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DEFINITIONS

Sub Grade - The term given to the cround below the pave-
ment lavers. It is sometimes reterred to as the Road Bed.

Base. Sub-base - The term given to the pavement lavers.
The lavers are numbered consecutivelv the uppermost layver
being referred to as Base 1. Alternately tLhe uppermost

Inver is referred to an base and the laver below is
referred to as sub-basge,

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

Dvnamic Cone Penetrometer (DCP) - A standard Rod with a
Cone tip driven into the pavement lavers and the ioad
bed. The resistance as measured by the number of blows is
used to derive the strength of the various lavers.

Benkelman Heam - A tool used to measure the deflection
characteristics of the Road when subjected to a load.

Compactive Ettort. - Detined us Lhe density of the
material after the application of the compactjve effort,
This is apecified as a percentage Mod. AASHTO.,

In sgitu Moisture Content {mc) - Field moisture content at
time of sampling, This will vary from season to season.,

Plastic Limit {PL) - Moisture content at which a clay Boil
passes from the solid to the plastic state.

Liquid Limit (LL) - Moisture content ut which a clay soil
pagses trom the plastic to the liauid state.

Flasticitv Index (Pl)} - Magnitude of rande of moisture
contents over which the soil is in the plastic state, (Pl
= LI, = PL).

Linear Shrinkage (LS) - Shrinkage {expressed as a percen-
tate of the original lendth) of a specimen after drying
out from a state where the moisture content equals the
Liquid Limit.

Grading Modulus (GM) - One hundredth part of the sum of
the percentazes retained on the 2.00mm, 0.425am and
0.075mm sieves.
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17

18

AASHTO  Classification -~ SYvatem of s80il classification
which divides soils into seven groups desidnated A - 1 to
A - 7., depending on physical properties (particle size
distribution, Liguid Limit and Plasticity Index). The
lower the classiftication number, the better the material
is from a highway stability point of view.

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

Desian Life - A period of vears, e.« 10, 15, or 20, sele-

cted by the designer, for which he expects a pavement to

remain gerviceable before reaquiring strengthening or recon-
gtruction.

Design Traffic - The estimated numoer of equivalent 8200
kN sindgle uxles which will be carried by the lane during
the desian lite of the pavement.

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

Heavy  Veliicle - This is defined as any vehicle with a net
nugs exceeding 2300 K«. Such vehicle are required by law
to carry reflective rear chevron markings and have been
analvsed to determine axle equivalences for design
purposes.
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1.1

1.2

1.3

1.4

INTRBODUCTION

As part of its Svuthern Africa Regional Programme the
United States Agency for International Development
(USAID) 1is plarning to provide funds in the financial
year 1990 commencing on October 1, 1989, to rehabi-
litate the Kafue - Lusaka road from the Kafue River
Briddge 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 adjoing  the Kafue Chirundu Road which was
recently rehabilitated using funds provided by the
USATD from the Regional Transport and Storage Develop-
menl Project.  The two sections, together, form the
Zambian section of the Southern Road Tranegport route
which is an important transport route for Land Locked
Zambin and for the Southern Africa Region.

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
vchabilitation works and an estimale of the cost of
construction. The output from this study will be used
by  USAID for budgeting of project finance and
preliminary engineering designs will become Lhe basis
for detailed engineering design and preparation of
contract documentat on.

The original Terms of Reference and the Consultants,
proposal specified the start point at Makeni at the
Lusaka end of the Study Road. However in the early days

of the gtudy the Consultantas were requested to
consider the start point of the study as the traffic
circle at. the intersection of Kafue Road/Ben Bella

Drive/Cairo Road ludependence Avenue. However Lhe cost
estimates have been prepared in such a way that the
cost  of rchabilitating this first section of the Road,
traffic circle Lo Makeni, can eagily be separated.

In accordance with the terms of reference the data
utilised, study methodology, analysis and recommenda-
tions of the atudy 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
section data for the road corridor arc all presented in
geparately hound documents.
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2.1

THE STULY ROAD
Location

The road under study is the T2 Trunk Road between
Lusakn and Kafu~ Pridge, having a total length of 53.3
km. The road links the capital city lLusaka with an
important industrial town, Kafue, and continues
southwnrds to  the bridge crossing the Kafue River
(Figure 2.1}, The road is important in a regional
conlext, linking Fnst and Contral Africa with tho
rorion south of the Zambezi Rivor.

The start chainage (km 0.0) of the roud is on the Kafue
Road  side of  the turning circle at the junction of
Rafue Moud, Bon Bells Road, Cairo Road and Independence
Avenue. The end chainoge (km 53.3) is at the north end
of the Rufue River Bridge. Botween kw 0.0 and km 3.9
the rooad is a four lane carrisgewny {(two lanes in cach
direction) with no median strip. At km 3.9 the road
pustes  through the suburb of Makeni and then continues
us o single carringoway .  Botwoon km 14 - 15  tho road
pnsses through  tho town of Chilangn which is at  the
boundary  of the city of Greater Lusaka. The town of
Kaufue  is” locnted betweon hnm 43 - 44 und  the river
crossing (km 53.3) is a further 10 km southbound.

Topography

The dual carriageway section (km 0.0 to kim 3.9) is flat
und low-lying wilth eovidence of standing water in
ditchos und on the surrounding land. After km 3.9 the
vertical alignment romains fla*t and low-lying until Wn
6.0 whon the road level rises above the surrounding
wround.

Botwoeon km 10,0 and km 11.0 the roaud lovel dips
significantly  in the vicinity of a stream crossing at
ki 10.56. The alignment thon risos slowly and  falls
again  in the vicinity of km 2.5, where there is
anolher  stream  crousing, with evidonco of standing
water. The road rises significantly between km 12.5
and  km 13,0 nnd the alignment thon romaing fairly flat
as for au Chilanga (km 14.3).

Botween  km 16.0 and km 23.0 the vertical alignment is
rolling with dips in the alignment ot km 17.0, 18.3,
und ki 21.8. From km 23.0 to ki 30.0 the alignment

is predominently flat and low-lying. Within this
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longth thore are effectively threeo long, straight low-
lying ustrotchos of road with hills cresting at km 25.0
and km 27.2,

From Wkm 30.0 the horizontal aligument becomes more
varied us the road passes around several hills, with a
short escarpment section between km 37.0 and km 38.0,

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

Geology

Disrogurding superficial and swamp doposits, about two-
thirds of Zambia is underlain by Precumbrian rocks.
Extonugive tracts  of Karroo rocks occupy the Luangwa,
Luano- Lukasashi and  Zambezi  rift valleys, and the
smal lar Rufunsa depresssion. Though it is now covered
by superficial deposits, the lower Kafue valley scems
to be undorlain by Karroo scedimonts and  probably
represents an ancient rift valley which, unlike the
other troughs,  has not been so strongly rejuvenated by
recent lfaul ting.

The  base of the Katanga System is the major and best-
defined line of domarcation in the Precambrian. The
pre-Kulangn rocks comprise grunites. granite-gnoisses,
meloquartzitos, melavolcanics and altered basic rocks,
with a dominant north-easterly trend. Intense
deformation, metamorphism and granitisation have often
destroyed  stratigraphic continuity and much of the
evidence of inconformities and conformable superposi-
tion of lithological units may have little or no stra-
tigraphic significance. The main evidence for sub-
division is provided by marked differences in the grade
of metumorphism of rocks of comparable 1lithology, and
the interplay of minor structures.

The aren about lLusaka is underlain by ancient Late Pre-
Cambrian  and Lobwer Palaezoic rocks of the Katanga
Systom, which in turn overlie tho Pro-Cambrian Basemont
Complex. They consist mainly of metamorphosed gneisses,
schists, quartzites, limestones und shales. Rocent
nlluvium occurs on thoe Knfue Flats and along the flood
plaing ol minor rivers.



In general, soil development depends mainly on
differences in parent material, the material on
which the soil has developed climantological conditions
such as temperature, precipitation, etc., and differe-
nces in topography. In the area about Lusaka there is
a close relationship between the develapment of the
goil and its wunderlying rock or parent material,
particularly with regard to soil texture, colour,
gtruclture and other morpholugical features.

Around the city of tusaka dark brown 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
adopted is to give brief descriptions of representative
soil profiles in different arcas along the road
corridor,

Area 1, York Farm at km 8

York Farm is situated on the almost flat surface of the
plateay about B 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, characterised by muscovite-biotjte psammites and
quartzites mixed with metamorphosed limestone. The
well-drained clayey soils {60-70%) of the Makeni 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 (pH 5.5 to 7, base-saturation 70-90%). Clay
mincralogical  investigations demonstrate a suite with
halloysite, 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 grain 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).
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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 base saturation and a clayey topsoil.
Mineralogical examination of the Makeni Series clay
fraction has  shown  that mixed layers of 11lite-
monlmorillonite are present, together with illite and
trances of quartz and kaolinite.

Areca 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 interspered with
outcrops of gravel and rock which culminate in a low
ridge and isolated hills, The piedmont slope (1-2%X)
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
Lto 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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percent., They are dark 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 41 ¢m or more. The formation of these features is
due to alternate wetting in the rainy season and drying
of  the soile in the dry season. Expanding clay
minernls take up water during the rainy period,
expending in volume, but lose il during the dry period
o Lhat 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 onc dry season each year. The rain falls between
November and March, these months accounting for about
93% of average annual rainfall. Temperatures are
generally  nob  excessive,  the hottest months coming
immedintely before the annual rains.

Climatological details at Mt Makulu Research Station
(Chilanga) are summarised below:-

Mean Monthly Temperature ¢ 15,7 - 24.6 deg C

Absolute Max Temperature 31,1 deg C
Absolute Min Temperature : -1.6 deg C
Mean Relative Humidity : 37 - 83 %

Mean Monthly Evaporation ¢ 111 - 284 mm

Mean Monthly Rainfall 0 - 219 o
Average Annual Rainfall : H36 mm

A typical value for the Thornihwaite Moisture Index (1m)

can he  estimated from the following ' climate
classgilicatjion

Moisture Index (Im) Climate

100 and above Perhumid

20 to 99.9 Humid

0 to 19.9 Moist subhumid
-19.9 to 0 Dry subhumid
-39.9 to 20 Semiarid

-100 to 40 Arid
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Baned  on moist subhumid c¢limate, Lhe moisture under
(I m) is estimated at 10, Meteorological conditions do
not change appreciably between lLusaka and Kafue,
despite a caange in altitude of over 200m. For study
purposes, at this preliminary stage, climate condilions
Al ML Makulu may be considered typical for the entire
road ltength.

Comparison of monthly rainfall and evaporation data
shows  water surpluses during Deceaber,  January and
February, Deflection measurements for  pavement
evalualion should, Lherefore, be made in these months,
or shortly thereafter.

Ambient.  vemperatures are best quantified for pavement
performance purposes by the weighted mean annual
average  temperature, W-MAAT (Refl 1). This value has
been  calculated and is shown below with comparable
values  for other areas from which pavement evaluation
methods are sometimes borrowed: -

Location W-MAAT

ML, Makulu 22 deg C.
London (England) 12 deg C
Pretouria (S, Africa) 19 deg C
New Delhi (Tndia) 28 deg C
Melborne (Australia) 15 deg 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.

Yegetation and Land Use

The Lusaka - Kafue Road is situated towards the
southern margin of the Central Plateau which, in common
with all plateau areas of Zambia, is predominantly
clothed  in a4 form of dry deciduous termed 'micmbo’,
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 plateau to produce a region of
varied relief and vegetation. The variation in
vegetation is further accentuated by local edaphic
controls and the influence of fire, to produce a
complex mosaic of natural and semi-natural communities.
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Miombo woodland covers not only arcas ol plateau around
Lusaka, but also a large part of the dissected hill and
escarpment. country to the south and south-east of the
city especially between Chilanga and Rafue. 1t is a
two storeyed woodland with an open  canopy of  semi-
evergreen trees. The canopy stands 15 - 21m above
ground level  and provides shade to between 60 and 80
per cent of the ground area. The underwood layer is
most.  commonly of grass and herks, 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.

Atomgside  perennial  streams such as  at chainage 33
conditions  remain moist and more humid throughout the
year, Jleading to the growth of c¢vergreen riparian
woud Lads, These are dominated by trees with a dense,
Lhicket=1ike shrub layer and many  tangled climbers.
Only . few remnants of these woodlands survive because
most. huve been cleared or severely degraded by attempts
to utilise the perennial supplies of water for the
growth of crops and grazing.

The dominant trees of miombo woodland are all deciduous
but  the woodland is frequently described as semi-
evergreen,  This is because the woodland canopy is bare
of leaves for a relatively short period of each year.

Periodic clearance of the woodland for agriculture
appears to have little long-term effect provided the
area does not suffer repeated burning during the
regencration phase, lmmediately 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.

Just  to  the south of Lusaka much of the roadside is
covered  with a more open savanua  woodland, called
"munga’  {(a vernacular word for thorn), which descends
to  open grassland on the "Flats® of the Kaftue valley.
Munga consists of scattered or grouped trees up to 18m
tall which form a discontinuous canopy over an
undercover of either bush or grass and herbs, although
in some areas undercover is almost entirely absent.
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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
hus  been abandoned  or allowed to revert to grazing
land.

Large arecas 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.

Dumbos 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
Chilangn, little of the orlginal 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
gpecification for limestone for cement manufacture is

12



low magnesia content free from contamination with
dolomite. Additives which are produced locally are
phyllite and hematite,

Marble is also quarried on the south-eastern outskirts
of Lusaka for concrete and road aggregates. Here the
pressure  of the slightly harder dolomite gives better
c¢rushing properties than the calcite marble. At km 37
there is  a  quarry operated by the roads department
which supplies road aggregates for surfacing and this
rock has been used extensively in the study area

13
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3.1

3.2

SUMMARY OF EXISTING CONDITIONS
Teallic

On the dual carriageway section between the Kafue Road
Roundabout.  and Makeni (km 0 - km 3.9), traffic levels
are  generally  high, with significant delays on  all
approaches  to Kafue Road Roundabout during peak
periods. Peak flows generally occeur between 7,30 - 8,30
am, 12.30 pm and 4.30 - 5.30 pm,

A signilicant pumber of vehicles leave the study  road
at o the Makeni junction (km 3.9), and the next major
Juneltion  is the Blue Boar junction «¢lose Lo Eureka
Coner (km 7.5). There are limited overtaking
apportunilics  between km 7.0 and ke 13,5 (near
Chilanga), duer to the horizontal alignment, In
addilion, the large number of slow moving heavy
vehicles, particularly in the Lusaka bound traffic
lane, lewds to deltays for vehicles wishing to overtake.

Between  Chilanga  and  Kafue, traffic levels are
generally light, with only limited delays due to slow
moving vehicles on the few hilly sections. Traffic
levels  reduce further between Kafue Town (km 43.5) and
Kafue Bridge (km 53.3).

Pavement Condilion

The  existing pavement construction gencrally comprises
150 mm lateritic gravel sub-base and 150 mm stabilised
lateritic gravel roadbase with a double surface
dressing layer as wearing surface. On Lhe dual carria-
geway section, the bituminous surfacing is between 40 -
60 mm thick.

On the dual carriageway section, between the Kafue Road
roundabout (km 0.0) and makeni (km 3.9), the pavement.
condition is generally good, with only limited evidence
of surface cracking or deformation., The riding qualily
on  this section is good. However the lane widths are
narrow and from a traffic safety point of view this
section road should be regraded with great concern.

Between km 3.9 and km 7.0 there is extensive block
cracking and some deformation in the wheeltracks., From
kim 7.0 {kurcka Corner) to km 11.0 the incidence of
cracking is not so extensive, but Lthere is an area of
settlement  at km 7.7 and extensive potholing in  the
vicinity of km 10,5,



3.3

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 Lhere are extensive potholes, some of which
have previoudly been backfilled with rocks which
protrude from the road surface.

From km 14.3 to km 16.8 the pavemenlt condiition s
fairly good. Between km 16.8 and km 23.0 the
topography is rolling with dips in Lhe alignment at km
17.0, km 18.3 and km 21.8, FExtensive potholing is
present in thesc 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 are three long flat
low-lying stretches of road (separated by hills at km
25.0 and km 27.2) which are characterised by extensive
areas of patching and block cracking. From km 30.0 to
km 233.0 the vertical alignment is gently rolling and
the pavement. condition still exhibits  significant
lengths of patching 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. The
block cracking is more extensive between km 41.0 and km
44,0 (in viecinity of Chllanga), with evidence of
gurface deformation, After km 44.0, the pavement
condition is fairly good as far as km 48.0. Thereafter
(from km 48.0 to Kafue Bridge at km 53.3) there are
wignificant lengths of block cracking and patching.

Schedule Significant _features
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

3+ 906 Junction right to Makeni

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

lane standard.
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16

17

18

20

100

500

900

000

500

600

200

000

500

800

300

800

400

900

000

900

000

Filling Station

Carriageway width 5.9m. Shoulders not
defined.

Andrews Motel

Filling Station

Blue Boar junction right

Left hand bend. (Eureka Corner).
Carriageway width 6, 10m,

Junction right to Zimco Management
College

Left hand bend at bottom of dip.

Side long ground requiring cut off drain
and cross culverting.

Bad failed section of pavement not
apparently connected wilh 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 6,9nm

Carriageway narrows to 6.lm

End of Chilanga Township

Rolling country with good drainage
potential. Drainage appears blocked.

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

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

Road surface condition improves.
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20

21
23

24

26

27

28

36
36

J9

40

10

800

600

800

500

500

500

700

500

900

100

500

900

100

700

0on

100

Cut Section. Carriageway width 6.2nm,
Insufficient width for full shoulder and
side drain,

Failed section at bottom of a dip.

Road surface condition improves.
Junction right to Arudni Farm.
Carriageway width 6.5m (locally widened

for junction by hanching).

Road shape and condition good with only
isolated potholes.

Low lying arca where surface condition
deteriorates.

Road surface condition improves.
Powerline crossing.

Generally low lying wsection where
drainage outfalls can only be obtained

over a considerable distance.

Carriageway width 6.2m. Shoulders very
wide,

Existing drainage appears blocked. Road
level generally acceptable.

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

Access to qusrry

Country becomes hilly.

Carraigeway width 6.8m, shoulders need
widening. Road surface condition very

good.

Right hand bend approaching railway
crosging.

Railway crossing.
Road appears to have been overlaid with

a low stebility 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. S8urface condition good.

48 + 600 River Motel
53 + 300 Kafue River Bridge.
Prainage

A detailed survey has been carried out on the road from
Lusaka to Kafue. 1t has been generally ohserved that
the capneity of the culverts are in general adequate
and no over topping has been observed in recent years,
The main problem with the drainage on the road is lack
of preventative maintenance, the side drains have been
allowed to be totally overgrown and the mitre drains
have been blocked and have not been cleaned out
recently in addition some cross drainage culverts are
too low and have been allowed to silt up,

These areas, 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
cases  thege will only have to be extended under the
road shoulders and slopes. Those tLhat 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.
4'1

4.2

TRAFFIC SURVEYS

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 callecd 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 kmn 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.

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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§ = South bound towards Chilanga
Summary of Traffic Data collected by the Consultant

Direction N = North bound towards Lusaka

Hote:
Table 4.2



4.3

4.4

Date Location Approx km

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

Crossing 41.0
April 1989 Kafue Weighbridge 53.0

The resulte are suamarised in Table 4.1

A cursory analysis 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.

r i rveys

To supplement the existing traffic data, a twelve hour
manual clagsified 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.

i rowt

The road between Kafue and Lusaka forms the only viable
road connection between East and Central Africa and
areas south of the Zambezl. At Lusaka, the road network
gplits 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 Kagungula. In pan-
African terms this road from Kafue to Lusaka is one of
the most important section~ 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 production/
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 norsal
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 economic activity due to reduction in journey
times and costs and increased accessibility.

In the case of the Kafue - Lusaka road traffic is
unlikely to bhe generated due to any proposed
improvements in itself as a paved road has existed for
over 20 years and is Btill 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 avallable 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, aB the Port of Dar-es-salaam reaches
capacily 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. An  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%
gince 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*x 632 19 173 129 911

Source: Roads Department

¥  Assumed to include all commercial vehicles
other than single limit trucks and buses.

*x Not assessed aB part of the annual
traffic census.

i Wt t ic - j -

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, the truck
traffic as dofined as a combination of single trucks
und uarticuluted truck has remained situtic in the order
of 30 to 35 porcont. Howovaer, within this total, au
the single typo of truch trauffic reduced the articu-
lated type of truck traffic hag significantly
incrousod. Thiu effect is clearly shown in Figure 4.3
whera the total truck traffic has beon plottod as
percentage  of total traffic and the urticulated truck
traffic component has been shown within it. The actual
percetttage figures are shown in a tubular form below,

Year Single Unit Articulated Total Truck
Truck Truffic Truck Traffic Traffic as
as % of Total as % of total % of Total

Traffic Traffic Traffic
19833 31.6 6.1 37.7
1984 21.9 5.3 30.2
1ons 28.8 6.9 35.7
1086 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

Track Traffic_as n percentage of totnl traffic nt Kafue
Woigh bridge (1983 - 1989)

This  changing trend should be oxpectod as, the truck
fluol in the rogion and especially in Zambia has been
modernised through international doner assistance in
the recent years and the newer fleet tend to be less
nunber of larger units. In addition, the international
bulk cargoe traffic, which due to improved operational
porformmnce al  the Beira port and due to improved
accoss Lo the port is beginning to get diverted from
the saturated port of Dar-es-salaam, is transported in
lurger urticulated units,

This  change  in type of truck truffic is of course
dottumental  to the road pavement und contributes to a
faster  roate of deterioration of the pavemont. As
disicrinind  elsowhero  honvier  traffic has o greater
dumaging power on the road. llsing equivalent standard
urzle  factors caleulatod from the 1985 Kampsax/CorlBro
data and applying it to the roads Department traffic
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TRUCK TRAFFIC AS A PERCENTAGE OF TOTAL TRAFFIC
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FIGURE 4-3 TRUCK TRAFFIC AS A PERCENTAGE OF TOTAL
TRAFFIC AT KAFUE WEIGHBRIDGE {1983 -=1989 )
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figurv the Equivalent Standard Axle per commercial
vohicle hus boon calculated for yoar 1983 to 1989, and
has boun presented bolow. As can bo seon the equiva-
lant standard axle per commercial vehicle has increased
by over 60 percent during this period.

Your ESA/Commercial Vehiclos
1983 2.40
19841 2.46
1985 2.59
1986 2.43
1987 3.59
1988 3.85
1989 3.93

Source: Consultants calculation using Kumpasax/Carlo-
Bro data.

Average Damaging Power of Commercial Vehicles at
Traffic Point GOA

ALl oxtruncous, political and economic fuctors being
oyunl, thoe growth of commorcial traffic could be
reasonubly  ostimutod on the basis of Gross Domestic
'roduction (GDP) in real terms. As cun be seen below,
though populution has boon rising, GDP at  constant
1977 prices has remained, over the last few years,
roemarrhubly static.

Yeur Population GDP at Constunt (1977) Prices
1080 5.86 Million K 1996 Million

1981 5.87 1882

1982 6.05 2052

1983 6.22 2019

1984 6.42 2012

1985 6.72 2044

1986 6.75 2056

1987 7.27 2052

Avs Growth
Rate 1 3.4% + 0.4%

Source: Central Statistical Office

Hucent Population and GDP Growth Rutos
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However, from the changing pattern of the type of truck
traffic, where the smaller trucks have been rejplaced 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 1is 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 suggeat 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 producticn 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.

1/2
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 iate for this component of traffic has
been 15 percent per annum during the 1983 to 1989
period.

As a firat 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 Tratffic Growth rate = a x b x 100

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

o
"

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 hefore
traffic estimation and projection on the road must
be tuken into account the geopolitical situation in the
SADCC Region as a whole. The following actions and
evonts in particular will have a significant impact on
the truffic lovels on the road.

(i) Ruduced Rogional dependonce on South Africa and
incroused  regional cooperuation and dependence
Lhrough SADOC.

(ii) Ipsroved political stability in Mozombique
leading to incroused operational security of
the Beira transport corridor.

(iii) lmproved facilitios eand grater operational
reliubility of the Beirua Port.

(iv) Sutluration of cupacily of the Dar-es-saloam
port,
(v) Indopendence  of Namibia combinod with the

uncertaintios with regard to the Wolves Bay.

Tuking into uccount the sbove which would largely lead
to un  increase in heavy vehicle truffic the annual
traffic growth should be rounded up to 2.5 percoent.

Traffic growth rates are required for o project of this
nature  from an Erngineering Point of View to determin
the required volumetic cepacity of the road and the
puvament  stlrongths that must be provided to cater for
this  traffic. In addition wny LEconomic viability
tnalvaeis will  roquire un estimate of benefit in the
form of  generated activity, savings in vehicle
opurnting  cost  ele. which are all  truffic volume
rolatod.

Il the cuse of  puvement dosign for reconstructed
sectiony, the design is largely o step functions and as
such  any  growth fuctor ranging from 0 to 3.5 percent
vpplied to the traffic figures will give tho same
rosul ts, [n the case of volumelic capucity design
irrospective of the growth rate within tho 0 to 3.5
rangs, the soction butweon km 0 to 3.9 would have to be
dunl  carrisgeway and the section from km 15.1 to hm
53.3 would havo Lo bo to class LB standard, The
suction of  the roud thatl ig growth rate sensitive is
the one betwesn km 3.9 and km 15.1. However when
considerimg  this  section of the roud the following
fuclors, must be noted.
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4.5
4.5.1

(1) The Boundary of the city of Lusaka has been
moved from Makeni km 3.9 to Chilanga km 15.1,
reflecting the growing Peri 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
consultant has based traffic projections for the Kafue
=___Lusaka road on__current (1989) traffic levels
escalated at _2.5X per annum for 10, 15 and 20 year
Dberiods, Geometric design and cross section dimensions
have been based on 20 year projections but the design
of pavement strendthening works has bcen considered for
10, 15 and 20 year periods. The World Bank Highway
Design and Maintenance Model HDM-IIlhas 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
Cupulative 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 treffic 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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(4]

Department  counts were undertaken on different days
leading to a different set of daily variation factors.
Thus, these factors were not applied to the supplemen-
tary traffic counts. But only used with the Roads
Department traffic figures. Seasonul variation factors
wero not uvailable but are not likely to be significant.

The ouyuivaloncoe  fuctorus  (numbor of stundurd uxles/
commurciul  vohicle) upplivd to euch vehicle group were
tuken from Lhe rosully of axle loud surveys carried out
by Kumwpuua/Curl Bro (Ref 1).

The costimution of the numbor of standard oxles/12 -
hour duy is summarised in Table 4.3. Tho traffic
forecusts for three vulues of design life are presented
in  Table 4.4, The forecasts wure based on the
relationship:

S = 365 x So x {l+r)n -1

r
Cumulative no stundard axles over
dosign life

Where S

«

So = no. standard wuxles/24 hr day in
opening year.
n = dosign lifo (years)
o= annual growth rato

For an unnual growth rute of 2.5% (p = 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

Total Numbor of Vohicles in design Year

The seloction of the wppropriate road cross-section
(i.0. carrisgeway and shoulder widths) is based on
the duily total number of vehicles using the road in
tho dusign yeur. Estlimates of the duily flow (2 - way
24 hrs) ufter 10, 15 and 20 years have been made at
four locations on  the study road (Tuble 4.5). Tho
estimates have been calculated using the 12 hour
traffic counts curried out in 1989 ut km 1.0, km 7.0
and km 53.0 and in 1988 at km 41.0 and adjusted with
duily variation factors derivod from the Roads
Department seven doy  counts and in the case of the
traffic figure at km 41.0 escalated by 2.5% to take
into account growth fyrom 1988 to 1989,

Av. duily flow = Dnily flow for specific day
Variation factor for sume day

Vuriation fuctor calculated from Roads Department seven
day counts = Specific day flow divided by Average daily
flow.
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[)
t
Location | Traffic Group
(Date) !
!
__________ R
H
km 1.0 12-3 Axle Rigid
Mon 12-3 Axle + Tra-
29-5-89 ler
tArticulated
1 Busius
!
___________ e
!
km 7.0 {2-3 Axle Rigid
12-3 Axle ¢ Tra-
Tue tler
30-4-89 jArticulated
{Buses
1
__________ I
:
km 10.0 12-3 Axle Rigid
12-3 Axlo + Ira-
Wed Vlor
31-5-89 JjArticulated

1Busos

)
km 41.0 | Single Unit
(]
{Dec 1988} Trailer/Semi
! trailer
! Buses
_____________ e e -
!
km 53,0 | Single unit
{April i
1989) I"Trai lar/Soemi ~
P trailer
1 Busios
__________ e
TABLE 4.3

1

) ' '
] ] ] 1 ]
INo of Commercial !Standurd | SA/12 hr! Total !
‘Vehicles in aver-iAxles per) day ! SA/12 hrl
lage 12 hr day {Vohicle | { day |
! ' ! ! !
v R :
! 662 ! 1.5 ! 993 ! :
) ) ] () )
] [ 1 1 ]
' 115 ' 7.0 ' 805 ! !
H 14 H 8.5 H 374 ' H
H 191 ! 1.2 ! 230 H 2402 |
' ! ! ! !
! o b _ !
H ! ! ! H
! 228 {15 0 342 | :
! ' ! ! !
| 26 to7.0 F 182 !
: 82 t 8.5 ! 697 | 1298 |
! 64 to1e 7 :
[) [] [) [) 1
) t [} ] ]
: H ' H '
' ! ! ! !
| 250 ! 1.5 ! 375 H !
{ ' ' ! H
H 28 ! 7.0 ! 196 ! H
H 66 H 8.5 H 561 | 1197 ¢
H 54 ! 1.2 H 65 H !
! ! H ! !
e Ve e :
1 ! ! H !
H 123 ! 1.5 H 185 H !
H ! H 1782 (1988)
! 71 i ! i !
H ! 7.8 ! 554 1802 (1989)
' 36 H 1.2 ! 43 ! !
) 1 t 1 []
] | ) - I []
! ! | ! H
H 87 H 1.5 H 131 H }
) [] () i ]
) ) ) )
! 65 1 i ! !
H } 7.8 ! 507 ! 650 H
! 10 H 1.2 |} 12 H H
' H H i H

Estimation of the Number of Standard Axles SA/12 hr Day

(One - Way Towards Lusaka)
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12 hour counted flow for table 4.2 and 12 hour average calculated

as discussed in 4.5.2

Note:

Estimation of the total daily flow in the design vear

Table 4
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4.5.3

4.6

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 mnot been used.
However these are not likely to be aignificant 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 (1+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 2.5X (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

r j esgi e

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.

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
uKers, 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
bagsic means of communjcation
between centres of population or
between a centre of population and
an exlisting road. Geometric
standards relatively unimportant.

Collector Roads - Generally low volume roads where
mnost 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 s a
gignificant factor and hence

geonetric design standards assume
some importance.

It is clear that design standr rds 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 jicraal
traffic flows, with safety. The
design s8peed is clearly related to
the topography and also sets the
ninimum 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 recommendecd 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
accidenta, 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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4.7

4.8

The specification of geometric design standurd will
include the following dotuils.

Horizontul ) Minimum radius of curvature
alignment ) Minimum stopping sixht distance
Minimum overtaking sight distance

Vertical ) Maximum gradient

alignment ) Length of maximum gradient
Minimum stopping sight distance or
overtaking sight distence on crest
curves
Length of sag curves

Cross-sonction Width of carriagewny (running
surface)
Width of shoulders
Width of structures
Width of road reserve

Geomelric Design Standard for Single Carriageways

The dosign  standards for capacity of singlo
carriageways, as used by the Zambian Roads Department
(Ref 6), are summarised in Tabla 4.7. Also included,
for compurison, are the latast recommendations for
single cacvriageways from the Overseas Unit of the
Transport and Road Research Laboratory, published in
Oversoens Houd Note 6 (Hof 7).

It is clour that the Zambian standards are more conser-
vative thun those given in Overseas Hoad Note 6 and
are given priority. The resulting carriageway widths,
bused on traffic flows projected to the 20th year are
given in Tuble 4.8.

Goometric Dosign Standards for Dual Carriageways

The traffic flow on the existing dunl carriageway
section of the study road (km 0 -3.9) lies outside the
range appropriate for single carriageway:;. The capa-
city of this section has been checked using the recom-
mendautions of the U.S. Buresu of Public Hoads Highways
Capuacily Mannual (Ref 8). This gives a design capacity
on froownys und oxpressways with partial control of
accous  amd with little interferonce from cross traffic
at 1000 passenger vehicles per hour per 3.65 m lane
(i.0 2000 pussenger vehicles in one direction of the
dual section).
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A ] : !
E E ! Peak hour flow | Max peak hour flow 1
i : ! (May 1989) ' (1 - way) after '
: ! ! (Table 4.2) : :
! Km | : ) '
! ! Section | North | South | 10 yrs ' 15 yrs | 20 yrs |
! ' km - km | bound | bound | ! H !
] 1 [} ] ] [} ] [)
] ] (] ) ] [] [] 1
] H ‘ ' H ' ' '
'1,0 ! 0 -3,9 ! 912 ! 1003 | 1280 | 1450 | 1640 |
] [} ] ' ] ] ] )
] ] ] ] [] ] ] )
'7,0 1!3.9 - 15.1} 267 281 | 360 i1 410 ! 460 !
) ' : : ] ' : '
] ] 1 1 [} ] ] [}
] [} ] [} ] ] ] ]
Table 4.6 Estimation of peak one hour flow in the design year

Design Traffic Flow C/Way Shoulder Max Design

Class 2 - Way ADT Width Width Gradient * Speed ¥

(m) {m) (%) (ka/h)
Zambian IA 1500 - 5000 7.3 3.0 4/6/7 100/100/80
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
Overseus A 5000 - 15000 6.5 2.5 8 85/100/120
Road Note
6 B 1000 - 5000 6.5 1.0 8 70/86/100
(Arterial
Roads) C 400 - 1000 5.5 1.0 10 60/70/85

% Flat/Rolling/Mountainous topography

Table 4.7
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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 22X 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 Pagsenger 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 1A construction, carriageway width 7.3 =
gives lane width 3.65 m).
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1989 + 20 years

[}
]
:
H { 2 - way i 1 - way ' 1 - way { Capacity
! ! 24 hr flow ! Peak hour | Peak hour | (Passenger
!Section }(all vehicles) flow ! flow i Vehicles)
! ' i (all vehicles) (Passenger |
H ! ! (Table 4.6) |} Vehicle) H ( 1 hour )
) 1 1 [} (]
] [] 1 ] ]
10 - 3.9} 27100 : 1640 H 1886 H 2000
13.9-15.1) 7900 H 450 H 552 H 1000
: H ' ' )
Peak Hour Flows between Lusak Chila
4,9 Recommended Geometric Design Standards
4.9.1 Lusaka to Makeni
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 centre]l median strip
(3m wide) should be provided, and shoulder 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 Makenl to Chilanga

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
years (7900 vehicles) exceeds the upper limit for
Bingle carriageways (5000 vehicles) quoted in the
recommendations of the Zambian Roads Department.

The option of providing a dual carriageway on this
Bection has been considered, in view of the number of
slow moving vehicles and also the limited opportunities
for overtaking due to the horizcntal 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
1A Road, and that the existing road should bhe re-
aligned at two locations, in the vicinity of km 7.8
(Eureka Corner) and km 12.5 (Stream crossing near a
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4.9.3

4.9.4

4.9.5

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

Chilan t e

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 1B road with carriageway width 6.7m and 3 m
wide shoulders.

Kafue to Kafue 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 1B, with carriageway width 6.7m and 3 =
wide shoulders.,

mmar ecommendati

The recommended geometric design standards are
indicated in Table 4.9,
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5.1

5.2

5.3

DEFLECTION SURVEY

Existing Data

Deflection data was available for the road section

- between Chilanga (km 14.3) and Kafue Bridge (km 53.3).

The deflections were measured in late 198§ by
Kampsaux/Carlo Bro (Ref. 5). The earlier study provided
Bonke tinan Beam  deflections using the transient
procodure  and o 6350 kg load at 200 m  intervals and
Falling Woight deflection (FWD) deflections at 500 m
intarvals, A correlation botweon defloctions measured
with the Bonkolman Boam and FWD was established as part
of the former study (Ref 5). This had the form:

1.15
BB = 0.62 (FWD)
where BB = Benkelman Beam deflection
FWD = Falling Weight Deflectometer

deflection.
Doflection Survey

To completo the deflection data on the study roud, a
deflection survey wuas carried out in May 1989 on  the
section of roud betweon the Kafue Road turning circle
(km 0.0) und Chilanga (km 14.3). The doflections were
measured at 100 m intervals using a Bonkelman Beam
(transient 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
temperatures  in the range 20 - 40 dogrees Centigrado.
A tomporature study was carried out wheraeby doflections
wora  measured repeatoedly ut the same locations over a
rango of puvoment tomperatures {recorded at the base of
the bituminous layer, typically 25 - 35 mm dopth below
the rond  surface), The plots of deflection vs
tenperature  showed some  scatter of results but no
defloection temperature relutionship was apparent.

Condition Survey Associated with Deflection Survey

At each deflection messurement point, the condition of
the pavement was assessed in terms of rutting and
cracking. The rut depth was moasured using a 2m
straight edike and cnlibrated woedge. The type and
intensity  of surface cracking wus assessed within  the
square  metro surrounding the measurement point.
Details are given below,
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Crack Type Description

N None

S Single crack (or several single
cracks not connected)

C Connected (but not interconnected)

Cracking

Interconnected or block craking

P Disintegration or potholing

—

Crack Intensity Amount of Cracking

Nil

Less than 0.5 m/sq.m
0.5 -1

1 -2

2 -5

More than 5 m/sq.m

LV oINS = O

Control 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
chosen to represent the full range of pavement
construction and condition on this section of road.
The results of the surveys were then compared with the

data collected by Kampsax/Carlo Bro (Ref 5) in 1985,
The location 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 mam/km.

B km 49.0 - ke 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.

49



D km 40.0 - km 39.0, northbound

carriageway. Flat section just
south of railway crossing with areas
of block cracking. Relative

Roughness 1539 mm/km.

E ke 29,0 km 28.0, northbound
carriageway with areas of block
cracking and patching. Relative

Roughness 2266 mu/km.

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

At ecach control section, Benkelman Beam deflections
were measured  at 100m intervals (200 m  intervals at
control section C) ~nd an associated condition survey
carried out (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 Lhe 1985 deflection data. Details are given in
Table 5.2

Based on the comparison betveen 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,
based on observations at the Control Sections.
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6.1

6.2

6.3

TEST PIT AND DYNAMIC CONE PENETROMETER SURVEY

Existing Data

The Kampsax.CarlBro study report (Ref §) gives details
of pavement layer thicknesses at several locations
between Chilanga (km 14,3) and Kafue Bridge (km 53.3),
based on  Dynamic Cone Pencetrometer (DCP) tests. In
order to  supplement the data for this section and to
provide layer thickness/materials information for the
section between Lusaka (km 0,0) and Chilanga (km 14.3),
a  programme of Test Pits and DCP tests was undertaken
in May 1989,

Test Programme

Between  Lusaka (km 0.0) and Chilanga (km 14.3), test
pils were excavated at approximately 2 km intervals (on
alternnte  gides of  the road) to determine layer
thicknesses and obtain material sawples from the
pavement  layers and the subgrade for identification
testing and in situ moisture content determination.

Between Chilanga (km 14.3) and Kafue Bridge (km 53.3) a
further geries of test pits were excavated to supple-
ment the data provided by Kampsax/CarlBro (Ref 5 ). The
location of the test pits were chosen Bo as to
represent  the  full range of pavement condition and
topography on the study road. This included a test pit
at. or c¢lose to each of the six control sections (refer
section §.4),

A schematic plan showing the location of the test
pit/bCP sites is given in Figure 6.1, Test pits 1 to 16
were  excavated in the hard shoulder at the edge of the
carriagewny, and 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
adjacent to each test pit location. A schedule of Test
Pit and DCP test locations is included in Table 6.1,
BCP Survey

The  DCP tests were carried out in the outside
wheelteack  adjacent to each test pit location. Before
commeneing the test procedure, the bituminous surfacing
wus removed in the vicinity of the test point, and the
test started from the top of the roadbase layer.
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Km Carriageway TP pce
1.5 N 17 17
2.2 N 1 1
4.5 S 2 2
6.4 N 3 K}
8.1 S 4 4
9.9 N 5 5

10.5 N - 19
12.0 S 6 6
12.5 N 7 7
13.7 8 8 8
16.9 N 9 9
18.2 N 18 18
20.2 S 13 13
27.0 N 14 14
28.4 N - 20
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 Testf Location
Number

Table 6.1 Location of test sites
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The DCP survey results are presented (Appendix B) in
the form ol a graphical plot of penetration against the
cumulative number of blows applied. Each layer in the
paveaent  construction is represented by a penetration
vs. blows line of uniform slope, and layer boundaries
can generally be identified by a change in the slope of
this  line, The in  situ CBR of each layer may be
deduced  from the slope of the line plotted (mm/blow)
using  the relationship produced by Kleyn and Van
Heerden  (Ref 10), given in Figure 6.2, The resulting
layer thicknesses and in situ CBR values are  included
in Table 6.2. Also included in Table 6.2 are values of
the DCP o Structural Number (DSN) and Halance Number
(BN). These parameters are discussed further in Section
6.4,

The:  variation of the pavement layer CBR values (as
deduced  from the DCP tests) along the study road is
shown in Figure 6.3, Between km 0 and km 10,0, the CBR
value deduced for the roadbase layer varies between 42%
and  109%.  Sub-base CBR  values are more variable,
ranging  between  30% and 100% along Lhe length of  the

rond,

The variation in subgrade CBR is also shown in Figure
.3, This is used in the determination of subgrade
resilient modulus for mechanistic analysis (refer
Scction 10.5). Between Lusaka and Chilanga the subgrade
CBR varies between 2% and 60X with a mean value of 20%.
The lowest recorded value occurs al km 2.2 which is
within one of the low lying sections scheduled for
raising to facilitate surface drainage (refer Section
8.2). Between Chilanga and km 20.0 the deduced subgrade
CBR  values remain uniform at 20%, but become more
variable between km 20.0 and km 32.0, with a low value
of 4% recorded at km 28,4, The low value occurs in a
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
subgrade  CBR levels are consigtently higher than 20%,
with the highest levels recorded at km 33.2 and km
45.5,

The  design CBR values assumed for mechmnistic analysis
(Section 10.5) are indicated on Figure 6.3, The
resilient modulus of the subgrade layer is based on the
OB value, and a CBR of 20% gives Lhe maximum value
(120 MN/w2) which can be taken for this parameter.
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Overlay Design based on DCP_Structure Number

The  accumulated pavement strength with depth is
indicated on the Strength-Balance curves (Refs 11,12)
contained in  Appendix B. At a given depth, the
accunulated  strength  is simply the percentage of the
DCP Structural Number (DSN) achieved at. that depth. The
DCP Structural Number is defined as the number of blows
needed  to reach  a penetration of 800 mm, which is
normally taken as the total pavement depth., The Balance
Number (RBN) shown on the curves is Lhe percentage of
the DCP Structure Number achieved at a depth of 100nm
(12.5% of the pavement depth).

BN (X) = No _of blows to reach 100mm X 100
No of blows to reach 800mm

The  higher the Balance Number, the more the upper
lnyers conlribute to the overall structural strength,

Values for DSN and BN have been calculated at each DCP
test location (Table 6.2). The mean values over defined
sections of road are given below,

Section DSN BN(X) Comments
0 - 3.9 113 24 Weak/well balanced

3.9 - .~ 151 19 Not very strong/well
balanced

15,1 - 30.0 156 21 Not very strong/well
balanced

30.0 - 43.9 261 8 Strong/deep balanced

43.9 - 53.3 350 12 Strong/deep bualanced

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

Overlay thickness requirements may be estimated using a
design DSN value based on future traffic levels. The
relationship used to predict the design DSN value is
given hy:

9  0.2857
Design DSN = (N x 10/c¢m)

where N = design traffic in m.s.a.
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] ] ] ] ] t ] ) ]

] ] ] ] ] 1 ) (] 1

1 1.5 : 35 1165 V220 ) 100 V74 v 16 H 154 | 26
V2.2 H 25 ' 180 i 270 | 65 1 35720 2 H 72 V21
V4.5 H 25 1180 v 150 ) 55 128 123 H 105 | 14

1 6.4 H 25 V175 ' 360 ; 65 1100/60} 20 H 158 | 11

1 8.1 H 30 v 200 V1 160 } 42/100 } 30 . ! 98 | 12
‘9,9 ! 25 ! 110 ! 320! 15 ! 33/90! 50 143 ' 13
110.5 ' 25 , 75 V330 ) 100 ! 28/40) 16 H 144 1 28
112.0 : 25 v 180 v 180 4 95/45 1100 v a7/20 ) 152 | 13
112.5 , 25 7 165 ! 145, 100/80 ;100/80; 31 : 154 |} 18
113.7 : 25 ' 165 v 145 1 100 ' 75738} 20 H 255 | 44
116.9 : 25 y 155 v 100 ) 100 1 55 120 H 17 21
118.2 ) 35 : 95 v 290} 100 175 120 H 154 ) 23
120.2 ' 25 v 145 V250 ) 35 ! 60/35; 20 H 92 | 12
127.0 : 25 v 155 t 110} 100 1 585 1(75) H 254 ) 14
28,4 ! 30 ! 370 ! 180! 100 '15 ! 4 [
128.8 ! 15 v 120 v 205 ) 100 1100/66! 8 ! 162 | 33
133.2 ' R 'F U S AL H 100 S HE : - )
139.5 : 10 1056 . 135} 100 1100 v 45 H 271 ) 9.2
143.1 : 50 V270 v 140 95 1 50 1 50 ! 232 | 6.4
145.5 H 10 v 190 v 180 | 90 1100 {90 H 475 | 1.8
150,11 H 25 V170 ' 70 | 100 1 70 1 90/43 ) 225 ! 16.4
] 1 ) ] ) 1 (] ] [}

] (] 1 ) ] [} ] —_— 1

Note 1: Refusal al km 33.2 due to presence of houlders and cobbles in
the pavement layer the the dynamic core penetrometer rod could
not be drivi = into the pavement.

Note 2: CBR ~ California Bearing Ratio

DSN - DCP Structure Number
BN - Balance Number (Refl 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
muke  up  the difference with bituminous material,
assuming  a strength (penctration rate) of 0. 6mm/blow.
The resulting overlay designs for a 10 year design life
are summarised in Table 6,3, 1L iy considered that the
thichnesses derived  for wet conditions are the most
appropriate, lowever, it is felt that overlay design by
this method can at best be regarded as a "broad brush"

approach  since Lhe DCP tests are carried out at
intervals of 2 km are more. Deflection analysis, based
on  deflections measured at 100 -  200m intervals, has
been adopted for the final overlay thickness selection
(refer Scection 10.4),

Materinls Test Results

Introduction

Al each test pit, the separate pavement layirs were
identificd Dby visual examination of the profile at the
exposed fuce 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
referenced from the surface, with layer 1 representing
Lhe bituminous surfacing (typically 25 - 35mm thick).

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

In situ moisture . Field moisture content at

content (mc) time of sampling. This will
vary from season to season,
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Estimated
Overlay (mm)

DSN

Design

Existing;
DSN

1
]
[}
]
]
[}
]
]
]

113
151
156
251
350

15.1 - 30.0;}
43.9 - 53,3

30.0 - 43.9

Estimated overlay requirements for 10 year life baged

on DCP structure number (DSN)

Table 6,3A

LR

Overlay (mm)
R

Design
DSN

]

]

[]

)

Existing
DSN

15 yrs
nsa

© O o

30.0 - 43.9!

3.9 - 15.1
15.1 - 30.0;}
43.9 - 53.3!

(=]

Million Standard Axles

Note: msa

Estimated overlay requirements for 15 year life based

on DCP structure number (DSN)

Table 6.3B
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15 yrs | Existing
msa

L
E3

28.0

0

15.1

0
9

3.9 - 15,1}
15.1 - 30.
30.0 - 43.
43.9 - 53.3

N Vi

Million Standard Axles

Note: msa

Estimated overlay requirements for 20 year life based

on DCP structure number (DSN)

Table 6.3C
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6.5.2

Plastic Limit (PL) : Moisture content at which a
clay s8o0il passes from the
solid to the plastic state.

Liquid Limit (LL)

folsture content atl. 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.

(Pl = LL - PL)

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

Grading Modulus (GM)

One hundredth part of the
sum of the percentages
retained on the 2,00mm,
0.425mm and 0.075mm sieves.

AASHTO Classification

System of soil
classification which
divides soils into seven
groups designated A - 1 to

A - 7, depending on physical
properties (particle size
distribution, Liquid Limit
and Plasticity Index). The
lower the classification
number, the  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
Appendix .

el L2

The variation in subgrade material properties along the
study road is shown below. The values indicated are the
average values for the particular section.
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Lusaka km 0

Silty Sand GM = 1.5
nc = 9%
Makeni km 3.9
Clay GM < 0.7
LL = 30
Pl = 16
me = 17%
Eureka km 7.5
Corner S8ilty or clayey GM < 0,76
Sand and gravel LL = 32
Pl = 12
mc = 9,1%
Chilanga km 14.3
Silty or clayey GM = 1.6
Sand and gravel LL = 30
PI = 10
nc = 9,1%
Kafue kam 30.0 o
Hillsg Silty sand and gravel GM = 2.0
LL = 27
Pl = 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 subgrade wmaterial
between Makeni and Chilanga is only jusl acceptable. In
addition, the in situ moisture content. is highest
between Makeni and Eureka Corner. Subgrade quality is
good between Lusaka and Makeni and between Chilanga and
Kafue Bridye,

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 road is indicated below.
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6.5.4

km 0

Silty sand GM = 1.7
nc = 8%
km 2.0
Sand and gravel GM =1,9
nc = BX
Km 7.5
Silty sand and gravel GM = 1.9
LL = 30
PI = 10
nc = 8%
km 53.3

Sub-bagse material should have a GM > 1.5 and a PI < 10.
On this basis the sub-base quality is generally just
acceptuble,

Roadbase

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

The high moisture contents between km 0 and km 14.3 are
measured  mainly  at sections which are scheduled Ffor
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
PI = 9
mc = 9.4%
km 14.3
Silty sand and gravel GM = 2.1
A2 - 4 LL = 27
Pl =10
mc = 6.1%
km 30.0 o
Silty sand and gravel GM = 2,2
A2 - 1 LL = 28
PI = 10
me = 3,5%
km 53.3
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6.6

A stabilised roadbase should ahve a GM > 1.75 and a PI
¢ 6, On this banis the material between km 8.1 and km
53.2 has generally high Pl values,

Pavement Moigture Conditions

Various me thods of predicting in situ mojisture
conditiongs are available. By comparing the measured
moisture content against the predicted equilibrium
value, it 1is 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
Content  (EMC) was very close to the Optimum Moisture
Content (OMC) for Proctor compaction., The relationship
usced at NITRR, based on work by Haupt (Ref '4) is:

EMC (%) = (1.086 x OMC) - 3.39

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

EMC = 0.25P + 0.019 Im + 1.81
where P = Percentage passing 75 micron sieve
Im = Thornthwaite’s Moisture [ndex.

The c¢limate classifications based on Thornthwaite's
Moisture Index, Im, are given below.

Moisture Index (IM) Climate

100 and above Perhumid

20 to 9%.9 Humid

0 to 19.9 Moist subhumid
-19.9 to O Dry subhumid
-19.9 to -20 Semiarid

-100 to -40. Arid

The value adopted for the Moisture Index, Im, was 10,
being midway in the range appropriate for a moist
gsubhumid climate,

The equilibi-ium 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. 1In 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
subgrade moisture content reaches peak levels,

The NITRR approach based on OMC has been used to
predict  the subgrade Equilibrium Moisture Content at
two locations, km 1.5 and ko 18.2. This approach gives
lower values for EMC, as indicated on Figure 6.4,

The prediction of Equilibrium Moisture Content has
indicated the variable nature of moisture conditions
particularly in the subgrade. The peak values, in
general, are found in areas where drainage problems are
known to exist (refer section 8.2).
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7.1

7.2

ROUGHNESS A /THOLE SURVEY

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
between the two devices was established, which had the
form:

0.67
Bl = 17.28 x BI (measures)
where Bl was tersed the "true roughness" in mm/ka
(measure)
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 1
relationship developed by the World Bank, given belov:
0.89
IRl = 0.0032 x (BI )
32
where  BI = Roughness count from fifth wheel towed
at 32 kph,

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
Bl = 17.28 x (25.4 x BI )
v
where BI is the apparent roughness in mm/km
Blv is the value measured by the VMBI
in inches/km

This relationship was based on that derived previously
{refer Scetion 7.1).
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7.4

The results of the roughness surveys ure given in Table
7.1, which shows tho valuos obtuinoed in cuch direction
of Lravel botwoun Lusuka and Kafue. Tha avoruge value
Fram  onch  carriaroway  for oach kilomotre length s
included  in Appondix A, From Appendix A it is  cloar
thal a  broad  correlalion  exists bhelween  apparent
roughnes:, and deflection.

The values  of appurent  roughness  have  been  used
principally  for the economic wnulysis of different
maintenance strategies based on the World Bank Computer
mode ]l HOM 3.0 This makes use of the Vehicle Operating
Costs (VOC) which vary mainly as o function of the rouad
rouzhiess, [t should be noted that. as the vehicle
operating cost and thus the whole life cost of o road
increiase  an the roand rowghness (B Value) incroases it
it the aim of all pchabilitation or muintenanco
projectys to reduce read roughness.

The  average  road roughness on the  hufue Lusska  road
ramges Fram 1500 ma/km Lo over 3000 wm/ . Forthe
loveel  of  traffic on  this road. the aim of the
rehabilitation/periodic maintennnce strategies should
be  tu  achieve o roughnoss of the wrder of 1500 mm/km
throwghoat .

Vothole Survey
Thie  nrcr of  potholoes has been measured  over  each
hilometee  of  the Study  road  between, lusaka and
Chilanza s part of an wdditionu! data collection study
Ly Johnn Burrow & Partners (Ref 9)

In order to update the survey curried out in 1985 by
Kampsax/Carl Bro (Ref 5). meusurcments taken at  six
control  sections betweon Chilangn and Kafue Bridge in
May 1989, These measurements  confirmed that the area
of  potholes  had not changed significantly  since  the
Lot survey. Consequently  the recults of  the 1985
survey  have buzen ndopted for the road section betwoeen
Chilunea and Kafue oridge.
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Table 7.1 Roughness Survey Results
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8.1

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 - to.ped this year, the wettest since
1978 and all are in reasonably good condition
structurally. However, the construction of 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
culverts are unlikely to stand up to a re-construction
programme. These culverts together with those which are
alt too low a level to function optimaly will need to be
removed and relaid or replaced as necessary.

In genceral 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. 1In 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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CHAINAGE 'DIAMETER 'TYPE 'HEAD WALLS  !WING WALLS  'TO BE  !SCOUR ' COMHENTS
‘08 ' ‘v RO R 'REPLACED !PROTECTION!
(SHE f : ' ' 'REQUIRED !
! ) X ' ' : '
1,32 0 1 x 300 'CONCRETE BRICK  BRICK!MIL NIL 'NO ‘SHALL 'LIMITED COVER BUY
' 'PIPE ' ' ! ' 'APPARENTLY IH REASONABLE
! ! ' ' ' : {CONDITION
: : ' i H H !
2.4 ) 1 x 600 CONCPETE !BRICK  BRICKIBRICK  BRICKINO 'HO 'COMCRETE CHANNEL AT
' 'PIPE ! ' ! ! VINLET AND OUTLET
' ' ' ' i ' |
4.5 ! 1 x 800 !STEEL PIPE!NIL NIL!NIL HIL!NO 'YES 'SOFFIT AT ROAD LEVEL
1 4 ] ] ] ] ]
] ] ] [ 1 ] ]
4.75 1 1 x 900 !STEEL PIPEINIL BRICK'NIL NIL!NO 'YES 'SOFFIT ABOUT 1SOMM BELOM
| H ' ' ! ' 'ROAD LEVEL
g i ' : i ' \
5.45 '600 x 600 !CONCRETE !CONCRE CONCRE!NIL RIL!YES 'YES 'CULVERT EQUALISING AKD
! 'BASE " TE! ! ! 'ALMOST SILTED P
] 1 1 1 ] ] 1
] ] ] ¥ ] ] Ll
10,3 ' 3 x 600 !CONCRETE !COMCRE CONCRE!NIL NIL!NO YES 'OUTLET BLOCKED BY
! 'PIPES  !TE TE! ! ! 'TRACTOR TRAFFIC CAUSING
! ' ) ! ' ' 'SWANP AREA ON BOTH SIDES
t ] ] ] ] L] ]
] [ ] 1 i 1 1
12.5 ' 3 x 900 'CONCRETE !BRICK  BRICKINIL NIL}YES 'YES {CULVERT TO BE LIFTED, ROAD
‘ 'PIPE ' ! ! ! 'T0 BE RAISED OR MOVED
] ] I 1 ] ] 1
[ ] ) ] I ] [
12.52 ' 3 x 600 'CONCRETE !CONCRE CONCRE!RIL HIL'NO 'YES 'APPEAR TO BE SUBSTITUTED
' 'PIPE ‘TE TE! ! ' 'BY 12.50
' ' ' ' ' : '
13.46 ' 1 x 606 'CONCRETE 'MASON  MASON!NIL NIL!YES 'YES 'ROAD 10 BE RAISED
! 'PIPE ‘RY RY! ! ! '
| ' : ' ' ' :
13.5 ' 1 x 600 'CONCREIE !MASON  MASON'NIL NIL'YES 'YES 'R0AD T0 8E RAISED
! 'PIPE 'RY RY! ! ' !
' ' ' ' ' ' '
13.89 ' 1 x 600 'CONCRETE 'CONCRE  RILINIL NIL!YES 'YES 170 BE ABAKDONED
: PIPETE : : i j
' ' ' ' : ' |
13.9 ' 1 x 600 'CONCRETE NIL  CONCRE!NIL NIL!YES 'YES 'ABOUT 60% SILTED
1 IPIP[ ] TE| ] i (]
1 ) ] 1 ] ] ]
' ' - ' i ' !
14.7 ' 1 x 600 'CONCRETE 'COMCRE CONCRENIL NIL!YES 'YES 'CULVERT HEEDS TO BE
' 'PIPE e TE! ! ! 'RAISED BY 600 MM
] ] ] ] [} 1 ]
] ] ] ] i ] ]
15,09 :2.7nx4.la (CONCRETE !CONCRE COMCRE!YES YES!NO 'NO 'ROAD BRIDGE
' 'BRIDGE  !TE TE! ' ' i
' ' ' i i ‘ :
15.4 1 x £00 'CONCRETE MASON  MASON'NIL RIL!YES 'YES 'RAISE CULVERT BY SOOMM
' 'PIPE ‘RY RY! ! ! !

TABLE B.1-PART I - LUSAXA - KAFUE ROAD - CONDITION OF EXISTING ORAINAGE
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15.9 ) 2 x 1,8n !CONCRETE !CONCRE CONCRE'CONCRE CONCRE!NO 'YES 'NASS CONCRETE ARCH 1.BM
' 'ARCH 'TE TE'TE TE! ' 'DIA ON 750 UP STAND
| [] ] 1 1 1 t
¥ ] 3 i 1 ' b
16.2 1 1 % 450 CONCRETE 'CONCRE CONCRE'NIL RIL!YES 'YES 'T0 BE LONERED BY 300MM
! 'PIPE 'TE Te! ! ! ‘ .
i ' ' ' ' ‘ i
16.5 1 1 x 450 CONCRETE 'CONCRE CONCRE'NIL NIL!YES 'YES ' SO MK FRESH WATER PIPE
' 'PIPE 'TE Te! ! ! !PASSES DIRECT
! : : : : : :
17,212 x 1900 'aNCO 'CONCRE  CONCRE!YES YES!YES 'YES INING WALLS NOT LONG
! 'CONCRETE !TE TE! ! ' 'ENOUGH. CULVERT NEEDS
' ' ' ' ' ' {RAISING
: : : : : : :
17.6 £ 1 x 600 'CONCRETE !CONCRE CONCRE'NIL NIL!NO 'No VINTAKE PIPE 900MM DIA 3N
' 'PIPE 'TE TE! ! ' 'DEEP PROVIDED ON LEFT
' ' ' ' i ' 1SIDE
' ! ' ' ' ' '
179 1 1 x 600 'CONCRETE !CONC CONC'KIL NIL!NO 'YES 'SILTED SLIGHTLY @ RHS -
: ' ! ! ! ! 'SCOUR PROTECTION
' ! ' ! ' ' '
18.2 1 1 x 1100 'AKCO 'CONCRE  CONCRE!HIL NIL!'NO 'YES 'ADEQUATE
' 'CONCRETE 'TE TE! ! ' '
: : : : : : :
18.7 )1 » 600 !CONCRETE 'MASON  MASON'HIL NIL!NO 'YES 'DRAIN TO BE SCOUR
' 'PIPE 'RY RY! ! ! !PROTECTED ON LHS
' ' ' : ] ' !
19.1 11 x 600 !CONCRETE 'MASON  MASON'NIL HIL!NO 'YES 'RAISED ADEQUATELY
' 'p1PE 'RE RY! ! ! !
' ' ! ' ' ' '
19.2 11 x 450 !CONCRETE 'MASON  MASON'NIL NIL 'O 'YES 'DRAINS INTO PROPER
' 'PIPE 'RY RY! ! ' 'FURROW
' X ' ' ' ' '
19.45 1 2 x 600 !CONCRETE 'MASON  KASON'YES NILINO 'YES INEEDS WING WALL OM
! 'PIPE 'RY RY! ! ! 'RIGHT SIDE
' , ' ' ! ' '
20.1 !Ix1.7ax).7/CONCRETE !CONCRE CONCRE'VES YES!NO 'YES IDRAINS FROM PROPER LINED
'n 'ARCH " TE! ! ! 'CHAKNEL ON RIGHT -
' H i H H : 'SCOURED ON LEFT
' : ' ' ' ! !
20.3 ) 1. x 600 !CONCRETE !MASON  MASON'MIL NIL!NO 'YES 'T0 BE PROTECTED AGAINST
! 'PIPE ‘RY AY! ! ! ISCOUR ON LEFT SIDE
i ] 1 ] ] ] ]
[} [} [} ) ] 1 [}
2032 11« 600 'CONCRETE 'MASON  MASON!NIL NIL'RO IYES 'PROTECTION REQUIRED BOTH
! 'PIPE ‘RY RY! ! ! 1SIDES
' ' ' ' ' ' 5
20,41 11 x 600 !CONCRETE 'MASON  MASON!NIL NIL!YES 'YES 'SILTED SLIGHTLY
' 'PIPE 'Ry RY! ! ! :
' ' ' H ! ' '
2050 ' x 1.7 x 'CONCRETE 'COMC CONC!NIL NIL!KO 'YES 'PROTECTION ON LHS
S P : : : :

TABLE 8.1-PART II - LUSAKA - KAFUE ROAD - CONDITION OF EXISTING DRAINAGE
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21.4 11 x 600 'CONCRETE !NIL NIL!NIL NILIYES 'YES 'PIPE EXPOSED AT ENDS
! 'PIPE ' ! ! ' 'O CONCRETE
' : : : | : :
21,6 1 ) x 600 !CONCRETE MASON  MASOM!NIL NIL!YES 'YES 'SILTED RIGHT AND LEFT
! 'ppE 'RY RY! ! ! 'ROAD TO BE RAISED
[] ] 1 ] ] ] ]
] t ] ] ] ] ]
21,99 ! 1 x 600 !CONCRETE !MASON  MASON'NIL NIL'YES 'YES 'SILTED RIGHT AND LEFT
! ‘PIPE 'RY RY! ! ' 'RAISE ROAD-KO OVER BURDEN
3 ] ] ] ] ] ]
) [} ] [} ] ] 1
22.4 ) 1 x 600 !CONCRETE 'MASON  MASON'NIL NIL!YES 'YES 'SILTED LEFT AND RIGHT
! 'PIPE ‘RY Ay! ! ! 'RAISE ROAD
] i b ] [ ] ]
1 ] 1 ) ] ] )
22,6 ) 1 x 600 !CONCRETE !MASON  MASON!NIL NIL!KO 'YES 'DRAINS PROPERLY
! 'PIPE ‘RY AY! ! ! !
i \ ' ' H ' '
23.2 11 x 600 ICONCRETE !MASON  MASON'NIL NIL!YES 'YES 'SILTED RUNS OBLIQUE
! 'PIPE 'RY RY! ! ' 'APPROX. 25N LONG
] 1 ] [] 1 1 i
) 1 ¥ ) ] 1 )
23,45 1 2 x 600 CONCRETE !MASON  MASON'NIL KIL!NO 'YES 'SILTED ON RIGHT
! 'PIPE Y RY) H , 1SIDE
' Ve | ' ' |
2.7 1 2 x 600 ICONCRETE 'MASON  HASON!NIL NILINO 'YES 'STLTED ON RIGHT
! 'PIPE ‘RY RY ! ! ' 'SI0E
(] ) ) ) + 1 []
] ] 1] ] ] 1 []
23.98 ) 1 x 450 CONCRETE !MASON  MASON'NIL NIL!YES 'YES 'SILTED ON RIGHT
! 'PIPE 'RY RY! ! ! 'SIDE
: ' ' i i : '
24.5 1 1 x 600 !CONCRETE 'MASON  MASON'NIL NIL!YES 'YES 'SILTED ON RIGHT
! ‘PIPE ‘RY RY! ! ' 'SIDE
' ' ' ' ' ' '
24.6 )1 x 600 !CONCRETE !MASON  MASON'NO 'YES 'NO {DRAINS NELL
! 'PIPE 'RY AY! ! ! !
' ' | ' ! 1 ;
24.9 ' 2 x 600 'CONCRETE 'MASON  MASON'NIL NILYES 'NO 'REQUIRES RAISING BY
j 'PIPE ‘RY AY! ! ! 1250 WM ROAD IS LOW
] 1 ] [ ] ] 1
[] [] 1 ] ] i [
25.4 ) 1 x 600 !CONCRETE !MASON  MASON'NIL NIL!YES 'NO 'HEAVILY SILTED NEEDS
! 'PIPE ‘RY RY! ] ! 'RAISING - ROAD VERY LOM
i ] ] i 1 ] ]
] I ] t ] ] ]
26.4 1 | x 450 'CONCRETE !MASON NILWIL NIL'NO ‘N0 'DRAINS PROPERLY
' 'PIPE WRY : d ' '
! ' i ' ' ! '
26,8 !"1 x 1700 !CONCRETE 'NIL NILINIL NIL!NO ‘Ko 'SILTATION ON RIGHT
! 'ARCH ' ' ! H 'SIDE
' ' : ' ! ! !
2€.2 ' 1 x 600 'CONCRETE 'MASON  MASON!NIL NIL!NO 'YES 'SILTATION OH RIGHT SIDE
! 'PIPE 'RY AY! ! ! !
' ' : ' ' ' |
28,75 ' 1 x 600 CONCRETE !MASON  MASON'NIL NIL!YES 'YES 'SILTED ON RIGHT SIDE
' 'PIPE 'RY RY! ! ! !

TABLE B.1-PART TIT - LUSAKA - KAFUE ROAD - CONDIIION OF EXISTING DRATNAGE
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28.9 1 1 x 600 |CONCRETE [MASON ~ NASONIHIL NILIYES o TSTLTED ON RIGHT STDE
' 'pIPE 'RY RY! ! : !
' : : ' ' : :

29.65 ' 1 x 600 'CONCRETE 'MASON  WASON'NIL NIL!ND 'NO 'SILTED ON RIGHT SIDE
! 'PIPE ‘RY RY ! ! : !
: ! ! : : ! !

31.8 ) 3 x 600 CONCRETE !NIL NASON!NIL KIL'YES 'NO '80TH SIDES SILTED
! 'PIPE : RY! ! ! {ROAD LOW - LIFT ROAD
] ] 1 ] I 1 1
[] ] ] ¥ ] i [

3240 ) x 450 (CONCRETE 'MASON  MASON'NIL NIL'YES 'YES 'BLOCKED CONPLETELY
! 'PIPE 'RY RY! ! ! 10N HILL
: : : : ' : '

12,701 x 2.50 «'CONCRETE !CONCRE CONCRE'VFS YES!YES 'YES 'BRIDGE SILTED BOTTON
! 7.5 BRIDGE  !TE TE! ! ! !
: : : : : : !

34.7 11 x 2.0 «'CONCRETE !CONCRE CONCRE!VES YES!NO 'YES 'FAIR CONDITION
' 1.5 'BRIDGE  !TE ! ! ! !
| ! : : : : !

35.25 1 1 x 1200 {CONCRETE 'MIL RILINIL NIL!YES 'NO 'SILTED ON BOTTOM
: VARCH ' : ' ' '
‘. o ' i i : i

35.55 0 1w obu (CONCEETE 'MASON  MASON'NIL NIL'YES 'YES YFULLY SILTED CULVERT CAN
: 'PIPE 'RY RY! ! ! 'BE RAISED BY 250HM
] L] [ 1 ] 1 ]
] 1 ] ] ] ] ]

36.2 11 x 700 'CONCRETF 'ONCRE CONCRE!NIL RILINO 'ND 'RUNS OBLIQUE SILTED ON
! 'P1PE B3 e ! ' 'LEFT SIDE
] t ] ] i ] ]
) ) + ] ] 1 ]

36.55 ) 1 x 3200 'CONCRETE CONCRE CONCRE'KIL NIL!NO 'YES 'UPSTREAN WING WALL
! 'ANCO e e ! ! 'RECESSARY, SILTED ON
! ! : ! : ! 'RIGKT SIDE
: : : : ! ! !

3700 x 100 (CONCRETE 'CONCRE CONCRE!NIL HIL!YES 'KO 'HEAVILY SILTED

' ! WTE TE} | ' |
! : : : : : |

38.4 0 2 x 600 CONCRETE 'MASON  MASON'NIL RILIYES 'NO 'SILTED, TO BE RAISED
! 'PIPE ‘Y RY! ! ! 'BY 300 MM
! ! ! : : ! !

38.55 1 1 x 600 !CONCRETE 'MASON  WASON'NIL RILIYES 'NO 'FULLY SILTED
! 'PIPE 'RY RY! ! ! !
: : : : : : :

39.5 1 1 x 600 CONCRETE 'MASON  CONCRE'MASON  NIL'NO 'YES 'SILTED 300 M BELON ROAD
' 'PIPE 'RY TERY ! ! 'LEVEL - AREA LON-LYING,
' ! ! ! ! ' 'LIFT ROAD
' , : ' ' ' :

39.7 0 1« 600 CONCRETE !CONCRE CONCRE!NIL RIL'YES ‘N0 'SILTED BOTH SIDES
! 'PIRE e TE! ! : i
' i ‘ H ! 1 '

39.8 1 1 x 3500 'CONCRETE !MASON NIL!MASOR  MASON'NO 'YES IWING WALLS T0 BE
! 'ARMCO  'RY 'RY RY! ! ' IHPROVED

TABLE 8.1-PART IV - LUSAKA - KAFUE ROAD - COMDITION OF EXISTING DRAINAGE



39.9 ) 2 x 600 [CONCRETE )COMCRE COMCRE}NIL NIL{YES N0 {FULLY SILTED - AREA FLAT
H 1PIPES e TE} H , ,
! ! ! ! ! : !
40.1 ) 2 x 600 |COMCRETE CONCRE CONCRE;NIL KIL{YES N0 +FULLY SILTED 100 MM AC
' JPIPE VTE 1€, H ' 1PIPES FOR SIGNAL CABLES -
! ! ! ! ' ! 'LEVEL CROSSING
! ! ! ! ! ! !
41.11 | 2 x 600 (CONCRETE |CONCRE CONCRENIL NIL YES Ho JFULLY SILTED - LEVEL
! PIPE - NTE 1! ! ! 'CROSSING
! ! : : ! : !
40.12 | 2 x 600 CONCRETE )CONCRE CONCRENIL NILJYES H.l (FULLY SILTED
' PIPE VTE 1€, ' ' '
! ! ! ! : ! !
40.8 | 1100 x 700,80X {COXCRE  CONCRE,YES YES|NO 1HO +IN GOOD CONDITION
' 'CULVERT  !TE Te! ! ' !
: : : ! ! ! !
41.1 | 1 x 600 (COMCRETE |MASON  MASON}KIL NILINO 'R0 {PARTLY SILTED
! IPIPE RN RY! : ! :
i | i i ; ! !
42.5 1 2 x 600 |CONCRETE (BRICK  BRICKINIL NIL|YES K0 JFULLY SILTED, RAISE
: 1PIPE H H ' ' JCULVERT - LIFT ROAD
] 1 ] ] [] ' ]
' 1 | ' | ' |
42.9 ' 2 x 600 'CONCRETE 'BRICK  BRICK!KIL NIL!NO 'K 'PARTLY SILTED
] Iplp[ ¢ ] 1 1 [}
] ] ! 1 ] ] ]
! ! : ] ] ! !
43.1 1 2 x 600 [CORCRETE CONC CONCINIL NIL}NO N0 {PARTLY SILTED LEFT SIDE
H \PIPE \BLOCK  BLOCK, ' . {HEAD WALL BROKEN
] ' ' t ] ' I
1 | ' 1 1 i 1
43,12 1 1 x 600 |CONCRETE {CONC CONC| YES YES|VES B[ \NEEDS RAISING SLIGHTLY
: WPIPE ! | i ; :
! ! ! ! : ! :
43,305 } 2 x 600 |CONCRETE ,CONC CONC/NIL NILIYES {1 (SILTED -« AREA LOW-LYING
i WPIPE : i i : '
| ! - i i i i
43.31 7 2 « 600 CONCRETE COKC CONCINIL NIL}YES 1RO {PARTLY SILTED
I 'PIP[ I ] [} ' '
1 | ] ] | I I
! ! : : : : :
43.7 11 x 600 |CONCRETE !CONC CONCINIL NILINO o IPARTLY SILTED RICHT
H \PIPE H H H ' {WING WALL BROXEN
S S | ' i | i
44,15 12 x .5 x 1B0X 1CONC CONCYES YES|YES K0 JONE COMPARTMERT FULLY
H 1 JCULVERTS | H ' ' 'SILTED [.THER PARTLY
! ' ! ! ! H ‘LIFT ROAD
! ! ! ! : : !
44.25 ) 2 x 600 |CONCRETE }COKC CONCIHIL NILYES N0 'SILTED PARTLY - ROAD LOW
H \PIPE , ' ' ' JLIFT ROAD
: ! ! ! : : !
44,4 ) 2 x 450 |CONCRETE COMC CORCNIL NILYES o JFULLY SILTED KEEDS
! 'PIPE ' ! ! ! 'RAISING - LIFT ROAD
TABLE B.1-PAT. U - LUSAKA - KAFUE ROAD - CONDITION OF EXISTING DRAINAGE

82



46.1 12 x 5.4 x |BOX 1CONC CONC}YES YES|NO YES (WING WALL T0 BE
] )

! 2 'CULVERT ! ! ! ! 'EXTENDED
' ' ' ' 1 : '
47.98 | 2 x 800 !CONCRETE 'CONC COKC!NIL NIL!NO 'YES {DRAINS PROPERLY - STONE
! 'PIPE ! ! ! ! IPITCHED APRONS
| ' ' : ' ! '
48.4 11 x 2.5 x 'BOX 'CONC CONC!YES YES!NO 'YES 'DRAINS PROPERLY - LARGE
! 2 [CULVERT ! ! ! ! 'ENOUGH
) [} 1 [] ] ) )
+ ] ] ] ] ] ]
48.9 ) 2 x 600 'CONCRETE !CONC CONC!NIL NIL!NO 'YES 'DRAINS PROPERLY
' \PIPE ! ' ' ! '
' ' ' ' , : !
49.6 ) 2 x 600 !CONCRETE !CONC CONC!NIL NIL!YES 'NO 'FULLY SILTED - LIFT ROAD
i e ; : i ;
: ! : : : : :
49.8 ) 1 x 600 !CONCRETE !CONC CONC!NIL RIL!NO 'NO 1G00D WORKING ORDER
] 1 ] ] ] ] [
] ] ] ] ] ) I
50.12 ) 2 x 600 !CONCRETE !CONC CONC!NIL NIL'NO 'YES 'SCOUR PROTECTION UK RIGHT
] g g ' ' H 'SIDE
' . ' ' ' ' !
50.4 1 2 x 600 'CONCRETE 'CONC CONC!NIL NIL!ND 'YES 'JUST REQUIRES CLEANING
] 1 ] [ ] ] ]
i V- 1 ] [} 1 1
50.88 ) 1 x 600 !CONCRLTE !CONC CONC!NIL NIL!YES 'YES 'SILTED - LIFT ROAD
] 1 ] ) ) i ]
] ] 1 ] ] ] ]
51.5 |3.0mx2.50 'BOX 'CONC CONC!YES YES!NO 'K0 !
! 'CULVERT ! ' ! ' !
: : : : : : :
52.05 ) 1 x 600 !CONCRETE 'CONC CONC!NIL NIL!YES 'YES JFULLY SILTED - LOW
' | g i : ' 'LIFT ROAD

TABLE 8.1-PART VI - LUSAKA -  XAFUE ROAD - CONDITION OF EXISTING DRAINAGE
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9. DRAINAGE 'S

9.1 Introduction

9.2 Design Criteria for Storm Water Drainage
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9.1,

DRRATNAGE. DESIGN
Introduction to the Concopt

One of  the most important aspects of the design of a
road in Lhe provision made for protoecting the road from
surface water or ground water. If water is nllowed to
entoer the structure of the road. the pavement will  be
wenhened und it will be much more sasceptible to damage

by traffic. Water cun enter the rosd us o result of
rain  penotrating  the surface or ac a result of the
mfiltration of ground water. The road surface must

bee constructed with o camber so that it sheds rainwater
quickly  and  the formation of the road must be  raised
above the level of the local water tuble o prevent it
From aborbing around water,

Waler  can aluo have o harmful ef fect on shoulders,

Slogne,, ditches and  olthor  feutlure:. High water
valocitic, can cause orosion which, when  severe,  cun
loadd (o the road link being  severed. Alternativoly,

low velocities in drainage focilitios can lead to slit
beine deponited which, in turn, con lead to a blockuge.
Blockage in turn often result in further erosion.

A soud  road drainage  system, which iy  properly
maintuined,  iu vital to the successful operation of a
vood and the following items must ull be considered.

Drainige of the Pavement layers

The rand crous section is designed eithor to shed water
complulely,  or alternatively to permit the egress of

any  water  thal muy enter it. W¥hen impermeable  base
materialy  are uged, drainage of the base is ot
e assary . If  permeable base muterinls  are  used,

purticular  attention must be given to the drainage of
the buse Tavers and shoulders, and Lo the details  of
the side drains.

Roud Drain:s and Outfulls

T variouws forms of draing are described bolow,  and
the main functions are: -

To providee o reasonnble capacily Lo accommodate
surface water run-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.
S8ide and Mitre Drains

Side and mitre drains are usually situated in open
arcas and the bottom widths should have the minimum
dimension to suit shaping by a grader. These wide
draing 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 clussification. The
values B8hown 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, Band/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

Frosion due to rainfal) 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-
ging the areas vulnerable to erosion. Grassing could
take the form 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
areus 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 shoul?! be kepl as steep as
possible for economy. An effort should be made to
encourage sowme 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 along the top of the culting should be
constiructed. 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 Culvertn

It is difficult to say at what flow, consideration
should be diven 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 r3/s, the construc-
tion of a box culvert instead of multiple pipe culverts
is worth considering. Cost comparisons should be made
to compare the Lwo approaches as well as in this case,
construction time.

Sub-80il Drainage

Where high water tables are encountered, the road will
be raised to a level where the formation is abhove the
waler table, or a s8ub-soil drainuge 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.

Pesign Criteria for Storm Water Druinage

The estimation of the required size of storm water
drainage structures is not an exact science, however a
sulisfactory method is described below and has been
used in 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, as such, the
rational method has been used extensively in the design
of storm water drainage. It has prcved to be a
reliable method where the catchment area does not
exceed 500 ha,

The Dbasic imperial formula was Q = k CAl and the
original imperial formula has been converted to

2,755 x 10-3 CAl, where

storm water run-off in cumecs
run-off coefficient

catchment area in hectares
rainfall intensity in mm/hr.

—> Q00
[ TR I TR ]

Design Flood

Smaller 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 not be ruled out.

Box and Large Pipe Culverts - a 20 year flcod 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

R=1-(1-1)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.P. Swnelling a meleological researcher derived a
formula for the calculation of rainfall intensity from

eight stations in Zimbabwe and three ‘stations in
Zambin, This took the metric fora ot:
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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 snly).

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

Time of Concentration (t)

This is relate¢ to the shape of catchment znd is given
by: t = (8,707 L3) 0,385

H x 10710
where t = tine of concentration in hours
L = length of critical path of catchment in
metres
difference in elevation hetween watershed and
design poinl in metres (all wuterfalls are
ignored).

The values calculatzd from this equation is taken as
reasorable for catchuent areas of area less than 15
km2. Where the area is wore than 15 km2 it is proposed
that the time of concentration is increased by ‘the
factors of

I5 < A < 30 km2 Tc = 1.5t for areas between 15 and

30 sq.kn
30 < A Tc = 2.0t for areas greater than
30 8q. km
C, %un-Off Coefficient
The  valwe of  the coefficient C often gives rise to
misuadersianding. If it is interpreted us a runoff

coefficient many people would ascribe values close to
unity to it in areas where flash floods occur owing to
rapid runoff ~apability 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
calculated flood agree with the actual magnitude
occuring with 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 wmost
conditions these vulues 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 8izes,
for both lined and unlined drains are:-

Q = VA
and
0.5 0.5
V=2Cn i
Where Q = Carrying Capacity of drain in m3/s
V = Velocity of flow in m/s
A = Waterway area m2
C = Bazin T 87
1+N.5nm
m = 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 mnms
Design Period required; 10 and 20 years
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Time of concentraction t for largest catchment,
ignoring waterfalls and lakes,

3 0.385
t =1[ 8.707 000 1]
10
= 100 x 10
0.385
= [ 8.707 ] = 2,30 = 78 min

and adding 5 min for time of entry

=> 110 = 2050 log (10 x 836) - 3000
781 + 20 + 5

= 49 mn/hr
and I 20 = 55 am/hr
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With graded gravel - sand mixture

ittle or no fines GW 1,R - 2,1 m/sec

[

Poorly graded grave! - sand mixture
lettle or no Fines GP 2,1 - 2,4 m/scc

Well graded grave! - sand with amall
clay content GC 0,6 - 1,5 m/sec

Gravel-aand mixture with overan Cinen GF L5 - 2,1 m/ace

Well graded aands and grnvelly asands,
little or no Tines SW 0.3 - 0,6 m/aec

Poorly eraded annds with 1itele

or no fines 5P 0,3 -~ 0,6 m/sec
woll graded sands with amall clay '

content, sSC 0,6 - 0,9 m/aec
Sand w_th excess of [ines 19 0,9 - 1,2 m/=gec

Clay sills and clays of medium
plasticity CL & CI 0,6 - 0,9 m/sec

Silt clays or sandy clays M1 0,9 -~ 1,2 m/sec

Silts, silty fine sands with slight

plasticity ML 0,9 - 1,2 m/sec
Organic silts of low plasticity oL 0,6 - 0,9 m/sec
Orvanic clays of medium plasticity (0]} 0,6 - 0,2 m/gec
Clnys o hien plasticity CH 0,6 - 0,9 m/gec

Highly compreasihle micaseous or
dintonnceans earth MH 0,9 - 1,5 m/sec

Organic clays of high plasticity OH 0,8 -~ 0,2 m/sec



10.4
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10.

10.1

PAVEMENT ASSESSMENT

Introduction

The first stage of formulating rehabilitation proposals
is the assessement of the condition of the existing
pavement, As discussed in Sectiona 5 to 8, the
pavement has been examined both visually and by uon
destructive testing methods, Test pits were also
excavated and the samples recovered were tested in the
Iaboratory to establigh the subgrade and pavement layer
properties and condition, The visuanl assessment
established the condition of the pavement and shoulder
surfaces and the condition of the drainage system.

No proven method of overlay design exists for tropical
conditions, However, an assessement of the likely
performance of a bituminous overlay can be made by
reference  to  studies such as that carried out by the
United Kingdom Transport and Road Research Luaboratory
(TRRL} in Kenya (Ref 16). Their study describes the
performance of 60 experimental bituminous overlays
varying from 30 to 170 mm thickness over a period of
some Len years, It was found that the principal mode
of failure was cracking which began at the top surface
and propagated downwards through the overlay. The
cexperience  of the TRRL Overseas Unit is that cracking
of this form is by far the most common mode of failure
in the tropics, traditional fatiguc failure being rare
and occurring on extremely underdesigned pavements.The
occurrence  of  cracking which starts at the pavement
surface is also common in South Africa (Ref 17), and
has also heen reported in the United Kingdom (Ref 18),
where it has been noted that on sites with stabilised
bages, extra movement of the surface in the vicinity of
existing shrinkage cracks in the stabilised base can
cause refllective cracking which propagates from the top
surface downwards.

The explanation offered for this type of cracking in
tropical 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
offectively  protects the overlay from the  harsh
environmenlal conditions which lead to age
hardening. The  coating itself will of course need to be
replaced periodically,
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10.2

Deflection Criterion

In the Lucaka kafue study the overlayv deipn tu based
ot mechanin?! ic methods discussed in Section 10,5, ‘This

approach requires o degsign critorion. typically  a
deflection Vife relationship,  in order Lo estimate
thee devien Vife from o hnown deflection Level  aftor
overlayvine. At attenp! has boen made 1o derive cuch o
relutionohip for the Lusaka Kafue  Hoad. The basic
npproach i do clnsgsify the pavement condtion for each
point ot whinh  defloction s monsured. g sound,
critical  ar failed, on the bagsis of vhuerved cracking
intensity. The average critical condition i« then usod
in conjunction with historical teaffic data to

eatablicsh points on the defloaction 1ife  relationship.
On Lthe study road,  axle equivalence foactors (number of
cquivalen!  standard axlos per commercial vehicle) are
available for the Lusaka bound teaffic lane  {as
teported by Kompsax/Carl Beod, The cusalative  anboer
ol atindard axles over the 25 year Vife of the roand hau
heen entimated hased on the 1989 teaf i Tevels (using
zoevo rowth eate), Details are piven in Table 1001, The
condition clasuifiention is bagsed on intensity  of
cracking nlone, an defined in Table 10.2.

The 'eriticat’ pointys have been plotted on o deflection
vio  Life chaet taken from THRL Laboratory Report 833
M 19 o shown on Figure 1001, It i clear that
thee points Tive onoa Tine paratle!l to the TRRL "eritical
condilion' Yine

Homenv e it st be noted that with the data prodacod
from  the Tasnkn Kafue Road surveys.,  the demarcation
Lotweon sonnd, critical and fanitod defles Vion tovels iy
nol well defined. Furthormore, the cumelotive traffic
Tevels on Hhe section betweon km 0 and ki V.9 aro based
on o Hile of 25 voars,  when in fact thia road  wag
oveerbinid some bwo vennrrs ngo. However, 11 i considered
that  the thichness of overlay was insufficient to make
this weclion " new" ol that time, so the  assumplion
of u 25 voar Fife Lo give current comdition levely is n
better  eotimate  than assuming a two vear Vife (2 msa
cumulalive traflfic) to give current condition. Clearly
there i vome uncertainty surrouanding the location  of
the  "eritical condition” on the deflection life plot.
Convequent s e deflection 1ife velationship  adoptled
Ffor  this otady i based on the 50% probability  curve
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Table 10.2 Classification of pavement condition

:' MODEL A ! MODEL B | MODEL ¢

CH T He TV L T Me LV L MV

Pnm) {(MN/m2)! l(mm) ! (M3/m2)) Hnm) § (MN/n2)!]
Road base § 155 Evnries ;0.35; 150 g varies§0.35§ 110§variea ?0.35
Sub-base ' no:: 120 ::0.35:: 150:: 160 ::0.35:: 160:: 240 ::0.35
Subgrade - 60 ::0.35:: - .: 80 ::0.35:: - : 120 ::0.35
Subgrade CBR ? ‘ 8% ' ? '12% I g ' 20% '
Tonding detnila: Contact  prossure 590 kN/m2 ) Wheel Toad 31 KN

Radius of loaded area 130 mm )

Note: I = Layer thickness Mr = Resilient Modules

v

Poisons Ratio

Table _10.3  Details of Analytical Pavement Models
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10.3

presented in Figure 10.1. As the deflection over the
life of the pavement is not unifornm, a simple
Lransformation (Figure 10.2) has been applicd to give a
direct  relationship between early life deflection and
expected life (msa) which is defined by the
relat ionship:

N = 262100
2.69
d
Where N = Cumulative traffic (msa) to reach a
defined failure condition.
Where d = Early life deflection (mm/100)

measured under a 31 kN wheel load
moving at creep speed.

This relationship is shown in Figure 10.3

Drainage Considerations

As discussed in Section 8, one of the most 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
sufficient  camber so that it sheds rainwnter quickly
and  hy providing an adequate drainage system to
digperse 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
gections requiring raising. The high deflection
measurements  also confirm that a problem exists at
Lthese locations,
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10,41

10,5

Deflection Analysis

The pavemenl  deflection data for the study road has
been  collected in two phases, In late 1985,
Kampax/Car!Bro (Rel §) collected data for the section
between  Chilanga Police Station and Ratue Bridge  (km
14.3 - km H3,3). Iu May 1989, John Buirrow & Parltners
carriced out the field datn collection{Rel 9) for  Lhe
remaining  scetion between Tusaka and Chilanuga (km 0 -
Kkm 14,3y, nnd in addition collected data at
severnl  control sections (between km 14,3 amd km 53.3)
in order to update the information collected by
Kampax/CuriRen in 1985, Details of the surveys carried
ol at the control sections are given in Section 5.4,

The  design of the pavement strengthening overltays  has
heen based  primarily on the measured  Henkelman  Beam
deflection, updated where necessary to appropriate 1989
and 1991 devels, The economic annlysis was based  on
TORG el lection levela while the Cinal overlay  design
wits  bnsed on deflection levels expectod in 1991, Lhe
date  when  the rehabilitation works are programmed  to
commener, Addditional data  on cvisting layer
thicknesses  and  subgrade strengths have been deduced
from the test pits and DCP test results,

A desien deflection has been deduced  for  each
sucecessive  length  of road having a unitorm  level of
dellection, The  design  value has been taken at  the
95th percentile, given by:

NDesign deflection = Mean + (1,645 x Standard deviation)

The 1989 design defiections are indicated on the
deflection protiles contained in Appendix A, The
growth factors nsed to project these deflections to
1991 -levels are given in Section b4,

Mechmistic Analysis
The  overlay thickness design  has  been based  on
mechanistic analysis in preference to the direct nse of
overlay charts  (Ref  19) derived under difterent
environmental and material conditions. The mechanistic
appronch to overlay design i8 summarised in Figore 10,4
and s hased on the micro-computer  clastic annlysis
progenm PAN (e 20). A typiceal  pavement  model
representing the  exisling construction is  shown  in
Fignre 1000,
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Define Pavement Model

Back Analyse to obtain Mrq
based on deflection before
overlaying (do)

Apply overlay thickness as extra layer.

Analyse to obtain d (new early lifre
deflection) for dif}erent overlay
thicknesses,

Predict Lesign Life N for different
overlay thicknesses using deflection
criterion.

Iterate for various values of g

Plot Overlay Thickness vs Design Life,

Figure 10.4

AWl
= =
H1 Mrq
H2 Mrp
H3 Hry
Mrg

Existing Pavewent

V1
V2
v3
va

dq
Overlay J!‘»‘:L_ =
Existing
Pavement

I

Overlaid Pavement,

Deflection Criterion

Overlay
Thicknass

Overlay Desian Chart,

dozyo

Designﬁt?fe

Design Methodology for Overlays
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WHEEL LOAD 31 KN

Mr
. MN/m2_ U
T ~1Ld-9—" "
150 | LAYER 1 ROADBASE (402) 0-35
-!-
150 | LAYER 2 SUB- BASE 160 0-35
_l_ VN7
LAYER 3 SUBGRADE 80 0.35

* d, = 80 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 & layer of this
thickness contributes very little structural strength
to the overall pavement structure, acting merely as a
protective sgeal 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 Resilieni! Modulus
are asaigned to each layer as follows:

0.64
Subgrade Mr3 (MN/m2) = 17.6 (CBR)

where CBR = in situ CBR (X)

Maximum value 120 MN/m2, typical of insitu
CBR 20X or greuter,

This relationship is based on U.K.
experience (Ref 21), and gives a more
conservative esatimate 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-bage 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 ar: 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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10.6

The reduction in surface (Benkelman BReam) 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 asaigned to this
layer wag 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 roadbnse layer, and thus a family
of curves can be produced for a range of design deflec-
tions,

Qverlay Thickness Design

Based on analysis of the material laboratory test
results and (DCP test results, the study road can be
represented by three different pavemeut models (A, B
and C), based primarily on three values of design CBR,
8%, 12X and 20%. A Bensitivity study has indicated
that the predicted overlay thickness is  not
purticularly 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 wusing 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
preaented in Figures 10.7 to 10.9.
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Laye H M u
yer (mm) | (Mr/m®)
_ Overloy ! varies 2Soo 0.38
Roadbase 2 150 Mrp 0.3
Exiskin Sub-base 3 150 léo 0.35
Subgmde 4 - 8o 0.35
Looding details P: 8% ki Whel lad Bl ke
Qe 130 "mm
d, = 60 mwlio | Overlay (mm)| 40 70 100 140
1
Mr, = W5 My d (m/100) | 51 44 39 33
N (msa) { 6.7 9.9 13.8 21.6
do = o "‘”‘/°° Overlay (mm) | 40 70 100 140
Ma = 02 Mipn® d, (m/100) | 65 4 H6 38
N (msa) 3.5 5.7 8.8 14.8
d. < ‘oo m/lgo ovef‘lay (m) ‘lO 70 100 1“0
My = 207 mifm> d, (m/100) | 80 64 53 43
N (msa) { 2.0 3.6 6.0 10.6
do ® 120 wmhoo Overlay (mm) [ 40 70 100 140
. 1
Mrp = 21 Milfn d, (mm/100) | 97 73 59 46
N (msa)| 1.2 2.5 4.5 8.8
dg = deflection before overlay He lAyex T cxnf S8
q, = deflection alfter averlay Mz €ECLET Mapusat
Mry= Resilient Modulus of Roadbase layer, V = Poustansy Haxie
deduced by Back Analysis
Table 10,4 Derivation of Overlay Design Chart H
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Resilient Modulus Mr (MN/m2)

200 - ' Shell

Mr=10(CBR)
i _~ TRRL
- 7 = 0.64
100k . Mr=17.6(CBR)
0 ] i ]
0 2 4 6 8 10 12 14 16 18 20
CBR (%)

Figure 10.6 Resilient Modulus - CBR Relationships
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The proadicted overlay requiromonts based on 1989
deflection levels are given in Table 10.5. These
values  have  beon used for the economic vvaluantion of
differaent wmaintenance strategies discussed in soction
11. As the rohabilitation works are  programmed to
comnanice in 1991, the final overlay thickness Jesign is
based on deflaction levels for that your {using growth
factors given in Tuble 5.2), and o design life of 10
vears. Doelails are given in Table 10.6. Reconstruction
has teen recomendnd whare the final overlay  thickness
was found to oxceed 120mm, based on economic considera-
tions.

The  estimation of overlay requirements based on
DCP - Structure Number s described in Section 6.4,
Howaver,  Lhis  approanch does not give good correlation
with he  entimalod  overlay  requirements  based  on
doflaction amlysis, 1t ig considored that  the DCP
appronch (os ugsed in Section 6.4) given only a  general
indication of  overlay noods since the DCP Leuts  woere
carried oul at intervalys of 2km or more. The adopted
overlay  design approach is that based on deflections
meauured at intervals of 100 - 200m.

New Pavement Design

Al those gections requiring reconstruction, it is
envisngod  Lhnt  the existing roadbase luver will  form
the  subgrade for the new construction {(refor Section
12,40, The in situ CBR value of the oxinling roadbase,
as  dutaormined  from the DCP tosts (refer Section 6.4)
varies from 40% to 100%. At those sections where the
rond  lovel  pogquires raising from drainage considora

tiony, the in situ CBR of the new usubgrade (selected
fill) is taken to be at least 15%.

The  new  pavement design is based on the  recommenda-
tions  of ftond Note 31 (Ref 23) and TRH4 (Ref 24). The
desiegn i based on a minimum subgrade CBR of 15% and a
life of 10 vears (refer Table 4.4),

The  new  povement for the dunl  carriagewny section
comprises 300mm cemontod natural gravel sub base, 150mm
crushed  ctone  roadbase and 60mm DBM surfacing with a
double corface treatmont. Details are given in Figure
10.10.

A common desien is indicated (Figure 10.10)  for the
Rond Class 1A and 1B sections, comprising 300mm natural
gravel cab base and 150mm crushed stone roadbuse with a
double Surface treatment.
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km

5.8 - 6.7
7.1 7.5
7.8 8.8
9.1 10.1
10.8 (2.1
12.7 14.3
13.6 111
14.1 4.6
14.8 15.1
15.2 15.4
15.5 16,8
17.4 11
18.5 d1.5
22.1 22.4
22.5 28.6
23.6G 2.8
25.0 26,8
25.5 26065
27.0 27.06
27.6 onLe
28.2 31.7
32.3 35,15
45,656 39,4
39.6 12,41
d2.6 - 14,06
14.5 19.5
19.7 50.0
H0.2 51.95
52.15 53.3

Desipn teaffic

km 0

1.9

15,1

11,9
Note: Rt =
ms =

Table 10.6

Reconstruct when overlay cxcecds 120 mm

1991
Desiign
Deflection
(mm/100)
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103
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19
104
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100
59
659
59
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{10 years)
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2 ST Double Surface Treatment
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C3 Cemented Natural Gravel
G1 Graded Crushed Stone
Gé Natural Gravel
Figure 10.10 New Pavement Construction
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ECONQMIC ANALYSIS

Background
Specification of Alternative Option
Output of FEconomic Analysis

Recommendation
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E NAl

Background

In order to test the validity of the design basis
proposed, a simplified comparative economic analysis
hag been carried out using HDM I1I, the World Bank
Highway Design and Maintenance Standards Model.

Within the time constraints of the study it was not
possible to calibrate the deterioration mwnodels and
vehicle operating cost relationships within HDM - ITI
(as had originally been anticipated), nor was it
possible to wuse 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 econcmics, though the
absolute value of the results may be questioned.

HDM IIT1 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 different design lives were compa-
red with a "do-minimum" case to estimate the likely
economic return on invested capitsl. In addition two
low cost improveme .ts were also inrvestigated 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 Makeni and Chilanga,
and 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.

Specification of Alternative Options

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

Option 1 Do minimum case - Existing road and

existing condition + routine maintenance +
100X pothole patching.
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Option 2 Periodic Maintenance Option A - Existing
road and  existing condition + routine
maintenance + 100X pothole patching +
surface dressing whenever wide cracking
exceeds 15% of pavement ares.

Option 3 Periodic Maintenance Option B - Existing
roads and existing conditions + routine
maintenance + 100%  pothole patching +
aurface dressing whenever wide cracking
exceeds  150%  of  pavement area + 50 na
overlay  whenever  roughness  exceeds 2500
mm/km.

Opt.ion 4 10 year Design Option - Road widened to
Clags 1A and 1B standard (as appropriate)
and strergthened to accommodate the 10 year
design  traffic with 90 mm overlays for the
Makeni - Chilangua section and 80 mm
overlays  for the Chilanga - Kafue section
and 50 mm  thick overlays at 10 year
intervals thereafter.

Option 5 15 yenr Design Opltion -  As  above but
strengthened  to  accommodate the 15 year
design traffic with 120 mm overalys for the
Makeni - Chilanga sections and 110 mm
overlays for the Chilangn - Kafue section
and 50 mm thick overlays at 15 year inter-
vals thereafter.

Option 6 20 year Design Option - As above but
stirongthened to accommodate the 20 year
design traffic with 150 mm overlays for the
Makeni - Chilanga seclion and 135mm
overlays for the Chilanga Kafue section and
50 mm thick overlays at 20 year intervals
thercafter,

Traffic volumes were the same in cvery case. It was
agsumed that there would be no generation of additional
traflfic by virtue of the improvements themselves.

Inputs  to the model were obtained from surveys on the
existing road and from deta supplied by the Roads
Department  and by suppliers in Lusaka. The analysis
has  been  undertaken in kwacha at official rates of
exchange of US$ = K10 for the financial costing and at
A rate of US$1 = K60 for the cconomic  cosling, In
arriving  at a shadow rate of US$1 = K50, the current
parallel  market  rate of US$! = K60 and o 20 percent

"7



local Conts and 80 percent foreign costy for
conatruct.ion work of thia nature wns taken into
account . The  ecconomic costings also exclude tax  and
duty elements bul no adjustment. hag heen made for  the
opportunitly cost of labour or the effect of  government
subsidies  other then through exchange ra. e valuation.
Construction prices are based on Lhe assumption Lhat
contractors will subsidise the Kwacha olement  of  the
project to obtain dollars and an exchang: rate of US$ 1
Lto K30 has been applied to the financinl costings on
this clement of the costings only.

Details of the various inputs to the cconomic model are
given in Tabhle 11,1,

For the purpose this economic analysis average chara-
cteristies  For the existing surface condition and mean
detlections were used for both the study sections. The
whole life cost analysis was undertaken for a 30 year
cconomic  analysis period. The rehabilitation options
4,5 and 6 have been based on full width rehabilitation
including shoulder widening in 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 currency is US$1 = KI1G. All project costings were
undertaken in United States Dollars this eurrency value
change will have little effect on the estimated Project
Cost. Even in the cage of the comparctive study of the
economics  there will be little effect, though it must
he noted that the absotute value of the results may  be
questioned,

Out.put. of Economic Analysis

The calculated whole life Financial, Economic and
Foreign Exchange Cost of the Road on a cost per  kilo-
metre  of road per year in Zambian Kwacha terms for the
two sections of the road are presented in Tables 11.2
and 11,3, The costs have been calculated at 0 and 12
percent. diccount. rates,

The  option where the existing conditions of Lhe road
with routine maintenance, 100%  pothole  patching,
surface  dressing wherever wide cracking exceeds 15% of
the  pavement. area  and provision of a 50 mm overlay
wherever  roughness  exceeds 2500 mm/km refered to  as
Periodic maintenance option B or generally as option 3
appears to offer the least cost in financial, economic
and  foreign exchange terms for both sections of the

. road.
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1Tyres H 510 |} 900 H 3370 ! 3370 H 4080 | 2660
{Maint., Labr/Hr | 90 | 150 ! 150 | 150 | 150 | 150
1Crow Cosl/Hr H 0, 6.25 H 6.25 |} 12.5 12.5 } 6.25
tinterest Rate | 25% 25% ! 25% H 25% H 25% ' 25%
'Fuel: !Petrol = 5.16/1t | Diesel = 3.10/1t i Lubricants=19.17/1t
] ] ) 1 1 1 []

I 1 1 [} ] ) )
‘Economic Costs | ' | ' ' |

H ‘ ) : : H :
!Vehicle ' 692000 ! 994700 |} 3001000 ! 5066000 \ 4021000 1428200
ITyres H 1100 | 1940 ) 7390 7390 ! 8940 5840
'Maint.Labr/Hr ! 90 | 150 150 |} 150 ! 150 | 150
!Crew cost/Hr H 0} 6.25 ! 6.25 ! 12.5 H 12.5 H 6.25
'Interest , 25% ! 25% ! 25% | 25% ! 25% ! 25%
'Fuel iPetrol = 5.42/1t | Diesel = 3.26/1t i Lubricants =20,15/1t
] ) ] ] ) ] )

] ] t 1 ] ] )
Foreign Ex- | : i ' : '

rchange Costs | : ' : ' :

' : ] ' ' ' '
'Vehicle V133100 } 191000 ! 569000 | 943800 ' 757000 1277000
'Tyres H 150 ! 270 ! 1040 | 1040 ! 1260 ) 820
Maint, Labr/Hr | 0| 0 ! 0o ! 0 ! 0 H 0
'Crew Cost/Hr H 0 ; 0 ! o | 0 ! 0 ! 0
!Interest ! 25% | 25% H 25% | 25% i 25% H 25%
i Fuel \Petrol | 4,74/1t | Diesel | 2.85/1t iLubricants }17.64/1t
] ' ' H ' ' '

H ' H ' H 1 i

!Km Nriven/Yr | 20000 ! 45000 ! 50000 H 90000 ! 90000 ! 90000
] ] [} ] ] ] ]

] ] ] ] [} ) )

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

Note: ESA = Equivalenl Standard Axle
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Option
Opticn
Option
Option
Option

Option

H Discount Rate 0%
)
]

Discount Rate 12%

[)

1

:
1Financial} Economic | Foreign | Financial} Economic | Foreign
1Costs 1 Costs | Exchange | Costs i Costs ! Exchange
1Yr/km v Yr/km ! Costs v Yr/km } Yr/knm i Costs
' : v Yr/km ' : i\ Yr/kn
] ) ] ] ] )
] [} ] ] 1 1
: : ! : : :
1 19.260 ) 47.017 'o11,997 ! 4,173 | 10.117 ! 2.673
) ] ] ) ] ]
] ] [} [} (] ]
V17,343 ) 42,276 v 11,013 | 3.827 9.283 | 2,500
[) ] ] ] ] 1
) ] ] ] [ ]
v 14,193 ! 34,277 ! 9.450 | 3.547 | 8.557 | 2.360
] i 1 ] ] 1
1 ] ] ] ) )
v 14,210 ) 34.213 : 9.470 ! 3.667 | 8.783 | 2,430
] ] [} ] ) ]
] ] [} 1 ] )
v 14,280 ; 34,400 1 9,503 ! 3.697 | 8.840 | 2.447
] 1 ] ] t ]
] ] ] 1 ] ]
114,353 ) 34.557 H 9.540 | 3,727 8.893 | 2.463
1 1 1 ) ) ]
) [ . ] (] ] ]

Table

tre of road
two maintenance

11.2 - Average

for the Makeni - Chilanga section for the do minimum option,

opt.ion and three rehabilitation options.

Road Cost (million Zambian Kwacha) per year per kilome-

! ' Discount. Rate 0% ! Discount Rate 12X

] t ]

) 1 ]

H 1Financial, Economic | Foreign | Financial! Economic | Foreign
H ‘Costs ! Costs i Exchange | Costs ! Costs ! Exchange
: 1Yr/km { Yr/km ! Costs i Yr/km t Yr/km ! Costs

H ' ! y Yr/km ' ' ' Yr/km

] ] ] ] ] ] (]

] ) ] t ‘ 1 1

' ' : ' ' ' g

‘Option 1 )} 7.003 | 17.170 ! 1.357 | 1.573 ! 3.823 | 1.000
] ) 1 1 1 ] ]

] ) ) [ ) I ]

iOption 2 | 6.330 | 15.600 ! 4,013 | 1.400 | 3.437 |} 0.913
] ] ] 1 [} ] ]

] ] ) ) ) 1 ]

iOption 3 | 4.977 | 12.110 ' 3.357 ) 1.263 | 3.060 | 0.850
) ] 1 ] ] ) 1

) ] ) [} ] ] [}

1Option 4 |} 5,053 | 12.230 | 3.403 | 1.377 | 3.287 ! 0.913
) 1 1 ] ] ] )

1 ] ] ] ] ) []

iOption 5 | 5,173 | 12,290 |} 3.410 | 1.397 ! 3.327 | 0.923
1 [} ] (] 1 ] ]

] ] ) 1 1 ] [}

iOption 6 | 5.117 | 12.387 ! 3.433 ! 1.417 3.370 | 0.933
1 : i : ' i i

Table 11.3 - Average Road Cost (million Zambian Kwacha) per year per kilome-

tre of road
maintenance

for the Chilanga - Kanfue section for the do minimum option, two
options and three rehabilitation options.
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However, this option is very closely followed by the 10
year rehabilitation design option referred to as option
4 where the road will be widened to class [A standard
with 90 mm overlays to accommodate 10 year design
traffic in the case of Makeni - Chilanga section and
class 1B standard width 80 ma 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 ny the buse 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,

Recommendat ion

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
i Financial | Economic | Foreign |
! Cost ! Cost i Exchange |
! ! ! Cost !
: i i 1
Periodic Maintenance! 3.547 1 8,557 ' 2,360 !
) ] 1 ]
] ] ] [}
Rehabilitation ! 3.667 ! 8.1783 v 2,340 H
(] ] ] ]
[} ] ] ]
% difference ! 3.34 ) 2.64% ! 2.97% :
] ] ) []
] ] ) ]
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Option 4 | Option 5 ! Option 6

] '
[} ]
: !

Option 1 29.9x V21,7 ) 26.1%
] ’
] ]

Option 2 18.8% V1.7 ) 16.7%
] ]
] ]

Option 3 0.7 yo~2.1% | -4.6%
1 '
[} '

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 ia Periodic option A
(option 2) and so on.

Table 11.4 - Internal Rates of Return for the options
on the Maken! - Chilanga sectlon.

i Option 4 | Option 5 ! Option 6 !
f- | i i
Option 1 i 24.6% i 22.4% i 20.7% i
Option 2 i 15.3% i 14.2% i 13.2% g
Option 3 :: ~2.7% :: -4.2x : -5.5% .f
' i i !

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

i Financial ! Economic | Foreign !

! Cost ! Cost 1 Exchange |

i | i Cost i

: : H )

Periodic Maintenance| 1.263 7 3.060 i 0.850 H
] ] ] [}

a————— | 1) ] ]
Rehabilital ion H 1.377 7 3.281 v 0.913 H
] [} ] ]

PR ] ] t H

X diflerence H 8.29% | 6.97x i 6.,90% H
] ! (] ]

1 ] 1 ]

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:

X Significant levels of funding will be required
annunlly for pothole patching and the patching
work must be undertaken to a defined standard of
matcerinls and workmanship.

* Significant level of funding will be required for
surface dreesing of sections where the cracking
exceeds 15% 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 of funding ia 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 exrtan-
diture will be more preferable even at a higher capital
cost.
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In the case of the Kafue - Luserka road where the road
cost difference is only in the order of 3 percent in
Financianl, Economic or Foreign Exchange Terms (i.e.
where the rehabilitation option is only 3% 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
rehabjlitation option he 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 26.1% 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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REHABTLITATION PROPOSALS

Alignment

Cross Section

Drainage

Pavement Rehabilitation

Junction, Accesses and Railway Crossing

Road Furniture
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12.1

12,2

12.3

12.4

REHABILITATION PROPOSALS

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

Cross Section

The proposed Road Design Class is summarised below.

Section Road Width (m)
Claas C/way Shoulder
00.0 - 03.9 Dual 2 - lane 2x7.3 3.0
03.9 - 15.1 TA 7.3 3.0
15.1 - 43.7 IB 6.7 2.0
43.9 - 53.3 1B 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).

DRAINAGE

A schedule of drainage proposals is given in 8.2.

PAVEMENT REHABILITATION

A schedule of pavement rehabilitation proposals is
given in Appendix F.
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2.1.1

12.4.2

12.4

]

Rovonsitraction  Dunl Carrisgoway Soction

Betwoon km 0.5 and km 3.9 it is proposed  that  the
oxisling carriugeway level should be  raised by
approximatoly 500mm, the existing bituminous surfacing
will be removed to expose the roudbuse which will be
scarifiod and recompacted to form the subgrade for new
construction. The new pavement construction comprise
300mm coment  stabilised natural gravel sub-base, 150mm
crushed stone roadbuse, and 60mm  Dense Bitumen macadam
surfacing. with o double bituminous surface treatment.

The  shouldor widening will comprise o lower layer of
sub-basie qunlity natural matorial and a 300mm selected
graval layer.  The carriangeway roadbase {(crushed stone)
und surfucing (DRM) layers will be continued across the
shoulder., A Cape Seal (single bitumineus surfuce
treatment  pluy Sturry or sand seal ) iv applied to  the
shoulder.  Reconstruction details are given in  Figure
2.1.

Reconstiraction - Single Carriageway Section

Al those soections requiring raising or reconstruction,
the existing bituminous layer will be removed to expose
the rowudboon which will be scarifioed and recompacted.
The  new  pavement construction (for both Class IA and
Class B Sections) comprises 300mm scloctod gravel sub-
buse  and 150mn ¢rushed stone rondbasie, with a  double
bituminous surface troatment., The Carriagewny roadbaso
und sub boase  layer will  be continued across the
shoulders, wd o Sand Seal surfuacimg appliod to the
shoulder:i.  Reconstruction details are given in Figures
2.2 e 12.3,

Prnpurutim_n of Existing Surface

On thosue sections of road which are to be overlaid, all
exiusting poor quality patchwork must be removed and
redone and any potholes must be repaired. Existing
cracks  shall be sealed with bi tumen and if  the crack
width exceedy lom, the existing surfacing shall be
removed ot replneed. Before application of the overlay
the exictling surfacing (repaired whare necessary) shall
be  sonled  with o gingle surface drossimg  which will
halp to delay the initintion of reflection cracking
(Refor Section 12.4.5)
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25T - Double bituminous surface treatmen'
First seal 80/100 pen bitumsen » 1.5
1/82 19am chioping @ 70 m2/a3
Second seal H0/100 pen bitumen
® 1.3 1/n2 13.2am chippine @ KOm2/a3

SS - Sand seal surface on shoulders
Seal 80/100 pen bitumen 8 1.0 1/m2
tCrusher dust ® 120 w2/m3

41 'rushed stone road base and she.ulder
anterial P!Pﬁ *‘BR{BO
et Sziected ¢ravel sub-base l‘l}lk

'RR{:.‘-

CLASS 1A AND I B SECTION { RECONSTRUCTION}

TYPICAL CROSS SECTION (nTs)

es1gn based on [0 ' lase 140 and
SiClass 1K' @.s.a.

< Frim: cont (where required: to be MO30
cutback @& 1.0 1/m2

Tack coat {where raquired} to be Kl-10
esulsion @ 0.6 1/a2

1 ross section widths according to desi¢n
standard.

w

Existing base course material tafter
resoval of bituminous surfacing say
be incorporated into the sub-base
layer where required to aatcb leveles.

d:) KAFUE LUSAKA ROAD 7 RECONSTRUCTION DETAILS Fig.
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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.

Overlay Materials

It iy proposed that strengthening overlays for the road
should be constructed using dense bitumen macadam
baseconrse  material (binder course not roadbase) laid
over a single gpreay and chip surface dregsing to
retard reflection cracking, and with a double road
surface treatment as a final wearing surface to resist
enviromental oxidation of the bitumen, Typical details
are given in Figure 12,5,

Dense_hitumen macadam

Dense bitumen macadam, is a continuously graded hot mix
asphalt  praduced to  a receipe specification with a
given deficiency of fine aggregate. This deficiency
forces the mix to rely primarily on ageregate interlock
for its load spreading properties and  leads to &
slightly higher void content than other cont inuously
graded asphalts (such as asphaltic concrete).

Good aggregate interlock provides the least resistance
to deformation under the adverse temperature  and
loading conditions that are considered to exist on this
particular road. Very heavy individual asle loads can
he expected on a small pumber of the commercial
vehicles usiug the road. During the hottest periods of
the yvear these will be instrumental in initiating track
rutting in any less than stable materials. The high
voids  content  can be overcome by senling the surface
with a thick bitumen film, such as the double seal
surface  treatment  proposed, This will slow down the
oxidation process by preventing the ingress of air and
water,

Because the surface of the overlay material is sealed,
a base course specification is appropriaste with a
suitablely reduced bitumen content {(as much as 1% lower
than if the same material was used as wearing course).
This will represent o significant cost saving which
will, at least-partly, offset the cost of the surface
senl.
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LEXISTING BASECOURSE

CLASS 1A AND IB SECTION (PATCH & RESEAL WITH OR WITHOUT WIDENING)

TYPICAL CROSS SECTION INTS)

2ST - Existind surface patched and

Ss -

G1

I

"

e

prepared by seallin® cracks and
applying a4 double bitusinous
surface treatment comprising:
first seal B0/100 pen bitumen @
1.5 1/m2 15=m chipping @ 70m2/md
Second seal 80/100 pep bitumen @
1.3 1/m2 13ma chipping @ 80m2/m3

Sand seal on shoulders.
Seal B80/100 pen bitupen @ 1.0 1/@2.
Crusher dust € 120m2/a3

Crushed stone road base and shoulder
material PIp6  CBR{HO

Solected dravel aaterial H}I';
cm{gs

Mmlv to be used shere remidual life
exceeds 5(Class 14) and 2.5 (Flasme B
w.S.a

Prime coat ‘where requir«i} to he
MC30 cutback © 1.0 /e

Tack coat {where required) to be
K1.40 emulsion @ 0.61/a3

Cross section widths according to
design standard

( ' , John Burrow & IPartners

CONIILTING ZNGINEEES

KAFUE LUSAKA ROAD
FEASIBILITY STUDY/COST ANALYSIS

PREPARATION OF EXISTING SURFACE
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124




eel

Eabankment widening to be
achieved bv benching

{EXISTING BASE COURSE

CLASS IA AND IB SECTIONS {OVERLAYING WITH OR WITHOUT WIDENING)

{NTS)

2x18tin¢ earthworks

in steps not dreater
than 30Uma deep.

5% H$+1.0m
H >1.0m

CLASS 1A AND IB SECTIONS (EMBANKMENT WIDENING)

[NTS)

2ST - Double bitumincms surfhce treatment
First seal 80/100 pea bitumen & 1.5
1/m2 19mm chippisg @ TCm2/m3
Second seal 807100 pea bitumen @
1.31/m2 13.2sa chippicg @ 50s2/p3

DBM - Dense bitumen gtcadam overlay im 2
lavers Recipe mix {oom. sire depending
on thickness) to base course quality
tapproximately 4.4X binder content)
using 80/100 pen bitumen.

ST - Existing surface patched and prepared
by sealing cracks and applying a single
bitumiocus surlace treatment coaprising
80/100 pen bitusen @ 1.3 /a2 13 mm
chipping @ 80m2/n3

8S - Sand seal surface on shoulders.
Seal 80/100 pen bitumen = .4 |/mZ
Crusher dust € 120u2/s3

Gl - “rushed stone road base and shoulder
saterial PIp6 CBRYBO
St Selocted grave]l wateriag l'l}l'_‘

rua{és

Notes

1 Pesign based on 10 {(Clags |- and &
iClags 1B) m.8.a

¥4 Prime coat (wher~ requiredi to be MCI0
~utback @ 1.0 l/a2

3 Tack coat !where required) to be K1-40
cmulsion ® 0.6 1/m2

! vross section widths according to design

standard.
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John Burrow & Partners
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KAFUE LUSAKA ROAD
FEASIBILITY STUDY/COST ANALYSIS

OVERLAY DETAILS /WIDENING DETAILS

Fig.
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The  overlay  gystem  proposed will provide a  smooth
riding  surface with good load spreading properties and
excellent resistance to enviromental deterioration. As
a side benefit, it will provide a wearing surface that
the Roads Department is well able to maintain by
regealing in the future.

Alternative Overlay Materials

Other overlay materials have been considered as an
alternative to the proposed dense bitumen macadam.

Crushed stone would have the advantage that  reflection

cracking  would not warise but the overall load
spreading  properties of this material are not good (by
comparison, Lhat s, with hot-mix asphalt). A

considerable  additional thickness of overlay could,
therefore, be required to meet the same design life
criteria, Although sufficent aggregate sources could be
located  near Lusaka or Kafue, considerable haulage of
materials would be involved and crushed stone would
prove an expengsive overlay materinl in haulage terns,

Penetration macadam has heen rejected as  an overlay
materinl because the nature of its construction is such
that  n wood  riding quality is alaost impossihle to
obtain., it is considered unlikely that the Roads Depar-
tment  would be satisfied with the riding quality that
would result from the use of penetration macadam on a
rond of Lhis importance and the economic consequences
in terms of increased vehicle operating costs would be
prohibitive. A further factor to remember is that pene-
tration 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.

Gap  graded  and semi-gap graded hot-mix asphalt  would
have  the advantage of increased resintance to fatigque
cracking and  better flexibility than  continuously
graded asphnlts like dense bitumen macadam. But these
improved  qualities are obtanined at {he expense of
increased  potential deformation. 1t is doubtful that
suitable dgap graded or gemi~-gap graded mix could be
obtained, having regard to the exceptionnl temperature
and loading conditions on the round, without rsorting to
the use aof 40/50 pen bitumen, a grade never produced at
Lhe Ndola refinery.
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12.4.5

Notwithstanding the above comments, should it he decided
at the detailed design stage to investigate Lhis
alternative further, creep testing must be undertaken to
prove  the potential performance of these  mixes using
tocally  available aggregates, Any  gap  graded  mix
scelected  from  such testing would be likely to have a
bitumen content  signiCicantly higher than the dense
bitumen macadam option proposed. This of course infers
additional cost,

Reflection Cracking

Considerable  regearch attention has been  concentrated
in  recent years on the problem of reflection cracking
and possible ways to avoid this phenomenon. The general
conclusion reached is that total frecdom from
reflection  cracking can only be guarantecd by complete
removal or reprocessing of the existing pavement, or by
application  of  very thick overlays t.he cost
offectiveness of which is dubious.

Notwithstanding the above comments, it is generally
accepled that the initiation and progression  of
reflection cracks can be delayed by providing a partial
shear bhreak  between  the existing surface and  the
overlay. Two ways of achieving this are worth

discussing, geotextile and surface dregsing.

Geotextiles are now extensively used in the break
systems under overlays, The geotextiles, usually a non
woven  (needle  punched) polyethylene, is laid over a
thick layer of penetration grade bitumen which acts
both as the break medium and as n water proofing
treatment  for  the existing surface. The costs  are
generally quite high approximately US $5.00/84.m.,
mostly in foreign exchange.

A single spray and chip surface dressing, performs very

largely the same function as the geotextile and evidence
from some  quarters suggests this system is as

succesful., In the Zambian context, surface dressing is

more attracltive from a cost point of view with a

significant  leoal cost element. and is a familiar

process to contractors,  On balance it is preferred as

the measure of retarding reflection cracks and has been

recommended for use on this project,
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12.5

12.5.1

JUNCTIONS, ACCESSES AND RAILWAY CROSSING

rnd Ci e at km 0 + 000

During the study the severe traffic congestion,
particularly at peak hours but generally lasting
throughout the business hours, was noted at the Kafue
Road/Benbella Drive/Cairo  Road/lIndependence Avenue
turning circle at km 0 + 000. The cougestion at  the
turning circle leads to congestion of traffic on the
approaches  resulting in delays of well aver 20
ninutes. The cumulative Cost of these delays, quite
apart from the inconvenience to the road user, will bhe
highly significant in national terms particularly as
the delays occur during business/work hours leading to
considerable loss of production.

It is guite clear that the size of the turning circle
is insufficient for the traffic levels the intersection
is required to cater for. As this intersection was
outgide the terms of Reference of this study no detail
work was  undertaken. However, from a cursory
examination of the problem the following solutions have
been considered 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
with 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 interscctlion is used in many cities and functions
very well,
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12.5.2

12.6

12.6.1

12.6.2

12.6.3

Whilst this item of work has not been included in the
scope of works under this rehabilitation project, it is
recommended  that  in  the event the Lusaka -~ Makeni
gection of the road is upgraded as part of the Kafue -
Lusaka Road rehabilitation project then consideration
be given to include improvement works on this
intersection.

Other Junctions, Accesses and Railway Crossing

The Jjunction 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 1in 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 }tine, a signal
operated by the railways is recommended.

This is a perfectly feaslble option particularly as the
Kafue Railway Station is only a very short distance
from the crossing.

ROAD FURNITURE

Traffic Signs

It is recommended that all existing signs should be
replaced and upgraded to international standards.

Lighting

On the dual carriageway section, based on the widening
proposals, it is proposed to erect the existing
lighting in the central reserve,

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-bays and Lay-bys

It is recommended that bus-bays and shelters should be
provided at al! bus stops along the study 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, IMPLEMENTATION QF IMPRQVEMENT WORKS

13.1 Phasing of Construction
13.2 Availability of Construction Material
13.3 Accommodation of Traffic During Construction
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13.

13.1

IMPLEMENTATION OF IMPROVEMENT WORKS

Phaging of Consgtruction

A project implementation schedule {is indicated in
¥igure 13.1. The schedule has been built up on the
followini 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 lor preparation
of 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 tenders 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 ftor 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
he 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
opportunity, Furthermore, there is sullicient time
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13.2

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 of the road which are to be either only
patched and  sealed or overlaid and sealed, it is
important to preserve the residual 1life of the
pavement.. Therefore it is recommended that the
contractor completes the work on the sections requiring
pautch and seal ag early on in the construction period
as possible followed by the sections requiring overlay
and seal. The sections which are to be reconstructed
can be worked on at anytime as the residual strength of
the pavements i8 of very little importance to the
reconstructed 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, the
whole life cost of the road will rapidly increase with
Lime as the road exponentially deteriorates with time.

Availability of 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
construction and maintenance of deviations, The timely
availability of the required materials at an economic
cost is very critical to the implementation of the
project, Theretore, the availability of these
materinls  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-bhase quality gravels are obtained wherever
possible from borrow pits along the alignment of the
road. In opening up horrow pits a certain cost will be
asgociated with bush clearing, stripping of topsoil and
overburden and reinstating the pits at the end of the
project., This cost should be compared with the cost
agsociated with hauling the material to the position
where it is required 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 smull. Depending
on the depth of overburden and the thickness of the
gravel layer the balance distance between borrow pits
can be estimated, From experience, this economic
spacing is in the order of 10 km. Therefore the
feasibility of establishing borirow pits at this spacing
has been examined.

The following existing borraw pits were visually
examined and found 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 B + 000 on the Right hand side of the road a
large borrow pit adjacent to the road on  land
belonging to the Lusaka City Council.

. AL 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 + BOO 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 the Left hand side.

. At km 64 + 300 just past the Kafue River Bridge on
the Loft hand 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 the road alignment.

Crushed stone will be required for the hase layers of
sections which are to be reconstructed, for overlays of
sections which are to be sealed and for surfacing of
the  road throughout. The cost of tLhe establishment
required to quarry rock and crush the rock to produce
sltone of the required sizes is such that only oune
crushing site can
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be economically justified for a road project of this
lengths. i.e. 1t would be more economic te haul stone
tfor 50 km than establish, dismantle and re-establish
large scale crushing plants at several loeations. 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 requirements of the Kafue Chirundu
road rehabilitation project. It would appear that
there is sufficient quantity of rock available at this
site and the crusher has sufficient capacity to produce
adequate  guantities of stone to supply the lLusaka -
Kntfue  road  rehabilitation contract in addition fo
meeting  the Roads Department periodic and routine
maintenance requirements.

However it should be noted that the current layout of
the quarry itself will grossly limit the amount 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.
If the present production capacity is to be increased,
which will have to be done if this quarry is to supply
the stone requirements of the Kafue - Lusaka Hoad
rehabilitation project, then the quarry layout and
methods of working must be improved. The overburden on
the upper part of the hill must be removed and a large
working layer must be exposed and benched.

The Roads Department have expressed their reluctance Lo
supply stone to the contractor for this project, one of
the leading arguments is that this in effect makes them
a subcontractor in addition to being the client and
such a contractually conflicting situation is not
desirable, One alternative that was briefly discussed
and  discarded due  to  the numerous institutional
problems  is the Contractor taking over the quarry for
the duration of the road rehabilitation project and
selling  stone to the Roads Department at a pre agreed
price to meet  the departments periodic and routine
maintenance requirements., One of Lhe significant
problems  would be the legal implications of the
temporary  use of machinery and equipment belonging Lo
the Government and the other would be the reluctance on
the contractors part to use the staff currently
employed by the 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 alternative would be for
the Contractor to establish a new working at a
different  flace 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 alternative that is
worth considerat.ion is the establishment of the crusher
at the sgite of 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 Lo km 26 + 000 for crushing. The significant
advantage with the site at km 26 + 000 is that three
phase power is readily available with ull the step down
transformer facility to hook up to u crusher. The
power f[or crushing at km 38 + 000 wil! 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 the Right hand
side al km 27 + 800. The quality and quantity will
need to be established but this location would be ideal
as il is closer to Lhe above crusher site and is
approximately at the middle of the Lusaka - Kafue Road
project 1i.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 simultanecusly in Zambia the
supply from this 8ource will not be adequate. In
estimating the foreign currency requirement tor 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 Kalue - Lusaka Road. No problems are envisaged
with adequate supply of cement. No problems are also
envisaged with the availability of adequate quantities
of sand from existing sand quarries st Lusaka and
Kaftuce.

Large quantities of water will be required for
construction works., In addition even lardger quantities
will bhe be required to control the dust on the detours
and devialtions. tt is anticipated that a fleet of
three 10 000 1 capacity tankers will carry on average
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13.3

10 loads a day giving rise to a total water demand of
300 000 1/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.

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
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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 wmust 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 s8ections of the road for periods of
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. However 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 + 800 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 ke 27 + 000 use the existing
disused Chilanga Cement haul road which runs close
to the main Road on the kight 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
gRravel 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 exiasting
Yacht Club road on the left hand side of the main
road which then connects the old Kafue - Lusaksa
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 - Lusake 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 side 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 e«tremity 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 disv od Chilanga
Cement quarry road and the old Kafue - Lusala 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 vrequires 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 problen.

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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Bills of Quantities

Unit Rates
Project Cost Estimate

Foreign/Local Currency Split

153



COST _ESTIMATE

Bills of Quantijties

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 he 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
statf 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 to 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

5.0

6.0

7.0

8.0

9.0

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 8ite 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.

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
and stripping topsoil has been allowed for,

Earthworks - which comprises earthworks to raise
the level of the road where required for drainage
purposes and to build up widened shoulders.

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.

Existing Pavezent 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.

Subbase and base - for widened shoulders and
reconstructed pavements the sub-base and base
shoulder material, stabilisation of sub-base
gravel material, and crushed stone base for new
construction have been allowed for. This bill
also includes nll 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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10.0

12,0

13.0

14.0

The
used

works

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 364500 will
be the source.

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.

Surface treatment and surface dressing crack
gealing 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 secalad prior to placing the
overlay, Items of work relating to these tasks
are included in this bill,

Pavement repair work - Even where the existing
pavement is to be .verlaid or patched and sealed
the pavement pust 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,

Drainage improvement and Rehabilitation - As
discussed before the most important aspect of
road design is tiue 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.

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.

style and format of the Bills are similar to that

for other Road Construction and kehabilitation
in Zambia and are in genaral used with interna-

tional standard conditions of contract. The method of
measurement is also thal used on similar contracts.
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14.2

Unit Rates

The cost cstimate have been prepared by extending these
Bills of Quantities with unit rates of construction
work for the various items. Unit Rates of construction
in sny environment comprises the various costs, of the
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
climate of the country etc. all have a significant
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 Zambla where
prices change at a fast pace it makes the exercise of
establishing unit rates a very difficult task, In
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
wodel HDM III. This analysis required the establish-
ment of financial, foreign exchange and economic cost
of the key work items in pavement construction. For
this execise a doszen major ltems were examined 1in
dotail and unit rates were built up from the basic
constituents of labour, mate*ial and plant inputs. As
these costings were undertaken largely for economic
annlysis 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
fluctuation risks and protect the estimate from a
contantly changing cost escalation factor, it was
decided in agreement with the client to prepare the
cost estimate in United States Dollars. In order to
arrive at & meaningful cost estimate the bills of
quantities were given to two large road contractors
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
to price the bills on the basis that the project would
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 fille 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 crushed
atone 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
1en straight run bitumen at
nominal rate of 1.3 1/~1.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
gimilar 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 wuse
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 agalinst
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 1is used, due to its current state
gsignificant costs similar to that required for opening
a new quarry will arise from expanding the current
working face, Thus, the rates built up for crushed
stone on the basig 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.

Project Cost Estimgte

Preliminary estimate of the total cost of the rehabili-
tation of the road from the Independence Avenue/Kafue
Road turning circle in lLusaka 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 Miscellaneovs 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

SEZESS=csc

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 thke 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.

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 1is 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.

-  8trip 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 curcency. 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 suamarised below as an example.

t ] ] (]
] 1 ] [}
H i $/Hr ! K/Mr !
] : : :
! Total Hourly owning cost 1 41.00 i 95.61 }
! Total Hourly operating cost | 38.40 y 141,12 !}
.’ E .‘ .‘
] [) ] ]
! Total cost 1 79.40 ! 236,73 |}
: ' — '
: : : :
! X of cost as component of ! H !
! Total cost HE & 4 H 23%
] [} ] ]
] [} ] ]
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Construction activity requires the input of plant,
naterials and labour. In the case of materials, other
than the materials that will be obtalned 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 tha cost of labour. However
even the Contractor’'s cost of superintendence and mana-
gemert 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 reglon 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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! ! ! : T
'Variable! Info !Total $|Total K{$/Hr | K/Hr
i | 1 i : )
' ) ' i ' :
New Purchase Price FOB 1220000 | ! H ' H
Freight to Dar ' 6000 ! H ! ' '
C&F H 1226000 | ' ‘ '
Insurance (C&F+25%%1,4%) ! 1 3955 ) H H :
CIF ' : 1229955 | H 1
Dar Port Charges % H 5 ! 11498 ! H H
Transport Dar/Lus ! 7000 ! ' 7000 ! ' H
Exchange Rate ! 8 | ' : g ]
Kwacha Equivalent CIF LUS | 11987622 H ' H
Duty % H 15 |} ! ! 298113) H
Sales Tax on K Value H 20 ) H ! 556534)
Import Levy % CIF H 5 4 H ! 99381) :
Total Purchase Cost TPC ! : ! 248453; 954059) !
Equiv. TPC K ! 12941681} ! !
No of vehicle tyres /U Ca | 1 ) ! ! H H
'Unit price Tyres/U Carr ! 25000 ! H ! ! !
'Deduct cost of Tyres ! ! ! -25000 ! !
'Deduct Cost of GET H 1000 ! ! - 1000! ! !
'Value to be Recovered new | ! ! 222453} 954059, !
!Actual value recovered H 1) ! 222453} 954059)
1Deduct res Val % H 0] } 222453, 954059) :
'Depreciation Period ! 5} H H H !
‘Working Hrs/Yr H 2000 ! ! ! H
|Cost per Hr H H H H 122.25) 95.41
'Original Purchase Price $ | 367710 ! H H ! !
!Tnt on OP Price % ! 12 ! H ! 113.24])
'Current Value $ ! 367710 } ! ! ! H
!'Tns Cost (% Current Value )| 3} H ! ! 5 52!
!Licence K i 400 | ' | ' i 0.20
] [] [} t ] 1] [}
] ] ] ] 1 1 ]
: : : ! ! .
'TOTAL HOURLY OWNING COSTS ! ' ' ' 141,00! 95.61
' | | ' ! ' :
i ' ' i ' ' '
|Fuel consumption /Hr H 37 ! ! ! !
'Unit Price Fuel ! 2.55 | H ! ! !
1Fuel Cost/hr H H : ! ! ! 94,35
10il/Grease X H 10 | H H i ! 9.44
IRepair Cost % TPC ! 20 !} ! ! ! H
! Labour X H 10 } ! ! ! !
H Spares % ! 90 | H ! ! H
!'Labour Cost per Hr ! H H H H V1 27.34
!Spares Cost per Hr : H ! ! 130.75!
!Tyre Life Hrs ! 3500 | ! ! ! !
' ' H ' ' ' :

Table 14.1 - Part I -

Breakdown of plant owning and operating cost for a

caterpillar D7 Bull dozer (1987 prices)
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Appendix A

Cracking Index

Pothaled Area

Raughness

Deflect ion

Pavement
Thickness

Traflic

Summary of Survey Resalts

Percentage of  sampled points  which
oxhibit a Crack Intencity greater than 2
m/square.,

Area of Potholes expressed in o square
metres,

Apparent Rouglmess value {in n/lm)
deduced from  vehidcle monnted bump
integrator data, Valoe displayed are the
average value from two rans,  one in each
direction,

Trangient  deflection  {(ma/100)  measured
using the Benkelmnan  Beam, The value
shown is the higher value from the
outside wheeltrack i each direction.

Layer thickness deduced from Dynamic Cone
penetrometer tests.

Data  from Traffic counts in 1989 with
projected MSA after 10 years,
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Penetration Depth (mm)

DYNAMIC CONE PENETROMETER TEST
Road : LuSAkA- KAFLE Test NO : DeP (7
Chainage (km) : 1.5 Inte @ Jo-5- 89
Carriageway : Northkeund Surface Thickness: 35 mm
Position : Odside Wheeltimek Surface Comlition: _ Good
Number of Blows
0 20 40 60 80 100 120 MO0 160 180 200
0 e e ——
—— o ' Svurfacy
" Streggn VB mio e
_CBR loo % -
100 o : y Roadbase
Sremgth 3.3 mmy/blowd
TIRR 100 % 105" mm
20000 . : "
Strength 40 mm/lolos
300 , CRe  F4 % . ‘ 220 s
Sub-bage
400 , , ,
______________ o d
500 Seeagtn 133 mayblow | ;
c % . .
600 . .
f o
100 . : . . .
500 R G
Stremgth 67 mmbino. N ..
900 L CRR .38%.& : \
1000 ) ' ' C
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Penetration Depth (mm}

DYNAMIC CONE PENETROMETER TEST

Road : LusAKA- KAFUE Test NO . DeP L
Chainage (km) : 2.2 bate : 3-5-89
Carriageway : Northbound Surface Thickness: 25 mm

Position : Outside Wheeltiuck

Surface Condition: _Good

Number of Blows

0 20 N0 0 8o 100 120 10 160 180 200
0 T Sorfacing
100 i St‘mﬂh\ 4L mm/Llnw
. crRe (5% (8o mm
Roadbase
200 _ ,
Sh!gﬁ\ 70 mne bilow) R —
‘ ceR 35% / F0 mm
400 e
Sub- base
S‘ﬂ!‘g’ﬂl "0[ L L) “u.‘)
00 CBR 20 Y% / 200 mn
500 o : ’
Sh!g‘n\ 63 mm/‘lw
: CcC8
600 @ 2%
100 — - T ——
| .
800 : :
900 + 0 [}
1000 )
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Penetration Depth (mm)

DYNAMIC CONE PFNETROMETER TEST

Road : LUSAKA - KAFUE Test, NOo ;. DeP 2,

Chainage (km) : 4.5 e ;. 3-5-89

Carriageway : Sgg(’hbodadm Surface Thickness: 25 mm

Position : Outside Wheeltrnek  Surface Comtition: Tntevconnected Crocking

Number of Blows

0 20 ho 6o 80 100 120 10 160 180 200

0 - Surfacing
. Strength 570 m.n/blog L 180 mm
: N . .
cBA ‘55 f ' Rood base
200 , : : , '
Streagth 8.3 mafblow o
300 ; 'CBR ' 287 : -
T 4 -+ Sub-kase
500
;sm;-ztn :Ios.o. mm/ble < barade
500 CBR 234 S
600 | ...\ L :
100 L I o o
L .' : Lo L s
90"..u:..,,:_.‘.:,.,,ﬁ.uj..:_:. i .I
1000 ' ,
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Penetration Depth (mm)

DYNAMIC CONE PENETROMETER TEST

Road : LUSAKA - KAFUE Test NO : DcP 3
Chainage (km) : 6.4 Iate : 3-85- &9
Carriageway :  Northbound. . Surface Thickness: 25 mm
Position : Ootsde Wheelbinck Surface Cordition: Tnteronnected. Crucking
Number of Blows
0 20 4 60 80 100 120 M0 160 180 200
0 : . T e iy
‘Strergth B i r‘nm/ blow r
100 d 657 135 mm
| Céﬂ Roadbase
200 i
; ' R i ) (Rl ‘~7-— e -
|
» Strength 2.3 mm/blow
] ﬂ ' e
300 | CBR 1o 1o
- Sub-base
hoo ! ¢ . e N e
. SL’regn\ 48 mm/l%btd 240 mm
. 60 %
500 ’, . lcs:.z“e_ ./
600 : Strengthv lo ;}m/olow Sobgrode
. car 207
0o | . L :
800 ) K
900 . : - '. . : . ) . . : - A. . ' : :
1000 ' Z
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Penetration Depth (mm)

DYNAMIC CONE PENETROMETER TEST

Road : LuSAKA - KAFUE Test NO ;. DCP 4
Chainage (km) : 81 Inte @ 3-5-89
Carriageway : Soothbound Surface Thickness: 30 mm
Position : Outside Wheeltrack Surface Cordition: Sinjle Crack

Number of' Blows

0 20 bo o 80 100 120 M0 160 180 200

0 ] S - ,A_._‘_,'_Sor!oclrlgg
Stremth 6,2 mwblw
100 . CBR 4221 R Bo m
) Stregth 2.7 myfbles Road.base
200 ' cgk loo % _ : 120 mm
300 fSt’reggth Bo mm/blwif o 160 mm
CBR 30y ' Sub- base
NOO o . , , R
: . Sh‘el_\_qﬂ\ 22,0 mm blw -
500 | CRR 8% - Snlzgrade
‘ .
600 | :
00 L
800 f : . . : .
900 ‘ . Q . f : l : ‘ )
1000 :
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Penetration Depth (mm)

DYNAMIC CONE PENESTROMETER TEST

Road : LUSAKA - KAFUE Test NO :  DcP S
Chainage (km) :_,_.9:..9.--. ] Iate @ 3-5-89
Carriageway : Northbound Surface Thickness: 25 mm
Position : Outside Wheelback Surface Cordition: _ Fine crocks

Number of Blows

0 20 ho o 80 W 120 1o 160 180 200

— . . - Sur(uivg
-Strength 3.9 mm/blw . {10
CBR #57% / o o
1 . . . , . Roodbase.
1 . .
! .
200 | ' ' '
' S o ‘ 20 e
| *Strength 7.5 mey/blow
300 | L Bk ®Eo Svb- base
hoo "“”“'T“ e N e s C ]
! . , , Stremyth 2.6 mm/blow go mm
' : ) €8R 90% e _
‘)O() , . ' .
; Streagth 5.3 mm/blw | Subgrade
i C8R 50 % .
600 j
:__-—_.h__._.___a_._. ____'_-._,_.._‘..___.:___—_-——_
100 " .
! ) :
800 | j .
‘ L]
! )
900 | .
| -
| .
1000 ! '
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Penetration Depth (mm)

DYNAMIC CONE PENETROMETER TEST
Road : LUSAKA- KAFUE Test NO @ Def 19
Chainage (km) : 10.5 Iate : 20-5-83
Carriageway : Northbound, Surface Thickness: A5 mm

Position : Qutside Wheelbrack

Surface Condition: Tnlertoamectad Cracking
surface Condition: |

Number of Blows

0 20 4 60 80 100 120 M0 160 180 200
Q[ e o L i
- e '_Sucfe»ans___.
 Strength 1.8 mm/blow T?S mm
100 .. . R _c,g,pt 'oo% 4
o o '
| ) Stregth 8.2 low -
200 . cee 28 % ko m
300 5 *' ‘
. ' Stre 6.3 ‘mm/de 130 ram
4o | ‘ ‘ cer kol .
i:__ e e e L A& .
= | ; G — . Jeemm T
500 L : Shemth 32 mnfbiow

600 : o L
:  Stragtn Bl Shyede
700 ' j L cRR 1% '
800 |_ o N\
900 L \ S
1000
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Penetration Depth (mm)

Road :

DYNAMIC CONE PENETROMETER TEST

Chalnage (km) :

Carriageway

Position : oubside Wheeltrack

100 -

200

|
300

f
Loo

H00

600

‘100

800
900

1000 !

LUSAKA - KAfue Test. NO : DcPb
o Inte : 3-5-89
Southbound, Surface Thickness: 25 mm
s e Surface Cordilion:  Fine _cracks

Number of Blows

ho o 80 100 120 10 160 180 200

- — ' B Surfacing
Strength 5.3 ewn/blow
CBR 95 % 105" mm
e e ‘e y B Rosdbase,
.Stnu:gtk © mm/bhw
8k Is % ‘ ¥ mm
e S
‘ Stm% 2.2 mm/bhu'
CEBR  Ipo 7 1 180 ma Sob-bose
stregh 56 mm b | o
S ey B vbgrade

,

.

C8R 207
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Penetration Depth (mm)

DYNAMIC CONE PENETROMITIER ‘TEST

Road : LUSAKA- KAFUE Test NO @ Dep 7
Chainage (km) : 2.5 Iate :  3-5-89
Carriageway : Northbound Surface Thickness: 25 mm
Position : Outside Wheeltrack Surface Cordition:  Rtholes
Number of Blows
0 20 40 60 80 100 120 10 160 180 200
0 ; ; :
R L U S .. Surfacng
‘ .Strength 2.5 mm/biw ?SM&QLS
100 CBR oo % . "
- - : : : - ; ] Road base
. . . Stmgtﬁ 3.8 mm/bl.uo . .
| ‘ ' © ¢8R 8oy - ' - ,9°"”"
200 1= - - - - - - : -
: Srrerﬁfh 2.9 mm./blwd ' ) Fo mm
e . COHR __100% . - [ I
: ; - e ob-base
300 Strengh 3.8 ma/blew T too
) CRR 8 % . |
hoo ! Shongth 4.8 mmblow
®RR % '
. . . . Subamk.
500 [ .+ S
600 —— = e e b e
700 1 : S
' ] ]
800 | ] '
I v L]
| I 1
500 | : : '
1000 I ) f ) f . :
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Penetration Depth (mm)

DYNAMIC CONE PENESTROMETER TEST

Road : LuSAA- KAFUE Test, NO @ DCP 8 _
Chatnage (km) : 13,7 bate : 3-5-89
Carriageway : Soothbound Surface Thickness: 25 mm

Position : QOubside Wheelbmek Surface Condition: _ Good,

Number of' Blows

0 25 5 75 100 125 150 175 200 225 250

0 _
| Skremth 0.6 mm/btow [ -
100 | ceR 100% 105 mm
|- P P 4 Qoo&bﬂe
, Skrevgth 13 mm/blow 0o mm
200 - ..c;eg,_k_lgo'- — R
&g’th R w
: " c@_l_&__?_':':‘/?/ . . 55”“; -
300 | Strugth 63 mm/towd : a0 mm“ Thase
c8e %
100 C Stomth 1S mey/blow
l ‘ CAR ’.l.oz, ' '
| : gubjrud&
500
600
'IOO - : . ) - ) .‘ . ’ ‘ . ! - ..:
] ]
800 : :
900 I .
| ' -
1000 )
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Pernetrztior, Depth (mz)

DYNAMIC CONE: PENESTROMISTIR Iy

Road @ LOSAXA - KAFLE

Chainage (km) = 16,9

Carriapeway 1 Novthbound

Position: Ootside Wheltmck

Test, NO

DCPI9

nke

_3-5-89

25 mm

Jurfaece Thiekne::s:

Surface Conjition: Rtnoles

Number of Blows

0 25 S50 5 100 125 150 17% 200 225 250
0 et e ot et v b b s et b e e P SUr{M i'lg
‘Stremgth 3.0 !
100 - . cﬂ ‘ rmfblow IS5 mm
BR 0o % Road base
o00 : . — . )
Stre\_rgth 5 mm blow 100 mm
_ , CRR 85 % Sub-base
300 . .
Hoo | e Sutgmdc
Seaath 11,2 mn/blm
500 | L CeR " 20 7
600 ' ‘ : N
100 | . L C
I . . '
i ' ] [
H00 | ) ' . : .
= 1 . +
900 . . .
’ . ﬁ ' X
1000 ! . , .
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Penetration Depth (wmm)

DYNAMIC CONE PENETROMISTER T15F

Road_: LUSAKA - KAFOE Test NO ;- DeP 187
Chainape (km) @ 8.2 e @ 20-5-89
Carriageway ; Northbond Surface Thi_c}gness:_‘__é-‘j/_r_wm _

Position : Quisids Wheelbmck — Surface Comlivion: Taferzannected cracking.

Number of* Blows <

0 20 ho o on 80 100 120 140 160 180 200

O e S
e R — S Surfecing
' : \ . Stremth . 1.9 mm/blsw . ~
| i i vadloie
:—_—._ - —_
200 | :
300 | CoR 75 2 Sub-base
f
1
400 ! 1
|
|
500 | e —
|l ' Shremgth 13.2 mmybi Subgrade
' CBR 202 ,
600 C : :
100 )
i
|
800 | : ' j ' ‘
i .’ Stremgth 6.1 mm bhw '
900 CBR 42% :
b . —_— —_— o —_
1000 ;, ' | ' ' v | -
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Penetration Depth (mm)

DYNAMIC CONE PENETROMISIER TEST

Road : LUSAKA - KAFUE Test NO: Defi3d
Chainage (Jm) : 20.2 Iate : 4-5-89
25 mm

Carriageway :  Southbaund Surface Thickness:

Position : Oukside Wheelkynck. Surface Condition: Tnteaonnectad Cm:.\_r.’lrﬁ

Number of Blows

0 20 ho 6o 80 00 120 1o 160 180 200

0 . 4 B N YT 73T, W
100 Stregth 7 mny/blow 145 mm
CBR. 357 . . . Roodbase
200 N | Stremgtn &7 nm ik ' T )
. . cB8R o0 % . . 75 mm
300 Strenft 70 mm blow Sob-base
CRBR 35 % 175 mm
400 , S o
. : » e
Steemth 12 mmfbiow - :
500 @B 202 Sobgrade
700 .
800 : :
900 . : .
1000 : .' : .' . .' ‘ :
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Penetration Depth (mm)

DYNAMIC CONE PENETROMETER TEST

Road : LUSOMA- KAFVE Test N0 DeP 4

Chainage (km) : 27,0 Imte : 4 -5-89
Carriageway ;- Nerthbound furface Thickness: 25 mm

Position : Outside l«)keelt’r'ab_klﬂ Surface Comdition: _fr%’gf@ﬁgfh_d_ﬁngc_o_»\\]

Number of' Blows

0 25 5 Y5 100 125 150 15 200 225 250

v e ) o o Surfocing
Strength 2.5 emblew ' " t
w%:e& YA W_ o L | 55 mem
00
10 Sttt 1.3 pom/blow : Roadbase
' \ CRR ool 100 mmy
200
' S&"‘ﬁ‘k ' 214 b{ ‘ ~
; \ CBR 100 % - . bom Sub-base
' Shenat., & /o)
300 i‘_——‘*‘ e CBQ (gm;:' . & mm
400 Skength 4 '!74*"’2
‘ SR T
500
600 :
‘700
l ]
800 | .
|
| .
900 .
1000 !

189



Penetration Depth (mm)

DYNAMIC CONE PENEFTRGSTER TEST

Road : LuSAKA- KAFUE Test. NO @ DeP 20

Chainage (km) : 2B.4 Mmte : 20-5-89

Carriageway : Northbound Surface Thickness: 30 mm
Position : Ovtside Wheelbruck surface Condition: Inferconnected crucking. .

Number of Blows

0 20 ho 6o 80 100 120 10 160 180 200

o - S .
,!-————-— e Svrfacing
100 : . | ‘ | |
, ‘
200 ! Refusel ) ' 370 mm
|[ CBR loos .' ' ' Roadbase
300 : ' ' :
i
!
400 i | _ ‘
tremgth  13.8 man/blow |
500 | CRR IS4 180 mm
Sub-base
600 -
700 ' L
Stremgth 417 'mm,wa ‘ . Sulﬂrade.
800 cak 4 % ‘:
900
1000
1100
]200 1} i




Penetration Depth (mr:)

DYNAMIC CONE PENETROMETER T,

Rod : LUSAKA - KAFUE Jeatne: DXPwO_
Chainape (km) @ 28.8 e : 3-5-89

Carriappway @ Soothboond

surfaee Thickwens: 15 mm

Position : Outside_Wheslbvack Surface Contilion:  Goed

Number of Dlows

0 2Y 50 ™ 100 125 150 S 200 225 240
0 o
T . LY !%
: ' ;Stre;\_gt.’k L6 mm/blow
100 ' ' : CBR l007 ' l2° o
| : ) , Roadbase
: : St’ th 3.0 mm Iolouu o
SO0 : _ Qg’aa loa %, / .| Zomm
: Sub-base.
300 Sk Cgf\L ‘Z"f)%m'ylﬂm) 125 mm
3 R
hoo i Stm('ﬂt‘v\ &0 wmmf
, cBR 2o/, Subrude
500
i
) tk 22 mw/plw)
: C%R %
600 |
R — . '_ o
‘100 . . . .
] . . .
Ao0 ) - .
; . . . . .
900 ! .
1000 | :
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Penetration Depth (mm)

DYNAMIC

CONE PENETROMETER TEST

_DeP 2]

192

Road : LusAka - KAFUE Test NO - DeP 2l
Chainage (k) :  39.5 Iate : 20-5-89
Garviigpwiy @ Novthbound durface Thickness: 40 mm ————e
Position : Ookside Wheeltvack surface Cordition:  Good
Number of Blows

0 25 5 7% 100 125 150 175 200 225 250
"
o0 | Strwsf'n 20 mm/blow 105 mms

\ C&K 100 ) Roadbage.

| . e
200 Skm:gﬂn 2.5 mm/blw 4

! CBR 100 % ' 135 mm

.I Sub-bage
300 e e

| B8R 45 % Sobgrode
Koo | ¢

li 230 mm

t
500 i

|
600 ’l Stremgth L5 mmy/blow 160 mm

| C8R Ioo % : |

! ‘ ' y
100

' ‘ctm 4—5‘7’ \
800 | .

| — —_— —_— _— — —_— e —_ — —_— — e
900 .
1000 !
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Penetration Depth (mm)

DYNAMIC CONEL PENETROMETER TESTE

Road : LUSAXA - KAFUE Test. N© : DRz
Chainage (km) : k3.1 te : 5-5-89 .
Carriageway :  Southbomd Surface Thickness: 5o mm
Position : Outside Wheeltvak Surface Cordilion: __ Fotholes

Number of Blows

0 20 o o 60 80 00 120 10 160 180 200

P —
[ _ B Sorfacim
100 !
: Shrevgth 3.3 m.nA)lom 270 mm
200 | caR 9% % Roodbase
i
300 |
' .
i Stremgth 5.3 mm/b’ou’ 140 mm
1 ' »,
100 ! C8R . 5oy Sub-base
|
{
wo N\ Sm.a& 27" b Svbgrade
; . .
600 |
|
00 |
| .
800 | :
: .
900
|
1000 |
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Penetration Depth (mm)

DYNAMIC CONE PENETROMETER VRST

Road :  LusakA — kAFug Tesl NO : DePis
Chainage (km) : %5.5 Mte @ 4-5-89
Larriageway : Northboond, surtace Thickness: 10 mm
Position : Oukside Wheelbrock Surface Cordition: PRtholes
Number of' Blows
0 25 % % 100 125 150 1% 200 225 250
0 T So¥ecng
! : Sremgth 2.5 mm/blow 100 mm
[ CBR o0y
100 i o Roadbage
N Stenth I3 "'."/g’i‘”" ) CBR toog, - a0 mm
700 | Strezfh 35, mm bk 7o
' ;
{
Strerath 2.4 m:/blu.l
f
300 | car loo7 190 mm
! ” Sob-base
|
400 ll —-—
Stremth 3.4 m m
! ey '}'6 130 mm
o CBR 9o /s
500 | ‘ Soggrode
| 7 7. &
— . TTER R T~
600 |
!
i
‘100 ]
| .
I ’
' ]
800 | .
]
{ .
900 | .
| -
1000 !
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Penetration Depth (mm)

DYNAMIC CONE

PENESTROMEETER TEST

Road : LUSAKA - KAFUE Test NO : P e
Chavinage (km) : S0 awe ;#5767
Carriigeway 1 Sathbound furface Thickness: 25 am
Yosilion : Ookside Whae]bndc Surtace Cordilion:  Rtholes
Number of Blows
0 20 Lo 60 80 100 120 110 160 180 200
0 - o ‘s.,r&T
% 1 mm/b(ou) e 20 mm
100
) &'Ye:gﬂ. 2 nm,/f:lw! Radbase
! CBR oo % 140 mm
¢ R ——— —-
Stremth 4l syl %0 men
i c8 -
300 | e R__70 % Sob-base
1 . .
, th 34
' Ce& 90 z 235 mm
hoo .
|
! Sutgmde
[}
500 | e
! 4o m'r‘b‘J 60 nm
; R 4]
i g Sl’ (4 o 'm"/b’“" \
600 ‘i——- — —_— —_ Eﬁ — Ve e e
. , , . .
! , .
100 # .
: - '
800 | : N
! .
| .
900 : '
1000 - :
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_HACKGHOUND  INSUIMAT TON

The DCP programs discussed hore are based on oripinal work dono by Mr E
G Kluyn of rho ‘ransvaal Roada Dopartmonc (YRD) ., (Scu list of referoncuy
st tho back of this document)., Later work, using somo of those oripinul
work, as well as adding addicional calculations and new concepts was
undurtaken by Mr M De Beor of the Divisiou of Hoads and Trunsport
Tuchnolopy, C5IR, PYretoria,  The most lmportunt aspect of the latest
wotl Llu tho duvelopment of a DCP-clagglflcatlon yystem, Thiy system !
usud to classify DCP data for rolatively 1liphtly cementitious and
granulur base thin surfaced f£lexlble pavements, Sce De Beor et al.,

1902, for a escription of the classificatlon systeu.

Thesae computoer programs automatically classify the DCP data using the

calculated relovant paramoturs, A and B, and alco calculatus:
e avuerpyo Poanctration rates in mm/blow
e Davement structural number, DSNBOO' in blows, which is the actual
nuawber of blows to penotrate 800 mm (approximately 31,5 inches) from
the gurfuace of the pavement,
o CER values devlved from the following formula :
If average punetration rate (DN) > 2 mm/blow :

then CBR = 405,3 X pn(-11239)

and 1f DN < 2 mu/blow :

then CUR = (66,66 X DN2)-(330 x DN + 563,33)

o UCS valucy derived from the following formula

UCS = 15 X CBRO'88
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¢ Structural capacity in million E80s derived from the following

formula :

Million Standard Axles (MISA) = Cm x (DSN800)3'5x10 -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, ses Section

4.1.

¢ Balance Number at 100 mm depth, BNIOO' which is the DSN percentage
at a depth of 100 mm of the pavement.

¢ Standaxrd Pavement Balance Curve (SPBC) B-value for the data, which
is the B-value describing the best fit standard pavement balance
curve for the data, as is indicated 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 botween a relatively
softer layer (high penetration rate) and a rolatively harder layer
(low penetration rate) or vice vorsa. 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.

¢ Lastly, a layer strength diagram of the redefined layers 1s given.
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"MATERIAL TESTING SERVICES T RTT. CSIR SA j
SUMMARY OF DCP INVESTIGATION e

PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENSTH

DATA B/CURVE

{ DATA FILE KA FROM - TD AV. PENETRATION SO g  OBR UCS

' REGION - -f: STRUCTURE NUMBER 152 0-375 a1 2.4 8.1 €8 614 |

i ROAD NUMBSR :-£:3 BALANCE NUMBER (BN100) 22 29 376-800 LEN 4.3 20.25 € 72

' DISTANCE - + DIFFERENCE IN BN100 -2 i

! POSITION : BALANCE CURVE IS WHERE B2 ax 2767 :

: STRUCT. CAP. (EBOx10%%B5) zx+

: CONDITION = : X

© L AuT.] DEFoAM. Pue . ROAE CATEGORY A

" CATE cao - TRAFFIC =iy HEaVY ThassIz

—_ ————— #_ SIr.ztJural capacity nct rellabie CATESCRY Vi AvEmasZ_c calaNIE. (SEr STAUCTURE ARG,
CCFP CURVE [ BALANCE CURVE

NUMBER GF BLOWS

EPTH

.

PAVEMENT |

] LAYER STRENGTH DIAGRAM

I e, (-90< B < +80) ‘
% OF PAVEMENT STRUCTURE NUMBER]’ o

OpedC 20 30 40 52 60 70 80 o |
Tman ey

N
[ 10q
- .h :
20aili E 200
e =%
1 X p:aou
e (|~ w0
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MATERIAL TESTING SERVICES RTT. CSIR., SA
SUMMARY OF DCP INVESTIGATION |
PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENGTH
T . ££74 8, TURE FROM - TO AV. PONETRATION SO 68 cBR '
,géG‘I‘OFILE PLskad.DaT STRUCTURE NUMEER 54 5150 >3 30 25 3a
; N LUSAKA = ZH1LANG2 BALANCE NUMBER  (BN100) 1 2 151-500 12.6 8.3 27.8 =
| ROAD NUMBER : TF1 = s 5C4-800 21.4 ©0.8 39.2 5 :
! DISTANCE RS DIFFERENCE IN BN10O 38 i
| FOSITION i 5 e ) A B BALANCE CURVE IS WHERE B 2= i- zs5° '
| CONDITTON .+ [raxen] ovensressen] sowp ] STRUCT. CAP. (anuo“sL.;.ﬂ
: Caur. T oerore ] 7ae, ] cracks : Crock] Lovs. ] o ?g:g&ffﬁgf:uw e
i DATE * BS.05/30 s_Structural capacity nes reliacle C2TESOAY V : AVERSSELY BALANCED DEEP STAUCTURE (s3.
! act > GELY BALAN
; DCP CURVE BALANCE CURVE
i : {osN 8ae) (-80< B < +30)
i NUMBER OF BLOWS ' X OF PAVEMENT STRUCTURE NUMBER
o' 5 _80_ 70
109

DEPTH {mm)
g

" BAVEMENT
B




00¢

NUMBER OF BLOWS
80

{DSN BOC) (-80< B < +90)
% OF PAVEMENT STRUCTURE NUMBER

Q10 20 30 40 50 _

70

{mm)’

PAVEMENT [EPTH

5070 60 0

MATERIAL TESTING SERVICES RTT. CSIA, SA
SUMMARY OF DCP INVESTIGATION
PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENGTH
ATA F : DATA  B/CURVE FpoM ~ T AV. PENETRATION SO S® (B8R UCS
gEG‘I‘ONILE ."lejjgig:: — CHILANGA STRUCTURE NUMBER 101 0-170 6.4 3.2 1.7 39 378
| ROAD NUMSER : TP2 T BALANCE NUMBER  (BN100) 1z 21 321-800 s 2.6 =8 u OB
! DTSTANCE . a5 DIFFERENCE IN BN100 -2
POSITION O T T IR T 32" BALANCE CURVE IS WHERE B 15 a= 1373
CONDITION - [ FAILED] ¢vensenoms Soao | STAUCT. CAP. (EBOx10#%6}. 3¢
¢ TRGT. ] DEFORM ;;Ia‘d{s"“‘— @jo—*r‘(— !'_w“@ ROAD CATEGORY Al
DATE B3/05/30 TRAFFIC VERY HEAVY TRAFFIC
- #_Structural capacity nct reliable CATEGORY V : AVERAGELY BALANCED CEEF STRUCTURE (A80)
DCP_CURVE BALANCE CURVE LAYER STRENGTH DIAGRAM

PAVEMENT D

m

EPTH i

400
414
9
[}
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DATA FILE  igea3 pat

REGION LUSAKA - “HILANGA
ACAD NUMBER TER

DISTANCE ~

POSITION (Ll LT T
CONDITION = : [Fanes| overs

r

DATE

Lt T oeFome.) P, | cracxs -

crocx 10661 0

_ ’88/05/30

MATERIAL TESTING SERVICES RTT, CSIR, SA

SUMMARY OF DCP_ INVESTIGATION

PAVEMENT CHARACTERISTICS
© DATA B/CURVE

AVERAGE EQUIVALENT STRENGTH
FROM - TO AV. PENETRATION SO geP B8 UCS

STRUCTURE NUMBER

154 0-500 4.8 2.2 8.3 se 533
BALANCE NUMEER (BN100) 43 18 gg::ggg g.g cq:g 15.; gg ;gg ;
DIFFERENCE IN BN100 -3 - . . < i

BALANCE CURVE IS WHERE B,f,. 3337
STRUCT. CAP. (2B0x10%%E) s3e ;
ROAD CATEGORY N !
TRAFFIC vegy HEavy TRAFFIC

Structural caracity not rcelianle  CATEGORY VI @ POORLY BALANCED CESF ¢

CATEGORY VI :

PAVEMENT

DCP _CURVE

NUMBER OF BLOWS

POORLY BA! ANCEC CEEF STRUCTURE (FSC) :

BALANCE CURVE LAYER STRENGTH DIAGRAM

(DSN 800) (-80< B < +90) :
X OF PAVEMENT STRUCTURE NUMBE# con

o i |
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=
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-
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DEPTH
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" MATERIAL TESTING SERVICES RTT. CSIR, SA |
SUMMARY OF DCP INVESTIGATION :
PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENGTH i
i . DATA B/CURVE FROM - TO AV. PENETRATION S8 gsP  CBA UGS
! gé;?a:ILE LSKas.DaT STRUCTURE NUMBER 99 o-220 5.9 3.8 2.2 43 410 |
! __ -LUSAKA - CHILANGA BALANCE NUMBER (BN10D) 13 a3 221-310 5.2 0.7 6.4 51 477
| ROAD NUMBER :TFg4 311-B00 2C.1 5.5 29.1 =] 103
{ OISTANCE e CIFFERENCE IN BN100 -20 i
! POSITION .rT [ I T I8l T 1 BALANCE CURVE IS WHERE ‘BgﬁA- 3674 :
| CONDITION [ Faiteo] oversiresp]Sarp | STRUCT. CAP. (EBOX 10Mwgj oo
+ L. oeromw.] rae. T chacks : croox] tawe. ] omed  ROAD CATTGORY At
! DATE s e TRAFFIC vEAy HEAVY TRAFFIC
- - . “E3es/30 .-r.::cu.-—:mx capacity oct reltaple  CATEGORY VI : POORLY_EA_ANCED DEEP STRUCTURE (PBOD)
; DCP CURVE ! BALANCE CURVE LAYER STRENGTH DIAGRAM
; : {OSN 8CO0) (-90< B < +30) 2 T 2 g @ a w
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DATA FILE
AEGION

AOAD NUMBER : TP5
DISTANCE
POSITION
CONDITION

*LSKAS.DAT
*LUSAKA CHILANGA

MATERIAL TESTING SERVICES

SUMMARY OF DCP_INVESTIGATION

1 _8.¢
[ S IwWl T 1 TR

FAILED| OVERSTRESSED | S ]

[ eur.T oeror T oune, | cracxs = croox] Lows, | ones!

i DaTE : 89/05/30

» Structural capeacity not relisble

; DCP_CURVE

NUMBER OF BLOWS

S0

PAVEMENT CHARACTERISTICS

DATA B/CURVE FROM - TO AV. PENETRATION S0

RTT, CSIR SA

AVERAGE EQUIVALENT STRENGTH
af @8 us

STRUCTURE NUMBER 148 o 85 7. 3.2 12.2 34 334
BALANCE NUMBER (BN100) 3 12 8e-215 5.6 o.a 6.3 48 ass

6-315 8.7 0.5 0.5 26 283
DIFFERENCE IN BN100O K] §:8-375 7.0 1.0 8.7 34 234
BALANCE CUAVE IS WHERE B_% a= 928 376-800 5.0 0.7 8.2 84 501

STRAUCT. CAP. (EBOx10%%G)_4gw
ROAD CATEGORY Al
TRAFFIC VERY HEAVY TRAFFIC

CATEGORY VII : WELL-BALANCED INVERTED STRUCTURE (WBI)

BALANCE CURVE

(oS~ 300} (-90< B < +90)
X OF PAVEMENT STRUCTURE NUMBER

020 30 40

{mm)

‘PAVEMENT DEPTH

LAYERR STRENGTH DIAGRAM

4, - I
g2 8 &8




70
-

mm

MATERIAL TESTING SERVICES

SUMMARY OF DCP INVESTIGATION

PAVEMENT CHARACTERISTICS

DATA B/CURVE FROM - TO AY. PENETRATION

RTT, CSIR, SA

AVERAGE EQUIVALENT STRENGTH
SO

!DATA FILE : D gf R Uucs
| FIEGIONI -%ﬁ?ﬁggwo STRUCTURE NUMBER 145 0-150 a.7 2.5 a.m 57 528
i . BALANCE NUMBER (BN100) 8 20 161-300 2.9 1.8 10.8 30 209
| ROAD NUMBER : TF19 301-450 5.3 1.5 7.7 a9  4s0
| Postmion O SSA TR [T T BALANCE GURVE 1S WiERE B 1o EAR SIS R
! POSITION o I Iwl T T IR B?'F-‘Aggﬁ CURVE (IS WHERE B 13 ac 2837 . . .

; CONDITION  _: [Faren| oversTressen STAUCT. CAP. (EBOx10%%6), ¥

b Chut.] oerore] e, ] cracks : crock ] Lows. ] ones]  FOAD CATEGORY A

{DATE  :soj0s/30 TRAFFIC NERY HEAVY TRAFFIC

. s a _Structural capacity not reliable CATESORY V : AVERAGELY EALANCED DEEP STRUCTURE (ABD)
f DCP CURVE BALANCE CURVE LAYER STRENGTH DIAGRAM

NUMBER OF BLOWS

[(DSN 800) (-80< B < +90)
X OF PAVEMEMNT STRUCTURE NUMBER!

1020 30_ 40 S0 80__70

W

PAVEMENT DERTH
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TR

MATERIAL TESTING SERVICES RTT, CSIR, SA

SUMMARY OF DCP_ INVESTIGATION .
PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENGTH i

DATA FI . DATA B/CURVE FROM - TO AV. PENETRATION so CBA  ucs
REeToN T LSKAB.DaT STRUCTURE NUMBER 155 o178 e o ke B !
:LUSAKA CHILANGA BALANCE NUMSER  (BN100) 13 20 176-245 47 1.7 7.4 57 528,
AOAD NUMBER : TP6 ) 246-375 3.0 0.6 3.9 R 878 !
DISTANCE . 12.0 DIFFERENCE IN BN410O -2 378-800 7.8 1.7 10.8 30 290 |
POSITION :—L-I_I_LJL]_L —’g BALANCE CURVE 1S WHERE B1% a= 3299 :
conprTIoN @@@ﬁ%ﬂ oD Earehp . (EBOX10xx5). = :
1 [sur.T oeForm.] eime, | cracks : crock] Lowe A i
; DATE = ‘na.é/oslao . TRAFFIC VERY HEAVY TRAFFIC !
= i & Structural capacity not_rejiabdie CATEGORY VI : POORLY BALANCED DEEP STRUCTURE (PBD)
DCP_ CURVE BALANCE CURVE LAYER STRENGTH DIAGRAM :
) (OSN 800) (-90< B < +80) ;
NUMBER OF BLOWS X OF PAVEMENT STRUCTURE NUMBER con ;
10 20 30 40_ 50 80 |

’
4 :
. ou 0‘......” .
: rﬁ‘nﬂ*w ]

PAVEMENT DEPTH

PAVEMENT DEPTH "




90¢

TRy

DATA B/CURVE FROK — TO AV. PENETRATION

RTT, CSIk. SA

AVERAGE EQUIVALENT STRENGTH
20 e 8 US

PAVEMENT "DEPTY

§

TR NI AR

.........................

MATERIAL TESTING SERVICES
SUMMARY OF DCP_ INVESTIGATION
PAVEMENT CHARACTERISTICS
DATA FILE ILSKA7.DAT
REGION :LUSAKA CHILANGA STRUCTURE NUMBER 165
ROAD NUMBER :Tp> BALANCE NUMBER (BN100) 4% 49
DISTANCE . 42.5 ) DIFFERENCE IN BN100O -
POSITION TUd IR T T 18 BALANCE CURVE 1S WHERE By#& 4= 1604
! CONDITION FAILED] OVERSTRESSED STRUCT. CAP. (EBOX10\“‘S’_5§!
¢ [eur.] orore Jrwe. T'oracxs : crox] Lowe. [ omed  HOAD CATEGORY A -
DATE :89,/05/30 TRAFFIC Ry HEAVY TRAFFIC
- — & Structural capacity pat reliable
DCP CURVE BALANCE CURVE
{DSN B0O) (-90< B < +90)
NUMBER OF BLOWS X OF PAVEMENT STRUCTURE NUMBER

0-14S
148-800

5.4
8.3

9.4 11.0 48 452
2.2 9.9 3& 378

CATESORY V ;_ AVERAGELY BALANCED DEEP STRUCTURE [aB0) |

LAYER STRENGTH DIAGRAM
8 g [- ] o~ :

00
414

g 2
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MATERIAL TESTING SERVICES RTT, CSIAR, SA
SUMMARY OF DCP INVESTIGATION

l PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENGTH !
i DAT : DATA B/CURVE FROM - TO AV. PENETRATION SO g  CBA  UCS

! REG‘I\GEILE -LSKQB'DH STRUCTURE NUMBER 255 0175 2.7 s.0 7.5 117 991 i
| ROAD NUMBER 7o CHILANGA BALANCE NUMBER  {BN100) 2& s4 176-308 2 e e o o8 |
| DISTANCE - 137 DIFFERENCE IN BN10O e . 2 13 |
! POSITION .;LI_I,_L_L'_‘LL "] BALANCE CURVE IS WHERE PFgs = 2772 H
i CONDITION . [Faten 97@ STRUCT. CAP. (EBOX1OIIS)-9:4| '
¢ [eur.] oeForn ] Pve. ] cruexs = crocx] Lowe.] o ROAD CATEGORY A ;
! DATE :89,0S,30 TRAFFIC VERY HEAVY TRAFFIC , o
i L 2837053 Structurs) capacity nat reltarle ___ CATEGORY II : AVERAGELY BAUANCED SHALLOW STRUCTURE _ABS)
; DCP CURVE BALANCE CURVE LAYER STRENGTH DIAGRAM x
i (DSN 800) (-80 < B < +90) 2 =+ g 8 g g ° = :
i NUMBER OF BLOWS X OF PAVEMENT STRUCTURE NUMBER S s & = b ;

{mm:

PAVEMENT DEPTH

i
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MATERIAL TESTING SERVICES RATT. CSIA, SA W
SUMMARY OF DCP INVESTIGATION

t
PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENGTH |
DATA FILE OAT DATA B/CURVE FROM - TO AV. PENETRATION SD gef  CBR UGS
| REGION ;'Lg(ugg,\g: CHILANGA STRUCTURE NUMBER 116 0-230 4.8 2.7 9.4 54 501!
| ROAD NUMBER - 7o BALANCE NUMBER  (BN100) 22 26 231-800 11.0 2.0 4.3 19 200
| DISTANCE e 9 DIFFERENCE IN BN10O - |
| POSITION Do BALANCE CURVE IS WHERE Bag A= 1307 :
| CONDITTION STRUCT. CAP. (EBOx10%%5) q* :
} [our. T oerom.] . | Cracks : Crook] Love, ROAD CATEGORY A e
! DATE teninsgn ’ TRAFFIC VERY HEAVY TRAFFIC :
. B it » Structuenl capacity nct reldable  CATEGORY V : AVERASELY BAUANCEL DZEF STRUCTNE ABL)
| : :
] DCP CURVE BALANCE CURVE LAYER STRENGTH DIAGRAM:
i 5 (DS~ 82C) (-90< 8 < +40) o - . = . o
l NUMBER OF BLOWS i X OF PAVEMENT STRUCTURE NUMBEFﬁ . < - § = g X ;
. !
: i :

10_ 20 30_ 40 S50 60 70

Ty

PAVEMENT DEPTH

8
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MATERIAL TESTING SERVICES
SUMMARY OF DCP INVESTIGATION

PAVEMENT CHARACTERISTICS

RTT. CSIRA, SA

AVERAGE EQUIVALENT STRENGTH

! DATA FILE  :|sxa T DATA B/CURVE FRoM - TOAV. PENETRATION S0 gof CBR  CS

i . 18.0 STRUCTURE NUMBER 124 0-330 5.4 3.2 0.7 48  as2;

| peoLON ; CHILANGA KAFUE BALANCE NUMBER  (BN100) 331-510 3.9 1.3 8.1 72 654

i ACAD NUMBER : TP18B I 4 511-800 7.8 2.0 1.1 a0 209!

: DISTANCE 18.2 DIFFERENCE IN BN100O <5

" POSITION L T TwWl” 77T JR] BALANCE CURVE IS WHERE B w® a= 3210

! CONDITION -.LE_@_@ ‘_;_[ STRAUCT. CAP. (EBOx10%%E), gg* i

: Taur.T oerorn ] rue. | cracks : croox] Lowe.] o ROAD CATEGORY A ;

! DATE 1 88/05/30 N TRAFFIC VERY HEAVY TRaFFIZ i

H - ® Structural capacity nct relistie CATEGORY V1 : PCORLY BALANCEDC DEEF STRUCTURE (PEO) :

: DCP_CURVE BALANCE CURVE ! LAYER STRENGTH DIAGRAM
! OSSN 820 (-0 < B < +90) | :

§ NUMBER OF BLOWS :

X OF PAVEMENT STRUCTURE NUMBEFiii con

] 10

mm
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" 'BAVEMENT DEPTF

20 30 40
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MATERIAL TESTING SERVICES RTT, CSIR, SA
SUMMARY OF DCP INVESTIGATION
PAVEMENT CHARACTERISTICS i " AVERAGE EQUIVALENT STRENGTH
DATA FILE * LSKA DATA B/CURVE FROW - TO AV. PENETRATION SO b CBR ucs
REGION ;CHL?,;%AI KAFUE STRUCTURE NUMBER 101 0-115 8.8 28 13.7 23 =238,
ROAD NUMBER : Siig BALANCE NUMBER  (BN100) ¢4 13 118-800 an 28 131 27 272
DISTANCE  : 20.2 ‘ DIFFERENCE IN BN100 2
POSITION . [b = R] BALANCE CURVE IS WHERE B ¥ a= 1817
CONDITION %I_m@%? STRUCT. CAP. (EBOx10%x6p, 3¢w :
Laur.T oerom ] ewe. T cucks : caoox] towe. ] oney  FOAD_CATEGORY A |
DATE 1 89/05/30 TRAFFIC YERY HEAVY TRAFFIC :
— _ % _Structural capacity not reiiable CATEBORY V : AVERAGELY BALANCED DEEP STRUCTURE (ABL
DCP CURVE BALANCE CURvVE LAYER STRENGTH DIAGRAM%
' (OSN 800) (-90 < B < +50) - < - o
NUMBER OF BLOWS X OF PAVEMENT STRUCTURE NUMBER § T § 28 8 % :
t
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Csigrangs
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sreleay
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wtssanee
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MATERIAL TESTING SERVICES

SUMMARY OF DCP_INVESTiISATION

PAVEMENT CHARACTERISTICS

RTT, CSIR, SA

{
AVERAGE EQUIVALENT STRENGTH |

DATA FILE  1sk DATA B/CUAVE FmoM - TO AV. PENETRATION SO 98P C8A ucs
REGION TCHIL e KAFUE STRUCTURE NUMBER 262 o-188 3.0 24 7.0 1= 68}
ROAD NUMBER :TP14 BALANCE NUMBER  (BN100)1a 19 286-500 300 &3 a8 B %
DISTANCE ; 27.0 DIFFERENCE IN BN100 -5 i
POSITION LU I IwWl T 1T 1H] BALANCE CURVE IS WHERE Biza= 2131 :

| CONDITION . [Fatien] ovesresss o ] STRUCT. CAP. (EBOx10wx&). a7

} Cour. T oerom] mae. ] racks : caock! towe. [ one  HOAD CATEGORY A

! DATE '.‘ég/‘bg/‘;o“‘ TRAFFIC VERY HEAVY TRAFFIC

— L # Structural capacity not reliatie CATEGORY V : AVERABELY BALANCED DEEF STAUCTURE (ABD)

: DCP CURVE BALANCE CURVE LAYER STRENGTH DIAGRAM:

! (DSN 800} (-90< 8 < +30) o o

! NUMBER OF BLOWS X OF PAVEMENT STRUCTURE NUMBER ~ & &

{mm)

PAVEMENT DEPTF
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«1 7 200
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DATA FILE
REGION

ROAD NUMBER
DISTANCE
POSITION

CONDITION

! DATE

Tmm)

‘PAVEMENT DEPTH

SLSKA10.DAT
SCHILANSA KAFUE
CTFR40

26.8

MATERIAL TESTING SERVICES

SUMMARY OF DCP INVESTIGATION

! T I O Y B A]
: Leur. ] oeFcan.] P, | cracks : croox] Lowe.] oned

. U N
TR AT0E/BL

DCP CURVE

NUMBER OF BLOWS

PAVEMENT CHARACTERISTICS
DATA

RTT, CSIR SA

AVERAGE EQUIVALENT STRENGTH

FROM - TO AV. PENETRATION

B/CURVE
STRUCTU®RE NUMBER 169
BALANCE NUMBER (BN10O) 3> 4
DIFFERENCE IN BN10QO -B
BALANCE CURVE 1S WHERE Bag a= 1347
STRUCT. CAP. (E80x10¥h6)_52-
ROAD CATEGORY P
TRAFFIC VcRy HEaV/( TRAFFIC
. & Strucsyral cagacity AcS reliistiz

T BALANCE CURVE

o405
108-800

CATESCRY _V :

2.5
12.5

SO g =R

1
8

.5
.4

4.
28.

°)
3

120
18

ucs,

NN
NN

; {OSN 800 (-80< B < 490
i X OF PAVEMENT STRUCTURE NUMBER
[ [»: 2}

T

T o At o

==Is
PAVEMENT DEPTH
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MATERIAL TESTING SERVICES RTT, CSIA. SA
SUMMARY OF DCP INVESTIGATION

1

’ PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENGTH i
: . DATA gLaﬁVE FROM ~ TO AV. PENETRATION ?; E L_ES_ .

ggéé?o:nj :tw't?-” = STRUCTURE NUMBER 770 0-220 1.8 1.2 as.is 200 1s88

i ROAD NUMBER :“H‘;AN""‘ KAFUE BALANCE NUMBER (BN100) & 44 221-800 1.0 0.0 1.0 209 2262 ;

| DISTANCE  + o3 2 DIFFERENCE IN BN100 3 i

! POSITION ORI TR T T &) BALANCE CURVE IS WHERE B g 4= 7

; : i = STRUCT. CAP. (EBOx10%%E) :

| conprTION  : [Fanen ovemstressep ] CATEGOR :

¢ Lot T oerore P, | cracks : chock] Lows.] o ?g:gné f GOF’; - A(-:

[ DATE _ CE8liEE . e CATESORY VI : WELI-BALANCEC INVERTEC STRUIIURE WEI,

i DCP CURVE l BAL ANCE CURVE LAYER STRENGTH DIAGRAM

; § (OSN 80C; (-80< B < +90) ; s T gz 2 2 § @

g NUMBER OF BLQOWS ; X OF PAVEMENT STRUCTURE NUMBEﬁ‘En g g g & =

i
0 10 20 3_3_‘_:9_ 50 80 _?:0__00 90 —
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MATERIAL TESTING SERVICES RTT. CSIR. SA
SLUHMMARY OF DCP INVESTIGATION

ZAVEMENT CHARACTERISTICS AVERAGE EGQUIVALENT STRENGTH
! DATA FILE < LSKA21.DAT DATA B/CURVE FROM — TO AY. PENETRATION SO o ceR ucs
! REGION : NORTHBOUND STRUCTURE NUMBER 265 0~150 8.0 4.9 14.; 42 402
| ROAD NUMBER : TP21 BALANCE NUMBER  (BN10O) @ 11 301-259 55 o 52 ‘B 5
i DISTANCE : 38.5 DIFFERENCE IN BN100 < 451-800 2.8 1.4 B.0 111 948
! POSITION N " A] BALANCE CURVE IS WHERE B-w a- 3793 601-800 9.8 1.8 S8 73 384
! conDITION __: [Fasien ovmsm?enl% ; STAUCT. CAP. (EBOx10%x6h.31 §
; @T__’_._Log@'iucﬁ, —g‘g&s—@;— LONG. ROAD CATEGORY Al i
! DATE : 89/05/30 TRAFFIC NEAY HEAVY TRAFFIZ :
% e ® Structural capacity not reliable SATESORY VIIY : AVERAGELY BAANCED INVERTED STR!CHRL;(AE
DCP CURVE BALANCE CURVE LAYER STRENGTH DIAGRAM :
i _ (DSN 800) (-90< B < +90) o < o n a o
i NUMBER OF BLOWS X OF PAVEMENT STRUCTURE NUMBER § $ § 8 8 W !
! e |
N §
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MATERIAL TESTING SERVICES RTT, CSIR, SA
SUMMARY OF DCP_INVESTIGATION - :

B

BERTH'
&

ﬁl
|

PAVEMEN
-

8

PAVEMENT CHARACTERISTICS . AVERAGE EQUIVALENT STRENGTH
DATA FILE  : g DATA B/CURVE FROM — TO AV. PENETRATION SO P B8R ucs
REGION :CHI',_ZAEJA.;, KAFUE STRUCTURE NUMBER 266 o- 70 15.0 0.0 15.0 13 143
ACAD NUMBER : Tp13 e BALANCE NUMBER  (BN10D) 3 4o 71-800 8.7 1.3 858 77 e85
DISTANCE DIFFERENCE IN BN40O 3
POSITION BALANCE CURVE IS WHERE B_w A= 1004
CONDITION STRUCT. CAP. (EBOx4O%%E)_ g4%
1 L. T oerore [oee. J ROAD CATEGORY Al
Yy TRAFFIC VERY HEAVY TRAFFIC
DAT] : i
€ 89/05/30 i % Structural capacity not reljable CATEGORY VII : WELL-BALANCED INVERTED STRUCTURE (WBI) |
i
BCP_CURVE BALANCE CURVE LAYER STRENGTH DIAGRAM;
_ (bSN 800) (-80< B < +90) 2 r 2 g g.g o o i
NUMBER OF BLOWS X OF PAVEMENT STRUCTURE NUMBER - D - : !
'
|
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MATERIAL TESTING SERVICES RTT. CSIR SA
SUMMARY OF DCP_INVESTIGATION

I
PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENGTH !
! DATA FILE I LSKA1S.0AT DATA B/CURVE FROM - TO AV. PENETRATION sD e el ucs
| REGION : CHILANGA KAFUE STRUCTURE NUMBER 541 0-340 2.8 19 48 108 w23
| ROAD NUMBER - 1P15 BALANCE NUMBER  (BN10O) 7 s 341-800 1.7 -1 3.5 188 ses,
| . BALANCE CURVE IS WHERE B = 17 ;
{ POSITION : L% IE] Iul T 118/ 2% a= 1733
! CONDITION - [Faren OV&@ STRUCT. CAP. (E80X10**6)0: u
¢ [eur. T oerom] A, | cracks : caex! Lows. [ omedl  HOAD CATEGORY ¥
: DATE : 89/05/30 — TRAFFIC NERY HEAVY TRAFFIC :
;‘— - — A _Structural capacity nct reliatie CATEGORY VIII : AVERABELY BALANCED INVERTEC STRUCTLAE i!
DCP CURVE l BALANCE CURVE LAYER STRENGTH DIAGRAM:
i | iDSN 800) (-90 < B < +90) - . - . ol
NUMBER OF BLOWS i X OF PAVEMENT STRUCTURE NUMBEP{ § $ § & 8 % :

i
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MATERIAL TESTING SERVICES RTT, CSIR. SA

SUMMARY OF DCP INVESTIGATION

DATA FILE TLSKAB.DAT
REGION - CHILANGA KAFUE
ROAD NUMBER : TF18
DISTANCE : 5C.14
L

POSITION LT T Twl T ]

CONDITION __: [Fasen[ ovenstressep.

!

PAVEMENT CHARACTERISTICS AVERAGE EQUIVALENT STRENGTH }
DATA B/CURVE FROM - TO AV. PENETRATION SO o CBR ws

STRUCTURE NUMBER 228 0-255 3.8 2.6 @.1 7S 870 ;
BALANCE NUMBER  (BN100) 47  2c 2sa-ac0 4.4 4 82 81 588,
DIFFERENCE IN BN100O -2 g

BALANCE CURVE IS WHERE Bi= ax 38=
STRUCT. CAP. (EBOx10#%63} =7 :
ROAD CATEGORY A i
TRAFFIC YERY HEAVY TRAFFIC :

LLC

'E 200
£

i
T
~ 300 .
[ R i
‘w
a
%
z
w
5 i
i> sou
S
o e

NUMBER OF BLGOWS

[ DATE L iBesos sz _ CATESCHY IV : WELJ-BALANCED DEEP STRUCTURE wEi! .
' i
3 DCP_CURVE BALANCE CURVE T LAYER STRENGTH DIAGRAM!

iTEN 850) (-90< B < +90) :

414

g 28 &8 8 = =~

400

X OF PAVEMENT STRUCTURE NUMBER{ e

102030405060705090
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% Passing

KAFUE - LUSAKA ROAD Roadbase  — — - —
Test Pit No : I Sub-base -_——

Location (km) : 2.2 - Subgrade
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% Passing

KAFUE -~ LUSAKA ROAD Roadbase -
Test Pit No : 2 Sub-base _

Location (km) : &5 - Subgrade
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KAFUE - LUSAKA ROAD
Test Pit No

Location (km) :
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FSTRIJ) 190000 4.80000

Pavement Model B - Existing Pavement

Back Analysis to find Resilient Modulus of Roadbase Layer
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PAN OPTION ! : BACH ANALTSIS BASED ON AXIAL DEFLECTION Paot 2

BACK  ANALYSIS 10 FIND Hil

LOG Hili: 2.9
P: 590 bN/@2 Az 130 me :R: [UN 1)
HEDEFI2):  186.2426% HEDEFI3):  340.92722

LAYER H ] u e 180T proP DBOT DEFLECTION
»n HN/w2 " " n/100 /100 /100
| 150 316,228 0.35 (.00000 150.00000 42,5692 25.1092¢ 17,456
2 150 160.000 0,35 188.24265 336, 24265 42.827% 26.81949 16.008
] . 80.000 0.1% 340.92722 . 53.26693 - 53,267

TOTAL SURFACE DEFLECTION : 86,733

LOG Do 1.938

[TERATION 2

toG Ml . e e .
P: 590 kN/m2 At 130 am :R: 0 on T
HEDEFI21: 276.3023¢ HEDEF(3):  429.6B%86
LATLR H K [ 110p 1801 D10P peot DEFLECTION
(] HN/n2 (1] n »s/i0v 88/100 /100

! 150 1000,000 0.35 0.00000 150.,00000 13.46085% 71.94025 5.521

2 150 160.000 2,19 276.30236 426.30236 31.89060 20.1113 10.119

i 80.000 0.3% 429.68586 - 43.22638 - 43.226

TOTAL SURFACE DEFLECTION =  5B.866

L06 De: 1,77

[TERATION 3

L0G HiL): 3.5

Poos90 bioal s LIooam cR: " an
HEDEFIZ 02 405.35627 HEDEF1 30 959,%6577

[ETIL. H [ | Hnp 1801 proe pgor DEFLECTION
an NN/n. " n 20/100 n/]00 an/100
| 15¢ 3162277 0.3% 0.00000 150. 00000 4.2570 2.51093 1.74e
L5 fed o ", 3y 10455037 559.55637 22,7899} 16.98637 5.804
64,007 0,38 55¢,96577 - 33.71805 - 33,718

TOTAL SURFACE DEFLECTION = 41,267

.......

LCG Do- 1.ole
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Schedule of Catchment Areas
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APPENDIX G

Preliminary Bills of
Quantities

Presented in a Separate
Volume
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APPENDIX 1

The World Banks Highway Design and
Maintenance Standards Model (HDM3)
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THE WORLD BANK'S HDM3 MODEL

by

Dr H R Kerald
University of Birmingham

1 THE DEVELOPMENT OF ROAD INVESTMENT APPPAISAL MODELS FOR DREVELOPING
COUNTRIES

The first step towards the Qevelopment of fully integrated road
investment appraisal modela for developing countries was made by the
World Bank in 1968. In conjunction with reasearch institutions in the
United States, and the TRRL in Britain, a study was inltiated to develop

a aystem of svalunting tho cffackn vf oonntruotian and maintanance
Bltandarlds Uil volllUlo Upweablily CWwebd LWL &Uw  volLWNe L2vads s Thue Liset

model to emerge waa the llighway Cosc ilodsl (1ICM) developed at the
Massachuaetts Institute of Technology (MIT) in 1971. Although the HCM
was & conuiderable advance over other models uxisting at the time, its
main impact was that it highlighted areas where more research was nesded
particularly the deovelopment of relationshipe pertaining to the
environment in developing countries.

In 1973, the TRRL in collaborat.on with the World Bank undertoock a
major field study in Kenya with the objective of daveloping
relationships for road detsrioration and road user coats. The results
of this study were used to calibrate a prototyps Road Transport
Tnvestment Model (RTIM) for evaluating the costs of road construction,
annual road maintenance, and vehicle operation. Further co-gparation
hatwaan tha World Bank, TRRL and the MIT resulted in an extandad verslon
of the models HCM and RTIM and was known as the Higlway Design and
Maintanance standards modal (HDM). An axtanaiva raaaarch atudy 1in
Brazil sponsored by the World Bank was concluded in 1986. The results
from this atudy were used to derived new relationships for pavement
deterioration and vehicle operation. The latest vecsion 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
the Caribbean. The RTIM and HDM models have been uased extensively in
road investment projects in Africa, Asia, and Central Amerioa.
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2 THE WORLD BANK'S I[IDMJ MODEL

The main difference hetween the World Bank's HDM3 model and the
TRRL RTIM2 model is that HDMI isa a multiple link-alternativa model.
Scveral road links can ba analysed in ona program run, whare a link is
dofined as a length of road carrying uniform traffic¢ loading, The modal
is thus suitable for analyaing transport costs for a network of roads,

The prime function of an investment appraisal model such as HDM3I ls
to calculatge the components8 Of the transport cust in each year of an
analysis period and conduct an esconemic aconmpaciwon of different
construction alternatives. To achieve this, the HDMI model axacutes
four modules ; a data input module, a performance modelling module. an
aconomic evaluation medule, and a report generation module. A summary
flow chart of the HDM3 model ias illustrated in Figure 1.

3 DATA INPUT AND DIAGNOSTICSE MODULE

The HDM3 model can evaluate the transport costs inourrsd on up
to twenty different road links, eaoch having up to ten homogeneous

sectiones with differant pavement design atandards anpd aenvironmantal
aonditiona. A rodd link 19 Qerined by the rtrarric loaaing, thus all

homogeneous aections within a link must carry the same traffioc loading.
Up to cthirty dAifferent malntenance standards may be lhput to the model
in the form of combinations of maintenance activities including
reconstruction. PEach road section within a link must be assigned at
least one malntenanos standard. Coenstruction alternatives may also be
gspecified for each of the road sections.

The vohiole charaoteristios input to the model (e.g. axla loads,
vehicle prices, vehicla utilisation etec) apply to all road links baing
analysed. ~Traffic characteristice however are assigned to the road
links separateoly in terme of traffic compositions and growth rates.
Othar coata and benafits which cannot ba calculated within the model may
be gpecified directly. These may include road user savinga due to a
roduction in accidents and discomfort, or valuas amsigned to socio-
accnonic banefita auch as increased agricultural incoms. All unit ocoste
to the model are input in financial, aeconomic, and foreign exchange
terms.

Up Ly Live Mev]onte ulioiuuwlliveo aray e nruwlf‘.ud Lva wavli swvmd
1ink. Each projaot alternative (refarred to na a link-altesrnative)
conaistas of the following:
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1

For each year of the analysis
period

TRAFFIC SUBMODEL
Computas this year's
traffic for the link

1

CONSTRUCTTON SUBMODEL

Inftiates road construction besed on threshold traftic
or calendar year; computas costs for road construction
and changes road characteristics

v

ROAD DETERICRATION AND
MAINTENANCE SUBMODEL

- tstimatas road surface deterioration, and quantities of
maintenance work and costs in terms of existing pavement
and condition, maintenancea standards, traffic ?oading and
environmental conditions

v

VEHICLE OPERATING COST
SUBMODEL

Estimates vehicle dperating costs 1n terms of geometfic

standards, surface type and surface condition

EXOGENQUS COSTS/BENEFITS
SUBMODEL

Assigns tnis year's exo-

genous costs and benefits

Store results for
Evaluation and
' Reporting Phase

- ———— = o]

Simulation of a link-altemative in HOM3
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(i) traffic loading group,
(11) construction option (if required)
(iLL) capital expenditure (if requirad) for mwbilising maintanance
plant, vehlicles, spares, workshops, manpcwer etc.
(iv) maintenance standards consisting of combinations of activities
such ag overlays, reconstruction, and surface treatments for
each link-section.

The modalling and avaluation phases of the HDM program are carried
ou* for each of the link-alternatives deflned by the above spacifica-
tions. For ease of adaptation to performance trends in other arsaa,
calibration factors may be input for each typa 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 medel. Warnings and error measages
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 applimd to all road
soctiona specified in the data input module. The results of the
mxxdelling phase are stored for each year of analysin and for each link-
alternative in direct access files for retrieval by the avaluation and
reportiny phasa. For each year of the analysis period, tha following
submodels within HDM3 are applied 1

4.1 The traffic submodel

The function of tha traffic submodel is to caloulate the traffic
loading in the current year of analysis baginning with the ADT specified
for the firat year of the analysls period (the base year), and
Incremanted according to epecified traffic growth raten.

4.2 The construction submodel

The submodel 1a used to calculate the total cost of conatruction
(1f required) and to update the geometric and pavement design standards
of affected road sections in each year,
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4.3 The deterioratlon and malntenance submodsl

This 18 the largest subinvdal whioh parforme the calculation of
annual road conditions in terms of road roughness, pavement cracking,
rutting, ravelling, potholing and graval losse on unpaved roads.
Deterioration is modelled as n function of the initial pavament deaign

scandard and the effectn of nmaintenance. The amount of maintenance
carried out in a4 glven year depends on the maintenance atandards
gpecified by the user. Thia can be dona cither as a aondition

responsive policy, e.g. apply an overlay if the specified criticsl
condition is attainad during the analysis period, or aa a tims dependent
policy, .9, apply an overlay aevery 8 yesars. Most types of maintenance
troatmonts can be spocified in HDM3 as part of s maintenance atandard.
This comprises a aet of scheduled maintenance activities rationalised to
repragent practical maintenance policles. For example, & malntonance
standard may include patching of potholaes, surface dresaing and
overlaying, but these will be rationalised so that surface dressing and
overlaying are not applled in the same year.

The performance of the constricted pavement is modelled using two
fuctors which greatly influance the resulte of the economic appraisal;

(1) setructural number, and
(L1) road roughness.

The pavement Btructural Numbor (6N) is an index which
represents pavement strength in such a way that all pavemsnts with the
same SN should have similar performance. The structural number of a
pavement ia daefined by an empirical relationship in which the
thicknmumso and strengthes af tha pavament layars Ave npomhinad in #ha
equation below:

SN = ai.hi ' ......:.....(2)
where ay = strength coefficient of pavement layer ({i)
hy - thickness in inches of pavement layer (i)

The values of the strangth coefficients for the layers depend
mainly on the type and strength of the materials. The above oquation ia
ueually modifiad to take into acocount the contribucion to pavement
strength made by subgrades of greater than 3% CBR. Structural number is
used in HDM3 to model pavement performance. Strong pavements will have
high structural numbers and therafore a low rata of deterioration.
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Road yroughnase 1 the eennonA rrarial parameter ussd in
modelling pavement performance. It is the single pavemsnt condition
which ie used in the calculation of road user costs, partieularly Voc,
It represents tho uneveness of a road surface and is taken to ba the
cause of wear and tear in vehiclaa. Roughness ls commonly measured
using one of three sysatems;

(1) the TRRL towed £ifth wheel bump integrator (BI) in mm/km,
(1) 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 km,
(411) vertical profile measuraments using & rod and leval. This ia
the internationally adopted standard referred to as the
International Reughness Index (IRI) measured in maters/km.

The following relationchipe, developed at the World Bank are
used to convert roughness values betwean the three units g

Bl = 55 x QU .-o-...-....(3)
and,

Bl = 630 X IRIl'lz cntnlncnnono(4)

A nowly constructed road has to be assigned a structutal number and
an initial roughnesa. The very high dependence of roud user costs on
roughnessa, and of roughness progression on the pavemant structural
number, suggests that the results of an sconomic esconomic analysis will
be affected by the values asesignad to these two variables at ths
beginning of the analyais.

4.4 The VOC submodel

This estimates the costa of vshiole cperation as a funotion of the
average road condition (particularly rod roughness) in each year of the
analyeis period, the geometric characteristice of the road (1.0,
vertical risc and fall, horizontal curvature, and road width), and the
opecified traffic and vehicle characteristics. The VOC submodel i also
used to calculate passenger and cargo travel time costs.
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4.5 The exogenous benefits and ¢oata submodel

This submodel is used Lo assign costs and benefits in tha current
year which cannot be uvstlimated withiin Lhe wedel, Sugh coets and
benefits may include toll charges, savings in accident and discomfort
costa, and the aalvage valus of the road in the final ysar of the

analysis period.

5 THE EVALUATION MODULE

The evaluation module performe ecoronic analyses for each of the
specifiad road links based on the costs of construction, maintenance,
and vehicle operation calculated for each yoar in the analyasis period.
Denefits are calculatod by comparing sach link-alcernative against the
specified Do Nothing link-alternative., For each link-alternative, the
model calculates the annual finanecial, economic and foreign exchangs
costs of construction, capital investmont, malntvnance, vehiaole
operation, time, and exogenocus costs or benefits., The resulta of the
analyses are given ueing the two economic indicatara; Nat Pranant Value,
aud Ianternal Rate of Return. Qroups of link-alternativas can alse be
compared, for axample, to detarmine the benafits 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 access data files. In the input module, the user may
specify the types of output required from the model. The raport
gencration module produces the required output from the reaults held in
the direct access files. These include tables giving a summary of the
transport coats incurred each year, the banofite derivad from spooifiad

projects together with thelr 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
model to microcomputera. A ucor-friondly front ond program is included
in the microcomputer package to assiat users with data input. The front

end program performs all formatting requirements for input files, and
cshanka tho walidiey of the 4ata. Unlike the diagreoeioo module in HDNMID
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however, the front end program does not check the logiec of the data
seguence, For example, in the diagnostics module, it is not possible to
run HDM3 with link-alternatives which are not defined in Series A. The
front end program will not check for the existencs of a link-section if
it ia specified as an alternative. Typloal runtime duration of the HDMJ
mrAel An microcomputecs range f£xom 3 minutes to over 30 minutas
aepending on the hardwaiw configuration of the miore (e.g. IRM AT with
math coprocassor wlll Lake argund 4 minutes, and an M X7 will take
more than 30 minutes)., Thie when compared against the total turn-round
time for mainframe computsrs is quite acceptable.

8 SUMMARY

The HDM3 model can be used waed to perform a number of economio
analyses. Ona important type on analysis is in the cholce of surfacing
type Quring tne deelgin wl a pavemont. A aimple oxample ie tha chaina
petween a purface dresaing 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 conetruction. The cholue belwaun the two surfacings will
therefore be governed by the total VOC calculated for the two
alternatives,

In the geomatric design of new roads, the iﬁ&,ﬁﬁﬂ&ﬂﬁ‘m°d°l' can
only be usad to reject those designs which would be e !ravngant 6.g. the
provision of a dual ocarrlageway when a singils earriagaway would guffica.
It should be noted that the geometric design of roads should be done to
satiafy capacity reguirements and to aveld accidents. The invesatment
models 4o not avaluate benefits from savings in accid &E.raton, and
since the models do not evaluate the effects of traffic 3§ngg§€10n, they
cannot be used to determine optimum geometric designs. For axample the
similar results would be obtained for a single carriageway of 12 m width
and a dual carriageway of 6m width on aither side i1f construotion coots
aras equal.

Altnough the HDM3 model does not carry out mathematiocal
optimisation of, for examplo, maintenance activities or tha timing of
construction or maintenance, it can be used to conduct a amensitivity
analysis of the resulis to study the effecta of changes in construction
cost, malinlouauve wual, VOC, traffic growth, dioccount rates, and tima
values. The effects of time staging project alturnatives can also be
carried out by using the the expanditure budgeting module of HDM3,
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