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1 	 Sub Grade - Tihe term given to the ground below the pave
ment layers. It is sometimes referred to as the Road Bed. 

2 	 Base. Sub-base - The term given to the 
Pavement layers.

The layers are numbered consecutively the uppermost laver 
being referred to as Base 1. Alternately the uppermost
lawtyr ii referred to as base and the belowlaver is 
referred to as sub-base. 

3 	 Falling Weight Deflectometer - A tool used to Measure the 
deflection characteristics of the Road under a Load.
 

4 	 Dynamic Cone Penetrometer (DCP) - A standard Rod with a 
Cone tit) driven into the Pavement lavers and the road 
bed. The resistance as measured by the number of blows is 
used to derive the strength of the various layers. 

5 	 Benkelman Beam - A tool used to measure the deflection 
characteristics of' the when toRoad subJected a load. 

6 	 Compactive Effort - Defined as the density of the 
material after the application of the compactive effort. 
This is specified as a iercentage Mod. AASlI'O. 

7 	 In situ Moisture Content (mc) Field moisture content at
-

time of sampling. This will vary from toseason season. 

8 	 Plastic Limit (Pl) - Moisture content at which a clay soil
 
passes from the solid to 
the plastic state.
 

9 	 Liquid Limit, (IL) - Moisture content at which a clay soil 
passes from tie lastic to the liquid 	state. 

10 	 Plast i ci, v Ilidex (P I) - Magnitude of range of moisture 
contents over which the soil is in the 	Plastic state. (P1 
= I,. -	 I.). 

II 	 Linear Shrinkage LS) - Shrinkage (expressed as a Percen
tage 
 of the 	original length) of a specimen after drying

out from a state where the moisture content equals the
 
Liquid 	 Limit. 

12 	 Grading Modulus (GM) - One hundredth part of the sum of 
the Percentages retained on 
 the 2.00mm. 0.425mm and 
0.075mm sieves. 



13 	 AASHTO (Classification - System of Boil classification 
which 	divides soils into seven groups designated A - 1 to
 
A - 7. devending on physical properties (particle size 
distribut.ion. Liquid Limit and Plasticity Index). The 
lower the classification number, the better the material 
is from a highway stability point of view. 

14 	 Design CBR (CBR) - The California Bearing Ratio Value
 
assigned to a subgrade and used to determine the required
 
pavement thickness. It is the CBR of 
a sample compacted
 
at Standard AASIITO optimum moisture content and soaked for
 
minimum of four davs. 

15 	 Design Life 
- A Period of years, e.g 10. 15. or 20. sele
cted by the designer, for which he expects a pavement to 
remain serviceable before requiring strengthening or recon
struction. 

16 )esign 
Traffic - The estimated number of equivalent 8200
 
kN single axles which will be carried by the lane during
 
the design life of the pavement. 

17 	 Equivalent 8200 kN Axle - The 'standard axle load' to
 
which 	 all heavy vehicle axles are equated in order to 
estimate design traffic.
 

18 	 [Ieavv Vehicle, - This is defined as any vehicle with a net 
mass exceeding 2300 Kg. Such vehicle are required by law 
to carry reflective rear chevron markings and have been 
analysed to determine axle equivalences for design 
purposes.
 



INTRODUCTION
 



1, I UCT ION 

1.1 	 As part of its Southern Africa Regional Programme the
 
United States Ahency for International Development

(USAID) is planning to provide funds in the financial
 
year 1990 commencing on October 1, 1989, 
 to rehabi
litate he Kafue - Lusaka road from the Kafue River
 
Bridge to the Makeni Road turnoff (approximately 3.9 km 
from the Kafue traffic circle in the centre of Lusaka 
City). This section of the road totalling 49.4 kilo
metres adjoins the Kafue Chirundu Road which was 
recently 	rehabilit.ated using funds provided 
by the
 
USATD from the Regional Transrort and Storage Develop
meinI Project. The two sections, together, form the 
Zamhian section of the Southern Road Traneport route
 
which is an important transport route 
for Land 	 Locked
 
Zambia ard for the Southern Africa Region. 

1.2 	 As the first stage of the planning process, in the 
implementation of rehabilitation works, John Burrow and 
Partners Zambia in association with John Burrow & 
Partners Overseas were commissioned on April 22, 1989 
to undertake a feasibility study/cost analysis. The 
study aims at preparing a preliminary design of the
reliabi Ii tat ion works and an estimate of the cost of 
construction. The output from this study will be used
by USAI D for budgeting of project finance and 
preliminary engineering designs will become the basisfor detailed engineering design and preparation of 
contract documentat on. 

1.3 	 The original Terms of Reference and the Consultants, 
proposal specified the start point at Makeni at theLusaka end of the Study Road. However In the early days
of the study the Consultants were requested to
consider 	 the start point of the study as the traffic 
circl(. at. the intersection of Kafue Road/Ben Bella 
Drive/Cairo Road Independence Avenue. However the cost 
estimates have been prepared in such a way that the
 
cost. of 	 rehbilitating this first section of the Road,
traffic circle to Makeni, 
can easily be separated.
 

1.4 	 In accordance with the terms of reference the data 
utilised. study methodology, analysis and recommenda
tions of the study are all presented in a final report
in the form of this document. The plan and 
longitudinal topographical survey drawings and the
 
Bills of Quantities which were used to 
 establish the
 
preliminary cost estimate 
of the project and cross

sectin datLa for the road corridor are all presented In 
separately hound documents. 
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2. THE STUDY ROAD
 

2.1 Location
 

2.2 Topography
 

2.3 Geology
 

2.4 Rainfall and Climate
 

2.5 Vegetation and Land Use
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2. llE SMIJI)Y ROAD 

2.1 Location 

The roud und-r study is the T2 Trunkt Road between 

Lusaka lad K|aft.- P:';,ge. having a total length of 53.3 

kin. Ti road links the capital city L.usnka with an 

inioxr'atlut industirial town, Kafie. and continues 

!(otUwtlth ; to t0 bridge crossing the Kafue River 

(Figurie 2.1). The road is imporitmit in a regional 
con .tx t, I inking Fst rind Contriil Africa with the 
i'og lull ;cuth of thu Zmibuzi River. 

Theti- .I.rt hiiiiAge (kin 0.0) of the road is on the Kafu 

Rotid !;ide of the turning circle at the junction of 
Bio CairoIuftil Roai 1 r l3 ImRoad, Roid arid Ir(,eperidence 

Avenm. The end Chainage (km 53.3) is at the north end 
of tlie lafue Rivet' Br'idge. Be twoen kill 0.0 and km 3.9 
the road is a four lane carriagowuy (two lanes in each 
dirotio ) with no inedian ttrip. At kin 3.9 the road 
pas;eO.i thirough the uburb of Mnikeni and then continues 
W; ii r;iljgl CI lla' ilg(lway. fletwion kill 14 - 15 the moad 
))I,;!; I,;Iligh tho town of Chilangn which is at the 
tmmiriltitv (,if' tim city of' Greater Lutsaka . Tie town of 
Kii fI I ii; htedt hetwoon kin 43 -- 44 and the rverni 
I'io.i;l.q (kin 53.3) is a further 10 km soUthbound. 

2.2 T lIX)gI-I Apl hI 

The dual carriagway section (km 0.0 to kin 3.9) is flat 
tand low--lying with evidence of standing water in 
ditchIts and on the surrounding laid. After km 3.9 the 
VoiLil In I aligrinleit renuiis flat irid low-lying until kun 
6.0 whorl the rind level rises above the surrounding 
gl'Oilld.
 

Niitwoert kiit 10.0 ind kin 11.0 thu, I'od level dips 
-;ignif iiuntly ill the vie miity of a tll crostmsing at 

kill 10.5. Th11 tl i gnilott then ri,;os s;lowly and fit Is 
aoutiII iIt the v iCirlity of kin 12.5, whei-o thelrt is 

tutt li"r st Itail Cross ing, with ov i dlrite of stindi rg 
water. "The road l'ises significattly between kin 12.5 
ittid kit 13.0 tirid tm alignunont then tolnui i.; fai lly flat 

as ft- nu Chilaiga (kin 14.3). 

Botwmmr kil 16.0 uric] kilt 23.0 the vertical alignment is 
t'olIiitg with dips in the aligrunrt at km 17.0, 18.3, 
tid kin 21.8. Fron km 23.0 to kin 30.0 the alignment 

i' predoinirantly flat and low-lying. Within this 
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length there are effectively three long, straight low
lying trotchos of road with hills crosting at km 25.0 
aid km 27.2. 

From kl 30.0 tile horizontal alinmont becomes more 
varied is the road passes around several hills, with a 
short ecacurpiient suction between kll 37.0 and km 38.0. 

Between K(afue(km 43.0) and Kafue Bridge (km 53.3) the 
vertical alignment remains predominantly flat, with a 
short rolling section near km 50.0. 

2.3 Gee logy _ 

Di;rugt'ding siporficial and swamp deposits, about two
third?; of' ZiAmbilA is underlain by Precambrian rocks. 
Fx tori.; iv,, trac ts of Karroo rocks occuly the Luangwa, 
I.uauco Luka:;wdifci rind Zambezi rift vi loys, and tile 
:J1it1 4or Itcf'tll!.; t ch r'sssiol. Though it is now covered 
by sLupe1rficial deposits, the lower lafue valley seems 
to bt UrlIrldil by Karroo sodimunt, ; and probably 
re I an rift valley which, unlike theeLSts wacient 
oth, r r has boon stronglycouglhS, not so rejuvenated by
ruec,,lt faultinlg. 

'l1e bwi,e of the Katanga System is the major and best
ditfi nd ] inc of domArcadtion in the Precambrian. The 
pre--Hla tatgtt rochs comprise grani tes. grani to-gmoisses, 
no tiqtl'L tz itus, iotavolcanics and altored basic rocks, 
wi Lh a doilinunt north-easterly trend. Intense 
do fcrmrt ion, motaunorphism and granitisation have often 
do!;t)r,'cwd stratigraphic continuity aid much of the 
evideco of inconformi ties aid conformable superposi
tion of lithologicl units ray have little or no stra
tigraphic si&7nificance. The main evidence for sub
division ir; provided by marked differences in the grade 
of micetpor'chism of rocks of comparable lithology, and 
the interplay of minor structures. 

The area about lusatha is underlain by ancient Late Pre
imwbriarn arid D.ower Palaezoic rocks of the Katanga 

Systilci, whic:l, iii turn ovrlio the Pro- Cambrian Basement 
Cinpiex. They consist mainly of metamorphosed gneisses, 
s;ch is t!;. qua' tz i tes, 1imostones und shales. Recent 
ccl tvit. ,ccln-I:; or the Kafue Flats fiad along the flood 
plains (f'ininor rivers. 
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In general, soil development depends mainly on
 
difrerences in parent material, the material on 
which the soil has developed climatological conditions
 
such as temperature, precipitation, etc., and differe
nces in topography. In the area about Lusaka there is 
a close r, lationship between the dev!,pment of the 
soil and its underlying rock or parent material, 
particularly with regard to soil texture, colour, 
structure and other morphoLogical featuies. 

Around the city of 5usaka dark brot.n to black deep
clayey soils occur, often too wet for cultivation, and 
related to positions in dambo depressions such as the 
Kalingalinga Dambo. As no general geological mapping 
has been carried our in the Lusaka area the approach 
adopte'd is to give brief descriptions of representative 
soil profiles in different areas along the road 
corridor. 

Area I, York Farm at km 8 

York Fu,' is situated on the almost flat surface of the 
plat,.au about H km south-west of Lusaka and adjacent to 
the road at 1280m transitional area between the Lusaka 
dolomite to the north and the Cheta formation further 
south, charactturised by muscovite-biotite psammites and 
quartzites mixed with metamorphosed limestone. The
 
well-drained clayey soils (60-70%) of the Nakeni Series 
are amongst the best soils in Zambia. Developed over 
basic rocks that include dolomite, limestone and gabbro
(which forms a small inlier to the south of York Farm), 
the chemical and mineralogical data support field 
observations of a soil system with a high potential 
fertility (pll 5.5 to 7, base-saturation 70-90%). Clay 
mineralogical investigations demonstrat, a suite with 
halloysit, illite, kaolinite, smectite and 
vermiculite Other minerals detected are biotite, 
feldspar, quartz and talc. Kaolinite seems more 
pronounced in the upper part of the profile, but 
somewhat disorganised. This may reflect transformations 
dur to insitu development, a notion which is supported 
by the graiii mineralogy. 

Due to the very low bearing capacity of the soil when
 
wet, farming operations cannot be carried out from mid-

December to February (the wet season). 

7
 

http:plat,.au


Area 2, Mount Makulu at km 15
 

The Mount Makulu Research Station is at Chilanga, 15 km 
south of Lusaka. It is at the southern limit of the
 
Lusaka plateau where it has become gently undulating,
 
with shallow valleys drained by streams which tend to
 
dry up during the drier months of the year. 
Immediately to the south is a zone of more broken
 
terrain leading down to the Kafue Flats. The soils are
 
developed on the weathering products of a flaggy
 
muscovite-biotite psammiteand quartzite, interlayered
 
with limestone and dolomite. It is well drained, brown
 
to yellowish red and a deep to very deep clayey soil.
 
It has a medium hase saturation and a clayey topsoil. 
Mineralogical examination of the Makeni Series clay
fractI ion hati shown that mixed layers of 1llite
montmorillonite are present, together with illite and 
traacvs of quartz and kaolinite. 

Area 3, Mungu River Source at km 22
 

This area is located approximately 22 km south east of
 
Kafue town at 1020m, and is crossed by the Mungu, a 
tributary of the Kafue River. The main features of the 
landscape are the quartz-schist hills (Chipongwe 
formation) encircled by piedmont slopes and extensive
 
areas of alluvial heavy clays with low leaves found 
along the floodplain of the Mungu.
 

On the quartz-schist is a very complex pattern of soils 
with pockets of shallow sandy soils interapered with
 
outcrops of gravel and rock which culminate in a low
 
ridge and isolated hills. The piedmont slope (1-2%)
 
gives way to a seepage zone at the margin of the
 
valley, where sheets of laterine outcrop. The soils
 
are well drained, brown to yellowish brown, deep to
 
very deep loamy sand to sandy soils. They have a low
 
to medium base saturation and are suited to a range of
 
crops. There is a termitaria zone, and extensive
 
alluvial and seasonally wet and poorly drained clayey

soils extend as far as the levees on the banks of 
 the
 
Mungu River.
 

Area 4, Kafue Flats at km 50
 

The Kafue Flats are located south-west of Lusaka at an
 
altitude of below 1 000 m above sea level. 
 The soils
 
are developed in recent alluvial material and are very
 
deep and clayey, with clay percentages of more than 50
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2.4 

percent. They are (lark grey in colour and have an 
acidity beetween pH 605 and 8. The alkaline reaction 
of the subsoil is caused by the presence of lime 
nodules. The surface displays a gilgai microrelief,
characterised by small mounds (approximately 20 cm in
 
height and polygonal pattern or cracks, extending at
 
least. 50 cm in depth and having a width at the surface
 
of 4 cmr or more. The formation of" these features is 
die L.. alternate wetting in the rainy season and drying 
of' the soils in the dry season. Expanding clay 
minerals take up water during the rainy period,
expending in volume, but lose it. during the dry period 
so (hat. shrinkage ensues. 

The heavy texture and type of clay results in a compact 

soil with poor internal drainage. 

Rainfall and Climate 

The climate of Zambia is typified by one defined wet 
and one dry season each year. The rain falls between 
Novemher and March, these months accounting for about 
93% of average annual rainfall. Temperatures are 
generally not excessive, the hotLtst months coming 
imme(liately before the annual rains. 

C Ii ma .o log i CI details at Mt Makulu Research Station 
(Chilanga) are summarised below:-

Mean Monthly Temperature 15.7 - 24.6 deg C 
Absolute Max Temperature :i. I deg C 
Absolute Min Temperature -1.6 deg C 
Mean Relative Humidity : 37 - 83 % 
MeAan Monhthly Evaporation : Ill - 284 mm 
Mean Monthly Rainfall 0 - 219 mm 
Ave rage Annual Rainfall :836 mm 

A typical value for the Thornthwaite Moisture Index (1m)
 
can he emt. imated from the I'ollowing • climate 
classil'icat.ion 

Moisture Index (Im) Climate 

100 and above Perhumid 
20 to 99.9 lumid 
0 to 19.9 Moist subhumid
 
-19.9 to 0 Dry subhumid 
-39.9 to 20 Semiarid 
-10(0 to 40 Arid 
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2.5 

"a"(1 on moIt Hlbhumid ciimate, Ihe moisture under
(0 m) is estimated at 10. Meteorological conditions do 
not change appreciably between Lusaka and Kafue,
despite a caange in altitude of over 200m. For study

purposes, at this preliminary stage, climate conditions 
at Mt Makulu may be considered typical for the entire 
road length. 

(ominr ison of monthly rainfall and etvaporation data 
shows water surpluses during December, January and 
February. Def Iect ion measuremen L r pavementfor 

evalualion should, therefore, be inmade these months, 
or shortly thereafter. 

Ambient. .emperaturesare best quantified for pavement

performance purposes by the weighted mean annual 
average temperature, w-MAAT (Rer I ). This value has
been calculated and is shown below with comparable
values for areas whichother from pavement evaluation 
methods atre 
somet imes borrowed:-

Loca 1.i on w-MAAT
 

Mt. Makulu 22 deg C. 
London (England) 12 deg C 
c't~lria (S. Africa) 19 deg C 

New Delhi ( India) 28 deg C 
Melborje (Australia) 15 dog C 

Clearly countries like Australia and India have a
 
considerable diversity of climates within their borders
 
but the similarity of temperature regimes (and 
hence
 
the performance of bituminous materials) in Zambia 
and
 
South Africa is quite clear.
 

eti-.ja. Land Use
 

The LIninka 
 - Kafue Road is situated towards the 
southern margin of the Central Plateau which, in common
 
wit h alil pla(Pau areas of Zambia, is predominantly
 
clothtd in 
 a form of dry deciduous termed 'miembo'.
 
However, to the south of the city, 
 the land descends
 
through an escarpment zone to the valleys of the 
Kafue
 
and Zambezi rivers. Tributary valleys dissect the
 
scarp and penetrate the plateaui 
to produce a region of
 
varied teliVf and vegetation. The variation in
 
vegetation is further accentuated by local edaphic

controls and the influence of fire, to produce a
 
coml)Iex mosaic of 
natural and semi-natural communities.
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Miilo woodlaid covers not Oily ar'ts', ol, plateau arould 

Lusaka, but also a large part of the dissected hill and 
escarpm-nt country to the south and south-east of the 
city esptecially between Chilanga arid Kal'ue. II is a 
two st oi'eyed woodland with an open canopy of semi
evergreen trees. The canopy stands 15 - 21m above 
ground Iev.el and provides shade to between 60 and 80 
per' cent of the ground area. The underwood layer is 
most commonly of grass and herls, and/or suffratices 
standing 0.6 - 1.3m in height, but in some locations 
there is an underwood of dense thicker 1.3-3m high. 

Alongs idt, perenn ial streams such as at. chai nage 33 
c:oidi i1,on'sremailni moiist andiumore hum id t.hroughouL tihe 
year, I ed i ig to the growt.h of 've'rgreen ri parian 
wooil I tudls. These ar'e lominlated by trees witht a dense, 
i}i k I't-I i he shruh layer and maly I.ang led climbers. 

Oily .. I'tw re-niants of these woodlands survive because 
most have been cleared or severely degraded by attempts 
to uti I ise the perennial supplies or water for the 
growth of' crops and grazing. 

'The domiinLat trees of miombo woodland are all deciduous 
buit t'. woodland is frequently described as semi
evu'rgr.v'i. This is because the woodland canopy is bare 
of l.ave.s for a relatively short period of each year. 

P'eriodi(: (:learance of the woodland for agriculture 
appears to have little long-term effect provided the 
area does not suffer repeated burning during tire 
regene.ration phase. Immediately after cultivation, the 
absence of a tree canopy allows a luxuriant ground 
cover of grasses to develop while the canopy saplings 
and recolonisation can be restricted to fire-induced 
grassland or bush for as long as the area is repeatedly 
burnt. This is evident over most of the road corridor. 

,lust Ito the south of Lusaka much of the roadside is 
covwi-rd withi a more open savanrha woodland, called 

mirmrga' (a vernacular word for thorn), which descends 
to open grassland on tire 'Flats' of' tire Kafue valley. 
Miuiga consists of scattered or grouped trees up to 18. 
t.]I lii(:li form a discontinuous canopy over all 
und.r'wover of1" e.it.her bush or gris and he'rbs, although 
ink some art.as undercover is almost entirely absent. 



The soils beneath munga vegetation tend to alluvial and
 
more fertile than the plateau and escarpment soils
 
beneath miombo. As a result large areas were cleared
 
for cultivation by Europeans during the colonial 
period. Much remains under cultivation today, but some 
has t .e alttndoned or allowed to revert to grazing 
Iandi. 

Large areas of land are maintained as grassland or bush 
grazing by the use of fire and are never allowed to 
revert back to woodland. Grassland controlled by 
edaphic factors also exist within the Lusaka region. 
Water courses and seepage areas within both munga and
 
miombo woodland tend to support vegetation that is
 
dominated by grasses and other herbs. These valley
 
grassland can be subdivided into three distinct groups.
 
They form a sequence of communities which tend to grade
 
into each other down valley from headwater valleys 
grassland or 'dambos' through riverine grasslands to 
flood-plain grasslands. 

Damos are infrequent and poorly developed in the 
Lusaka region. The presence of the plateau edge and 
the steep descent into the Kafue and Zambezi rivers to 
the south creates free draining valleys with steep 
gradients. 

Within the built-up area of Lusaka and as far as
 
Chi langn, little of the original vegetation survives. 
Most of the area was originally cleared for European 
agriculture and the subsequent establishment of the 
capital city created further demands for building 
materials, firewood and charcoal. 

Vacant land within the built-up area and considerable 
areas of land on the periphery of the road are 
intensively cultivated for maize and vegetables. 
Likewise, the well-drained upper margins and termite
 
mounds of most of the dambos have been converted into
 
intensively cultivated vegetable gardens, producing
 
both subsistence crops and market garden produce for
 
sale.
 

One of the most important mineral products of the
 
Lusaka area is cement, manufactured at Chilanga km 14.
 
Its main raw material, calcite marble ie worked at the
 
Shimabala Quarry, 16 km south of Chilanga but new
 
sources have since been discovered. An essential
 
jpecifi'ation for limestone for cement manufacture is 
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low magnesia content free from cuntamination with 
dolomite. Additives which are produced locally are 
phyl II i t and lemat i te. 

Marble is also quarried on the souLh-eastern outskirts 
or Lusaka for concrete and road aggregates. Here the 
pressurp of the slightly harder dolomite gives better 
crushing propertiem than the calcite marble. At km 37 
there iQ a quarry operated by the roads department 
which supplieH road aggregates for surfacing and this 
rock ha heen used extensively in the study area 
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3. .U5.RY OF EXISTING CONDITIONS 

3.1 Traff i(: 

3.2 Pzavement ('ond i Lion 

3.3 Schedule Significant
 

3.4 Draintge 
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:1. SUMMARY OF EXISTING CONDITIONS 

3.1 Tr friI 

Oi tin dual carriageway section betwoen the Kafue Road 
U' indabo ut. and Makeni (km 0 - km 3.9), traffic levels 
III-#- genvra I ly high, with signif'icant. delays on all 
approaches to Kaue Road Roundabout during peak 
p,*rilods. I'vak lows generally occur bltwe.n 7.30 - 8.30 
tim, 12.30 pnmad ,.].30 - 5.30 pm. 

A migir il'ic'ant number or velhi(,i(.s Iitve (Iti study road 
III Ihli, MAvni Jlrg't ion (km 31. 9), inid ihe next matjor 
jnitl i i. i s i' Wll il loar jiiniil io, ,'Io)so to Eurei ka 
I',,rio'r (kin 7.5). 'Tl,(r,* i- I iriled overtak i ng 
tlpc, r[i1 iii i'e bet weti' km 7.5 and ki 1:1.5 (n 'ar 

:1, i ltll:I ) , chi' to the hornizoI :i I II ignment. In 
titli i I, i, I h' large number of sl ow mov ing heavy 
voli cIivs, parl icu larly in the Lusaka bound traffic 
Iane , Ioads to delays l'or vehicles wishing to overtake. 

lI Lweet, Chii Ianga and Kafue , tra I' I'ic levels are 
gelnerally Ii ght, with only limited (h.' lays due to slow 
mov i rig voli icles on the l'ew hilly sect,ions. Traffic 
I vi' Is rdute furt lr between Kafl,( Town (km 43.5) and 

Katl'ui, Bridge. (kin 53.,3). 

:3.2 l'avemlit 'otid it I on 

Thi' ,'xi s in pavement construction generally comprises 
150 mm lateritic gravel sub-base and 150 mm stabilised 
lalri'i'tic gravel roadbase with it double surface 
dreissing layer as wearing surface. On the dual carria
geway sect ion, the bituminous surfacing is between 40 
60 mm thick. 

On tif (heal carriageway section, between the Kafue Road 
roundabout (km 0.0) and makeni (kin :1.9), the pavement. 

nudilion is generally gotd, with only limited evidence 
oI' surface cracking or deformation. T.' riding qua lity 
ott .his s''t.ioii is good. However the lane widths are 
ntirrow anti rrom ti t raffic safety point of view Lh is 
si'l rtiitd shottl d be regraled witth greial concern. 

letween km 3.9 all( km 7.0 there is extensive block 
cracking and some deformat.ion in the wheeltrackR. From 
kin 7.0 (Eiii'itka Corner) to km 11.0 t.he incidence or 

crack i ng is not so extensive, but. there is tin area of 
set.It l,,n' t it km 7.7 and 'xtensiv' poth l ing in the 
viiinit y olf km 10.5. 
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Between km 11.0 and km 12.0 the pavement condition is
 
reasonably good with only limited areas of block
 
cracking and good riding quality. At km 12.5 there is
 

extensive potholing, and as far as km 14.3 (Chilanga
 
Police Station) the road exhibits quite a lot of fine 
cracking but maintains a reasonable riding quality. At 
km 14.3 there are extensive pol.hoies some of which 
Ilave previously been backfilled witt rocks which 
protrude from the road surface. 

From km 14.3 to km 16.8 the pavement. condition is 
fairly good. Between km 16.8 and km 23.0 the 
topography is rolling with dips in the alignment at km 
17.0, km 18.3 and km 21.8. Extensive potholing is 
present in thesu dips, and there is extensive patching 
and block crack-ng from km 18.5 to km 23.0.
 

Between km 23.0 and km 30.0 there itre three long flat 
low-lying strvtclio of road (separated by Iills at km 
25.0 and km 27.2) i-hich are characterised by extensive 
ari'a of' piatching ancd block cracking. From km 30.0 to 

km 33.0 the vf-rti cal alignment is gently rolling and 
theil pav,.meiit condition still exhibits significant 
{engtlhi; l"patch ing and block cracking. 

The pavement condition and riding quality improve 
significantly between km 33.0 and km 411.0, although 
there are considerable lengths of block cracking. 'lie 
block cracking 	is more extensive between km 41.0 and km
 
44.0 (ini vicinity of' Chilanga), with evidence of 
surface deformation. After km 14.0, the pavement 
(:ouditioni is fairly good as far as km ,18.0. Thereafter 
(from km 48.0 to Kafue Bridge a0 km 53.3) there are 
Hignifiai Ivlergths of' block cracking and patching. 

3.3 S.c]e .luJ_ Sigi icant _f-_ttUos 

km 	 Detail 

0 + 000 	 Kafue Road Roundabout Single 4 lane 
carriageway road with kerbs (initially) 
and bus lay-bys left and right. 

0 + 500 	 Junction right (Lumumba Road) 

3 + 700 	 Junction left to Compound 

3 + 800 	 Filling Station
 

:1 + 9100 	 Junction right to Makeni 

4 + 000 	 End 4 lane section. Road narrows to 2 
lane standard. 
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4 + 100 

5 + 500 


6 + 900 

7 + 000 

7 + 500 

7 + 600 

9 + 200 

12 + 000 


12 + 500 

13 + 800 

14 + :300 

14 + 500 

14 + 900 

15 + 100 


15 + 800 

16 + 400 

16 + 900 


17 + 500 

18 + 000 


18 + 900 

20 + 000 

Pil Ing Station 

Carriageway width 5.9m. Shoulders not
 
defined.
 

Andrews Motel
 

Filling Station
 

Blue Boar junction right
 

Left hand bend. (Eureka Corner).
 

Carriageway width 6.1Oe. 

.unction right to Zimco Management 
College 

Left hand bend at bottom of dip.
 

Side long ground requiring cut off drain
 
and cross culverting.
 
Had failed section of pavement not 
apparently connected with drainage 

Junction left to TAP ltd. 

Filling Station (BP). Entrance to
 
Chilanga Cement Ltd.
 

Under bridge providing haul road access
 
to Chilanga Cement factory. Start of
 
Chilanga Township.
 

Carriageway widens to 6.9m
 

Carriageway narrows to 6.1m
 

End of Chilanga Township
 

Rolling country with good drainage
 
potential. Drainage appears blocked.
 

Road surface condition deteriorates.
 
Extensive potholing and patching.
 
Carriageway width 6.4m.
 

Country becomes flat to rolling. Road 
level generally good. Drainage almoat 
non-existent. Shoulders not de-fined. 

Road surface condition improves.
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20 + 800 	 Cut Section. Carriageway width 6.2m.
 
Insufficient width for full shoulder and
 
side drain.
 

21 + 600 	 Failed section at bottom of a dip. 

23 + 800 	 Road surface condition improves. 

24 + 500 	 Junction right to Arudni Farm. 
Carriageway width 6.5m (locally widened 
for junction by hanching). 

Road shiape and condition good with only
 
isolated potholes.
 

26 + 500 	 Low lying area where surface condition 

deteriorates. 

27 + 500 Road surface condition improves. 

28 + 700 Powerline crossing. 

Generally low lying section where 
drainage outfalls can only be obtained 
over a considerable distarnce. 

30 + 500 	 Carriageway width 6.2m. Shoulders very 
wide. 

31 + 900 	 Existing drainage appears blocked. Road 
level generally acceptable. 

35 + 100 	 Road surface condition improves further. 
No potholing and only isolated patching 
evident. 

36 + 500 	 Access to qubrry
 

36 + 900 	 Country becomes hilly. 

39 + 100 	 Carraigeway width 6.8m, shoulders need 
widening. Road surface condition very 
good. 

:1 + 700 	 Right hand bend approaching railway 

cross i ng. 

40 + 000 	 Railway crossing.
 

40 + 100 	 Road appears to have been overlaid with 
a low stability material that has shoved 
badly. 
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41 + 700 Junction right to Kafue Industrial Area. 

42 + 600 Start Kafue Township.
 

43 + 700 Filling Station(Total). 

43 + 900 End of Kafue Township. 

Different vegetation and topography
 
indicating change of sub-soil.
 

Road width adequate and level
 
acceptable. Surfece condition good.
 

48 + 600 River Motel
 

53 + 300 Kafue River Bridge. 

:1.4 

A detailed survey has been carried out, on the road from 
Lusaka to Kafue. It has been generally observed that 
t.hi capacity of the ('ulverts art- in general adequate 

ind ) over topping has been observed in recent years. 
The main problem with the drainage on the road is lack 
of preventative maintenance, t'he side drains have been 
al Iowed to be totally overgrown and the mitre drains 
have been blocked and have not. been cleaned out 
recoently in addition some cross drainage culverts are 
tot) low and have been allowed to silt. up. 

Thes,. areacs, illustrated by more than usual deformation 
of the road foundation, need to be raised and culverts 
and outlets cleaned out. The structural adequacy of 
the drainage culverts is generally good and in many 
(:ases these will only have to be extended under the 
road shoulders and slopes. Those that are in areas of 
road where the finished road level will be raised in 
order to prevent further deterioration due to high
 
water tables will however either have to be raised or 
replaced as in many cases the cover is not adequate and 
therefore the pipes may not be able to take construc
tion traffic loads. 
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4. TRAFFIC SURVEYS
 

4.1 Introduction
 

For the purpose of Geometric designs, pavement design
 
and the evaluation of economic benefits, the volume
 
and type of current and future traffic must be establi
shed In terms of cars, light goods vehicles trucks and
 
buses. The volume of traffic that must be catered for
 
during the design life will determine the geometric
 
class to which the road must be improved. The type of
 
traffic and the weight/axle loading of the traffic is
 
required to calculate the total damage likely to be
 
suffered by the road pavement during the design life in
 
order to provide for this damage in the pavement
 
design. In the case of the economic benefit assessment
 
in the context of this study, alternative pavement
 
construction strategies are being considered in terms
 
of whole life cost where in which a very significant
 
component is the cumulative vehicle operating cost
 
which is of course dependent on type and volume of
 
traffic.
 

The Road under study between Kafue and Lusaka is
 
important in Regional Terms, linking east and Central
 
Africa with the region south of the Zambezi river. It
 
is also nationally important linking the capital city
 
Lusaka with an important industrial town, Kafue. The
 
first 16 Km of the 53.3 Km traverses a growing peri
 
urban zone.
 

At Km 3.950 a suburb called Makeni exists with a rele
tively significant Industrial and residential zone. At
 
km 7.500 a location known as Blue Boar turnoff signifi
cant farming settlements exist on the western side of
 
the road. At km 14.500 a satellite town called
 
Chilanga now forms part of the city of Greater Lusaka.
 

In the longer term there is little doubt that the city
 
of Lusaka will expand at least up to Chilanga. This
 
development trend has already been set and the traffic
 
levels on this first stretch of road also reflect this
 
level of development.
 

4.2 Existing Data
 

The results of 12 - hour traffic counts, taken over a
 
seven day period at the following four locations, was
 
provided by the Roads Department.
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Apr 1989: Apr 1989 : Dec 1988 :Apr 1989 
I I-- I i __ _ 

Vehicle 
Type Day km 3.95 km 14.5 ka 41.0 km 53.0 

I I I I - I 

Mon 9758 1979 890 467 
Light Tue 9852 1641 960 555 
Vehicles Wed 

Thur 
8415 
9295 

2037 
2088 

1297 
983 

485 
567 

Fri 10727 3139 1056 553 
Sat 8365 2027 1089 748 
Sun 6373 1948 925 752 

Total : 62785 13859 7200 4127 
Av Daily: 8969 1980 1029 590 

I -I 	 I II 

Mon 1632 479 106 171
 
Single Tue 1706 355 232 169
 
Unit Wed 1362 434 387 186
 
Tracks Thur 1613 484 284 170
 

Fri 1678 499 309 196
 
Sat 1101 352 192 183
 
Sun 643 257 203 137
 

Total 9735 2860 1713 1212
 
Av Daily: 1391 409 245 173
 

I I I 	 I . . 

Trailer Mot 	 313 174 71 115
 
or Tue 311 169 146 119
 

Semi- Wed 216 217 279 139
 
Trailer Thur 332 163 144 105
 
Trucks Fri 334 196 129 148
 

Sat 233 172 il 159
 
Sun 204 : 139 116 115 

Total : 1943 : 1230 996 900 
Av Daily: 278 : 176 142 129 

Table 4,1 Part I 	 Survey of Traffic Data provided by Roads
 
Department 2 way - 12 hour Traffic Counts
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-----------------------------------

Apr 1989: Apr 1989 Dec 1988 :Apr 1989 

Vehicle 
Type 

II _ 
Day 

I° 
km 3.95 

I 
ka 14.5 

I ,I 
km 41.0 km 53.0 

Mon 314 88 53 20 
Tue 366 200 69 22 

Buses 
Wed 

Thur 
372 
327 : 

120 
105 

86 
72 

16 
31 

Fri 391 ll 96 19 
Sat 287 88 82 15 

I I 
Sun 

0 
188 

I 
58 

I 
39 13 

! 

Grand Total : 76708 18719 10406 6375 
Av. Daily 10958 2474 1487 911
 

Table 4.1 Part 11 	 Survey of Traffic Data provided by Roads
 
Department 2 way - 12 hour Traffic Counts
 

loca- :direc-: Pri- I4 WD :2-3 :2-3 :Articu-:euies :12- Peak :12tion :tion : vate mini :axle :axle (lated : Hour Ho- r hour 
Date 1B :Care f buses:Rigid :Trucko:Trucks :Total: Total, CV 

:light :Trucks,+ Draw: 
:Utili-::bar I ( 

:tie. :Trai-: 

Mon : 
:29-05-89: 
 1.0 	N 4745 1305 662 !'5 44 191 7062:912 112:
 

:S 5251 1058 779 73 84 179 7424: 1003 1115:
 

Toes
 
:30-05-89: 7.0 
 N 1211 440 228 26 82 64 2051: 267 400:
 

S 1316 513 254 49 49 65 2246: 281 41:
 

Ned 
:31-05-89 10.0 N 963 
 410 250 28 66 54 1771:176 398:
 

:S 1040 409 265 68 19 51 1852: 213 403:
 
I I I 

Note: Direction N : North bound towards Lusaka 
 4WD = Four vheel drive
 
S:South bound towards Chilanga CV : Commercial Vehicle
 

Table 4.2 Sumary of Traffic Data collected by theConsultant
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Date Location Approx ks
 

April 1989 Makeni Service Station 3.95
 
April 1989 Chilanga Service Station 14.5
 
Dee 1989 Near Kafue/Lusaka Rail
 

Crossing 41.0
 
April 1989 Kafue Weighbridge 53.0
 

The results are summarised in Table 4.1
 

A cursory analysib of the data shows that there is a
 
marked change of traffic level in the region of Makeni
 
and another change in levels at Chilanga. However the
 
precise locations of change could not be established
 
with the Roads Department traffic data, largely as a
 
result of the choice of junctions and petrol stations
 
as counting points.
 

4.3 Traffic Surveys
 

To supplement the existing traffic data, a twelve hour
 
manual classified count was undertaken at the following
 
three locations. These locations and the location
 
of Roads Department counting stations are shown in fig
 
4.1.
 

km 1.0 Dual carriageway section
 
km 7.0 Between Makeni and Blue Boar Junction
 
km 10.0 Between Blue Boar Junction and Chilanga.
 

Summary of the results of these surveys are presented
 
in Table 4.2.
 

4.4 Traffic Growth
 

The road between Kafue and Lusaka forms the only viable
 
road connection between East and Central Africa and
 
areas south of the Zambezi. At Lusaka, the road network
 
splits into main arterial routes to the north, east and
 
west. Similarly at Kafue the road divides, one section
 
linking Zimbabwe through the Chirundu border post, the
 
other passing through Livingstone to Zimbabwe at the
 

Victoria Falls and Botswana through Kazungula. In pan-

African terms this road from Kafue to Lusaka is one of
 
the most important sectionr of road on the continent.
 

By virtue of the above geo-political situation, traffic
 
growth on the Kafue-Lusaka road will be dominated not
 
only by factors in Zambia (population productlon/
 
consumption trends, currency valuations, availability
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of foreign exchange, etc.) but also by events in
 
surrounding countries which may be outside the control
 
or influence of the Zambian government.The estimation
 
of traff;' growth rates in such a context is fraught
 
with difficulties.
 

In projecting future traffic on a given road three
 
types of traffic are considered. Changes in normal
 
traffic due to the Changes in population, economic
 
activity, social factors etc. Diverted traffic which
 
occurs due to the improvement of the given road and the
 
road user using this road in preference to an alterna
tive route that he was using before. Generated traffic
 
where the improvements to the road has resulted in
 
increased conomiet activity d,,e to reduction in journey
 
times and costs and increased accessibility.
 

In the case of the Kafue - Lusaks road traffic is
 
unlikely to be generated due to any proposed
 
improvements in itself as a paved road has existed for
 
over 20 years and is still in a condition which is
 
unlikely to offer serious impendiment to transport
 
movements. In the case of diverted traffic, as this
 
has been the only road connection in this region there
 
will be no traffic diverted from any other road due to
 
the improvement of this link.
 

In 1985 as part of an investigation and documentation
 
study for initiating rehabilitation of four Major Roads
 
in Zambia (Ref 5) including the Kafue Lusaka Road,
 
Kampsax/CarlBro reviewed the historical information
 
that was available with respect to traffic, undertook
 
additional surveys and projected a traffic growth rate
 
of 2.5 percent for the Zambian trunk road network.
 

This study noted that in 1985 about 24 percent of all
 
traffic on the Kafue - Lusaka Road was "International",
 
or in other words having either an origin or a
 
destination outside Zambia and that 9 percent was just
 
passing through, having neither origin nor destination
 
in Zambia. The traffic pattern changes in this Inter
national Component of the traffic in themselves have
 
normal, diverted and generated traffic elements in
 
them. For example, as the Port of Dar-es-salaam reaches
 
capacity saturation and as the operational reliability
 
of Beira Port improves and as the road link to Beira
 
through Mozambique Is improved and becomes safer to
 
use, the volumes of international traffic will
 
increase on the Kafue - Lusaka Road. 4n element of
 
this traffic increase will be growth in the normal
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traffic due to increase in population, consumption and
 
production in the region and some will be diverted from
 
other international routes, some of which will be even
 
outside Zambia and the remainder will be generated due
 
to the improvements of other transport routes in the
 
region.
 

The 1985 study (Ref 5) also examined historical figures
 
and concluded that traffic levels on the Kafue - Lusaka
 
Road network has been declining at a rate of about 6%
 
since 1975. While some of this was due to the poor
 
performance" of the Zambian economy, a significant
 
element of this reduction in traffic levels would have
 
been due to the Zimbabwe independence struggle which
 
lasted till 1981 and some more due to the opening of
 
the Tanzania - Zambia Rail Route which would have
 
diverted 	traffic away from the southern route.
 

Historical traffic figures were made available by the
 
Roads Department for one traffic counting station on
 
this road near Kafue. The figures seperated by traffic
 
type are shown below and are presented graphically in
 
figure 4.2. The change in traffic level appears to be
 
erratic 	with increases in some years and decreases in
 
others but in overall term remaining somewhat static.
 

Year 	 Light Buses Single Articu- Total
 
Vehicles lated*
 

1983 554 27 295 57 933
 
1984 756 28 279 59 1122
 
1985 595 23 276 66 960
 
1986 635 38 282 60 1015
 
1987 507 29 159 100 795
 
1988 786 13 243 161 1203
 
1989** 632 19 173 129 911
 

Source: 	 Roads Department
 

Assumed to include all commercial vehicles
 

other than single limit trucks and buses.
 

** 	Not assessed as part of the annual
 
traffic census.
 

Traffic Growth at Traffic - Point 66A 1983-89
 

However, one very noteable change is the growth of the
 
articulated type of truck in preference to the single
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truck. 	 As a percentage of annual traffic, tile truck 
traffic 	 as defined as a combination of single trucks 
and articulatd truck has remained static in the order 
of 30 to 	35 Jircunein. Ilowever, withini thiu total, aU 
tile SirIgi typo of truck traffic reduced the aticu-
luted 	 type of truck traffic haS !;igi if ictuitly 
incr,.asd . This rf'oct is; cluirly uhuwn in Figure 4.3 
where 1.ii' total truck traffic hui; been plotted as 
percrentge of total traffic and the articulated truck 
traffi,. comiponient his been shown within it. The actual 
porcueittige figurets are shown in a tabular form below, 

Year 	 Sille Unit Articulated Total Truck
 
Tirtik Traffic Truck Traffic Traffic as
 
as % of Total as % of total % of Total
 
Traffic Traffic Traffic
 

19:11 31.6 6.1 37.7
 
1984 2.1.9 5.3 30.2
 
1985 21.0 6.9 35.7
 
1986 27.8 5.9 33.7
 
1987 20.0 12.7 32.7
 
1988 20.2 13.4 :3.6
 
1989 19.0 14.2 33.2
 

Source: 	 Roads Department
 

Trck .T'Iraffi_ ,;.a p o'cntage of total traffic at l~afuo 
W, h b__d ,, (198! -1989) 

hi; charuiiig trend should be expected as. tile truck 
f'llet in the region and especially in Zabia has boon 
modern i sod through international donor assistance in 

vceit arind tendthe r years tile newer fleet to be less 
number of larger units. In addition, the international 
bulk cargo traffic, which duo to improved operational 
performiLce at tile Beira port and due to improved 
accesS to the port is begirning to got diverted from 
the saturated port of Dar-os-salaarrr, is transported in 
larger articulated units. 

Thi!; ,:h,uge in typo of truck traffic is of course 
dotttu,,an ttl to tile road pavement and contributes to a 
fa; t!,r ruit of doterioration of the pUAVenlent. As 
d£ :,lu ,,lld v l ,whir'r hurvior tr'ffi filci !.; t 'eaCrto 
drimagirig power on the road. Using equivalent standard 
a.\xIe fe t,,'r 'ILI cul utod from the 1985 KanrpiMlx/CarlBro 
dotir lard 	applyiig it to the roads D rntmenit traffic 
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figure thu Equivalent Standard Axle per commercial 
vehicle has boon calculated fur year 1983 to 1989, aod 
has been presented below. As can be seen the oquiva

lant standard axle per commercial vehicle has increased 
by over 60 percent during this period. 

Year 
1983 
198.1 

ESA/Coianrcial 
2.40 
2.46 

Vehicles 

1985 
1986 
1987 
1988 
1989 

2.59 
2.43 
3.59 
3.85 
3.93 

Source: Consultants calculation using Kaipasax/Carlo-
Bo data. 

Average Dmuging Power of Commercial Vehicles at 
Trtaffi: Point GGA 

All u xt,'uneou;, plitical and econuomic factors being 
equal. the growth of coinmerciul traffic could be 

rI-AonLably eo.tinutod on the baui,; of Gross Domestic 
Pruductiun (GDP) in real torms. As cun be Lienr below, 
though po)pulutiun has been ,'isiju, GDP at constaut 
1977 prices hias remained, over the last few years, 
errOunrkui) ly static. 

Year Population GDP at Constant (1977) Prices 

1980 5.86 Million K 1996 Million 
1981 5.817 1982 
1912 6.05 2052 
1983 6.22 2019 
1984 6.12 2012 
1985 6.72 2044 
1986 6.75 2056 
1987 7.27 2052 

Avg Growth
 
Rate * 3.4% + 0.4%
 

Source: Central Statistical Office 

L{tiny.t I'u1)u ln t ion and GDIP Growth hRtos 
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However, from the changing pattern of the type of truck
 
traffic, where the smaller trucks have been replaced by
 
larger articulated units, it would be true to say that
 
the commercial traffic has grown In terms of tonnage of
 
goods transported. A significant component of this
 
growth is probably atributable to a growth in the
 
international freight movement on this road.
 

The Fourth National Development Plan 1989-93 prepared
 
by the National Commission for Development Planning has
 
the objective of achieving an overall economic growth
 
rate of 3.0% in real terms over the plan period. The
 
plan intends to achieve this by "Growth from own
 
Resources". Growth from within would suggest a
 
reduction in reliance on external trade and hence a
 
reduction in the number of "international" trucks.
 

However, growth of the planned nature, even if its from
 
within, would mean increased domestic production for
 
export which would result in an Increase in that
 
component of international traffic.
 

As discussed before, the Volume of traffic with the
 
highest pavement damaging factor has been growing 
during the 1983 - 89 period. 

1/z 
Growth rate of this component of traffic = (x/y)
 

Where x = percentage of articulated truck traffic in
 
year 1989
 

y = percentage of articulated truck traffic In
 
year 1983
 

z = number of years when growth has occured
 
(i.e 1989 - 1983)
 

Thus, the growth 'ate for this component of traffic has
 
been 15 percent per annum during the 1983 to 1989
 
period.
 

As a first order measure of calculating traffic growth
 
rate the growth rate of the articulated truck could be
 
used to calculate an average rate of traffic growth.
 

Annual Traffic Growth rate = a x b x 100
 

Where a = Percentage of articulated truck traffic as
 
a component of the whole traffic
 

b = the growth rate of this component of
 
traffic
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Thus, a first order estimate of traffic growth 
rate
 
would be 2.1 percent. 
 However, as discussed before
 
traffic estimation and projection on, thu road must
 
be taken into account the geopolitical situation in 
the
 
SAD C Region as a whole. 
 The following actions and
 
events 
in particular will have a simificant impact 
on
 
the traffic levels on the road. 

(i) 	 Iltducod Rugional dopendenco on South Africa and 
iiicruasud regional cooperation and dependence 
Ih'otugh 	SAf".X. 

(ii) 	 Imp)rvUd political stability iii Mozambique 
leading to increased operational security of 
the lBoira transport corridor. 

(iii) 
 Improved facilities and grater operational 
,uliability of the Beira Port. 

(iv) 	 outuration, of capacity of the Dar-es-salaam 
pol. t. 

(v) 	 Ind(iPendence of Namibia combined with the
 
uaicertainties with regard to the Wolves Bay. 

Taking into account tile above which would largely lead 
to all inlcrease in heavy vehicle traffic the annual 
trafficG growth should be rounded up to 2.5 percent. 

Traffic 	growth rates are required for a project of this 
naturie flomU an Engineering Point of View 	 to determin
tie requirud volumetic capacity of tie road and the 
pav in,,nt ;-trungtlhs that must be provided to cater for
 
thi. t1..l'fic. In addition any Etconomic viability
tuIolyji.i will require an estimut of benefit in the 
feint'. )f gez,.Uted activity, savings in vehicle 
op4'it iig cost etc. which are alI traffic volume 
rt lutd. 

hi the tate of pavement design t'or reconstructed 
sections, the design is largely a step functions and as 
;uch a-tv growth fuctor r'angiz g from 0 to 3.5 percent 
applied to the traffic figures will give the same 
results. I the case of volunmtic capacity design
irrspective of the growth rate within the 0 to 3.5 
range, the suction bo twoun km 0 to 
3.9 would have to be
dual Ctlutriagttway and the section from kumi15.1 to km
53.3 wjuld( Itivo itbe to class IB standard. The 
S~ctLien. ef the) rood that is growth rate sensitive is 
the one butweotn km 3 .9 and km 15.1. However when 
(C.O;i dot ing Ihi -; sectioni of tile road the following 
fuatrLi. ivit,tu oit ted. 
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4.5 

(i) 	 The Boundary of the city of Lusaka has been
 
moved from Makeni km 3.9 to Chilanga km 15.1,
 
reflecting the growing Per Urban ribbon develo
pment stretching as far as Chilanga.
 

(ii) 	 Chilanga itself is a growing community where in
 
addition to other developments a large hotel
 
complex and a luxury diplomatic type of housing
 
development is planned.
 

(iii) 	 This section of the road runs through rich farm
 
lands. With increased incentives to the farming
 
sector and the area's proximity to Lusaka
 
agricultural production Is likely to grow in
 
this belt.
 

Having regard to the factors outlined in all the above 
paragraphs including the historical situation, the 
coQllJtant has based traffic pro_.ections for the Kafue 
- Lusaka road on current 11989)_ traffic levels~ftv2& vAtIZ 5% per ansk o 1q 6 A YeQ1ar 
D_roda, Geometric design and cross section dimensions
 
have been based on 20 year projections but the design
 
of pavement strengthening works has bcen considered for
 
10, 15 and 20 year periods. The World Bank Highway

Design and Maintenance Model HDM-IlIhas been used 
 to
 
test the cost effective-ness of the additional
 
investment that 15 and 20 year design periods would
 
represent over and above a 10 year design.
 

Traffic Forecasts
 

4.5.1 Cumulative Standard Axles Over Design Life
 

The design of pavement rehabilitation measures
 
requires a knowledge of the cumulative number of
 
standard (8200 kg) axles to be carried during the
 
design life. Estimations of the cumulative number of
 
standards axles have been made for 
three values of
 
design life, 10 years, 15 years and 20 years.
 

The estimates are 
based on the 12 - hour traffic
 
counts carried out at four locations, converted to a 24
 
hour value by applying a factor 1.25 calculated by

CarlBro/Kampsax from their traffic studies. The
 
traffic counts provided by the Roads Department enabled
 
calculation of daily variation factors to arrive at an
 
average daily flow. However it should be noted 
that
 
when these factors were applied to the supplementary
 
counts 
 the average daily daily flows calculated gave a
 
higher 	traffic volume at km 10.00 than at km 7.00. This
 
inconsistancy could have been expected as the Roads
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Depr'tmont counts were undertaken on different days 
leading to a different set of daily variatior factors. 
Thus, thes factors were not applied to the supplemen
tary traffic counts. But only used with the Roads 
Doparttmont traffic figures. Seasonal variation factors 
were niot available but are not likely to be significant. 

Thu olilvA IUnuo fac Lor'i (number of s tuaidard axloe/ 
collllUr; itr] vehicle) applied to euch vhicle group wure
takun frum thu rosultIs of axle load survey, carried out 
by Kuurp:;s/Carl Bro (Rof 1). 

The estiititioi of the iumber of standard axles/12 
hour dau is surwirrised in Table 4.3. Thi traffic 
forecuts fur three values of design life are presented 
in Table 4.4. The forecasts are based on the 
rela tionLhip: 

S = 365 x So x (lr)n -1 
r 

Where S = Cumulative no standard axles over 
design life 

u = rio. standard axlus,/24 hr day in 
opening year. 

= doign life (yOars.) 
A.= taiual growth rata 

For an aiurual growth rate of 2.5% (r = 0.025), 
this reduces to: 

For design life 	n = 10 years, S = 4090 So 
n = 15 years, S = 6545 So 
n = 20 years, S = 9324 So 

1.5.2 Total Nbir of Vuhicles in dosign Year 

Tir liolection 	 of the appropriate road cross-section 
(i.e. carriagway and shoulder widths) is based 
on
 
the daily total number of vehicles u!;ing the road in 
the dusign yuur'. Estiiitos of the daily flow (2 - way
24 hrs) after 10, 15 and 20 year's have beerr made at 
four lo a tuirs on tie study road (Tuble 4.5). Th 
estimates have been calculated using the 12 hour 
traffic counts carried out in 1989 at ki 1.0, km 7.0 
and kmn 53.0 and in 1988 at km 41.0 and adjusted with 
daily variation factors derived from the Roads 
Dopeartmnrt evn counts in the theday and case of 
traffic figur'e at km 41.0 escalated by 2.5% to take 
lilt€ IoC(:rIon t growth fron 1988 to 1989. 

Av. dally flow -- Diily flow fo specific d y
Vnrlitioi factor for same day 

Variatio factor calculated from Roads Department seven 
day counts = Specific day flow divided by Average daily
 
flow.
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4I 	 I I4 

Locution Truffic Group !No of Commercial Staidrd I SA/12 hr! Total I 
1 (Date) !Vehicles in aver-!Axles per! day SA/12 hr: 

:age 12 hr day :Vehicle day 
*I . . . . . . . . . . . . . . . 

1 km 1.0 2-3 Axle Rigid 662 1.5 993
 
1 Mon 2-3 Axle f Tra
1 29-5-89 lor 115 7.0 805 i
 

Articulated 44 1 8.5 1 374 1 
l ;u g 191 1.2 230 2402 1 

I i 	 11 

1 km 7.0 12-3 Axle Rigid 228 1.5 1 342 
12-3 Axl, # Tra-: i I 

1 Tue ler 26 1 7.0 1 182 1 
30-4-89 :Articulated 82 1 8.5 697 1298 1 

!Buses 64 1.2 77 

kin 10.0 12-3 Axle Rligid: 250 1.5 375 
12-3 Axli I 	"'ra-

Wed hiir 28 7.0 196 1 
31-5-89 IArticiulat.d 66 8.5 561 1197 

lulsw,; 54 * 1.2 65 

ki 41.0 	 Single Unit 123 1.5 185 

:782 (1988)
 
(Dec 1988): 	Trailer/Semi : 71 1 

trailer 7.8 554 1802 (1989) 
Buses 36 1.2 43 1 

km 53,0 : Single unit 1 87 1.5 1 131 
(April 
1989) 	 :Tra i I(I'/Suii - 65 

htIa i I UV 7.8 507 1 650 

1 U!;s 10 1.2 1 12 1 

TABLE 4.3 Estimation of the Number of Standaid Axles SA/12 hr Day 

(Ont _-__Way Toward:; Lusaka) 
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No. Standard axles :cumulative million standard
 
1989 :axles after
 

Section
 

km km -km :12 hr day 24 hr day: 10 yrs 15 yrs 20 yrs
 

1.0 0 - 3.9 2402 3003 12.3 19.7 28.0 

7.0 3.9 - 15.1 1298 1623 6.6 10.6 15.1 

;41.0 15.1 - 43.9 802 1002 4.1 6.6 9.3 

;53.0 :43.9 - 53.3 650 813 3.3 5.3 7.6 
I --	 I - I I 1 II 

Note: 24 hr day 12 hr day x 1.25 (Standard axle count)
 

TABLE 4.4 Estimation of Cumulative Standard Axls (Lusaka Bound)
 

All vehicles (2-way flow, 1989)
 
I 	 I
 

I, ,24 hr flow after 
Section 12 hour : 12 hour 24 hour , 

counted average : Average 
km km - km daily : daily 10 yrs 15 yrs 20 yrs 

:calcula- ' 

Ited 
I I i I I I I iI 

1.0 0 - 3.9 14486 13228 16535 21200 24000 27100
 

7.0 3.9 - 15.1: 4297 3852 4815 6200 7000 7900
 

:41.0 :15.3 - 43.9 - 1524 1905 2440 2760 3120
 

:53.0 :43.9 - 53.3: - 911 1139 1460 1650 1870
 

Note: 	 12 hour counted flow for table 4.2 and 12 hour average calculated
 
as discussed in 4.5.2
 

Table 4,5 Estimation of the total daily flow in the design year
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The Monday factor of 0.828 is used on the 12 hour count
 
conducted at km 1.0 on Monday and a factor of 0.69 is
 
used on the counted figure at km 7.0 to take into
 
account the fact that the count at this location was
 
carried out on Tuesday. Seasonal variation factors
 
which are normally incorporated Into this calculation,
 
were not available and thus have not been used.
 
However these are not likely to be significant as
 
traffic on this road is not likely to be significantly
 
Influenced by such factors as climate, major harvest
 
seasons or 	annual holiday seasons.
 

The estimates are based on the relationship
 
n 

Fn = Fo (l+r)
 

Where 	 Fn = Daily 2-way flow in n th year
 
Fo = daily 2-way flow in n opening year
 
n = design life
 
r = annual growth rate
 

For an annual growth rate of 2.5% (r=0.025) this
 
reduces to:
 

for design life n = 10 years, Fn = 1.280 Fo
 
n = 15 years, Fn = 1.448 Fo
 
n = 20 years, Fn = 1.638 Fo
 

4.5.3 Peak hour flow in design year
 

Estimates of the peak hour flow in the design year have
 
been made for the most heavily trafficked sections of
 
the study road. The estimates are based on the 12 hour
 
traffic counts carried out in May 1989, and incorporate
 
a growth rate of 2.5 per cent per year. Details are
 
given in Table 4.6.
 

4.6 Geometric Design Standards - Concept
 

Geometric 	design is the process whereby the layout of
 
the road in the terrain is designed to meet the needs
 
of the road user. The principal elements of this
 
process are the selection of suitable design speed,
 
horizontal and vertical alignments and road widths.
 
The geometric design standards provide the link between
 
the cost of building the road and the costs of the road
 
,,rs. Usually, the higher the geometric standard,
 
the higher the construction cost and the lower the
 
vehicle costs and road accident costs.
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Traditionally the first step in selecting geometrical
 
standards Is to choose the 'design speed' for the road.
 
However for geometric design purposes, the function of
 
the road must be considered and in general the road
 
will fall into one of the following categories:
 

Access Roads - Lightly trafficked roads providing 
basic means of communication 
between centres of population or 
between a centre of population and
 
an existing road. Geometric
 
standards relatively unimportant.
 

Collector Roads - Generally low volume roads where 
most Important geometric 
considerations are road width and
 
gradient. Road strength/condition
 
more important than alignment
 
considerations.
 

Arterial Roads - Generally high volume routes where 
operational efficiency is a 
significant factor and hence 
geometric design standards assume 
some importance. 

It is clear that design standrds are related to the
 
topography. In flat undeveloped terrain, the cost is
 
independent of the alignment with the result that a
 
high design standard can be adopted with little cost
 
penalty. However in hilly or mountainous areas,
 
significant earthworks will be involved in providing
 
a higher standard of alignment. While it Is desirable
 
from a safety point of view to provide consistent
 
design standards along the route, it is usually cost
 
effective to lower the alignment standards In more
 
rugged terrain.
 

The basic elements of geometric design are summarised
 
below.
 

Design Speed - The design speed is the maximum 
speed at which drivers can travel 
along the route under normal 
traffic flows, with safety. The 
design speed is clearly related to 
the topography and also sets the
 
minimum horizontal and vertical
 
curvature standards and sight
 
distance.
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Horizontal 

Alignment 


Vertical 

Alignment 


Sight Distance 


Cross Section 


The horizontal alignment is defined
 
by a series of curves and
 
straights. The standard of
 
alignment is determined by the
 
design speed which in turn
 
determines the minimum curve
 
radius. The lengths of horizontal
 
curves should be kept as short as
 
possible to provide maximum lengths
 
of road with adequate overtaking
 
sight distance. Longer curves with
 
more gentle bends (i.e. higher
 
radii) are not recommended as sight
 
distance are reduced.
 

The vertical alignment of a road
 
has a strong influence on the
 
operating cost of vehicles using
 
the road and the number of
 
accidents, as well as the cost of
 
construction. The vertical align
ment is defined by a series of
 
curves (sag or crest) and straight
 
gradients. For main routes,
 
minimum values for the radii of
 
vertical curves are generally based
 
on safety criteria such as stopping
 
sight distance and overtaking sight
 
distance.
 

This is the distance ahead that can
 
be seen by the driver. The sight
 
distance needed for safe stopping
 
from normal travelling speed is the
 
"stopping sight distance" while the
 
sight distance needed to see ahead
 
for safe overtaking is the
 
"overtaking sight distance".
 

Carriageway and shoulder widths are
 
based principally on projected
 
traffic flows in a given design
 
year, but the composition of
 
traffic also has an important
 
bearing. For example a high
 
proportion of heavy vehicles may
 
dictate wider lane widths and
 
shoulder widths.
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The specification of geometric design standard 
will
 
include the following details.
 

Horizontal ) Minimum radius of curvature 
aligumiet ) Minimum stopping sight distance 

Minimum overtaking sight distance 

Vertical ) Maximum gradient 
alignment ) Length of maximum gradient 

Minimum stopping sight distance or
 
overtaking sight distance on crest
 
curves
 
Length of sag curves
 

Cross-sc t ion Width of carriageway (running 
burface) 
Width of shoulders
 
Width of structures 
Width of road reserve 

4.7 Geometric Design Standard for Single Carriageways 

The design standards for capacity of singin
carriageways, as used by the Zambian Roads Department
(Ref 6), are summarised in Table 4.7. 
 Also included,

for comparison, the latest
are recommendations for
single cniriagoways from the Overseau Uni t of the
Twuaspurt and Road Research Laboratory, published in 
Overseas [toad Note 6 (Ref 7). 

It is clear thit the Zambian standards are more conser
vative thtn those given in Overseas Road Note 6 and 
are givi,.i priority. The resulting carriageway widths,
based on traffic flows projected to the 20th year are 
given in Table 4.8. 

4.8 Geometric Design Standards for Dual Garriageways 

The traffic flow on the existing dual carriageway

section of the study road (km 0 -3.9) lies outside the
 
range appropriate for single carriageways. The capa
city of this seiction has been checked using the recom
mniflatin ; of the [I.S. Bureau of Public Roads Highways
CapeciLv Mannual (Ref 8). aThis gives design capacity 
on fitJuwtiys aind expressways with partial control of 
accss: o , with little interference from cross traffic 
at 1000 passenger vehicles per hour per 3.65 m lane 
(i.o 2000 pussenger vehicles in one direction of the 
dual section). 
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a Peak hour flow Max peak hour flow 

a (May 1989) (1 - way) after 
a (Table 4.2)

Km ,
 

Section North South 10 yrs 15 yrs 20 yrs
 
km km bound bound 

a aa -a-aI 

0 - 3.9 912 1003 1280 1450 16401.0 


360 460
:7.0 :3.9 - 15.1 267 281 410 

Table.4,6 Esimation of Peak one hour flow in the design year
 

Design Trafric Flow C/Way Shoulder Max Design 

Class 2 - Way ADT Width Width Gradient * Speed * 
(m) (m) (M) (km/h)
 

- 5000 7.3 3.0 4/6/7 100/100/80
Zambian IA 1500 

Roads
 
Dept. IB 500 - 1500 6.7 2-3 5/6/8 100/80-100/60
 

80/60
 

IC up to 500 6.1 2.0 6/7/8 100/80/60
 

Overseas A 5000 - 15000 6.5 2.5 8 85/100/120
 

Road Note
 
6 B 1000 - 5000 6.5 1.0 8 70/85/100
 

(Arterial
 
60/70/85
Roads) C 400 - 1000 5.5 1.0 10 


* Flat/Rolling/Mountainous topography 

Comarison of Desan Standards for Single Carriageways
Table1,7 


4.2
 



The peak hour flow (in one direction) on the existing
 
dual section is estimated to be 1640 vehicles after 20
 
years (Table 4.6). The equivalent number of passenger

vehicles is estimated at 2000, based on 22% commercial
 
vehicles and an equivalence factor of 2 passenger cars
 
to 1 commercial vehicle.
 

Vehicle No Passenger No. Passenger
 
type vehicles vehicles Vehicles
 

per vehicle
 

Cars 1394 1 1394
 
C.V 246 2 492
 

Total 1640 1886
 

This indicates that after 20 years the peak hour flow
 
will be 2000 passenger vehicles in one direction which
 
equals the design capacity.
 

A similar calculation of one way peak hour flow has
 
been made for the road section between Makeni and
 
Chilanga (km 3.9 - 15.1), based on 19% commercial
 
vehicles and 2 passenger cars per commercial vehicle.
 

Vehicle No Passenger No. Passenger
 
type vehicles vehicles Vehicles
 

per vehicle
 

Cars 386 1 386
 
C.V 92 2 184
 

Total 460 552
 

This gives an equivalent peak hour flow after 20 years
 
of 552 passenger vehicles, which is well within the
 
capacity of 1000 passenger vehicles in each direction.
 
(For Class IA construction, carriageway width 7.3 m
 
gives lane width 3.65 m).
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1989 + 20 years
 

2 - way 1 - way I - way Capacity 
24 hr flow Peak hour Peak hour (Passenger 

:Section 1(all vehicles) flow flow Vehicles) 
:(all vehicles) (Passenger 

I 
(Table 4.6) 

II 
Vehicle) ( 1 hour ) 

0 - 3.9: 27100 1640 1886 2000 
:3.9-15.1: 7900 450 552 1000 

Peak Hour Flows between Lusaka and Chilanga
 

4.9 Recommended Geometric Design Standards
 

4.9.1 _L_jjsska to Nakeni
 

Based on the peak hour traffic flows, it is recommended
 
that the section between Lusaka and Makeni (km 0 - km
 
3.9) should be a dual carrigeway with 7.3 m carria
geway width in each direction. A centrLl median strip
 
(3m wide) should be provided, and shouldei width should
 
be 3.0 m. In selecting the dual carriageway option
 
consideration was given to traffic safety and road
 
maintenance aspects in addition to traffic volume
 
levels.
 

4.9.2 Makeni to Chilang-_
 

The peak hour flow predictions for the 20th year
 
indicate that a single carriageway will provide
 
sufficient capacity on this section (km 3.9 - Km 15.1).
 
However, the predicted Annual Daily Traffic after 20
 
yenrs (7900 vehicles) exceeds the upper limit for
 
single carriageways (5000 vehicles) quoted in the
 
recommendations of the Zambian Roads Department.
 

The option of providing a dual carriageway on this
 
section has been considered, in view of the number of
 
slow moving vehicles and also the limited opportunities
 
for overtaking due to the horizGntal alignment. However
 
from capacity considerations it is considered that the
 
dualling option is not warranted.
 

It is recommended that this section should be a Class
 
IA Road, and that the existing road nhould he re
aligned at two locations, in the vicinity of km 7.5 
(Eureka Corner) and km 12.5 (Stream crossing near a 



left hand bend at the bottom of a dip). At both loca
tions the horizontal alignment can be improved, arid at
 
the second the road level needs also to be ralsed to 
facilitate surface drainage.
 

4.9.3 Chilanga to Kafue
 

The design ADT for this section (km 15.1 - km 43.9) is
 
2440 vehicles after 10 years and 3120 vehicles after 20
 
years. Reference to the Zambian design standards
 
(Table 4.5) indicates that both of these volumes are
 
within the range (1500 - 5000) appropriate to Class IB
 
roads. However, more recent design standards contained
 
in Overseas Road Note 6 suggest a carriageway width of
 
6.5 m for the traffic range 1000 - 5000 vehicles. This 
carriageway width is below the Zambian standard for 
Class IB roads which is 6.7m. 

Therefore it is recommended that this section should be
 
a Class IB road with carriageway width 6.7m and 3 m
 
wide shoulders.
 

4.9.4 Kafue to Ka ue Bridge
 

The design ADT for this section (km 43.9 - 53.3) varies
 
from 1460 vehicles after 10 years to 1870 vehicles
 
after 20 yeare. It is recommended that this section
 
should be class TB, with carriageway width 5.7m and 3 x
 
wide shoulders.
 

4.9.5 Summary of Recommendations
 

The recommended geometric design standards are
 
indicated in Table 4.9.
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--------

Geaometric Stand'ards (19,89 + 20 years)I 

~ ............----
----------------..-.
1 2 wuv 24 hour flow 1 Zmnbia 	 ORN6 a 

1.111 lV icInsal 
......... 
 . .......... ...-------.
 

1989 1I 1 4 15 1 20 [ClassiC/way Shoul-ClasslC/WaylShoul-i 
Km 1 from 1 yrs 1 Width der :Widthider 

table! i (m) width Cm) IWi, 
1 4.5 1 i 	 : (m) iI m) , 

I *a a
 
.... .. . I -- - SI 

0-3.9 116535 21200 1 240001 271001 n.a 1 n.a n.a - - 

3.9-15.1 4815 6200 1 70001 7900: n.n 1 n.a n.a A 6.5 1 3.0 1 

:15.1-43.9 1 1905 2440 1 27601 3120: 111 1 7.3 3.0 1 B 6.5 I 1.0 

143.9-53.3 1139 1.160 16501 1870: 111 7.3 3.0 1 B 6.5 1 1.0 ,
aaIi 	 I II 

ORN6 Overz'ous Road Note No. 6
 
(Issued by "i*ru1sport and Road Research Laboratory)
 

Table 4.8 Goonaattric Staridmrds based on traffic flows after 20 years 

a. .Width -(m) 

Road C/Way 1 Shoulder 
1 Section (lull) Class a a 

0 - 3.9 	 Dual 2 - 2 x 7.3 3.0 
lane 

1 3.9- 15.1 IA 7.3 3.0 

15.1 - 43.9 IB 6.7 3.0 

43.9 - 53.3 IB 6.7 1 :.0 
a ________~ -- ___ - - - ----- a

Tabl.a 4.9 	 ltua:,,armt,!!od Go[o,}._tr-ic De.s ign S tandards 
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5 DEFLECTION SURVEY
 

5.1 Existing Data
 

5.2 Deflection Survey
 

5.3 Condition Survey Associated with Deflection Survey
 

5.4 Control Sections
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5. DEFLECTION SURVEY 

5.1 Existing Data
 

Deflection data was available for the 
 road section 
between Chilanga (km 14.3) and Rafue Bridge (km 53.3). 
The deflections were measured in late 1985 by 
Kauipsax/Carlo Bro (Ref. 5). The earlier study provided

nekohhinan Beam deflections using the transient 
procedtir'e ald a 6350 kg load at 200 mn intervals and 
Falling Weight deflection ( WD) deflections at 500 m 
intsLrval;, A corrolat on betwen doflocti ,; measured 
with t4 I3,titkeOmnen Iktam and FWD was e;tnbi i;hed as part
of the former study (Ref 5). 1his had the form: 

1.15 
BB = 0.62 (FWD) 

where BB = Benkelman Beam deflection 
FWD = Falling Weight Deflectometer 

deflection. 

5.2 Deflection SurveY 

To compltito the deflection data on the study road, a 
deflection survey was carried out in May 1989 on the 
seo Li on if rad btween the eafue Ioad turaning circle 
(km 0.0) arid Chilwiga (kin 14.3). The deflections were 
measured at 100 m intervals using a Bonkolnan Beam 
(transiient procedure using 6350 kg rear axle load). 
Details are given elsewhere (Ref 9). The measured
 
deflection are shown in Appendix A. 

The deflections were measured with pavement surfacing 
etll nl ton'e in tlh range 20 - 40 ditgr'es Centigrade. 

A tenirtnaturl-. ;It dy was carried out whereby deflections 
WeO 1Il'lii iii1d repeUte)dly at the same locations over a 
rangi tif ptavemont temperatures (recorded at the base of 
the bituminous layer, typically 25 - 35 mm depth below 
tihe ,nli mrfnc,) . The plotu of deflection vs 
teimerature showed some scatter of results but no 
deflucI. ion tomperature relationship was apparent. 

5.3 Condition Survey Associated with Deflection Survey
 

At euch deflection measurement point, the condition of 
the pavemenL was assessed in terms of rutting and 
cracking. T1e rut depth was measured using a 2m 
straight **lgi ctrid cnl ibratiid wedge. The tvpo and 
intr ni,;ity of surface cracking was assessed within the 
squilre ,nitre surrounding the measurement point. 
Details are given below, 
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Crack _TVn Descr i pti on 

N None 
S Single crack (or several single 

cracks not connected) 
C 	 Connected (but not interconnected)
 

Cracking
 
I Interconnected or block craking
 
P Disintegration or potholing
 

Crack Intensity Amount of Cracking 

0 Nil
 
I Less than 0.5 r/sq.m
 
2 0.5 	- 1
 
3 1 -2 
4 2-5 
5 More than 5 m/sq.m
 

5.4 Cont rol 	Section 

In order to check the change in pavement condition
 
between 1985 and 1989 of the road section between 
Chilanga (km 14.3) and Kafue Bridge (km 53.3), six 
control sections were selected for detailed condition 
survey. The control sections (each 1 km long) were 
chlsen to represent the full range of pavement 
(:oiitruc(-Liol and condition on this secLion of road. 
IThi, r,.sults of the surveys were then compared with tie 
data collected by Kampsax/Carlo Bro (Ref 5) in 1985. 
Tie htwat ion of the control sections is as follows. 

Control Section Details
 

A 	 km 30.0 km 31.0, southbound 
carriageway. Uphill section with 
areas of block cracking, Relative 
roughness 2158 mm/km. 

B 	 km 49.0 - km 50.0, southbound carri
ageway. Flat section between Kafue
 
and Kafue Bridge with potholes.
 
Relative Roughness 2796 mm/km.
 

C 	 km 42.0 - km 41.0, northbound 
carriageway. Uphill section with 
extensive block cracking. Relative 
roughness 2075 mm/km. 
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D 	 km 40.0 - km 39.0, northbound
 
carriageway. Flat section just
 
south of railway crossing with areas
 
of block cracking. Relative 
Roughness 1539 m/km. 

E km 29.0 km 28.0, northbound 
carriageway with areas of block 
cracking and patching. Relative 
Roughness 2266 mm/km. 

F km 19.0 - km 18.0, northbound 
carriageway. Downhi 11/Uphill 
section with drift crossing and 
areas of block cracking/potholes. 
Relative roughness 3541 mm/km. 

At each control section, Benkelman Beam deflections 
were measured at 100m intervals (200 m intervals at 
control s.ction C) "nd an associated condition survey 
carried otut (refer section 5.3). 

A comparison between deflections measured in 1985 by 
Kampsax/Carlo Bro (Ref 5) and those measured in 1989
 
indicates that at each control section there has been 
an increase in deflection level. The results are 
summarised in Table 5.1. The increase in deflection
 
level is not the same for each control section, with
 
the most significant increase occurring at control 
section B, which is located between Kafue and Kafue 
Bridge. Based on the comparison of design deflections 
(95th percentile), a growth factor was selected for 
application to be values of design deflection deduced 
from the 1985 deflection data. Details are given in 
Table 5.2 

Based on the comparison betieen deflections measured
 
over the same road lengths in 1985 and 1989, an annual
 
growth rate has been deduced. This has been used to
 
project deflections to 1991 levels to obtain the
 
overaly design deflections. (1991 is the programmed
 
data for start of construction). Details are given in
 
Table 5.2. An annual growth rate of 6.8 percent has
 
been taken for the section between Lusaka and Chilanga,
 
baned on observations at the Control Sections.
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Design Deflection : Annual 
Control : mm/100 Ratio 1989: Growth 
Section ,_1985: Rate % 

1985 1989
 

A 61.3 69.7 1.14 3.3
 

B 23.4 58.4 2.50 26.0
 

C 52.0 94.5 1.82 16.0
 

D 57.4 67.6 1.18 4.2
 

E 68.0 99.4 1.46 9.9
 

F 139.0 179.1 1.30 6.8
 
II --	 i I 

Tablh 5.1 	 Comparison of Deflections measured in 1985
 
and 1989
 

Annual Based on Ratio Ratio
 
growth Control 1989 1991
 

Section rate x Section 1985 1989
 
Km - Km
 

I I 	 I --

14.5 - 23.6 6.8 F 1.30 1.14 

23,6 - 32.0 9.9 E 1.46 1.21 

32.0 - 45.0 4.2 D 1.18 1.09 

45.0 - 53.3 26.0 B 2.50 1.60 
II 	 I. .I 

Table 5.2 Growth Factors for Design Deflection
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6. !LE:_l'fJ 2 T AND DYNAMIC CONE PLNETROMFEt,,RVEY 

6.1i xist.illg Data
 

6.2 Test Programme
 

6.3 DCP Survey
 

6.4 Olverlay lh'sign Based on DCP Structure Number
 

6.5 Mitt.,rials Tut. Re Rlta
 

6.6 PAV,,m.IIt. Moisture Condit.ions
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6. TEST PIT AND DYNAMIC CONE PENETRONETER SURVEY 

6.1 Existing Data 

The Kampsax.CarlBro study report (Ref 5) gives details 
of pavement layer thicknesses at several locations 
between Chilanga (km 14.3) and Kafue Bridge (km 53.3), 
based on Dynamic (.one Penetrometer (I)C11 tests. In 
order to supplement tile data for this section and to 
provide iay.r thickness/materials information for the 
section between Lusaka (km 0.0) and Chilanga (km 14.3), 
a programme of 'rest Pits and DCP tests was undertaken
 
in May 1989. 

6.2 Test Programme
 

Between Lusaka (km 0.0) and Chilanga (km 14.3), test 
pi11 wore excavated at approximately 2 km intervals (on
ait r'nat.' sids of the road) to determine layer 
thic'kne'sss and obtain material satiml Is from the 
pavement layers aind the subgrade for identification 
test inig and in sit,, moisture content det ermination. 

Between Chilanga (km 14.3) and Kafue Bridge (km 53.3) a 
further series of test pits were excavated to supple
ment the data provided by Kampsax/CarlBro (Ref 5 ). The 
location of the test pits were chosen so as to 
represent tih full range of pavement condition and 
topographiy on the study road. This inclucded a test pit 
it or close to each of the six control sections (refer 
section 5.4). 

A schemat ic plan showing the location of the test 
pit/DCI' site.s is given in Figure 6.1. Test pits 1 to 16 

er', excavated in the hard shoulder a the edge of the 
carriageway, andi material samples collected from the 
exposed face adjacent to the carriageway. Test Pits 17 
and 18 were excavated in the outside wheeltrack of the 
Lusaka bound traffic lane. The DCP tests were carried 
out in the outside wheeltrack of the carriageway 
adjactt to each test pit location. A schedule of Test 
Pit and W'P t,.st locations is included in Table 6.1. 

6.3 DV'I SurvIy 

The' I('P tests were carried out in the outside 
wheel Itrack adjacent to each test pit locat ion. Before 
commni g Ihe test. procedure, the bituminous surfacing 
was retnivi.d in the vicinity of the test plint, and the 
testt started from the top of the roadbase layer. 
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II'3, <0 LEP ONI.Y 

0 TPl I 

km '10.0 

TPI3 0 kn 20.0 

CRTANGM 

'1 III 

o "!I km I0.0 

X0 
MKE N I km :3.9 

I.USAKA 

' I 4 l I# 11 t ' Qtj_' Jv 

54
 



Km Carriageway TP DCP
 

1.5 N 17 17
 

2.2 N 1 1
 
4.5 S 2 2
 

6.4 N 3 3
 
8.1 S 4 4
 

9.9 N 5 5
 
- 19
10.5 N 


12.0 S 6 6
 
12.5 N 7 7
 
1:3.7 S 8 8
 
16.9 N 9 9
 
18.2 N 18 18
 
20.2 S 13 13
 
27.0 N 14 14
 

N - 20
28.4 

28.8 S 10 10
 
33.2 N 11 11
 
39.5 N - 21
 

43.1 S 12 12
 
45.5 N 15 15
 
50.1 S 16 16
 

Note: TP Trail Pit Number
 
DCP Dynamic Core Penetration Test Location
 

Number
 

Table 6,1 Location of test sites
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The DCP survey resultt are presented (Appendix B) in 
the form of" a graphical plot of penetration against the 
cinmulat ive number of blows applied. Each layer in the 
pavemeint conistruction is represented by a penetration 
vs. blows line of uniform slope, and layer boundaries 
Cait ge.erafly he identified by a change in tihe slope of 
thi s liiI.. The if] situ CBIR of' each layer may be 
deduced from the slope of the line plot t ed (mm/blow) 
us i ng I le reIat io iship produced by KI 'yn and Van 
Ileerdeit (It'f 10) 1 given in Figtlire 6 .2. The resulting 

layer tIhiic'kiLses and in situ CBI? values are included 
in Table 6.2. Also included in Table 6.2 tire values of 
thie DC' Structural Number (DSN) and Ilalance Number 
(IAN). These parameters are discussed further in Section 
6.4. 

The variation of the pavement layer CBI? values (as 
deduced f rom the DCP tests) along the study road is 
showni iin F'igure 6.3. Between km 0 and km 10.0, the CBII 
vi .ivd,tii( d tfor tihle roadbase layer varii.s between 42% 
aiid I O %l'..Siuh-base ('BR values are more variable, 
ratg i titg Ilwei 30% and 100% along the I ength of the 
i'iod. 

The variation in subgrade CBR is also shown in Figure 
;. :. Th is is used in the determiniati on of' subgrade 
res lient, modulus for mechanistic analysis (refer 
Section 10.5). Between Lusaka and Chilanga the subgrade 
CBR varies between 2% and 60% with a mean value of 20%. 
The lowest recorded value occurs tit km 2.2 which is 
within one of the low lying sect ions scheduled for 
raising to facilitate surface drainage (refer Section 
8.2). Betweein ('hilanga and km 20.0 the deduced subgrade 
('1Il value s remain uniform at 20%, but become more 
viriahl' lotw.een km 20.0 aid km 32.0, with a low value 
of' -1%r''i'orhcd tit km 28.4. The low valu, occurti it it 
relatively flat, low lying section and in this vicinity 
the in situ moisture content is relatively high. 
Between km 32.0 and the kafue Bridge, the deduced 
subgrad,' ('Itt? are than 20%,levels consistently higher 
with the highest levels recorded at km 33.2 and km 
45.5. 

The design ('BIt values assumed for mechanistic analysis 
(Sect ioui 10.5) are indicated on Figure 6.3. The 

rIieit moduflus of the subgrade layer is based on the 
('fillva lIti, and a CIIIof 20% gives the maximum value 
(12) MN/m2) whiclh can be taken for this parameter. 
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6..4 Overlay Design based on 	 DCP Structure Number 

The accuml Iated pavement strength with depth is 
indicated on the Strength-Balance curves (Refs 11,12) 
co t a ined in Append ix B. At a given depth, t he 
ac'umuli Ite.vd strengt I is simply the percentage of the 
DCI' Structural Number (DSN) achieved at I hat depth. The 
DVI' SIrioI irsI Nmrnhvi is def ined as t he number of blows 
needed to reach i penetration of 800 mm, which is 
irmally Iakern %s the total pavement depth. The Balance 
Number (lN) shown on the curves is the percentage of 
the DCP Structure Number achieved at a depth of 100m 
(12.5% of the pavement depth). 

BN (%) = No of blows to reach 100mm X 100 
No of blows t o reach 800m 

rhe higher the( Balance Number, the more the upper 
layers contribute to tile overall structural strength. 

Values for DSN and BN have been calculated at each DCP 
Lest loca, iol (Table 6.2). The mean values over defined 
sect. ions of road are given below. 

Section DSN BN(M) Comments
 

0 - 3.9 113 24 Weak/well balanced
 

3.9 - r.l 151 19 Not very strong/well
 

balanced 
15.1 	- 30.0 156 21 Not very strong/well 

bal anced 
30.0 - 43.9 251 8 	 Strong/deep balanced 

43.9 - 53.3 350 12 	 Strong/deep balanced 

The values indicated ignore any sturctural contribution
 
from tile existing surfacing.
 

Overlay thickness requirements may be o-stimated using a 
design l)SN value based on future 	traffic levels. The
 
relationship used to predict the design DSN value is 
givell by:
 

9 0.2857
 
Design ISN = (N x 10/cm) 

where N = ,l'sign traffic in m.s.a. 
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Layer Thicknesses (MM) C B R (%)
 

Km : Surfacing:Roadbase Sub- Roadbase: Sub- Subgrade DSN BN 
:base base % 

_I 	 I__ I 

1.5 35 165 220 100 74 16 154 26
 
2.2 25 180 270 65 35/20: 2 72 21
 
4.5 25 180 150 55 28 : 23 105 14
 
6.4 25 175 360 65 :100/60: 20 158 11
 
8.1 30 200 160 42/100 30 : 8 98 12
 
9.9 25 110 320 75 33/90: 50 143 13
 

:10.5 25 75 330 100 28/40: 16 144 28
 
:12.0 25 180 180 95/45 :100 : 17/20 152 13
 
12.5 25 165 145 100/80 :100/80: 31 154 18
 
:13.7 25 165 145 100 75/38: 20 255 44
 
:16.9 25 155 100 100 55 20 117 21
 
:18.2 35 95 290 100 75 20 154 23
 
:20.2 25 145 250 35 60/35: 20 92 12
 
:27.0 25 155 110 100 55 :(75) 254 14
 
:28.4 30 370 180 100 15 : 4 - 
:28.8 15 120 205 100 100/66: 8 162 33
 
:33.2 R E :F U S A L 100 : - : - 
:39.5 ,10 105 135 100 :100 45 271 9.2
 
:43.1 50 270 140 95 ; 50 50 232 6.4
 
45.5 10 190 180 90 :100 90 475 7.8
 
50.1 25 170 70 100 70 90/43 225 16.4
 

IIIIII 	 I -- -

Note 1: 	 Refusal at km 33.2 due to presence of boulders and cobbles in 
the pav~neet layer the the dynamic core penetrometer rod could 
not be drivi into the pavement. 

Note 2: 	 CRU - Ca Iiforn i a Baring Ratio 
DSN - DCP Struchtire Number 
[IN - Balannte Niuml)er (Ref 6.4) 

Table 6.2 Summary of DCP Test Results 
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Cm is a constant, the value of which depends on the
 
moisture conditions which would generally apply during 
the design life. 

Cm = 64 dry conditions 
Cm = 30 optimum moisture content (omc).
Cm = 6.5 wet conditions 

The above relationship is based on experience in
 
S. Africa (Ref 12). 

The basis for overlay design by this approach is to 
compare the design DSN and existing DSN values, and 
make ul) tIhe difference with bituininous material, 
assIIMi 11g It St 1rng-lH (JienetIrat i on rat P ) off 0.6mm/blow.
'Th,. r,.si t ijig overiay diesigns for a 10 yar design life 
air miimniiri iI.d ini Table 6.3. It is couisidered that the 
I hii kii,.. ,. derived for wet. conditi,nis are the most 
:ijliropriato.. lihwevtr, it is felt that overtlay design by
this method can at best be regarded as a "broad brush" 
appiro'ch since the DCP tests are carried out at 
int.ervals of 2 km are more, Deflection analysis, based 
on delflt-.ions measured at 100 - 200m intervals, has 
been adopted for the final overlay thickness selection 
(r.ftr S rction 10.4). 

6.5 Materials Test Results 

6.5.1 Introduction 

At each test pit, the separate pavement lay, rs were 
identified by visual examination of the profile at the 
exposed face of the pit adjacent to the carriageway. 
There was generally quite good agreement between layer

thicknesses identified from the test pits and those 
determined from the results of the adjacent DCP test. 
The layers identified from the test pits were
 
referi'nced from the surface, with layer I representing
the bituminous surfacing (typically 25 - 35.m thick). 

The material properties deduced from the laboratory
testing programme are given in Table 6.4, and may be 
defined as follows. 

[ii situ moisture Field moisture content at 
content (mc) time of sampling. This will 

vary from season to season. 
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Km Existing: Design Estimated
 
DSN DSN Overlay (m)
 

Dry omc Wet Dry: omc Wet:
 a. . ...-	 I S 

0 - 3.9 113 232 289 447 70 110 200
 

13.9 - 15.1 151 195 242 374 40 
 55 135
 

115.1 - 30.0: 156 170. 211 327 40 40 
 100
 

130.0 - 43.9: 251 170 211 327 	 -- 50
 

:43.9 - 53.31 350 160 198 307
 

Table 6.3A 	 Estimated overlay requirements for 10 year life based
 
on DCP structure number (DSN)
 

Km I Design
 
15 yrs Existing I DBN a Overlay Iu)
 
ssa DSN a_____
 

Dry onc Wet Dry onc Wet
 

10 - 3.9 19.7 113 266 330 512 90 130 240
 

:3.9 - 15.1 10.6 151 223 277 429 45 
 75 170 

:15.1 - 30.0: 6.6 156 196 242 374 40 50 130 

:30.0 - 43.9: 6.6 251 195 242 374 - - 75 

143.9 - 53.3: 	 5.3 350 183 227 352 - - -

Note: msa = Million Standard Axles 

Table 6.3B 	 Estimated overlay requirements for 15 year life based 
on DCI structure number (DSN) 
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Km : Design 

15 yrs Existing DSN Overlay (m) 
mst DSN 

eDryomcWetDry wor,:' Wet 
* 	 I I I I I$ 

:0 - 3.9 28.0 113 294 365 566 110 150 275
 

:3.9 - 15.1 15.1 151 247 306 474 60 95 195
 

15.1 - 30.0: 9.3 166 215 267 413 40 70 155
 

:30.0 - 43.9: 9.3 251 215 267 : 413 - 40 40 

:43.9 - 53.3: 7.6 350 203 252 390 - 40 

Note: msa Million Standard Axles
 

Table 6.3C 	 Estimated overlay requirements for 20 year life based
 
on DCP structure number (DSN)
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---- -

IIn situ : Liquid: Plaiti-: Linear Grading :AASHTO
 
:Test : :Test Pit moisture: limit city shrinkage modulus :claesi

:Location :Pit No:Layer :Layer No, contenL Index :fication
 
I -a-.---	 - - I I 

---------- --------- ------ ------ I---

1.5 17 Subgrade 3 9.3 NP NP 0 1.81 :Al bI I 	 I 
a. 	 _ _:_I_ 	 ......... -.- -- _----------___----------.......-I-...
 

2.2 	 1 RoadbAse 2 8.0 SP SP 2 1,67 A2- 4 
Sub-base 3 8.0 SP SP 2 1.71 A2 -
Subgrade 4 8,0 NP NP 0 1.23 A2- 4 

---------- - - -------. _ _ _:._ __.-_-_ _ I___. 
4.5 	 2 RoAdbase 2 6.5 SP SP I 2.05 Al- b 

Sub-base 3 8.0 SP SP 2 2.05 AlI-b 
Subgrade 4 8.5 SP SP 2 0.69 A4II II 	 I a a
 

a- - ---------- ----- _ :_ _ :_ _
 
6.4 	 3 Roadbase 2 7.0 NP NP 0 1.83 AI- b
 

Sub-base 3 8.0 SP SP 1 1.79 A2- 4
 
Subgrade 4 17,0 30 16 8 0.03 A6
t a a i a a a a a a 

..-..............-- ............ .. .------ -_................
8.1 	 4 Roadbase 2 7.5 NP NP 0 1.73 Al-b 

Sub-base 3 6.5 NP NP 0 1.71 Al- b 
Subgrade 4 10.0 SP SP 2 0.63 :A4 

Ia...t. .	 .I. .. . -a...............a -- . .
.	 -I.........a.............1....a. 

9.9 5 Roadbase 2 9.5 30 10 5 1.77 : A2 -4 

Sob-base 3 9.3 25 10 6 1.89 :A2 4 
Sub-bAse 4 9.2 40 13 1.60 	 A2 6
 
Sub-base 5 9.3 SP SP 2 1.93 Ai- b
Subgrade 6 8.9 38 14 8 0.98 A6
 

.. 	 a. a--- : _ ____
12.0 	 6 Rodbase 2 9.3 26 10 5 1.45 A4 


Sub-base 3 9.6 22 6 3 1.46 A2 4
Sub-base 4 9.5 27 10 5 1.78 A2-4 


Subgrade 5 8.9 36 10 6 '.88:A4
 

12.5 	 :7 Roadbase: 2 9.2 28 8 3 2.01 A24 
a Sub-base: 3 8.8 24 7 3 1.55 A2 4 

------------------- _ _ ......_ ._ 	 _ ---------- _ _ __.. 
13.7 	 8 :Roadbase 2 9.4 21 6 3 1.83 A2- 4 

a Sub-base 3 9.3 31 11 5 1.99 A2- 6 
a Subgrade 4 8.8 30 15 7 0.45 A6 
---------- --------- -........... ....... 

:16.9 9 Roadbase 2 5.0 28 9 4 1.64 A2 - 4
ubrl 3 8.5 31 9 1 1.44 AM 

---- - -.. .....---------- a - I 

'18.2 18 Subgrode 3 8.7 SP SP I : 1.85 AZ 4 
a--a--------------------a--- ------ -a - -----------------

.20.2 13 RoadbAse 2 9.0 38 10 5 1.84 A - 4 
a Subgrade 3 8.5 35 9 5 1.68 A2 - 4 
a-........ -a......---------- a---- .......... I -.......-------..
----------- . ----------- -

Table 6.4 Part I SumU.rL of Pavement Naterials Test Results
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- -- 

,Insitu :Liquid: PlAuti-: Linear Gradini :AASHTO 
:Test :Teost moieture: limit city shrinkAge modulusPit :claumi

'Location :Pit No:Layer :Layer No. content Index :fication
 
II iI I
 

I I i II
 
I.I.. .. .I......I. ....... 1.............. I......... I......... . I- - 

27.0 	 14 Roadbase 2 3.5 23 6 3 2,17 A2 4 
Sub-base 3 6.0 SP SP 1 2.12 Al- b 
Subgrnde 4 6.5 23 7 3 1.93 A2- 4 

28.8 	 10 : Roadbase 2 7.5 25 : 11 : 5 2.62 A2- 6 
Subgrade 3 13.0 32 14 : 7 1.08 A6 

I I I II 
-...... _: - ...... --- -- - - I 

33.2 	 II Roadbase 2 2.5 24 12 : 6 2.26 A2 -6 
Subgrade 3 4,5 27 13 7 1.86 A2- 6 

..-------- ----------.....--- ---- - ----..........

43.1 	 :12 Roadbase 2 3,0 23 1 4 2.21 A2 - 4 
:Sub-base 3 6.0 21 6 3 1.97 A2 -4 

.. . . . . . . . . . . . . . . . . . . . . I.. . . I . . . . . I .. . . . . . I . . . . I . . . . I 
I- - ----- ----- ~ ------ -------------

45.5 :15 	 Roudbase 2 3.5 25 :10 4 :2.07 A2-4 
I 	. . . . .I . . . . I . . . . . . i. . . . . I .. . . . I . . . I . . . I . . . . . .I . . . . l. . . . 

---- I----- --- -- ~ __ ---------

50.1 :16 Roadbase : 2 : 5.0 : 39 : 10 : 5 : 2.35 A2-4 
ISubgrade ( 3 4.0 SP SP 1 2.09 Al b
 

Table 6.4 Part 	 II Summary of Pavement Nateraili Tent Results
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Plastic Limit (PL) 	 Moisture content at which a
 
clay soil passes from the
 
solid to the plastic state.
 

Liquid Limit (LL) 	 Moisture content at which a 
clay soil passes from the 
plastic to the liquid state. 

Plasticity Index (P1) 	 Magnitude of range of
 
moisture contents over
 
which the soil is in the
 
plastic state.
 
(P1 = LL - PL)
 

Linear Shrinkage (LS) Shrinkage (expressed as a
 
percentage of the original
 
length) of a specimen after
 
drying out from a state
 
where tile moisture content
 
equals the Liquid Limit.
 

Grading Modulus (GM) One hundredth part of the
 
sum of the percentages
 
retained on tile 2.00mm,
 
0.425mm and 0.075mm sieves.
 

AASIITO Classification 	 System of soil
 
classification which 
divides soils into seven
 
groups designated A - I to
 
A - 7, depending on physical
 
properties (particle size
 
distribution, Liquid Limit
 
and Plasticity Index). The
 
lower the classification
 
number, tl better the
 
material is from a highway
 
stability point of view.
 

The grading curves for each of the 
 pavement layers
 
identified at 
the test pits are presented in 
Appeitd i x C. 

6.52 S1u11gritdb 

The variation in subgrade material properties along the
 
study road 
is shown below. The values indicated are the 
averag. values for the particular section. 
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Lusaka km 0 
Silty Sand GM = 1.5 

me = 9% 
Makeni km 3.9 

Clay 	 GM < 0.7 
LL 30 
Pl 16 
mc 17% 

Eureka km 7.5
 
Corner Silt.y 	or clayey GM C 0.75 

Sand arid gravel 	 LL 32 
PI 12 
mc 9.1% 

Chilanga km 14.3 
Silty or clayey GM 1.6 
Sand and gravel LL 30 

P1 = 10 
mc 9.1 

Karfe km 30.0
 
lil Silty sand arid gravel 	 GM = 2.0 

LL = 27 
PI = 13 
mc = 4.3% 

Kafue km 53.3
 
Bridge
 

Subgrade material should ideally have a GM > 0.75 and a 
PI ( 30 x GM. On this basis the nubgrade material 
between Makeni and Chilanga is only just. acceptable. In 
add it ion, the in situ moisture content is highest 
between Makeni and Eureka Corner. Subgrade quality is
 
good between Lusaka and Makeni and between Chilanga and
 
Kalue Br idgo. 

6.5.3 Sub-base 

The sub-base material falls broadly into three types. 
At km 1.5, the material consists of a silty sand with 
no gravel. Between km 2.0 and 7.5, the material is sand 
and gravel with low fines content. Between km 7.5 and 
km 53.3, the amterial consists of silty sand and 
gravel. The variation in material propeties along the 
study r,,ad is indicated 	below. 
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km 0
 
Silt.y sand GM = 1.7
 

mc = 8%
 
km 2.0
 

Sand and gravel GM = 1.9
 
mc = 8%
 

Km 7.5
 
SilLy sand and gravel 	 GM = 1.9
 

LL = 30
 
PI = 10
 
mc = 8%


km 53.3 

Sub-base material should have a GM > 1.5 and a PT < 10. 
On this basis the sub-base quality is generally just 
acceptable 

6.5.4 Roadbase
 

The roadbaae material consists of sand and gravel with
 
a low fines content between km 0 and km 8.1. From km
 
8.1 to km 53.3 the material is a silty sand and gravel 
with a P of 10. 

Th high moisture contents between km 0 and km 14.3 are 
mcanurt(d mainly at sections which are scheduled for 
raising to facilitate surface drainage (refer Section 
8.2). 

km 0
 
Sand and gravel GM.= 1.8
 
Al - b mc = 7.3%
 

km 8.1 
Silty sand and gravel GM = 1.8 
A2 - 4 LL = 26 

P 9 
mc = 9.4% 

km 14.3
 
Silty sand and gravel GM 2.1
 
A2 -4 LL =27
 

PI = 10 
mC 6.1%

km 30.0 
Silty sand and gravel GM = 2.2 
A2 - 4 LL =28 

P1 10
 
mc 3.5%
 

km 53.3
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A stabilised roadbase should ahve a GM ) 1.75 and a PI 
6f. (i this bnsis the material between km 8.1 and km 

53.2 has generally high P1 values. 

6.6 Pavem,.nt Moisthir, Cond it ions 

Various methods of predicting in situ moisture 
conditions are available. By comparin g the measured 
moisture content against the predicted equilibrium 
value, it is possible to check whether a drainage
 
problem exists.
 

In the early 1970's Burrow (Ref 13) carried out an
 
extensive survey of pavement conditions in the 
Transvaal and found that the Equilibrium Moisture 
(ont lIt (FMC) was very close to the Opt i mum Moisture 
CouiiiI ()M(') f'or Piroctor compaction. frh,. filationuship 

used at NITU , hasvd (n work by laupt (efr 14) is: 

EMC () = (1.086 x OMC) - 3.39 

An alternative approach by Emery and Paterson (Ref 15)
 
predicts Equilibrium Moisture Content from climate and
 
the percentage of fines in the material, using the 
relat ionship: 

EMC = 0.25P + 0.019 Im + 1.81 

where 	 P1 = Percentage passing 75 micrni sieve 
Is = Thornthwaite's Moisture Index. 

The (- imate classifications based on Thornthwaite's 
Moist r. Index, Is, are given below. 

Moistire Index (_M) Climat 

100 and ah.'ve Perhumid 
20 to 9q.9 	 Humid
 
0 to 19.9 	 Moist subhumid 
-19.9 t.o0 Dry subhumid
 
-39.9 to -20 Semiarid
 
-100 to -40. Arid
 

Th, value adopted for the Moisture Index, Is, was 10, 
beinig midway in the range appropriate for a moist 
s11luiuu16ul .Iimat,. 

The equilibiium moisture content has been predicted for 
each pavement layer and the subgrade using the approach 
by Emery and Paterson (Ref 15), described above. The 
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predicted Equilibrium values and in situ 
moisture
 
contents for the subgrade and pavement layers are shown 
in Figure 6.4. In general the in situ values are lower 
than the predicted Equilibrium values, wtih the 
exception of the sections of road from km 0 - 8.0 and 
in the vicinity of km 29.0. At these locations the 
siihgirndo- moiHtre contont reaches peak levels. 

The NITRR approachi based on OMC has been used to
prodi't I Ii,, sibgrnd(t Equi libritim MoiHtur, Content at 
two local ions, km 1.5 and km 18.2. This approach gives
lower values for EMC, as indicated on Figure 6.4. 

The prediction of Equilibrium Moisture Content has
 
indicated tht- variable nature of moisture conditions 
particularly in the subgrade. The peak values, in
 
goneral, are found in areas where drainage problems are 
known to exist (refer section 8.2). 
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7 ROUGINESS AND POTHOLE SURVEY
 

7.1 Existing Data
 

7.2 Roughness Survey
 

7.3 Pothole Survey
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7. ROUGHNESS A THOLE SURVEY 

7.1 Existing Data
 

The Kampsax/CarlBro study (Ref 5) included a roughness
 

survey 	which was carried out using a towed fifth wheel
 

Bump 	 Integrator and also a Vehicle Mounted Bump
 

Integrator (VMBI). As part of that study, a correlation
 
bet.ween the two 	 devices was estabihflied, which had the 
form:
 

0.67 
BI = 17.28 x BI (measures)
 

where BI was tek.sed the "true roughness" in mm/km
 
(measu,e)
 

BI 	 was the value measured by the VMBI in
 
mm/km
 

The results of this former survey were converted to the 
International Roughness Index (IRI), using A 
relationship developed by the World Bank, given belo:: 

0.89 
II = 0.0032 x (111 

32 
where 	 BI Roughness count from fifth wheel towed
 

at 32 kph.
 

7.2 Roughness Survey 

Owing 	 to both mechanical and electrical defects, the
 
towed fifth wheel was not available for use within the
 
data collection study period (Ref 9). However, a
 
measure of the relative roughness of the study road was
 
obtained using a VMBI. The device was fitted to a
 

Volkswagon Combi Van, and the roughness values 
(expressed in inches/km) were measured in each 
direction between Lusaka and Kafue Bridge. The apparent 
roughness value was obtained using the relationship: 

0.67 
BI = 	 17.28 x (25.4 x BI 

V 

where BI is the apparent roughness in mm/km
 
BIv is the value measured by the VMBI
 

in inches/km
 

This relationship was based on that derived previously 
reffe r Svct ion 7. 1). 
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'rh r.-sult of the roughness survevs are given in Table 
7.1. wilit'h 1how.; ilh vtllucU; sbtatkilhd ill A.cCi dic ticcon 
of Li-tivid I)Lbtweuri Lu:;tik and I{afue. '1'1t4avurage value 
rr- 1i4,1111 CtIlriL jugtwAY for- oi-uch ki lom)ltrut Ioingth is 

I nichi irktiAppnd ix A. Fzrom AppI4,ndlix A it is clear 
t r1I1h c Ittitil i'itrt'tl/t t l ,xi:it!; Il.-twtumri tipplivtel it 

I1o)lghLivII;!, id l u~h; uc(;:tion.
 

Th,1 viI I t os:, of a pplaren t rougluW!;!; hvve been usod 
pr in i -i 1,l. fol, th economic antI ly; i ; of different 
1114,iilt. i,,c :tatugies bASed on tht Wrld BIank Computer 
mod,! I II)11 3 . Thi.; rnmike use of tho Vhi'l O,1iirat ing 
CAGus IVXN whi Ch vary mai uly ut'MIctlior of theaW road 
ro0t,tw;I;. It ',hould b- rioted that. ti; the vehicle 
upo,rnirtig cu ;t and thus the whole lift (-ost of a road 
in ,'r, i.* t. Il( rnltd votlghlnos.c; (Il \1.14o114)increase,; it 
i, lIc, lill ,)f ill rIIului I itat tilh Ur nticilltuntmiat. 

p,.o l to Iit,-c.t;r c o- rictid r-oughrllos. 

'110i tvi tcl'.[cl looglhclcc:;,c onr th KoCtiv road*t r)Sld Lusaka 
C'.o't 15)0 mn/lkui 11cm ,,. ict to uvot' 30()0 /cmkit. For tihe 

lovel o)f tcrf 'ic on this road. tho aito of the 
tiithi Ii tilt i.n/pirLodic nijnteric(i st'ategies should 

bo tj ,hiv; a rouglhnss of th. -i'de-j- of 1500 nmml/km 
I hllit igcllt . 

Th,. c ., ,tf Iptl()Io;, bmoin c overhitc-; [t i-ll.oii onch 
I Ii,,.l r. If ll! :;I tdY 1-01.1d hitwc c. Lu!;akLa tid 

(1i i Img& tv pol.rt ctin Urladd i t i ona I dtcto col Iection study 
I.v.Ihi1 c,'row & Prtc,+cors (hef 9) 

Icc *,rLh. to -ccltto thte :;us'voY catrIitt ouit icl1985 by 
I{,miii,,i5O\/(Iri r13M (110f 5) . tl~lttSUl-ltlltt.I; taken tit six 
ctld i',,I beioni: Chihiu Mid kitftm Bridge inb0tweori inga 
MWcv 989 l amsurments con'ii ciii that areay Thoo the 
ol1 pothilt)IW; IlticI 1iot chaclxgod sign ii'ictnitly since this 
h1.;. !1tl(c)1\,I!V. lc;tmtloct ly thio i t ; of Lite 1985 
cllV, y htlitv .- tidlopted for thl rood betweenstri !,,c,<+tdioi 
('ii litic tM0i KlAflitt ";ritlglt. 
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hhumni
f..gililh,.ii.I 8sll't 

Im : Iv : : Ii :Averag HI:t II IIv " 
incht-Ie/km: mm/km iIula.s/kim: mm/km m/km 

0-1 52 2131 56 2239 2185 
1-2 53 Z158 : IIU 2:115 2252 
2-3 61 2371 59 2319 2345 
3-4 63 2212: 69 2575 2499 
4-5 55 : 2212 : 60 2:145 2279 
5-; :18 : 1727 : 2 2:1!)7 2075 
11-7 I 11117 :IH 1727 1571 
7-H : : IhUJ : 37 1696 13650 
H-9 V I IIf ; 46i 1963 1587 
U-m : zf 1311 37 IWho 15117 
10-I I I41. 5o 2:31if 2117 
11-12 2.1 169 30 143174 1:13:1 
12-13 : : 1757 41, 2047 1905 
13-14 25 : 1,31 : 57 2Xfit 1817 
14- 1', H2 : H91 99 .2m1I) 3008 
I F- I ; : 3,1 : to :l :m3H 1727 1665 
I- 17 : 1 IH17 : Il 1787 1H02 
17- IH H7 :1((lh 77 2772 289 I 
18-19 1O : 3,134 II :3541 3488 
19-20 36 1565 75 2723 2226 
20-21 : 13 : 111 72 2650 2279 
21-22 : 61; 25(11 : H : 031 2772 
22-23 .0a : 235 H2 2891 2625 
23-24 .I, : 111f. : i0 2.17.1 21!19 
24-2.5 . 19:11 14 2.11I9 2199 
25-21 : :l 1(ti. 1;2 : 2:m7 2047 
216- ,5 22 2 71 2125 : 242327 : 
27-2H !,If 22 2 7K 791i 25511 
2H-29 I'l I!11 57 22; 2131 
29-m ( ')( 22 2 H7 :mm00 2625 
:1()-:lI I ,: 215H : G7 2525 2:145 
:11-:12 Y4 1 :to 75 : 2525-)I 2723 
12-:1"1 :1 215H 1 : 2575 2371 

-i. 17 1 It 1 1 !1 1 9 
IH 20 1 51 20.17.t z€175 

:15-3t; 50 2)7 %:i 2089..I 1(13 

36-37 1 I I'9I15 W7 22611 2089
 
37-:111 12 I37 :m22r119 20.17
 
38-:I~j 17 ]99 1 : I : 2103 20,17
 
39-40 11 I38(7 32 15:19 1681
 
.lO-.I I : ?225 711 282( 2723 
,11 : I11w, : 275 I!191-1 	 ,.1 


I4 2:1 ,I 7
42- ,:1 : r.2 : : 2:1 : 2371
 
,1:1- ?'!12 29'r
4.1 5,1 : zr, 2436
 

44-,15 51 2075 GO 21-1 2212
-: : 
45-46 3H 1727 :17 : I1! ; 1712 
46-47 .13 1H7i 53 2311 2(19 
47-4H II 3837 : 51 21H! 2 )05 
4H-Ill1-I 211!1 71 2h2r. 2538 
49-50 7 : 2791; 76 2717 2772 
"o-51 71 : 2511 25.:1-I 2(i '; : 
51-52 .17 1m991 55 2212 2103 
52-5:3 57 1221.1; 5z : 1 :4 1 2119 
53-57I.:1 7 2r.5

, : 8:1 : 2915 272:1 

Table 7.1 Roughness Survey Results
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DRAINAGE SURVEY
 

Introduction
 

In order to assess the future drainage requirements for
 
the project it was first necessary to carry out an in
situ investigation of the existing drainage provisions.
 
This has been carried out as thoroughly as possible but
 
some small culverts may have been missed, largely due
 
to growth of vegetation or total burial of the pipes.
 

It has in general been observed that cross drainage
 
culverts ( and not relief culverts ) in general have
 
not been over - togped this year, the wettest since
 
1978 and all are in reasonably good condition
 
structurally. However, construction of
the some of
 
these culverts is such that adding lengths to extend
 
the culvert while widening carriageway and shoulders
 
may not be possible and such the culverts may need to
 
be totally replaced. What is also noticeable in several
 
Cases is the lack of a proper depth of cover and these 
culverLs are unlikely to stand up to a re-construction
 
programme. These culverts together with those which are 
at too low a level to function optimaly will need to be 
removed and relaid or replaced as necessary. 

In g(.neral it should be noted that preventative main
tainance on open drains and culverts has been 
minimal
 
and this has added to the deterioration of the road
 
surface.
 

The condition and location of the culverts on the 
project are listed in Table 8.1. In addition, the 
section of the road where the carriageway level has to 
be raised from drainage considerations has also been 
included in this schedule. It should also be noted 
that, especially in the Chilanga area, several dams 
have been constructed for agricultural and other uses 
and that these structures have a major balancing effect 
on the actual stream flows across the project road. 
The extent of the balancing effect is indeterminate at 
present, but as the existing culverts have proved to be
 
adequate in practice, it is not proposed to increase
 
these in size even though theoretical calculations
 
might indicate otherwise.
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-- --------- --

rHAINAGE 	:DIAMETER :TYPE :HEAD WALLS :WING WALLS :TO8E :SCOUR :COMMENTS
 

:OR :L R :L R :REPLACED :PROTECTION:
 

:SIZE REQUIRED
 
I 	 I II 

--- - ------ i ---------- - - - - ----- _ _ __. ----

1.32 	 1 x 300 :CONCRETE :BRICK BRICK:NIL NIL :NO :SMALL LIMITED COVER BUT 

:PIPE : : :APPARENTLY INREASONABLE 
' ' I :CONDITION 

SII 	 I I I 

2.4 	 1x 600 CONCPETE :BRICK BRICK:BRICK BRICK:IO :NO CONCRETE CHANNEL AT 

PIPE : : INLET AND OUTLET 
I I 	 I 

____--__...._I_. --	 .. 

4.55 1 x 800 	 STEEL PIPE:NIL NIL:NIL NIL:HO :YES SOFFIT AT ROAD LEVEL
 
II l I I 

_ ___: . _ _ _I -_ -------- ___ 

4.75 	 1 x 900 :STEEL PIPE:NIL BRICK:NIL NIL:NO :YES SOFFIT ABOUT 15MoBELOW
 
:ROAD LEVEL
 

I 	 II 

5.45 	:600 x 600 CONCRETE :CONCRE CONCRE:NIL NIL:YES :YES CULVETT EQUALISING AND 

BASE :TE TE: : : ALMOST SILTED UP 

I I I _ 

10.3 3 x 600 :CONCRETE CONCRE CONCRE:HIL NIL:NO 'YES OUTLET BLOCKED BY 
PIPES :TE TE: : TRACTOR TRAFFIC CAUSING 

:SWAMP AREA ON BOTH SIDES 
II I I 

12.5 3 x 900 CONCRETE BRICK BRICK:NIL NIL:YES :YES CULVERT TO BE LIFTED, ROAD 

PIPE : : :TO BE RAISED OR MOVED 
I I 

12.52: 3 x 600 CONCRETE CONCRE CONCREHNIL NIL:NO :YES APPEAR TO BE SUBSTITUTED 
PIPE :TE TE: : : BY 12.50 

I II I 

-I--- I ------- I -------------- -------- - - -

13.46 1x 600 CONCRETE MASON MASON:NIL NIL:YES :YES ROAD TO BE RAISED 

PIPE RY RY: 
II I 

i ---------------- : ---------- .. ---.....-...... . -.. . . - -

13.5 I x 600 CONCRETE MASON MASON:NIL NIL:YES YES :ROAD TO BERAISED 

PIPE RY RY: 
I I 

I . . -.. .. ....... I............. .1.... - - .I . . . . . . 

13.89 1x 600 CONCRETE CONCRE NIL:NIL NIL:YES :YES TO BE ABANDONED 

PIPE :TE 
I I I 

. .. ... $ . . .. I.... . . .I. . . . I- - -- . . . . . . . . 

13.9 1x 600 CONCRETE :NIL CONCRE:NIL NIL:YES :YES ABOUT 60% SILTED 

:PIPE TE: 
i I I i 

......-.-- - --- -------................ .......... I ....... .. -.....-

14.7 1 x 600 :CONCRETE :CONCRE CONCRE:NIL NIL:YES :YES CULVERT NEEDS TOBE 

:PIPE :TE TE: :RAISED BY 600 MM 
I I I I I 

- ----- I ----- -------- - : __ _ - -- -- :---

15.09 :2.7sx4.3m :CONCRETE :CONCRE COMCRE:YES YES:NO :NO ROAD BRIDGE 

:BRIDGE :TE TE: : I 

. . ... ..... . . 
i~- -- -- --.. - :.I _.. _ 

I 
_ _:. _I - _- _- _ __..I-: 

I 
. . 

15.4 : 1x 0O :CONCRETE :MASON NASON:NIL NIL:YES :YES RAISE CULVERT BY 5OOMM 

:PIPE :RY RY: 

TABLE 8.1-PART I - LUSAKA - KAFUE ROAD - CONDITION OF EXISTING DRAINAGE
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15.9 	 2 x I.8m :CONCRETE :CONCRE CONCRE:CONCRE CONCRE:NO :YES :MASS CONCRETE ARCH 1.8M
 
:ARCH :TE TETE TE: :DIA ON750 UP STAND
II 	 I I t I I 

16.2 	 1 k 450 CONCRETE CONcoR CONCRE:NIL NIL YES ,YES, :TOBE LOWERED BY 300MM
 
:PIPE TE TE


II 	 I g I 

. .. .. - - -- - -- - - .- ---.	 - -- - - I 
16.5 	 Ix 450 :CONCRETE :CONCRE CONCRE:NIL NIL:YES :YES 50 MMFRESH WATER PIPE 

II 
PIPE :TE 

I 
TE: :PASSES DIRECT 

I 

17.2 	 2 x 1900 :ANCO :CONCRE CONCREIYES YES:YES :YES WING WALLS NOT LONG 
:CONCRETE :TE TE: :ENOUGH. CULVERT NEEDS 
600 CO( R _ :RAISING 

III t I 

17.6 	 1 x 600 :CONCRETE :CONCRE CONCRE:NIL NIL:NO :No :INTAKE PIPE 900MN DIA 3M
 
:PIPE :TE 
 TE: :DEEP PROVIDED ONLEFT 
, I I I s oSIDE
II 	 I I I I I 
---.... 	 _ _I 

17.9 1 x 600 	 :CONCRETE :CONC CONC:NIL NIL:NO :YES 
 :SILTED SLIGHTLY B RHS
 

:SCOUR PROTECTION
 
- _________I I___ _______ 

18.2 	 1x 1100 :ANCO :CONCRE CONCRE:NIL NIL:NO :YES :ADEQUATE
 
:CONCRETE :TE TE:
 

III I I €I 

---------- I _ - _-_ _ I 
18.7 	 1x 600 :CONCRETE :MASON MASONNIL NIL:NO :YES :DRAIN TO BE SCOUR
 

:PIPE :RY RY: :PROTECTED ON LHS
 

19.1 	 1 x 600 :CONCRETE :MASON MASONIL NIL:NO :YES :RAISED ADEQUATELY
 
:PIPE :RE RY:


I 	 I I I I 

19.2 1 x 450 	 :CONCRETE :MASON MNSON:NIL NILIO YES 
 :DRAINS INTO PROPER
 
:PIPE :RY RY: 
 :FURROW
III 	 I I I I
 

I......----- - _ I . -- 
19.45 	 2 x 600 :CONCRETE :MASON MASON:YES NIL:NO :YES :NEEDS WING WALL ON
 

PIPE :RY RY: 
 :RIGHT SIDE
I 	 I I I 
!.-.------ I ----- . -- __ -

20.1 :Ix1.7mxI.7:CONCRETE :CONCRE CONCRE:YES YES:NO :YES :DRAINS FROM PROPER LINED 
:ARCH TE E:CHANNEL 	 ON RIGHT
t: 	 o
 

:SCOURED ON LEFT
. . . . . .	 . . I I I 

20.3 1.x 600 :CONCRETE MASON MASON:NIL NIL:NO :YES :TO BE PROTECTED AGAINST
 
:PIPE RY 
 RYV 	 :SCOUR ON LEFT SIDE
 

20.32 	 I x 600 :CONCRETE MASON MASONWNIL NILNgO YES :PROTECTION REQUIRED BOTH 
:PIPE :RY RY:II 	 :SIDESI I I 

. ---------- -.....- -	 . -----I ---	 ..... 

20.41 	 I x 600 :CONCRETE MASON MASON:NIL NILYES YES :SILTED SLIGHTLY 


:PIPE RY RY 
II 	 I I I 

. - -..........----- ....... _ I ... 	 .- _
 
20.51 :Ix 1.7x :CONCRETE CONC CONC:HIL NIL:NO 

_ 

:YES :PROTECTION ON LHS 
1.7 :ARCH 

............................................................................................................ 
TABLE 8.1-PART II- LUSAKA - KAFUE ROAD - CONDITION OF EXISTING DRAINAGE
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----- 

---

21.4 	 1x 600 :CONCRETE NIL HIL:HIL NILYES :YES PIPE EXPOSED AT ENDS
 
:PIPE :NOCONCRETE
 

II 	 I I I 

21.6 	 1x 600 :CONCRETE MASON MASON:NIL NIL:YES :YES :SILTED RIGHT AND LEFT 
:P!PE RY RY: : ROAD TOBE RAISED 

SI 	 I I I 
-- .__....-- . .. I_.. .. __... I ,.___________I -- .______... .____1--_ 

21.99 	 1 x 600 :CONCRETE MASON MASON:NIL NIL:YES :YES :SILTED RIGHT AND LEFT 
:PIPE RY RY: :RAISE ROAD-NO OVER BURDEN 

-- - ---- : . _ _ _ __. 
22.4 	 I x 600 :CONCRETE MASON MASONMHIL NIL:YES :YE" :SILTED LEFT AND RIGHT 

:PIPE :RY RY: :RAISE ROAD 

22.6 	 1x 600 :CONCRETE :MASON MASON:NIL NIL:NO :YES :DRAINS PROPERLY
 
:PIPE :RY RY
 

SI 	 2 

23.2 	 1 x 600 :CONCRETE :MASON MASONNIL NIL:YES :YES :SILTED RUNS OBLIQUE
 
:PIPE :RY RY: :APPROX. 25M LONG
 

-- ----	 ---- :---2-- - : _ _._. 

23.45 	 2 x 600 :CONCRETE :MASON MASON:NIL NIL:NO :YES :SILTED ON RIGHT
 
:PIPE RY RY: :SIDE
 
2 2 2 I 2 2 

.... -.--- :------- : ---------- : - - - - - - 

23.7 	 2 x 600 :CONCRETE :MASON MASON(NIL NIL:NO :YES :SILTED ON RIGHT
 
:PIPE :RY RY : :SIDE
 
........ --------... ........- I- --- - ---..-- -............
 

23.98 	: X 450 :CONCRETE :MASON MASON:NIL NIL:YES YE:s :SILTED ON RIGHT
 
:PIPE :RY RY: :SIDE
 
--- -- --- -- - -- -- -- . I . ..... . . 

24.5 : Ix 600 :CONCRETE :MASON NASON:NIL NIL:YES ,YES :SILTED ONRIGHT
 
:PIPE :RY RY: : :SIDE
 
2 2 I 2 2 2 

24.6 	: I x 600 :CONCRETE :MASON MASON:NO !YES HO :DRAINS NELL
 
:PIPE :R RY:
 
2 i I I 2 I
 

..... ........ -.... ... -... .- -.... ---- - _- _
 

24.4 : 2 x 600 :CONCRETE :MASON MASON(NIL NIL!YES :NO :REQUIRES RAISING BY 
:PIPE :RY RY: : 250 NMROAD ISLOW 
2 2 i I 2 i 

25.4 	: I x 600 :CONCRETE :MASON NASONNIL NIL:YES :NO :HEAVILY SILTED NEEDS 

:PIPE :RY RY: : RAISING - ROAD VERY LOW 
2 2 2 I 2 

26.4 	: 1 x 450 :CONCRETE :MASON NIL:NIL NIL:NO NO :DRAINS PROPERLY
 

:PIPE TRY
 
2 2 I I 2 2 

26.8 	:^1x 1700 :CONCRETE :NIL NIL:NIL NIL:NO :NO :SILTATION ON RIGHT 
:ARCH : :SIDE 

- --..... I ........ .. .. - - I -. -- I2
 

2C.2 : I x 600 	 :CONCRETE MASON MASONNIL NIL:NO :YES :SILTATION ON RIGHT SIDE 
:PIPE :RY RYI 

2 	 I I 2 2 2 
------	 _2---2----2--------:_ 


28.75 	: I x 600 :CONCRETE MASON MASON:NIL NIL:YES :YES :SILTED ON RIGHT SIDE 
:PIPE :RY RY: 

............................................................................................................
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- - - -

__________ _____________________ 

- ----- ----------

: :PIPE 	 :RY RY:
------- -- __:_---------- _------ -

29.9S I x 600 :CONCRETE :MASON NASON:NIL HILIYO :NO SILTED ON RIGHT SIDE 
4 :PIPE I RY Y I I I I I -- - I . . . I .. . .. . I - - -. . . . . .	 . 

31.8 3 x 600 :CONCRETE :NIL MASON:NIL NIL:YES :No :BOTH SIDES SILTED
 

* 
:PIPE : 

I 
RY: 	 : :ROAD LOW - LIFT ROAD

I I I 

32.4 : x 450 :CONCRETE :MASON MASON:NIL NIL:YES :YES BLOCKED COMPLETELY 
:PIPE :RY RYi : :ON HILL
 

I 4 I 4
 
... ............---.............-.. .. I
 

32.7 :Ix 2.5v x:CONCREIE :CONCRE CONCRE:YFS YES:YES :YES BRIDGE SILTED BOTTOM
 
7.5a :BRIDGE :TE TE:
I I4
 

- -- -4-l 
. ....--I --	 I I .. --. -----. ._ _. _ I _.. _- I-:.. __ _ : - - 34.7 :1x 2.5m 	x:CONCRUTE :CONCRE CONCREI:YES YES:NO YES FAIR CONDITION
 

1.75a :BRIDGE YiE TE: 
.. . . . - ---.. I ........... I --- - .---.. ._ _ _ _ _
_. _ -_- I 

35.25 Ix 1200 :CONCRETE NIL 	 NIL:NIL NIL:YES 
 :NO SILTED ON BOTTOM 
:ARCH : -I 

35.55 I x Ov :CCNCPTE MASON MASON:NIL NIL:YES :YES 
 FULLY SILTED CULVERT CAN
 
:PIPE :RY RYi: 
 :BERAISED BY 250MM
 

4 4 I t IS--- - - -- -- - - -- _:_ _ _ 
36.2 	: I x 700 !CONCRFTF :ONCRE CONCRE;NIL HIL:HO :NO :RUNS OBLIQUE SILTED ON 

:PIPE :TE 
II 4I 

TE: 
4 

: 
4 
LEFT SIDE
 

......... : I- -------- __. 
---------- : 	 -- _ 
36.55 1 x 3200 :CONCRETE CONCRE CONCRE:NIL NILNO YES :UPSTREAM WING WALL 

:AmCO :IE TE: : 	 :NECESSARY, SILTED ON 

:RIGHT SIDE 
I I 

37 : x 100 :CONCRETE :CONCRE CONCRE:NIL HIL:YES :NO :HEAVILY SILTED
 
:TE TE:
 

I 	 I I I I I 

38.4 2 x 600 	 :CONCRETE :MASON MASON:NIL NIL:YES :NO :SILTED, TO BE RAISED
 
:PIPE :RY RY: :: 
 BY 300 MM
 
I I I 	 I I 

38.55 1 x 600 :CONCRETE :MASON 	 MASONNIL NIl:YES :NO 
 FULLY SILTED

:PIPE :RY RY: 	 I 4 

4 I 

------ :--------:_ 
 :__39.5 	 1 x 600 :CONCRETE :MASON CONCRE:MASON NIL:HO :YES SILTED 300 M BELOW ROAD 
:PIPE :RY TE:RY 	 :LEVEL - AREA LOW-LYING,
 

:LIFT ROAD

4 I I I I 

39.7 	 I x 600 CONCRETE :CONCRE CONCRENIL NIL:YES :NO :SILTED BOTH SIDES 
:PIPE :T[ TE:

SII 	 I I I I 

39.8 	 1 x 3500 :CONCRETE :MASON NIL:MASON MASON:NO :YES :WING WALLS TO BE 
:ARMCO :RY :RY RY: : :IMPROVED 

...........................................................................................................
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----------- -

------ ----- ------------------- - ----------

-------

39.9 	 2 x 600 :CONCRETE :CONCRE CONCRENIL NIL:YES :No :FULLY SILTED - AREA FLAT 
:PIPES :TE TE: 

II 	 I Ii I 

S----- .......... _....... I
 

40.1 2 x 600 CONCRETE :CONCRE CONCRENIL NIL:YFS :NO FULLY SILTED 100 MM AC
 
PIPE 	 YlE TE: : PIPES FOR SIGNAL CABLES 

:LEVEL CROSSING 

41.11 	 2 x 600 CONCRETE :CONCRE CONCRE NIL NIL:YES :HO FULLY SILTED - LEVEL 
PIPE :TE TE: : CROSSING 

I 	 I 

40.12 	 2 x 600 CONCRETE :CONCRE CONCRE:NIL NIL:YES :NO FULLY SILTED
 

PIPE :TE TE:
 
I 	 I I 

40.8 	:1100 x 700BOX :CONCRE CONCRE:YES YES:NO :NO :INGOOD CONDITION
 
:CULVERT TE TE:
 
- I 	 I I I 

41.1 	 1 x 600 :CONCRETE MASON MASONHNIL NILINO :NO PARTLY SILTED
 
:PIPE RV RY:
 

II I I
 
. . . . . . -- - -- .. - .. . . . ._ _ __.. - I - _ 
.... . . l_ _ -	 -_ - _--- - 

42.5 	 2 x 600 :CONCRETE BRICK BRICK:NIL NIL:YES NO FULLY SILTED, RAISE 
:PIPE : : !CULVERT - LIFT ROAD 

II 	 I i 

42.9 : 2 x 600 	 CONCRETE BRICK BRICKXNIL HIL:NO 
- -

:NO 
-

PARTLY SILTED 
:PIPE 	 : 

43.1 	 2 x 600 CONCRETE CONC CONCNIL NIL:NO :NO PARTLY SILTED LEFT SIDE 
:PIPE BLOCK BLOCK: : HEAD WALL BROKEN 

I 	 II 

43.12 1I x 600 CONCRETE :CONC CONC:YES YES:YES :NO NEEDS RAISING SLIGHTLY
 
:PPE
 

I I I 
.. . . i.. . . . .I .. . .. . i . . .. . . t . . . g... . . .t. . . . 

- ------:------ ------43.305 2 x 600 CONCRETE CONC CONC:NIL NIL:YES !HO SILTED - AREA LOW-LYING
 

:PIPE
 
.. . . . . . .( . .	 . . . I.. . . . . . . .i. . . . .I . .. . I . . .. .
 ----- -	 ----------- -- . -: 	 - - - - ----- 

43.31 	 2 A 600 :CONCRETE :CONC CONCHNIL NIL:YES :NO :PARTLY SILTED
 
:PIPE
 

43.7 	 1 x 600 :CONCRETE CONC CONCHIL NIL:NO :NO PARTLY SILTED RICHT 
:PIPE I:WING : WALL BROKEN 
I I I I
 

.... I.... .......... - ......... II............ . .. ......... .. I... . ........ . ...........
 

44.15 :2 x .!x :BOX :CONC CONC:YES YES:YES :HO :ONECOMPARTMENT FULLY
 
I 	:CULVERTS :SILTED (THER PARTLY 

:LIFT ROAD 
I 	 I 

44.25 	: 2 x 600 :CONCRETE :CONC CONC:HIL NIL:YES :NO SILTED PARTLY - ROAD LOW 
:PIPE : LIFT ROAD 

----- ----------------- . :I__ _ 

44.4 	 x 450 :CONCRETE :CONC CONCHNIL NIL:YES :NO FULLY SILTED NEEDS 

:PIPE : : RAISING - LIFT ROAD 
................ 	 ......................................................................................... o
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46.1 :2x 5.4 x :BOX :CONC CONC:YES YES:NO YES WING WALL TOBE
 

.. .... 
2 :CULVERT : 
... .. .. . 9 I I :EXTENDED

I 

47.98 2x 600 :CONCRETE !CONC CONC:NIL HIL!NO :YES :DRAINS PROPERLY- STONE 

. . ._ 
:PIPE 
.. . .1I 

I 
I 

IPITCHED 
I i 

APRONS 

48.4 :1x 2.5 x :BOX :CONC CONC:YES YES:NO :YES :DRAINS PROPERLY - LARGE 

i 
2 :CULVERT 

2 9 I 9 ::ENOUGHi 
. . .-.. 

48.9 
. ----------. 

2 x 600 :CONCRETE :CONC CONC:NIL NIL:NO :YES 
. .I 

:DRAINS PROPERLY 
I :PIP E

I 
, 

I I 
I 

I 
9 

I 
I 

49.6 - ----- :-----I-2 x 600 :CONCRETE 

:PIPE 
:CONC 

: 
CONC:NIL NIL:YES :NO :FULLY SILTED - LIFT ROAD 

...... . .I 9 ' 9 
49.8 1 x 600 :CONCRETE :CONC CONC:NIL NIL:NO !NO :GOOD WORKING ORDER 

50.12 : 2 x 600 :CONCRETE :CONC CONC:NIL NIL:NO :YES :SCOUR PROTECTION JRRIGHT 
II 

. .. . I . . 
iI . 

. .. I .. . . . 
tI 
.I .. . . . 

II 
. I . . . 

I 
.I -

t
I . . 

SIDE 
..I. . 

----------------

50.4 
I 

2 x 600 :CONCRETE 
i9 

:CONC CONC:NIL 
I 

NIL:N9 
I 

:YES 
I 

-

:JUST REQUIRES CLEANING 
I 

------ --- --------
50.88 Ix 600 :CONCRE[TE:CONC CONC:HIL NIL:YES 

- --
:YES 

- -
:SILTED - LIFT ROAD 

- -----:-----51.5 ;3.01x2.5m :80X :_:CONC CONC:YES YES:NO :__:NO : -__ 

II :CULVERT 
9 

52.05 
.....,. ......... 

1x 600 :CONCRETE 
,. 

:CONC CONC:NIL 
__...I________ _ I______ ___. 
NIL:YES :YES :FULLY SILTED -LOW 

:LIFT ROAD 

TABLE 8.1-PART VI-LUSAKA 
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9. DRAINAGE DESIGN
 

9.1 Introduction
 

9.2 Design Criteria for Storm Water Drainage 
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9. DRAINAGE DlITGN 

9. 1. int ',iiit,I _.ti.ito the Concoj)pt 

Of14! or 011 mo!;t iml;i)ltont uupect!; oil" th de:;ign of u 
I'iut1 i!; tihu pr i ;ion miade for prodoi tti ig thoIi oud fromI 
uurfaic) weator or ground water'. If wAtet" is u] lowed to 
otlte" Lill, 1;tru'etUl'0e Of the 'oad. tiw itveruent will be 
wpi kei izied it will be much move lli;i-i ptible to damage 

tvl'i...ry Water ctu onter thu ri ad u; a r'esult of 
I'Ji pl 'tIWtt'itilig the surface or ,v; a result of the 
itifiIt,'jl ioln of g'otnuid water. Th, I'0d SuIface mus t 
hi. o,,illticlI.d with a catiuber !;o thut it :ihuds rainwater 
i'ikl, ' ,itid I he formation of th1 I' tiid mt,:;t be ruisud 

tIIl. Ih (if local watt, tulto, to i) it(I th prtvornt 
tat'llllvt~r~il g rt)taidt Wlt l.r 

Witt~r -Il Il i haive(A hiutiulll eff'!.' I ItI shouldur . 
.h ,,, (Ii It |i(', sld uther li'uttau , lligh wutr 

%elt: it i . Cdiii ttltl., 0-W;d iUi % )i(A . lWIt~l .eVel'U.J , CLIi 
ltill 11) Ili it i1d l iLk blitlg s;vo td Al t i'-nativoly, 
,w v,,Iut'it j,.; ilt drainUge frAciliti,!; ,i . loud to slit 

Iwili- ihi . i l which, in turr. c'till I(iiid to a blockage. 
IlJUkIgi: ill ul'rn often 'osult in fur thatl erosion. 

A gitol roatd dt'aitige system, which i-1; properly 
m a to i Iiti-.d, iii vital to the sui cesifuul oooroation of a 

,ttditl tttl (Iht ftI tow~it i teiis must Lll bu con;idered. 

l)r'airjn:i of the Pavement Layers 

"nh,4 . t., .;i,'tion is de.;igitd ti lheir to shod water 
t 4!1ipi. V. illterlUtivoly to pitrtlit th ogvess oftI ii: 

fifty wadi-l Ililt t inuy a tor it. Whul i fllolu 'rnieLable base 
mitot i a I; Art! used, drainage of tit. buse is not 

If paerlebl . base ml It iii I. are used. 
pttr i'itili i tterition mu!,t be given ti the drainage of 
filt- butt., |it.s tillt :;houlders, and1(ito th details of 
the' !ilt tlqi ie 

Ioud )raini; amd Outf'uln; 

ThI1.- t tiif. l't; of drains ure descviid bolI w, aud 
I li. fI ns lnlitii rlillI-t : -

'T, pIft i I i it esi i ib l capt t:1i t I iccotinoda to 
,ul'rtict water r LT-Off. 
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To dispose the collected water to a natural
 
drainage channel or onto the surrounding ground.
 

To minimise the hazard to pedestrians and vehicle
 
traffic.
 

To ensure that the flow in the drain and at out
fall causes minimum erosion.
 

Side and Mitre Drains
 

Side and mitre drains are usually situated in open
 
areas aiid the bottom widths should have the minimum
 
dimension to suit shaping by a grader. These wide
 
drains with gentle batters reduce the velocity of flow
 
and are less prone to erosion and blockages and will
 
require less maintenance.
 

Lining of Drains
 

Table 9.1 Shows the generally accepted permissible
 
flow velocity in drains before lining is
 
required for various types of soils based
 
on the Cassagrande classification. The
 
values shown should only be used as a
 
guide and the values used in practice
 
would be less conservative. Lining of
 
drains normally consists of 75 mm thick
 
concrete, or, if local sands are
 
available, sand/cement linings varying
 
from 50 mm to 100 mm, depending on the
 
size of drain, and are used at outlets to
 
culverts and in large drains where the
 
volumes and velocities are high.
 

Erosion and Grassing
 

Erosion due to rainfali occurs when the intensity of 
precipitation is greater than 25 mm per hour. The areas 
most vulnerable are the shoulders, side drains and 
verges, and surfaces of cuttings and embankments. 

Grassing of the verges and drains assists in stabili
sing the areas vulnerable to erosion. Grassing could 
take the rorm of seeding or planting. Grass should be 
planted just prior to, or at the beginning of the rainy 
season, and observed during its growth in order that 
areas that have failed to root satisfactorily can be 
replanted. 
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9.2 

Cuttings and Embankments
 

Generally, cuttings and fills are avoided as much 
as
 
possible, but where 
cuttings and embankments are
 
required side slopes shoulr! be kept. as steep as
 
possible for economy. An effort should be made 
 to
 
encourage some form of vegetation to protect the slopes

from erosion, In areas where there is the possibility

of the flow of water over the face of the cutting, a
 
cut-off drain alona the top of the cutting should be
 
constructed. In the case of embankments, it is usual
 
practice to carry the surface run-off from the road 
 to
 
selected points and discharge down the embankments face
 
by means of a lined drain, depending on the extent of
 
the embankment and to protect the edges by the use of
 
kerbs.
 

Box Culverts
 

It is difficult to say at what flow, consideration 
should be given to changing from a pipe to a box 
culvert, because the decision is governed by the local 
price of pipes and materials. Generally, where the 
storm water flow is greater than 12 m3/s, the construc
tion of a box culvert instead of multiple pipe culverts
 
is worth considering. Cost comparisons should be made
 
to compare the two approaches as well as in this case,
 
construction time.
 

Sub-Soil Drainage
 

Where high water tables are encountered, the road will 
be raised to a level where the formation is above the 
water table, or a sub-soil drainage system can be
 
constructed to lower the water table.
 

In areas where the finished road level is critical and
 
perched water tables or isolated wet areas are
 
encountered, 
deep open cut-off drains or subsurface
 
drainage of the pavement must be considered.
 

Design Criteria for Storm Water Drainage
 

The estimation of the required size of storm water 
drainage structures is not an exact science, however a 
satisfactory method is described below and has 
 been 
used iii this study. 
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Rational Method
 

No local formula has been developed in Zambia for the
 
.calculation of storm water run-off and, such,
as the
 
rational method has been used extensively in the design
 
of storm water drainage. It has proved to be a
 
reliable method where the catchment area does not 
exceed 500 ha. 

The basic imperial formula was Q = k CAI and the 
original imperial formula has been converted to 

Q = 2,755 x 10-3 CAI, where 
Q = storm water run-off in cumecs 
C = run-off coefficient 
A = catchment area in hectares 
I = rainfall intensity in mm/hr. 

Design Flood
 

Smaliler Pipe Culverts - a 10 year flood return 
period has been used for the project. The culverts are 
able to cope with larger flows over short periods, as
 
the velocity and discharge will increase significantly
 
under surcharge conditions but the possibility of 
overtopping must iot be ruled out. 

Box and Large Pipe Culverts - a 20 year flood return
 
period has been used for the project, where the total
 
flow would be in excess of 12m/s.
 

The choice of return period is as much a matter for
 
managerial consideration as for technical decesion. 
Selecting a 10 year return period means that the design 
flood has a probability of 0.1 of being exceeded in any 
year. In general the risk R of the design flood being
 
exceeded is
 

Rh 1 - (1 - I_)L
 
10
 

where L is the number of years. However, it must be
 
noted that a design life of greater than 10 years would
 
lead in the end to an uneconomic solution. 

Rainfall Intensity 

N.I'. Snelling a meeological researcher dtrived a 
formula for the calculation of rainfall intensity from 
eight stations in Zimbabwe and three "stations in 
Zambia. This took the metric form or': 
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S 2 050 log (nR) - 3U00
 
t + 20
 

Where I = rainfall intensity in millimetres per
 
hour
 

R = mean annual rainfall in millimetres per 
annum for catchment area 

n = 
design period in years (period over
 
which, on an average, the given storm
 
will occur once .)nly).
 

L = time of concentration, time in minutes 
during which the average rainfall inte
nisity is I, This should also include a 
time of entry (te) which is normally 
taken as 5 minutes. 

Time of Concentration (t)
 

This is relatec to the shape of catchment Lnd is given

by: t = (8.707 L) 0,385
 

tl x 10-10 
where t -ti:e of concentration in hours
 

L length of critical path of catchment in
 
metres
 

II difference in elevation between watershed and 
design point in metres (all waterfalls are
 
ignored).
 

The values calculat.7.d from 	this equation is taken 
 as
 
reasonable for catchLent areas of area less than 
 15
 
km2. Where the area is 
more than 15 km2 it is proposed

that the time of concentration is increased by .he
 
factors of
 

15 < A < 30 km2 Tc = 1.5t for areas between 15 and 
30 sq.ka

30 < A Tc = 2.0t 	for areas greater than 
30 sq. km 

C, Run-Of Coefficient
 

The vitlvu, of the coefficient C often gives rise to 
misuidersLanding. If it is interpreted as a runoff 
coefficient many people ascribe closewould values to 
utnity to it in areas where flash floods occur owing to 
rapid runoff ,"ipability of 	 the catchment. However, 
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this attitude is incorrect because C is no more than a
 
factor (or a parameter) which has to be adjusted,

according to physical circumstances, to make the
ealcnliated flood agree with the actual magnitude
occuring :itih the required frequency. Values of C for 
use 
 in varying conditions of slope and vegetation are
 
given in tables in textbooks on drainage and for 
 most 
conditions these values lie between 0.1 and 0.5,
exceeding the latter value only in extreme cases, the
 
values used here are shown below. 

High Density Area 0.55
 
Medium Density Area 0.40
 
Low Density Area 0.30
 
Savannah Land 0.30
 
Farm Land 
 0.25 

Flow in Open Drains
 

The general Formulae used to calculate the capacity of 
preselected Vee, Standard & Trapezoidal drain 
sizes,
 
for both lined and unlined drains are:-


Q = VA
 
and 

0.5 0.5
 
V=Cm i
 

Where Q = Carrying Capacity of drain in m3/s
 
V = Velocity of flow in m/s
 
A = Waterway area m2
 
C = Bazin C 87
 

1 + N .5 m
 

a = Hydraulic mean depth = A in metres
 

P 

i = Invert grade of the open drain 
N = Roughness Coefficient 

= 1,3 for unlined drains 
= 0,3 for concrete lined drains 

P = Wetted Perimeter in metres 

Calculations
 

Average rainfall = 836 rams 
Design Period required; 10 anl 20 years 
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Time of concentraction t for largest catchment,
 
ignoring waterfalls and lakes.
 

3 0.385
 
t 8.707 x 10 000
 

10
 
100 x 10
 

0.385
 
= [ 8.707 ] = 2.30 = 78 min
 

and adding 5 min for time of entry 

=> 1 10 2050 log (10 x 836) - 3000
 
781 + 20 + 5
 

- 49 mm/hr 

and I 20 55 mu/hr
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With graded gravel - sand mixture 
little or no !'ines GW 1,9 - 2,1 m/sec 

Poorly gradec1 gravnl - sand mixture 
lettle or no rwrv OP 2,1 - 2,4 m/sec 

Well graded gravel. - sand with rmaUl 
C.lay con trrlt Cc 0,( - 1,5 M/sec 

Gravel-sand mitnr,, with ,(.(P, r(t' CIFO ,5 - 2,1 m/,ce 

We.l grad'd ands and .rrvr.l..y snndq, 
]j.1t2. or no v',ies SW 0.3 - O,G M/nec 

Poorly trr r,.vrand s with 1it,!..
 
or no t>no,5 0,3 - Of. m/hec
 

W! -gr'ared ;an'ls with nmal. May 
conten.: SC 0,5 - 0,9 r/sec 

Sand w-tl excess o!" rine SF 0,9 - 1,2 m/sec 

Cla1ty sill!s nmn' e .y.s or mcdiltm 
platc yCL & Cl 0,6 - 0,9 m/sec 

SP.t clays or sandy c.ays MT 0,9 - 1,2 M/sec 

Silts, s.[Ity rine+ sand+s with c.li.ght 

plastic.iLy ML 0,9 - 1,2 M/Sec 

Organic Rilts of low plasticity OL 0,6 - 0,9 M/sec 

Ort!aic clayq of modim pla.sticity 01 0,6 - 0,9 m/sec 

Claysl o" i4,gn plast'ci'ty C14 0,6 - 0,9 m/seC 

Highly compressim.ble'. micaseous or 
(diat~o!iceoA.n var!th N114 0,9 - 1,5 rn/sec 

Organic clays of hlgh plasticity OH 0,s - O,C m/nec 

Tabl'e 9.1 h2 Voocitj of rIoi D n 
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10. lAVIEMENT ASSESSMENT
 

10.1 Introduction
 

The first stage of formulating rehabilitation proposals
 
is the assessement of the condition of the existing
 
pavement. As discussed in Sections 5 to 8, the
 
pavement has been examined both visually and by non
 
destructive testing methods. Test pits were also
 
excavat,(d ard the samples recovered were tested in the 
laboratory to establish the subgrade and pavement layer 
properties and condition. The visual assessment 
established the condition of the pavement and i3houlder 
surfaces and the condition of the drainage system. 

No proven method of overlay design exists for tropical 
conditions. Ilowever, an assessement of the likely 
perrormance of a bituminous overlay can be made hy 
reference, to studies such as that carried out by the 
United Kingdom Transport and Road Research Laboratory 
(TRRL) in Kenya (Ref 16). Their study describes the 
performaincv of 60 experimental hi tum iinois overlays 
vary i ng f rom 30 to 170 mm thickness ove-r ai period of 
some tel years. It was found that, the princilpal mode 
of failure was cracking which began at Lhe top surface 
and propaga ted downwards through the overlay. The 
experience or the TRRL Overseas Unit is that cracking 
of this form is by far the most common mode of failure 
in the tropics, traditional fatigue failure being rare
 
and occurring on extremely underdesigned pavements.The 
occ.urrence of cracking which starts at the pavement 
surface is also common in South Africa (Ref 17), and 
has also been reported in the United Kingdom (Ref 18), 
where it has been noted that on sites with stabilised 
bases, extra movement of the surface in the vicinity of 
existing shrinkage cracks in the stabilised base can 
cause r-rfl,.ctive, cracking which propagates from the top 
surface downwards. 

The explanation offered for this type of cracking in
 
tropica] environments (Ref 16) is one of age hardening 
of the bitumen in the mix with the top few millimetres 
hardening much more, giving a very weak surface skin 
which easily fractures under stress. It. is suggested 
(Ref 16) that the most effective method of reducing
 
the cracking problem is to place a bitumen rich coating 
(eg surface dressing) on top of the overlay. This 
effect ive.ly protects the overlay from the harsh 
e.nv i ronmen t a! cond i tions which lead to age 
hardeniing. Thn, coat. ing it.self will of course ineed to be 
replaced periodically. 
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Cumulative Sound Critical Fai 1,,d 
standard , I __- ..... . .. 

Km txles to 1989: 
Mean SD Mean ,SD Mean SD 

III 	 I I 9
 

0 - '.9 
9
, 27.4 39 	 !8.4 50 9.6: 38 3.5: 

I I I
 
I Ii 9 I
 

'3.9- 15.1! 14.8 69 24 63 18 6;2 22
I aI I 	 $
 

l 	 I-I II__1 

Note: SD Standard Deviation (Ref to section 10.4)
 
Mean Mean Deflection
 

Table 10.1 Cumulative traffic up) to 1989
 

Cracking Index
 
Condition m/sq.m
 

Critical 	 1
 
2
 

Failed 	 3
 
4
 
5
 

Table 10.2 Classification of pavement condition
 

MODEL A MODEL B MODEL C
 

H Mr V H Mr V II , Mr V 
(mm) i(MN/m2): :(mm) (M.N/m2): I(mm)I(MN/m2)I

I 
 I I
 
I I '
_____9________9___ I--- -- ' - -- --


Road base 155 :varies :0.35: 150 varies 0.35 llOlvaries :0.35
', ', I I 	 I I
 

Sub-base ',110 : 120 0.35: 150 160 :0.35: 160: 240 :0.35
I, 9' II 	 I I
 

Subgrade : " 60 :0.35: - 80 '0.35 - 120 :0.35 
9 I I $ , 

_____ ____ I _____ _____1___I I 

Subgrade CBR : 8Z 	 12% - 20% 

Load i ng do t.ai Is: 	 Contaitl. pressure 590 kN/m2 ) WheelI mlad 31 kN
 
UIL(sII 1 loaded area 130 mm
 

Note: II = Layer tilicka9-ss Mr 	 = Resilient Modules V = Poisons Ratio 

Table 10.3 letaiIs of Anal ytical Pavement Mode Is 
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presented iii Figure 10.1. As the deflection over the 
life of the pavement is not uniform, a simple 
tritnisform'l. itn (Figure 10.2) has been apllied to give it 
(Ii 'ect. relationship between early life. deflection and 
expecte d Iife (maa) which is defined by the 
relationship: 

N = 262100
 
2.69 

d 

Where N = 	 Cumulative traffic (msa) to reach a
 
defined failure condition.
 

Where d = 	 Early life deflection (m./100) 
measured under a 31 kN wheel load 
moving at creep speed. 

This relationship is shown in Figure 10.3
 

10.3 Drainage Considerations
 

As discussed in Section 8, one of the moat important 
aspects of the design of a road Is the provision made
 
for protecting the road from both surface water and
 
ground water. This is provided for by ensuring that the 
road in general is above the adjacent ground level, by
ensuring that the pavement is constructed with 
sfri ci el t amber so thiat. it sheds rainwat'er quickly 
and hy providing an adequate drainage system to 
disperse the collected water away from the road. 

At several locations on this road the level of the road 
requires raising to provide adequate surface drainage.
 
These sections are listed in Section 8.2.
 
Consequently the deflection analysis has not been
 
carried out for these sections of road as it is 
intended that the pavement will be reconstructed. 
However, the extent of the pavement reconstruction at 
each location has been based on local deflection 
levels, which in general are relatively high at the 
sections requiring raising. The high deflection 
measur,.ments also confirm that a problem exists at 
thest locations. 

97
 



140 

130 - " \ Critical condition 

120 Average deflection 

at critical cond ition 
110 Probability of Standard 

achieving life deviation 

0.50 

S90 
X 

07 
0o.90 

E 80 

C 
0 

70 

,,o -2 60 
00 

C 
2 50 

40 

30 

20 
- - - -

10 I I I I I I I I I I I I I I I I 
0.2 0.3 0.4 0.5 0.6 0.8 1.0 1.5 2.0 3.0 4.0 5.0 6.0 8.0 10 15 20 30 40 

Cumulative standard axles (x10 6 
) 

RELATION BETWEEN STANDARD DEFLECTION AND LIFE FOR PAVEMENTS WITH 
NON-CEMENTING GRANULAR ROAD BASES 

Figuire 10.1 Typical TRRL Detflection - Performance Chart. 



o , 

- "'. " . ,' , 

- --

L.L 

0 

0 
z 
:5 

30 4 

0 ..0 1.5 2 3 . . 4 . 5.0.) 10 15 

CUMULATIVE STANDARD AXLES N (x10 ' ) 

Figure 10.2 Transformation to give Deflection - Life Relationship 



1000 N= 

0 .. d 
0 

E N 62 1:) 

22 

.0 

C . 100 

01 

0.1011010 100 

Cumulative traffic (N million standard axles) 

Fio- 10.3 Deflection - Life Relationship 



10.1 Dnr it imn Anal+Yvis 

The oiviln, I. d4flection data for the study road has 
beet, co I Ifw ted in two phases. I I tte 1985, 
Kampax/Cnr I Itro (le F 5) collected data ror the section 
h,.t WVI (I1i I ltll.t Police t tl mit Klih ,. Bridge (km 
1-1.3 - ki 5:t.3). 111 Moy 1989, John It, l ,,w & Iartilie s 
cvtrri id mlt tlhe f i l (lit Ii ('- l(tIvO! ii ( ,. 1) r the 
remit iii Jig i-v. ion betweeknLimaka and (h i I mgnt (kin 0 

km II. ) 1 luld in ahi it. ion co I I ,itib, d ait lt 
severlI vnii ro I sect. ions (bel.ween km 14. :t anI kn 5.1. 3) 
it ord,.r o the ,()I ((,I iitidtte i riformnatio I el t by 
KlnmiI) \/Cmrll1 i t 1i185. l et.nis of' .he stirveys carried 
mil, tlt thi, v'(n il sect.ions are given ill Ss-ct io 5.4. 

The de,,i il ie paftlv'wment strength.ieri ,gv, *r lly.s bias 
hveii l~twil psrinrily or, the mnesttirmil ltsiklmnan Bein 

'l ,,Flt-1j ion, iijiditted whore necessary !o llprolr-jato, 1989 
Itl I 1991 I ,v,,I a. The, l,'orlomic nmnly., i wa; biased on 
1989 ,h i- i '1i whi r , Itii il y dles iJill11, 1i, Iv*l t 1 he 1 I 
witL, I.ss d (,I de.I',* svt ill te'v s iX.Iex I i i ,i 1991, tho 
fii I# ,wlh#is Ih i' hei I i titt ion works ir,. li,1.q rinmmed to 

i ,,n h11 on ., iil ,stAdl i I i,,itl 1 1'i Iesyltr
I thi l ,, ,. and,, mliql-ndhe .tre*ngih Itsh v,, h,*,. de.duel(* 
Pro.m tiii, t,*sl l)it.L ;,,,(I iw t test., ,'' su, ts. 

% desitg 1 teleFlectlion his been dedi,sd for each 
iiICIsS iv,. I .nght i oF road having it Ii, ilom level of 
01.!,,'t ion. Tho' des ign vllue lilt', ti,.ll Iakiln lit thi. 
95th is.-i nt Ise, giveln by: 

Osign ili l.t iosi = Mean + (1.645 x St.ndanrd doviation) 

rh,, 1989 desi gn d,.f ietions are indicated Il he 
difl ec Lior, pro iles contaired il Append i x A. The 
grow th ftct rs .sed t.o project these deFlect ions to 
199! I"e,'v,'I Is rII, given in Section 5., 

i i C10f.5 M., bso" i!., jr_LAI_ ly _is., 

The, ov.r I y t )Iickness deg i gn hashife |litSell oil 
movhiinistic rnalysis in preference to lilt- direct rise of 
ssvsr' isy ,'i; r-t s ( Ier 19) der i ved miilr di r eterentI. 
envirmme n ,l nd mat eriail corditionls. Th, mi<hallistic 
itstlir, ,h t Iis ,vilr iy dt-,' i gn is simmm riseat i,, Ii ig,,rv It0.4 
miil ii; Iwvstl snt lie mi 'ro-comptot ,r ,lits:l is- arnIa ym iH 
lirLills P'AN (Nb 'f 20). A t ypical p v,.im, tica,1 mode I 
re -sre,in- i,itnq I he is i t.l, i rig conls ril I i m is -. lo)win in 
Figin,,. Mn.S. 
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Define Pavement Model 


Back Analyse to obtain tr1
based on deflection before 

overlaying (do) 


Apply overlay thickness as extra layer. 

Analyse to obtain dI (new early life
deflection) 
for different overlay
thickness e s.
 

Predict Design Life N for different
 
overlay thicknesses using deflection

criterion.
 

Iterate for various values of of 

Plot Overlay Thickness vs Design Life.
 

d°
 F 

HI 
 Mr1 V,

H2 
 Mr2 
 v2 

H2 
 Mr3 v3
 

Mr
4 v4 
Existin Pavemm t 

Overlayd I
 

Oveay
 

E i t n
Exi sti nq
 

Pavement
 

Overlaid V,,,
 

N
 

Deflection Criterion
 

Overlay 
Thickness do: 80 60 

Design Life
 

Over lay Je' i,'Chart
 

Figure I0.I Design Methodology for Overlays 
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WHEEL LOAD 31KN Mr 
2 U nm _MN/m 

150 LAYER 1 ROADBASE (402) 0-35 

150 LAYER 2 SUB-BASE 160 0.35 

LAYER 3 SUBGRADE 80 0.35 

do = 0 mm/100 

FIGURE 10.5 EXISTING PAVEMENT CONSTRUCTION-MODEL B 
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The existing construction is represented by three
 
layers, the roadbase, sub-base and subgrade. The
 
existing surfacing layer (generally 25 - 35 mm thick)
 
is not included in the model as a layer of this
 
thickness contributes very little structural strength
 
to the overall pavement structure, acting merely as a
 
protective seal coat. The existing construction is
 
defined in terms of layer thicknesses and material
 
properties represented by the Resilient Modulus (Mr)
 
and Poisson's Ratio (v). Values for Resillent Modulus
 
are assigned to each layer as follows:
 

0.64
 

Subrfade 	 Mr3 (MN/m2) = 17.6 (CBR)
 

where CBR = 	in situ CBR (%)
 

Maximum value 120 MN/m2, typical of insitu
 
CBR 20% or gretiter.
 

This relationship is based on U.K.
 
experience (Ref 21), and gives a more
 
conservative estimate of the resilient
 
modulus than the Shell relationship
 
(Ref 22) given by:
 

Mr3 (MN/m2) = 10 (CBR)
 

The two relationships are shown in
 
Figure 10.6
 

Sub-base 	 Mr2 (MN/m2) = 2 Mr3
 
Maximum value 240 MN/m2
 
This relationship is based on the findings
 
of Shell researchers (Ref 22).
 

Roadbase The resilient modulus for the roadbase
 
layer is deduced by a back analysis proce
dure in the analysis program PAN. Simply,
 
if all material properties are known except
 
Mrl, then this value is found based on the
 
measured deflection under a known wheel
 
load. Typical values for a lightly
 
cemented roadbase layer are in the range
 
400 to 1000 MN/m2.
 

For each layer, the value assigned to Poisson's Ratio
 
was 0.35.
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The reduction in surface (Benkelman Beam) deflection
 
achieved by the addition of a bituminous overlay is 
predicted by the addition of an extra layer to the 
pavement model. The resilient modulus assigned to this 
layer was 2500 MN/m2, respresenting a vehicle speed of 
3 kph, corresponding to the creep speed of the 
Benkelman Beam vehicle. The design life of the over
laid pavement is estimated using the deflection - life 
relationship described in Section 10.2. 

By applying increasing thicknesses of overlay, the
 
corresponding deflection and associated life of the 
overlaid pavement can be deduced, and an overlay chart 
produced relating design life to overlay thickness. 
Different design deflections (deflection before over
laying) are characterised by variations in the resi
lient modulus of the roadbase layer, and thus a family 
of curves can be produced for a range of design deflec
tions.
 

10.6 Overlay Thickness Design 

Based on analysis of the material laboratory test
 
results and DCP test results, the study road can be 
represented by three different pavemeit models (A, B 
and C), based primarily on three values of design CBR, 
8%, 12% and 20%. A sensitivity study has indicated 
that the predicted overlay thickness is not 
particularly sensitive to variations in existing layer 
thicknesses, but rather to variations in material 
properties. Details of the three models are given in 
Table 10.3. 

Using the approach outlined in Section 10.4, design
 
deflections have been assigned to successive lengths of
 
the study road. Overlay requirements for three values 
of design life (10, 15 and 20 years) have been
 
predicted using the mechanistic approach described in
 
Section 10.5.
 

For each of the three pavement models, a corresponding 
design chart has been produced which relates design 
life after overlaying to applied overlay thickness. 
The derivation of a typical overlay chart is summarised 
in Table 10.4, and the design charts (A,B and C) are 
presented in Figures 10.7 to 10.9.
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L/_yir H 
(mm) 

M 
(M/I 

U 
_____ 

(X14 I vPe s 2 oo 0. 35 

RO&Abae 15 M~Mre 0.35 

Sub-bate 3 15o /6 ass 

LooA, 4 a A&;k9ok 	 II/,,, . Wk,,l (,A St k64 

0.L I?~o 

& (o mplioo Overlay (m) 40 70 100 140
 

Mr.: J45 */vi" d (am/b100) 51 144 39 33
 

N (rsa) 6.7 9.9 	 13.8 21.6 

d 	 so mYAoo Overlay (nm) 40 70 100 110 
1MVr2 4-02 md	 1 (mm/lO0) 65 54 46 38
 

N (msa) 3.5 5.7 8.8 14.8
 

too I Overlay (inm) 70 140
 

MYZ 20-4 06/m d, (am/100) 80 64 53 43
 

N 	 (msa) 2.0 3.6 6.0 10.6 

d 	 t ,"/Io 40 100 

CI.o 	 hO Overlay (mm) 40 70 100 140
 

121 144ALl d, (mm/100) 97 73 59 46
 

N 	 (rsa) 1.2 2.5 4.5 8.8 

d0 = (1,e1t'lioht ovehr ly . L*.f g . ) .jLAI 

di, = ( IPelt' i oli t Il'i'(. ovr ri 11y M X f4E i 'i'-1tX AJ. 

Mr = i l ml, . Po, llooase layer , V ,,- llA.m .. Af=,I li Mhi 	 t2 
,hPIIIJu,,l liv lllk 	 \.l)ly.is 

Table 10. .1 l)(.rivat ioo of Overlay l)-ig , (hart B 
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200- Shell 

Mr=10(CBR) 

LTRRL 

o 
100 Mr=17.6(CBR) 0 64 

4-, 

0 2 4 6 8 10 12 14 16 18 20 

CBR (%) 

Figure 10.6 Resilient Modulus - CR Relationships 
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Deflection before overlaying (mm/100) 
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Fig 10.7 Overlay Design Chart A (Subgrade CBR 8%) 
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Fig 10.8 Overlay Design Chart B (Subgrade CBR 12%) 
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Fig 10.9 Overlay Design Chart C (Subgrade CBR 20%) 
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Tha preldictd overlay requirements based on 1989 
deflect iOn levels are given in Table 10.5. The0se 
vah..,s Itiv, beoen used for the economic OveIluAtiOn oft 
d iffereri t maintenance s trategies dicu.:usod in suction 
it . A-; thee rlhabi Ii tat ion works mt. Ir)I' gr'auried to 

collulleiCt) iit1991 . the f i ril overlay th ickjes: ; ds kigt is; 
Ibtutd on love for that ymir (usirg growthde.floction ws 
factors givin 5.2), (th.5in Tbable tad i ign life of 10 
years. DtnitIs tare given in Table 10.6. Reconstruction 
ha; I eonll .'oilueeded whore the final u-vetr'lty thickness 
was foun, to exceed 120nmn, based on e-otnomic considera-
t i ejm,. 

Ti t otuimaI tioct of overlay requiroments based on 
D(P'11 Stietore Netmbe," is discribed in Section 6.4. 
Ilwo,vmr ti !. titpreitt(h doos riot givol good corrrolation 
wi III I )w ,i.timtlid ov,,rlay retoqi IrehjluterI; bte;od on 
dtieti itt.:it., ttl y! is. It i; cont;id,,,tirthtt DCPd the 
eAepeoecliro,:h (Ii.; tlaod in Secttiore 6.-1) giv,. only a general 
in, li,,ttiI I , 1(0, ItolS Sd! i. te weret. I* I ic-,io I X'II t 
carried ut tt intervalt; of 2km or ntor,. "lh adopted 
ov.'llty 	 (I,..; igi, ateiroach is that basd o, deflections 

tmeurod tit intoreval., of 100 -- 200m. 

10.7 Ne.w Pavimourkt Design 

At. thlos sctions requiring reconstruction, it is 
efivi talged I1tt I the existing roadbasoi layer will form 
th, !ibgrci dt i. eor the now construction (ri'tir Section 
12..1). TIc, in it;itu P11R value of the #,xitIirig roadbhtso, 
,W djtier, ined from the IXTP t t.s(r,.,fer ; c.tion 6.4) 
vari es frt,m 40% to 100%. At those slt: tions where the 

Ire I re uiif-ere; raising fr'om3 dre ilittg,.conside raIti 

ie ,:;. I hu it !itu CI11 of the new so.ibgrado (selected 
fill 1 it;teikti to te at least 15%. 

The rIo!w uiventmIrInt design is based onf the recommenda 
tim; of Rtnd Not, 11 (Ilef 23) and TR7l4 (Ref 24). The 
design i,.Imtced onf a minimum subgrade CR11 of 15% and a 
life of 10 veers (vrt.fer Table 4.4). 

The ,,w I'cvnent for the duitl carriagoway section 
Olit '{jI 10)1tll1 uolitlon etim It tatural gravel Stb baseu, 150m 

,:rt.l.htd c.,t, roadbaso and 60m DIBM .urfacing with a 
dt,,iI1, :.m*,te, e,tliatmint. Details tIt'(,givOl in Figure 
10. 10. 

A cillitrl (it,;ig,- it; indicaifted (Figur 10. 1O) for the 
Roaed ('IA;!. IA nmid IlIsectionu, comprisiiig 300mn natural 
gz',rv, l- esb tind ISOIMnT crushe;d ;tonet roadtate wilt a 
dul)],i ,,,rfeee, tica tirrerit. 



1989 	 Design: Overlay (mm)
 

km 	 Design CBR
 
Deflection: % 10 yrs 15 yrs 20 yrs
 
(mm/100)


II 	 I 

5.8- 6.7 83 20 80 110 130
 
7.1- 7.5 93 8 110 150 180
 
7.8- 8.8 90 8 110 150 180
 
9.1 - 10.1 61 12 40 80 120
 

10.8 - 12.1 70 12 60 100 130
 
12.7 - 13.3 94 20 90 120 140
 
13.6 - 14.1 104 20 100 130 : 150
 
14.1 - 14.6 91 20 100 130 160
 
14.8 - 15.1 91 20 100 130 160
 

15.2 - 15.3 113 20 90 110 130
 
15.5 - 16.8 113 20 90 110 130
 
17.3 - 18.1 122 20 100 120 140
 
18.5 - 21.5 124 20 100 120 140
 
22.1 - 22.3 132 8 120 150 170
 
22.5 - 23.6 132 8 120 150 170
 
23.6 - 24.8 83 8 60 100 130
 
25.0 - 25.3 83 8 60 100 130
 
25.5 - 26.5 83 8 60 100 130
 
27.0 - 27.6 165 8 R R R
 
27.6 - 28.2 101 8 90 120 150
 
28.2 - 31.7 83 8 60 100 130
 
32.3 - 35.45: 54 20 P+S P+S 40
 
35.65- 39.4 54 20 P+S P+S 40
 
39.6 - 42.4 54 20 P+S P+S 40
 
42.6 - 44.05: 87 20 70 100 120
 

04.5 - 49.5 110 20 70 90 110
 

49.7 - 50.0 110 20 70 90 110
 
50.2 - 51.95: 110 20 70 90 110
 
52.15- 53.3 110 20 70 90 110
 

Design traffic (10 years / 15 years /20 years)
 
km 0 - 3.9 12.3/19.7/28.0 mea
 

3.9 - 15.1 : 06.6/10.6/15.1 msa
 
15.1 - 43.9 04.1/06.6/09.3 msa
 
43.9 - 53.3 : 03.3/05.3/07.6 msa
 

Note: R = Reconstruct. P+S = Patch and Sea]
 

Table 10.5 	 Predicted overlay requirements based on
 
1989 deflection levels
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1991lull De":; ilgmIB{tv 

Deflection 
(znr/l00) 

5.8 - G.7 95 
7.1 7.5 106 
7.8 8.0 103 
9.1 	 10. 1 70 

10.8 - 12.1 830 
12.7 13.3 107 

14. 1 	 I 1.1; 104 
14.8 15. 1 I0o, 

15 .2 15.: 129 
15.5 .01 129 
17. l, 1 139 
18.5 21.5 1.11 
22. 1 ,22,. :1 I1o 
22.5 2:1. 6 150 
23.6 2.1.11 100 
21. 0 2.:I 10O 
2. 5 2 5 o0 

27.1) 27 .1; 200 

27. 6 28. 2 122 
28.2 31 .7 100 
32: 35..15 59 

:5.65 39.A 59 

39.6 .12.4 59 

-12.( .1,1.05 95 


41.5 49.5 176 
419.7 50.0 176 
50.2 51.95 176 
52.15 5:1:3 176 

D)w.; iml tr1 li , yours;) 

hill :1.!: 
:.9 1. 

15.1I .119 

Note: 	 R = INIco1slruct when 
[I'- = ItIch and Seal 

Des igI 
rI~. ., 

14) vr4 ; 

20 90 
8 Ii 
8 R 

12 70 
12 10 
20 Ii 

20 100 
20 100 

20 I00 
20 100 
20 1{ 
20 II 

8 
8 II 
8 90 
8 90 
1 90 
8 11 
8 110 
8 90 

20 IS 
20 )0I'; 
20 f'I S 
20 70 

20 R 
20 it 
20 II 
20 I{ 

... . . 

12.3 m:;e 
6.6 flI.;a 

4.1 mst. 

overlay ex,e,!(d; 120 mm 

1991 ,Irfli,'t. onll lIf,.vl 
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mm
 

Dual Carriageway 2ST
 
60 ]IDiIEIIIIIII[ M 

12.3 msa A Gi150 A G 
Subgrade CBR>I- A A 

300 C3
 - / . C 
-- , , / ,, 

, 
, /
 

Subgride
 

mm
 
2ST
 

Class IA and IB A 

Up to 6.6 msa 150 G1 

Subgrade CBR > 15% 
- a 

300 G6
 

Subgrade
 

Legend
 

2 ST Double Surface Treatment
 

DBM Dense Bitumen Macadam
 

C3 Cemented Natural Gravel
 

Gi Graded Crushed Stone
 

G6 Natural Gravel
 

Figure 10.10 New Pavement Construction
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11 ECONOMIC ANALYSIS
 

11.1 Background
 

In order to test the validity of the design basis
 
proposed, a simplified comparative economic analysis
 
has br-en carried out using HDM III, the World Bank
 
Highway Design and Maintenance Standards Model.
 

Within the time constraints of the study it was not 
possible to calibrate the deterioration Lodels and 
vehicle operating cost relationships within HD51 - III 
(as had originally been anticipated), nor was it
 
possible to use the revised vehicle operating cost
 
relationship derived by Carl Bro-Kampsax in their
 
study. However this is unlikely to affect the validity
 
of the comparative study of the economics, though the
 
absolute value of the results may be questioned.
 

11DM IJI is used principally to compare the whole life
 
cost of the road for alternative rehabilitation design
 
life periods. Design lives of 10, 15 and 20 years has
 
been examined. The differe-nt design lives were compa
red with a "do-minimum" case to estimate the likely
 
economic return on invested capithl. In addition two
 
low cost improvem .Cs were also in:,estigated to test
 
the effect of periodic maintenance below the standard
 
of full rehabilitation, in the event that sufficient
 
finance for full rehabilitation cannot be allocated.
 

Two, one kilometre sample lengths of road were
 
investigated representing average conditions (before
 
and after improvemont) between ?.akeni and Chilanga,
 
anti between Chilanga and Kafue. No analysis was
 
carried out between Lusaka and Makeni, this section
 
being scheduled for complete reconstruction to dual
 
carriageway standard using a pavement design that does
 
not significantly change between the 10, 15 and 20
 
year designs.
 

11.2 Specification of Alternative Options
 

The two typical one-kilometre road lengths were analysed
 
as follows.
 

Option 1 	 I)o minimum case - Existing road and
 
existing condition + routine maintenance +
 
100% pothole patching.
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Opt. ion 2 	 Periodic Mai ntinaICI' Opt io, ,A - Ex istijg 
rotad ind exist ing condt i tion + rou t ine 
mat iII t erlance + 100% pot )oI( patchi lg + 
surfface dressing whenever wide cracking 
exceeds 15% of pavement area. 

Option 3 	 Periodic Maintenance Opt ion B - Existing 
roads And existing condit ions + routine 
maintenance + 100% pothole patching + 
surrface dress ing when v,,r wide( crack i ng 
exceeds 15% of pavemel t area + 50 mm 
ovvr' I ly whnllever roighit's-s exceeds 2500 
mm/km. 

Option 'I 	 10 year Design Option - Road widened to 
Class IA and IB standard (as appropriate) 
alld strevgthened to accommodate the 10 year 
design traffic with 90 mm overlays for the 
Miaken i - Clianga section and 80 mm 
overI ays for the Chilang - Kafue section 
and 50 mm thick overlays tit. 10 year 
intervals thereafter. 

Optioir 5 	 15 year Des ign Option h- above but 
si rerigthenmed to acc:ommoda i t.h 15 year 
design traffic withm 120 mm overalys for the 
Makeni - Chilanga sect. ions and 110 mm 
overlays for the Chilanga - Kafue section 
and 50 mm thick overlays at 15 year inter
val s thereafter. 

Option 6 	 20 year Design Option - As 
 above but
 
sti-rigthened to accommodate the 20 year 
design traffic with 150 mm overlays for the 
Makrm i - Chi langa sec t ion and 135mm 
overlays for the Chilanga Kafue section and 
50 mm thick overlays at 20 year intervals 
thereafter. 

Traffic volumes were the same 
in every case. It was
 
assumed that there would be no generation of additional 
traffic by virtue of the improvements themselves. 

1lipui.s to the model were obtained from surveys on the 
existing road and from data supplied by the Roads 
Department. and hly suppliers in Lusaka. The analysis 
has been undortaken in kwacha at of'ficial rates of 
exchange of' US$ = KI for the fi nancia costing and at 
a riott of' 11S$1 = K50 for the economic (ost ing. IrI 
arrivinrg att a rate = theishadow of US$1 K50(, current. 
l11rtI IVI marlket rat, of IjS$1 = K60 ait a 20 percent 
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local Cofts and] 80 percent fore i gn costs for 
construction work of this nature was taken into 
iC('olln t. The .'toinom II cost. ings Onso X('cIluid tax and 
duty .i .men ls bitl. no adjlstment has1.4heri made for the 
opp ortuniit y (cast, of labour or the (.fle('t ii goverrnment 
sihsilil.. Itei' iI.l. ol.h th through exchangt. Il.0 va Iunat ioil. 
Construct. ion prices are based on tHt' assuumption that 
coil tractors will subsidise the Kwacha ,i],ient of the 
project to obtain dollars and an exchang, rate of US$ I 
to K30 has been applied to the financial costings on 
this al eminit of the costings only. 

Details of the various inputs to the economic model are 
given in Table 11.1. 

For Iheicurpose this economic analysis average chara
cter ist. ies tar the existing surface coondit ion and mean 
defltaction.i were used for both the study sections. The 
whole lie cost analysis was undertaken for a 30 year
economi c analysis period. The rehabilitation options 
4,5 and 6 have beer based on full width rehabilitation 
i Ilid ing shoulder widening it) accordance with the 

standard recommended road cross sections. 

It should be noted that during the latter stages of the 
study, on July 14, 1989, the Zambian Currency was 
devalued by the Central Bank, the new official rate of 
the cirrency is US$1 = K16. All project. costings were 
under t.akain iii tin i ted States Dollars Ishis cirrency value 
o:tIltnge witt Iiav' lit tie efr'ect on tile estimated Project 
Cost. Even ii, the case of' the comparet iv,, study of tile 
economices there will he little effect, though it must 
be note.d that, the absolute value of the, re'sults may be 
queas t ioerid. 

11.3 Output of Economic Analysis 

The calculated whole life Financial, Economic and 
Foreign Exchange Cost of the Road on a cost per kilo
met re of road per year in Zambian Kwacha terms for the 
two sect ions of the road are presented iii Tables 11.2 
arid I.3. Th, cost s have been calculateed at 0 and 12 
percent d i!-colilt. rates. 

The opjtion where the existing conditions of the road 
withI roil iI ma int.einance, 100% pol.hala patching, 
sir'face dhressing wherever wide crackirig exceeds 15% of 
the pavmit.i area and provision of i 501 mm overlay 
wherovr roughness exceeds 2500 mm/km re fared to as 
PeriodicCmaintonaiice option B or generally as option 3 
appears ttaoffer the least cost in f'inancial, economic 
and f'ore ign ex\change terms for both sect ions of the 

1road.
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Private :4 Wheel 2/3 axle :Rigid Trucks Articulated Bus
 

and land Min Bus Rigid :Plus Draw- Truck 

:light Truck Bar Trailer 

I . . . I I II 

:HDM3 Veh Type 1 4 8 9 10 5 
:No of Tyres 4 4 6 14 14 6 

:Gross Veh. Wght: - - 9.0 30.0 39.0 5.68 
:E S A 0.001: 0.001 1.5 7.0 8.5 1.2 

:Average Axles 2 2 2 5 5 2 
, I I I 

:Financial Cosats: 

:Vehicle 302500 298400 850000 1420000 1130000 477000 
:Tyres 510 900 3370 3370 4080 2660 
:Maint.. Labr/llr 90 150 150 150 150 150 
:Car.w Comt/llr 0 6.25 6.25 12.5 12.5 6.25 
I InLresi Rate 25% 25% 25% 25% 25% 25% 
:Fuel: Petrol = 5.16/It Diesel 3.10/It Lubricants=19.17/lt 

:Economic Costs
 

:Vehicle 692000 994700 3001000 5066000 4021000 :1428200 
:Tyres 1100 1940 7390 7390 8940 5840 
,Maint.Labr/lHr 90 150 150 150 150 150 
ICrew cost/Hr 0 6.25 6.25 12.5 12.5 6.25 
:Interest 25% 25% 25% 25% 25% 25% 
:Fuel Petrol = 5.42/It Diesel 3.26/It Lubricants =20.15/lt:
 

SFo r_-igj_ LK-_ 

Vehicle 133100 191000 569000 943800 757000 :277000
 
Tyres 150 270 1040 1040 1260 820
 

0 Iaint.Iabr/lir 0 0 0 0 0 
I I 

Crew Cost/lIr 0 0 0 0 0 0 
Interest 25% 25% 25% 25% 25% 25%
 
Fuel Petrol 4.74/lt Diesel 2.85/t :Lubricants i17.64/1t
 

KmIriven/Yr 20000 45000 50000 90000 9000 2 90000 

Table 11.1 Basic Input Data for the Economic Analysis costs in Kwacha
 

Not.e: ESA = Equivalent Standard Axle 
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Discount Rate OX Discount Ratt- 12% 

:Financial: Economic Foreign Financial: Economic Foreign
 
Costs Costs Exchange Costs Costs Exchange:
 
Yr/km Yr/km Costs Yr/km Yr/km Costs
 

Yr/km Yr/km
 

Option 1 19.260 47.017 11.997 4.173 10.117 2.673 

:Optioin 2 17.34:1 42.276 11.013 :".:827 9.283 2.500 

Option 3 14.193 34.277 9.450 3.547 8.557 2.360 

Option 4 14.210 34.213 9.470 3.667 8.783 2.430 

:Option 5 14.280 34.400 9.503 3.697 : 8.840 2.447 

:Option 6 14.353 34.557 9.540 3.727 8.893 2.463 

Table 11.2 - Average Road Cost (million Zambian Kwacha) per year per kilome
tre of road for the Makeni - Chilanga section for (.it do minimum option, 
two main Leuniie optio and three rehabilitation options. 

Discount Rate 0% Discount Rate 12% 

:Financial: Economic Foreign Financial: Economic Foreign
 
lCosts Costs Exchange Costs Costs Exchange:
 
,Yr/km Yr/km Costs Yr/km Yr/km Costs
 

Yr/km Yr/km
 

I I 

:Option I 7.003 17.170 4.357 1.57:1 3.823 1.000 

IOption 2 6.330 15.600 4.013 1.400 3.437 0.913 

:Option 3 4.977 12.110 3.357 1.263 3.060 0.850 

jOption 4 : .053 12.230 3.403 1.377 3.287 0.913 

:Option 5 5.173 12.290 3.410 1.397 3.327 0.923 

:Option 6 5.117 12.387 3.433 1.417 3.370 0.933 

Table 11.3 - Average Road Cost (million Zambian Kwacha) per year per kilome
tre ot road for the Chilanga - Kailue section for the do minimum option, two 
maintenance options anid three rehabilitation options. 
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However, this option is very cloBely followed by the 10
 
year rehabilitation design option referred to as option
 
4 where the road will be widened to clasH IA standard
 
with 90 mm overlays to accommodate 10 year design
 
traffic in the case of Makeni - Chilanga section and
 
class IB standard width 80 mm overlays to accommodate
 
10 year design traffic in the case of Chilanga - Kafue
 
section and with a provision for 50 mm thick overlays
 
at 10 years intervals for both sections.
 

In order to evaluate the reletive merits of do nothing 
and the periodic maintenance options against the reha
bilitation options, Internal Rates of Return were 
calculated for each rehabilitation option with each of 
the periodic maintenance options and the do nothing 
options as the base case. The results of this analysis 
are presented in Tables 11.4 and 11.5. 

When compared against the base case of do nothing (or
 
minimal maintenance) the 10 year design life
 
rehabilitation option appears to be more attractive
 
than the 15 and the 20 year options.
 

In addition as can be expected the Internal Rate of
 
Return diminishes in value for all the rehabilitation
 
design lives when compared with the periodic mainte
nance option A and further when compared with periodic
 
maintenance option B.
 

11.4 Recommendation
 

From the economic analysis the two options worth
 
further consideration are the periodic maintenance
 
option B and the 10 year design life rehabilitation
 
option. The average road costs in Financial, Economic
 
and Foreign exchange terms at a 12 percent discount
 
rate can be compared as follows.
 

A. Makeni - Chilanga section
 

Financial Economic 	 Foreign
 
Cost Cost 	 Exchange
 

Cost
 

Periodic Maintenance 3.547 8.557 2.360
I I 
I ______ I _______I______ 

Rehabilitation 3.667 8.783 2.340
 
I 	 I 

% difference 3.34X 2.64% 2.97%
 
12I1 
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Option 4 Option 5 Option 6
 
III
 

I I , 

Option 1 29.9% 
 27.7% 26.1%
 

Option 2 18.8% 
 17.7% 16.7%
 
I ~ I 

Option 3 0.7% 
 -2.1% -4.6%
 

For example, the Internal Rate of Return of the 10 year

Design option improvement project (option 4) is 29.9%

when 
 the base case is the Do Minimum Option (option 1)

and is 18.8% when the base case is Periodic option A
 
(option 2) and so on.
 

Table 11.4 - Internal Rates of Return for the options 
on the Makeni - Chilanga section. 

!I 
Option 4 Option 5 Option 6I I I
 

Option 1 24.6% 22.4% 
 20.7%
 

Option 2 15.3% :4.2% 
 13.2%
 

Option 3 -2.7% -4.2% 
 -5.5%
 
II I - .I l 

For example, the Internal Rates of Return of the 
 10
 
years design option improvement project (optic:, 4) is
 
24.6 when the base 
case is the Do Minimum Option

(option 1) and is 15.3% when the base case is 
Periodic
 
option A (option 2) and so on.
 

Table 11.5 - Internal Rates of Return for the option
 
on the Chilanga - Kafue section.
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B Chilanga - Kafue section
 

Financial Economic Foreign
 
Cost Cost Exchange
 

Cost
 
I I 

Periodic Maintenance: 1.263 3.060 : 0.850 

Rehabilitation 1.377 3.281 0.913
 
I I 

difierence 8.29% 6.97% 6.90% 

The Periodic maintenance option assumes that adequate 
funding will be available whenever required to under
take the periodic maintenance tasks that have been 
assumed will be undertaken at the correct times. 
Therefore, in the case of this option: 

Significant levels of funding will be required
 
anrnully for pothole patching and the patching
work must he underLaken to a defined standard of 
materials and workmanship. 

Significant level of funding will be required for 
surface dreesing of sections where the cracking
 
exceeds 151 of the pavement area.
 

Funding will be required at a five year cycle for 
50 mm overlays which will be required whenever the 
roughness exceed 2500 mm/km. 

Considering that with the best of intentions, even in 
developed countries it could be argued that adequate 
levels or funding is never provided for routine or 
periodic maintenance and that there are significant
social and political pressures on administrators of 
road angencies in developing countries to allocate the 
scarce resources available for expanding the paved road 
network rather than provided for maintenance of
 
existing roads, it could be argued that an option which
 
minimises the annual recurrent road maintenance exr.2:n
diture will be more preferable even at a higher capital
 
cost.
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In the case of the Kafue - Lusfa road where the road 
cost difference is only in the order of 3 percent in 
Financiai, Economic or Foreign Exchange Terms (i.e.
where tite rehabilitation option is only 32 more
 
expensive than the periodic maintenance option) for the
 
Makeni Chilanga section, and 8% in the case of
 
Chilanga Kafue section, it is recommended that the
 
rehabilitation option be adopted.
 

Within the rehabilitation options the 10 year design
 
life is quite clearly more attractive then the 15 and
 
20 year options. The Internal Rates of Return for the
 
three design lives are as follows:
 

Design Life Makeni - Chilanga Chilanga - Kafue
 

10 years 29.9% 24.6%
 

15 years 27.7% 22.4%
 

20 years 26.12 20.7%
 

Therefore it is recommended that the 10 year design
 
life option be adopted for the rehabilitation project
 
for both sections of road.
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12. RE HAPI!LITATION PROPOSALS 

12.1 Alignment
 

12.2 Cross Section
 

12.3 Drainage
 

12.4 
 Pavement Rehabilitation
 

12.5 hnction, Accesses and Railway Crossing
 

12.6 Road Furniture
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12. 	 REHABILITATION PROPOSALS
 

12.1 	 Alignment
 

The existing alignment of the study road is generally
 
acceptable, and complies with the requirements of the
 
Zambian Roads Department Standards. However, there are
 
two locations on the more heavily trafficked section of
 
the road (between Makeni and Chilanga), where the
 
overtaking sight distances can be improved by

realignment of the carriageway. At both locations the
 
road level requires raising to facilitate surface
 
drainage, so it is reasonable to consider a change in
 
horizontal alignment at the same time.
 

The locations are as follows:
 

Location 	 Details
 

km 7.5 Left hand bend (Eureka Corner)
 

km 12.5 Left hand bend
 

12.2 	 Cross Section
 

The proposed Road Design Class Is summarised below.
 

Section 	 Road Width (m)
 
Clsas C/way Shoulder
 

00.0 - 03.9 	 Dual 2 - lane 2 x 7.3 3.0
 
03.9 - 15.1 	 IA 7.3 3.0 
15.1 - 43.7 	 IB 6.7 2.0 
43.9 - 53.3 	 IB 6.7 2.0 

Any necessary 	embankment widening will be achieved by

benching 	existing earthworks in steps not greater than
 
300mm deep (refer Figure 12.5).
 

12.3 	 DRAINAGE
 

A schedule of drainage proposals is given in 8.2.
 

12.4 	 PAVEMENT REHABILITATION
 

A schedule of pavement rehabilitation proposals is
 
given in 	Appendix F. 
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12.4.1 r l t , li il,'loc h C,' rig tiv ;. ,,,__sr 

Be twoi kilt1 0.5 ard kill 3. 9 it is lroposed that theex ist ilg carriageway level should bu raised byapproxinmately theuOORrii, exisutirng bi tumirojs sLur'faCirigwill be ,umoved to exposo the r'oedlst which will be 
scarifiid rnld rocornpacted to form the subgritde forcofistruct ion. new

IThe 1t0w pavement construction comprise3 0 0 111111it.7llri t stubil isod natural grfrvel sub base, 150nuircrushed -i;one roadbnse, 6and 0mm Du,,;e Bi turnen macadamsurfrucing, with it double bituminous sruface treatment. 

Tie Jhiiiuldor widoning will compri s, a lowur layer of
,mb- |1!;(! (Ittil i ty ri 3 0tural nmateriul etrid it 0111ll selected 
gi'arvs Il Ifever . 'n1li ci, ilagowly l'ouIIlsjj;e (Clrushod stone)reid s.i ,firt (DRNI 1 layers will be (',,11t iIIIuud across the
:,huuil,:.r. A Caps, SriI] (single hi Im1nimu. suZ'faceIr,,iilu,,sI plu,; .;lurrv or send se;ul I i!; ipplied to theShisul dor. [ocor ; t ruct ion details ao given1 in Figure12.1. 

12.1.2 R.,'on;trI.ti,()II Single CI'riugewey2oct on 

At, thlj;,, s'; t i ellr; r'eqliilring raisinrg or r'uconis tiruc tion,
th,.+ +'J rit, i turn illous layer will be r(moved to exposetLh. ,s'slkis,, which will be scarified rid recompacted.

Till rii+w plrvoitrrerit cotl.;tr ct io (for hut h Cl Ass IA andC or,:, IIt !;,!t. i tlmr) cIinp' i e.o 3 0 0 mi 
5 

s; I oc ted gravel sub-
birie I{ 5 1111im'U:+ihed stone r'onsdbr.se, with a double
bi tlillliU 0 ;i£I1'rr tree tmnt. The Car'riagewny roadbase 
t1d .ih h v;. I ye , will be contiinu(.d acrosssirsmldo+,ri; . +rid at Sind Seal surftcing rrpplaod 

the 
to theslhouldor:;. lhcronstruction details are, given in Figures 

t2.2 miI 12.3. 

12.4.3 Pr10pra ti(, ()f ExistingSurface 

On those ';ction!; of road which are to be overlaid, alloxi!A; i rig p))' Quality patchwork must hi removed and
I-lJrle arrid Uy potholes must be ropari red. Existing
s'rruk<, hluoI !he:;ealtd with hi lumel 1unl itf' the crackwidth sexc,,od; lirril, the existing surfacirg shall be
rdfoitVos I missi repirc!:d . lN341-'0 eUpl)i, tiorj of the overlayhe :xi l i,rg .;14,' I',m:ig C 'pepa ired whore necssnry) shall
h, ss,,lsiI with , s;iriglsI !mriface drus!sirg which willhelp I,, sh itr.irinitiation of reflectionl cracking
(Oltf,,r f.?t ior 12.4.5) 
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M51 - Double bituminous surface treatmen'
 

First seal 80/100 pen bitumen w 1.5 
1/02 19na chioping @ 70 2/1.3 
Second seal 80/100 pen bitumen 
P 1.3 I/.2 13.2aw chippine @ 40n21.3 

SS - Sand seal surface on shoulders
 
Seal 80/100 ien bitumen @ 1.0 1/z
 

Crusher dust to 120 u2/.3 

rrushd stone road base 3j,dsN.,ilder 

at.rial P 

C
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--, bai-k I 10 I/ 

• * Tack coat (%here required) io b Il-4) 
emulsion @ 0.6 1/m2
 

S 
 €.ross section widths according to design
 

standard.
 

5 Existing base course material 
lafter
 
removal of bituminous surfacing may

be incorporated into the sub-baae
 
layer wher required to match levelp.
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The above recommendations also apply to those sections 
of road which require "patch and seal" treatment.
Typical construction details are given in Figure 12.4. 

12. 4.4 Ovr ]a.y_)1alte.ri l]1s 

It is prolis,,ed that strengthen ing overlays for the road 
suhould h. constructed using dense bit umen macadam 
baseCoIirs,, material (binder course not roadhase) laid 
over a single spreay and chip surfaceIdressing to 
reLard reflection cracking, and with a double road 
surface triatment as a final wearing surface to resist
enviromnt.al oxidation of the bitumen. 'ypical details 
are given in Figure 12.5. 

Dense hitum',u macadam 

)enise hit im-ii macadam, is a continuously graded hot mix 
aSlIu1I I jr',,diicd to a receipe spec it I (i t iIn with a 
g i yell thl'ici euicy of fine aggregate. This deficiency
ftlrcs the mix to rely primarily on aggregate interlock 
ror t, Ioi spl1'eo (li g proie(,rt ies 1tiff1 I 'ais 1o it 
slight ly h igher void content than ot her cont inuously
graded asphalts (such is asphaltic colncrete). 

Good aggregate int(rlock provides the least resistance 
to deformat ion under the adverse t emperaLure and 
loading c',monitioh: that considered toare exist on this 
part icular r, ad. Very heavy individual axle loads callhe expected on a small number o[' t Ie commerc iil 
vehicles using the road. During the holttest periods of
ie year I i,.a, will be instrumental in initialting track

rit t i ig in iny less than stable materials. The high
voids ctnlt ".nt call be overcome by sealing the surface
with a thic itumen film, such as Ithe double seal 
su irfat(, t r4-it t men t proposed. This will slow (own t ie 
ox idat ion process by preventing the ilngress of" ai' and 
wilt or. 

Because the surface of the matrial isoverlay sealed, 
a base cou rse specification is appropriate with a
suitblely i,'ducei bitumen content (ias much as I% lower 
than if the st me mterial was used as wearing course).
TIh is will r,,-li'rtsnit it significant savingcost which 
will, lit IeatOparfly, offset, the cost the,,f surface 
s- lta 
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ZST - Kxistin. surface patcbed and 
prepared by sealling cracks and 
applying . double bituminous 
surface treatment comprising: 
first seal 80/100 pen bitumen 0 
1.5 11.2 19mm chipping * 70a2/s3 
Second seal 80/100 pen bitumen 0 
1.3 1/&2 13m chipping @ 80n2/3 

SS - Sand seal on shoulders. 

2 ST Seal 80/100 pen bituaen @ 1.0 
Crusher dust t 20m2/m3 

1/.2. 

/ / 1GI - Crushed stone road base and st.)ulder 
a6 material PI>6 CBRO4 

G6 - SeiLectd era'vel material 
Tr- -5 

EXISTINGSUBBA 

EXISTING BASECOURSE L.D 75. 
! MIN. 

CLASS IA AND I B SECTION (PATCH & RESEAL WITH OR WITHOUT WIDENING) 

TYPICAL CROSS SECTION INTS) 
I r)nlv to be used .l,r.- r-majual life 

exceeds 5(Class 14) and Z.5 Itrls IBj 
II.5. aI 

Prime cost -erv requar-ti) to 1e 
qC30 cutback P 1.0 l/mZ 

3 Tack cost (where required) to he 
KI.40 emulsion @ 0.61/m3 

4 Cross section widths according to 
demign standard 

h Burrow &- ':rtners KAFUE LUSAKA ROAD PREPARATION OF EXISTING SURFACE F i-hn 
CNY. - -_-,NE;, FEASIBILITY STUDY/COST ANALYSIS 12-4 



2SZS - Double bituii -rfbke treatment 

Gl" Fi rst sem.180/100 Pw bitimen 0 1. 5 
2.5 

A A 

1/&2 19311 ch!iAgt* 70.213 
Second seal 801100 pea bitummO 
i.31/m2 13.2m chipping 0 80s2/03 

DBN- Dense bitumen 99cadam overlay im 2 
layers Recipe mix (nom. size depending 
on thicknessi to base course quality 

EXISN SU lapproximately 4.4% binder content) 
usine 80/100 pen bitumen. 

ST - Existing surface patched and prepared 

CNTS E 
(NECTNSOVERLAYING WIH OR WITHOUT WIENING 

by sealing cracks and applying a single
bitumious surface treatment coaprising
80/100 pen bitumen @ 1.3 112 13 -m 

chipping @ 80Z/3 

SS - Sand seal surface on sh-ul.ers. 
Seal 80/100 pen bitumen  '.' I,:: 

.Cruniher dust e 120u2/m3 

2.5 5( r,a1Lsat.-rial t ond road ba,%eP11 6 CL S, id Opoulder 

-HP 

]50:% H I P>-or1esgn based .,nIti d.nd 
Embtnklei widening to be . Class 181 m.R.R 
achipv d bs benching 

*PxIsting eartbworks
In steps not g~reater t !,ltak@i0li Prime coat 1whe-~ r-quiredi to be 04C30 

than 00 .deep. 3 Tack coat (wbere reqiredl to be KI-40 

emulsim 0 0.6 1/2 

CLASS IP AND IS SECTINS [EMBANKMENT WIDENING) I 'ross section -idths according to design 
I NTS) INTS)standard. 

-E LUSAKAcb''.' '" ,, FE SIBIITY.SKAFUE UD,,TROAD Fig..,,i,,'rtners SBLT ST D /O TONLSS VERLAY DETAILS /WIDENING DETAILS 12.5 



'I'lI.' ')I' Iiy system iropose( will II v i atd s oo t h
r'itlIig siir'ac. wilt, good ]oad spreadiiig pioperties and 
exc(t, llent resistance to enviromental de'erioration. As 
a, side be,,efit, it will provide a wearing surface that 
the oads Department is wel] able to maintain by 
resealirig in the future. 

Alternat ive Overlay Materials 

Other oiverlay materials have been considered as an 
il t.'riiat ive to the proposed dense i I rimeri macadam. 

'rushed sI )Ine would have the atvant.ige that ref lec t. iol
 
(cACk i rig wo' I( not arise thet
but overall load
spria diig properties of this material are not good (by
ctmplar i .SIl, l hat, is, wi th hot-ill i .x asphal L). A 
cons iderable add it iona I thickness of overlay co, 1Id,
there lore, hw required to meet. the same design life 
criteria. Although sufricent aggregate sources could be 
l0(iaUed ,ear L.usaka or Kafue, considei'ra)ble hani age ormateriia Is would be involved and crushed stone would 
)rove fil exienti ive overlay material in ihaulage terms. 

Penetria t i on matadam has been rejected ias all overlay

materia] t.'a rrtse the nature of its colstriu't ion is such
 
Ihat. a 
 gu,,(l riding quality is almost impossible to

obain . i it is considered unlikely 
 that lhe Roads Depar
tmeii t l(dl(be satisfied with the 
 riding quality that 

wo, I(I result from the use of penetration macadam on a 
road of this importance and the economic consequences

illterms of increased vehicle operating costs would 
be
 
prohibitive. A further factor to remember is that penetration macadam has poor load spreading properties as 
compared with hotmix asphalt. Considering the amount of 
bitumen used in its production it does not. constitute a 
cost effective use of the resources involved. 

Gall griild a,(lsemi-gap graded hot-mix asphalt would 
hay,' t lielirdvILIi.agr. of ircre sedl resistan'e to fitt.Igu.
crack ing and hPt ter flexibility than corit. i nuos I y
graded *ispitaIts like dense bitumen macadam. But these 
improved qua1 it ies are obtained at t hi' exlpeise of
increasel pot'nt.ia] deformation. It is doubtful that 
snitbl e graded orgap semi-ga) graded mix could be 
obta i led, having regard to the excepttional temperature
arid loadirig cordit ions on the road, without rsorting to
Ihe( is, (it" 40/50 pen bit.tmen, a grade nev(r produced tit 
the N(dh)a refirery. 
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Notwithstanding the above comments, sholuld it Ie decided 
at t h# dt iti Ied design stag,, I,, invest igat.e this 
a I telaI irwt,ftur Iher, creep t.est ing must Ilhe iudertItken to 
pi'ove. I if. t pfrformance, idf IIhi;.#- mi xi. usi fig-no in! 
Inca I I y avai lahle aggregates. Any gap gradtd mix 
.v Iet(.d from such test ing would b,- I ikikly to have a 

b inton ro teInt. i gi if i:ant I y higher than the dense 
hilumn miacadam option proposed. 'This of ocourse infers 
additiona l cosL. 

12.4.5 Reflect ion Cracking 

Considerahv research heenattention has concentrated 
in recetu years on the problem of reflect ion cracking 
and pfl.sibl)l, ways to avoid this phenomenon. The general
(!IIl(. I i:.s i(il rea-iched is that, toll. freedom from 
rIrl,,(c i 'ra('k i ng c nli only he guaiaii tleld by complotf. 
rniviv tii 1 ri-'ir-omiising of the i'xistijlg toavementL, or by
11pp!l i cat ion o(f" very thick overlays the cost, 
e'l'l'et'tiveniSS of which is dulious. 

Notwithlsainding the above comments, it is general ly
aiccepted that. the initiation and progression of 
reflecLis i cracks can be delayed by providing a partial
shear break between the existing surface and the 
overlay. Two ways of achieving this are worth 
discussing, geotextile surfaceand dressing. 

Geot exilt.i is are now extensively used in the treak 
systems iiiider overlays. The geotext ilis, isially a non 
woVen ( neid I e punched) polyethylen., is laid over a 
th i ck laye!r of penetration grade bithmt.ii which act.s 
both as the break medium anti as It water proofing 
trout mnrl't for the existing surfa'e. The costs are 
g'ne rat IIy iji i te Ihigh approx i mate Iy US $,5. OO/8il.m. 
mostly in foreign exchange. 

A single spray and chip surface dressing, performs very
largely tie sam(- function as the geotext ile and evidence 
from some quarters suggests this system is as 
succe.fu] . lii the Zambian context, surface dressing is 
more att.ractive from a cost. point of view with a 
signifioit I(onl cost element arid is a familiar 
pro(ss t ( contractors. On batmice it is preferred as 
Ile meisii'n of retardinzg reflection cracks and has been 
r(comniinnhed for use onf this project. 
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12.5 JUNCTIONS, ACCESSES AND RAILWAY CROSSING
 

12.5.1 Turnlng rircle at km 0 + QQ 

During the study the severe traffic congestion, 
particularly at peak hours but generally lasting
throughout tohe business hours, was noted at the Kafue 
Ruad/lBenhel I I a r i ve/Ca i ro Road/I ndei-ienderice Avenue 
turning circle at km 0 + 000. The congestion at the 
turning circle leads to congestion of traffic on the 
approaches resulting in delays of well over 20 
minutes. The cumulative Cost of these delays, quite 
apart from the inconvenience to the road user, will he 
highly significant in national terms particularly as 
the delays occur during business/work hours leading to 
considrihle loss of production. 

It is qjitv clear that the size of the turning circle 
is insuffiwicut for the traffic levls the intersection 
is requ i red to cater for. As this intersection was 
outsi de the terms of Reference of this study no detail 
work wuis undertaken. However, from a cursory 
examination of the problem the following solutions have 
been coisidered and are discussed below. 

Increase the size of the turning circle and 
significantly modify the approach arrangements. 

Do away with a turning circle and introduce a
 
four way, at grade, signalised junction.
 

Introduce signalisation on the turning circle to
 
operate at. peak periods. 

The first option, while being technically the most
 
ideal is not practical as no additional land is
 
available. The second option, while being functional
 
and implementable will result in the removal of the 
central island which provides an attractive feature
 
wit h lush vegetation on the entrance to the inner city 
area.
 

The third option combines functionality and aesthetics.
 
Furthermore, the turning circle could be used normally 
during off peak hours without the signals. This type 
of interseclion is used in many cities and functions 
very well. 
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Whilst this item of work has not been included in the 
scope of works under this rehabilitation project, it is 
recommendfh that in the event the Lusaka - Makeni 
section of the road is upgraded as part of the Kafue -
Lusaka Road rehabilitation project then consideration
 
be given to include improvement works on this
 
Intersect ion.
 

12.5.2 Other Junctions, Accesses and Railway Crossing
 

The junction and access design standards as defined in
 
the Zambian Road Design Manual (Ref 6) is considered 
adequate. It is proposed that the existing junction 
layouts are largely retained with minor width 
modification. 

The only Railway crossing on this Road is at km 40 +
 
000 near Kafue. This crossing is on a left hand bend
 
on approach from Lusaka and on a right hand bend past
 
the crossing. The bend in itself reduces vehicle 
speeds on approach to the crossing. This together with 
rumble strips on the road currently provide the control 
at this crossing. However, as this is a major trunk 
road and the rail line is a main trunk line, a signal 
operated by the railways is recommended. 

This is a perfectly feasible option particularly as the
 
Kafue Railway Station is only a very short distance
 
from the crossing.
 

12.6 ROAD FURNITURE
 

12.6.1 Traffic Signs
 

It is recommended that all existing signs should be
 
replaced and upgraded to international standards.
 

12.6.2 Lighting
 

On the dual carriageway section, based on the widening
 
proposals, it is proposed to erect the existing
 
lighting in the central reserve.
 

12.6.3 Crash Barriers and Guard Rails 

Crash barriers are to be provided at the edge of 
shoulder where the height of fill above, adjacent 
ground level exceeds 2 metres. In addition, crash 
barriers shall be provided on the outside of bends 
through the escarpment section (km 37.0 - km 38.0) 
Guard rails shall also be provided at bridges. 
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12.6.4 Bus-hays avd 1,ay-bys 

It is rerommended that bus-bays and ithelters should he 
provided ait. all bus sLops along the 4tudy route. This
will involve extra widening and includes bus stops on 
the dual carriageway section. Buses should not stop on
the carriageway to pickup or discharge passengers. It 
is also recommended that lay-bys should be provided at
 
approximately km 28.0 and 50.0.
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13. IMPROVEMNT WgI 

13.1 Phasing of Construction 

13.2 Availability of Construction Material 

13.3 Accommodation of Traffic During Construction 

139
 



13. IMPLEMIENTATION 01; IMPROVEMENT WORKS 

13.1 Phasing or Construction 

A project implementation schedule is indicated in
 
Figure 13.1. The schedule has been built up on the
 
fol lowing assumptions.
 

An invitation for the consultancy proposals for
 
the detailed Engineering Design and Construction
 
Supervision will be published in November 1989 and
 
a two month period will be allowed for preparation
 
or proposals. 

The consultancy proposal will be evaluated within
 
a two month period and a consultancy contract will
 
be awarded by early March 1990.
 

The detailed engineering design and tender 
documentation can be completed within six months 
and prequalified contractors can be invited to 
prepare tPnders by September 1990. Allowing for a 
three months tender preparation period tender 
evaluation can begin in December 1990. 

The tender adjudication, pre award negotiations
 
and final selection of a contractor can be
 
completed within a three month period and an award
 
of construction contract can be made by early
 
February 1991
 

Allowing for a three months mobilization period
 
bulk of which has been designed to fall in the
 
1990/91 rainy season and allowing for a 15 full
 
dry months construction period, construction works
 
would be completed by the end of November 1992.
 

Allowing for a further 12 month period under the 
care of maintenance which will take the road 
through the 1992/93 rainy season, the project can 
be expected to be completed by the end of year 
1993.
 

The time schedule proposed, while not having too much
 
float time built into it, does have sufficient time
 
allowed for the realistic completion of the various
 
activities. Contractor mobilization during a rainy
 
season and the opportunity to commence construction 
work on a relatively long dry season is an optimum 
opportuni Ly. Furthermore, there is sufficient time 

140
 



J;
$~

~
 

~ 

R
A

. 

4
4
~

 
d
.-

~
 

4
}~

~
 

V
 I

 
~~ 

' 
4 

N
Y

i 
S

E
A

S
 

N
4
9
 

t 
4
4
'n

 

"'4
 

4 
~ 

;4
~

\~
C

o 

~, 

R
 

*4
' 

N
 

S 

A
I
N

 
SE

...
 

'9
1
/ 

Ii 

I 
R

A
2

 -~
 

&
 

In
 

SO
N

92
/ 

4-
*'

 
M

 

M
R

A
IN

Y
 

SE
A 

'S
N

9
 

K
' 

w
I 



periods of dry weather on either side of the 1991/92
 
rainy season, which will occur during the middle of the
 
construction activity, to sensibly programme the works
 
to make sure that the traffic does not need to run on
 
deviations or detours during the rainy season.
 

Recognising that the rehabilitation works are not
 
likely to commence till early 1991, in designing the
 
rehabilitation works, the likely condition of the road
 
pavement in mid 1991 has been estimated using observed
 
rates of pavement deterioration. However, for the 
sections (if the road which are to he either only 
patched and sealed or overlaid and sealed, it. is 
important t ) preserve the residna life of tile 
pavement. Therefore it is recommended that the 
contractor completes the work on the sections requiring
patch and seal as early on in tile construction period 
as possible rollowed by the sections requiring overlay
 
and seat. The sections which are to be reconstructed 
can be worked on at anytime as the residual strength of 
the pavements is of very little importance to tile 
reconst mcted pavement. However, in the case of these 
sections of' road it should be noted that the vehicle 
operating cost will be the highest and as such, tile 
whole jit,, cost of the road will rapidly increase with 
Lime as the road exponentially deteriorates with time. 

13.2 Availahil ity or Construction Material 

The Construction works will require the following 
materials in large quantities. Base and sub-base 
quality gravels, crushed stone for base course, overlay 
layer and surfacing, Bitumen for overlays and 
surfacing, cement for stabilization, drainage works and 
bridge widening, sand for concrete works and water for 
construct ion and maintenance of deviat ions. The timely 
availability or the required materials at.an economic 
cost is very critical to the implementation of the 
project . Therefore, the availability of these 
materials has been examined albe it at preliminary 
level within study. The output of this cursory examina
tion must be developed to the required level of detail
 
during the detailed design and tender documentation
 
phase. 

Base and sub-base quality gravels are obtained wherever
 
possible from borrow pits along tile alignment of the
 
road. In opening up borrow pits a certain cost will be 
associated with bush clearing, stripping of topsoil and 
overburden and reinsIaLing the pits at the end of the 
project. This cost should be compared with the cost 
associated with hauling the material to tile position
where it is rquired on the road. 
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Taking an ideal case, if suitable material is available
 
adjacent. to the road throughout the road alingnment 
numerous borrow pits could be opened up and the 
material haul distances would be very small. Depending 
on the depth of overburden and the thickness of the 
gravel layer the balance distance between borrow pits 
can be est i mated. From experience, this economic 
spacing is in the order of 10 kin. Therefore the 

feasibility of establishing borow pits at this spacing 
has been examined. 

The fod 1(wi ng existing borrow pits were visually 
examined ,a1d round to have suitable material. 

At km 5 + 000 approximately 1.5 km from the Left 
Hand Side of the road large borrow pits. 

At. km 8 + 000 on the Right hand side of the road a 
larg, borrow pit adjacent to the road on land 
belonging to the Lusaka City Council. 

At km 15 + 000 on the Right hand side of the road 
approximately 1 km from the road. 

At km 20 + 000 on the Left hand side of the road 
very close to the road corridor. 

At km 27 + 800 on the Right hand side off the 
road. 

Between km 35 + 000 and 45 + 000 the is sufficient 
visual evidence to suggest suitable gravels are 
available. 

At km 51 + 800 within half a kilometre of the road 
on Ihe Left hand side. 

At km 54 + 300 just past the Kafue River Bridge on 
Ilii L.eft had side of the road. 

From the above it would appear that sufficient quantity 
of sub-base and base quality gravels will be available 
at economic haul distance throughout Ilie road alignment. 

Crushed stone will be required for the base layers of 
sections which are to be reconstructed, for overlays of 
sections which are to be sealed and for surfacing of 
te road througlout. The coat of the establishment 
rvqui red to quarry rock and crush I h rock to produce 
stone of the required sizes is such that only one 
crushing iNtAcan 
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be economically justified for a road project of this 
lengths. i .e. It would be more economic to haul stone 
for 50 km than establish, dismantle and re-establish 
large scat,' crushing plants at several local ions. The 
availability of' single good source of stone was 
examined at a preliminary level during this study. 

At km 38 + 000 the roads department owns and operates a
 
quarry which provides crushed stone for their periodic
 
and routine maintenance operations. This quarry also 
supplied the stone requiremtnts of the Kafue Chirundu 
road rehabilitation project. It would appear that 
there is sufficient quantity of rock available at this 
site and t~hi crushor has surficient capacity to produce 
ad rlalttt quit it i es or stone to supply the Lusaka -
Ki lii' road rebIuIiltiation contract in idtiiLion o 
meeting t he liods lDepartment per iod ic and routine 
main tenranc' r'equ iremen ts. 

However it. shoulId be noted that the current layout of 
thre quarry i LseIf will grossly limit. tit, amouirnt of rock 
that. can be taken out to crush. The current layout and 
method of working is in effect digging a progressively 
smaller and deeper hole on the side of a hill. The 
area available to work on at any given time limits the 
amount of' rock that can be blasted and transported out. 
Ifr the present production capacity is to he increased, 
which will have to be done if this quarry is to supply 
the s tote requirements of the Ka'ue - Lusaka Road 
reihabilitat. itn project, then the quarry layout arid 
methods of working must be improved. The overburden on 
the tipper part of the hi l must be removed and a large 
working layer must be exposed and benched. 

The Roads Department have expressed their reluctance to 
supply stone to the contractor for this project., one of' 
tire leading arguments is that this in erfect makes them 
a subcontractor in addition to being tile client and 
such a contractually conflicting situnation is not 
desirable. One alternative that was briefly discussed 
au (iscit'i(,d due to the numerous institutional 
Irob I t'ms is tlr,' (ontractor taking over th' quarry f'or 
ti dtirotion of' tire road reiabilit ation project and 
selling stone to the Roads Department at it pre agreed 
price to met t.i' departments periodic ind routine 
mainternance requi remen ts. One of tilt significant 
problems woul he the legal impl ications of tire 
temporary use of machinery anti equipment belonging to 
the Government and the other wonId be the relit.,ance on 
the cn(t.ract ors part to use tire .tatr currently 
empl oyed by tie, Roads Department at this quarry. 
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In the event that the Roads Department is not prepared 
to supply stone then the other alterat ive would be for 
the Contractor to establish a new working at a 
different face of this hill or indeed at the adjacent 
hill. The contractor will then have to set, up his own 
crushing plant as well at this site. If the Contractor 
is to crush his own stone, one al ternat i e that is 
worth consideration is the establishment of the crusher 
at the site or the old Chilanga Cement Quarry on the 
Right hand side of the road at km 26 + 000. It would 
mean that rock blasted at km 38 + 000 will have to be 
hauled to km 26 + 000 for crushing. The significant 
advantage with the site at km 26 + 000 is that three 
phase power is readily available with all the step down 
transformer facility to hook up to a crusher. The 
power for crushing at km 38 + 000 will have to be 
supplied by diesel generators. 

During detailed design another source of stone that is 
worth investigating further is an old disused quarry 
approximately 3.5 km from the Road or ti Right hand 
side at km 27 + 800. The quality and quantity will 
need to he established but this location would be ideal 
as it is closer to the above crusher site and is 
approximately at the middle of the Lusaka - Kafue Road 
project i.e. the longest crushed stone haul distance 
would be in the order of 27 km from this site. 

Bitumen is produced at the oil refinery in Ndola as a 
by product. of the oil refinery process. However the
 
capacity of the refinery is limited and if a few major 
road projects are underway simultaneously in Zambia the 
supply from this source will not be adequate. In 
estimating the foreign currency requirement for this 
project the eventuality of having to import bitumen has 
been allowed for. Cement is produced at a plant with 
an annual capacity of 200,000 tonnes operated by 
Chilanga cement at Chilanga which is at km 15 + 000 on 
the Kitue - Lusaka Road. No problems tire envisaged 
with adoquate supply of cement. No problems are also 
envisaged with the availability of adequate quantities 
of sand from existing sand quarries i.t Lusaka and 
Kafue. 

Large quantities of water will be required for 
construction works. In addition even larger quantities 
will he Ih required to control the dust on the detours 
and devitIions. It iii anticipated that a fleet of 
three 10 000 1 capacity tankers will carry on average 

145
 



10 loads a (lay giving rise to a total water demand of
 
300 000 I/day or 300 cu.m per day. The following
 
watering point, have been identified from a preliminary
 
investigation.
 

At km 3 + 000 water can be pumped out of the 
quarry operated by Crushed Stone Sales. 

At km 7 + 000 a 6000 gallons/hour borehole supply 
is available. 

At km 15 + 000 a large quantity of water is
 
available at the old Chilanga Cement quarry at the
 
present Chilanga Golf course.
 

At km 27 + 000 a very large quantity of water is
 
available from the small lake formed by the disused
 
Chilanga Cement quarry.
 

At km 31 + 000 there is water available on the 
proposed deviations from a fast flowing stream. 

At km 36 + 000 on the proposed deviation water can 
be drawn from a stream. 

From km 40 + 000 to km 50 + 000 water can be 
abstracted from small streams or with approval 
from the Lusaka Urban District Council from 
hydrants off the Kafue - Lusaka bulk water 
pipeline. 

At km 53 + 300 water can be abstracted from the 
Kafue River. 

During detailed design and contract documentation
 
these sources should be confirmed. In addition it
 
would be beneficial to indicate the potential sources
 
in the tender documents to minimise the uncertainties
 
that the contractor would have to price for. 

13.3 Accommodation of Traffic During Construction
 

The Kafue - Lusaka road is one of the most heavily 
trafficked section of the Zambian paved road network
 
system. The section between the turning circle at
 
Independence Avenue in Lusaka and Makeni at km 3 + 900 
currently carries over 15000 vehicles per day. The
 
section between km 3 + 900 and 15 + 100 carries
 

146
 



approximately 5000 vehicles per day and the remainder
 
of the road on average carries over 2000 vehicles per
 
day. A significant proportion of this traffic
 
comprises large multi axle vehicles.
 

Throughout the construction period, which is likely to
 
be over 15 months, this traffic must be catered for.
 
The traffic must be allowed to move in a safe manner
 
with minimal inconvenience to the road user. The type

of rehabilitation works propcsed will require total
 
possesion of sections of the road for of
periods 

several months. Therefore significant attention should
 
be given to making adequate provision for the existing
 
traffic at all stages of the project.
 

Having examined the options available the following

solutions appears to be the most favourable at this
 
stage. lowever the suggested deviations and detours
 
must be examined in grater detail during the detailed
 
design and tender documentation phase.
 

km 0 + 000 to km 3 + 900 Construct single gravel

strips within the road reserve but on the extremi
ties of the road reserves on both sides and
 
restrict cross over within that 3.9 km section.
 

Km 3 + 900 to km 15 + 000 construct a 6.1 m gravel
 
strip on the Right hand side of the road on 
the
 
outer extremity of the road reserve.
 

Km 15 + 000 to km 27 + 000 use the existing
 
disused Chilanga Cement haul road which runs close
 
to the main Road on the hight hand side. Only

minor improvement required but considerable
 
watering and some grader work will be required
 
during use.
 

Km 27 + 000 to km 28 + 200 Construct a 6.1 m 
gravel strip on the Right hand side of the road on 
the outer extremity of the road reserve.
 

Km 28 + 200 to km 30 + 000 widen the existing
Yacht Club road on the left hand side of the main 
road which then connects the old Kafue - Lusaka 
Road. 

Km 30 + 100 to km 40 + 500 widen and improve the 
old Kafue - Lusaka Road on the left hand side of 
the main road running close to the road till km 35 
and then swinging to the left of the hills and 
coming back to the Road at Km 40 + 500. 
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Km 40 + 500 to 41 + 200 widen and improve the old 
Kafue - Lusaka Road on the Right hand side of the 
main road. 

Km 41 + 200 to km 45 + 000 widen and improve the 
old Kafue - Lusaka Road on the left hand aide of 
the Road close to the main road. 

Km 45 + 000 to km 46 + 200 construct a 6.1 gravel 
strip on the left hand side of the Road on the
 
outer eAtremity of the road reserve.
 

Km 46 + 200 to 53 + 300 widen and improve the old 
Kafue - Lusaka Road on the left hand side and well 
away from the main road.
 

In summary, approximately 16 km of new deviation roads 
will have to be constructed. However for the 
remainder, 37 Km, a combination of the disu'od Chilanga
Cement quarry road and the old Kafue - Lusal:a road can 
be used as deviations. In the case of the Chilanga
Cement. haul road, which is approximately 12 km in 
length the road was constructed to carry heavy
offhighway dump trucks hauling rock and as such is in a 
very good condition and only requires little
 
improvement. The old Kafue - Lusaka Road on the other
 
hand will require widening and improvement. Fortuna
tely bulk of the deviation is close to the main road
 
and as such access to individual farms is not likely to
 
be a problem.
 

However at two locations, km 35 + 000 to km 40 + 000
 
and km 46 + 000 and 53 + 000, the detours are well away
from the main road and provisions will have to be made 
for any individual access. In both cases it would be 
feasible to let the individual users use the track by
the side of the main road that will have to be 
maintained by the Contractor 
for use by his own
 
construction traffic.
 

The possible detours are all indicated on 1:50 000
 
scale maps presented on Figure 13.2, 13.3, 13.4 and
 
13.5.
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14.1 Bills of Quantities
 

The rehabilitation proposals recommended in Section 12
 
has been built up into work Items and preliminary
 
Bills of Quantities have been prepared. these prelimi
nary Bills are presented as a separate document. While
 
the Bills of Quantities are detailed with respect to
 
the work items covered, it should be noted that the
 
quantities themselves are only a first order estimate.
 

The work items have been grouped into the following
 
Bills.
 

1.0 	 Preliminaries - which provides for all Contrac
tor's preliminary and general expenses, cost of
 
providing Surety and third party insurance,
 
provision and maintenance for the contract period
 
of offices, a laboratory and residential facili
ties 	 for the supervisory Engineer and his staff,
 
provision and maintenance of vehicles and tele
phone communication for the Resident Engineer's
 
staff and provision to pay compensation to any
 
land owners or settlers whose developments or
 
properties may be affected by this project.
 

2.0 	 Accommodation of traffic - As discussed in 
Section 13 the traffic currently using the road 
should be provided for throughout the construc
tion period. A network of detours and diversions 
will be provided and maintained during the con
struction period. The bill items provide for 
the improvement of existing detours or construc
tion of new deviations to an acceptable standard, 
provision of 150 mm layer of gravel wearing 
course and the maintenance of these detours and
 
deviations for an average seven month period
 
when they will be required.
 

3.0 	 Borrow Pits - For pavement and shoulder wide
ning, for sections where the road level needs to 
be raised, for sections where the road is to be 
reconstructed and for gravel wearing course for 
(detours) and deviations, lateritic gravels to 
varying standards will be required. In this Bill 
provision is made 'o clear vegetation, topsoil
 
and overburden at approximately five suitable
 
borrow pit sites and reinstate the pits at the
 
end of construction.
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4.0 	 Dual carriageway section - In accordance with the
 
Terms of Reference, the section of the road
 
between the turning circle at Lusaka and Makeni
 
has been billed separately. In this bill all
 
detailed work items pertaining to this section
 
such as site clearance, removal of existing
 
bituminous layer, earthworks to raise the level
 
throughout and new pavement construction has been
 
included. The only items that have been measured
 
elsewhere are accommodation of traffic, drainage
 
improvements and road furniture.
 

5.0 	 Site Clearance and Topsoil Stripping - virtually
 
throughout the whole of the alignment the car
riageway and the shoulders have to be widened. In
 
this bill the work items related to clearing the
 
strip of land either side of the existing roadway
 
arid stripping topsoil has been allowed for.
 

6.0 	 Earthworks - which comprises earthworks to raise
 
the level of the road where required for drainage
 
purposes and to build up widened shoulders.
 

7.0 	 Shoulders to Existing Pavement - on sections of
 
the road where the existing pavement is only to
 
be overlaid, or patched and sealed, as discussed
 
before, the existing shoulders have to be widened.
 
The proposed method of widening is to saw through
 
the existing surfacing and base on the edge of
 
the carriageway, remove the existing shoulder
 
material and build up rew shoulder to the full
 
width from the lower layers. In this bill these
 
work items up to road bed level have been allowed
 
for.
 

8.0 	 Existing Pavement Preparation - In the case 
where the road is to be reconstructed it is 
recommended that the existing bituminous mate
rial be removed and disposed of and the existing 
base course be scarified and recompacted prior to 
placing any reconstruction layers. 

9.0 	 Subbase and base - for widened shoulders and 
reconstructed pavements the sub-base and base 
shoulder material, stabilisation of sub-base 
gravel material, and cruohed stone base for new
 
construction have been allowed for. This bill
 
also includes nil overhaul of material. In the
 
case of lateritic gravel materials it has been
 
assumed that borrow pits will be established at
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five locations along the alignment. In the case
 
of crushed stone for new construction, carriageway
 
and shoulder base, it has been assumed that the
 
existing quarry at approximately km 36+500 will
 
be the source.
 

10.0 	Dense Bituminous Macadams Base and Regulating
 
Course - This bill allows for the bituminous
 
overlays and regulating course which will be used
 
in sections of the road where the existing
 
pavement is to be strengthened.
 

11.0 	 Surface treatment and surface dressing crack
 
sealing layer - the whole length of the road is
 
to be provided with a surface dressed seal layer.
 
In addition the shoulders are to be sand sealed
 
throughout. In the case of sections of the
 
pavement which are to be overlaid the existing
 
pavement must be seald prior to placing the
 
overlev. Items of work relating to these tasks
 
are included in this bill.
 

12.0 	 Pavement repair work - Even where the existing
 
pavement is to be .-.-rlaid of" patched and sealed
 
the pavement must be repaired prior to the
 
placing of the next layer. All existing poor
 
quality patchwork must be removed and redone and
 
where pot-holes exist they must be repaired.
 

13.0 	 Drainage improvement and Rehabilitation - As
 
discussed before the most important aspect of
 
road design is tae provision of adequate drainage
 
works to protect the road from surfacing and
 
ground water. In this Bill, all items relating
 
to the repair or replacement of existing culverts
 
provision of new culverts, as required, provision
 
of mitre drains, catchment drains, subsoil drains
 
and protection of drainage works has been allowed
 
for.
 

14.0 	 Miscellaneous Items - Road furniture, signage,
 
road markings and such items as guard rails and
 
kerbing has been included. In addition a lump
 
sum has been provided for constructing walkways
 
on either side of the existing road-over-road
 
bridge at Chilanga.
 

The style and format or the Bills are similar to that 
usl for other Road Construction aid liehabilitation 
works in Zambia and are in genaral used with interna
tional standard conditions of contract. The method of 
measuri.ment is also that used on similar contracts. 
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H14.2 U1 i t'. es
 

.st imate have been i)repared by extending theseThe comt 
of construction
Bills of Quantities with unit rates 


work for the various items. 
 Unit Rates of construction
 
of the
in any environment comprises the various costs, 


constituent items, the overheads and supervisory costs;
 

an 
 allowance for the risk of undertaking this work and
 

the projectas a whole. Such factors as, the current
 

state of the construction industry, the level of
 

activity in the construction sector, the economic
 

of the country etc. all have a significant
climate 

influence.
 

In addition each and every contractor will price an
 

item of work In a different way, arriving at a diffe

rent number. Further, in the case of Zambia where
 

change at a fast pace it makes the exercise of
prices 

task. In
establishing unit rates a very difficult 


order to compare 
 the alternative construction
 

strategies available from a whole life cost point of
 

view and select the most attractive option a brief
 

economic analysis was undertaken using the World Bank
 

III. This analysis required the establishmodel IIDM 

ment of financial, foreign exchange and economic cost
 

of the key work items in pavement construction. For
 

this execise a dozen major Items were examined In
 
the basic
detail and unit rates were built up from 


constituents of labour, matc'ial and plant inputs. As
 

these costings were uridertakin largely for economic
 

analysis where the benefit to the country as a whole is
 

considered the items were priced in Kwacha and adjusted
 

using parallel market foreign exchange conversion rates
 

to arrive at economic costs.
 

However the projects is to be financed largely in
 

foreign currency and in order to minimise currency
 
estimate from a
fluctuation risks and protect the 


contantly changing cost escalation factor, it was
 

decided in agreement with the client to prepare the
 
In order to
cost estimate in United States Dollars. 


arrive at it meaningful cost estimate the bills of
 

were given to two large road contractors
quantities 

based in Zambia who are both familiar with this type of
 

work and both of whom are considered capable of hand

ling this scale of construction. They were both asked
 

price the bills on the basis that. the project would
to 

be largely funded in foreign currency.
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The difficulties in establishing unit rates can be seen
 

by the following spread of rates on a selection of the
 

major items.
 

Contractor Contractor
 
A B
 

1. 	 Excavate in approved borrow
 
pits load, haul, place and
 
compact to form fills to 95% $8.50 $15
 

MDD (AASHO TEST)/cum
 

2. 	 Overhaul of pavement material $0.40 $0.55
 
per cum per kilometre
 

3. 	 Provide, spread and compact
 
approved graded cruk1ied
 
stone to base Including water
ing slushing and rolling 30.00 $45.00
 

required to provide a surface
 
mosaic of tightly bound stone
 
per cum
 

4. 	 Provide, lay and compact bitumi
nous premix pre cum $120 $175
 

5. 	 Provide heat and spray 80/100
 
pen straight run bitumen at
 
nominal rate of 1.3 l/"I.m $0.90 
 $1.20
 

unit price per litre
 

Establishment of unit rates is further complicated by
 

the 	 fact that the only comparable road project in
 

Zambia was awarded in 1986 and the rates contained in
 

that tender are out of date. Recently a tender for
 

rehabilitation of the Kafue 
- Monze Road which is
 

similar in nature to this project has been invited. The
 

tender is not due in till early July and the rates are
 

not 	 likely to be available even for confidential use
 

till 	October or November.
 

However in order to prepare a first order cost
 

estimate, mean unit rates have been established and
 

whereven possible these have been cross checked against
 

rates built up from basic prices and costs.
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In general the Unit Rates have been prepared on the
 
assumption that the Contractor will be responsible for
 
the whole of the works including procurement or winning
 
all material required and transporting all Material
 
from source to the location where they will be incor
porated into the works. For example in the case of
 
crushed stone it has been assumed that the Contractor
 
will Quarry stone from his own source and crush it. As 
discussed in Section 13, even if the Roads Department
Quarry at Kafue is used, due to its current state 
significant costs similar to that required for opening 
a new quarry will arise from expaading the current 
working face. Thus, the rates built up for crushed 
stone on the basis that the Contractor will do his own 
Quarrying and crushing will not be that different from
 
the rate the Roads Department will have to charge for
 
supplying the stone from the Quarry at Kafue.
 

14.3 Pro.iect Cost Estimate 

Preliminary estimate of the total cost of the rehabili
tation of the road from the Independence Avenue/Kafue
 
Road turning circle in iisaka to the start of the Kafue 
River Road Bridge past Kafue township using June 1989 
prices is twenty two million nine hundred and seventy 
nine thousand United States Dollars (US$ 22.979 
million). This figure includes a ten percent
 
contingency provision and the cost of the design and
 
construction supervision consultancy. It should be
 
noted that a ten percent contingency figure is
 
considered adequate as the quantities have been
 
estimated to a preliminary engineering level.
 

The cost estimate has been built up as follows:
 

1.0 Preliminaries 	 3 234,000
 
2.0 Accommodation of traffic 1 331 000
 
3.0 Borrow pits 	 430 000 ' 
4.0 Dual Carriageway section 3 028 000
 
5.0 Site clearance and topsoil stripping 550 000
 
6.0 Earthworks 	 1 030 000
 
7.0 Shoulders to existing pavement 383 000
 
8.0 Existing pavement preparation 382 000
 
9.0 Sub-base and base 	 2 770 000
 

10.0 	 Dense Bituminous Macadam Base and
 
Regulating Course 2 248 000
 

11.0 	 Surfacing treatment and surface
 
dressing crack sealing layer 2 033 000
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12.0 	 Pavement repair work 195 000
 
13.0 	 Drainage improvement and
 

rehabilitation 1 404 000
 
14.0 	 Miscellaneous items 417 000 

19 435 000
 
Contigency @ 10 % 1 944 000
 
Detailed design and construction
 
Supervision Consultancy cost 1 600 000
 

Total Estimated Project Cost at
 
June 1989 prices: 22 979 000
 

In accordance with the Terms of Reference the cost of
 
the section of the road from the turning circle at
 
Lusaka to Makeni, the dual carriageway section, has
 
been recosted separately. This sector of tlhe road is
 
expected to cost in the order of four million five
 
hundred thousand United States Dollars (US$ 4.5
 
million).
 

The mean that the cost of the rehabilitation works on
 
the section between Makeni and Kafue Bridge is
 
eighteen million four hundred and seventy nine thousand
 
United States Dollars (US$ 18 479 000).
 

It is strongly recommended that these cost estimates be
 
reviewed when information on the tendered rates for
 
the Kafue - Monze project becomes available.
 

14.4 Foreign /Local Currency Split
 

As discussed before the cost estimate has been prepared
 
on the basis that sufficient funds will be available to
 
the contractor in Foreign currency. On a project of
 
this type which is largely a plant intensive
 
construction a significant component of the total costs
 
will be incurred in foreign currency.
 

All the following items for example are plant
 
intensive.
 

- Site clearance, strip topsoil on required areas of
 
the road alignment and at borrow pits, cart away
 
and dispose or temporarily store and reuse.
 

- Excavate suitable gravel material for earthworks 
and pavement construction layers, load, haul, place 
and compact.
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- Cut and fill on road alignment to form correct 
levels of road bed. 

- Strip existing bituminous surfacing for sections of 
reconstruction and scarify and recompact existing 
base. 

- Drill, blast, crush, screen, load, haul, place and 
compact crushed stone for use as base course, 
bituminous layers and surfacing. 

- Heat, mix, load, haul, lay and compact Dense 
Bituminous Macadam overlay and regulating course. 

- Pavement repair works such as saw through existing 
pavement, patch and seal. 

- Drainage improvement works such as excavate side 
drain mitre drains catchwater drains and cross 
drains. 

It is virtually impossible to buy construction plant or
 
spares for plants in the local currency. Even on the
 
rare occasion when it is available locally the price of
 
the item in general in equivalent to converting the
 
foreign cost at well over US$ 40 to the Kwacha. The
 
only items that could be classified as local components
 
are the cost of the plant operator, fuel and oils.
 
Therefore, the cost of owning and operating plant is
 
largely in foreign currency.
 

The total hourly cost of owning and operating at 1987
 
prices separated into the local and foreign currency
 
components for a Cater pillar D7 Bulldozer has been
 
shown in Table 14.1 and summarised below as an example.
 

$/Hr K/Hr
 

Total Hourly owning cost 41.00 95.61 
Total Hourly operating cost 38.40 a 141.12 a 

* I 

Total cost 79.40 236.73
 

% of cost as component of :
 
Total cost 77% 23%
 

I 61 
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Construction activity requires the input of plant,
 
materials and labour. In the case of materials, other
 
than the materials that will be obtained or produced on
 
site such as crushed stone, sand and gravel, this
 
project will require significant quantities of bitumen
 
and cement. While both these items are available for
 
purchase in the local currency is should be noted that
 
in the case of bitumen the capacity of the oil refinery
 
at Ndola is limited and in the event that a few major
 
road projects are underway simultaneously the local
 
bitumen supply will not be adequate. Therefore In any
 
estimation of foreign currency requirement, provision
 
should be made for this eventuality.
 

The only item of cost which will have no component of
 
foreign currency will be th3 cost of labour. However
 
even the Contractor's cost of superintendence and mana
gement of the contract will have a significant
 
component of foreign currency expenditure attached to
 
it.
 

While the exact split of foreign and local currency
 
components will be difficult to establish, it is
 
estimated that the local currency component for this
 
type of work will be in the region of 20 to 25 percent
 
and the foreign currency component will be in the
 
region of 75 to 80 percent of the total cost. These
 
components will also be significantly affected by the
 
type of Contractor selected to do the work.
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:Variable: Info :Total $[Total K:$/lr K/Hr 

:New Purchase Price FOB :220000 
:Freight to Dar 6000 
C & F !226000 
:Insurance (C&F+25%*1,4%) 3955 
:CIF :229955 
Dar Port Charges % 5 11498 
:Transport Dar/Lus 7000 7000 
:Exchange Rate 8 
:Kwacha Equivalent CIF LUS !1987622: 
nitty % 15 298143: 
:Sales Tax on K Value 20 556534: 
Import Levy % CIF 5 99381: 
Total P,'chase Cost TPC 248453: 954059: 
:Equiv. TPC K :2941681: 
No of vehicle tyres /U Ca 1 
:Unit price Tyres/U Carr 25000 
:Deduct cost of Tyres -25000: 
:Deduct Cost of GET 1000 - 1000: 
:Value to be Recovered new 222453: 954059: 
:Actual value recovered 1 222453: 954059: 
:Deduct res Val % 0 222453: 954059: 
:Depreciation Period 5 
:Working trs/Yr 2000 
:Cost per 1ir :22.25: 95.41 
1Original Purchase Price $ 367710 :, 
lInt on OP Price % 12 :13.24: 

:Current Value $ 367710 : 
:Ins Cost (% Current Value : 3 : 5 52: 
:r.lcence K 400 : 0.20 

:TOTAL HOURLY OWNING COSTS :41.00: 95.61 
I I -- i - I -- I -- I --

Fuel consumption /Hr 37 

:Unit Price Fuel 2.55: 
:Fuel Cost/hr 94.35: 
:Oil/Grease % 10 9.44: 
:Repair Cost % TPC 201abouAr10 

Spares % 90 
:Labour 
!Spares 

Cost 
Cost 

per 
per 

H1r 
Fir :30.75: 

27.34: 

:Tyre Life Hrs 3500 , A 

Table 14.1 - Part. I - Breakdown of plant owning and operating cost for a
 
caterpillar D7 Bull dozer (1987 prices)
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a I I S I 

:Variable Info :Total $:Total K!$/Hr K/Hr 

a II a 

No of Tyres/annum :0.57143: 7.4: 

:Tyre Cost 
IG.E.T Cost 1000 

7.14: 
0.50: a 

10.00:
'Operators Cost per Hr 10 


TOTAL HOURLY RUNNING COST 
 a38.40: 141.12
 
.i____a____ ____ __ a____i_______________I ______ 

:41.00: 95.61
:TOTAL HOURLY OWNING COSTS 

:38.40:141.12
 TOTAL HOURLY RUNNING COST 


:79.40:236.73
 :TOTAL HOURLY CO(aST 

a
Table 14.1 - Part II- Breakdown of plant owning and operating cost for 

caterpillar D7 Bulldozer
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DYNAMI C (ONE PINIH0 ,,'IfI:I? 'I'I,; 
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The DCP programs discussod horo are based on original work done by Mr E 

C Kloyn of' -ho 'Tranjvial Rondn Dopartment (TRD). (Sou lint Of roi.'oruncuu 

nt thu back of this documunt). Later work, usig ,;ouio of those original 

work, as wull as adding additional calculations and new concepts was 

undurtakun by Mr M Do Boor of the Division of Roads and Transport 

Tuchnoloy, C;!,., Prtoria. The most important aupoct of the latest 

WUL k L ;I!, duvu.u",IuntL of u DCV'-clasjuiftcat Ln :,ptur. Ti!s uy.st,'l !:i 

usud to cluasitfy DCP data for rolativoly ltghcly cementitious and 

granular base thin surfaced flexible p4vemonts. Soo Do Beer ot al., 

I9' , for a ,encrption of the classification system. 

Theso computor programs automatically classify the DCP data using the 

calculated rolevant paramaturs, A and B, and aluo calculates; 

0 averago viiLtratcon rates in ,m/blow 

* pavement structural number, DSN 800 , in blows, which is the actual 

n'v,.bor of blows to penetrate 800 mm (approximately 31,5 inches) from 

the surface of the pavement. 

" CBR vluen de!:Ivcd from the following formula
 

if avrageU pitnotration rate (DN) ;> 2 mm/blow 

then CIP. - 405,3 X DN(-1,
259) 

and if DN . 2 m/blow : 

2then C;'A - (66,66 X DN)-(330 x DN + 563,33) 

• UCS valuusi derived from the following formula 

0 8 8 
15 X OR ,VCS 
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0 	Structural capacity in million E80s derived from the following
 

formula
 

Million Standard Axles (MISA) - Cm x (DSN800)
3'5 Xio- 9
 

where Cm - moisture condition - 6,5 for wot
 

- 14,0 for moist
 

- 30,0 for optimum (omc) 

- 64,0 for dry conditions 

These Cm values are automatically taken into account when selecting
 
the goneral moisture condition during data input phase, see Section
 
4.1.
 

* Balance Number at 100 mm depth, BNI00, which is the DSN percentage
 
at a depth of 100 mm of the pavement.
 

* Standard Pavement Balance Curve (SPBC) B-value for the data, which
 
is the B-value describing the beat fit standard pavement balance
 
curve for the data, as isindicated in the second graph on Figures 3
 
and 6.
 

* Graphical output-of penetration rates
 

* A Normalised curve, which is a summary of the deviation in terms of 
area versus depth of the DCP-data from the best fit Standard 
Pavement Balance Curve (SPBC). Maximum and minimum peaks on this
 
curve are indicative of layer interfaces and give the depths where
 
layers of different penetration rates are encountered. Basically
 
the peaks are indicative of the incerface between a relatively
 
softer layer (high penetration rate) and a relatively harder layer
 
(low penetration rate) or vice versa. These peaks are then used to
 
redefine the depth and thickness of the different layers on the
 
basis of relative strength in terms of penetration rate.
 

o 
Lastly, a layer strength diagram of the redefined layers is given.
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MATERIAL TESTING SERVICES 
 RTT. CSIR SA
 
SUMMARY OF DCP INVESTIGATION
 
PAVEMENT CHARACTERISTICS 
 AVERAGE EQUIVALENT STRENGTH
DAAFLE.AT DATA B/CURVE FROM - TO AV. POECTRATION so __p CSR UCSREGION :LUSAKA CHILANGA STRUCTURE NUMBER 115 0-230 4.9 2.7 9.4 54 501
ROAD NUMBER :TP9 BALANCE NUMBER (BNiOo) 2P 26 231-GO0 11.0 2.0 14.3 19 200
 

DISTANCE 
 16.9 DIFFERENCE IN BNIO0 -.

POSITION :_ = BALANCE CURVE IS WHERE B2L A- 1907
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MATERIAL TESTING SERVICES 
 RTT. CSIR. SA
 
SUMMARY OF DCP INVESTIGATION
 
PAVEMENT CHARACTERISTICS 
 AVERAGE EQUIVALENT STRENGTH
DATA FILE :LSKAIB.DATREGION :CHILANGA KAFUE 9Z_tCURVE FROM - To AV. PETTION SDSTRUCTURE NUMBER UCSROAD NUMBER ITPB 101 o-330 5.4 3.2BALANCE NUMBER 
 (BNIO0) : 14 331:510 10.7 48 4523.9 1.3 5.1 73 854 1 

DISTANCE : 18.2 DIFFERENCE IN BNIO0 -5 5- .8 2.0 i.1 30 22 
POSITION : L IML_--= BALANCE CURVE IS WHERE B 
q A- 3210
 
CONDII : - STRUCT. CAP. (EBOxl06*.ge,
 __ONDION 
 FLM.O 
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MATERIAL TESTING SERVICES 
 RTT. CSIR. SA
SUMMARY OF DCP INVESTIGATION
 
PAVEMENT CHARACTERISTICS 
 AVERAGE EQUIVALENT STRENGTH
 

FILE :LSK13.DAT
REGION :CHLANGA KAFUE DATA B/CJRV FRox - TO V. PEmETRATIO4S R E0-11 C_ CSR UCS.8 2. 13.7 23 238ROAD NUMBER :TP13 BALANCE NUMBER (BNi0o) 1:DISTANCE :20.2 13 Its-amO 8.5 2.8 13.1 27 272DIFFERENCE IN BNIOO 
POSITION L R BALANCE CURVE IS WHERE B P A- 1617ONDITION AI:L STRUCT. CAP. (E8Ox1O*..Iv 

r.-- P.OAD CATEGORY
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MATERIAL TESTING SERVICES RTT. CSIR SA 
SUMMARY OF DCP INVESTIGATION
 
PAVEMENT CHARACTERISTICS 
 AVERAGE EQUIVALENT STRENGTH
DATA FILE Z.SKA14.DAT 
STRUCTURE NUMBER 

DATA @LCtA FROM - TO AV. P0TRATTIN SD 9 CBR UCSREGION :CHILANGA 	 264 0-185BALANCE NUMBER (BNO0) l 	 3.0 2.4 7.0 1 8789 8-285 	 3.7 1.1 5.8 78 893ROAD NUMBER :TP14 E28-800 4.0 0.3 4.5 70 830DISTANCE :27.0 DIFFERENCE IN BNIOC 
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1: 
SDATE 	 :69/05/3D TRAFFIC VERY HEAVY TRAFFIC
 

-- Structural capacityjnot rellazle CATEOFRY V AVERAGELY BALANC DEEP STRuCrJE 


- -.	 L . ROAD CATEGORY A 

(ABO) 

DCP CURVE 
 TBALANCE 
CURVE LAYER STRENGTH DIAGRAM:
 
(DSN 800) (-90 < B < +90)NUMBER OF BLOWS iX OF PAVEMENT STRUCTURE NUMBER) N 

0 0800890-4 !W-23 1 020 3040 808 70800 
-__ 

o- .......... 
 I-.-. ...... ...... 	 ~ Nr . . ... .......... . ........ 
 ..
 
........... 
 ........ ....
 

,E a .. ............. 

2: 

.... .... ................... .... ... .
 

- .. . .... . ._ 	 . 

:L 
. 

...
.K4.. .. . . . ... 

. .... 
. .

..... 
. 
L 

.4-.
w , :\ \

\ 
. 
_ 

.. 
, ... 

! ",. 
... 

\w : : : : :: r :: :... .
..... 	 40 ....... .. ... ...
! i ..:i:-I \ :I 	 z!i....... .... . .. :.... - .. . ...... .
_w .. . . .... .:. . . .. .... . . . . . .... ..... , ;t w :: _: : : ... . .. .. . 
;LJ5 d . .. . .. . .. . . . .
..... . .
 . .. . t" " - . . .
 . . . .. ..... ' ' " ".. Lu 	 :

.I"" " " .
 . . .. 
......... ,l- N_ - -, "
sa . .. 
.. 
..... z 

. .•....-... . .• . •. -, , , .--. - , . -, ,-. 	 : . --. . -. . 
. 

. . . . . . . . . . . . 
. 

. . 
.. 

.- . - -: - - -"'"."'" :'% ..; L:' :.":.... .... : .... I "!," \ . . "'"."- : - ' - ' , ...- ": •\" ' _ "• .. .- . . -J . . 
t~. . .•. . : ...... . . \ .n- - • -, -, ", . 7 .	 . .--

...... . .. ..
. .. . . .. ... .	 ._-.
.
 _ _ . .
 . . . . ..._ .
 

http:O**sJ.Q7


MATERIAL TESTING SERVICES 
 RTT. CSIR. SA 
SUMMARY OF DCP INVESTIGATION
 
PAVEMENT CHARACTERISTICS 
 AVERAGE EQUIVALENT STRENGTH
 

DATAFIE:LSKAiDAT DATA B/CURvE FROM- TO AV. PENETRATION so Q C
KAFUE TNUMBER E6'. o-1o 

ucsREGI -:iILANGA 2.5 1.5 4.9 128 1072 
ROAD NUMBER :TPI BALANCE NUMBER (BNIOO)3. 4 106-500 12.5 8.4 25.3 15 172
 

DISTANCE 28DIFFERENCE IN BNIO
 
POSITION : l -P_ -4PR BALANCE CURVE IS WHERE B 3 E A 191.7
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MATERIAL TESTING SERVICES 
 RTT. CSIR. SA
 
SUMMARY OF OCP INVESTIGATION
 
PAVEMENT CHARACTERISTICS 
 AVERAGE EQUIVALENT STRENGTH
DATA FILE

TIA DATA B/CtUVE FRO - TO AV. PENETRATION SO C8 LCSSTRUCTURE NUMBER 77b 0-220 1.6 1.2 3. 6 200 158aREGION CHLANSA KAFUE BALANCE NUMBER 
 (BNI0) 221-800 1.0 0o 1.0 222 2262ROAD NUMBER :0 DFFERENCEiIN.BN0100
 
DISTANCE DIFFERENCE IN BNIOO -:3
 
POSITION L -- J BALANCE CURVE IS WHERE Bt= 7,
LA 

CONDITION ._STRUCT. CAP. (EBOxio**B)_:I.T- -- .,: _ _ T ROA D C A T E G O R Y A: 
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' - _______v__ ___-____.:__ ____ _AT G Y-111-_."__w_W_-8.,:A..ANr T -Z' __- -
DCR CURVE 
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 LAYER STRENGTH DIAGRAM
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MATERIAL TESTING SERVICES 
 RTT. CSIR. SASL'IARY OF DCP INVESTIGATION 
 I
 
PAVEMENT CHARACTERISTICS


DATA FILE :L 1.1AT AVERAGE EQUIVALENT STRENGTHDATA BC._VE FROM - TO AV. PeET'ATION SD - ___ 
REGION :NORTHBOUND 
 STRUCTURE NUMBER 
 26 0-150 a.0
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-StructgrAlCSpacity ot reliable ZATEGOAY VIII AVERAGELY BA.ACM INVERTED STFMTURE :EDCP CURVE 
 BALANCE CURVE 
 LAYER STRENGTH DIAGRAM!
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MATERIAL TESTING SERVICES 
 RTT. CSIR. SASUMMARY OF OCP INVESTIGATION
 
PAVEMENT CHARACTERISTICS 
 AVERAGE EQUIVALENT STRENGTH
DATA FILE :LSKA2.AT DATA B/CURVE FACK -REGION : CHILANGk KAFU_ M AV. PTATIDN so Be M_STRUCTURE NUMBER 2a 0- 70 15.0 0.0ROAD NUMBER : TP12 IS.O 3 143BALANCE NUMBER (BN10) 27 100

DISTANCE : 43.1 .7 1.3 5.9 77 8851
DIFFERENCE IN BNIOO - 3POSITION : L R_ BALANCE CURVE IS WHERE B -! A- 1004I CONDITION : FAILEn 
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MATERIAL TESTING SERVICES 
 RTT. CSIR. SA 
SUMMARY OF DCP INVESTIGATION 
PAVEMENT CHARACTERISTICSDATA FILE :LSKA5.AT AVERAGE EQUIVALENT STRENGTH
STDATAREGION :CHILANGAK STRUCTURE B/CURVE FWH - TO AV. P4EETRATION So 2 ECsNUMBER 541 0-340 2.8 1.1 4.8 108 923 

ROAD NUMBER :TP15 BALANCE NUMBER (BN1O0) 7 5 341-800 1.7 1.1 3.8 is- 1581
 
DISTANCE : 
 45.5 DIFFERENCE IN BNIO0
 
POSITION L JT_ f] BALANCE CURVE IS WHERE B-2._A- 1749
 
CONOITION : FAILE.OF T- STRUCT. CAP. (EBOxi0**6)O:m
 

T- -ROAD CATEGORY A:
 
DATE :9/05/30 TRAFFIC .'ERY HEAVY TRAFFIC
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MATERIAL TESTING SERVICES 
 RTT. CSIR. SA
SUMMARY OF DCP INVESTIGATION
 
PAVEMENT CHARACTERISTICS 


DATA FILE AVERAGE EQUIVALENT STRENGTH:LSKA!6.0AT STRUCTURE NUMBER -RATA .'IVE22B F30U - TO AV. PEETRATION SO0-255REGION CHILANGA KAFUE 3.8 2.6 0., 75ALNEUMR(NDO 570
25e-800 4.4 1.1 5.2 61ROAD NUMBER :TP16 BALANCE NUMBER (BN 10) 17 20 558 
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Grading Curves
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KAFIE - LUSAKA ROAD Roadbase 
Test Pit No I" Sub-base 

Location (kin) : . Subgrade 

LOG SETTLING VELOCITY cm/sec BRITISH SIEVE SIZES 
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KAFUE - LUSAKA ROAD 
Test Pit No I 
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.'.:, . 
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S ," 

/_ 

I,,40 

_ _ _ _ _ _ 
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0i I 2 
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KAFJE - LUSAKA ROAD 
Test Pit No p2Roadbase Sub-base 

100 

Location (kin) : -.S 
LOG SETTLING VELOCITY 
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-16 
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KAFUE 
- LUSAKA ROAD
 
Test Pit No 
 3 Roadbase 

~Sub-base 
Location (kin) 6.4 

Subraie 

LOG SETTLING VELOCITY cm/sec BRITISH SIEVE SIZES100 -,' 
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/I' I . . .r1------- - . . 2 ---- ,-; ,i
601-6 ) 


S40 40
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-6 6 20 60 



KAFUE - LUSAKA 
Test Pit No 

ROAD
4 Roadbase 

Sub-base 
Location (k) : g.! 

LOG SETTLING VELOCITY cm/sec BRITISH SIEVE SIZES 
-4 -03 -2 

0016 I , 3 3 l 1 
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KAFUE - LUSAKA ROAD 
Test Pit No 

Location (kin) : .Subade 
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KAFUE - LUSAKA ROAD 

Test Pit No : 

Location (kin) : 2.0 
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KAFUE - LUSAKA ROAD 
Test Pit No 8 

Location (km) :ug-. 

LOG SETTLING VELOCITY cm/sec 
- 3 2 

100 KH~h~ 7v 
_____ T~~i f _o______II 

I 

!~ , 

BRITISH SIEVE SIZES 
7 3/16
JI _ 

_ __ _ __ _-__ _ ___ _ _ _ 

Roadbase 
Sub-base 

Subgrade 

,
3/81/2 3/4 1, 12: i100;_ 

0 

,o 

80 
* ____I. 

_____._ 

! 
0 

8 

rN.) 60____-- if 

N.) 
I - -I 

____ __60 

40 

FRIO 

*I--

I ! _,_ _/ 

L- - I Cors Fin I Meim Cas 

i 4 0 

T liii20 

*002 

SILT FRACTION? 

-006 -02 *06 

SAND FRACTION 

.2 .6 2 

GRVEL FRACTION 

6 20 

BOULDERS 

60 



KAFUE - LUSAKA ROAD 
 Roadbase

Test Pit No 
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KAFUE - LUSAKA ROAD 

Test Pit No : i Roadbase 
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Location (kim) : .o 
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PAN OPTION I : 8AC ANALtSIS ASED ON AXIAL DEFLECTION PAGE I
 
...................................................................................................... 
 °.......................
 

* Pavement Analysis Proqram I * John Burrow & Partners * 

8 P A N 8 Zambia * 

8 8 ' Version 3.A 8 

NEASUPED SURFACE DEFtECTION : 80 iml]Ol0
 

LOA0 IN,DETAILS
 

,ONTACT PRESSURE : 590 N~m2
 
RADIUS OFLOADEDAREA 13( mo (WHEEL LOAD 31.3 kNi
 

DETAILS
PAVEMENT I3 LArERSI
 

'AEP I.rFP P[eIII POISSON'S
 
NP IHINNESS MODULIS RATIO
 

m1 MN/m2 

5l35
 

,i: deduced from axial deflection)
 

(ORRECTION FACTORS
 

Deflections : Specified Factor! 
J I 2 

F[,II1 1.0000O 0.80000 

Strains Specified Factors
 
I 1 2 

FSTPiJI ).O0O
v.80000
 

PIlve mLsI Mo*dI B - ExiaHt ing Pavmeit 

Back Aibalysis to ind Reailient ModuluB of Roadbase Layer
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PAN OPTION I :8A0 ANALYSIS BASED ON AXIAL DEFLECTION P GE 2
 

BACP.ANALYSIS TO F1NI Mll 

ITERATION I
 

LOG MllI: 2.5
 
P: 590 FlaN2 :A:130 Nm :R: 0Om 
HEDEF12I: 186.24265 ;HED[F131: 340,92722: 

LAYER H N i !Trip 1OT DFOP BOT DEFLECTION 
Is MN/12 m mm el1O10 s/lO0 8I/100 

........................................................................................... 
I 150 316.228 0.35 0.00000 150.00000 42.56602 25,10926 17.458 
2 150 160.000 0.35 188.24205 338.24265 42.82758 26.8194q 16.008 
3 60.000 0.35 340.92722 53.26603 53.267 

TOTAL SURFACE DEFLECTION 86.733
 

LOG (i6: 1.q38 

ITERHIION 2
 

1,61; M, It I 

P: 5QOlIM,2 :: 130 me :R 0 me 
HEDEFI,: 276.3023o ;HEDEF(3): 42.68586 

tLAIE H !t IBOT
M bop DrOP 0601 DEFLECTION
 
OR 14/2 
 in m 11/1Ou B11100 smuIOo 

........................................................ ....... ............................................
 
1 150 100.000 0.35 0.00000 150.00000 13.46085 7.94025 5.521
 
2 15') 160.000 0.35 276.30236 426.30236 31.89060 21.77113 10,119
 

80.000 0.35 429.68586 43.22638 43.226
 

TOTAL SURFACE DEFLECTION 58.866
 

LOG Du: 1.77
 

ITEPAIOI!
 

LOG Mill: .5
 

P 1,90 ltN02 ;: 13"1mm :R: mm 
H[fELI,1: 405.5563' 3::HEIIEFI 55;.657'
 

II70 it i ?jOp 6OT DTOP 0801 DEFLECTION
 
No MNIM mi mm Am/100 11/100 mm/100 

............................................................................................................ 
i IS,, 3162.277 0.31. 0.00000 150.(0000 4.2567u 2.51093 1.74o 

S,0, ,,, i,5b.5637 55.55637 22.78993 16.98637 5.804 
8.100"' (1'35 556.96577 33,71805 
 .33,15
 

TOTAL SURFACE DEFLECTION : 41.267
 

LOG 16: Ibc
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3 

OPI~11,1 b110 W~iLtSI.S AxsL O('LUT1i G,bSf(,,0 


* Mii? mm? °''' ";mmI°IOO°''???'''?
" '' . -. "mm jt ''' T .... °--o'o oo-

HEIIFl'( 50 271,31
WHFlrID:; 75119054 

.......... ..........- . . . ....... .. ... . ::
O.....0. , .... 0 


.T~ 1K
is" t"C' Co) ~ 45. 75!1 15.90?A4 I ic0II 

TOIAL SU4FA . i0FLET :O 2q060-


LH((v~ i . ct 

ITERATI0t
 

HlT 1u?171 lL,3, ,73 ,,01f810 II49 O[ 

Sr :' aI am 0ihlO(0 m/100 mu/1O0 
1 2 (. . .S(1.'. . .0.000(. .7 .5 . .. . . . . . .. . . .000C, 0.425 .. .0 . 

liu. 6I0,)h ,0q,4000 0W O 15 

'740. 118,49 027 
;0 00{, . ' 025 1 1.A7O)1" 18,61477 8 615 

TOIAt SURFACE 20.369D'EFLECTION 

I
 ....... .... .. . I
i'i '!0 
 : 


i L Illl HIIILOII I,,eIP:a I, 11
 iOf' i 


P* 00 IVm2 :H* i3v jm ;:: m 
HDF?l: ?.03 2005 ;HE[DF1131:35t,29(18 

~ - * *-*----

LAIEI H 
mm 

l 
nMm 

!1 I0o 
soOa 

1801 
mWme 

OJOP HOT 
1s/lO0 

DEFLECTION 
mlO100 

I 
r150 

ISO 40?.000 
I 160 00 

80(.00 

0.," 
;.35 

0.35 

(1.00000 
7103.17005 

'15b.17908 

150,00000 
.353.92005 

39'48470 
40.4506t, 

Iq,75187 
25.1 6621 
51.1111 

13,1173 
14.684 

11 

.IOL SUkFA([ ILLECIION 79.589, 

W0IL 01fPI'1( 80imIIC'1I'(ION11t 
IF IrAS'UNF( HLIJPhIO 
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- .7i !< : < - ' .+© : e, <;; <' i ':
 

...................... ...................... ......... " °+.. ........ 
. . . . . . .
 

idpoegeinailyls proqli J.. .JOhnBurrow I ParItners 


I I.* .Version i,61)I 

................' ,., llit, i ... , , -


RADIS OFLOAD[I AREA 130m ImHmL loAP :31.3 INi 

PAEMHNTDETAILS 14 I.AiPSI 

SLAYER 
No 

LtfP PESILIVIT POISSOm'S 
Mobil[F~N~aIll PATIO.................... .. 

1 70 
IV, 

2500 
400 

0.35 
01.35 

.:. ........ ........ ........ ........ .. 

CORRECTIONFACTOR' 

iiii~letleilonsSpecifhed Ffa¢0. 
.....f[r~l :....... 0......O* C ' 0 '. 

'..... 

' 
. . ': 

. 
"7" 

FnErli 1.00600 r".8000 'l.80Ar 

Strainti ,mei t ie FicI1)i 

FSI1(fII i,,rO ,.8(00 00 ;(10 .). 

SURFAUF0(f[ULE0 lTltEP f(PlIFED tOr:. 1,. 
................................................... 
P: 590 1141.2 : 0 MR :P 1) m' u 

K;PEI. i?8,411', ;HE:[F(3,: 302,66505 ;EC'EF(4 : 532.77660 

.-

IIMHF 1)i iop 16onT DOP HOT1 DEFLECTOR 
m m H/m2 iN In .II0 11mlO0 1.1100 

..................................................................... ......................... 
I 0 '3 '00060 70.00000 5.38414 4.P& 0,q?0.f' 
 1 

(IYO I"Oft. "Q 5 1:8I.94110278.1411A 2~eI4 1 cc5Sl195
 
I I( t0.0C(, , 3 ,85.0 452.86505 2q,5167(, 05874 " 

80.00v . '.7700,voo 35.350,4, • 35.35

lOliLSUPFACE 54.234DEFLECTION 

i
COMlPUIEOPRFA(E IFLECT I(Oif 54 1UIIi'0


11IIUI.Iw I1.11 70 mm v'r I ty 21 
Plrodi 11 oijo I' ii1fce deI' leeL Igio qI'Lr tevi,r Icy ii 

< + 7 7 '' J
, ; ; " 7 I " f< : " + '_+ ,'+ '" ' : : . . 2% / ' " t r : ; :I '. :
 
; +;ty,<; . < ¢ !<" !, L;'.."< ; -('>*,- • s:. ", ,<, "t . , .';
;'; . f 
 . + L i " 7 ' '7 ' ,, "] ' ':.2'),(' <' ,¢ ;2 
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43 114 1 

4I • .I . 

8, ' 

° 

I. I. T' . 

5 11ZT
 
.. 1274 , ,.
 

1 
 4/' ". ', CHILAN A , " . . \., , , ......


lDRAWN BY: 

fJohn Burrow & Partnrs CHECKED BY: 
CONSULTING ENGINEERS 

DRG 

DATE 

No 

CULVERT No. 

CHAINAGE 

1 

10"3 

2 

12"5 

3 

13'5 

4 

147 

5 

15"9 

CATCHMENT 

Q 

AREA 760 

26 

730 

25 

200 

7 

30 

1 

900 

31 

COMMENT 
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' \ ' 0 HILANG -J ,. ,' 

."ANGA 4 I -,I .L 
/ ,/207/Z I' 

* '-1300 
.7.. 

* w dh1 1 / ;*,. 

"I''I ''2 0 ,'
 

., 
 I ./ ... 

2 tI , 2.I. 

I i"" "".?536/ZT " fI22 ...f 
 -. -4-, 
7 

- Ad. A " A ll 

' 
I '' *,"4 I 1 / , / 2-. 

it 

"/; ... 202' L~?" 
-#;PC~-- ,.

. .' I , - - ".- . .. " ... . - .: . /.i 

53,,ZT 0 21211 

/ --. papa 

/I'2 . 

DRAWN BY: DRG. No. 
,'John Murrotner CHECKED BY:, 
CONSULTING ENGINEERS DATE: 

CULVERT No. 6 7 8 9 10 
CHAINAGE 17'2 18.2 20.1 23.45 23.7 

CATCHMENT AREA 200 100 20 130 60 

Q 7 3 07 4 2
 

COMMENT
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1226 

53S/-.. 

. .... I..
 

I"-!I 

.... . ,P.,,
 

414 

'4 

:. ; €.i. ]:!', , " 2...,5:!: 

.Jonurrw 

CONSULTING ENGINEERS 

IartleR RAWN B3Y 

. ..C.E..BY: 

DRO. No. 
DATE: 

CULVERT No. 
CHAINAGE 

11 

2 68 
12 

289 
13 

2985 

14 

318 

CATCHMENT 

Q 

AREA 400 

13 

200 

7 

40 

1 

90 

3 

COMMENT 



# " # ./,', ,' 

' ,.
"' -- ---'-.- , q,: _ 


'l I 69' l i 

Iii 

"j.1 .. ... . ' . . .. 

.1259 

-i 121 O T c. 6 
CACHEN AEA 16 3437200 20 

-d -80 5 7 

CULVERT~15 1 No. ~ 17aB 

CHAINA E32'7 34'7 3'55 9 940 

CULVERT No _15 1 6 17 118 1 

CHAINAGE 32~-7 1- 36513. 406 

56 5~ 3 80 7 

COMM E 

2/212 

46 



KAF iE 1110.....$ ., 

5414 

I 

.Zr 'w ,
 

.:\, , , ~" K 

DRAWNBY:, D . No 

c] - tn - -,,

purw&I~rnrcnh 
4 .,..15 5 '-.,::I 


B oN 


CHAINAGE 44-15 46-1 50-4 


CULVER row. a R D 

48-4 51-5
 

CACMN RA440 605 290
215 760 

COMMENT 
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Schedule of Pavement
 
Rehabilitation Proposals
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APPENDIX G
 

Preliminary Bills of
 
Quantities
 

Presented in a Separate
 
Volume
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APPENDIX H
 

Schedule of Cross Section
 
Data
 

Presented in Separate
 
Volume
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APPENDIX I
 

The World Banks Highway Design and
 
Maintenance Standards Model (HDM3)
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THE WORLD BANK'S HDM3 MODEL 

by 

Dr M R Kraili 
University of Birmingham 

I THE DEVELOPMENT OF ROAD INVESTHEWT APPPAISAL MODELS FOR DEVELOPING 
COUNTRIES 

The first step towarda the development of fully integrated road 
investment appraisal models Zor developing countries was made by the 
World Bank in 1968. In conjunction with research institutions in the 
United States, and the TRRL in Britaln, a study was initiated to develop 
n mystam of even ~ttn*e t1ho aficato cif aonnatr-uatian an~d uaian~aanas 
tLaUiUal uLL vatiluA.J.s uj~jw&Q61ii6j iw3Lu Cv WLw v1u.11I Lvuun~. Ine C&e0 
model tQ emerge was the Highway Coat Model (11CM) developed at the 
Massachusetts Institute of Technology (MIT) in 1971. Although the 11CM 
was a conuidexable advance over other models uxisting at the time, its 
main impact was that it highlighted areas where more research was needed
 
particularly the dovelopment of relationships pertaining to the
 
environment in developing countries.
 

In 1973, the TRRL in collaborat.on with the World Bank undertook a 
major field study in Kenya with the objective of developing 
relationships for road deterioration and road user costs. The results 
of this study were used to calibrate a prototype Road Transport 
Tnveetment Model (RTIM) for evaluating the costs of road construction, 
annual road maintenance, and vehicle operation. Further co-operation
 
hbLwan Lh a World Bank, TRRL a1nd thi MIT resultud in an extended vi rslon 
of the models 11CM and RTIM and was known as the Highway Design and 
Maintenance standards model (HDM). An extenaive resAarah study in 
Brazil sponsored by the World Bank was concluded in 1986. The results 
from this study wera used to derived new relationships for pavement 
deteriordtlon and vehicle operation. The latest version of the World
 
Bank's model, HDM3 incorporates the results from this study together 
with the relationships derived from earlier studies in Kenya, India and 
tfle Carlobean. The HTIM and MDM models have been used extensively in 
road investment projects in Africa, Aila, and Contral America. 
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2 THE WORLD BANKIS IIDM3 MODML 

The main difference between the World Bank's MDM3 model and the 
TP4IL RTIM2 modal is that HDM3 is a multiple link-alternativa model. 
Scv~ral road linka can be analysed in one program run, where a link is 
dofined as a length of road carrying uniform traCfIu loading, The model 
is thus suitable for analysing transport costs for a network of roads, 

The prime function of an investment appraisal model such as HDM3 is 
to calculate the components of the transport cust in each year of an 
anaLybis perloo and conduct an economic nompac-on Of different. 
construction alternatives. To achieve this, the HOM3 model executes 
four modules I a data input module, a performance modelling module, an 
economic evaluation module, and a report generation module. A summary 
flow chart of the HDM3 model is illustrated in Figure 1.
 

3 DATA ItPUT AND DIAGNOSTICS MODULE
 

The HDH3 model can evaluate the transport costs incurred on up 
to twenty different road links, each having up to ten homogeneous 
ections with different pavement design atandacds and environmental 
oondltiona. A rosa iinx is cerlne, ny tne trartic loacing, thus all 
homogeneous sections within a link must carry the same traffic loading. 
Up to thirty differeent maintenance utandardo may l input to the nodal 
in the form of combinations of maintenance activities including 
reconstruction. Each road section within a link must be assigned Lt 
least one maintenanoe standard. Construction alternatives may also be 
specified for each of the road sections.
 

The vehile ohareatorintioc input to the model (e.g. axle load&.
 

vehicle prices, vehicle utilisation etc) apply to all road links being 
analysed. Traffic characteristics however are assigned to the road 
links separately in term* of traffic conpositions and growth rtes. 
Other ornato and benefts which cannot be calculated within the model may 
be specified directly. These may include road user savings due to a 
rioduction In accidents and discomfort, or values amsigned to socia
aet'nOn:c- banefi|s asch as intreaned agriLtIltural tncome. All unit ooste 
to the model are input in financial, economic, and foreign exchange 
terms. 

link. Each project alternative (referred to am a link-alfarnative) 

consists of the followingt 
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..
 

For each 'yearof the analysis
 
period
 

TRAFFIC SUBMODEL
 
Computes is year s
 
traffic for the link 

CONSTRUCIION SUBMODEL
7intiates road con~truction 'Uo'td Uoo threshol-d traffic 

or calendar year- computes costs for road construction
 
and changes road characteristics
 

~ROAO DETERIORATION AND
 

MAINTENANCE SUBMODELEiF-tima'as- r'oad surface deterioration, and 4uanties of 
maintenance work and costs in tenns of existin pavement
 
and condition, maintenance standards, traffic loading and
 

L environmental conditions
 

VEHICLE OPERATING COST
 
I I SUDMODEL
 

Stimates vehicle operating costs In terms of geometric
stan ards_ surface type tnd surface condition 

I .. .... SUB OOEL , 
A- gaas hiis year s exo.Lqgnous costs and be nefits
 

Store results for
 

Evaluation and
 
Reportinq Phase
 

I a
 
I I
 
I I
 

I I 

--------------------- -------- 4 

Figure 1 Simulation of a link-alterntive in 11M4 
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(i) traffic loading group, 

(ii) construction option (if required) 
(iii) vapiLal *xponditure (if required) for iiobilizing maintenance 

plant, vehicles, spares, workshops, manpower etc. 
(iv) 	maintenance standards consisting of combinations of activities 

such ac overlays, reconstruction, and surface treatments for 
each link-section. 

The modelling and ovaluation phases of the IDM program are carried 
ou' for each of the link-alternatives defined by the above spocifica
ttons. For ease of adaptation to performance trends in other areas, 
calibration factors may be input for each type of defect. 

All data Input to the model is checked and validated by a data 
diagnostics routine which compares the data input formats and data range 
limits with those required by the model. Warnings and error messages 
are given if the input data does not fully meet the requirements of the 
model. 

4 THE MODELLING MODULE
 

The modelling module shown in Figure 1 is applied to all road
 
sections specifiod in the data input module. The results of the 
ndKeling phase are stored for each yeur of analyeia and for each link
alternative in direct access files for retrieval by the evaluation and 
reporting phauo. For each year of the analysis period, the following 
submodals within HDM3 are applied i 

4.1 The traffic submodel
 

The function of the traffic submodel is to calculate the traffic 
loading in the current year of analysis beginning with the ADT specified 
for the first year of the analysis period (the base year), and 
incremented acCordlng to apecified traffic growth rates. 

4.2 The construction submodel
 

The submodel is used to calculate the total cost of construction 
(if required) and to update the geometric and pavement design standards 
of affected road sections in each year. 
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4.3 The deterioration and muintenance submodel
 

This is the larquat uubinvdal whiuh parforma the a~lu3.ation of 
annual road conditions in terms of road roughness, pavement crao1ing, 
rutting, ravelling, potholing and gravel lose on unpaved roads. 
Deterioration is modelled as a function of the initial pavement design 
standard and the effects og maintenance. The arount of maintenance 
carried out in a given year depends on the iniitenance standards 
specified by the user. This can be done either as a oondition
 
responsive policy, e.g. apply an overlay if the specified critical
 
condition is attained during the analysis period, or as a time dependent
 
policy, e.g. apply an overlay every 8 yearv. MQot types of maintenance 
troatmonto can be specified in HDM3 as part of a maintenance standard.
 
This comprises a set of scheduled maintenance activities rationalised to
 
rapLoeent 	 practical maintenance policiae. For example, a maintenance 
standard may include patching of potholes, surfaoe dressing and
 
overlaying, but those will be rationalised so that surface dressing and
 
overlaying are not applied in the eane year.
 

The performance of the constQructed pavement is modelled using two 
factors which greatly influence the results of tho economic appraisal,
 

(i) structural nuibar, and
 
(ii) road roughness.
 

The pavement Structural Number (SN) L an index which 
represents pavement strength in such a way that all pavenrv.nts with the
 
same SN should have similar performance. The structural number of a 
pavement is defined by an empirical relationship in which the 
thircns.ses anti .*ronj.*ha of +ha D~erf IAy^r? mra rtnmhineA in *hA 
equation below, 

SN ai . hi 	 ..... 

Where 	 ai - strength coefficient of pavement layer (i)
 
hi - thickness in inches of ravemsnt layer (i)
 

The values of the strength coefficients for the layers depend 
mainly on the type and strength of the materials. The above equation is 
uoually modified to tako into account the contribution to pavement 
strength made by subgradee of greater than 3% CBR. Structural number is 
used in HDM3 to model pavement performance. Strong pavements will have 
high structural numbers and therefore a low rate of deterioration.
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Roac rougnnauu Ia the sooonm ,riivl'i pmrammtmr unmd In 

modelling pavement performance. It is the single pavement condition
 
which is used in the calculation of road user coats, particularly VOC. 
It represents the uneveness of a road surface and is taken to b the 
cause of wear and tear in vehicles. Roughness is commonly measured 
using one of three systemst 

(i the TRRL towed fifth wheel bump integrator (BI) in mm/kn,
 
(ii) 	 the Portland Cement Association (PCA) road meter, giving the
 

Quarter-car Index (QI) which simulates the vertical motion of
 
a standard car and is measured in counts per )=,
 

(iii) 	 vertical profile measurements using a rod and level. This is
 
the internationally adopted standard referred to as the
 
International Rcughness Index (IRI) measured in meters/km.
 

The following rolationchipa, developed at the World Bank are
 
used to convert roughness value. between the three units I
 

D1 - 55 x Q . ........... (3) 
and, 

BI - 630 x IR I '12 

A newly constructed road has to be assigned a structutal number and
 
an initial roughness. The very high dependence of road user costs on
 
roughness, and of roughness progression on the pavement structural
 
number, suggests that the results of an economic economic analysis will
 
be affected by the values assigned to theme two variables at the
 
beginning of the analysis.
 

4.4 The 	VOC submodel
 

This estimates the costs of vehicle operation as a function of the
 
average road condition (particularly rod roughness) in each year of the
 
analysis period, the geometric characteristics of the road (i.e.
 
vertical rise and fall, horizontal curvature, and road width), and the
 
opecifiod traffic and vehicle characteristioe. The VOC submodml is also
 
used to calculate passenger and cargo travel time costs.
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4.5 The exogenous benefits and costs submodel
 

This aubmodel is used Lo assign costs and benefits in the current 
year wnlc cannot be ustimatw wh.Llili 6)&asitcadal. Such cost* and 

benefits may include toll charges, savings in accident and discomfort
 
costs, and the salvage value of the road in the final year of the
 
analysis period.
 

5 THE EVALUATION MODULE
 

The evaluation module performs econontic analyses for each of the 
apecified road links based on the costs of construction, maintenance, 
and vehicle operation calculated for each year in the analysis period. 
Denefita are caloulatod by comparing each link-alzornative against the
 
specified Do Nothing link-alternative. For each link-alternative, the
 
model calculates the annual financial, economic and foreign exchange 
cotse of construction, capital invutmanti nt.arau, vehioo 
operation, time, and exogenous costs or benefits. The results of the 
analyseg are given uainr the two economic ind*ic'Ator*a Net Preaent Value, 
amid IiLernal RtaLe of ReLurn. Groups of link-alternatives can also be 
compared, for example, to determine the benefits of different 
maintenance standards over a network of roads. 

6 THE REPORT GENERATION MODULE
 

Results of the modelling and evaluation performed by HDM3 are 
stored in direct acceen data files. In the input module, the user may
 
specify the types of output required from the model, The report
 
generation module prodwoog the required output from the results held in
 
the direct access files. These include tables giving a summary Of the 
transport coats incurred each year, tle benefits derived from specified
 
projects together with their Net Present Values and Internal Rates of
 
Return.
 

7 THE MICROCOMPUTER VERSION OF HDM3 

The World Bank has recently completed the adaptation of the HDM3 
ncul to microccwnputcra. A uoor-friondly front and program is included 
in the microcomputer packago to assist users with data input. The front 
end program performs all formatting requirements for input files, and 
.3'honl'a 41%Q "aliA. o the 4&#406. Un2.Lho .alag oat mod4i in MO2 
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not check the logic of the data
however, the front end program does 

sequence. For example, in the diagnostics module, it is not possible to
 

run 1DM3 with link-alternatives which are not cefined in Series A. The
 

front end program will not check for the existenca of a link-section if
 

it is specified da an alternative. Typical runtime duration of the HDM3 

mnf- nn microcomputevs range from 3 minutea to over 30 minutes 

aepending on the harUwcu.u c nfiu,ratLon of the inLoro (a.g. IRM AT with 

math coprocassor will LQke round 4 minutes, and an 1DM XT will take 

This when compared against the total turn-roundmore than 30 minutes). 


time for mainframe computers is quite acceptable.
 

SUMMARY
 

The HDM3 model can be used used to perform a number of economic 

analyses. One important type on analysis is in the choice of surfacing 
typo ctiring tno aubJ.iti " pavemant. A 0.znple oxftvplao £. 4e ah.it+4a 

between a surface dressing or an asphalt concrete surfacing for a
 

pavement to be constructed in a developing country. In this case the
 
surface dressing is likely to have a high initial roughness with higher
 

roughness progression rates resulting in a high VOC component but with a
 
lower cost of construction. The UhoiUv beLween the two surfaings will 

therefore be governed by the total VOC calculated for the two
 
alternatives.
 

In the geometric design of new roads, the invqspaments models can 

only be used to reject those designs which would be e%:cravagant e.g. the 
proviaion of a dual carriageway when a singl oarriageway would suffice. 

It should be noted that the geometric design of roads should be done to 
satisfy capacity requirements and to avoid accidents. The investment 
models do not evaluate benefits from savings in accid t rates, and 
since the models do not evaluate the effects of traffic cngetion, they 

cannot be used to determine optimum geometric designs, For example the 
similar results would be obtained for a single carriagaway of 12 m Width 
and a dual carriageway of 6m width on either side if construction coats 
are equal. 

Although the HDM3 model does not carry out mathematical 
optimisation of, for examplo, maintenance activities or the timing of 

construction or maintenanco, it can be used to conduct a sensitivity 
analysis of the results to study the effects of changes in construction 
Cost, 1ToU.U1LeuaLA~UV PQ~ VOC, trcaffic grawth, dinaouant ratoo, and timie 
values. The etfacts of time staging project dituLnativee can also be
 

carried out by using the the expenditure budgeting module of HDM3.
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