SUDAN ETHIOPIA

Kapenguria

\ KENYA

%
N\ —
N
Lake \
Victoria NAIROBI @

N

TANZANIA

Case Histories (2)

By C. Overhy,
Consultant




S

. TReme,
B

lsanbul

Thepro) ect area (1)

el
< Ankara

| 4 ol aples'}
BARIUERL e e rmLY ®  TURKEY 7y
: SPAIN g ¢ 00 1 i } -
Lisbar Visenc / % P, b e
fa 4 bt fi 5 Tabeix
sé & AngcCrs- Annaha Tuvus N ‘-V‘:“_. 3 (i ¢ \
Surakt of G a1 e 1} ons[ar\une s = 'l Ri 5
S o1 Gt < N L "
o mn i s Sl LB ST e ) | e,
Rabatm Bein - ", Bikivarin
Hadeira Casablanca o s 58 Tol Aviv-lafac X
s g
Marrakech &Benghazi -, I "
T L ey R SUDAN ETHIOPIA
o : e o i Cairom. vz )m b
Canary shads / - i i
e
Lo .m; % :
| R A
WESTERN |~ | 2 { } :
SAHARA | +roel | s | . Medina e
o : - | ‘ @ _Juba
| % | ———
A i 2 i oMecca
3 | . |
MAURITANIA | 1 ; -
‘mNouakehott MAILI A | &
“Timbuke Knartoumss Kmsalg{f ER’TRE‘““
Dne & SENEGI\( BURKINA Vad Madane |
Ban ul gsAMBI ASO al-Ubayyid o o
mBamakg’ ' g0, 4
E GUINEA'. -
Cwakry- IVORY
Frmcown;&w COAST N ;E(‘ Ibadan EAbuja
Mnnmw;. ﬁmaussi“”c A:CLB 33: 5 ELagns %
i Abidjan g ' CeTAMESL OO L 2 ¥
LIBERIA | sk &y ~—SOMALLA]
Malabos y
wMogadishu
£QUATOR | Ammumz fé Kisanganio thusros Sormiah
e congo i -
/ RwANqA‘ _ ENairobi,
"DEMOCRATIC b s

|
" m!‘EPUBUC OF BURUNDI RCLELE B8
COMED Dodoma® . Zarsibar |
TANZANIA Dar es Salaam

| sevcueLies

Kapenguria

(andag | \
'i-}umni- COMOROS

\ KENYA

L S
2T :
atalae w®° < MADAGASCAR
\ZIMBABWI{) A enenorvom
NAmmA ! "1, cBubmvayo ! O o i
[ _BoTswaNA-__ /= 5 Fidrarantsaa
: aWindhoek 5 Tolame |
| ~
it | Gaboroneg” 1 o X
# I Pretoria | 2
! i lfnhammﬂmr - 'M“P““’ z
L Fibabad SWAZILAND

Indian Ocean

i /l Bloemfonteinn o
b Masei oDurban
1 SOUTH ltesomo

AFRICA

Cib Tk

TANZANIA



2 LD i A T
Theproject area (2) *

vy § Theroad sections L odwar -K alokol

A = and Marich Pass-L odwar were

“'Kakuma

initially constructed as gravel roads.

After carrying out various surfacing
trials (Otta seal, sand seal and chip
seals) it was decided to surface these
two road sectionswith a double Otta
seal using screened quartzitic natural
gravel.
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Brief summary of construction phases.

Phase A Lodwar-Kalokol Gravel road 57 km 1974-76
Phase B Marich Pass-Lodwar Gravel road 197 km 1975-77
Phase C Kapenguria-Marich Pass Bitumen road (double Chip seal) 64 km 1977-84
Phase D Lodwar-Kalokol Bitumen road (double Otta seal) 57 km 1985-86
Phase D Marich Pass-Lodwar Bitumen road (double Otta seal) 197 km 1980-84

Lodwar-Lokichokio Bitumen road (double Chip seal) 213 km 1986-89



First built asa road.




Approximate 1988 construction costs of the
var ious sections of road to a bituminous
standard

Phase C: Kapenguria- Marich Pass; 5.9 mill Ksh/km ~ 100 %
Phase D: Marich Pass- Lodwar —Kalokol; 0.9 mill Ksh/km ~15 %
L odvar — L okichokio; 2,5—-3.5 mill Ksh/km ~ 40 - 60 %
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Marich Pass— L odvar

General (1)

Theroad consists of a natural gravel pavement, 20 - 30 cm thick,
under a double Otta seal with a 5.5 m surfaced width and 25 - 50
cm wide gravel shoulders. Theroad wasfirst constructed as a
gravel road between 1975-77 and later improved to a bituminous
standard between 1980-84 using a double Otta Seal (no prime
applied). Much of the earth works and pavement layerswere
constructed using “dry compaction” methodsin which the
materials were compacted at their in situ moisture content that
varied between 0% and 2% in relation to the optimum moisture
content of 6% to7% or even more.



Marich Pass— L odvar

General (2)
Theroad section Marich Pass-L odwar

ischaracterised by a “non standard” pavement structure utilising
naturally occurring quartzitic clayey gravels (Pl < 20) as base
cour se (soaked CBR > 30) obtained from borrow sources close to
the alignment. Surfacing seal, double Otta seal using graded
screened graded aggregate.



Marich Pass— L odvar - Kolakol
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Sealing oper ations
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Marich Pass- L odvar

*
Performance (1)

The bitumen surfaced road has been in servicefor more
than 24 years with a minimum of maintenance and has
carried morethan doubleitsdesign life of 1 million ESASs.

It iIsnoteworthy that, apart from the surfacing, much of the
pavement structureisstill intact, with relatively little
structural deformation of the base and subbase layers.



M ar |Ch Pa$ = LOdvar Condition February 2006 after more
Performance (2) than 24 yearsin service.

Sections of the badly deteriorated road surfacing and shoulders (left) and other sections of the same
with much of the pavement structure still being intact and the graded shoulders providing an
alternative roadway (right).



e M ar |Ch Pa$ = LOdvar Condition February 2006 after more
5‘-‘ than 24 yearsin service.
- Performance (3)

Sections of the road with no maintenance (left) and with maintenance (right) illustrating the
substantial benefits of carrying out simple, routine, maintenance to extend the service life of the road.




i M ar |Ch Pa$ = LOdvar Condition February 2006 after more

than 24 yearsin service.
Performance (4) 4
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The same road but being regularl ‘maintaine
although not with a reseal.
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L odvar - Kolakol

General:

The 6.5 km wide surfaced road (double Otta seal —no prime)
with a 75 cm gravel shouldersisabout 57 km in length.

Constructed in 1985/86.

The subbase material was obtained from the road side and was
used to lift the road to an average height of about 75 cm above
ground level.

The base course was a naturally occurring quartzitic gravel of
about 70 mm in thicknesswith a Pl < 20 (soaked CBR > 30)
obtained from borrow sour ces close to the alignment.



L odvar - Kolakol

Performance (1)

Theroad hasbeen in service for morethan 22 yearswith a
minimum of maintenance (no resealing) and isstill in generally
good condition.

Thesurfacing hasremained in very good condition and there
have been very few signs of distress—typically a few potholes and
one major washout that have remained unattended.

Thetraffic carried to date is much lower than on the Marich Pass
- Lodwar road with an estimated ESAs|oading of about 0,2-0, 3
million.
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L Odvar = KOlak()l Condition February 2006 after more
Perfor mance (2)

than 20 yearsin service.

The Lodwar-Kalokol road looking towards
Kalokol and showing the excellent
condition of the pavement and surfacing
after more than 20 years in service with
practically no maintenance.

The double Otta seal
surfacing constructed from
screened quartzitic gravel
obtained from adjacent to
theroad alignment
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L odvar - L okichokio

General:

The Lodwar -L okichokio road was constructed between 1986-89
with a 20 cm natural gravel subbase

15 cm crushed stone base under

a primed double bituminous surface treatment. Theroad is6.0 m
widewith 75 cm wide gravel shoulders— atraditional pavement
structure of thetime.
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L odvar - L okichokio

Perfor mance:

Lodwar-Loktiaung: This section of the road is approximately 70 km long and
exhibits some surface ravelling and potholes. The pavement is generally sound
although along some sections of theroad there are signs of rutting in both the
Inner and outer wheel paths. A few areas of the pavement and surfacing have
failed and, in general, theroad isin need of resealing or appropriate
strengthening to carry increasing levels of commer cial traffic bound for

L okichokio and Southern Sudan.

Lokitaung — Lockichokio: This section of road towar ds L ockichokio is about 140
km long and has been resealed recently and re-marked over most of itslength.
Theroad isin good condition, although it exhibitsarelatively high roughness
level compared with the section from Lodwar to Lokitaung. The following
photographsillustrate the current (February 2006) condition of both road
sections.



L wvar = L Oki ChOki 0 Condition February 2006

The Lodwar-L okichokio road looking
€ towar ds L okichokio and showing the

generally good condition of the

pavement albeit with some ravelling of
the surfacing.

The double chip seal
crushed basalt.
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Examples of well designed drifts along the Marich Pass-Lodwar road in which
the bottom of the drift, forming the road surface is exactly at the level of theriver
bed —a requirement for good performance.




Examples of poorly designed drainage structures along the Marich Pass — L odwar
road. Insufficient depth of the downstream skirt has resulted in extensive scour of
thedrift (left) and a washout at a culvert outlet along the L odwar-K alokol road.




_

L essons learned (1)
General: *

Thereareanumber of lessonsto be learned from the field visit that
cover arange of technical mattersincluding road surfacings;

pavement materials,
compaction techniques;

drift and culvert design and maintenance iSsues.

Nonetheless, both sections have provided smilar levels of servicein
the same prevailing environment (traffic, climate, terrain, etc) but at
significantly different construction and, importantly, life-cycle costs.



L essons learned (2)
Surfacing:

Double Chip seal: The double Chip seals used between Kapenguria -
Marich Pass and L odwar - L ockichokio have been in service
between 18 - 20 years and, apart from a few short sections that
requirereconstruction, have generally performed satisfactorily.

However, the entire length of road is now in need of urgent
maintenance in terms of pothole patching and subseguent
resealing.

The section between L okitaung and L ockichokio has already been
resealed with a double chip seal.
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L essons learned (3)

Surfacing:

Otta seal: The double Otta seal that was used for the M arich Pass-L odwar
and L odwar - Kalakol roads has been in service for 22 years and has
performed exceptionally well where maintenance has been carried
out (e.g. thelast 60 km towards L odwar). In contrast, where no
maintenance has been carried out carried out (e.g. thefirst 137 km
from Marich Passtowards L odwar ), the surfacing has deteriorated
badly although the base has generally remained intact. Thus, it can be
concluded that the double Otta seal, using relatively inexpensive,
“non-standard” screened gravel, can provide a cost-effective
bituminous surfacing for usein semi-arid areas such as Turkana and,
when properly maintained, can provide a very long service life even
for relatively high levels of traffic.



L essons learned (4)
Pavement layers:

Theroad sections between Kapenguria - Marich Passand L odwar - L ockichokio
wer e both constructed with a crushed stone base over a natural gravel subbase,
while the Marich Pass - Lodwar and the L odwar - Kalakol sections were both
constructed with naturally occurring quartzitic gravelsin both the subbase and
base layer s of the pavement. In addition, in general, both layersweredry
compacted.

Thedifference in costs between these two pavement types which employ different
design and construction technique is substantial — of theorder of 25—-3.5times
higher for the crushed stone base.

Theseroad sections provide invaluable surfacing and pavement structure
Information that could be used to determinetheir life-cycle costsin similar
environments asthe basis for using thisinformation to develop case histories for
reference by other practitioners.
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L essons learned (5)

Drifts %
Some 47 drifts wer e constructed between M arich Pass - L odwar - Kalokol
and L odwar -L ockichokio.

Thosedriftsthat were constructed NOT in level with the stream/river bed
either silted up or experienced serious erosion down stream, totally exposing

the skirt and, in some cases, the under side of the drift.

- River Bottom

min 1500-mm|.
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L essons learned (6)
Maintenance: %

The serious lack of any maintenance activities for the last 10-15 years (apart from the
L okitaung-L ockichokio section and partly along the L odwar-K alokol section) has
resulted in much of the remaining sections of part of the total length of the roads
falling into a very critical condition.

L¥ed
e

Traffic loading of morethan 2,0 million ESAsin contrast to the design traffic
loading of 1,0 million ESASs
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Conclusion

In conclusion, the exposureto the history and perfor mance of these roads enhanced
the fact that naturally occurring materials (high Pl and low CBR) can be used
appropriately in the provision of durable, L ow-volume sealed roads.

M oreover, such materials may well not comply with traditional specificationswhich
have generally emanated from technology and research carried out in Europeand in
the USA over 40 yearsago in very different environments. Thus, the history of these
roads may well act as catalyst for adoption of more appropriate, regional resear ch-
driven, road designs and specifications as promoted by the SADC Guideline on L ow-
volume Sealed Roads.

Thereisa need for a more systematic write up of road
proj ects as case histories to supplement and enhance the
guidance given in the SADC Guideline on L ow-volume
sealed roads through the provision of practical examples



So, L adies and gentlemen where
ar e we going, how many times do
we have to re-invent the wheel




