope "S" 

v 

II 

1 R2/.l SYl 

1\ 

0.02 Ihull tho tnhlo 2.1\ 1IIIlIlilillgS "II" IIIH.llllllx pel'lllissibic 
-' 
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velocity or Ilow (II ighwlIY cnginecrillg Vol. II by C.A.O· Flalucrty) 

I .5 - 1 x O. I 0 5 ~/.l X 5 Y3 

1.5 = 

1.5 

= 

s = 

0.02 
50 x . I 05 21.l X 5 Yl 

50 x O.222t1 x 5V, 

1.5 

50 x 0.2224 

0.135 

0.0182 
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CIIAPTER FIVE 

5.0 ESTIMATI~ ANI) BILL OF ENGINEERING 

MEAStlIU~MENT AND EVALUATION 

SITE CLI~AIV\NCIC ' 

SINO I>I.:SCI{I PTION OTY IINIT 
- --1M2' 2.01 Clelll' silo us speci ned to II widt h H500 

of 10m illcluding all trees of 

girth 11.0 1.5m 

2.02 RelllovlIl of' lop soil to the deplh 1275 M2 

of' 150111111 fllld disp se ns 

directed . 

.. 

2.0~ Grnde HlHI compact sub-grnde 5,100 M2 

il1cludillg slmping or the rond as 

directed . 

2.01\ HXCllvl1tO to lilly dept h ill borrow 765 M2 

pits including haulage to a 

distallce lI.e 1.50kl11 deposit, 

spreud alld compact in layers 

not exceeding I 5 () 111111 

thicklless. 
-

SUD-TOTAL 

39 

J<' 

nATI~ AMOllNT 

25 212,500.00 

t 

~50 573,750.00 

-

30 '153,000.00 
I 
I 

I 
700 535,500 

I 

! 

I 
i. 

Nl,474,750 ,.. 



ROAD WORK 
------------------,----.,-----.------,------.. 

lINIT ItATE AMOll~T SINO IlESCI{ I PTION OTV 

~.Ol Provide, IllY IIl1d l:olllpm.:1 1,2/19.5 M:1 

1",1 111'111 Iy (ll:l:IIITllIg IlIlul'ilu 

IIlnlcrinls to n l:L>III\llWled 

thid,IICRR 01'2115111111 ns Rub-basc 

!llld bmw lIulll:riuls ilwilidilig 

Iwulngc \l.C 1.50klll 

--- - - - - ---
850 1,062,075.00 

_. ---- ---- ---- --------
St, 11-' 1'( )'1 ';\ I, 

I>I{;\ I NA( ~ I ~ S'l'I{Cll'I'lIIU~ 

Providu II lid l:OIlSII'lIl:1 side 1,70() 

dl'llillH In Iilllns dirul:lud , 

Providu . llild COlIslnlcl ()()() I II I 1.1 H 

dllllll0lul' pipe lllllvlll'l 10 MOW 

Hllllldllnl illeilldillg cOlwrelc 

SIIITOIIIH.lillg, \iulltlwlIlIs II lid 

willgwlIlIs 

Sl' B-T( )'I'A I, 

LIII JOO 

1,111 25,000 

1 :062.07S ,OO I 
! 

510,000,00 I 
- I 

200, ()()() 
I 

1-· .. -.- - .. ---- --------
710,()()O.()O 



SUMMAI~V 

(I) Site elea I'a lice 1,474,750.00 

(2) I{olld Wol'I<s 1 ,n62,07~.OO 

(3) Ul'llhlllUl' Sf I'IIl'flll'cs 71 n,ooo.OO 

3~246~825.()() 

Add 5%. CUlifillgCII(~Y 162~341.2~ 

G I'll lid Tutal NJ~409~ 166.25 

5.1 CONCLUSION AND IU~COMMENDATION 

III t:ollclusioll, a road t:HII ollly at:hieve its design life period and carrying 

capacity i r the nctllaljob or COllstruct iOIl is properly dOlle, a1l the materials 

nrc 01' required stnlldllnl, to the desigll specil'icntiolls nlld always correctly ~ .. 
mwd. Alld I sillcerely believe that the application of the principals brought 

out in this thesis will conserve natuml resources and offer substantial long 
. . 

time savings to those who pay for pavements, while providing facilities 

that will be 1II0re servit:eable, last longer nlld give 1110re eomrort and 

safely to the users. 

The existillg II I iglllllellt WitS also recollllllelided lor recolIst\'llction; 

1'01' the strnight alld t:urves I(Hllld throughout the length of the road docs 

1I0t. COII/()l'J1I to the spcci/'ied ruling lilllits or construction. Attached to the 

thesis nrc the reconllllelHled desiglls 011 IOllgitudinal profile for references. 

,. .. 
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